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A PHILOSOPHER was asked z—How much does sm oke weigh ?
He answer ed : Subtr act fr om th e weigh t of th e fuel th e weigh t
of th e ash es, and th ou h ast th e weigh t of th e sm oke . Thus h e
assum ed as incont r over t ible th at , even in th e fir e, t h e Substance
does not per ish , only it s Form undergoes a ch ange . In like
manner th e pr oposition, Noth ing can come of Noth ing , was onl y
anoth er consequence of th e Pr inciple of Perm anence, or r a th er

of t h e Pr inciple of th e Endur ing Exist ence of th e sam e subject
w ith differ ent appear ances .

KANT
,
Kr itik d . r . Ver n.
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PHILOSOPHY OF CHEMISTRY.

and th e effica cy which they have exert ed in these suc

cessive essays. Thi s
,
ther efor e, I shall endeavour t o

do, beginn ing wi th t h e Idea of Element .

2 . That bodies ar e composed or made up of certain
part s, element s

,
or pr in ciples

,
is a con cept ion whi ch

h as exist ed in men ’

s minds fr om t h e beg inn ing of t h e

fir st at t empt s at spe
cul at ive knowledge. Th e doct r ine

of t h e Four Element s
,
Ea r th

,
A ir

,
Fir e andWat er , of

whi ch al l thin gs in t h e universe wer e supposed t o b e
con st itut ed, is one of th e ear liest forms in which this
concept ion w as syst emat ized and this doct r ine is

sta t ed by var ious author s to have ex ist ed as ear ly as
t h e t imes of t h e an cient Egypt ians

’
. Th e wor ds usually

employed by G r eek wr i t er s t o expr ess these element s
ar e dpx

‘

rj a pr in ciple or
‘

beg inn ing , and cr r ocxe
'

iov,
whi ch pr obably mean t a letter (of a wor d) befor e it
mean t an elemen t of a compoun d. For t h e r esolut ion
of a wor d in t o its let ter s is undoubt edl y a r emarkable
inst an ce of a successful analysis per formed at an ear ly
stage of man ’

s histo ry ; and might very natura lly
supply a metaphor t o denot e t h e analysis of substances
int o t heir int imat e par t s, when m en began t o cont em
plat e such an analysis as a subject of specul at ion . Th e

Lat in wor d elem en tum it self, though by i t s form i t

appears t o b e a der ivat ive abst r act t erm ,
comes fr om

some r oot now obsolet e ; pr obably
9 fr om a word signi

fying to g r ow or spr ing up .

Th e mode in whi ch elements form th e compound
bodi es and det ermine their pr oper t ies w as at fir st , as

might b e expect ed
,
vaguely and va r iously con ceived. I t

will
,
I t rust , her eaft er b e made clear t o t h e r eader that

t h e r elat ion of t h e element s to t h e compound involves
a pecul iar and appr opr iate Fundamen t al Idea, not sus
cept ib le of being cor r ect ly r epr esent ed by any compari
son or combinat ion of other ideas, and guidi ng us t o

clear and defini t e r esult s only when it is ill ust r at ed

l Gil b er t ’s Phys. 1. i. 0. i ii . oles, adolescens : ut ab j ur atum , j ur a ~

2 Vossius in coce.

“
Conj ecto esse m entum ; ab adj utum , adj umentum

ab ant iqua voco eleo pr o Cleo, id est sic ab eletum ,
clemen tum : quia inde

cr esco : a qua sign ificationepr otes, sub ~ omnia cr escunt ac nascuntur .

”



CONCEPTION OF ELEMENTARY COMPOSITION .

'

5

and nourished by an abundan t supply of exper imenta l
fact s. But at fir st t h e peculiar and special not ion
whi ch is r equi r ed in a just concept ion of t h e const itu

t ion of bodi es w as n either discer ned nor suspect ed
and up t o a very lat e per iod in t h e hi st ory of chemis
t ry, m en went on at t empt ing t o appr ehend t h e const i
tut ion of bodies mor e clear ly by subst itut ing for thi s
obscur e and r econdit e idea of Element ary Composit ion ,

some other idea mor e Obvious
,
mor e luminous

,
and

mor e familiar
,
such as t h e idea s of Resemblan ce

,
Posi

t ion
,
and mechani cal For ce. We shall br iefly speak

of some of these at t empt s
,
and of t h e er r our s which

wer e thus in t r oduced in t o speculat ion s on th e r elat ions
of element s and compoun ds.

3 . Compounds a ssum ed to r esem ble their E lem ents.

—Th e fir st not ion w as that compounds der ive their
qua lit ies fr om their element s by r esem blance — they
a r e h ot in virtue of a h ot elemen t , heavy in virtue of a

heavy elemen t
,
and so on . In this w ay th e doct r ine

of t h e four elem en ts w as fr amed for every body is
either h ot or cold

,
moist or dry 5 and by combin ing

t hese qualit ies in al l possible ways, m en devised four
elementary substances, as h as been st at ed in t h e His
t or y 3 .
This a ssumpt ion of th e der ivat ion of th e qual it ies Oflf/Q i
bodies fr om simil ar qualit ies in t h e elemen t s w as, as w e

shal l see, a lt ogether baseless and unphi losophical , yet
it pr evai led long and un iver sa lly. I t w as t h e founda

t ion of medi cine for a long per iod
,
both in Eur ope and

Asia ; disor der s being divided into h ot , cold, and t h e

like ; and r emedi es being ar r anged accor din g t o sim i lar
dist in ct ions. Many r eader s wi ll r ecollect , per haps, t h e
st or y " of t h e indignat ion whi ch t h e Per sian physicians
felt t owar ds t h e Eur opean , when h e under t ook t o

cur e t h e ill effect s of cucumber upon t h e pat ien t , by
means of mer cur ial medicine : for cucumber , whi ch «is

cold, coul d not b e coun t er act ed, they main ta ined, by
’

mer cury, whi ch in their classifica t ion is cold al so.

Similar views of t h e oper a t ion of medi cines mi ght

3 Hist. Ind. Sc. b. i. 0. ii. sec. 2 .
4 SeeHadj i Ba ba .
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easi ly b e t raced in our own count ry. A momen t ’s
r eflect ion m ay convince us that when dr ugs of any
kind ar e subject ed t o th e chemi st r y of t h e human
st omach and thus m ade t o oper a t e on t h e human fr ame

,

it is ut t er ly im possible t o form t h e most r emot e con

jectur e what t h e r esult will b e, fr om any such vague
not ions of their qpalit ies as t h e common use of our

senses can give. And in like manner t h e common ope

r at ions of chemist ry give r i se
,
in almost every instan ce,

t o pr oducts whi ch bear no r esemblance t o t h e mat er ial s
employed . Th e r esul ts of t h e furn ace

, th e alembic
,
t h e

mixtur e, fr equent ly have no visible likeness t o t h e

ingr edi en t s operat ed upon . Ir on becomes st eel by t h e
addi t ion of a li t t le char coal ; but what vi sible t race of

th e char coal is pr esent ed by t h e met a l thus modified ?
Th e most beaut iful colour s a r e given t o glass and

earthenware by minut e por t ions of th e or es of black
or dingy metals, as ir on and manganese. Th e wor ker
in meta l, t h e paint er , t h e dyer , t h e vin tner , th e br ewer ,
all t h e ar t isans in shor t w h o deal wi th pr act ical ch e
m i st ry

,
ar e able t o teach t h e speculative chemist that

i t is an ut ter m istake t o expect that th e qua lit ies of

th e element s shall b e st ill discoverable, in an unalt er ed
fo

,
rm in t h e compound. Thi s fir st rude not ion of an

element
,
that it det erm ines t h e pr opert ies of bodies by

r esem blance
,
must b e ut t er ly rej ected and abandoned

before w e can make any advance t owar ds a t rue appr e

dh ension of t h e const itut ion of bodi es.

l
4 . Thi s st ep a ccor dingly w as made, when th e hypo

thesis of th e four elemen t s w as given up, and t h e doc

t rine of th e th r ee P rui ciples, Sal t , Sulphur , and Mer

cury
,
w as subst itut ed in its place. For in maki ng

thi s change, as I have r emarked in t h e Hist ory“, t h e
r ea l advance w as t h e acknowledgment of t h e changes

,

pr oduced by t h e chemi st ’s oper at ions
,
as r esult s t o b e

accoun t ed for by t h e uni on and separ a t ion of sub st an

t ial element s
,
however gr eat t h e changes, and however

unl ike t h e product mi g ht b e t o t h e mat er ials. And

thi s st ep once made, chem i st s went on constan t ly

5 Hist . Ind. Sc. b. iv. c. I .
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advancing towar ds a t r uer view of th e n ature Of an
elemen t , and consequent ly, t owards a mor e sat isfactory
theor y of chem i cal oper at ions.

5 . Yet w e m ay, I t hink, note one inst an ce, even in
t h e works of emi nen t modern chemi st s

,
in whi ch t hi s

maxim
,
that w e hav e no r ight t o expect any r esem

blance b etween th e elemen t s and t h e compound
,
is lost

Sight of. I Speak of cer t ain clas sificat ion s of m ineral
substances. Ber zelius, in h is Syst em of Miner al Ar

rangemen t , places su lphur next t o t h e sulphur ets. But

sur ely t hi s i s an er r our , involving th e an cien t assump
t ion of t h e r esemblance of elemen ts and compounds
as if w e were t o expect t h e sulphur et s t o bear a r e

semblan ce t o sul phur . A ll classifica t ions ar e in t ended
to bring t ogether t hings I'esem b ling each other : t h e
sulphur et s of met als have cer tai n gener a l r esem b lancel J i
t o

‘

each other whi ch make them a t oler ably dist inct }
well det erm ined, class Of bodies. But sulphur h as not l b
r esemblances with these, and no analogies with them”
eit her in physical or even in chem i cal pr opert ies. I t

<is a Simple body ; and both its r esemblan ces and i t s

analogies dir ect us t o place it al ong with other simple :
bodies

, (selenium,
and phosphor us,) which, uni t ed wi th

metals
,
pr oduce compounds not very di ffer ent fr om t h e!

sul phur et s. Sul phur cannot b e, nor appr oach t o being,
a su lphur et w e must not confound what it is with
what it m akes. Sulphur h as i t s pr oper influence in
determini ng t h e pr oper t ies of t h e compound into whi ch
it en t er s ; but it does not do t hi s accor din g t o r esem
blance of qualit ies, or accordi ng t o any pr inciple which
pr oper ly leads t o pr opinqui ty in clas sificat ion .

6 . Compounds assumed to be determ ined by the

Fig ur e of E lem en ts — J pass over t h e fanciful modes of

r epr esent ing chemi cal changes whi ch wer e employed
by th e Alchemist s ; for these st r ange invent ions di d
lit t le in leading m en t owards a juster view of t h e r ela
t ions of element s t o compounds. I pr oceed for an

instan t t o t h e at t empt t o subst itut e another Obvious
con cept ion for t h e still Obscur e not ion of elementar y
composit ion . I t w as imagined that al l th e pr oper
t ies of bodi es and their mutua l operat ions m ight b e
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account ed for by supposing them const itut ed ofpa r ticles
of variousfor m s

,
r ound or ang ular , poin ted or hooked,

‘

st r ai ght or spir al . Thi s is a very ancient hypothesis,
and a favour it e one with many casual specul at or s in
al l ages. Thus Lucr et ius undert akes to explain why
wine passes r apidly through a sieve and oil slowly, by
t ell in g us that the lat t er substan ce h as it s par t icles
either lar ger t han those of th e other , or mor e hooked
and in t erwoven together . And h e accoun t s fur th e
di ffer ence of sweet and bit t er by supposing t h e pa

r t i

cles In t h e former case to b e r ound and smooth, i n t h e

lat t er Sharp and jagged“. Simi lar assumptions pr e
vailed in modern t imes on t h e r evival of t h e mecha~

ni cal philosophy, and const itute a lar ge par t of t h e

physica l schemes of D escai 't es and G assendi . They
wer e a lso adopt ed t o a consider able extent by t h e
Chem i st s. Acids wer e wi thout hesitat ion assumed to
consist of shar p poin t ed part icles ; whi ch,

‘I hope,
’

‘Lemery says 7
,

‘
no one wi ll disput e, seeing every one’s

exper ience does demonst r a te it : h e needs b ut taste an

a cid to b e sat isfied of it , for it pricks t h e tongue like
anyt hing keen and fin ely cut .

’

Such an assumpt ion
is not onl y altogether gr atuit ous and useless, b ut ap

\ pears to b e foun ded in some degr ee upon a confusion
i in t h e metaphori ca l and lit er al use of such wor ds as

l keen and sh a rp. Th e assumpt ion on ce made, it w as
easy t o accommodat e it

,
in a manner equally ar bit r ary,

to other facts. A demonst r at ive and convin cing
pr oof that an acid does consist of point ed par t s is, that
not onl y al l acid sa lt s do crystal li z e into edges, but al l
dissolut ions of diifer ent t hi ngs, caused by a cid liquor s,
do assume t hi s figur e in their crysta lliz a t ion . These
crysta ls consist Of points differing both in length and

bigness one fr om another , and thi s di ver sity must b e
a t t r ibuted to t h e keener or blun t er edges of t h e di f

fer en t sor t s of acids : and so likewise thi s differ ence of

t h e poin ts in subt ilty is t h e cause that one acid can

penet r a t e and dissolve wi th one sor t of m int, tha t ano
ther can ’

t rar ify at a ll : Thus vineg a r dis solves lead,

6 DeRer um Natur a , ii. 390 sqq .
7 Chem istry, p. 25.
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whi ch a qua for tis can
’

t : a qua for tis di ssolves quich
si lver

,
which vineg ar will not t ouch ; a qua r eg a l is dis

solves g old, whenas aqua for tis cannot meddle wi th it ;
On t h e cont r a ry, aqua for tis dissolves si lver

,
b ut can

do nothing wi th gold
,
and SO of t h e r est .

’

Th e leading fact of th e vehement combinat ion and

complet e uni on of acid and a lkali r eadil y suggested a

fit form for t h e par t icles of t h e lat t er class of sub

stan ces .

‘This efl
'

ect ,
’
Lemery adds

,

‘m ay make us

reasonably conj ectur e tha t an alkali is a t er r est r ious
and solid mat t er Whose forms ar e figur ed aft er such a

manner t ha t t h e acid po in t s en t er ing in do st r ike and

divide whatever opposes their mot ion .

’

And in a like
spir it a r e th e specul at ions in D r . Mead’s Mech an ica l
Accoun t of Poisons ( 1 74 Thus h e explains t h e

poisonous effect of cor r osive sublim a te of 'mer cury by
saying 8 that t h e par t icles of t h e sal t ar e a kind of

lamellae or blades t o whi ch t h e mer cur y gives an addi
t ional weight . If r esublimed wi th thr ee-four ths t h e
quant ity of mer cury, it loses it s cor r osiveness, (become

ing ca lomel,) whi ch ar ises fr om this
,
that in sublima

t ion t h e crysta ll ine blades ar e di vided every t ime
mor e and mor e by t h e for ce of t h e fir e :

’

and ‘th e

br oken
'

pieces of th e cryst als uni t ing in to lit t le masses
of di ffer ing figur es fr om their former make

,
those cut

t ing poin t s ar e now SO much smaller that they cannot
make wounds deep enough t o b e equally mischievous
and deadly : and ther efor e do only velli cat e and twit ch
t h e sensible membr anes of t h e st omach.

’

7. Among a ll thi s very fan ciful and g r atuit ous asss
sumpt ion w e m ay not ice one t r ue pr inciple clear ly k
int r oduced

,
namely

,
that t h e supposit ions which w e

make r espect ing t h e forms of th e elemen t ary par t icles
of bodi es and their mode of combinat ion must b e such
as t o explain t h e facts of cryst all i z a t ion

,
as well as of I

mer e chem i cal change. This pr inciple w e shall her e :

after have occasi on t o insist upon further .

I now pr oceed to consider a mor e r efined form of

a ssumpt ion r espect ing t h e con st itut ion of bodi es, yet

8 P
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st ill one in whi ch a vain at t empt is made to subst itut e
for t h e peculiar idea of chemica l composit ion a mor e
fam i liar mechani cal concept ion .

8 . Compounds a ssum ed to be determ ined by the Me

chan ica l At tr action of the E lem en ts .
—When , in con se

quence of t h e invest igat ions and discover ies of N ewt on
and h is pr edecessor s, t h e con cept ion of mechan ica l
for ce h ad become clear and familiar

,
so far as t h e

a ct ion of ext ern al for ces upon a body w as concern ed, it
w as very n atur al that th e mathemat icians w h o h ad

pur sued t hi s t r a in of Speculat ion Shou ld at t empt t o
apply t h e same con cept ion to t hat mutual act ion of th e

in t ernal par t s of a body by which they a r e held to
gether . N ewton himself h ad pointed th e w ay t o this
a t tempt . In t h e Pr eface t o t h e P r in cipia , aft er Speak
ing of what h e h as done in calculat ing t h e effect s of

for ces upon t h e plan et s
,
sat ellit es

,
&c.

,
h e adds

,

‘Would
i t wer e permi t t ed us t o deduce t h e other phenomena
of natur e fr om mechan ical pr inciples by t h e same kind
of reason ing. For many things move m e t o suspect
that al l these phenomena depend upon cer t ain for ces,
by which t h e part icles of bodies, thr ough causes not

yet known , ar e either ur ged towar ds each other , and

coher e accor ding t o r egular figur es, or ar e repelled and

r ecede fr om each other ;whi ch for ces being unknown ,

philosopher s have hitherto made their a t tempt s upon
natur e in vain .

’

Th e same t hought is at a lat er per i od
followed out fur ther in one of t h e Quer ies a t th e end

of th e Opt icks
’
.

‘Have not t h e small par t icles of
( bodies cer tain Power s, Vir tues, or For ces, by whi ch
they act at a di stance, not on ly upon t h e r ays of light
for r eflect ing, r efr act ing and inflect ing them,

but also

!upon one another for pr oducing a g r eat par t of t h e

’
phenomena of n atur e And a li t t le fur ther on h e

gpr oceeds t o apply thi s expr essly to chemi cal Changes .

When Salt of Tart ar r uns per deliquium [or as w e

now expr ess it , deliquesces] is not this don e by an a t

between th e par t icles of t h e Salt of Tar t ar

and th e part icles of t h e wat er whi ch float in t h e ai r in

9 Q uery 3 !
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applied in any defini t e.mann er to t h e explanat ion of

specific phenom ena. He at t empts, indeed, t h e ques
it ion of special solven t s . Why does a qua for tis dis
solve Silver and not gold

,
while aqua r eg ia dissolves

gold and not silver ? whi ch, h e says, is t h e most ditfi
cul t quest ion in chemi st ry, and whi ch is certainly a

fundamenta l quest ion in t h e form at ion of chemical
theory. He solves It by cer tain assumpt ion s I espect ing
t h e for ces of at t r act ion of t h e par t icles

, and a lso th e
diamet er of t h e par t i cles of t h e acids and th e por es of
t h e metals

,
all whi ch supposit ions ar e gr atui tous.

1 0. We m ay obser ve furt her , that by speaking, as

I have sta t ed that h e does, of th e figure of part icles
,

h e mixes t ogether t h e assum pt ion of t h e last sect ion
with th e one whi ch w e ar e consider ing in thi s. Thi s

combina t ion is very un phil osophi cal
, or

,
t o say th e

least , very insufficient , since it makes a new hypothesis
n ecessar y. If a body b e composed of cubical par t icles

,

held together by their mutual at t r act ion, by what for ce
ar e th e par t s of each cube held t ogether ? In or der t o
under st and their st ructur e

,
w e ar e obliged aga in t o as:

sume a cohesive for ce of t h e second order , binding to
gether t h e part icles of each part icle. And ther efor e
N ewton himself says“, ver y just ly,

‘Th e part s of all

homogen ea l hard bodi es whi ch fully t ouch each other ,
st ick t ogether very st rongly : and for explaining h ow
thi s is, some have invented hooked a toms, wh ich is

(
begg ing the quest ion .

’
For (h e means t o im ply,) h ow do

al l hypotheses in
whi ch par t icles of a complex st r uctur e ar e assum ed as
t h e const ituent s of bodi es : for while w e suppose bodi es
and their known pr oper t ies to r esul t fr om t h e mutual
ac t ions of these par t icles

,
w e ar e compelled t o suppose

t h e par ts of each par t icle t o b e held together by for ces
st ill more diflicul t t o con ceive, since they a r e disclosed
only by t h e pr oper t ies of these par t icles, whi ch as yet

a r e unknown . Yet Newton him self h as not absta ined
fr om such hypotheses . thus h e says”,

‘A part icle of

1° P. 54. 11 Opticlcs, p. 364. 12 Opticks , p. 362 .
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a salt m ay b e compar ed t o a chaos, being den se, har d,
dry, and ear thy in t h e cen t er , and moist and wat ery
in t h e cir cumfer ence.

’

Since N ew t on
’

s t ime th e use of t h e t erm a ttr a ction
,

as expr essing t h e cause of t h e un ion of t h e chemi cal
elemen t s of bodies

,
h as been familiar ly con t inued ; and

h as
, no doubt , been accompan ied in t h e minds of many

per sons with an obscur e not ion that chemi ca l a t t r ae
t ion is

,
in some w ay, a kind of mechan ical a t t ract ion

of th e part icles of bodi es. Yet t h e doct r ine that ch e
m ica l at t r act ion ’

and m echan ica l at t r act ion ar e for ces
of t h e same kind h as never , so far as I am awar e

,
been

worked out int o a syst em of chemi cal theory ; nor even
appli ed with any dist in ctness as an explanat ion of any
par t icular chemical phenomena . Any such at t empt

,

indeed
,
coul d on ly t end t o br ing mor e clear ly int o

view th e en t ir e inadequacy of such a mode of expla

n at ion . For t h e leading phenomena of chemist ry a r e

all of such a natur e that no mechan ical combinat ion
can ser ve t o expr ess them,

without an immense accu
m ulat ion of addit ional hypotheses. If w e t ake as our

pr oblem th e changes Of colour , t r anspar ency, t extur e,
t ast e

,
odour

,
pr oduced by small changes in t h e ingr e

dien t s
,
h ow can w e expect t o give a mechan ical accoun t

of these, t ill w e can give a mechan ical account of

colour , t r anspar en cy, t extur e, taste, Odour , themselves ?
And if our mechani cal hypothesis of t h e elemen t ary
con st itut ion of bodi es does not explain such phenomena
as those changes, wha t can it explain ,

or what can b e
t h e value Of it ? I do not her e insist upon a r emark
which will afterwar ds come befor e us

,
that even crys

t al line form,
a phenomenon of a far mor e obviously

mechani ca l natur e than those just alluded t o
,
h as n ever

yet been in any degr ee explained by such assumpt ions
as this, that bodi es con sist of element ary par t icle
exer t ing for ces of th e same natur e as t h e cen t r al for ces
which w e con t emplat e in Mechanics.

When ther efor e N ewton asks, ‘When some st ones,
as spar of lead, dissolved in pr oper menst ruums, b e
come salt s, do not these things Show that salt s a r e dry
ear th and wat ery acid unit ed by a ttr a ction ? ’ w e m ay

A
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an swer, that thi s mode of Cxpression appears t o b e

in t ended t o iden t ify chemi cal combinat ion with mecha
niCal a t t r a ct ion —that t her e w oixl d b e no object ion to
any such iden tifi cat ion, if w e could, in that way, ex

plain
,
or

'

even classify well, a collect ion of chemi cal
facts ; b ut that t hi s h as never yet been done by th e
help of such expr essions. Til l some advan ce of thi s
kind can b e poin ted out

,
w e must necessa r ily consider

t h e power whi ch produces chemical combinat ion as a

peculi ar prin ciple, a specia l r elat ion of t h e elemen t s
,

not right ly expr essed in mechani cal t erms. And w e

now pr oceed to consider t hi s relation under t h e name
by whi ch it is most fami liarly kn own .



“ M dFo r.
CHAPTER II .

ESTABLISHMENT AND DEVELOPMENT OF THE IDEA OF

CHEMICAL AFFIN ITY.

HE ear lier chemi sts did not commonly involve
themselves in t h e confusion in to which t h e

mechanical phil osopher s r an , of compar ing chemi cal to
mechani ca l for ces Their a t t en t ion w as engaged, and

their ideas wer e moul ded
,
by their own pur sui t s. They

saw that t h e conn exion of element s and compoundswith‘

w h ich th eyh ad t o deal,w as apecul iar r elat ionwhich must :
b e studied di r ect ly

,
and whi ch must b e under stood, If

under st ood at all
,
in i t self, and not by compar ison with } ;

a di ffer ent Class of r elat ion s. A t di ffer en t per iods of !

t h e pr ogr ess of chemi st ry
,
t h e concept ion of thi s r ela

t ion , st ill vague and obscur e
,
w as expr essed in var ious

manners ; and at last this concept ion w as clothed in
t oler ably consi st ent phr aseology, and t h e pr inciples
whi ch i t involved wer e, by t h e uni t ed for ce of thought
and exper imen t

,
br ought into V iew.

2 . Th e power by which t h e elements of bodies
combine chemi cally

,
being, as w e have seen

,
a pecul iar

agen cy, differ en t fr om mer e mechan ical conn ex ion or

at t ract ion
,
it is desirable to have it designat ed by a

dist inct and peculiar name ; and th e t erm Afin i ty h as

been employed for that purpose by most modern ch e

m i st s. Th e wor d affinity
’
in common lang uage mean s,

somet imes r esemblan ce, and somet imes r elat ionship
and t ies of fami ly. I t is from t h e lat t er sen se that t h e
met aphor is bor r owed when w e speak of chemical
affini ty.

’ By t h e employmen t Of this t erm w e do not in

dica t e a r esemblan ce
,
b ut a di sposit ion t o un it e. Using

t h e wor d in a common unscient ific mann er , w e might
say that chlor ine, br omine, and iodin e, have a gr eat
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n a tu r a l afin i ty wi th each other
,
for ther e ar e consi

der ab l e r esemblan ces and anal og ies among them ; b ut
these bodies have ver y li t t le ch em ica l Affinity for each
other . Th e use of th ewor d in t h efor m er sen se, of r esem
blan ce, can b e t r aced in ear li er chem ist s ; b ut t h e wor d
does not appear t o have acquir ed it s peculiar ch em ica l
meaning t ill aft er Boer haave’s t ime. Boer haave, h ow
ever

,
is t h e wr i t er ‘in Whom w e fir st find a due appr e

h ension of t h e peculiar ity and impor t an ce of t h e Idea
whi ch it now expr esses. When w e make a chemica l
solut ion 1

,
h e says

,
not only ar e t h e par t icles of t h e dis

solved body separ at ed fr om each other , b ut they ar e

closely uni t ed t o t h e par t icles of th e solvent . When
a qua r eg ia di ssolves gold, do you not see

,
h e says t o

h is hear er s, that ther e must b e between each par t icle
of t h e solven t and of th e m et al, a mutual Vi r tue by
whi ch ea ch loves, un it es with, and holds th e other

(am a t, un i t, r etinet) ? Th e opini on pr evi ously pr eva
lent h ad been that th e solvent m er ely separ a t es t h e
par t s of th e body di ssolved : and most phi losopher s
h ad conceived this separ at ion as per formed by m ech an i

cal oper at ions of t h e par t icles, r esembling, for in

st ance, t h e oper at ion of wedges br eaking up a block of

t imber . But Boer haave for cibly and earnest ly point s
out t h e insufficiency Of th e concept ion . This

,
h e says,

does n ot accoun t for What w e see. We have not onl y
a separ at ion ,

b ut a new combina t ion . Ther e is a for ce
by whi ch t h e par t icles of t h e solvent a ssociat e t o them
selves t h e parts di ssolved

,
not a for ce by which they

r epel and dissever them. We ar e her e t o imagine not

mechan ical act ion , not Violent impulse, not an t ipathy,
b ut love, at least if love b e t h e desir e of uni t ing. (Non

igitur h ic et iam act iones mechan icss
,
non pr opulsiones

V iolent se, non in im icit ise cog it andae, sed ami cit ise, Si

amor dicendus . copul ae cupido .) Th e novelty of t hi s

View is eviden ced by t h e mode in which h e apologizes
for int r oducing it . Pat cor , paradoxa h sec asser t io .

’

To Boer haave, ther efor e, (especially consider ing h is

gr eat influence as a t eacher of chemist ry) w e m ay

1 Elementa Ch emm . Lugd. Bat . 1 732, p. 677 .
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assign th e mer i t of fir st diffusing a pr oper View of

Chemical Affinity as a peculiar for ce
,
t h e or igin of

almost a ll chemical changes and oper at ion s.

3 . To Boerhaave is usually assigned also t h e cr edi t
of int r oducing t h e wor d ‘Affini ty

’

among chemist s ; b ut
I do not find that t h e wor d is oft en used by h im in

thi s sense ; per haps not at all
”
. But however this m ay

b e, t h e t erm is, on many a ccoun t s
,
well wor thy t o b e

pr eserved
,
a s I shall endeavour t o Show. O ther t erm s

wer e used in t h e same sen se dur ing t h e ear ly par t of
t h e eight een th cen tury. Thus when G eoffr ey, in 1 7 1 8 ,
laid befor e t h e Academy of Par is h is Tables of Aflin i

t ies, whi ch per haps did mor e than any other even t t o
fix t h e Idea of Affinity, h e t ermed them

‘Tables of t h e \

Relat ion s of Bodies ;
’
Ta bles des Rappor ts ? speaki ng

however
,
also

,
of their di sposit ion t o uni t e,

’
and using (

’

other phr as es of th e same impor t .

Th e t erm a ttr a ction ,
having been r ecommended by

N ewt on as a fit wor d t o designat e t h e for ce which pr o
duces chemical combinat ion , con t inued in gr eat favour
in England

,
wher e t h e N ewt on ian philosophy w as

looked upon as applicable t o ever y br an ch of science.

In Fr an ce
,

on t h e con t r a ry
,
wher e D escart es st ill

r eigned t r iumphant
,

‘
at t r act ion ,

’

t h e wat ch-wor d of

t h e enemy, w as a sound n ever ut t er ed b ut wi th di slike
and suspi cion . In 1 7 1 8 (in t h e not ice of G eoffr ey’s
Table,) t h e Secr et ary of t h e Academy

,
aft er poin t ing

out some of t h e pecul iar cir cumst ances of chemi cal

2 See Dum as
,
Leeons dc Ph i l. Ch im .

p. 364. Rees
’

Cyclopeedia , Art . Ch em

ist ry. In th e passag e of Boerh aave to
wh ich I refer ab ove, afi ni tas is r ath er

Opposed t o, th an ident ified with , ch e

mical com b inat ion . Wh en, h e says,

th e par ts of th e b ody to b e dissolved
are dissever ed b y th e solvent , Wh y do
th ey r em ain uni ted to th e par t icles of
th e solven t

,
and wh y do not r ath er

b oth th e par ticles of th e solvent and
of th e di ssolved body col lect into

VOL. II.

h om ogeneous b odies b yth eir afi ni ty ?

‘
denuo se afiini tate suae natures col

li g ant in corpora h om og enea And

th e answer is, b ecause t h ey possess
anoth er for ce wh ich counteract s th is

affinity of h om og eneous par t icles, and
m akes compounds of differ ent ele

m ents. Afiinity, in ch em istry, now

m eans th e tendency of difier ent ki nds
ofm at ter t o un ite : b ut it appear s, as
I h ave sai d, to h ave acqui red t hi s
sense since Boerh aave’s t ime.

C
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combinat ions, says, Sygnpat h ies and a t t r act ions woul d
sui t well her e

,
if ther e wer e such things.

’ ‘Les sym

pat h ies, les at t r act ions conviendr oient bien ici
, si elles

ét aient quelque chose .

’
And a t a lat er per iod

,
in

1 73 1 , having to writ e t h e é log e of G eoffr ey aft er h i s
dea th

,
h e says,

‘He gave, in 1 7 1 8, a sing ular syst em,

and a Table ofAfi n i ties
,
or Relat ion s of t h e differ en t

subst ances in chemi st r y. These affinit ies gave uneasi
n ess t o some per sons , w h o fear ed that they wer e
a t tr a ctions in disg u ise, and al l t h e mor e danger ous in
con sequence of t h e seduct ive forms which clever people
have cont r ived t o give them. I t w as found in t h e

sequel that thi s scruple might b e g ot over .

’

Thi s is t h e ear liest published inst an ce
,
so far as I am

awar e
,
in which t h e wor d ‘Affini ty

’
is dist inct ly used

for t h e cause of chemi cal composit ion and t aking in t o
a ccoun t t h e cir cumstances, t h e wor d appea r s t o have
been adopt ed in Fr an ce in or der t o avoid t h e wor d
a t t r a ction ,

whi ch h ad t h e ta in t of N ewt oni anism. Ac

cording ly w e find t h e wor d afi n ité employed in t h e

works of Fr en ch chemist s fr om this t ime . Thus
, in t h e

Tr ansa ctions of th e F r ench Academ y for 1 746, in a

paper of Macquer
’

s upon Ar sen ic, h e says 3
,
On peut

facilemen t r endr e r a ison de ces ph enom énes par le

moyen des affini tés que les difi
’

ér ens substances qui
en t r en t dans ces combinaisons

,
ont les un s avec les

aut r es and h e pr oceeds t o explain t h e fact s by r efer
ence to G eoffroy

’

s Table. And in Macquer
’

s E lem en ts

of Ch em is tr y, whi ch appear ed a few year s lat er , t h e
‘Affini ty of Composit ion ’

is t r eat ed of as a leading par t
of t h e subject , much in t h e same w ay as h as been pr ac
t ised in such books up t o t h e pr esen t t ime. Fr om this
per iod, t h e wor d appea r s t o have become fami liar t o
a l l Eur opean chemist s in t h e sense of whi ch w e ar e

now speaking. Thus
,
in t h e year 1 758, t h e Academy

of Sciences at Rouen offer ed a pr ize for t h e best dis
ser tat ion on Affin ity. Th e pr ize w as shared between
M . Limbour g of Theux, n ea r Liege, and M. Le Sage

3 A. P. 1746, p. 201 .
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’

repulsions
,
t h e for ces by which one body consider ed as

a wh ole act s upon another ext ern al to i t
,
ar e, as w e

have ‘

sa id, t o b e dist inguished from t h ose
‘

m or e in t i

ma t e t ies by which t h e pa r ts of each body ar e held t o
gether . N ow this di ffer ence is implied

, if w e compar e
t h e former r elat ions, t h e a t t r act ions and r epulsions, t o
alliances and wars between St at es, and t h e lat ter , t h e
in t er nal un ion of 'par t icles, t o those bonds of affini ty
which conn ect t h e cit izens of t h e same st at e wi th one

another , and especiall y t o t h e t ies of Family. We have
seen that Boer haave compar es t h e un ion of two ele

men t s of a compound t o their mar r iage ;
‘w e must

allow,
’
says an eminen t chemist of our own t ime ’

‘tha t ther e is some t ruth in t h is poet ica l compar ison .

I t conta in s this t r uth,— that t h e two become one t o

most in t ent s and purposes, and that t h e Un it thus
formed (th e Fami ly) is not a mer e juxt aposit ion Of t h e
compon en t par t s. And thus t h e Idea of Affin ity as
t h e pecul iar pr inciple Of chem ical composit ion

,
is esta

b l ish ed among chemist s, and designat ed by a familiar
and appr opr iat e name.

5 . An a lysis is possible
—We m ust

,
however , en

deavour t o Obt ain a fur ther insight in t o this Idea , thus
fixed and named. We must endeavour t o ext r icat e, if
not fr om t h e Idea it self, fr om t h e pr ocesses by whi ch it
h as Obt a ined accepta t ion and cur r en cy among chemi st s

,

some pr in ciples which m ay defin e its applica t ion
, some

addit iona l speciali t ies in t h e r elat ions whi ch it impli es.

This w e sha ll pr oceed to do.

Th e Idea of Affini ty, as alr eady explained, implies a
di sposit ion t o combine. But this combinat ion is t o b e
underst ood as admit t ing a lso of a possibil ity Of separ a
t ion . Syn thesis implies Analysis as con ceivable : or t o
recur t o t h e image which w e have alr eady used

,
Di

vor ce is possible when t h e Mar r iage h as taken place.

That ther e is t hi s possibility, is a convict ion implied
in a l l th e resear ches of chemist s, ever since th e t rue
not ion of composit ion began t o pr edominat e in their
invest igat ions. One of th e fir st persons w h o clear ly

7 Dum as, Leeons dc Ph i l. Ch im . p. 363 .
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expressed thi s convict ion w as Mayow
,
an English phy

sician , w h o published hi s Mcalico—Physica l Tr a cts in

1 674. Th e fir st Of them De Sa le-N i tr o et Sp i r i tu

Ni tr o—Aer io, con t ains a clear enunciat ion of this pr in
ciple. Aft er showing h ow

,
in t h e combinat ions of

Opposit e elemen t s, as acid and alkali
,
their pr oper t ies

en t ir ely disappear , and a new subst an ce is formed not

a t a ll r esembling either of th e ingr edient s, h e adds "
,

‘Although these salt s thus mixed appear t o b e de

st r oyed it is st ill possible for them t o b e separ at ed
fr om each other , wi th their power s st ill ent ir e.

’ He

pr oceeds t o exemplify thi s
,
and illust r a t es i t by t h e

same image whi ch I have alr eady alr eady alluded t o
Salia acida a salib us vola t il ibus di scedun t

,
u t cum

sal e fixo tar t ar i, t anquam sponso magis idon eo, conj a

g inm st r ict ius in eun t .’ Thi s idea Of a syn thesis which
left a complet e analysis st ill possible, w as opposed t o a

not ion pr eviously cur r ent
,
that when tw o het er ogene

ous bodies un it ed t ogether and formed a thir d body
,

t h e tw o const ituent s wer e ent ir ely dest r oyed, and t h e

r esult formed out of their r uins
g
. And this con cep

t ion of Syn thesis and Analysis
,
as pr ocesses which

a r e possible successively and a lt er nat ely, and each of

whi ch supposes t h e possibility of t h e other , h as been
t h e fundamen t al and r egulat ive pr inciple Of t h e oper a
t ions and speculat ions Of analyt ica l chemist ry fr om th e

t ime ofMayow t o t h e pr esen t day.

6. Afi ni ty is E lective
—When th e idea of chemica l

affini ty
, or di sposit ion to un it e

,
w as br ought into view

by t h e experiment s and r eason ings of chem ist s
,
they

found it necessary t o consider this disposit ion as elec

tive,
° —ea ch element chose on e rather than another of

t h e element s whi ch wer e pr esen t ed t o i t
,
and quit t ed

it s un ion wi th one to un it e with another whi ch i t pr e
fer r ed Thi s h as alr eady appeared in t h e passage just
quot ed fr om Mayow. He adds in th e same st r ain

,
I

have no doubt that fix ed salt s choose one acid r a ther
than another , in or der that they m ay coalesce with it

8 Cap. xiv. p. 233.
9 Th om son

’

s Chem istry, iii. 8.
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in a mor e in t imat e un ion .

’

Nul lus dubit o salia fixa
acidum unum pr ae al iis elig er e, ut cum eodem ar ct ior e

uni one coalescant .

’

Th e same thought is expr essed
and exemplified by other chem i st s : t hey not ice in
numer able cases in which, when an ing r edient is com ~

b ined with a liqui d
,
if a n ew subst an ce b e immer sed

whi ch h as a gr eat er affinity for t h e liquid
,
th e liquid

combin es with t h e new substan ce by elect ion , and th e

former ing edient is pr ecipi ta ted. Thus St ahl says”,
‘In spiri t of n it r e dissolve silver ; put in copper and

th e silver is thr own down ; put in ir on and t h e copper
goes down ; put in z inc, t h e ir on pr ecipit at es ; put in
volat ile alkali, th e zin c is separ at ed ; put in fixed al

ka li
, th e volat ile quit s its hold.

’ —As m ay b e seen in

thi s example, w e have in such cases
, not onl y a pr efer

ence, but a long g radat ion of pr efer ences. Th e spir it
of n it r e will combine wi th silver

,
.but it pr efer s copper ;

pr efer s ir on mor e ; zin c st ill m or e ; volat ile alkal i yet
mor e ; fixed alkali th e most .

Th e same t hi ng w as pr oved to Obta in with r egar d t o
each element ; and when thi s w as ascer tai ned, i t b e
came t h e object of chemist s t o expr ess these deg r ees Of
pr efer en ce

,
by lists in whi ch substances wer e ar r anged

accor ding t o their di sposit ion to un it e wi th another
substan ce. In thi s manner w as formed G eoffr oy

’

s Ta

b le of Afiinit ies wh ich w e have alr eady m en

t ioned. Thi s Table w as fur ther impr oved by other
writ er s, as G eller t ( 1 75 1 ) and Limbour g Fi

nally Ber gm an impr oved these Tables st ill fur ther ,
taking in t o a ccoun t not only t h e or der of affini t ies Of

each element for others, bu t t h e sum of t h e t enden cies
to u ni te of each tw o elemen t s, which sum ,

h e held
,
de

t erm ined t h e r esult ing combina t ion when sever al ele
ments wer e in con tact wi th each other .

7 . As w e have stated in t h e Histo ry when t h e

doct rine of elect ive affin it ies h ad assumed this very
defini t e and syst emat ic form,

it w as assailed by Ber
thollet , w h o main ta in ed, in hi s E ssa i de Sta tique

1° Zymotechwia , 1697 , p. 1 1 7 .
11 Hist. Ind. Sc. b . xiv. 0. i ii.
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Ch im ique, that chemical affini t ies ar e not elec
t ive —that , when var ious elem en t s a r e br ought t oge
ther , their combin at ions do not depend upon t h e kind
of elemen t s a lon e

,
b ut upon t h e quant ity of ea ch which

is pr esen t , that whi ch is most abundant always ent er
ing most lar gely in to t h e result ing compounds. I t

m ay seem st r ange that it shoul d b e possible, at so lat e
a peri od Of t h e scien ce

,
t o thr ow doubt upon a doct r ine

whi ch h ad pr esided over and dir ect ed it s pr ogr ess so

long. Pr oust answer ed Ber thollet , and again main
ta in ed that chemi cal affini ty is elect ive. I have

,
in

th e Hist ory
,
given th e judgment of Ber zelius upon

this cont r over sy. Ber t hollet ,
’
h e says

,
defended

him self wi th an acut eness whi ch makes t h e r eader
hesita t e in hi s judgmen t ; but t h e gr eat mass of fact s
fin ally decided t h e point in favour of Pr oust .

’ I m ay
her e add t h e opin ion pr onounced upon this subj ect by
D r . Tur ner " Ber gman er r ed in supposing t h e r e

sult of t h e chemical act ion t o b e in every case owing
to elect ive affini ty [for t hi s power is modified in it s

effect s by var ious cir cumst an ces]: but Ber t hollet r an

int o t h e opposit e ext r eme in declar ing tha t th e effect s
former ly ascr ibed to that power ar e never pr oduced by
i t . That chemica l at t r act ion is ex er t ed between dif
fer en t bodies with differ ent degr ees Of ener gy, is, I
appr ehend, indisputable.

’

And h e then pr oceeds t o
give many instances of differ en ces in affini ty whi ch
cannot b e accoun t ed for by t h e Oper a t ion Of any modi
fying causes. St ill mor e r ecen t ly, M . Dumas h as t aken
a r evi ew Of this con t r over sy ; and, speaking with en

t husiasm of t h e wor k of Ber t hollet
,
as one whi ch h ad

'

been Of inest imable servi ce t o himself in h is ear ly study
of chemist ry

,
h e appear s at fir st disposed t o awar d t o

him t h e victory in t his di sput e. But hi s final ver di ct
leaves undamaged t h e gener a l pr in ciple now under our

consider a t ion
,
that chemical affin ity is elect ive. For

my ow n part
,

’

h e says“
,

‘I wi ll ingly admit t h e no

t ions of Ber thollet when w e have t o do wi th acids or

12 Chem istry, p. 199. 6th edi t ion .

13 Lepons de Ph i losoph ie Ch imique, p. 386.
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with bases, Of whi ch the energy is near ly equa l : but
when bodies endued WIt h very ener get ic affin it ies ar e

in pr esen ce of other bodi es Of whi ch t h e affini t ies a r e
very feeble

,
I pr opose t o adopt t h e following rule : In

a solut ion, everyt h ing r emaini ng dissolved
,
t h e st r ong

affin it ies sat isfy themselves
,
leaving t h e weak affini t ies

t o ar r ange mat t er s with one another . Th e st r ong
acids take t h e st rb ng bases, and th e weak acids can

onl y un it e with t h e weak bases. Th e known fact s ar e
per fect ly in accor dan ce wi th t hi s pr act ical r ule.

’

It is

Obvious that thi s r ecognit ion of a di st in ct ion between
str ong and weak affinit ies, which oper a t es t o such an

ext en t as t o det ermin e en t ir ely th e r esult
,
is a complet e

a cknowledgemen t Of t h e Elect ive natur e of Affini ty, as
far a s any per son acquai n ted with chemical oper at ions
could con t end for it . For it must b e allowed by all

,

t hat solubility
,
and other coll at er al cir cumstances, in

fluence t h e cour se of chemical combinat ions
,
sin ce they

det ermin e whether or not ther e shall take place tha t
con tact Of elemen t s Without which affini ty cann ot pos
sib ly oper at e.

8 . Afin i ty is D efini te as to quan ti ty— In pr opor t ion
a s chemi st s Obtain ed a clea r er view of t h e pr oduct s of
t h e labor at or y as r esult s of th e composi t ion of elemen t s,
t hey saw mor e and more clear ly that these r esult s wer e
defini t e ; that on e element not onl y pr efer r ed t o com

bine with another of a certain kind, b ut a lso would
combine wi th it to a cer t ain ext ent and no fur ther ,
thus giving to t h e r esult not an acciden ta l and var i
able, but a fixed and const an t char act er . Thus sa lt s
being consider ed as t h e r esult of t h e combina t ion of

tw o opposite pr in ciples, acid and alkal i
,
and being

t ermed neu t r a l when these pr in ciples exact ly balan ced
each other

,
Rouelle (w h o w as Roya l Pr ofessor at Pari s

in 1 742) admi ts Of neut r a l sa lts wi th excess of a cid,
n eut r al salt s with excess Of base, and per fect n eut r al
sal t s. Beaume main tai ned ‘4 against h im that ther e
wer e no salts except those per fect ly neut ral, t h e other
classes being t h e resul ts of mixture and imperfect com

14 Dumas, Ph il . Ch im. p. 198.
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binat ion . But thi s quest ion w as not adequat ely t r ea t ed
t ill chemist s made ever y exper iment wi th t h e ba lan ce
in their hands. When this w as done, they soon dis

cover ed that , in ea ch neut r al sal t
,
t h e pr opor t iona l

weight s of t h e ingr edi en t s whi ch composed it wer e
a lways t h e same. Thi s w as ascer t a in ed by Wenzel,
whose D octr ine of theAfin i t ies of Bodies appear ed in
1 777 . He not onl y ascer t ai ned that t h e pr oport ions
of element s in n eut r al chemica l compounds ar e defi

n it e
,
b ut al so that they a r e r ecipr ocal ; that i s, (to

expr ess h is r esul t s in a manner now employed by ch e

m ist s), that if A, a cert ain weight Of a cer t ain acid
,

neut r alize m
,
a cer tain weight of a cer t ain base, and B

,

a cer t a in weight of a cer t ain other acid
,
neut r aliz e n

,
a

cer t ai n weight of a cer t ain other base ; t h e compound
of A and n wil l al so b e neut r al ; as also that of B and m .

Th e same views wer e again pr esen t ed by Richt er in
1 792 , in h i s P r inciples of th e Measu r e of Ch em ica l
E lem en ts. And along wi th these fact s, that of t h e

combinat ion of elemen t s in mul t iple pr opor t ions being
a lso t aken int o accoun t , t h e foundat ions Of t h e At omic
Theory wer e laid ; and that Theory w as pr opoun ded in
1 803 by Mr . D alton . That theory

,
however

,
r ests

upon t h e Idea of Substan ce, as wel l as upon that Idea
Of Chemical Affini ty whi ch w e a r e her e consider ing ;
and th e di scussion of its evi den ce and t ruth must b e
for th e pr esen t defer r ed.

9 . Th e two pr inciples just explain ed
,
— that Afii n ity

is D efinit e as t o t h e Kind
,
and as to t h e Quan t ity of

t h e elemen t s whi ch it uni t es
,
—have her e been st at ed as

r esult s of exper imental invest igat ion . That they coul d
n ever have been clea r ly un der stood, and ther efor e
n ever firm l y established, Wi thout labor ious and exa ct
exper iment s, is cer t a in ; b ut yet w e m ay ventur e t o
say that being once fully known , they m ay seem t o

thought ful m en t o possess an eviden ce beyond that of
mer e exper iment . For h ow , in fact , can w e con ceive
combinat ions, otherw i se than a s defin it e in kind and

quan t ity ? If w e wer e t o suppose each elemen t r eady
t o combine wi th any other indi ffer ent ly, and indif

fer ent ly in any quan t ity, w e should have a w or ld in



PHILOSOPHY OF CHEMISTRY.

’

which all would b e o confusion and indefin it eness.

Ther e would b e no fixed kinds Of bodi es. Sal t s, and

st ones
,

and or es
,
would appr oach to and gr aduat e

into ea ch other by insensible degr ees. In stead of

this, w e know that t h e wor ld consist s of bodies di s
t ingui sh ab l e fr om each other by defin it e differ en ces,
capable Of being plassified and n amed, and of having
gener a l pr oposit ion s asser t ed con cernin g them. And

as w e cann ot conceive a wor ld in whi ch this should
n ot b e t h e case

, i t would appear that w e cannot con

ceive a st at e of thi ngs in which t h e laws of t h e com ~

binat ion Of element s should not b e Of that defin it e and

measur ed kind which w e have above asser t ed.

Thi s will
,
per haps

,
appear mor e clear ly by stat ing

our fundament a l convi ct ions r espect ing ch emical com
posit ion in another form,

whi ch I shall, ther efor e, pr o
oecd t o do .

I O . Chem ica l Composi tion determ in es Physica l P r o

per ties
— However Obscur e and in complet e m ay b e our

con cept ion of t h e int er na l power s by whi ch t h e ult i
mat e par t icles Of bodies ar e held t ogether , it involves,
a t least, t h is convict ion —that these power s ar e what
det er m ine bodi es t o be bodies

,
and ther efor e con t ain

t h e r eason of al l t h e pr oper t ies whi ch, as bodies, they
possess. Th e for ces by whi ch t h e par t icles Of a body
ar e held t ogether

,
also cause it to b e har d or soft,

heavy or light
,
opake or t r anspar en t

,
black or r ed; for

if these for ces ar e not t h e cause of t hese peculiar it ies,
wha t can b e t h e cause ? By t h e very supposit ion
wh ich w e make r espect ing these for ces, they in clude
a l l th e r elat ion s by whi ch t h e par t s ar e combined int o
a whole, and ther efor e they, and they onl y, must det er
mi ne a l l th e a t t r ibut es of th e whole. Th e foundat ion
of al l ou r speculat ion s r espect ing t h e intimat e con st itu
t ion of bodi es must b e t hi s pr inciple, that their compo
sit ion det ermines their pr oper t ies.

Accor di ngly w e find our chemis t s r easoni ng fr om
this pr in ciple with gr eat confidence, even in doubt ful
cases. Thus D avy, in hi s r esea r ches con cer n ing t h e '

diamond
,
says : That some chemi cal di ffer en ce must

exist between t h e har dest and most beaut iful Of th e
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Chemica l Composit ion and Crysta llineForm cor

r espond
— Thus t h e physical pr oper t ies of b odi es de

chemical composit ion , b ut in a manner
examinat ion Of bodies wi th r efer en ce

t o their pr opert ies and their composit ion can alone
det ermine. We m ay, however , ven tur e t o asser t

fur ther , that th eJnor e definit e t h e pr oper t ies ar e, t h e

mor e dist in ct m ay w e expect t o find this dependen ce.

N ow t h e most defini t e of t h e pr oper t ies of bodi es ar e

those constan t pr oper t ies which involve r elat ions of

space ; that is, t heir figur e. We speak not
,
however ,

Of that ext erna l figur e
,
der ived fr om ex ter nal cir cum

stan ces, which, so far from bein g con st an t and defin it e,
is alt ogether casual and arbit r a ry ; b ut of that figur e
which arises fr om their in t er nal t ex tur e, and which
shows it self not onl y in th e r egular forms which they
spon tan eously assum e, b ut in t h e di sposit ion of t h e

par t s to separ at e in defini t e direct ions, and no other s.

In shor t
,
t h e most defin i t e of t h e pr oper t ies of per fect

chemi ca l compounds is t heir cr ysta l line str uctur e; and

t her efor e it is eviden t tha t t h e cryst alline st ructur e
Of each body, and t h e forms whi ch i t affect s, must b e
in a most in t im a t e dependence upon it s chemi cal com
posit ion .

Her e again w e ar e led t o t h e br ink of another
theory — that Of crysta lline st ructur e, whi ch h as ex

cit ed gr eat int er est among phi l osopher s ever sin ce
t h e t ime Of Haiiy. But thi s theory involves, besides
t hat idea of chemi cal composit ion wi th which w e ar e

her e concerned
,
other con cept ion s, which ent er int o

t h e r elat ion s of figur e. These concept ion s, govern ed
pr incipally by t h e Idea of Symmet ry, must b e unfolded
and examined befor e w e can ven tur e t o discuss any
t heory of crysta lliz at ion : and w e shall pr oceed to do
thi s as soon as w e have first duly consider ed t h e Idea
of Subst ance and it s consequences.



CHAPTER III .

OF THE IDEA OF SUBSTANCE.

1 . Axiom of the Indestructibi lity of Substan ce—WE

now come t o an Idea Of which th e hi st ory is very di f
fer en t fr om those of which w e have lat ely been speak
ing . In st ead of being gr adually and r ecen t ly br ought
in t o a clear li ght , as h as been t h e case with th e Ideas
Of Polar ity and Affini ty, t h e Idea Of Subst an ce h as
been en t er t ained in a dist in ct form fr om t h e fir st periods
Of Eur opean specul at ion . That t hi s is so

,
is pr oved

by our fin din g a pr in ciple depending upon t hi s Idea
cur r en t as an axiom among t h e ea r ly philosopher s Of
G r eece ” namely, that noth ing can be pr oduced ou t of
noth ing . Such an axiom

,
mor e fully st at ed

,
amoun t s

t o t hi s : that t h e subst an ce Of whi ch a body consist s is
in capable of being dim i n ished (and consequen t ly inca
pab le ofbein g augmen t ed) in quant ity, what ever appa
r en t changes it m ay un der go . I t s forms, it s di st r ib u
t ion , its quali t ies, m ay vary, b ut t h e subst an ce it self is
ident ically t h e same under all these vari at ions.

Th e axiom just spoken Of w as th e great principle
of th e physical philosophy of th e Epicur ean school, as
i t must b e of every mer ely mat er ia l philosophy. Th e

reader of Lucr et ius will recollect t h e emphasis with
whi ch it is r epeat edl y asser t ed in hi s poem

E nilo nil g ig ni, in nilum nil posse r ever t i ;
Nough t com es of nough t , nor ough t r eturns t o nough t .

Those wh o engaged in these ear ly at t empt s at phy
sical speculat ion wer e naturally much pleased wi th t h e
clearn ess whi ch w as given t o their not ions of change,
composit ion , and decomposit ion , by keeping st eadi ly
hold of th e Idea of Substance, as marked by thi s
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fundament al ax iom . ;Nor h as it s author ity ever ceased
to b e ackn owledged. A philosopher w as asked ‘, Wh at
is t h e weight of smoke ? He an swer ed

, Subt r act t h e
weight of t h e ashes fr om t h e weight Of th e wood which
is burn t , and you have t h e weight of t h e smoke.

’
This

r eply would b e assent ed t o by a l l ; and it assumes as

in con t estable that even under t h e act ion of fir e
,
th e

mat er ial
,
t h e stfb st an ce

,
does not per ish

,
b ut onl y

changes it s form.

This pr in ciple of t h e indest ruct ibility Of subst ance
might easily b e t r aced in many r easoni ngs and r e

sea r ches
,

an cient and moder n . For inst ance
,
when

th e chem i st works with t h e r etor t , h e places t h e b ody
on whi ch h e oper at es in on e pa r t Of an inclosed cavity,
which

,
by i t s bendings and commun icat ions

,
separ at es

a t th e same t ime tha t it confin es
,
t h e pr oduct s which

r esult fr om t h e act ion of fir e : and h e assumes that thi s
pr ocess is an analysis Of t h e body in t o it s ingr edien t s

,

not a cr ea t ion Of anyt hi ng whi ch di d not exist befor e
,

or a dest r uct ion of anything whi ch pr eviously ex ist ed.

And h e assumes fur ther , that t h e t ot al quan t ity of t h e

subst ance thus an alysed is t h e sum of t h e quan t it ies
of i t s ingr edi ent s. Thi s pr inciple is t h e very basis of
chemica l speculat ion

,
a s w e shall her eaft er explain

mor e fully.

2 . Th e Idea of S ubstanca— Th e axiom above spoken
of depends upon t h e Idea Of Subst an ce, which is in
volved in a ll our vi ews of ext ern al Obj ects. We un

avoidably assume that t h e qual it ies and pr oper t ies
which w e Observe ar e pr oper t ies Of th ing s —that t h e
adject ive implies a subst ant ive — that ther e is

,
besides

t h e ex t er nal char a ct er s of t hi ngs
,
something of wh ich

they a r e t h e char a ct er s. An apple whi ch is r ed
,
and

r ound
,
and har d, is not mer ely r edn ess, and r oundn ess

,

and h ar dness these cir cumst an ces m ay a l l a lt er while
t h e apple r emains t h e same apple. Behind or under t h e
appear ances whi ch w e see

,
w e con ceive something of

which w e think ; or
,
t o use t h e met aphor which ob

ta ined curren cy among th e an cien t philosopher s, t h e

1 Kant , Kr i tik der R. V. p. 167 .
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a t t r ibut es and qualit ies which w e obser ve a r e sup
por t ed by and inher en t in somethi ng : and thi s soma
thing is hen ce ca lled a substr a tum or substan ce,

— that
which st ands benea th t h e apparent quali t ies and sup
por t s them.

That w e have such an Idea , using t h e t erm
‘Idea ’

in t h e sen se in which I have employed i t thr oughout
these di squi sit ion s

,
i s eviden t fr om wha t h as been

a lr eady sai d. Th e Axiom of t h e Indest ruct ibility of

Subst an ce pr oves t h e exist en ce of t h e Idea of Sub

st an ce
,
just as t h e Axioms Of G eomet ry and Ar ith

met ic pr ove t h e exist en ce Of t h e Ideas of Spa ce and

Num ber . In th e ca se of Subst an ce, as of space or

number
,
t h e ideas cannot b e sa id t o b e bor r owed fr om

exper ien ce
,
for t h e axi oms have an authori ty of a far

mor e compr ehensive and demonst r a t ive cha r act er than
any whi ch exper ien ce can best ow. Th e ax iom that
nothing can b e pr oduced fr om nothi ng and nothi ng
dest r oyed

,
is so far fr om being a r esult Of exper ience,

that it is appar en t ly con t r adict ed by t h e most Obvious
Observat ion . I t h as

,
at fir st , t h e air of a pa r adox ; and

by those w h o r efer t o it
,
it is fam i lia r ly employed t o

Show h ow fallacious common Obser vat ion is . Th e

a sser t ion is usually made in thi s form — that nothi ng
is cr eat ed and n othing anni hila t ed, notw ithsta nding
t hat th e common cour se of ou r exper ience appear s t o
Show t h e con t r a ry. Th e pr in ciple is not an empir ical,
b u t a necessa ry and un iver sa l t r uth -is collect ed

,
not

fr om t h e evidence of our sen ses
,
but fr om t h e oper a t ion

of our ideas. And thus t h e univer sal and undisput ed
author ity of t h e axiom pr oves t h e ex ist en ce of t h e Idea
Of Subst an ce.

3 . Locke
’

s D en ia l of the Idea of Substance— I shal l
not a t t empt t o r eview t h e var ious Opini ons whi ch have
been pr omulgat ed r espect ing thi s Idea : b ut it m ay b e

wor th our while t o not ice br i efly t h e pa r t which it
played in t h e g r eat con t r over sy con cer n ing t h e or i gin
of our ideas whi ch Locke’s Essay occasion ed. Locke’s
Obj ect w as to dispr ove th e ex ist en ce Of al l ideas not
der ived fr om Sensa t ion or Reflect ion : and sin ce t h e
idea of substance as di st in ct fr om ext er nal quali t ies, is
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manifest ly not deriveddir ect ly from sensat ion , nor by
any very Obvious or dist inct pr ocess fr om r eflect ion ,
Locke w as disposed t o exclude t h e idea a s much as

possible. Accor dingly, in h is a r gum en tat ion against
Innat e Ideas z , h e says plainl y, ‘t h e idea Of subst ance

,

whi ch w e n either have nor can have by sensa t ion or

r eflect ion .

’

And t h e infer ence whi ch h e draws is
,

that w e have no such clear idea a t al l .
’ What then ,

i t m ay b e asked, do w e mean by th e wor d substan ce

This also h e answer s, though somewhat st r angely, We

signi fy nothing by t h e wor d substance, but only an un

cer t ain supposit ion of w e know not what
, i . e. Of some

thing wher eof w e have no part icular di st in ct posit ive
idea

,
whi ch w e t ake t o b e t h e subst r atum

,
or suppor t

,

of those ideas w e kn ow .

’
That while h e indulged in

t hi s taut ological asser t ion Of our ignorance and uncer

t ain ty, h e should st ill have been compelled t o acknow
ledge that t h e wor d subst an ce h ad some meaning

,
and

shoul d have been dr iven t o explain it by th e iden t ica l
metaphor s of subst r atum ’

and suppor t
,

’

is a cur ious
pr oof h ow impossible it is en t ir ely t o r eject t hi s idea .

But a s w e have alr eady seen , t h e supposit ion of t h e

existence of substance is so far fr om being un certain
,

t hat it car r ies with i t ir r esist ible convict ion , and sub

st an ce is necessar ily con ceived as somet hi ng wh ich
cannot b e pr oduced or dest r oyed . I t m ay b e easily
supposed, ther efor e, that when t h e con t r over sy between
Locke and h is assa ilan t s came t o this point , h e woul d
b e in some difli cul ty. And

,
indeed, though wi th hi s

accust omed skil l in cont r over sy, h e managed t o r et ai n

a t r iumphan t t one, h e w as dr iven from hi s ma in points .

Thus h e r epels t h e char ge that h e t ook th e being Of
subst an ce t o b e doubt ful 3 . He says, Having every
wher e afli rm ed and built upon it that m an is a sub

st an ce, I cannot b e supposed t o quest ion or doubt of

t h e being of subst an ce, t ill I can quest ion or doubt of

my own being.

’ He at t empt s t o make a stand by say
ing that being Of things does not depend upon our

2 Essay, b . i. c. iv. 8. 18.

3 Essay, b. ii. 0. ii. andFi r st Letter to the Bishop of Wor cester .
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ideas ; but if h e h ad been asked h ow , wi thout having
an idea of substance, h e knew substan ce to be, i t is

di fficul t to con ceive what answer h e coul d have made.

Aga in, h e h ad sai d t ha t our idea Of substan ce arises
fr om our accustom ing ourselves t o suppose ’ a sub

st r a tum of qualit ies. Upon this hi s adver sary, Bishop
St illingfleet , very pr oper ly asks, Is thi s custom gr ound
ed upon t r ue r eason or no ? To whi ch Locke r eplies

,

that i t is g r ounded upon this : That w e cann ot con

ceive h ow simme ideas of sensible qua lit ies Shoul d sub
sist al one ; and ther efor e w e suppose them t o exist in

,

and to b e support ed by some common subject , which
suppor t w e denote by th e name substan ce. Thus h e
allows

,
not only that w e necessari ly assume th e r eal ity

of substance, b ut that w e cannot con ceive qua lit ies
without substance ; whi ch ar e con cession s so ample as

almost to include all tha t any advocate for t h e Idea of

Substan ce need desir e.

P er ha ps Locke, and t h e adh er ent s of Locke, in
denying that w e have an idea of substan ce in general,
wer e lat ent ly influenced by finding

.

tha t they could
not , by any effort Of mind, ca ll up any ima g e which
could b e

'

consider ed as an im age of substance in gene
r al . That in thi s sense w e have no idea Of substance,
is plain enough ; b ut in t h e same sense w e have no

idea Of space i n gen er al, or Of t im e
,
or number , or

cause, or r esemblan ce. Yet w e cer tainly have such a

power of repr esent ing to our m inds space, t ime, num
b er

,
cause, resemblan ce, as t o ar r ive at numerous

t ruths by means of such r epr esentat ions. These gene
r al r epr esen t at ions I have al l al ong called Ideas, nor

can I discover any mor e appr opriat e wor d ; and in this
sense

,
w e have al so

,
as h as now been shown , an Idea

Of Subst ance.

4. I s a l l Ma ter ia l Substance heavy l
—Th e prin ci

ple that t h e quant ity of t h e substance Of any body
rema ins unchang ed by our Oper at ions upon it , is, as

w e have said
, of uni versal validi ty. But then th e

quest ion occurs
, h ow ar e w e to ascer tai n t h e quan t ity

Of subst ance, and thus, to apply t h e pr inciple in part i
cul ar cases. In th e case above ment ioned, where

VOL. II. D
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smoke w as t o b e weighed, i t was manifest ly assumed
tha t t h e quant ity of t h e substan ce m ight b e known by
i t s weight ; and that t h e t ota l quan t ity being un

changed, t h e t ot al weight also would r emain th e same.

N ow on what gr ounds do w e make thi s assumpt ion ?
I s a l l mat eri al subst an ce heavy ? and if w e can asser t

this t o b e so
,
on what gr ounds does t h e t ruth of t h e

a sser t ion r est ? These a r e not idle quest ions Of bar r en
cur iosity ; for in t h e hist ory Of that science (Chemist ry)
t o whi ch t h e Idea of Subst an ce is pr in cipally applicable,
nothin g less than th e fa t e Of a compr ehensive and long
established theory (th e Phl ogiston theory) depended
upon t h e decision of this quest ion . When it w as urged
that t h e r educt ion of a meta l fr om a ca lcined t o a

met allic form could not consist in t h e a ddit ion Of phl o

g ist on ,
because t h e meta l w as light er than t h e ca lx h ad

been ; it w as r eplied by some
,
that this w as not con

c lusive, for that phl ogist on w as a principle Of levity,
dimini shing t h e weight of th e body t o which it was
added Thi s r eply w as

,
however

,
r eject ed by all t h e

sounder phi losopher s, and th e for ce of t h e ar gumen t
fina lly ackn owledged. But why w as this suggest ion of

a subst ance having no weight , or having absolut e
levi ty, r epudiat ed by t h e most r eflect ive r ea soners ?
I t is assumed, it appears, that a l l m at t er mus t b e
heavy ; wha t is t h e gr ound of this as sumpt ion ?
Th e gr ound of such an assumpt ion appea r s to b e

t h e following. Our idea of substan ce in cludes in it

this —that subst an ce is a quant ity capable of addi t ion ;
and thus capable Of making up, by composit ion , a sum

equal t o al l it s par t s. But substance, and t h e quan
t ity of substance, can b e known t o us on ly by it s a t t r i
but es and quali t ies. And t h e quali t ies which ar e

capable constan t ly and indefini t ely Of in cr ease and

dim inut ion by incr ease and diminut ion Of t h e par t s,
must b e conceived insepar able fr om th e substance.

For t h e qualit ies, if r emovable fr om t h e subst an ce at

a ll , must b e r emovable by some Oper a t ion per formed
upon t h e substan ce ; and by th e idea of substance, a l l .

such oper at ions ar e onl y equi val en t t o separ at ion , junc
t ion, and union Of part s. Hence those charact ers
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of th e quant ity Of mat ter or Of substance to whi ch it
belongs. I do not her e speak of th e quest ion whi ch
h as somet imes been proposed, whether th e weig ht or

t h e iner t ia of bodies b e t h e mor e pr oper measure of

t h e quan t ity Of mat ter . For th e measure of iner t ia is

regulat ed by t h e same assumpt ion as that Of sub

Of t h e whole must b e equal
t o t h e qu th e part s : and inerti a is m ea

sured by weight , for t h e same reason that substan ce
IS SO.

Having thus established th e certainty, and ascer

tained t h e int erpr eta t ion Of t h e fundamental pr inciple
whi ch t h e Idea of Subst an ce involves, w e ar e prepared
to consider it s applicat ion in t h e science upon which it
ha s a peculiar b earing.



NOTE TO CHAPTER III.

[3r d Ed.
—[THE doct rine here propounded, that All

Mat t er is Heavy, h as been Opposed by Sir Wil liam
Ham ilton of Edinburgh. (Wor ks of Reid, not e, p. 853 )
This wri t er is a m an Of unquest ionable acuteness and

of very extensive reading b ut hi s acut eness shows
it self in bar r en ontolog ical dist in ct ions, which appea r
t o m e t o b e of t h e same charact er as t h e specul at ions
Of th e em inen t Schoolm en Of t h e most st er ile per iods Of
t h e dark ages. That h e Should have no concept ion of

pr ogressive or induct ive science is not wonder ful, when
w e r ecollect that h e holds, as an impor tant part of h is
phil osophy

, that th e study Of m athemat ics per vert s and
obscur es t h e m i nd. But it m ay b e of some int erest t o
consider hi s Object ions to th e doct r in e her e main ta ined.

He says
, 1 st , that our reasoning assumes that w e

mus t necessari ly have it In our power t o ascer t ain th e

Quan t ity of Mat t er ; wher eas thi s m ay b e a pr oblem
Out Of th e reach of human det erm inat ion .

To this I reply
,
that my r eason ing does assume that

ther e is a science, or sciences, whi ch make asser t ions

con cerning t h e Quan t ity of Mat ter Mechani cs and

Chemi st ry ar e such scien ces. My asser t ion is, that t o
make such sciences possible, Quan t ity of Mat ter must
b e pr opor t ional t o Weight . If my opponent deny that
Mechani cs and Chemist ry can exi st as scien ces, h e m ay
invalidat e my pr oof

,
but not otherwise.

2 . He says that ther e ar e tw o con ceivable ways of

est imat ing t h e Quant ity OfMat t er : by t h e Space occu

pied, and by t h eWeight or Iner t ia ; and that I assum e

t h e second measur e gr atui t ously.

To which I reply
, that t h e most elementary st eps in

Mechanics and in Chemi st ry contradict th e not ion that
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t h e Quan t ity of Mat t er. is pr oport ionat e to th e Space.

They pr oceed necessar ily on a di st inct ion between
Space and Mat ter —: between mer e Ext ension and m a

t er ial Subst an ce.

3 . He allows that w e cannot make t h e Exten sion of

a body t h e measur e Of t h e Quant ity OfMa t t er , because,
h e says

,
w e do not know if ‘t h e compr essing for ce ’

is

such as to pr oduce t h e closest compr ession .

’

Tha t Is
,

h e assumes a compr essing for ce, assumes a closest com
pr ession , assumes a peculi ar (and very impr obable)
atomi c hypothesis ; and a l l this to supply a r eason why
w e ar e not t o beli eve t h e first simple prin ciple of

Mechani cs and Chemist ry.

4. He speaks of a ser ies of appar ent fluids (asL ight
or it s vehi cle, t h e Ca lor ific, t h e Elect r o—ga lvanic, and

Magneti c agen ts) whi ch w e can neither denude of their
char act er of substan ce, nor clothe wi th t h e at t r ibute of

weight .

’

To whi ch my r eply is, that pr ecisely because I cann ot
‘clothe ’ these agen t s wi th t h e at t ri but e Of Weight

,
I

do ‘denude them of th e charact er of Substance.

’
They

ar e not subst an ces
,
b ut agencies . These Imponder able

Agen t s ar e not pr oper ly cal led Imponder able Fluids.

’

This I conceive that I have pr oved and t h e pr oof is
not shaken by denying t h e con clusion wi thout showing
any defect in t h e r eason ing.

5 . Finally, my cr it ic speaks about ‘
a log ical canon ,

’

and about ‘
a cr i teri on of t ruth, subj ect ively necessa r y

and object ively cer ta in whi ch mat t ers I shall not
waste th e r eader’8 t im e by di scussing ]



CHAPTER IV.

APPLICATION OF THE IDEA or SUBSTANCE IN

CHEMISTRY.

1 . A Body is Equa l to the Sum of i ts E lem en ts.

FROM t h e earliest per iods of chemist ry t h e balance h as
been familiar ly used t o det ermin e t h e pr opor t ion s of

t h e ingr edi en t s and of t h e compound ; and soon aft er
t h e mi ddl e of t h e last cen tury, this pr act ice w as so

studi ously followed, that Wenzel and Richt er wer e
ther eby led to th e doct r ine of D efinit e Pr opor t ion s.

But yet th e ful l value and significan ce of t h e balan ce,
as an indi spen sable inst r ument in chemica l r esear ches,
w as not under stood t ill t h e gaseous, as well as solid
and flui d ingr edien t s wer e t aken in to t h e accoun t .
When this w as done, it w as found that t h e pr in ciple,
tha t t h e whole is equal t o t h e sum of it s par t s, of

whi ch, a s w e have seen , t h e necessary t ruth, in such
cases

,
flows fr om t h e idea of subst an ce, could b e applied

in th e most r igor ous ma nner . And conver sely
,
i t w as

found that by t h e use of t h e ba lance
,
t h e chemi st

coul d decide
,
in doubt ful cases, whi ch w as a whole, and

whi ch wer e par t s.

For chemistr y considers a l l th e changeswhich belong
t o h er pr ovince a s composit ions and decomposit ions of

element s ; b ut st ill t h e quest ion m ay occur , whether an

obser ved change b e t h e one or th e other . How can w e

dis t ingui sh whether t h e pr ocess whi ch w e con t empla t e
b e composit ion or decomposit ion —whether t h e new

body b e formed by addit ion of a new ,
or subt r act ion of

an old elemen t ? Aga in ; in t h e case of decomposit ion ,

w e m ay inquir e, Wha t ar e t h e ultimat e limit s of our

ana lysis ? If w e decompound bodies int o other s mor e
and more simple, h ow far can w e carry this succession
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of processes ? How far' can w e pr oceed in th e road of
analysis ? And in our actual course, what eviden ce
have w e that our pr ogress, as far as it h as gone, ha s
car r ied us fr om t h e mor e complex t o t h e mor e sim ple ?
To this w e r eply, that t h e cr i ter ion whi ch enables

us to di st inguish, decidedly and finally, whether our

pr ocess have been a mer e analysis of t h e pr oposed body
into its ingredi ent s

,
or a syn thesis of some of t hem with

some new element , is t h e pr in ciple sta t ed ab ove, that
t h e weight of t h e whole is equal t o t h e weight of

al l t h e par t s. And no pr ocess of chem i cal analysis or

syn thesis can b e consider ed complet e t ill it h as been
verified by t hi s fact —by fin ding that t h eweight of t h e
compound is t h e weight of it s supposed ingr edient s ; or ,
that if t her e b e an element whi ch w e t hi nk w e have
deta ched fr om th e whole, it s loss is betrayed by a cor

responding diminut ion of weight .

I have a lr eady not iced what
'

an impor tant part thi s
principle h as played in t h e great chemi cal cont r over sy
which ended in th e establishmen t of t h e oxygen theory.

Th e ca lcinat ion of a metal w as decided to b e t h e union
of oxygen with th e met al, and not t h e separ at ion of

phl ogiston fr om it , because it w as found that in t h e pr o
cess of calcinat ion , t h e weight of t h e meta l in cr eased,
and increased exact ly asmuch as th e weight of ambient
air dim inished. When oxygen and hydr ogen wer e ex

ploded together , and a small quant ity of wa ter w as

pr oduced
,
it w as held that this w as r ea lly a syn thesis

of wa t er, because, when very gr ea t car e w as taken
wi th t h e pr ocess, t h e weight of t h e wa ter whi ch r esul t ed
was equal t o t h e weight of t h e gases which disappear ed .

2 . Lavoisier — I t w as when gases came to b e con

sider ed as ent er ing lar gely int o t h e composit ion of

liqui d and solid bodies, that ext r eme accur acy in weigh
ing was seen t o b e so necessa ry t o t h e t r ue under
st anding of chemica l pr ocesses. I t w as in thi s manner
di scover ed by Lavoisier and hi s con t empor ari es that
oxygen const itut es a lar ge ingr edi en t of calcin ed metals,
of acids, and of water . A coun t ryman of Lavoisier ’

1 M. Dumas, Learns de la Ph i losoph ie Ch i/irriga te. 1837 . p. 1 57 .
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h as not only given most just praise t o that great phi
losoph er for having constan t ly t ested al l h is pr ocesses
by a careful and skilful use of t h e balan ce, b ut h as also
claimed for him t h e mer it of having in t r oduced th e
m axim

,
that in chemical operat ions nothi ng is cr eat ed

and nothing lost . But I think it is impossible to
deny that this maxim is assumed in all th e at tempts at
analysis m ade by h is con t empora r ies, aswell as by h im .

This maxim is indeed included in any clear not ion of

analysis : it could not b e th e r esul t of th e r esear ches of
any one chemi st , but w as t h e governi ng pri n ciple of

t h e r eason ings of al l . Lavoisier , however , employed
this pr in ciple wi th pecul iar assidui ty and ski ll . In

applying it
,
h e does not confine himself t o mer e addi

t ions and subt r act ions of th e quant it ies of ingr edient s ;
b ut often obtains h is r esult s by mor e complex pr o
cesses. In one of hi s invest igat ions h e says,

‘I m ay
consider t h e ingr edien t s whi ch ar e br ought t ogether ,
and t h e r esult whi ch is obt ained as an algebr aical equa
t ion and if I successively suppose ea ch of t h e quant i
t ies of this equat ion t o b e unkn own, I can obt a in it s

value fr om th e r est : and thus I can r ect ify t h e exper i

ment by th e cal culat ion , and t h e calculat ion by t h e ex

peri m ent . I have often t aken advant age of this
method

,
in or der to cor r ect th e fir st r esult s of my ex

per im en t s, and t o dir ect m e in repeat ing them with
proper pr ecaut ions .

’

Th e maxim , tha t th e whole is equal to t h e sum of

al l it s part s, is thus capable of most importan t and

var ied employmen t in chemi st ry. But it m ay b e ap
plied in another form to th e exclusion of a class of

speculat ions whi ch ar e often put forwar ds .

3 . Maxim r especting Imponder a ble E lemen ts.

Sever al of t h e phenomena which belong to bodi es, as

heat , light , elect ri city, magnet ism,
have been explained

hypothet ical ly by assum ing t h e exi st ence of cert ain
fluids ; but these fluids have n ever been Shown to have
weight . Hence such hypothet ical fluids have been
t ermed imponder a ble elem en ts. I t is however plain ,

t hat so long as these fluids appear t o b e wi thout
weight , they a r e not elements of bodies in t h e same
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sense as those element s of whi ch w e have hi ther to
been speaki ng. Indeed w e m ay wi th good r eason

doubt whether t hose phenomena depend upon t r ans

fer ab le fluids at all . We have seen st r ong r eason t o

believe t hat light IS not mat ter , b ut onl y mot ion ; and
t h e same thi ng appears t o b e pr obable with r egard t o
hea t . N or i s it at al l in conceivable t hat a similar
hypothesis r especfing elect r icity and magnet ism should
her eafter b e foun d t enable. Now if heat

,
light , and

those other agent s, b e not mat t er , they ar e not ele

m en ts in such a sense as to b e in cluded in t h e pr in
ciple r efer r ed t o above, That t h e body is equal to th e
sum of it s element s. Consequen t ly t h e maxim just
st ated, that in chemica l oper at ions nothing is cr ea t ed,
nothing ann ihila t ed

,
does not apply to Light and Heat .

They a r e not th ing s. And whether hea t can b e pr o

duced wher e ther e w as no hea t befor e
,
and light st ruck

out fr om darkness
,
t h e ideas of which w e ar e at pr e

sen t t r ea t ing do not enable us to say. In r easoning
r espect ing chemical syn thesis and analysis ther efor e,
w e shal l o nl y make confusion by a t t empt ing t o include
in our conception t h e Light and Heat whi ch ar e pr o

duced and dest r oyed. Such phenomena m ay b e ver y
pr oper subj ects of study, as indeed they undoubtedly
a r e ; but they cann ot b e studi ed to advan tage by con
sider ing them as shari ng t h e natur e of composit ion
and decomposit ion .

Again : in a ll at tempt s t o explain th e pr ocesses of

n atur e, t h e pr oper cour se is, first t o measur e t h e fact s
'

wi th pr ecision , and then t o endeavour t o under stand

j.their cause. Now t h e facts of chemi cal composit ion
and decomposit ion , th e weight s of t h e ingr edients and

of t h e compounds, ar e fact s measur able wi th th e u t

most pr ecision and cer tainty. But it is far otherwise
wi th th e light and heat whi ch accompany chemi ca l
pr ocesses. When combust ion , deflag r at ion , explosion ,

”
t akes place, h ow can w e measur e th e light or t h e hea t ?
Even i n cases of mor e t ranqui l act ion , though w e can

apply th e thermomet er , what does t h e therm ometer
t e ll us r espect ing th e quant ity of t h e heat ? Sin ce
“then w e have no measure which is of any value as
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ar e th e consequence of .t h e elect r ic discharge whi ch is
at that momen t takingplace.

’
But in Apr il of th e

same year ‘, h e obser ves, that in t h e combinat ion of

oxygen and hydr ogen t o pr oduce wat er , elect ri c powers
to a most enormous amoun t ar e for t h e t im c act ive

,

b ut that th e flame whi ch is pr oduced gives b ut feebl e
t races of such power s. Such phenomena,

’

ther efor e,
h e adds

,

‘m ay not , cannot , b e t aken as evidences of t h e
natur e of t h e act ion ; b ut ar e merely in cidenta l r esul ts,
incompar ably small in r elat ion to t h e for ces concern ed

,

and supplying no informat ion of t h e w ay in which
t h e par t icles ar e act ive on each other, or in whi ch
their forces ar e finall y arranged .

’

In pursuance of thi s m axim
, w e must consider as

an unessen t ial par t of th e oxygen theory that port ion
of it

,
m uch insist ed upon by i ts author at t h e t im e

,

in whi ch when sulphur
,
for inst ance, combined wi th

oxygen to pr oduce sulphur ic acid
,
t h e combust ion w as

accoun t ed for by m eans of th e ca lor ic whi ch w as

supposed to b e liber a ted fr om i ts combinat ion with
oxygen .

5 . Con tr over sy of the Composition of Wa ter .
—There

is another cont r oversy of our t imes t o whi ch w e m ay
with g r eat pr opr iety apply t h e maxim now befor e us .

After t h e glory of having first given a t rue view of

t h e composition of wat er h ad long r est ed t r anqui lly
upon t h e names of Cavendish and Lavoisier , a claim
w as made in favour of James Wa t t as t h e r eal author
of t his discovery by h is son

, (Mr J. Wat t
,) and hi s

eulogist , (M. I t is not to our purpose her e
t o di scuss t h e various quest ions whi ch have ar isen on

thi s subj ect respect ing prior i ty of publi ca t ion , and

r espect ing t h e t r an slat ion of Opini ons published at one
t ime int o t h e language of another per iod. But if w e

look at Wat t
’
s own sta t emen t of h i s views

,
gi ven soon

after those of Cavendi sh h ad been published, w e shall
per ceive t h at it is marked by a violat ion of this m axim
w e shall find that h e does admi t imponderable fluids

4 Resea rches, 960.

5 Eloge de JamesWat t , Annua i r e da Bur . des Long . 1 839 .
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as chem ical elements ; and thus shows a vagueness and
confusion in hi s idea of chemi cal composit ion. With
such im perfect ion in h is views, it is not surpr ising
th at Wa t t

,
no t only di d not ant icipa te, b ut did not

appr ehend quite pr ecisely t h e discovery of Cavendish
and Lavoisier . Wat t

’
s st atemen t of h is views is a s

foll ows 6 A r e w e not authori zed t o conclude that
water is composed of dephl ogist ica t ed air and ph log is

t on deprived of par t of their lat en t or elemen t ary
heat ; that dephl ogist icated or pur e air is composed of
water deprived of it s phl ogist on a nd un ited to ele

men tary hea t and light ; and that
'

t h e lat t er ar e con

tained in it in a lat ent st ate, so as not t o b e sensible
to t h e thermomet er or to t h e eye ; and if light b e only
a modifi ca t ion of heat , or a cir cum st ance at tendin g it ,
or a componen t part of t h e inflammable air , t hen pur e
or dephlogist ica t ed air is composed of wat er depri ved
of it s phlogist on and unit ed t o elementary heat ? ’

When w e compare t hi s doubt ful and hypothet ical
statement , involving so much t hat is ext raneous and

het er ogeneous, wi th t h e conclusion of Cavendish
,
in

which ther e is nothin g hypothet ica l or superfluous, w e

m ay confident ly assent t o t h e decision whi ch h as been
pr onounced by one

’
of our own t ime in favour of

Cavendi sh. And w e m ay with pleasure r ecogniz e, in
thi s enl ight ened um pir e, a due appr eciat ion of th e

value of th e m axim on which w e ar e now insist ing.

Cavendi sh,
’

says Mr . Vernon Har court , pared off

6 Ph il. Tr ams . 1 784, p. 332. st ated in th e t ext above : but wi th
,

7 Th e Rev.W. Vernon Harcour t ,
Addr ess to th e Br i tish Associat ion,

183g .
—Since th e fir st edi t ion of th is

work was pub l ish ed, and also since

th e second edition of th e Histor y of

th e Inductive Sciences, Mr . Wat t
’

s

cor r espondence b ear in g upon th e

quest ion of th eCom position ofWater

h as b een pub lish ed b y Mr .Mui rh ead
I donot find, in th is pub l icat ion, any
r eason for wi thdrawing wh at I h ave

r eference to th e statem ent in th e

Histor y, i t appears th at Mr . Caven
di sh

’

s cla im to th e discovery was not
uncontested in h is own t im e. Mr .

Wat t h ad looked at th e composit ion
of water , as a. prob lem to b e solved,
perh aps m or e distinct ly th an Mr . Ca

vendish h ad done; and b e conceived
h im sel f wronged b y Mr . Cavendish ’

s

put ting forwards h is exper im ent as

th e fir st solution of th is prob lem.
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fr om t h e hypotheses their theor ies of combust ion , and
afi n i ties of imponder a ble for ponM able m a tter , as

compli ca t ing chemi cal with physical considerat ions .

’

6. Rela tion of Hea t to Chem istry
— But whi le w e

thus condemn th e at t empts t o explain t h e thermot ica l
phenomena of chemi cal pr ocesses by means of chemical
con sider a t ions

,
it m ay b e asked if w e ar e alt ogether

t o r enounce t h e h ope of understanding such pheno
mena ? I t is pla in

,
it m ay b e sa id

,
that heat gener at ed

in chemi cal changes is a lways a very impor tan t cir

cum stan ce, and can somet imes b e measur ed, and per

haps r educed t o laws ; ar e w e pr ohi bit ed fr om specu

lat ing con cern ing t h e causes of such cir cumst ances
and such laws ? And to this w e reply, that w e may
pr oper ly at t empt t o conn ect chem i cal with thermot ical
pr ocesses, so for a s w e have obtain ed a clear and

pr obable view of t h e natur e of th e thermot ical pr o
cesses. When our theor y of Thermot ics is t oler ably
complet e and cer t ain, w e m ay with pr opri ety un der
take to connect i t with our theory of Chem i st ry. But

at pr esen t w e ar e not far enough advan ced in our

knowledge of heat t o make this at tempt with any
hope of

‘

success. We can har dly expect to understand
t h e pa r t whi ch hea t plays in t h e union of two bodies,
when w e cannot as yet compr ehend in what manner it
pr oduces t h e liquefa ct ion or vapori zat ion of one body.

We cannot look to accoun t for G ay Lussac andD al ton
’

s

Law ,
that al l gases expand equally by heat , t ill w e

learn h ow heat causes a g as t o expand. We cannot
hope t o see t h e gr ounds of Dul ong and Pet it

’

s Law ,

tha t t h e specific heat of al l at oms is t h e same, t ill w e

know much mor e
,
not only about at oms, b ut about

specific heat . We have as yet no thermot ical theory
whi ch even pr ofesses t o accoun t for a l l t h e pr om in en t
fact s of t h e subject “: and t h e theori es which have
been pr oposed ar e of th e most di ver se kind. Laplace
assumes par t icles of bodi es sur r ounded by atmospher es
of calor ic " ; Cauchy makes heat consist in long itudi nal
vibrat ions of t h e ether of whi ch t r an sver se vi brat ions
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pr oduce light : in Amper e’s theor y”, heat consist s in
t h e vibr a t ions of t h e par t icles of bodies. And so long
as w e have nothing mor e cer t ain in our con cept ion s of
heat t han th e alt erna t ive of these and other pr ecarious
hypotheses, h ow can w e expect t o arri ve a t any r ea l
knowledge

,
by connect ing th e results of such hypoth e

ses wi th t h e Specul at ions of Chemi st ry, of whi ch scien ce
t h e theory is a t lea st equally obscure ?
Th e lar gest a t t empt s a t chem i cal theory have been
made in t h e form of t h e At om i c Theory, t o whi ch I
have just h ad occasion t o allude. I must

,
ther efor e,

befor e quit t ing t h e subject , say a few words r espect ing
t his theory.

1° Hist. Ind. Sci . b. x. c. 4.

L , HR
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CHAPTER V.

THE ATOMIC THEORY.

1 . The Atom ic Theory consider ed on Chem ica l
G r ounds —WE have alr eady seen t ha t t h e combina
t ion s whi ch r esult fr om chemical affini ty a r e defini t e, a
cer tain quant ity of one ingr edi ent un it ing, not with
an un cer tain , b ut with a cer tain quant ity of another
ingr edi en t . But it w as found

, in addit ion to thi s pr in
ciple, that one ingredi en t would oft en uni t e with
another in differ en t pr oport ions, and that , in such
cas es, these propor t ions a r e mult iples one of another .

In t h e thr ee salts formed by potassa with oxalic acid,
t h e quan t it ies of acid whi ch combine with t h e same
quan t ity of alkali ar e exa ct ly in t h e pr opor t ion of t h e

numbers I , 2
, 4. An d th e same rule of t h e exist

ence ofmult iple pr opor t ions is foun d to obtain in other
cases.

I t is obvious that such results will b e account ed for ,
if w e suppose that t h e base and t h e a cid consi st each of
numer ous defini te equal par t icles, and that th e form a

t ion of th e sal t s above ment ioned consist s in t h e combi
nat ion of one par t icle of t h e base with one part icle of

acid
,
with tw o par t icles of acid, andwi th four par t icles

of acid, r espect ively. But fur ther ; as w e ha ve a lr eady
st ated, chemical affinity is not onl y defin ite, b ut r ecipr o
cal . Th e propor t ions of potassa and soda which form
neutral sal ts being 590 and 3 9 1 in one case, they ar e so

in a ll cases. These num ber s repr esent th epr opor t ions of
weight in whi ch t h e tw o bases, pot assa and soda, en t er
into analogous combinat ions ; 590 of potassa

,

is equiva

len t t o 3 9 1 of soda. These facts with r egard to com

binat ion ar e st ill expressed by th e above supposit ion
of equal par t icles, assum ing that t h e weights of a.
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part icle of potassa and of soda ar e in th e pr oport ion
Of 590 t o 3 9 1 .

But w e pursue our analysis further . We find that
pot assa is a compound of a met allic base, potassium,

and of oxygen
,
in t h e pr opor t ion of 490 t o 1 00 ; w e

suppose, then , that th e par t icle of potassa consist s of

a part icle of pot assium and a par t icle of oxygen ; and

these lat t er par t icles, Sin ce w e see no pr esen t n eed t o
suppose them divided, pota ssium and oxygen being
Simple bodies, w e m ay cal l a tom s, and assume t o b e
indivisible. And by supposing all simple bodi es t o
consist of such a t oms, and compounds t o b e formed by
t h e uni on of tw o

,
or thr ee, or mor e of such at oms

,
w e

expla in t h e occur r en ce of defin it e and mul t iple pr opor
t ions

,
and w e const ruct t h e At omi c Theory.

2 . Hypothesis of Atom s — So far as t h e assumpt ion
of such a t oms as w e have spoken of serves t o expr ess
those laws of chem i cal composit ion which w e have
refer r ed to

,
it is a clear and useful gener alizat ion . But

if t h e Atomi c Theory b e put forwards (and it s author ,
D r . D alton

,
appear s to have put it forwar ds with such

an int ent ion
,) as assert ing that chemi ca l element s ar e

really composed of a tom s
,
that is, of such par t icles not

fur ther divisible, w e cannot avoid r emar king, tha t for
such a conclusion , chemica l resear ch h as not affor ded,
nor can affor d

,
any sat isfactory evidence what ever .

Th e sma llest obser vable quan t it ies of ingr edi ent s
,
as

well as t h e lar gest
,
combine accor ding t o t h e laws of

pr oport ion s and equival ence whi ch have been cit ed
above. How a r e w e t o deduce fr om such fact s any
infer ence wi th r egard t o t h e exist ence of cer t ain small
est possible part icles ? Th e Theory, when dogm at i

ca lly t aught a s a physica l t ruth, asser t s tha t al l ob

servable quan t it ies of elements cur e composed of pr o

por t ional number s of par t icles whi ch can no fur ther
b e subdivided ; b ut al l which observat ion t eaches us is,
t hat if ther e b e such par t icles, they ar e small er than
t h e smallest observable quant i t ies . In chemi ca l ex

per im ent , at least , ther e is not t h e slight est posit ive
evidence for th e exist ence of such at oms. Th e assump
t ion of indivisible part icles, smaller th an t h e smallest

VOL. II. E



50 PHILOSOPHY OF CHEMISTRY.

obser vable, whi ch comb ine, parti cle w ith par t icle, wi ll
explain th e phenomena ; b ut t h e assumpt ion of par ti
cles bearin g this pr opor t ion , but not possessing t h e
pr oper ty of indivisibility, will explain t h e phenomena
at least equally well. Th e decision of th e quest ion

,

ther efor e, whether t h e At omi c Hypothesis b e t h e pr o

per w ay of con ceivin g t h e chemica l combinat ions of

substan ces, must depend, not upon chemi cal fact s, but
upon our concept ion of Substance. In thi s sense t h e

quest ion is an ancien t and curious con t r oversy, and

we Shall her eafter have to make some r emarks upon it .

3 . Chem ica l D iflicu lties of the Hypothesis — But
befor e doing thi s

,
w e m ay observe that ther e is no

small difli cul ty in reconciling t hi s hypothesis with th e
facts of chemi st ry. Accor ding t o t h e theor y, all salt s,
compounded of an acid and a base, ar e analogous in
their at omi c const itut ion ; and th e number of atom s in

one such compound being known or assumed, t h e

number of atoms in other salt s m ay b e det erm ined.

But when w e pr oceed in t hi s cour se of r easoning to
other bodi es

,
as metals, w e find ourselves involved in

difficult ies. Th e pr otoxide of ir on is a base which,
accor ding to al l anal ogy

,
must consist of one at om of

i r on and one of oxygen : but th e per oxide of ir on is

also a base
,
and it appears by th e analysis of this sub

st ance that it must consist of two-thir ds of an at om of

ir on and one at om of oxygen. Her e
,
then, our indi

visible atoms m ust b e di visible, even upon chem i ca l
gr ounds. And if w e at t empt to evade thi s difficul ty
by making t h e per oxide of ir on consi st of tw o at oms of
iron and thr ee of oxygen , w e have to make a corre
sponding a lt er a t ion in t h e theor et ical const itut ion of

all bodies analogous t o t h e pr otoxide ; and thus w e

overturn t h e very foundat ion of th e theory. Chemi cal
fact s

, ther efor e, not only do not pr ove t h e Atomic
Theory as a physical t ruth, b ut they ,

ar e not , accor din g
to any modificat ion yet devised of t h e theor y, r econ
cil eab le wi th it s scheme.

N early t h e same conclusions resul t from th e at

t empt s t o employ th e At omic Hypothesis in expr
ing another im portant chemi cal law —t h e law of th e
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conceiving chemical combinat ions, if i t h ad not been
alr eady familiar t o t h e minds of those w h o endeavour
t o obt ain a gener al view of t h e const itut ion of na tur e.

Th e gr ounds of t h e assumpt ion of t h e at omic st ructur e
of subst an ce ar e t o b e found r ather in t h e idea of

substance it self, than in t h e exper imen ta l laws of ch e

m i cal affini ty. And t h e quest ion of th e ex ist en ce of

at oms, t hus depending upon an idea whi ch h as been
t h e subject of con t emplat ion fr om t h e very infancy of
philosophy, h as been di scussed in al l ages wi th int er est
and ingenui ty. On t hi s very account it is un likely t h at
t h e quest ion

,
so far as it bear s upon chemistry, should

admi t of any clear and final solut ion . St il l it will b e
inst ruct ive to look back at some of t h e opini ons whi ch
have been deliver ed r espect ing this doct r ine.

5 . Ancien t P r eva lence of th e Atom ic Doctr ine— Th e
doct r ine tha t mat t er consist s of m inut e

,
simple, indi

visible
,
indest r uct ible par t icles as it s ult imat e elemen t s,

h as been cur r en t in al l ages and count r ies, whenever
t h e t endency of m an t o wide and subt le specul at ion s
h as been act ive. I need not a t t empt to t r ace t h e hi s
t ory of thi s opinion in t h e schools of G r eece and Ita ly.

I t w as th e leadi ng featur e in t h e physical t enet s of

t h e Epicur ean s, and w as adopt ed by their Roman dis
c iples, as t h e poem of Lucr et ius copiously shows us.

Th e same t enet h ad been held a t st ill ea r lier per iods,
in forms mor e or less defin it e, by other phi losopher s.

I t is ascr ibed t o D emocr i tus, and is said t o have been by
h im der ived fr om Leucippus. But this doct ri ne is found
a lso, w e ar e t old“, among t h e speculat ions of another
int ellectual and acut e race, t h e Hindoos. Accor ding
t o some of their philosophi ca l wr it er s, t h e ult im a te

elemen t s of mat t er ar e at oms
,
of which it is pr oved by

cert ain r easonings, that they a r e
*

each one-sixth of one

of t h e mot es that float in t h e sunbeam .

Thi s ear ly pr eva len ce of con t r over sies of t h e widest
and deepest kind, which even in our day r ema in unde
cided, h as in it not hing which need surpr ize us ; or

,
at

least , it ha s in it nothi ng whi ch is not in conform i ty

4 ByMr . Colebrook. Asia ticRes. 1824.
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wi th t h e gener al cour se of
'

the history of philosophy.

As soon as any ideas ar e clear ly possessed by t h e

human mind
, it s act ivity and a cut eness in r eason ing

upon them a r e such, tha t t h e fundamea ant itheses
and ult ima t e di fficult ies whi ch belong t o them ar e soon

br ought into view. Th e G r eek and Indian ph iloso

ph er s h ad mast er ed complet ely t h e Idea of Space, and

possessed t h e Idea of Substance in t oler able di st in ct
ness. They wer e, ther efor e, quit e r eady, with their
lively and subt le minds, t o di scuss t h e quest ion of t h e

finit e and infini t e di visibili ty ofmat t er , so fa r as it in

volved only t h e ideas Of space and of substan ce
,
and

thi s accordi ngly they did with gr eat ingenui ty and per
sever ance.

But t h e ideas of Space and of Subst an ce ar e far fr om
being sufficien t t o enable m en to form a complet e gene
r al view of th e con st itut ion of mat ter . We must add

t o these idea s
,
that of mechan ica l For ce wi th i t s ant a

g on ist Resist ance, and that of t h e Affinity of one kind
of mat t er for another . N ow t h e former of these ideas
t h e ancients possessed in a very obscur e and confused
mann er ; and of t h e lat t er they h ad no appr ehen sion
what ever . They made vague assumpt ions r espect ing
t h e impact and pr essur e of a toms on each other ; b ut
of their m utual at t r act ion and r epulsion they never
h ad any concept ion , except of t h e most dim and

waver ing kind ; and of an affinity differ en t fr om mer e
local uni on they did not even dr eam. Their specula
t ion s con cer ni ng atoms, ther efor e, can have no value
for u s, except a s a par t Of t h e history of science. If
their doct r ines appear t o us to appr oa ch near t o t h e

conclusions of our moder n phi l osophy, it m ust b e b e
cause our moder n phi losophy is that philosophy whi ch
h as not fully pr ofit ed by t h e addit ional light which
t he experimen t s and

'

m edit at ions of lat er t imes have
thr own upon th e con st itut ion of m a t t er .

6. Ba con — St ill
,
when modern phi losopher s look

upon th e At om ic Theory of t h e ancien t s in a gener al
point of view mer ely, without consider ing t h e spec ial
condi t ions whi ch such a theory must fulfil, in or der t o
r epr esent t h e discover ies of modern t imes

,
they ar e
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disposed to r egar d it w ith adm irat ion . Accor dingly
w e find Fr an cis Bacon st r ongly expr essing such a feel
ing . Th e At omi c Theor y is selected and dwelt upon
by h im as t h e chai n whi ch connects t h e best par t s of

t h e physica l philosophy of th e an cien t and t h e moder n
wor ld. Among h is works 1s a r emarkable disser tat ion
On the Ph ilosophy of D em ocr i tus, Pa rm en ides, an d

Telesius t h e last men t ioned of whom w as one of t h e

revivers of physical science in modern t imes. In thi s

work h e speaks Of t h e atomi c doct r in e of D emocri tus
as a favour able example of t h e exert ions of t h e undis~
ciplined intellect . Haec ipsa placit a, quam vis paulo
em endat ior a

, talia sunt qualia esse possunt ill a quae ab

intel lectu sibi perm isso, nec cont inen t er et gradat im
sub levato , pr ofecta viden tur .

’

These doct r ines, thus

[in an an cien t fable] pr esent ed in a bet t er form,
ar e

such glimpses of t ruth as can b e obt ained by t h e in
t el lect left t o it s own natur al impulses, and not

ascendi ng by succassive and connect ed st eps,
’

[as t h e
Bacon ian phi losophy di r ect s]. Accor dingly,

’
h e adds

,

t h e doct ri ne of Atoms
,
fr om it s going a st ep beyond

t h e per iod in whi ch it w as advanced, w as r idi culed by
t h e vul gar , and sever ely handled in t h e di sputat ions of
t h e learn ed

,
notwithstanding t h e pr ofound acquaint

an ce with physical scien ce by whi ch it s author w as
a llowed t o b e di st inguished, and fr om whi ch h e ac

quir ed th e character of a magician .

’

However
,

’

h e con t inues, n either t h e host ility of

Ari st ot le, w ith al l h is skill and vigour in disputa t ion ,
(though, like t h e O t t oman sult ans

,
h e labour ed to

dest r oy al l hi s br other phi losophers that h e might rest
undisput ed mast er of t h e thr one of scien ce,) um t h e

m a
']est io and lofty authori ty of Plat o

,
coul d effect t h e

subver sion of t h e doct r ine of D emocri tus. And while
t h e Opinions of Plat o and Ar istot le wer e rehearsed
with loud declamat ion and pr ofessor ia l pomp in t h e

schools
,
this of D emocri tus w as always held in high

honour by those of a deeper wisdom,
w h o followed in

silen ce a sever er path of cont emplat ion . In t h e days
of Roman speculat ion it kept it s gr ound and it s favour ;
Cicero everywher e speaks of it s author with t h e gr eat
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est praise ; and Juvenal, wh o, like poet s . in general,
pr obably expr essed t h e pr evailing judgment of h is

t ime
,
pr oclaim s hi s mer i t as a noble except ion t o th e

general stupidi ty of hi s countrymen .

Cujus prudent ia m onst rat

M agnos posse vir os et m agna exem pla datur os
V ervecum in pat r ia crassoque sub aer e nasci .

Th e dest ruction of thi s philosophy w as not effect ed
by Ar istot le and Plat o

,
b ut by G enser i c and At t ila

,

and their barbarians. For then, when human know
ledge h ad suffer ed shi pwreck, those fr agmen ts of t h e

Ar istot elian and Plat oni c philosophy float ed on t h e

surface like things of some light er and empt ier sor t ,

and so wer e pr eserved ; while more solid mat ter s went
to th e bot tom,

and wer e alm ost lost in Oblivion .

’

7 . Modern Pr eva lence, of the Atom ic Doctr ine.
- It

is our busin ess here to con sider t h e doctr ine Of At oms
onl y in its bear ing upon exis t ing physica l scien ces,
and I must ther efor e abstain fr om t racing t h e various
man ifest at ion s of i t in t h e schem es of hypothet ical
cosmologists — it s pla ce among th e vor t ices of D escar t es,
i t s exhi bit ion in t h e m onads of Leibni t z . I wi ll, h ow
ever , quot e a passage fr om N ewt on to show. th e hold
it h ad upon hi s m ind.

At t h e close of h is Optichs h e says
,

‘Al l these things
being consider ed, it seems pr obable t o m e that G od

,

in t h e beginning
,
formed mat t er in solid, m assy

,
hard

,

impenet r able, moveable par t icles, of such sizes and

figures, and with such other pr oper t ies, and in such
pr opor t ions to space, as most conduced t o th e end for

whi ch He formed them ; and that th e prim i t ive part i
cles, being solids

,
ar e in compar ably harder than any

por ous bodi es compounded of them, even so very har d
as never to wear or break in pieces ; no ordinar y power
being able to divide what G od h ad made one in t h e

fir st cr eat ion While t h e part icles cont inue en t ir e,
they m ay compose bodi es of one and t h e same natur e
and t extur e in all ages : b ut should they wear away or
br eak in pieces, t h e natur e of things depending on

them would b e changed . Wat er and eart h composed
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of Old worn part icles and fr agment s of par t icles would
not b e of t h e same n atur e and t extur e now with wat er
and earth composed of en t ir e par t icles in t h e begin
ni ng. And ther efor e that natur e m ay b e last ing, th e
changes Of cor por eal things ar e t o b e placed onl y in
t h e vari ous separ at ion s and new associat ions and m o

t ions of these permanent part icles ; compounded bodi es
being apt t o br eak, not in th e midst Of solid part i cles,
b ut wher e those par t icles ar e laid together and onl y
touch in a few point s.

’

We shall her eafter see h ow exten sively t h e atomic
doct r ine h as pr evail ed among st ill mor e r ecen t phi loso
ph er s. N ot onl y have t h e chemist s assumed i t as t h e
fit t est form for exhibit ing t h e pri n ciples Of mult iple
pr opor t ions ; b ut t h e physical mathemat icians, as La
place and Poisson , have m ade it t h e basis of their
t heor ies of heat

,
elect r icity, capillary act ion ; and th e

crysta llographer s have been supposed t o have esta

b li sh ed both t h e exist ence and t h e arr angem en t of

such ul t imat e molecul es.

In t h e w ay in which it h as been employed by such
wr it er s, t h e hypothesis of ult imat e part icles h as been
of great use, and is undoubtedly permi ssible. But

when w e woul d assert this theory, not as a .convenient

hypothesis for t h e expr ession or ca lcul at ion of t h e

laws Of natur e
,
but as a philosophical t ruth r espect ing

t h e const itut ion of t h e universe, w e find our selves
checked by difficul t ies of r easoni ng which w e cannot
over come, as well a s by conflict ing phenomena whi ch
w e cannot r econcile. I will at tempt to st ate briefly
th e opposing ar gumen t s on this quest ion .

8 . Ar g um ent sfor and ag a inst Atom s
— Th e leading

a r gumen t s on t h e tw o sides Of t h e quest ion , in their
most gener a l form,

m ay b e sta t ed as follows :
For t h e At omi c D oct r ine — Th e appear ances whi ch

n atur e pr esent s ar e compounded Of many par t s, but if
w e g o on r esolving t h e lar ger parts int o smal ler

,
and

so on successively
,
w e must at last come to somethi ng

simple. For that whi ch is compound can b e so no

otherwi se than by composit ion of what is simple ; and
if w e suppose all composit ion t o b e removed, which
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hypothet ically w e m ay do, ther e can r emain nothing
b ut a num ber Of simple subst an ces

,
capable of compo

sit iou, b ut themselves not compounded. Tha t is
,
mat t er

being di ssolved, r esolves it self into atoms.

Ag a inst t h e At omi c D oct r ine.
—Space is di visible

without lim i t , as m ay b e ;pr oved by G eomet ry ; and
mat ter occupies space, ther efor e mat t er is divisible
wi thout limit , and no port ion of mat t er is indivisi ble,
or an a tom .

And t o t h e ar gument on th e other side just stat ed,
it is r eplied that w e cannot even hypothet ically divest
a body of composit ion , if by composit ion w e mean th e

r elat ion of poin t to poin t in space. However small b e
a par t icle, it is compounded of par t s havin g r elat ion in
s ace.p
Th e Atomist s ur ge again , that if mat t er b e infini t ely

di visible, a fin it e body consist s of an infini te number of

par ts, whi ch is a con t r adict ion . To t hi s it is r eplied,
that t h e fin it e body consists of an infini t e number of

par t s in th e same sense in which t h e part s a r e infi

n it ely sma ll, which is no cont r adi ct ion .

But t h e oppon en t s Of t h e At omi sts not on ly rebut ,
b ut retort this ar gument drawn fr om t h e not ion of

infini ty. Your at oms
,
they say, ar e indivisible by any

finit e for ce ; ther efor e they a r e infinit ely har d ; and
thus your fini t e par t icles possess infini t e pr oper t ies.

TO thi s t h e At omi st s ar e won t t o reply
,
tha t they do

not mean t h e har dness of their part icles t o b e infinit e,
b ut onl y so grea t as t o r esist all usual natur al for ces.

But her e it is plain that their posit ion becomes un t en
able ; for , in t h e first place, their assumpt ion of this
pr ecise degr ee of har dness in t h e par t icles is altogether
gr atui t ous ; and in t h e next place, if it wer e gr an t ed,
such par t icles ar e not atoms, since in th e n ext momen t
th e for ces Of na tur e m ay b e augment ed so as t o divide
t h e par t icle, though hither t o undi vided.

Such ar e th e ar gument s for and aga inst t h e At omi c
Theory in its or iginal form. But when these at oms
ar e con ceived, as they have been by N ewt on , and com

m only by h is follower s, to b e solid, har d par t icles
exert ing at t r act ive and repulsive forces, a new set Of



58 PHILOSOPHY OF CHEMISTRY.

arguments come int o .play. Of these, th e principal
one m ay b e thus sta ted : Accor ding t o t h e Atomic
Theory thus modified, t h e pr opert ies of bodies depend
upon th e a t t r act ions and repulsion s of th e par t icles.

Ther efor e
,
among other pr oper t ies of bodi es

,
their har d

ness depends upon such for ces. But if th e hardness of
the bodies depends upon t h e for ces, t h e r epul sion

,
for

inst ance
,
of t h e part icles, upon what does th e har dness

of the pa r ticles depend ? what pr ogr ess do w e make in
explaining t h e pr opert ies Of bodi es, when w e assume
t h e same pr oper t ies in our explan at ion ? and to what
purpose do w e assume tha t t h e part icles a r e har d ?

9 . Tr ans it ion to Boscovich
’

s Theor y
—To this ditfi

culty it does not appear easy to offer any reply. But

if t h e har dness and solidi ty Of th e part icles b e given
up as an in congruous and un t enable appendage t o t h e
N ewtoni an view of t h e At omi c Theory, w e ar e led to

t h e theory of Boscovich, a ccor din g t o which mat t er
con sists not of solid part icles, b ut of mer e mathemati cal
centers of for ce. Accor ding t o thi s theory, each body
i s composed of a number of geomet r ical points fr om
whi ch emana t e for ces

,
following cer t ain mathemat ica l

laws in vir tue of which th e for ces become, at cer ta in
small distances at t r a ct ive

,
at cer t ain other distan ces

r epulsive, and at gr eat er di stan ces at t ract ive again .

Fr om these for ces of t h e poin t s a ri se t h e cohesion of

t h e par t s of t h e same body, t h e r esist ance whi ch it
exer t s again st t h e pr essur e of another body, and finally
t h e at t rac t ion ofgravi tat ion which it exer t s upon bodies
at a di stance.

This theory is at lea st a homogeneous and consist ent
theory

,
and it is pr obable that it m ay b e used as an

inst rumen t for invest igat ing and expr essing t rue laws
of nat ur e ; al though

,
as w e have alr eady sa id, t h e

a t t empt t o iden t ify t h e for ces by which t h e par t icles
of bodi es ar e bound t ogether wi th mechanical at trae
t ion, appears to b e a confusion Of tw o separ at e ideas 5.

5 ‘Boscovich ’

s Th eory,
’

t h at all forces, may b e so conceived as pos

b odi es m ay b e consider ed as consist sib ly to involve an explanati on of al l
ing of a m ere collection Of centers Of th e powers wh ich th eir par ts exer t ,
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t h e for ce is fini t e only at distan ces imper cept ible to
our senses

,
and vani shes at all r emot er point s. He h as

t aught t h e method Of expr essing and cal culat ing such
for ces, and h e and other ma themat icians of h is school
have applied thi s method t o many of t h e most impor t
an t quest ions Of physics ; as capill ary a ct ion

, t h e elas
t icity Of solids, igi e conduct ion and r adiat ion of heat .
Th e explanat ion Of many appar en t ly un conn ected and
cur ious Ob ser ved facts by these m athemat ical theor ies
gives a st r ong assur an ce that it s essent ial pr in ciples
a r e t rue. But it must b e observed that t h e actua l
const itut ion of bodies as composed of dist inct and

separ a t e par t icles is by no means pr oved by these
coincidences. Th e assumpt ion , in t h e reasoning

,
of

cer t ai n cen t er s of for ce act ing at a dis tance
,
is to b e

consider ed as nothing mor e than a method of r educing
to calcul at ion that vi ew of t h e const itut ion of bodies
whi ch supposes that they exert for ce at every point .
I t is a mathemat ical art ifice of t h e same kind as t h e

hypothet ical division Of a body int o infinit esima l
par ts

,
in or der t o find its cent er of gr avi ty ; and no

more implies a physical r ea lity than that hypothesis
does.

I I . Poisson’

s Infer ence.
-When ,

ther efor e, M . Pois

son
,
in h is views of Capill ary Act ion , t r eat s t hi s hypo

t het ical distribut ion of cen ter s of for ce as if it wer e
a physical fact , and blames Laplace for not t aking
a ccount of their differ ent distribut ion at t h e sur face of

t h e fluid and below i t 6, h e appears to push t h e claims
of t h e molecul ar hypothesis t oo far . Th e only gr ound
for t h e assumpt ion of separ ate cen t ers, is that w e can

t hus explain t h e a ct ion Of th e whole mass. Th e in

t ervals between t h e cen t er s nowher e ent er into thi s
explanat ion : and ther efor e w e can have no r eason

’

for

assum ing these inter vals differ en t in one par t of t h e

fluid and in t h e other . M. Poisson a ssert s that t h e
den sity of t h e fluid dimini shes when w e appr oach very
n ear t h e sur face ; b ut h e allows that thi s diminut ion is
not det ect ed by experim ent

,
and that th e form ulae on

6 Poisson, l c
’or ie de t

’

Action Capi lla i r e.
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h is supposit ion , so far as th e r esult s g o, ar e iden t ical
with those of Laplace. I t is clear , then , that h is doc
t r ine con sist s

~

mer ely in t h e assert ion Of t h e necessa ry
t r uth of a part of t h e hypothesis which cannot b e put
t o t h e t est of exper iment . I t is t rue

,
that so long as

w e have befor e us th e hypothesis of separ at e cen t er s,
t h e par t icles very near th e sur face ar e not in a condi
t ion symmet ri cal with that Of t h e other s : b ut it is
also t rue that thi s hypothesis is onl y a st ep of calcula
t ion . Ther e r esul t s, at one per iod of th e pr ocess of

deduct ion
,
a st r atum of smaller den sity at t h e sur face

of t h e fluid ; b ut at a succeeding point Of t h e r easoni ng
t h e t hi ckness of t hi s st r atum van ishes ; it h as no phy
sica l exi st en ce.

Thus th e m olecula r hypothesis, as used in such
ca ses, does not differ fr om t h e doct r ine Of for ces act ing
at every poin t of t h e mass ; and thi s pr inciple, whi ch
is common t o both t h e Opposit e views, is t h e t rue part
of each.

1 2 . Wollaston ’

s Ar gum en t —An at t empt h as been
made in another case, but depending on nea r ly t h e
Same ar gum en t s

,
t o br ing t h e doct r ine of ult imat e

at oms t o t h e t est of Obser vat ion . In t h e case of t h e

a ir
,
w e know tha t ther e is a diminut ion of density in

appr oachi ng th e upper sur face of t h e atmospher e
,
if i t

have a sur face : b ut it is held by some that except w e

allow th e doct r in e of ult imat e molecules
,
it wi ll not

b e bounded by any sur face
,
b ut will ext end t o an in

finit e distan ce. Thi s is t h e r eason ing Of Wollast on "
.

If a ir consist s Of any ul t imate par t icles no longer
divisible, then must t h e expansion of t h e medi um
composed Of them cease at that di st ance wher e t h e
for ce of gr avity downwar ds 1s equal t o t h e r esist an ce
a r ising fr om t h e r epulsive for ce of th e medium .

’

But

if ther e b e no such ult imat e par t icles, ever y st r atum
wi ll r equir e a st r atum beyond it t o pr event by it s
weight a fur ther expan sion

,
and thus t h e atmosphere

7 Ph il. Tr ans. 1822, p. 89.



62 PHILOSOPHY OE CHEMISTRY.

must extend t o an infini t e di stance. And Wollaston
conceived that h e coul d learn fr om Observat ion whether
t h e atmospher e w as thus di ffused thr ough all space ,

for if so, it must , h e a r gued
, be accumul at ed about th e

larger bodi es of t h e syst em, as Jupit er and t h e Sun,
by t h e law of un iversa l gr avi tat ion ; and t h e exist en ce
of an atmospher e about these bodi es

,
might

,
h e r e

marked, b e det ected by it s effects in pr oducing r efra c
t ion . His r esul t is, that

‘
al l t h e phenomena accor d

ent ir ely with t h e supposit ion that '

t h e ear th’s a tmo
spher e is of fini t e ex t en t

,
limi t ed by t h e weight of

ult imate at oms of definit e magn itude, no longer divi
sible by r epul sion of their par t s.

’

A very lit t le r eflect ion will show us that such a line
of reason ing cannot lead to any r esult . For w e know
nothing of t h e law whi ch connect s th e density with
th e compr essing for ce, in air so ext remely rare as w e

must suppose i t to b e n ear t h e b oundary of t h e atmo
spher e. N ow t h em ar e possible laws of dependence
of t h e density upon t h e compr essing for ce such that
t h e atmospher e would t erminat e i n virtue of t h e law

without any assumpt ion of atoms . Thi s m ay b e pr oved
by ma themat ical r easoning. If w e suppose t h e density
of ai r t o b e as t h e squar e root of t h e compr essing
for ce, it wi ll follow that at t h e very limi t s of t h e atmo
spher e, t h e st r ata of equa l thickness m ay Obser ve in
their densit ies such a law of pr oport ion as is expr essed
by t h e number s 7 , 5 , 3 , 1

8
.

If i t b e asked h ow , on thi s hypothesis, t h e density
of t h e hi ghest stra tum can b e as I , since there is no

8 For th e compressing for ce on soning , will see that th e difi'

erence

each b eing as th e wh ole weigh t b e ar ises fr om taking so sm all a number
yond i t, it wil l b e for t h e four h igh est of st rata. If We were to make th e
st rata, 16

, 9, 4 and r , of wh ich th e str ata indefini tely th in, as to avoid
square r oots are as 4, 3 , 2 , r

, or , as error we ough t to do, th e coincidence

8, 6, 4, 2 ; and th ough th ese num b ers would b e exact ; and thus, according

are not exact ly as th e densi ties t o th is law, th e ser ies of st rata ter

7 , 5 , 3 , 1 , th ose wh o are a li t tle m inates as we ascend, with out any

acquain ted wi th m ath ematical rea consideration of atoms.
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thing to compress It , w e answer that th e upper part of
t h e highest St ra tum compr esses t h e lower , and that t h e
density dimini shes con t inually t o t h e sur face, so that
t h e need of com pr ession and t h e compr essing weight
vanish together .

Th e fallacy of concluding that because th e height
of t h e atmospher e is fini t e, t h e weight

'

Of t h e hi ghest
st ra tum must b e fin it e, is just t h e same as t h e fallacy
Of those wh o con clude that when w e pr oject a body
ver t ica lly upwar ds, because i t occupies on ly a fini t e
t ime in ascending t o t h e highest point , t h e velocity at
t h e last inst ant of t h e ascent must b e finite. For it

mi ght b e said
,
if t h e last velocity of ascent b e not

fini t e
,
h ow can t h e body descr ibe t h e last part icle of

space in a fini t e t ime ? and t h e answer is, that ther e is
no last fini t e par ticle of space, and ther efor e no last
fini t e velocity.

I 3 . Perm anen ce of Pr oper ties of Bodies—We have
alr eady seen that

,
in explaini ng th e pr oper t ies of m at

t er as w e find them in natur e
,
t h e assumpt ion of solid,

har d
,
indest r uct ible par t icles is of no use or value.

But w e m ay r emark, befor e quit t ing th e subj ect , that
N ewt on appear s t o have h ad another r eason for assum
ing such par t icles

,
and one well wor thy of not ice. He

w ished t o expr ess
,
by means of this hypothesis, t h e

doct r ine t h at t h e laws of natur e do not a lt er with t h e
cour se of t ime. This w e have a lr eady seen in t h e

quot at ion fr om N ewton.

‘Th e ult imat e par t icles of

mat t er a r e indest ruct ible, un alt er able, impenet r able ;
for if they coul d br eak or wear , t h e st r uctur e of mat e
r ial bodies now woul d b e differ en t fr om that which
it w as when th e par t icles wer e new .

’

No phi losopher
wi ll deny t h e t r uth which is t hus conveyed by t h e
asser t ion of at oms ; b ut it is obviously equally easy
for a per son wh o r ej ect s t h e at omic view,

t o st at e t hi s

t ruth by saying that t h e for ces which mat ter exer t s
do not var y with t ime

, b ut however modified by th e
new modificat ions of its form,

ar e a lways un impai r ed
in quan t i ty, and capable of being rest or ed t o their
former mode of act ion .
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We now pr oceed t o
'
Specul at ions in whi ch th e funda

men t al concept ions m ay, per haps, b e expr essed
,
at

lea st in some cases
,
by means of t h e ar r angemen t Of

atom s ; b ut in which t h e philosophy Of t h e subj ect
appear s

"

t o requir e a r efer ence t o a n ew Fun dament al
Idea .
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CRYSTALLIZATION exh ibits to us th e effects of t h e natur a l
ar r angem ent of th e ul t im ate par t icles of var ious com pound
bodies ; b ut w e ar e sca r cely yet sufficient ly acquaint ed with
ch em ica l synt h esis and analysis t o under stand th e r at ionale of

t h is process . Th e r h omboidal form m ay a r ise fr om th e pr o

per posit ion of 4, 6, 8 or 9 globular par t icles, th e cubic form
fr om 8 par t icles

,
th e t r iangula r form fr om 3, 6 or 10 par t icles,

t h e h exah edral prism fr om 7 par t icles, &c . Perh aps, in due t im e

w e m ay b e enabled t o ascer tain t h e num ber and or der of eleo
m ent ary par t icles, const itut ing any given com pound elem ent

, and

fr om th at determ ine th e figur ewh ich it will pr efer on crystal liz a

t ion
,
and vice ver sa.

JOHN DALTON, Chem ica l Ph ilosophy p. 2 10.
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or of a sculptur ed figur e, b ut a cert ain defini t e r elat ion
o r pr oper ty, n o less r igor ous and pr ecise t ha n other
r ela t ions Of number and posit ion , which is thus one Of
t h e sur e guides of t h e scien t ific faculty, and one of th e

bases Of our exact scien ce.

2 . In o r der t o explain what Symmet ry is in this
sen se, let t h e r eader r ecollect tha t t h e b odies Of an imals
con sist of two dblual and simi lar set s of member s, th e
right and t h e left side — tha t some flowers consist of

t hr ee or of five equal sets of or gans, sim ila r ly and r e

g ular ly di sposed, as th e ir is h as th r ee st r aight pet als,
and thr ee r eflexed on es, al t er nat ely disposed, t h e r ose

h asfive equal and similar sepals of t h e calyx, and alt er
nat e with these, as many pet al s of t h e cor olla . Thi s
or der ly and exact ly similar di st r ibut ion Of tw o

,
or thr ee,

or five, or any other number of par t s
,
is Symmet ry ; and

a ccor ding t o i ts var ious modificat ions, t h e forms thus
determined ar e said t o b e sym metr i ca l wi th var ious
number s of member s. Th e classificat ion of these di f
fer ent kinds of symmet ry h as been most a t t ended to in
Crysta llogr aphy, in which scien ce it is t h e highest and

most gener a l pri nciple by which t h e classes of forms
ar e govern ed. Without en t er ing far int o t h e t ech ni
cal it ies of t h e subject , w e m ay poin t out some of th e

featur es of such classes.

Th e fir st of t h e figur es

( I ) in t h e mar gin m ay
r epr esent t h e sum mi t of
a . cryst al as it appear s t o
an eye looking di r ect ly
down upon it ; t h e cen t er
of t h e figur e r epr esen t s

th e summit of a pyr amid, and t h e spaces Of va r ious
forms whi ch diver ge fr om this poin t r epr esen t sloping
sides of th e pyra mid. Now it will b e Obser ved tha t
t h e figur e con sist s of thr ee por t ions exact ly similar t o
on e another , and that each par t or member Is r epeat ed
in ea ch of these por t ions. Th e fa ces, or pair s of faces,
a r e r epeat ed in th r ees, with exa ct ly simi lar form s and

angles. Thi s figur e is sai d t o b e th r ee-m em ber eel , or t o

have tr iang u la r symmet ry. Th e same kind of sym
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met ry m ay exist in a flower , a s pr esen t ed in t h e aecom
panying figur e

,
and does, in fact , occur in a la rge class

of flower s
,
as for example, a ll t h e lily t ri be. Th e n ex t

pa ir of figur es
’

(2) have four equal and Simi lar por t ion s
,

and have their member s
or pa irs ofmember s four
t imes r epeat ed. Such
figur es a r e t ermedfour
m em ber ecl

,
and a r e said

to have squa r e or tetr a

g ona l symmet ry. Th e

pen tag o na l symmet ry,
formed by five simil ar
m em ber s

,
is r epr esen t ed

in t h e next figur es
I t occur s abundan t ly in
t h e vegetable wor ld

,
but

never among crysta ls ;
for t h e pent agonal fi
gur es which cryst a ls
somet imes assume, a r e

n ever exact ly r egul ar .

But ther e is st ill ano
ther kind of symmet r y

(4) in whi ch t h e Oppo
sit e ends a r e exact ly
similar to each other
and also t h e opposit e
sides ; this is oblong , or
two a/nol two ~m em ber ed

sym m et ry. And final ly
,

w e have t h e ca se of sim

p le symmet r y (5) in
whi ch t h e tw o sides of

t h e object ar e exac t ly
a like (in Opposit e posi
t ions) without any fur
t her r epet it ion .

3 . These differ ent kinds of sym met ry occur in
var ious ways in t h e an ima l

,
vegetable

,
and miner a l

kingdom . Vert ebr at e animals have a r ight and a
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left side exact ly alike, and thus possess simple symme
t ry. Th e same kind of symmet ry (simple symmet ry)
occurs very lar gely in t h e forms of vegetables

,
as in

most leaves, in pap iliona ceous, per sona te, and labiat e

flowers . Among m inerals, cryst als which possess this
symmet ry ar e called oblique-pr ism a ti c

,
and ar e of very

fr equent occur rel
r

g
ce. Th e oblong , or two

-an tl two-m em

ber ed symm et ry elong s t o r ig h t pr ism a tic cryst als
,
and

m ay b e seen in crucifer ous flowers, for though these
ar e cr oss-shaped, th e cr oss h as tw o longer and tw o

shorter arms
,
or pai rs Of arms. Th e squa r e or tetr a

g on a l symmet ry occurs in cryst al s abundan t ly ; to th e

vegetable wor ld it appear s t o b e less congenial ; for
though ther e a r e flowers with four exact ly simi lar
and r egula r ly-dispo sed pet als, as t h e herb Par is (Par is
quadr ifolia ), these flower s appear , fr om var ious cir cum
stan ces, to b e deviat ions fr om t h e usual type of veg e

table forms. Th e tr ig ona l, or th r ee
-m em ber ed symmet ry

is found abundan t ly both in plan t s and in crysta ls,
whi le t h e pentag ona l symm et ry, on th e other hand

,

though by far t h e m ost common among flower s,
nowher e occur s in mi ner al s, and does not appear to b e
a possible form of crystals. Thi s pen tagonal form
fur ther occur s in th e animal kingdom, which t h e

oblong, t r iangular , and squar e forms do n ot . Many
of Cuvier ’s r adia te anim als appea r in this pen tagona l
form, as ech in i and pentacr in ites, whi ch lat ter have
hence their nam e.

4. Th e r egular , or as they m ay b e called, t h e nor m a l

types of th e vegetable wor ld appear to b e t h e form s

whi ch possess t r iangular and pen tagonal sym met ry
fr om these t h e others m ay b e con ceived to b e derived,
by t ransformat ion s r esu lt ing fr om t h e expan sion of one

or mor e par t s. Thus it is manifest tha t if in a thr ee
member ed or five-member ed flower , one of th e pet als
b e expanded mor e than t h e other , it is immedia tely
reduced fr om pentagona l or t r igonal, t o simple sym

met ry. And t h e Oblong or tw o-and-tw o-member ed
symmet ry of t h e flowers Of cr ucifer ous plan t s, (in which
t h e stamen s ar e four lar ge and tw o small ones, ar r anged
in regular opposit ion,) is held by botanist s to r esult
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from a normal form wi th t en stam ens ; Meinecke ex

pla ining this by adhesion , and Spr engel by t h e meta
m or phosis of th e stamens in t o petals 2.
I t is easy t o see t hat these various kin ds of sym

metry include r elat ions both of form and of num ber
,

b ut mor e espec iall y of t h e lat t er kind ; and as this
symm et ry is oft en an impor t an t char acter in va r ious
classes of natur al Objects, such classes have often
cur ious num er ical propert ies. One of th e most r e

markable and ext ensive of these is t h e di st inct ion
which pr eva il s between monocotyledonous and dicoty
ledonous plan t s ; t h e number th r ee being t h e gr ound of
t h e symmet ry of t h e former , and t h e number five, Of
t h e la t ter. Thus lil iaceous and bulbous plan t s, and t h e
like, have flowers of thr ee or six pet als, and th e other
organs follow t h e same numbers : while t h e vast m a

j or i ty of plant s ar e pentandr ous, and wi th their five
st amens have al so their other par t s in fives. Thi s gr eat
numer ical di st inct ion cor r espondi ng t o a leading differ
ence Of physiological st ructur e cannot b ut b e con sider ed
as a highly cur ious fact in phytology. Such pr oper t ies
of numbers, thus conn ect ed in an in compr ehensible
m anner wi th fundament al and ext ensive laws of natur e,
give to numbers an appearance of myst er ious import
an ce and efficacy. We lear n fr om hi story h ow st r ongly
t h e study Of such pr oper t ies, as they ar e exhibit ed by
t h e phenomena of t h e heavens

,
t ook possession of t h e

m i nd of Kepler ; perhaps it w as thi s which, at an

ear lier per iod, cont ri but ed in no sm a ll degree to t h e
numeri ca l myst icism of th e Pyt hagor ean s in an t iquity,
and of t h e Ar abians and others in th e mi ddl e ages. In

crystallography
,
number s ar e t h e primary charact er s

in whi ch th e pr oper t ies of substan ces ar e expr essed
t hey appear , fir st , in that classificat ion of forms whi ch
depends on th e degree of symmet ry, t hat is, upon t h e

number of cor r esponden cies and next , in t h e laws of

der ivati on , w hich ,
’

for t h e most part , appear t o b e com
m on in their occurrence in pr opor t ion t o t h e numer i ca l
simplicity of their expr ession . But t h e manifest at ion

2 Sprengel, G esch . d. Bet. ii. 304.
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of a governing num er ipal relat ion in t h e or gani c wor ld
st r ikes us a s more un expect ed ; and t h e select ion
of t h e number five as t h e index of t h e symmet ry of

di cotyledonous plan t s and r adi ated anim als, (a number
which isnowher e symmet rically pr oduced in inor gani c
bodies,) m akes this a n ew and r ema rkable ill ust rat ion
of th e const an cy of numer ical r elat ion s. W e m ay Oh

serve
,
however , th at t h e momen t one of these r adi ate

animal s h as one of i t s five members expan ded, or in

any w ay peculia rly modified, (as happens among t h e
echi n i), it is r educed t o t h e common type of anim al s

simply symmet r ical , with a r ight and left side.

5 . It is not n ecessary t
'

o at t empt to enum er at e
'

all

t h e kin ds of Symmet ry, sin ce our Object is only to ex

plain what Symmet ry is, and for this pur pose enough
h as pr obably been sa id already. It wi ll b e seen , as

soon as t h e not ion of Symmet ry in gener al is well ap7
pr ehended, that it is or in cludes a peculiar E m da
men tal Idea, not capable of being r esolved into any of

t h e ideas hi thert o examin ed. I t m ay b e said, perha ps,
that t h e Idea Of Sym met ry is a modifica t ion or deriva
t ive of our ideas of space and number — that a sym m e

t r icel shape is one whi ch consists of parts exact ly
sim ilar

, r epea t ed a cer t ain number of t imes
,
and placed

so as to cor r espond with each other . But on further
reflect ion it wi ll b e seen th at thi s r epet it ion and cor r e
spondence of par t s in symmet ri ca l figur es ar e some
t hi ng pecul iar ; for it is not any r epet it ion or any
cor r espondence of par t s to whi ch w e should give t h e
name of symmet ry, in t h e manner in whi ch w e ar e

now using t h e t erm. Symmet r ical arrangemen ts m ay,
no doubt , b e con cern ed with space and position

,
t im e

and number , but ther e appear s to b e implied In them
a Fundament a l Idea of regular i ty, of completeness, of

complex simplicity, whi ch is not a mer e m odificat ion Of
other ideas .

6 . It is, however , not necessary, in this and in

simi lar cases, to determine whether t h e idea which w e

have befor e us b e a peculiar and independent Funda~ .

ment al Idea or a modifi cat ion of other ideas, pr ovided
w e clear ly perceive th e evidence of those Axioms by
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means of whi ch t h e Idea is applied in scient ific r eason
ings. N ow in t h e appli ca t ion of t h e Idea of Symmet ry
to crysta llogr aphy, phyt ology and z oology, w e must
have t hi s idea embodi ed in some pr in ciple which asser t s

mor e than a mer e geomet r ical or numer ical accor dan ce
ofmember s. We must have it involved in some vi t a l
or pr oduct ive a ct ion

,
in or der that it m ay conn ect and

explain t h e fa ct s of t h e or gani c wor ld. Nor is it .diffi

cul t t o enun cia t e such a pr inciple. We m ay st ate it

in t his m anner . All th e symm etr ica l m em ber s of a

na tur a l pr oduct a r e
,
under like cir cumstan ces, a like

afi cted by the n a tur a l form a t ive power . Th e parts
whi ch w e have t ermed symm etr ica l, r esemble ea ch
o ther , not on ly in their form and posit ion

,
but also in

t h e mann er in which they ar e pr oduced and modified
by natural causes. And this pr in ciple w e assume to
b e n ecessar ily t rue, however unknown and incon ceiv

able m ay b e t h e causes whi ch det ermine t h e pheno
mena . Thus it h as not yet been found possible to di s
cover or r epr esent t o our selves

,
in any int elligible

manner , t h e for ces by whi ch t h e var ious faces of a

crystal ar e consequent upon it s primary form : for t h e

hypothesis of their being built up of in t egr an t mole
cules

,
as Haiiy held, cann ot b e made sat isfact ory. But

though th e mechani sm of cryst als is st ill obscur e
,
ther e

is no doubt as t o t h e pr inciple wh ich r egulat es their
modifi cat ions. Th e whole of cryst a llogr aphy r est s upon
this pr in ciple, that if one of th e pr imar y plan es or axes
b e modified in any manner , a ll t h e symmet r ical planes
and . axes must b e modified in th e same mann er

,
And

though acciden ta l mechan ical or other causes m ay int er

fer e with th e actual exhi bit ion of such fa ces
,
w e do not

t h e less assume their cryst allogr aphi cal r eality
,
a s in

evi tably implied in t h e law of symmet ry of t h e crysta l
a
.

Andw e apply sim ilar con sider at ion s t o or gan izedbeings.

We assume that in a r egular flower , each of t h e similar

3 Som e crystalline form s, instead th eir num b er of faces). But in th ese

of b eing ho loh edr a l (pr ovided wi th h em ih edr al form s th e h al f of th e

t h eir wh ole num b er of faces), are faces are st ill symmetr i cally sup

hem ihedr al (provided wi th only h alf pr essed.
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m embers h as th e same or gan izat ion and similar powers
Ofdevelopemen t ; andhence ifamong these sim ilar part s
some ar e much less developed than other s

,
w e consider

t hem as
,
abor t ive; and if w e wish t o r emove doubt s as

t o what ar e symmet r ical member s in such a case, w e

m ake t h e inquiry by t r a cing t h e anat omy of t hese
m ember s, or by following them in their ear lier st ates

of developemen t , or in cases wher e their capabilit ies ar e
magnified by m onst r osity or otherwise. Th e power of

developemen t m ay b e modified by ext ernal causes, and
t hus w e m ay pass fr om one kind of symmet ry t o an

other ; as w e have already remarked. Thus a regul ar
flower wi th pentagonal symmet ry, gr owing on a lateral
br an ch

,
h as one peta l near est t o th e axis of th e plan t :

if this pet al b e mor e or less expanded than t h e others
,

t h e pentagonal symmet ry is inter fer ed with, and t h e
flower m ay change t o a symmet ry of another kind.

But it is easy t o see that al l such con cept ions of empan
sion

,
a bor tion , and any other kind of m eta/morphosis, g o

upon th e supposit ion of ident ica l facult ies and t enden
cies in each similar member

,
in so far as such t enden

cies have any r elat ion t o th e symmet ry. And thus t h e
pr in ciple w e have st at ed above is t h e basis of that
whi ch, in t h e Hist ory

,
w e termed t h e P rinciple of

D eveloped and Metamor phosed Symmet ry.

We shall not at pr esent pur sue t h e other applica ~
t ions of thi s Idea of Symmet ry, b ut w e shal l consider
some of t h e results of its int r oduct ion int o CIy st al lo~
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same kind of symm et ry (th e TESSULAR syst ems) ; al so
t h e hexag ona l pr i sm and t h e hexag ona l pyr am id both
belong t o t h e RHOMBIC syst em ;while t h e pa r a llelepiped
is so employed as to in clude al l kinds Of symmet ry.

I t is, however , t o b e r ecollected that Ha iiy, in h is

select ion of pr im i t ive forms, not onl y h ad an eye t o

t h e ext er na l form of th e crysta l and to it s degr ee and

kind of r egular ity, b ut a lso made h is classificat ion
with an especial r efer ence t o t h e cleavag e of t h e mine
r a l

, whi ch h e consider ed as a pr imar y elemen t in
cryst alline analysis. Ther e can b e no doubt that t h e
cleavage of a cryst al is one of its most impor tan t ch a
r act er s : i t is . a r elat ion of form belonging t o t h e

in t er ior
, whi ch is to b e at t ended to no less than t h e

form of th e ext erior . But st ill, t h e cleavage is to b e
r egar ded onl y as det erm ining th e degr ee of geomet r i ca l
symmet r y of t h e body

,
and n ot as defin ing a special

geomet r ical figur e t o which t h e body m ust b e r efer r ed.

To have looked upon it in t h e lat t er light , w as a m is

t ake Of t h e ear lier crysta llogr aphi c specula tor s, on

which w e shall shor t ly have t o r emark.

2 . I have sai d tha t t h e r efer ence Of crysta ls t o Pri
m it ive Forms might have been well employed as a

mode of expr essing a just classificat ion of them. This
follows a s a consequen ce fr om t h e appli cat ion of t h e

Pr in ciple sta t ed in t h e last chapt er , that a l l symm et r i
ca l m ember s a r e a like afi cted. Thus w e m ay take an

upr ight t r iangul ar pr ism as th e r epr esen tat ive Of t h e
r hombic syst em,

and if w e then suppose one of t h e

upper edges to b e cut Off
,
or tr unca ted, w e must

,
by

t h e Principle of Symmet ry, suppose t h e other tw o

upper edges t o b e t r un cat ed in pr ecisely t h e same
manner . By this t r un cat ion w e m ay obt ain t h e upper
part of a r hombohedr on ; and by t run cat ion s of t h e

same kind, symm et ri cally affect ing all t h e analogous
pa r t s of t h e figure

,
w e m ay obt ain any other form

possessing thr ee-member ed symmet r y. And t h e same
is t r ue of any of t h e other kinds of symmet ry, pr o
vided w e make a pr oper select ion of a fundam en tal
form. And this w as r eally t h e method employed
by D em est e, Werner , and Rome de Lisle. They
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assumed a Prim it ive Form, and then conceived other
forms

,
such as they found in na tur e, to b e der ived

fr om t h e Pr im i t ive Form by t r uncat ion of t h e edges
,

a cuminat ion of t h e cor ner s
,
and th e like pr ocesses.

This mode of con cept ion w as a per fect ly just and legi
t imat e expr ession of t h e gen er al Idea of Symmet ry.

3 . Th e t r ue vi ew of t h e degr ees of symmet ry w as,

as I have alr eady said, impeded by t h e a t t empt s which
Ha iiy and other s made t o a r r ive at pr imi t ive forms by
t h e light which cleavage w as supposed t o thr ow upon
t h e st ructur e of min er als. A t last

,
however , in G er

many
,
as I have n ar r a t ed in t h e Hist or y ofMiner alogy‘

,

Weiss and Mohs in t r oduced a classificat ion of forms
implying a mor e philosophical pr inciple

,
dividing t h e

forms in t o Systems ; whi ch, employing t h e t erms Of
t h e lat t er wr it er , w e shall call t h e tessu la/r

,
t h e pyr a

m ida l or squa r e pyr am ida l, t h e pr ism a tic or oblong ,
and th e r hom boh edr a l syst ems .

Of these forms, t h e thr ee lat t er m ay b e at on ce r e

fer r ed t o those kinds of symmet ry of which w e have
spoken in t h e last chapt er . Th e r hom boh edr a l syst em
h as t r iangu la r symmet r y

,
or is thr ee-member ed : t h e

pyr am ida l h as squa r e symm et ry, or is four -member ed
t h e pr ism a tic h as oblong symmet ry, and is tw o-and—tw o

member ed. But t h e kinds Of symmet ry which w er e

spoken of in t h e former chapt er , do not exhaust t h e
idea when applied t o mi n er als. For t h e symmet ry
which w as ther e explain ed w as such on ly as can b e

exhibit ed on a sur face, wher eas t h e forms of cryst als
ar e solid. N ot on ly have t h e r ight and left par t s of
t h e upper sur face of a cryst al r elat ion s t o each other ;
b ut t h e upper surfa ce and t h e lat er a l faces of t h e

cryst al have a lso their r elat ion s ; they m ay b e differ en t ,
or they m ay b e alike. If w e t ake a cube

,
and hold it

so that four of i ts faces ar e ver t ical
,
not onl y ar e a l l

these four sides exact ly similar , SO as t o give squar e
symmet ry ; b ut also w e m ay tur n t h e cube, so tha t any
one of these four sides shall become t h e t op, and st ill
t h e four sides which ar e thus made ver tical

, though
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not t h e sam e whi ch wer e ver ti ca l befor e, ar e st ill per
fect ly symmet r i cal. Thus this cubical figure possesses
mor e than squar e symmet ry. I t possesses square
symm et ry in a ver t ical as well as in a hor iz on tal sense
It possesses a symmet r y whi ch h as t h e same relat ion
to a cube whi ch four ~m em b er ed symm et r y h as to a

squa r e. And t his kind of symmet ry is t ermed t h e

cubica l or tessula r symm et ry. All t h e other kinds of

symm et ry have refer ence t o an axis, about whi ch th e
correspondi ng part s ar e di sposed ; b ut in t essular sym

met ry t h e hor izontal and ver t i ca l axes ar e also sym m e

t r ica l , or inter changeable and thus th e figur e m ay b e

said to have no axi s at al l .

4. I t h as al r eady been r epea tedly sta t ed that , by
th e very idea of symmet ry

,
al l t h e incidents Of form

m ust affect a like all th e cor r esponding par t s. N ow in

crystals w e have, among these incident s, not only
externa l figur e, but cleavag e, whi ch m ay b e con sider ed
a s in t ern al figur e. Cleavage, then , must conform to

t h e degr ee of symmet ry of t h e figur e . Accor dingly
cleavage, no less than form, is to b e at t ended t o in
det ermining to what syst em a miner al belongs. If a
crysta l wer e t o occur as a square pr ism or pyr ami d, it
would not on that accoun t necessa r ily belong to t h e

square pyr am idal syst em. If it wer e found that it
w as cleavable parallel t o one side of th e pr ism,

b u t not

in t h e t r ansver se dir ect ion , it h as onl y Oblong sym m e

t ry ; and t h e equality Of t h e sides whi ch m akes it
squar e is onl y accidenta l.
Thus no cleavage is admissible in any syst em of

cryst a lli z at ion whi ch does not agr ee wi th t h e degr ee of

symmet ry of th e syst em. On th e other hand, any
cleavage whi ch is cons ist en t with th e symmet ry of t h e

syst em, is (hypothet ically at least ) allowable. Thus in
t h e oblong pr i smat ic syst em we m ay have a cleavage
par allel t o one side onl y of t h e prism ; or parallel to
both, but of di ffer en t di st inctness or parallel to th e

two diagonal s of t h e pri sm b ut of th e same dist inct
ness or w e m ay have bot h these cleavages together .

In t h e r hombohedra l syst em,
t h e cleavage m ay b e

parallel t o th e Sides Of t h e rhomb ohedron, as in Calc
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Spar : or , in t h e same syst em, t h e cleavage, inst ead of
being thus Oblique to t h e axi s

,
m ay b e along t h e axis

in those di r ect ions which make equal angles with ea ch
other this cleavage easily gi ves either a t ri angula r or

a hexagonal prism . Again ,
in t h e t essular syst em,

t h e cleavage m ay b e par allel t o t h e surface of th e

cube, whi ch is thus r eadi ly separ able int o other cubes,
as in G alena ; or t h e cleavage m ay b e such as t o cut

off t h e soli d angle of t h e cube, and since ther e ar e

eight of these, such cleavage gives us an octahedr on ,
whi ch

,
however , m ay b e r educed to a tet r ahedr on , by

r eject ing a l l par all el faces, as being mer e r epet it ions of
t h e same cleavage ; thi s is t h e case with Fluor Spar
'

or t h e cube of t h e t essular syst em m ay b e cleavable in
planes whi ch t runcat e a ll t h e edges of t h e cube ; and
as these ar e twelve, w e thus obt ain t h e dodecah edr on
with r hombic faces : thi s occurs in Zinc Blende. And

thus w e see t h e or igin of Hauy
’

s vari ous pr imit ive
forms

,
th e t et r ahedr on , octah edr on , and r hombic dode

cah edr on ,
al l belonging t o t h e t essul ar system —they

ar e, in fact , di ffer en t cleavage forms of that syst em.

5 . I do not dwell upon other in cident s of cryst als
whi ch have r efer en ce to form,

nor upon t h e lust r e,
smoothn ess, and st r iat ion of t h e sur faces. To all such
inciden t s t h e gen er a l pr in ciple applies, that simil ar
part s ar e simi lar ly affect ed ; and hen ce, if any par t s ar e
found to b e constan t ly and defin it ely di ffer en t fr om
other part s of t h e same sort , t hey ar e not similar
par t s ; and t h e symm et ry is t o b e in ter pr et ed with
refer ence t o thi s di ffer en ce.

We have now to consider th e infer en ces whi ch have
been dr awn fr om these inciden t s of crysta llizat ion ,
with r egar d to th e int imat e structur e of bodies.



CHAPTER III.

SPECULATIONS FOUNDED UPON THE SYMMETRY
OF CRYSTALS.

EN a cryst al, as
,
for inst ance, a cryst al of

G alena, (sulphur et Of lead,) is r eadi ly divisi
b le int o smaller cubes

,
and these in t o smaller ones,

and so on without limit
,
it is very natur a l t o r epr esen t

t o our selves t h e or ig inal cube as r eally consist ing of

small cubical elemen t s ; and t o imagine that it is a ph i
losoph ical accoun t of t h e physica l st ructur e of such a

subst an ce t o say t hat i t is made up of cubical mole
cules. And when t h e G alena cry st al h as ex t ernally
t h e form of a cube, ther e is no difii cul ty in such a con

cept ion for th e sur face of t h e crystal is also con ceived
a s made up of t h e sur faces of it s cubical molecules.
We conceive t h e cryst al so const itut ed, as w e conceive
a wall built of br i cks .

But if
,
as oft en happens, t h e G alena crystal b e an

oct ahedr on , a fur ther consider at ion is r equisit e in or der
t o under stand it s st ructur e

,
pur sui ng st ill t h e same

hypothesis . Th e m iner a l is st ill, as in t h e other case,
r eadily cleavable in t o small cubes

,
having their corn er s

turn ed t o t h e faces of t h e octahedron . Ther efor e these
faces can no longer b e con ceived a s made up of t h e

fa ces of cubical elemen t s of which t h e whole is const i
tut ed. If w e suppose a pile of such small cubes t o b e
closely bui lt t ogether , b ut wit h decr easing width above,
so a s t o form a pyr ami d

,
t h e face of such a pyr amid

will no longer b e plan e ; i t wil l consist of a gr ea t num
b er Of t h e corn ers or edges of t h e small elementary
cubes. I t woul d appear a t fir st sight

,
ther efor e, that

such a face cannot r epr esent t h e smooth polished sur ~

face of a crysta l.
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But when w e come to look mor e closely, this di ffi
culty disappear s. For h ow lar ge a r e these elemen ta ry
cub es ? W e cannot t ell, even supposing they r eally
have any size. But w e kn ow that they must b e, at

any r a t e
,
very small ; so small as t o b e inappr eciable by

our senses, for our senses find no limi t t o t h e divisi
b il ity of mi n er als by cleavage. Hence t h e sur face Of
t h e pyr amid above descr ibed would not consist of

visible corn er s or edges
,
but woul d b e r oughened by

specks of imper cept ible size ; or r ather
,
by supposing

these specks t o become st ill smal ler
,
t h e r oughness

becomes smoothness. And thus w e m ay have a cryst al
with a smooth surface, made up of sma ll cubes in such
a manner tha t their sur fa ces a r e a ll oblique t o t h e sur

face of t h e cryst a l.
Haiiy, st ruck by some instances in which t h e suppo

sit ion of such a st ructur e of cr yst als appea r ed to ac

coun t happily for sever a l of their r elat ions and pr oper
t ies

,
adopt ed and pr opounded i t as a gener a l theor y.

Th e sma ll elemen t s, of which h e supposed cryst als t o
b e t hus built up

,
h e t ermed in teg r an t m olecu les. Th e

form of these molecules might or might not b e t h e

same as t h e pr im i tive for m wi th which h is const r uc

t ion w as supposed t o begin ; bu t ther e w as, a t any r at e,

a close connexion between these forms
,
sin ce both of

t hem wer e founded on t h e cleavage of t h e miner al.
Th e t en et that crystal s ar e const itut ed in t h e manner
which I have been descr ibing, I Shall call th e Th eor y
of In teg r an t Molecu les

,
and I have now t o make some

r emarks on t h e gr ounds Of this theory.

2 . In th e case of which I have spoken
,
th e miner al

used a s t h e example, G alena, r eadily split s in to cubes
,

and cubes ar e easily placed t ogether so as t o fit each
other

,
and fil l t h e space which they occupy. Th e same

i s th e case in t h e min er a l whi ch suggest ed t o Ha iiy hi s

theory
,
namely

,
Calc Spar . Th e cryst als of this sub

stance ar e r eadily divisible int o r hombohedr ons
,

a

form like a br i ck with Oblique angles ; and such br icks
can b e built t ogether so as t o pr oduce cryst al s of all t h e
immense var iet ies of form whi ch Calc Spar pr esent s.

This kind Of masonr y is equally possible in many other
VOL. II. G
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miner als ; b ut as w e g o thr ough t h e mineral kingdom
in our sur vey

,
w e soon find cases whi ch offer difi cu l

t ies. Some miner al s cleave on ly in tw o dir ect ions
,

some in one on ly ; in such cases w e cann ot by cleavage
Obt ain an integr an t molecul e of definit e form ; on e of

i t s dimen sion s, at least
,
must r emai n indet erm inat e

and a rbit r a ry. Aga in , in some instan ces
,
w e have

mor e than t h rbe differ en t planes of cleavage
,
as in

Fluor Spar , wher e w e have four . Th e soli d
,
bounded

by four plan es, is a t et r ahedr on ; or if w e t ake four

pa ir s of par allel faces, an oct ahedr on . But if w e

a t t empt t o take either Of these forms for our int egran t
m olecule, w e ar e m et by this difficulty : that a collec

t ion of such forms wi ll not fil l space. Perhaps thi s
difficulty wi ll b e mor e r eadily conceived by t h e gener a l
r eader if it b e con t emplated with r efer en ce to plane
figur es. I t wi ll r eadily b e seen that a number Of
equal squar es m ay b e put t ogether so as t o fill th e
spa ce which they occupy ; b ut if w e t ake a number of

equa l r egul ar oct agons, w e m ay easily convince our

selves that no possible a r r angemen t can make them
cover a fla t space wi thout leaving blank spot s between .

In like mann er oct ahedr on s or tet r ahedr on s cannot b e
a r r anged in solid space so as t o fill it .

.

They necessa
r i ly leave vacancies. Hence t h e st r uctur e of Fluor
Spar , and simila r cryst als, w as a serious obstacle in t h e
w ay of t h e t h eory of in t egr ant molecul es. That theory
h ad been adopt ed in t h e fir st inst an ce because por
t ion s of t h e cryst al

, obt ained by cleavage
,
coul d b e

bui lt up in t o a solid mass ; b ut t hi s gr ound of t h e

theory failed alt ogether in such in st an ces a s I have
descr ibed, and hen ce t h e theory, even upon t h e r epr e

sent at ion s of it s adher ent s
,
h ad no longer any claim t o

assen t .

Th e doct rine of Int egr al Molecules, however , w as
by n o means given up at on ce

,
even in such instances.

In thi s and in other subj ect s
,
w e m ay obser ve that a

theory, once const ruct ed and car r ied int o det ail, h as
such a hold upon t h e mi nds of those w h o have been in
t h e habit of applying it

,
that they will at t empt t o up

hold it by int r oducing supposit ions inconsist en t with
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His to ry, quot ed Weiss
’

s r eflect ion s on making thi s
st ep.

‘When in h e says ’, ‘I publ ished my
D isser t at ion , I shar ed t h e common Opin ion as t o t h e

n ecessity of t h e a ssumpt ion , and t h e r eality of t h e ex

ist en ce Of a pr imit ive form,
a t lea st in a sen se no t very

differ en t fr om t h e usual sen se Of t h e expr ession .

’ He

t hen pr oceeds t o r elat e that h e sought a gr ound for
such an Opinionfi ndependen t of t h e doct r ine ofAtom s

,

whi ch h e, in common with a g r eat number of ph iloso

pher s of that t ime in h is ow n coun t r y, w as disposed t o
r ej ect

,
inclin ing to believe that t h e pr oper t ies of bodies

wer e det ermined by For ces which act ed in them,
and

no t by Afolecu les of whi ch they wer e composed. He

adds
,
that in pur suing t hi s t r a in of thought , h e found,

tha t out Of h is Pr imit ive Forms ther e w as gr adually
unfolded t o h is hands that whi ch r eally governs them,

and is not affect ed by their casual fluctuat ions namely,
t h e Fundamen ta l Relat ion s of their D imen sion s,

’

or as

w e n ow m ay call them,
Acr es of Symm etr y. With

r efer en ce t o these Axes, h e found, as h e goes on t o say,

that ‘
a mult iplicity of in ternal Opposit ions

,
n ecessar ily

and mutually in t er dependen t . ar e developed in t h e

crysta llin e mass, ea ch Relat ion having i t s ow n Pola r ity ;
so that t h e Cr yst all ine Char act er is co - ex t en sive wi th
t hese Pola r i t ies.

’

Th e char act er of these polar it ies,
whether man ifest ed in cryst allin e faces

,
cleavage, or

any other inciden t s of cryst a llizat ion
,
is n ecessar ily dis;

played in t h e degr ee and kind of Symmet r y whi ch th e
cr ysta l possesses : and thus this Symmet ry, in al l ou r

specula t ion s con cer n ing t h e st r uctur e of cryst als, n eces
sar ily t akes t h e place of that enumer at ion of Pr imit ive
Formswhi chwer e r ej ect edas in con sist en t wi th Observed
fact s

,
and dest itut e of sound scien t ific pr inciple.

I m ay just n ot ice her e what I have st at ed in t h e

Hist or y of M in er alogy ", that t h e dist in ct ion Of syst ems
of crysta lliza t ion , as in t r oduced by Weiss and Mohs,
w as st r ikingly confirmed by Sir D avid Br ewst er ’s dis
cover ies r espect ing t h e opt ical pr oper t ies of m iner als.

1 Acad. Ber lin. 1 816, p . 307 .

2Hist. Ind. 30. b. xv. 0. v.



SPECULATIONS ON SYMMETRY OE CRYSTALS . 85

Th e Splendid phenomena wh ich wer e pr oduced by
passing polar ized light thr ough crystals

,
wer e found t o

vary accor ding as t h e cryst als wer e of th e Rhom b oh e
dr a l

, Squa r e Pyr amidal, Oblong Pr ismat ic, or Tessular
Syst em. Th e Opt ical Symmet r y exact ly cor r esponded
wi th t h e G eomet r ical Symm et ry. In t h e tw o former
Syst ems wer e cryst als un iaoea l in r espect of their Opt ical
pr oper t ies ; t h e Oblong pr ismat ic, w as biaxa l ; while in
t h e t essular

,
th e wan t of a pr edominan t ax is pr event ed

t h e phenomen a her e spoken of fr om occur r ing a t a l l .

Th e opt ica l experim en t smust have led, and would have
led, t o a classificat ion Of cry st als in t o t h e above syst ems
or something near ly equivalen t , even h ad they not been
a lr eady so ar r anged by a t t en t ion t o their forms.

4 . Whi le in G ermany Weiss and Mohs with their
disciples

,
wer e gr adually r ej ect ing what w as superfluous

in t h e pr evi ous cryst all ogr aphica l hypotheses, ph iloso

ph er s in England wer e a lso t rying t o r epr esen t t o
themselves t h e const itut ion of cryst als in a mann er
which should b e fr ee fr om t h e obviously a rbit rar y and
unt enable fict ions Of t h e Haiiyian school. These
at t empt s, however , wer e not cr own ed wi th much suc

cess. On e mode of r epr esen t ing t h e st r uctur e of crys
t als which suggest ed i t self

,
w as t o r ej ect t h e poly hedr a l

forms which Haiiy gave t o h is int egr ant molecules
,

and t o con ceive t h e elemen t s of cryst a ls a s spher es, t h e

pr oper t ies of t h e cr ysta l being det ermin ed n ot by t h e
surfaces, b ut by th e posi tion of t h e element s. This w as

done by Wo lla st on
,
in t h e Ph i losoph ica l Tr an sa ct

for 1 8 1 3 . He applied this vi ew t o t h e t essular syst em
,

in which, indeed, t h e appli ca t ion is not difficult ; and

h e Showed that oct ahedr al and t et r ahedr al figur es m ay
b e deduced fr om symmet r ical a r r angemen t s of equal
spher ules. But though in doing this, h e manifest ed a
per cept ion Of t h e condit ions of t h e pr oblem,

h e ap

pear ed t o lose h i s hold on t h e r eal quest ion when h e

t r ied t o pass on t o other syst ems of cryst allizat ion .

For h e ac coun t ed for t h e rhombohedr a l syst em by sup
posing t h e spher es changed int o sph er oids . Such a

pr ocedur e involved h im in a gr atuit ous and useless
hypothesis : for t o what purpose do w e introduce th e
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ar r angemen t of a t oms (inst ead of their figur e,) as a

mode of expla ining t h e symmet r y of th e crystal li za

t ion
, when a t th e n ext st ep w e a scr ibe t o t h e a t om,

by
an a r bit r ary fict ion ,

a sym met ry of figur e of t h e same
kind as tha t which w e have t o explain ? I t is just as

easy, and as a llowable
,
to assume an elemen t a ry r h om

b oh edr on , as to assum e elemen tar y spher oids
,
of which

t h e r h om b oh edrdn s ar e con st ruct ed.
5 . Many hypotheses of th e same kind might b e

adduced, devised both by miner alog ist s and chemist s.

But almost al l such specul at ions have been pur sued
wi th a most sur pr ising n eglect of t h e pr in ciple whi ch
obviously is t h e on ly sound basis on which they can
pr oceed. Th e pri nciple is this - that Al l hypoth eses
con cer n ing the a r r an g em en t of the elem en ta r y a tom s of
bodies in spa ce m ust be con str ucted w i th r efer ence to the
g ener a l fa cts of cr ysta lliz a tion . Th e t r uth and im

por tan ce of this pr inciple can admit Of no doubt . For

if w e make any hypothesis con cer n ing t h e mode Of
conn exion of t h e elemen t ary par t icles of bodies, this
must b e don e wi th th e vi ew of r epr esen t ing t o ou r

selves t h e for ces which conn ect them
,
and t h e r esul t s

of these for ces a s man ifest ed in t h e pr oper t ies of t h e

bodies . N ow t h e for ces which connect t h e par t icles
of bodies so as t o make them crysta lline

,
a r e mani fest ly

chemica l for ces. It is only defini t e chemica l com

pounds which cryst allize ; and in cryst als t h e for ce of

cohesion by which t h e par t icles ar e held t ogether can

not in any w ay b e dist ingui shed or separ at ed fr om t h e

chemi cal for ce by whi ch their element s a r e combined.

Th e element s a r e under stood t o b e combined
,
pr ecisely

because t h e r esult is a defini t e
,
appar en t ly h om og e

neons subst ance. Th e pr oper t ies of t h e compound
bodies depend upon th e elemen t s and t heir mode of

combinat ion ; for , in fact , these include everything on

whi ch they can depend. Ther e ar e no other cir cum
st ances than these which can affect t h e pr oper t ies of
a body. Ther efor e a ll t hose pr oper t ies which have
r efer en ce t o space, namely, t h e crystallin e pr oper t ies,
cannot depend upon anyt hi ng else than t h e ar r ange
m en t of t h e elementary molecules in space. These
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syst em. I t need n ot surpri se us that t h e theor et ical
ar r angement of a t oms does not explain t h e fact s of

cr ysta l liz a twn ,
for t o pr oduce such an explanat ion

would b e a second st ep in scien ce quit e as gr ea t as t h e
first , t h e discovery Of t h e at omi c theory in it s ch em ica l
sense. Bu t w e m ay allow our selves t o b e sur pr ised
that an ut t er discr epan ce b etween a ll t h e fact s of crys ~

t all i z at ion and t h e figur es assumed in t h e theory
,
did

not suggest any doubt as t o t h e soundness of t h e mode
of phi losophizing by which t hi s par t Of th e theor y w as

con st r uct ed.

7 . Some lit t le accor dan ce b etween th e hypothet ical
ar r ang emen t s of chemical a t oms and t h e facts Of crys
t al liz at ion , does appea r t o have been a r r ived at by
some Of t h e theor ists to whom w e her e r efer

,
al though

by no mean s enough t o Show a due convi ct ion of t h e

impor t an ce Of t h e pr inciple st at ed above. Thus Wol

last on
,
in t h e Essay above not iced, after Showing that

a symmet r ical a r r angemen t Of equal spherules would

gi ve r ise t o oct ahedr a l and other t essular figur es,
r emarks

,
very pr oper ly, that t h e metal s, whi ch a r e

simple b odi es
,
cr ystal liz e l n such forms. M . Amper e 3

also
,
i n 1 8 1 4, published a br ief account of an hypo

thesis of a somewhat sim ilar natur e, and sta t ed h im
self to have developed this speculat ion in a Memoir
which h as not yet, SO far as I am awar e

,
b een published.

In this not ice h e conceives b odi es t o b e compounded
of m olecu les

,
whi ch

,
a r r anged in a polyhedr al form

,

const itut e pa r t icles . These r epr esen ta t ivefor m s of t h e

par t icles depend on chemical laws. Thus t h e par t icles
of oxygen

,
of hydr ogen , and of a zot e

,
ar e compo sed

each of four molecules. Hen ce i t is collect ed that t h e
par ti cles Of n it r ous ga s ar e composed of two molecul es
of oxygen and tw o of azot e ; and similar conclusions
a r e dr awn r espect ing other substances. These conclu
sions, though expr essed by mean s of t h e polyhedr on s
thus in t r oduced, ar e suppor t ed by chemical, rather
than by cryst allogr aphi cal compar isons. Th e author
does, indeed, appea l to t h e crysta lli zat ion of sa l ammo~

3 Ann. de Ch im ie, tom . xc. p. 43 .
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niac as an ar gument “; b ut as a ll t h e forms which h e
int r oduces appear t o belong t o t h e tessula r syst em Of
crysta llizat ion

,
ther e is

,
in hi s r eason ings, nothing dis

t inct ive and ther efor e nothing, cryst allogr aphically
speakin g, of any w eight on t h e side of this theory.

8 . Any hypothesis which should in t r oduce any
pr inciple of chemical or der among t h e actual forms of
miner als, would well deser ve at t en t ion . A t fir st sight ,
nothing can appear mor e anomalous than t h e forms
which occur . W e have

,
indeed, on e br oad fact , which

h as an encour aging a spect
,
t h e t essular

f
form s in which

t h e pur e meta ls crystal lize. Th e highest degree of

chemical and of geomet r i ca l simplicity coin cide : i r r e

g ular ity disappear s pr ecisely wher e it is excluded by
t h e consider at ion above sta t ed

,
that t h e symmet r y Of

chemica l composit ion must det ermine t h e symmet ry of

cryst all ine form 5
.

But if w e g o on to any other class of crystalline
forms, w e soon find our selves lost in our at t empt s t o

4 Ann . de Ch im i e, tom . xc. p. 83 .

5 Inasmuch as th is l aw , th at th e

simple m etal s crystal l iz e in t essular

form s
,
is t h e m ost signal exam pl e of

t h at connexion b etween th e ch em ical

natur e of a b ody and i ts crystal l in e

form , I in th e form er Edi t ion stated

i t wi t h as m uch g enerali ty as I coul d
find any g round for , and I sh oul d

h ave b een g l ad if I could h ave added
confirm a tion of th e l aw ,

der ived fr om
l ater Ob servat ions. But th e m ost

r ecent invest ig at ions Of cryst al l ogra
ph ers appear to h ave afforded cr eep
t ions r a th er th an exam ples Of t h e
rul e. Ar senic and Tellur ium '

ar e

said t o b e r hom bohedr a l. Ant im ony,

stated b y Hauy to b e octah edr al (and

t h er efor e t essula r ), h as b een found b y
m ore m odern Ob ser ver s to b e r h om bo
b edr a l.

'
l
‘

in h as b een Ob tained b y

Pr ofessor Mill er in b eaut iful crystals
belong ing to th e pyr am ida l system .

Pr ofessor NOgg er ath h as ob served in
Zinc, after cool ing fr om fusion,

h exa

g onal cleavage, r ender ing i t prob ab le
th at th e m iner al crystal l iz ed in flwm~

boheolrons h aving t h eir axes ver t ical ,
like ice. G . Rose conceives i t h igh ly
prob ab le t h at Osm ium and Ir idium
ar e r h om boh edr al. (Pog gendor f. Bd.

But al l th e m or e per fect m et al s are

t essular nam ely, G old, Sil ver , Mer

cury, Plat inum , Ir on , Copper ; also

Bismuth Perh aps th e Ob servat ion
in wh ich t h e crystal l iz at ion of Zinc

is affected b y i ts posi t ion is, on t h at
very account , no suffici ent evidence
of i t s fr ee crystall iz at ion. We can

h ardly conceive a coll ect ion of per

fect ly sim ple, sim i l ar par ticles to

crystall iz e so as t o h ave one pr e

em inent axi s, wi th out som e ext r a

neous act ion affect in g th em.
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follow any t hr ead Of or der . We have indeed many
la r ge gr oups conn ected by obvious an alogies; as t h e

r hombohedr al ca rbonat es of lime
,
magnesia , ir on , m an

ganese — t h e pr isma t ic carbonat es and sulpha tes of

lime, baryt a , st r ont ia
, lead . But even in these

,
w e

cannot form any plausible hypothesis of t h e a r r ange
men t of th e elemen t s ; and in other cases to whi ch w e

natur ally tur n ,’ w e can find nothi ng b ut confusion .

For in stan ce, if w e examin e t h e oxides of metals .

t hose of ir on ar e r hombohedr al and t essular ; those Of
copper , t essul a r ; those Of t in , of t itanium, of manga
n ese

,
squar e pyr ami dal ; those of an t imony

,
prismat ic ;

and w e have other forms for other subst an ces.

I t m ay b e added, tha t if w e take account of t h e

opt ical pr oper t ies which, as w e have alr eady Stat ed
,

have con stan t r elat ions to t h e crystal line forms
,
t h e

confusion is st ill fur ther in cr eased ; for t h e opt ica l
dimen sions var y in amoun t , though not in symmet ry,
wher e chemist ry can t r ace no differ ence of compo
sit iou.

9 . We will not quit t h e subject
,
however , without

not icing t h e much mor e pr omising aspect which i t h as
a ssumed by t h e det ect ion Of such gr oups as ar e r efer r ed
to in t h e last a r t icle ; or in other wor ds

,
by Mit scher

lich’s di scovery of Isom orph ism . Accor di ng to tha t
discover y, ther e ar e vari ous element s which m ay t ake
t h e place Of ea ch other in cryst alline bodies

,
either

wi thout any alt er at ion of t h e cryst alline form ,
or a t

most with on ly a slight alt er at ion Of it s dimen sion s.

Such a gr oup of elemen t s w e have in t h e ear ths lime
and magnesia , th e pr ot oxides Of i r on and manganese
for t h e carbonat es of a ll these bases occur crystallized
in forms Of t h e r hombohedral system,

t h e ch ar act er is

t ic angle being n ea r ly t h e same in a l l . N ow lime and

magn esia , by t h e discover ies of modern chemist ry, ar e
r eally ox ides of meta ls ; and ther efor e a ll these car bo
na t es have a sim ilar chemica l const itut ion , while they
have also a simil ar cryst allin e form. Whether or no

w e can devise any ar r angemen t Of molecul es by whi ch
thi s conn exion Of t h e chem i cal and t h e geomet r ical
pr oper ty canb e repr esent ed, w e cannot help consider
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WHERE a cer tain appar ent difference between t h ings (al th ough
per h aps in it self of lit t le m om en t) answer s to w e know not w h at

num ber of oth er differ ences
,
per vading not only t h eir known

pr oper t ies but pr oper t ies yet undiscover ed, it is not opt iona l but
im per a t ive t o r ecogn ise t h is differ ence as t h e foundat ion of a

specific dist inct ion .

JOHN S . M ILL
,
System of Log ic, b . 1, ch . vu . 4 .
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I t m ay at fir st sight perhaps appear that this appr e

h en sion r esult s immediat ely fr om t h e impr ession s on

our sen ses, without any act Of our thought s. A very
lit t le at t en t ion , however , enab les us t o see that thus t o
single out specia l object s r equir es a men t a l oper a t ion
as well as a sen sat ion . How

,
for example, without an

ex er t ion Of men t a l act ivity, can w e see one t r ee, in a

for est wher e t h er e a r e many ? We have, spr ead b e
for e us

,
a collect ion of colour s and forms

,
gr een and

br own
,
dark and light

,
ir r eg ular and st r aight : this is

a l l that sen sat ion gi ves or can give. But w e associat e
on e br own t r unk with one por t ion Of t h e gr een mass

,

ex cluding t h e r est
,

‘
al t h oug h t h e n eighbour ing leaves

a r e both n ea r er in con t iguity and mor e similar in
appear ance than is t h e st em . We thus have befor e us

one t r ee ; but this un ity is given by t h e mind it self.
W e see t h e gr een and t h e br own

,
b ut w e must m ake

t h e t r ee befor e w e can see i t .

That this composit ion Of our sensat ion s so as t o

form one th ing implies an act Of our own
,
will perhaps

b e mor e r eadi ly allowed, if w e on ce mor e tur n ou r

a t t en t ion t o t h e mann er in which w e somet imes a t t empt
t o im i t at e and r ecord t h e Obj ect s Of Sight , by dr awing.

When w e do this, as w e have a lr eady Observed
,
w e

m ar k this un ity of each object
,
by dr awing a line to

separ a t e t h e par t s which w e in clude fr om those which
w e ex clude — an Ou t line. This line cor r esponds to
n othing whi ch w e see ; t h e beg inner in dr awing h as
gr eat difficulty in discer ni ng i t ; h e h as in fact t o make
i t . I t is

,
as h as been sa id by a pa in t er Of our own

t ime ‘, a fict ion : b ut it is a fict ion employed t o mar k
a r eal act of t h e mind ; to designat e t h e singleness of

t h e Obj ect in our con cept ion . AS w e have said else
wher e

,
w e see lin es, b ut especially out lines

,
by m en

t a l ly dr awing them our selves.

Th e same ac t of concept ion which th e out line thus
r epr esen t s and commemor a t es in visible Object s, - t h e

same combinat ion Of sen sible impr ession s in t o a uni t ,
-is exercised also wi th r egar d to t h e Object s Of al l

1 Ph illips On Pa inting , —Design.
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our senses : and t h e singleness thus given t o each
object , is a n ecessar y pr elim inary t o it s being named
or r epr esen ted in any other w ay.

But it m ay
-b e sa id

,
I s i t then by an a rbit r ary act

of our own that w e pu t t ogether t h e br anches Of t h e
same t r ee, or t h e lim bs Of t h e same an imal ? Have w e

equally t h e power and t h e r ight t o make t h e br an ch
Of t h e fir a par t Of t h e n eighbour ing oak ? Can w e

include in th e out lin e of a m an any Obj ect with whi ch
h e happens to b e in cont act ?
Such supposit ion s ar e manifest ly absur d. And t h e

answer is, that though w e give un ity t o Object s by an

act of thought , i t is not by an a r bit r a r y act ; b ut by
a pr ocess subj ect t o cer tain condit ions — to condi t ions
whi ch exclude such incongruous combinat ions as have
just been spoken Of.

Wha t ar e these condit ions which r egulat e our ap
pr ehension of an Object as one —which det ermine
what por t ion Of our impr essions does, and what por
t ion does not belong t o t h e same thing ?

3 . Condi tion of Un i ty—I r eply, that t h e pr imary
and fundamenta l condi t ion is,

“

that w e must b e able t o
make int elligible asser tions r espect ing t h e Object

,
and

t o en tert ain that belief of whi ch asser t ion s a r e t h e

exposit ion . A t r ee g r ow s, sh eds i t s leaves in autumn ,

and buds again in t h e sprin g, w aves in t h e wind
,
or

fa lls befor e t h e st orm. And t o t h e t r ee belong a l l
,

those par t s whi ch must b e included in or der that such
dec lar at ions

,
and t h e thought which they convey, shall

have a coher en t and permanent mean ing. Those a r e

i ts br an ches which wave and fa ll wi th i ts t runk ; those
ar e i ts leaves whi ch gr ow on i ts br an ches. Th e perma
nen t conn exions which w e Observe,— permanen t , among
unconnect ed changes which affect t h e sur r ounding
appear an ces,— ar e what w e bin d together as belonging
t o one object . This perman ence is t h e condi t ion Of
our conceiving t h e object as one. Th e conn ect ed
changes m ay a lways b e descr ibed by means of asser

t ion s and t h e conn ex ion is seen in t h e ident ity Of th e
subj ect of successive pr edicat ions in t h e possibi lity Of
applying m any verbs to one substant ive. We m ay

VOL. I I. H
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ther efor e expr ess t h e condi t ion Of t h e un ity Of an

Object t o b e t hi s . that a sser tions concer n i ng the obj ect
sha l l bepossib le . or r ather w e should say, that t h e a cts
of belief whi ch such assert ions enun ciat e shall b e pos

I t m ay seem to b e superfluous t o put in a form so

abst r act and r emot e, t h e gr ounds Of a pr ocess appa r

r ent ly so Simple as our con ceiving an Object to b e one.

But t h e same condit ion to whi ch w e have thus been
led

,
as t h e essen t ial pr inciple Of th e un ity Of Object s,

namely, that pr oposit ions shall b e possible
,
wi ll r e

peat edly occur in t h e pr esent chapt er ; and i t m ay
ser ve t o illus t r at e our vi ews

,
t o Show that this condi

t ion per vades even th e simplest cases .

4. Kinda— Th e men ta l syn thesis Of which w e have
thus spoken

,
gives u s our knowledge of individua l

t hings ; i t enables m e t o appr ehend t h a t par t icul ar
t r ee or m an which I now see

,
or

,
by t h e help Of memory,

t h e t r ee or t h e m an I saw yest er day. But t h e know
ledge wi th whi ch w e have mainly her e t o do is not

a knowledge Of individuals b ut of kinds of such
classes as ar e indicat ed by common names. We have
t o make asser t ion s concerning a t r ee or a m an in gene
r a l

,
wi thout r egar ding what is peculiar to t hi s m an or

t hat t r ee.

Now it is clear tha t cer tain individual Obj ect s ar e

a l l ca lled m an , or all called tr ee, in Virt ue Of some r e

semblance which they have. If w e h ad not th e power
of per ceiving in t h e appea r an ces ar ound us

, likeness
and un liken ess

,
w e could not consider Obj ect s as di st r i

but ed in t o kinds at a l l . Th e impr essions of sense

would thr ong upon us
,
b u t being uncompar ed wi th

each other
,
t hey would flow away like t h e waves of th e

sea
,
and each vani sh fr om our cont emplat ion when t h e

sensa t ion faded. That w e do appr ehend sur r ounding
Object s as belonging t o perman ent kinds, a s being m en

and hor ses, oaks and r oses
,
ar ises fr om our having t h e

idea of likeness
,
and fr om our applyi ng it habitually,

and SO far as such a classificat ion r equi r es .

N ot on ly can w e employ t h e idea Of likeness In this
manner , b ut w e apply it incessant ly and univer sal ly to
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t acit r efer ence t o such defini t ions. That defini t ions Of
t erms ar e of gr ea t u se and impor t ance in their r ight
place, w e Sha ll soon see ; but their place is not to

r egulat e t h e use of common language.

What then , on ce mor e, is this r egulat ive prin ciple ?
What r ul es do m en follow in t h e use Of wor ds, SO as

commonl y t o avoid confusion and ambiguity ? How do

t hey come t o under st and each other SO well as they
or dinar ily do, r espect ing t h e limits Of classes never
defined, and which they cannot define ? What is t h e
common Convent ion , or Condit ion t o whi ch they
form ?
6 . Condi tion of the Use of Ter m s — To thi s w e reply,

that t h e Condi t ion whi ch r egulat es t h e use Of lan
guage

,
is
,
that it shall b e capable Of being used — that

is, that gener al a sser t ions sha ll b e possible. Th e t erm
tr ee is applicable as far as it is useful in expr essing our
knowledge con cern ing t r ees — thus w e kn ow that t r ees
ar e fix ed in t h e gr ound

,
have a solid st em

,
br an ches,

leaves, and many other proper t ies. With r egar d t o
a l l t h e Object s which sur r ound us, w e have an im

mense stor e Of knowledge of such pr oper t ies, and w e

employ t h e n ames Of t h e Object s in such a mann er as

enables us t o expr ess these pr oper t ies.

But t h e conn exi on Of such pr oper t ies is vari able and

indefini te. Some pr opert ies ar e const an t ly combined,
other s occasional ly only. Th e leaves Of differ ent oaks
r esemble each other

,
t h e br anches r esemble far less,

and m ay di ffer very widely. Th e t erm oak does not

enable us to say tha t a ll oaks have st r aight br an ches
or a l l cr ooked. Terms can on ly expr ess pr oper t ies as

far as they ar e con stant . N ot onl y
,
ther efor e

,
t h e

ac cumulat ion of a vast mass of knowledge Of th e pr o

per t ies and at t r ibut es Of Object s
,
b ut also an Observa

t ion of th e habitual connexion of such pr opert ies i s
n eeded, to dir ect us t o t h e con sist en t applica t ion Of
t erms —t o enable us t o apply them so as t o expr ess
t r uths . But her e again w e ar e la r gely pr ovided with
t h e r equi sit e knowledge and Observat ion by t h e com

m on cour se of our exi stence. Th e un int erm i t t ing
st r eam Of experien ce supplies us wi th an incal cul able
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amoun t of such Obser ved connexions . All m en have
observed that t h e associat ions Of t h e same form of

leaves ar e mor e const an t than of t h e same
'

form Of
br anches - that though per sons walk in di ffer ent at t i
t udes

,
none g o on a ll four s ; and thus t h e t erm oak is

so applied as t o include those cases in whi ch t h e

leaves ar e alike in form though t h e br an ches b e un like ;
and though w e should r efuse t o apply t h e t erm m an

to a class Of cr eatur es which habitually and wi thout
compulsion used four legs, w e make no scruple of affix

ing it to person s of very differ ent figur es. Th e whole
of human exper i ence being composed Of such Obser ved
connexions

,
w e have thus mat er ials even for t h e im

mens e mul t iplicity of names whi ch human language
con tains ; al l whi ch names ar e, as w e have said, r egu
lat ed in their applicat ion by th e condi t ion Of their ex

pr essing such exper ien ce.

Thus amid t h e coun t less combinat ions Of pr oper t ies
and divisions Of classes which t h e st ructure of lan

guage implies, scar cely any a r e arbit r ar y or capri cious.

A wor d whi ch expr essed a mer e wan t on collect ion Of
unconnected at t r ibut es coul d hardl y b e ca lled a wor d;
for of such a collect ion of pr opert ies no t ruth coul d b e
asser t ed, and th e wor d woul d disappear , for want of

some occasion on whi ch it coul d b e used. Though much
Of t h e fabr ic of language appear s

,
n ot unn atur ally, fan

t ast ica l and pur ely conven t ional , i t i s in fact otherwise.

Th e associat ion s and di st inct ion s of phr aseology ar e not

mor e fan ciful than is r equisite t o make them cor r e
spond t o th e appar en t capr ices Of natur e or of thought ;
and though much in language m ay b e call ed conven

t ional
,
t h e conven t ion s exist for th e sake of expr essing

some t ruth or Opini on
,
and not for their own sake.

Th e pr in ciple
,
that th e condit ion of the use of term s is

th e possibil ity of g en era l , in tellig ible, consis tent a sser

t ions, is t r ue in t h e most complet e and ex t ens ive sen se.

7 . Term s m ay h ave differ en t Uses — Th e Te rms
with whi ch w e ar e her e most concern ed a r e N ames of
Classes Of natur al obj ect s ; and when w e say that t h e
pr inciple and th e limi t of such Names ar e their use in
expr essing pr oposit ions concer ning t h e classes, it is
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clear that much~ will depend on t h e ki nd Of pr oposi
t ion s which w e mainly have to eXpr ess : and that t h e
same name m ay have differ en t limi t s, accor ding t o t h e
purpose w e have in View. For exam ple, is th e wha le

pr oper ly in cluded in th e gener a l t erm fish ? When
m en ar e con cer ned in cat ching mari ne an imals

,
t h e

m ain featur es pr ocess ar e t h e same however t h e
an imals m ay hen ce ° wha les ar e classed wi th
fishes, and w e speak Of t h e wha le-fishery. But if w e

look a t t h e analogi es Of or gani zat ion , w e find that , ac
cor ding t o these

,
t h e whale is clea r ly not a fish , b ut a

bea st
, (confin ing this t erm,

for th e sake of di st in ctness,
to suckl ing beast s or m amm a ls). In Natur a l Hist or y,
ther efor e

,
t h e whale is not included among fish . Th e

indefin it e and miscellaneous pr oposit ion s which lan
guage is employed t o enun ciate in t h e cour se of com

m on pra ct ica l life, a r e r eplaced by a mor e coher en t
and syst emat ic collect ion Of pr oper t ies, when w e come
t o aim a t scien t ific kn owledge. Bu t w e Shall her eafter
consider t h e pri n ciple Of t h e classificat ions of N atur al
Hist ory ; our pr esen t subject is th e applicat ion Of t h e
Idea of Liken ess in common pr act ice and common lan
guag e.

8 . G r ada tion of Kinds .
- Common nam es

,
then ,

include many individuals associat ed in Vir tue Of r esem
blan ces, and of permanen t ly conn ect ed pr oper t ies ; and

such names ar e applicable as far as they ser ve to ex

pr ess such pr oper t ies. These collect ions Of individuals
ar e t ermed Kinds, Sor ts, Cla sses.

But this associat ion of par t icular s is capable Of
degr ees. As individuals by their r esemblan ces form
Kinds, so kinds Of t hi ng s, though differ en t , m ay r esem
b le each other SO as t o b e again associa ted in a higher
Class ; and ther e m ay b e sever al successive st eps Of
such classificat ion . Man

,
h or se, tr ee, ston e, a r e each a

name Of a K in d ; b ut a nim a l in cludes t h e tw o fir s t

and excludes t h e other s ; living th ing is a t erm whi ch
includes a n im a l and t r ee b ut not ston e; body includes
a l l t h e four . And Such a sub or dination of kinds m ay
b e t r aced very widely in th e ar r angemen ts of Ian
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dog ? And yet if the defin i t ion b e not
'

necessary to

enable us t o use t h e wor d, why is it necessar y at all ?
I allow that w e possess an indest ruct ible convict ion
that ther e must b e such a char act er of each kind as

w il l supply a defini t ion ; but I ask, on what thi s con

vi ct ion r est s.

I r eply, that our per suasion that ther e must needs
b e ch ar acter ist lb ma rks by whi ch things can b e de

fined in words, is founded on t h e assumpt ion of the

n ecessa r y possi bi lity of r eason ing .

Th e r efer ence of any Object or concept ion t o it s

class wi thout defini t ion
,
m ay give us a per suasion that

it shar es t h e pr oper t ies Of it s class, but such classing
does not enable us to r eason upon those pr oper t ies.
When w e consider m an as an an imal

,
w e ascri be to

h im in thought th e appet it es
,
desir es, affect ions, which

w e habitually include in our not ion Of an imal : b ut
ex cept w e have expr essed these in some defini t ion or

acknowledged descri pt ion Of th e t erm an im a l
,
w e can

make no use of t h e per suasion in r at iocin at ion . But

if w e have described an imals as
‘being impelled to

act ion by appet it es and passion s,
’
w e can not only

t hi nk, b ut say,
‘m an is an animal , and ther efor e h e

is impell ed to act by appet it es and passions.

’
And if

w e add a fur t her defini t ion
, that

‘m an is a r easonable
animal ,

’

.and if i t appea r that ‘
r eason implies con

formity to a r ule of act ion
,

’

w e can then fur ther infer
that man ’

s n atur e is t o conform t h e r esult s of anim al

appet ite and passion to a rul e Of act ion .

Th e possibili ty Of pur suing any such t r ain Of rea son
ing as thi s, depends on t h e definit ions, of an im a l and

Of m an , whi ch w e have int r oduced ; and t h e possibili ty
of r easoni ng concerning th e Object s a r ound us being
inevit ably assumed by us fr om t h e con st itut ion Of our
n atur e, w e assume Con sequent ly t h e possibil ity Of such
defini t ions as m ay thus form par t of our deduct ion,
and t h e exist ence Of such defining char act er s.

1 0. D ifiicu l ty of Defin itions—But though m en ar e,

on such gr ounds, led to make const an t and impor t u

nat e dem ands for definit ions Of t h e terms which they
,

employ in their speculat ions, they ar e, in fact , far
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fr om being able to carry into ‘ complet e effect t h e pos
t ulat e on whi ch they pr oceed, that they must b e able
to find defin it ions whi ch by logical con sequence shall
lead to t h e t ruths they seek. Th e postul at e over looks
t h e pr ocess by whi ch our classes of things ar e formed
and our names applied. This pr ocess consist ing, as

w e have alr eady sa id, in Observing permanent con

nexions Of pr opert ies, and in fixing them by t h e at

t r ibut ion Of names
,
is Of th e natur e of t h e pr ocess

Of Induct ion
,
Of whi ch w e shall aft erwar ds have t o

speak. And t h e postulat e is SO far t r ue, that thi s
pr ocess Of induct ion being once per formed, its r esul t

m ay usually b e expr essed by means of a few defi

n it ions
,
and m ay thus lead by a deduct ion t o a t r ain

of r eal t ruths.

But in t h e subjects wher e w e principally find such a

subor di nat ion of classes as w e have Spoken Of
,
this

pr ocess of deduct ion is r ar ely Of m uch pr omin ence : for
example, in t h e br an ches Of natur a l hist ory. Yet i t i s

in these subject s that t h e exist en ce and impor t ance of

these char acter ist ic marks, which w e have spoken of
,

pr incipally comes int o View. In t r eat ing Of these
marks, however , w e en t er upon methods whi ch ar e

t echni cal and scien t ific, not popular and comm on . And

befor e w e make this t r ansit ion , w e have a r emark t o
make on t h e mann er in whi ch wr it ers, wi thout r efer
ence to physics or natur al hi story

,
have spoken of

kinds
,
their subor dinat ion , and their marks.

I I . The Five Wor ds.

’— These things, —th e Natur e
andRelat ions of Classes

,
— wer e

,
in fact

,
th e subj ect s Of

minut e and t echn ical t r eatment by t h e logi cian s Of t h e
school of Aristot le. Por phyr y wr ot e an Int r oduct ion
t o t h e Ca teg or ies Of that phi losopher , which is en t it led
On the Five Wor ds . Th e ‘Five Wor ds ’ ar e G enus,
Species, D if

f
er ence

,
P r oper ty, Acciden t . G enus and

Species ar e super ior and in fer ior classes, and ar e st at ed”

t o b e capable Of r epeat ed subor dinat ion . Th e ‘most

2 Porph yr . Isagog . c. 23 .
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gener al G enus ’ is t h e widest class ; t h e
‘most specia l

Species ’ t h e nar r owest . Between these ar e in t erm e

diat e classes, which ar e G en er a wi th r egar d t o those
below

, a nd Species with r ega r d t o t hose above them.

Thus Being is t h e most gener al G enus ; under this is
Body ; under Body is Living Body ; under this again
An imal ; un der An imal is Ra t ion al An imal, or Man ;
under Man ar e Socr at es and Plat o, and other indi
Vidual m en .

Th e D ifer ence is that whi ch is added to t h e genus
t o make t h e species ; t hus Rat ional is t h e D iffer ence
by which t h e genus An imal is made t h e species Man

t h e D iffer ence in thi s Techni ca l sense is t h e Specific,
or species-mak ngs Differ ence

"
. It foIm s t h e D efin i

t ion for the piir pOses Of logic, and cor r esponds t o th e
Char a cter ’ (specific or ener ic) Of t h e N atur a l His
t orians. Indeed Sei er alCf them,

as
,
for in st ance, Lin

neeus
,

‘
i ii h is Ph i losoph ia Botanica , a lways call these

Char act er s t h e p ipes ence, bya t r adit ional applicat ion
o f t h e Per ipa t et ic terms of ar t .

Of t h e other tw o wor ds, th e Pr oper ty Is that whi ch
though not employed in defin ing t h e class

,
b elong s t o

every part of it
‘
: it is,

‘What happen s t o a l l t h e

class
,
t o it alon e, and at al l t imes ; as to be capable of

laugh ing is a Pr oper ty Of m an .

’

Th e Accident is t hat which m ay b e pr esen t and

absent wi thout t h e dest ruct ion of t h e subj ect , a s t o

sleep is an Acciden t (a thing which happen s) to m an .

I need not dw ell fur ther on thi s syst em Of t ech ni
cal it ies. Th e most r emarkable poin ts in

,
it ar e those

whi ch I have al r eady not iced ; t h e doctrine of t h e

successive Subor dina t ion of gener a
,

and t h e fixing
at t ent ion upon th e Specific D iffer ence. These doct r in es,
though inven t ed in or der t o make reason ing mor e sys

t em at ic
,
and a t a per iod an t er ior t o t h e exi st ence Of

any Classificat ory Science, have, by a cur ious con t r ast
with t h e int ent ions of their founder s, been Of scar cely

3
eidon'

ouis‘. 4 Isag og . c. 4.
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CHAPTER I I .

METHODS gr NATURAL HI STORY, As REGULATED
BY THE IDEA OF LIKENESS.

SECT. I .
—Na tur a l History in g ener al .

1 . Idea of Likeness in Na tur a l Histor y— THE
var ious br an ches of Natural History, in so far as they
ar e cl assificat ory sciences mer ely, and do not depend
upon physiological Views, r est upon t h e same Idea Of
Likeness whi ch is t h e gr ound Of t h e applica t ion of t h e

names, more or less general, of common language. But

t h e n atur e Of scien ce r equi r es that
,
for h er purposes,

this Idea should b e applied in a mor e exact and r igour
ous manner than in i ts common and popular employ
men t ; just as occurs with rega r d t o t h e other Ideas
on whi ch science is founded —for ins tance, as t h e idea
Of space gives rise

,
in popul ar use

,
t o t h e r elat ion s

implied in t h e pr eposit ions and adject ives whi ch r efer
t o posit ion and form

,
and in it s scient ific develop

m en t g ives r ise to t h e mor e pr ecise r elat ions of g eo

met r y.

Th e w ay in which t h e Idea of Likeness h as been
appli ed, so as t o lead to t h e const ruct ion Of a science,
is best seen in Botany : for , in t h e Classificat ion of

An imals
,
w e ar e inevi tably gui ded by a consider at ion

of th efunction Of par t s ; t ha t is, by an idea ofpurpose,
and not of likeness mer ely : an d in Miner alogy, t h e
a t t empt s a t classificat ion on t h e pri nciples Of Na tur al
Hist or y have been hither t o very imper fect ly success
ful. But in Bot any w e have an example Of a br anch
of knowledge in whi ch syst emat ic classifica t ion h as

been effect ed with gr eat beauty and advan tage ; and

in which th e peculiar it ies and pr inciples on which such
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classificat ion must depend have been car efully studied.

Many of t h e pr incipa l bot ani st s, as Linnaeus, Adanson ,

D ecandol le, have not on ly pr act ically applied, b u t have
theor et ica lly enunciat ed, what they held t o b e t h e

sound maxim s Of classificat ory scien ce : and have thus
enabled us to place befor e t h e r eader wi th confi dence
t h e phil osophy Of thi s kind Of science.

2 . Condi tion of i ts Use.
—We m ay begi n by r emark

ing that th e Idea Of Likeness, in its syst emat ic employ
men t , is gover ned by t h e same pr inciple which w e

have a lr eady spoken Of as r egulat ing t h e dist r ibut ion
Of thi ngs in t o kinds, and t h e assignment Of names in
unsyst ema t ic thought and Speech ; namely, t h e condi
t ion that g ener a l pr opositions sha ll be possi ble. But as

in t his case t h e pr oposit ions ar e to b e Of a scien t ific
form and exa ctness

,
t h e l ik eness must b e t r eat ed wi th

a cor r espondi ng pr ecision ; and it s consequences t r aced
by st eady and dist in ct pr ocesses. N atur alist s must

,

for their pur poses, employ t h e r esemblances of Obj ect s
in a t echn ical mann er . Thi s t echni cal pr ocess m ay b e

consider ed as consist ing of thr ee st eps — Th e fixat ion
Of t h e r esemblan ces ; Th e use of them in makin g a

classificat ion ; Th e means of applying th e classificat ion .

Th ese thr ee steps m ay b e spoken Of a s t h e Ter m inology,
t h e Plan of the System ,

and t h e Scheme of the Cha

SECT. II .
—Term inology

’
.

3 . Term inology signifies th e coll ect ion of terms
,
or

t echni cal wor ds, which belong t o t h e scien ce. But in

fixing t h e meani ng of th e t erms, a t least Of t h e de
SCIi pt ive t erm s

,
w e n ecessar il y fix, a t t h e same t ime,

t h e per cept ions and not ions which th e t erms ar e t o

1 D ecandol le and oth er s use th e a. few oth er par ts of compounds) as
term Glossology instead of Term ino not r est r icted tO G reek com b ina t ions,

logy, to avoid th e b l em i sh of a.word is so g r eat , th at I sh all ventur e, in
com pounded of two part s taken from th ese cases, to disr egard th is ph ilo
differ ent languages. Th e convenience logical scruple.

Of tr eat ing th e t erm ination 010931 (and
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convey ; and thus t h
g
Term inology Of a classificatory

science exhi bit s th e e em en t s Of it s subst ance as well
a s Of its language. A lar ge b ut indispensable par t Of
t h e study of bot any (and of m iner al ogy and zoology
al so

,) consist s in t h e acqui sit ion of t h e peculia r voca~
b ul ary Of t h e science.

Th e meaning of t echni ca l t erms can b e fix ed in t h e
fir st instan ce only by convent ion

,
and can b e made

in t elligible on ly by pr esen t ing t o t h e senses that whi ch
t h e t erms a r e t o sign ify. Th e knowledge of a colour
by it s n ame can onl y b e taugh t through t h e eye. N0

descr ipt ion can convey t o a hear er what w e mean by
apple

-

g r een or Fr ench g r ey. I t might
,
perhaps

,

’

b e

supposed that , in th e fir st example, t h e term apple,
r efer r ing to so familiar an Object

,
sufficien t ly suggests

t h e colour in t ended . But i t m ay easily b e seen that
this is not t r ue ; for apples ar e Of many differ en t hues
Of green , and it is onl y by a convent ional select ion that
w e can appr opr iate t h e t erm to one Special shade.

When thi s appr opr ia t ion is once made, t h e t erm refers
to t h e sensat ion , and not to t h e parts Of this t erm ; for
these ent er into t h e compound mer ely as a help to t h e
memor y, whether t h e suggest ion b e a na tur a l con

n ex ion as in ‘
apple-gr een,

’

or a casua l one as in

Fr ench gr ey.

’
In or der t o derive due advan tage

fr om t echn ica l terms of this kind, they must b e asso

ciat ed imm edia tely with t h e per cept ion t o whi ch they
belong ; and not conn ect ed with it t hr ough t h e vague
usages Of common lang uage. Th e memory must r eta in
t h e sensat ion ; and t h e techni cal wor d must b e under
stood as dir ect ly as t h e most famili ar wor d, and mor e
di st inct ly. When w e find such t erms as tin-wh ite or

pinchbeck
-br own ,

t h e m etal lic colour so denoted ought
t o st ar t up in our memory without delay or sear ch.

This, which it is most impor tan t t o r ecollect with
r espect to t h e simpler pr opert ies Of bodies

,
as colour

and form,
is no less t rue wi th r espect t o mor e com

pound n ot ions . In all cases t h e t erm is fixed to a

peculiar meaning by conven t ion ; and t h e student, in
or der t o use t h e wor d, must b e complet ely famili ar
wi th t h e convent ion, so th at h e h as no need to fr am e
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t h e cor olla , t h e stam ens
,
and th e pist ils : th e sect ion s

of t h e cor olla wer e term ed peta ls by Columna ; those
of t h e calyx wer e ca lled sepa ls by N ecker

a

k
Some

t imes t erms of gr ea t er gen er al ity wer e devi sed ; as

per ian th t o in clude t h e cal yx and cor olla, whether one

or both of these wer e pr esent “; per ica rp for t h e pa r t
inclosing th e gr ain , Of what ever kind it b e, fruit , nut

,

pod, &c. Andi t m ay easily b e imag ined that descrip
t ive t erms m ay, by definit ion and combinat ion

,
become

very numer ous and di st in ct . Thus leaves m ay b e
call ed pinn a tifidflp inna tipa r tite, pinna tisect, pinn a ti
loba te

, pa lm a tifid, pa lm a tipa r t ite, &c.
,
and each of these

words designat es differ en t combinat ions Of th e modes
and ex tent Of t h e divisions of t h e leaf with t h e divi
sions of it s out line. In some cases ar bit r ary num er ica l
r elat ions ar e in t r oduced into t h e definit ion : thus a leaf
is call ed bi loba te 6 when it is divi ded into tw o parts by
a not ch ; but if t h e -not ch g o t o t h e middle Of it s
length

,
i t is bifid; if it g o near t h e base of t h e leaf, it

i s bipa r ti te; if t o th e base, i t is bisect . Thus
,
t oo

,
a

pod Of a cr ucifer ous plan t is a si li ca
7 if it b e four

t imes as long as it is br oad, b ut if it b e Shor t er than
this it is a si licula . Such t erms being established, t h e
form of t h e very complex leaf or fr ond of a fern is

exact ly conveyed by t h e following phr ase : ‘fr onds
ri gid pinnat e

,
pinnae r ecur ved sub unilater a l pinnat ifid,

t h e segment s lin ear undi vi ded or b ifid spinul OSO
-ser

r at e
8
.

’

O ther char act er s, as well as form,
ar e conveyed with

t h e like pr ecision : Colour by means of a classified
scale Of colour s, a s w e have seen in speaking of t h e

Measur es of Secondar y Quali t ies ; t o which, however ,
w e must add, that t h e na tur a list employs a r bit r ary
names

, (such as w e have alr eady quot ed,) and not mer e
numer ical exponen t s, t o indi cat e a cert ain number of

3 D ecandolle, 329.
7 Ih . 422.

4 For t h is Er h ar t and Decandoll e 8 Hooker , Br i t. Flo. p. 45 Hy

use Pcr i gone.
'me'rwphyllum Wi lsoni , Scot t ish film y

5 Dec. 3 18. fern, ab undant in th e h i gh l ands Of
6 I b. 493. Scot land and about Killar ney.
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selected colour s. This w as done with most pr ecision
by Werner , and h is scale Of colour s is st ill t h e most
usual standar d Of na tur a list s. Wer n er also in t r oduced
a mor e ex act t erminology with r egar d t o other char act er s
which ar e impor tan t in m inei a logy, as lust r e

,
ha r d

n ess. But Mohs impr oved upon this st ep by giving a
numer ical scal e Of har dness

,
In which ta le i s I

, gypsum

2
,
ca lc spa r 3 , and so on , as w e have alr eady explain ed

in t h e History of Min er alogy.

’

Some pr oper t ies
, as

specific gr avi ty
,
by their defin it ion give a t on ce a

numer i ca l measur e
,

and other s, as crystallin e form
,

r equir e a very con sider able a r r ay of mathema t ica l cal
cula t ion and r easoni ng, t o poin t ou t their r elat ion s and
gr adat ion s. In a l l cases t h e fea tur es Of liken ess i n t h e

Obj ect s must b e r ight ly appr ehended, in or der to their
being expr essed by a di st in ct t erminology. Thus no

t erms could descri be cryst als for any purp ose of natu
r a l hist or y

, t i ll it w as di scover ed tha t in a class Of
min er als t h e pr opor t ion of t h e fa ces might var y, while
t h e angle r emained t h e same. Nor could cryst als b e
descr ibed SO as t o dist inguish species

,
t ill it w as found

that t h e der ived and pr imit ive forms ar e connect ed by
very Simple r elat ions of spa ce and number . Th e dis

covery Of t h e mode in whi ch char ac t er s must b e appr e

hended SO that they m ay b e consider ed asfixed for a

class
,
is an impor t an t st ep in t h e pr ogr ess Of each

br an ch Of Na tui al History ; and hen ce w e have h ad
,

in t h e Hist ory Of Miner a logy and Bot any, t o di st in

guish as impor t an t and emin en t per sons those w h o

made such di scover ies
,
Rom é de Lisle and Ha iiy,

Cesalpinus and G esner .

By t h e con t inued pr ogr ess Of that knowledge Of
min er als, plan t s, and other n atur a l obj ect s

,
in which

such per sons made t h e most dist in ct and marked st eps
,

b ut which h as been const an t ly advan cing in a mor e
gr adua l and imper cept ible manner

,
t h e most impor tan t

and essent ia l fea tur es Of similar ity and dissim ilar ity in
such Object s have been select ed

,
ar r anged, and fit t ed

with names ; and w e have thus in such depar tmen t s
,

syst ems Of Terminology which fix our a t t ent ion upon
t h e r esemblances whi ch it is pr oper t o consider , and

VOL. 11. I
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enable us t o convey them in wor ds. W e have now t o

speak Of t h e mode in which such r esm b lan ces have
been employed in th e const ruct ion Of a Syst emat ic
Classificat ion .

SECT. III. The P lan of the System .

4 . Th e colle ct ion Of sound Views and maxims by
which t h e r esemblan ces Of natur a l Obj ect s ar e applied
SO as t o form a scien t ific classificat ion

,
is a depar tment

of t h e philosophy of natur a l hi st ory whi ch h as been
t ermed by some wr i ter s (as D ecandolle), Taxonomy, as
con t aining t h e Laws of t h e Taxis (a r r ang emen t ) .
By some G erman s this h as been denominat ed Sg s
tem a tik; if w e coul d now form a n ew substan t ive aft er
t h e analogy Of t h e wor ds Log ick, Rh etor ick, and t h e

like, w e might call it System a tick. But though our

English wr it er s commonly use t h e expr ession Sys

tem a tica l Botan y for t h e Botany of Classifica t ion ,
they

appea r t o pr efer t h e t erm Di a taxis for t h e method Of
const r uct ing t h e classificat ion . Th e r ules of such a

branch of sci ence ar e cur ious and inst ruct ive.

In fr aming a Classifica t ion Of Objects w e must at t end
t o their r esemblances and differ ences. But her e t h e
quest ion occur s

,
t o wh a t r esemblances and differ ences ?

for a di ffer en t select ion of t h e point s Of r esemblance
would give differ en t r esult s : a plan t fr equent ly agr ees
in leaves with one gr oup of plan t s

,
in flowers with an

other . Whi ch set of char act er s ar e w e to take as our

gui de
Th e Vi ew a lr eady g

0fiven Of t h e r eg ulat ive pr in ciple
of a ll classificat ion , namely, that it must enable us to
asser t t rue and gen er al pr oposit ions

,
wi ll Obviously

occur as applicable her e. Th e Obj ect Of a scien t ific
Classificat ion is t o enable us t o enunciat e scient ific
t r uths : w e must ther efor e cla ssify accor ding t o those
r esemblan ces of obj ect s (plan ts or any other s) whi ch
br ing to light such t r uths .

But this r eply t o th e inquiry,
‘On what char acter s

of r esemblan ce w e ar e t o found our syst em,

’

is st i ll t oo
gen er al and vague to b e sat isfact ory. I t car ri es us,
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oper a t ion Of such pr in ciples : and such addit iona l Ideas
must b e employed, besides those Of mer e liken ess and

unl ikeness
,
in or der to poin t out that Classificat ion

which h as a r ea l scient ific val ue .

Accor dingly, in th e classificat ory scien ces, Ideas
other than Likeness do make their appear an ce. Such
Ideas in bot any have influen ced t h e pr ogr ess Of t h e
scien ce, even befor e they have been clearly br ought
in to view . W e have especially t h e Idea of Affinity,
which is

’

t h e basis Of al l N atur al Syst ems Of Classi
ficat ion ,

and which w e Shall consider in a succeeding
chapter . Th e assumpt ion that ther e is a N a tur a l Sys
t em

,
an assumpt ion made by a l l philosophical bot an ist s

,

implies a belief in t h e existence of N a tur al Affin ity,
and is ca r ri ed int o effect by mean s of pr inciples whi ch
a r e involved in tha t Idea . But as t h e format ion of all

syst ems of classifica t ion must involve, in a gr eat de
gr ee

,
t h e Idea of Resemblance and D iffer ence

,
I Shall

fir st con sider t h e effect Of that Idea
,
befor e I t r ea t

Special ly Of N a tur a l Affin ity.

6. Na tur a l Cla sses — Many at t empt s wer e made t o
classify veget ables befor e t h e rules which gover n a

natur a l syst em wer e clea r ly appr ehended. Botan ists
agr ee in esteeming some char act er s as Of mor e va lue
than other s

,
befor e they h ad ag r eed upon any gener a l

r ules or pr in ciples for est imat ing t h e r ela t ive impor t
an ce Of t h e char ac t er s. They wer e convin ced Of t h e
necessity of adding other con sider at ions t o tha t Of Re

sem b lance, . w it h ou t seeing clear ly wha t these other s
ought to b e. They aimed at a N at ur a l Classificat ion

,

without knowing di st inct ly in what manner it w as t o

b e Natur al.
Th e at t empt s t o form N a tur a l Cla sses, t her efor e,

in t h e fir st pa r t Of their hi st ory
,
belong t o t h e Idea

Of Liken ess, though Obscur ely modified, even fr om an

ear ly per iod, by t h e Ideas of Affin ity
,
and even Of

Funct ion and Of D evelopment . Hence N a tur al
Classes m ay, t o a cer t ain ext en t

,
b e t r eat ed Of in this

place.

N atur al Classes ar e Opposed t o Ar t ificial Classes
which ar e under st ood t o b e r egula ted by an a ssum ed
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char act er . Yet no clas ses can b e so absolut ely Ar ti
ficial in this sense, as t o b e fr amed upon char act er s
a r bitr a r i ly assumed ; for inst ance, no one would speak
Of a class of Shr ubs defined by t h e cir cumstan ce of

ea ch having a hundr ed leaves : for Of such a class no

a sser t ion could b e made, and ther efor e t h e class could
n ever come under our not ice. In what sense then a r e

Ar t ificial Classes t o b e under stood, as opposed t o N a

tur a l ?

7 . Ar tificia l Classes — TO this quest ion , t h e follow
ing is t h e answer . .When Natur al Classes of a cer t ain
sma ll ex t ent have been formed, a syst em m ay b e

devised whi ch shall b e r egulat ed by a few select ed ch a
r act er s, and which shall not dissever these smal l N atu
r a l Classes

,
b u t conform t o them as far as they g o. If

these select ed char act er s b e then made absolut e and

imper at ive, and if w e abandon al l a t t empt t o Obtain
Na tur al Classes of any higher or der and wider ext en t ,
w e form an Ar t ificial System.

Thus in t h e Linnaean Syst em of Bo tan ical Classifica
t ion

,
it is assumed that cert ain natur al gr oups

,
namely

,

Species and G en er a
,
a r e es tablished ; it is conceived,

mor eover
,
that t h e di vision of Classes accor ding to

t h e number Of stamens and Of pist ils does not viola t e
t h e n atur a l connexions Of Species and G en er a . This
a r r angemen t , accor ding t o th e number Of stamens and
pist ils

, (fur ther modified in cer ta in cases by other con

sider at ions
,) is then m ade t h e gr oun d Of a l l t h e higher

divisions Of plant s, and thus we have an Ar t ificial
Syst em.

I t h as been object ed t o this View, that th e Linnaean
Ar t ificial Syst em does not in al l cases r espect t h e
bounda r ies of gener a

,
but would, if r igor ously applied,

di st r ibut e t h e species Of t h e same genus int o di ffer en t
ar t ificial classes it would divide

,
for inst ance, t h e

gen er a Va ler ian a , Cer an ium
"

,
&c . To t his w e must

r eply, that so fa r as t h e Linnaean Syst em does this, it
i s an imper fect Ar t ificial Syst em. I t s gr ea t mer it is
in i t s making such a disjunct ion in comparat ively so

9 D ecand. Theor . Elem . p. 45.
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few cases and in t h e art ificial char act er s being, for
th e most part

,
Obvious and easily applied.

8 . Ar e G ener a Na tu r a l l— I t h as been obj ect ed also
tha t G ener a ar e not N atur al gr oups. Linnaeus asser t s

in t h e most posit ive manner that t hey a r e w. On which
Adanson observes“,

‘I know not h ow any Bot an ist can
mainta in such a thesis : that which i s cer t ain is

,
that

up t o t h e pr esent t ime no one h as been able t o pr ove
it
,
n or t o give an exa ct defin i t ion of a na tur al genus

,

b ut only Of an ar t ificial.’ He then br ings sever al
argumen t s to confirm this, view.

But w e ar e t o Observe, in answer t o thi s
,
that

Adanson impr oper ly confoun ds t h e r ecogn it ion of t h e

ex ist ence of a natur a l gr oup wi th t h e inven t ion of a

t echnical mark or definit ion Of it . G en er a ar e gr oups
Of spec ies associat ed in Vi r t ue Of n a tur a l affini ty, of

gener al r esemblan ce, of r eal pr opinqui ty : of such
gr oups

,
cer t ain selected char act er s, one or few

,
m ay

usual ly b e discover ed, by which t h e
'

Species m ay b e

r efer r ed to t heir gr oups. These Ar t ificial char acter s
do not con st itut e, b ut indi cat e th e genus they ar e t h e

D iagnosis, not t h e basis of t h e D ia taxis : and they ar e
a lways subj ect t o b e r ej ect ed, and t o have other s sub

st itut ed for them,
when they Violat e t h e natur al con

n exi on Of species whi ch a minut e and enlar ged study
di scover s.

I t is, ther efor e, no pr oof that G en er a ar e n ot Natu

r a l
,
to say that their ar t ificial char a cter s ar e differ en t

in differ en t syst ems. Such char act er s ar e only differ ent
a t t empts to confine t h e var iety of na tur e wi thin t h e

lim i t s of defin it ion . N or is it sufficient to say that
these gr oups themselves ar e differ ent in differ en t w r i
t ers tha t some botani st s make gener a what other s
make on ly species

,
as P edicu la r is

,
Rh inan thus

,
Eu

ph r asia , An ti r r h inum
”

. Thi s discr epan cy shows onl y
t hat t h e natur al a r rangement is not yet complet ely
known, even in th e smaller gr oups ; a conclusion to

which w e need not r efuse our assen t . But in opposi

10 Ph i l. Bot. Ar t. 165. 11 Fam ille dc Ph . Pref. cv.

12 Adanson, p. cvi.
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fr om t h e fr uct ificat ion t o t h e leaves ? I t 1s pla in that
they seek something, not of their own devising and

cr eat ing —not anything mer ely convent ion al and sys

t em at ic b ut something which they con ceive t o ex ist

in t h e r elat ion s of t h e plan t s themselves -somet hi ng
which is without t h e mind

,
not within —i n natur e,

n ot in a r t —in shor t
,
a Natur a l O r der .

Thus t h e r egu lat ive pr in ciple of a G enus, or of any
other natur a l gr oup is

,
that it is

,
or is supposed t o b e,

natural. And by r efer ence t o this pr in ciple a s our

g uide, w e shall b e able t o under st and t h e meaning of
that indefini t en ess and indecision which w e fr equen t ly
find in t h e descr ipt ions of such gr oups

,
and whi ch

must appear so st r ange and incon sist en t t o any on e

w h o does not suppose these descr ipt ion s t o assume any
deeper gr ound of connexion than an a rbit r ary choice
of t h e botan ist . Thus in t h e family of t h e Rose-t r ee,

w e a r e t old tha t t h e ovu les ar e ver y r a r ely er ect ”, t h e
stigm a ta ar e usua l ly simple. Of wha t use

,
it m i ght

b e asked, can such loose accoun t s b e ? To which t h e
answer is, that they a r e not inser t ed in or der t o dis
t ing uish t h e species, b ut in or der t o descr ibe t h e family,
and t h e t ot a l r elat ion s of th e ovules and of t h e st ig
mat a of t h e family ar e bet t er known by t hi s gener a l
st a t emen t . A similar observat ion m ay b e made wi th
r ega r d t o t h e Anomalies of each gr oup, which occur so

commonly
,
that Mr . Lindley, in h is In tr oduction to th e

Na tur a l System of Botany, makes t h e
‘Anomalies ’

an

a r t icle in each Family. Thus
,
pa r t of th e char a ct er of

t h e Rosaceae is that they have alt ern at e stipula te leaves,
and that th e a lbumen is obli ter a ted : b ut yet in Lowea ,
one of t h e gen er a of t hi s family

,
t h e st ipulae ar e a bsen t ;

and t h e albumen is pr esen t in another , Nei llia . This
implies, as w e have alr eady seen

,
that t h e a r t ificial

char a ct er (or dzagnosis as Mr . Liridl ey calls it ) is im
per fect . I t is

,
though very near ly, yet not ex act ly

,

commensur at e with t h e natur al gr oup : and hence, in
cer t ain cases, this char act er is made t o yi eld to th e

gener a l weight of natur al affin it ies.

17 Lindley, Na t. Syst. p . 8r .
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9 . D ifier en ce of N a tur a l Histor y a nd Jifa tb em a tics.

— These views,— of classes det ermin ed by char a ct er s
which cannot b e expr essed in wor ds, —of pr oposit ion s

‘

which st at e
,
not what happens in a ll cases

,
but only

usually
,
—of par t icular s whi ch ar e included in a class

t hough they t r an sgr ess t h e defin it ion of it , m ay very
pr obably sur pr ise t h e r eader . They ar e so cont r ary to 5
many of t h e r eceived opinions r espect ing t h e use of

defini t ion s and t h e nat ur e of scient ific pr oposit ion s,
tha t they wil l pr obably appear t o many per sons highly
i llogical and unphilosophi cal , But a disposi t ion t o )
such a judgment ar ises in a gr eat m easur e fr om this ;
—that t h e m a themat ica l and m at h em at ico-physica l

scien ces have
,
in a gr eat degr ee, det ermined men

’

s

vi ews of t h e gener al natur e and form of scien t ific t ruth
while Natur al Hist ory h as not yet h ad t ime or oppor

t un ity t o exert its due influence upon t h e cur r en t
habit s of philosophiz ing. Th e appar ent indefin it eness '

.

and in consist en cy of t h e classifica t ion s and defin it ion s
of N atural Hist ory belongs, in a far higher degr ee, t o
a l l other ex cept mathema t ical specul at ions : and t h e

m odes in which appr oximat ions t o exact dist in ct ion s
and gener al t ruths have been made in N atur a l His
t or y, m ay b e worthy our a t t ent ion

, even for t h e light
'

they thr ow upon th e best modes of pur suing t r uth of

al l kinds.

1 0. N a tur a l G r oups g iven by Type not by Defin i tion .

— Th e fur t her developmen t of this suggest ion must
b e con sider ed her eafter . But w e m ay her e observe,
that though in a Natur a l G r oup of object s a defini t ion
can no longer b e of any use as a r egulat ive pr inciple

,

classes ar e not , ther efor e, left quit e loose, without any
cert a in st andar d or guide . Th e class is st eadily fix ed

,

though not pr ecisely limit ed ; it is given ,
though not

cir cumscr ibed ; it is det ermined, not by a bounda ry
line without

,
b ut “by a cen t r a l poin t within ; n ot by

wha t it st r ict ly excludes, b ut by what i t eminent ly
in cludes ; b y an example

,
not by a pr ecept ; in shor t ,

inst ead of D efin it ion w e have a Type for our dir ect or .

A Type is an example of any class, for inst an ce, a
species of a genus, which is consider ed as emi nent ly
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'

possessing t h e char act er s of th e class. All t h e species
which have a gr eat’er affini ty wi th this Type—species
than with any other s, form t h e genus, and ar e r anged
about i t

,
deviat ing from it in vari ous di r ect ions and

differ en t degrees. Thus a genus m ay consist of sever al
species, whi ch a ppr oach very near th e type

,
and of

which t h e claim t o a place wi th it is obvious ; while
ther e m ay b e other species whi ch straggle fur ther fr om
this cen t r a l knot

,
and which yet ar e clear ly mor e con

nect ed wi th i t than wi th any other . And even if

ther e should b e some species of which t h e place is
dubious, and which appear t o b e equally bound by tw o
gener ic types, it is easily seen tha t this would not

dest r oy t h e r ea lity of t h e generic gr oups, any mor e
than t h e scat t er ed t r ees of t h e in t er vening pla in pr e
vent our speaking int ell igibly of t h e di st inct for est s of
tw o separ at e hi lls.

Th e Type- species of every genus, t h e Type-genus of

every fami ly
,
is, then , on e which possesses al l t h e ch a

r act er s and pr oper ties of t h e genus in a ma rked and

pr om inent manner . Th e Type of t h e Rose family h as
a lt ernat e st ipula t e leaves, wan t s th e albumen , h as t h e

ovules not er ect , h as t h e st igmata simple
,
and besides

t hese featur es, whi ch di st ingui sh it from th e except ion s
or var iet ies of it s class, it h as t h e featur es which
make i t pr ominen t in i ts class. I t is one of those
which possess clear ly several leading a t t r ibut es and

thus
,
though w e cannot say of ‘

any one genus that i t
m ust b e t h e Type of t h e family, or of any one species
t ha t it m ust b e t h e Type of t h e genus

,
w e ar e st ill not

wholly t o seek : t h e Type must b e connect ed by
many affini t ies wi th most of th e other s of its gr oup ; i t
must b e near t h e cent er of t h e crowd, and not one of

t h e st r aggler s.
I I . I t h as alr eady been r epea t edly stated, as th e

grea t ru le of a l l classificat ion, that t h e classifi cat ion
must ser ve t o asser t gener al proposit ions. I t m ay b e

asked wh a t pr oposit ions w e ar e able to enunciat e by
means of such classifica t ions as w e ar e now t r eat ing of.
And th e answer is, that t h e collected knowledge of t h e

cha ract ers
,
habit s

,
pr opert ies, organi zat ion, and func
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gui sh ed by t h e number of styles, and a r e called m ono

g yn ia , digyn ia , t r igyn ia , and so on
,
t h e t erminat ion of

t hese wor ds mean ingfem a le. And so far as this nume
r ica l di vision and subdi vision g o on

,
t h e syst em is a

r igor ous syst em,
and st r ict ly a r t ificial.

But t h e condi t ion that t h e a r t ificial syst em shall leave
cer t ain n atur a l affini t ies un touched

,
makes it impossible

t o g o t hr ough 'th e veget able kin gdom by a method of

mer e numer at ion of stamens and st y les. Th e dist in ct ion
of flower s wi th twen ty andwi th thi r ty stamen s is not a
fixed dist inct ion : flower s of one and t h e same kind

,
a s

r oses
,
have

,
some fewer than t h e former

,
some mor e

than t h e lat t er number . Th e Ar t ificial Syst em,
ther e

for e
,
must b e modified. And ther e a r e vari ous r ela

t ion s of connex ion an d pr opor t ion among t h e stamina
which a r e mor e permanen t and impor tan t than t h eir

mer e number . Thus flower s wi th tw o longer and two

shor t er st amens ar e not placed in t h e class tetr andr i a ,
b u t a r e made a separ at e class dielynam ia ; those wi th
four longer and tw o shor t er ar e in like m anner tetr a

dynam ia , not h exandr ia ; those in wi ch t h e filamen t s
a r e bound int o tw o bundles ar e diadelph ia . All these
and other classes a r e deviat ion s fr om t h e plan of t h e

ea r lier Classes, and ar e so far defects of t h e art ificial
syst em ; but they ar e deviat ions r equisit e in or der that
t h e syst em m ay leave a basis of na tur a l gr oups

,
with

out which it would not b e a Syst em of Veg etables.

And as t h e divi sion is st ill founded on some pr oper t ies
of t h e st amens, it combines not il l wi th that par t of

t h e syst em which depends on t h e number of them.

Th e G lasses fr amed l n vi r tue of these va r ious consider a
t ion s make up an Art ificial Syst em which i s t oler ably
coher en t .

But since t h e Art ificial Syst em thus r egar ds natu
r a l gr oups

,
in what does it di ffer fr om a N a tur a l Sys

t em I t di ffer s in this — That though it a llows cer

t ain subordi nat e natur a l gr oups, it mer ely a llows th ese,
and does not endeavour t o ascend to any wider
n atur al groups. I t takes a l l t h e h ig her divisions of its
scheme fr om i ts ar t ificial char act er s, it s st amens and

pist ils
,
without looking t o any natur al aflini t ies . I t
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accepts natur a l G ener a , b ut i t does not ‘

seek na tur al
Fam i lies, or O r der s, or Classes. I t a ssum es n atur a l
gr oups

,
b ut does n ot investig a te any ; i t forms wider

and higher gr oups, b ut pr ofesses t o fr ame them a r bi
t r ar i ly.

But then ,
on t h e other hand

,
t h e quest ion occur s,

Thi s being t h e case
,
what can b e t h e use of t h e Ar t i

ficial Syst em ?’ If it s char act er s, in t h e higher st ages
of classifica t ion

,
b e ar bit r ary, h ow can i t lead us t o t h e

na tur al r elat ion s of plant s ? And t h e answer is
,
that

it does so in vir tue of t h e or igin a l condi t ion
,
that

ther e shall b e cer t ain natur al r elat ion s which t h e ar t i

ficial syst em shall not t r an sgr ess ; and that it s use

ar ises fr om t h e fa cility wi th which w e can follow t h e
ar t ificial ar r angemen t as far as it goes. We can coun t
t h e st amens and pist ils

,
and thus w e know t h e Class

and O r der of our plan t ; and w e have then t o discover
it s G enus and Species by means less symm et r ical but
mor e na tur a l . Th e Ar t ificia l Syst em,

though a rbi
t r ar y in a cer t ain deg r ee, b r ings u s t o a Class in whi ch
t h e whole of each G enus is con t ain ed, and ther e w e

can find t h e pr oper G enus by a suit able method of

seeking. N0 Ar t ificial Syst em can conduct us in t o

t h e ext r eme of det ail
,
b ut it can place us in a situa t ion

wher e th e det a il is withi n our r each . W e cannot find
t h e house of a for eig n fr iend by i t s lat itude and longi
tude b ut w e m ay b e enabled, by a knowledge of t h e

lat itude and longitude
, t o find t h e city in which h e

dwel ls, or at least t h e island ; and .

we then can r each
h is abode by following - th e r oad or explor ing t h e

locality. Th e Ar t ificial Syst em is such a method of

t r avelling by lat itude and longitude ; t h e N a tur a l
Syst em is that which is guided by a knowledge of t h e

coun t r y.

Th e N atur a l Syst em; then , is that w hi ch endeavour s
t 9 a r r ange by t h e natur a l affin it ies of obj ect s ; and

mor e especia lly
,
which a t t empt s t o a scend fr om t h e

lower na tur a l gr oups t o t h e higher ; a s for example
fr om gen er a t o n a tur a l fami lies

,
or der s, and classes.

But as w e have alr eady hin t ed, these expr essions of

natur a l affinit ies, n atural gr oups
,
and th e like, when
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con sider ed in r efer ence t o t h e idea of r esemblan ce
a lone

,
wi thout studying analogy or funct ion

,
ar e very

vague and obscur e . W e must not ice some of t h e

at t empt s which wer e made under t h e oper at ion of thi s
imper fect view of t h e subject .

SECT . IV.
— Modes offr am ing Na tur a l Systems .

1 3 . D ecandolle di st ingui shes t h e a t t empt s a t Na

tur al Classificat ion s int o thr ee sor t s : t hose of blind

t r ia l (talonnem en t), those of g en er a l compa r ison, and

t hose of subor din a tion of cha r a cter s. Th e t wo form er

do n ot depend dist inct ly upon any pr in ciple, except
r esemblance ; t h e thir d r efers us t o other views, and

must b e consider ed in a futur e chapt er .

Meth od of Blind Tr ia l — Th e n ot ion of t h e exist
ence of n atur a l classes dependen t on t h e gener al r e
semblan ce of plan t s

,
—of an affinity showing it self in

differ en t par t s and var ious ways,— though necessa r ily
somewhat vag ue and obscure, w as act ed upon at

"’

an

ear ly per iod, as w e have seen in t h e forma t ion of

gener a ; and w as enun ciat ed in gener al t erms soon

after . Thus Magnolius
19
says tha t h e di scern s in plan t s

an affinity
,
by means of which they m ay b e ar r anged

in families : ‘Yet it is impossible t o obtain fr om t h e

fr uct ificat ion alone t h e Char acters of these famili es ;
and I have ther efor e chosen those par t s of plan ts in
which t h e pr incipal char act er ist ic mar ks ar e found, as

t h e r oot , t h e st em
, t h e flower , t h e seed. In some

plan t s t her e 1s even a cer tai n r esemblance ; an affinity
which does not consist in t h e part s con sider ed sepa
r at ely, b ut in their t otality ; an affinity which m ay b e

felt b ut not expr essed ; as w e see in t h e families of

agr imon ies and cinquefoils
,
which every botan ist will

j udge to b e r elat ed, though they di ffer by their root s,
t heir leaves, their flowers, and their seeds .

’

18 Th eor . Elem . ar t . 41 .

19 D ec. Theor . Elem . ar t . 42. Pet ri Magnoli , Pr odr omus Hist. G en. Plant.
1689 .
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of t h e part ; and w e must make use of these element s
in gr eat er or sma l ler number , as w e have need.

’

1 4 . Method of G ener a l Compa r ison —A coun t ry
m an of Buffon , w h o shar ed wi th h im h is depr eciat ing
est imate of t h e Linnaean syst em, and h is wi sh t o found
a natur a l syst em upon a br oader basis

,
w as Adanson

and h e inven t ed an ingen ious method of appar en t ly
avoidi ng t h e vagueness of t h e pr a ct ice of following t h e
gener a l feel ing of r esemblance. This method consist ed
in making many Ar t ificial Syst ems, in each of which
plan t s wer e a r r anged by some one par t ; and then col

leet ing those plan ts which came near each other in t h e
gr eat est number of those Ar t ificia l Syst ems, as plan t s
n atural ly t h e most r elat ed. Adan son gives an a ccoun t 23

of t h e manner in whi ch thi s syst em ar ose in hi s mind.

He h ad gon e t o Senegal , an imat ed by an int ense zeal
for n a tur al history ; and ther e, am id t h e luxur ian t
vegeta t ion of t h e t or r id zone, h e found that t h e methods
of Linn aeus and Tourn efor t fail ed h im alt ogether as

mean s of ar r anging h is n ew bot ani cal t r easur es. He

w as dr iven t o seek a new syst em. For thi s pur pose,
’

h e says
,
I examin ed plant s in all their par t s

,
withou t

omit t ing any, fr om t h e r oot s to t h e embryo
,
t h e folding

of t h e leaves in t h e bud, their mode of Sheathing “
,
t h e

Situa t ion and folding of t h e embryo and of it s r adicle
in t h e seed, r elat ively t o t h e fruit ; in shor t

,
a number

of par t icular s whi ch few bot an ist s not ice. I made in
t h e fir st pla ce a complete descr ipt ion of ea ch plan t

,

put t ing ea ch of i t s par t s in separ a t e ar t icles
,
in a ll i t s

det ails ; when n ew species occur r ed I put down t h e

poin t s in which they differ ed, omi t t ing those in which
t hey agr eed. By means of t h e aggr egat e of these com

par at ive descr ipt ions, I per ceived tha t plan t s a r r anged
themselves in to classes or families which could n ot b e

a r t ificial or arbit r ary, not being
.

founded upon one or

two par t s, which might change a t cer ta in limit s
,
b ut

on a ll th e par ts ; so tha t t h e dispr opor t ion of one of

t hese par ts w as cor r ect ed and balan ced by t h e in t r o
duct ion of another .

’

Thus t h e pr inciple ofResemblance

23 Pr ef. p. clvii. 24 ‘
Leur m aniere de s

’

engainer .

’
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w as to suffice for t h e gener al ar r angement , not by ’

means of a n ew pr inciple
,
as Symmet ry or O r ganiz a

t ion , w hi ch should r egulat e it s applica t ion
,
b ut by a

numer at ion of - t h e pecul iar it ies in which th e r esem
blan ce consist ed.

Th e labour whi ch Adanson underwen t in t h e execu

t ion of this thought w as immen se. By t aking each
O r gan , and consider ing it s situat ion , figur e, number

,

&c.
,
h e fr amed Sixty-five Ar t ificial Syst ems ; and col

lect ed hi s Na tur al Families by a numer ica l combina
t ion of these. For example, hi s sixty

-fifth Ar t ificial
Syst em 25

is that which depends upon t h e situat ion of

t h e Ovar y wi th r egar d t o t h e Flower ; a ccording t o
this syst em h e fr ames ten Ar t ificia l Classes, including
n in ety

- th r ee Sect ions : and of these Sect ions th e r esult
ing N a tur a l Ar r angement r et a ins th ir ty

-five, above
one-thir d : th e same est ima te is applied in other cases.

But this a t t empt t o make Number supply th e de
fect s which t h e vag ue not ion of Resemblan ce int r o
duces, however ingenious, must end in fai lur e. For

,

as D ecandolle ob serves
g "

, it supposes that w e know
,

n ot onl y al l th e O r gans of plan t s, b u t all t h e point s of

view in which it is
.

possible t o consider them ; and

even if this assumpt ion wer e t r ue, which it is not , and
must long b e very far fr om being, t h e pr in ciple is
a lt ogether vicious ; for i t supposes tha t a l l these poin t s
of view, and a l l t h e r esult ing ar t ificia l syst ems a r e of

equa l impor t an ce — a supposit ion mani fest ly er r on eous.

We ar e thus led back t o t h e con sider at ion of t h e Rela

tive Impor tan ce of O rgans and their qualit ies, as a

basis for t h e classificat ion of plant s
,
which no Ar t ificial

Method can super sede ; and thus w e find t h e necessity
of at t ending t o somethi ng besides mer e ex t er na l and
det ached Resemblan ce. Th e method of G ener al Com
par ison cannot

,
any mor e than t h e method of Blind

Tr ial
,
lead us

,
with any cert ain ty or clea rn ess

,
to th e

N a tur al Method. Adanson
’

s Fami lies a r e held by
t h e best bot an ist s t o b e, for t h e gr ea t er par t , Natur al ;
but h is hypotheses a r e unfounded ; and hi s success is

25 Adanson
,
Pr ef. p. cccxii. 2‘ Dec. Theor . Elem. p. 67 .

VOL. II. K
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pr obably mor e due t o th e dim feeling of Affin ity , by
which h e w as un consciously guided, than t o th e help
h e deri ved fr om h is num er ica l pr ocesses .

In a succeeding chapt er I shall t r ea t of that Na tu
r al Affin ity on which a Natur al Syst em must r ea lly b e
founded. But befor e pr oceedin g t o this hi gher sub

j ect , w e must say a few wor ds on some of t h e other
par ts of th e ph ilosophy of N atur al History, —th e G r a
dat ion of G roups, t h e Nomen clatur e, th e D iagnosis,
and th e appli cat ion of th e methods to other subj ects .

SECT. V .
— G r ada t ion of G r oups.

1 5 . I t h as been alr eady not iced (last chapt er ,) that
even that vague applicat ion of t h e idea of r esemblance
which gives r ise t o th e t erms of common language

, in

t r oduces a subor dinat ion of classes, as m a n
,
an im a l,

body, substan ce. Such a subor dinat ion appea r s in a

mor e pr ecise form when w e employ this idea in a

scient ific manner as w e do in N at ur al Hist ory. We

have then a seri es of divis ions, each inclusive of t h e

lower ones
,
whi ch ar e expr es sed by vari ous metaphor s

in differ ent wr i t er s . Thus some have gone as far as

eight t erms of t h e ser ies”,
and have t aken , for t h e

most par t , mil i tary names for them ; as Hosts, Leg ion s,
Ph a lanxes, Cen tur ies, Cohor ts, Sections, G ener a , Spe
cies. But t h e most r eceived ser ies is Cla sses , Or der s,
G ener a , and Species ; in whi ch, however , w e oft en have
other t erms in t er pola t ed, as Sub-

g en er a , or Sect ions of

gener a . Th e expr essions Fam i ly and Tr ibe, ar e com

m on ly appr opri at ed t o na tur al gr oups ; and w e speak
of t h e Veget able

,
An imal , Min er a l King dom ; b ut t h e

other met aphors of Pr ovinces
,
D ist r ict s

,
&c.

,
which

this suggest s, have not been comm on ly used 28.
I t will of cour se b e under stood that ea ch ascending

st ep of classificat ion is deduced by t h e same pr ocess
fr om t h e one below. A G enus is a collect ion of Spe

cies whi ch r esemble each other mor e than they r esem

27 Adanson,
p. cvi.

28 Sub-Kingdom h as recently been employed b y som e natur alists.
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exposur e, climat e, gxhi b it differ ences which m ay dis

appear by changing t h e cir cumst ances, ar e called Va
r ietie s of t h e species. And thus w e cannot say that a
Species is a collect ion of individuals whi ch possess t h e
First D egr ee Of Resemblance ; for it is clear that a

primr ose r esembles a nother primr ose mor e than i t does
a cowslip but t hi s r esemblan ce onl y const i tut es a

Var iety. Antl w e find that w e must necessar ily in
clude in ou r concept ion of Species, t h e n ot ion of pr o

pag at ion fr om t h e same st ock. And thus a Species
h as been well defined30 Th e collect ion of t h e indi
vidual s descended fr om one another

,
or fr om common

par en t s, and of those whi ch r esemble these as much as

these r esemble each other .

’

And thus t h e sexual doct r ine
of plan t s, or r ather th e consider at ion of them as things
which pr opaga t e their kind

, (whether by seed, Shoot , or
in any other w ay,) is at t h e basis of ou r classificat ions .

1 7 . Th e Fir st permanen t D egr ee of Resemblan ce
among or ganized beings is thus that which depends on

t hi s r ela t ion of gener at ion , and w e might expect that
t h e gr oups which ar e connect ed by this r elat ion would
der ive their names fr om th e not ion of gener at ion . I t

is cur ious that both in G r eek and Lat in languages and
in our ow n ,

t h e wor ds whi ch have thi s ori gin (ye
'

vos,

g enus, h ind,) do not
,
in t h e phr aseology of science at

least
,
denot e t h e near est degr ee of r elat ionshi p

,
b ut

have other t erms subor dina t e t o them,
which appear

etymologically t o indicate a mer e r esemblance of ap

pear ance species, sor t) ; and these lat t er t erms
a r e appr opr iat ed t o t h e gr oups r esult ing fr om pr opaga
t ion . Pr obably t h e r eason of t hi s is

,
that t h e former

t erms (g enus, h ad been applied so widely and

loosely befor e t h e scien t ific fixat ion Of t erms
,
that t o

confine them t o what w e call species would have been
t o rest r ict them in a mann er too unusual t o b e con

veulent .

1 8 . Va r ieties. Ra ces—Th e Species, as w e have
sai d

,
is t h e collect ion of individuals whi ch r esemble

each other as much as do t h e Offspr ing of a common

3° Cuv. RégneAnimal, p. 19.
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stock. But withi n t h e limi ts of thi s boundary, ther e
a r e Often observable difler ences perman en t enough t o
a t t r act our not ice

,
though capable of being obli t er at ed

by mix tur e in t h e cour se of gen er a t ion . Such di ffer ent
gr oups ar e ca lled Va r ieties. Thus t h e Pr imr ose and

Cowslip
,
as h a s been st at ed above, a r e found t o b e

var iet ies of t h e same plant ; th e Poodle and t h e G r ey
hound a r e well mar ked var iet ies of t h e species dog .

Such differ en ces ar e her edi t ary, and it m ay b e long
doubt ful whether such her editary diflb r en ces ar e vari e
t ies onl y

,
or differ ent species. In such cases t h e t erm

Ra ce h as been applied.

SECT. VI. —Nom encla tur e.

1 9. Th e Nomenclatur e of any br anch of Natur al
Hist ory is t h e collect ion of names of al l it s species ;
which

,
when they become ex t r emely numer ous, r equi r es

some ar t ifice t o make it possible t o r ecollect or apply
them. Th e known species of plan ts, for example

,
wer e

at t h e t ime of Linnaeus
,
and a r e now pr obably

I t would b e useless t o endeavour t o fr ame
and employ separ at e names for each of these species.

Th e division Of t h e object s int o a subor dinat ed sys

t em of classificat ion enables us t o int r oduce a N omen
clatur e which does not r equir e this enormous number
of names. Th e ar t ifice employed t o avoid thi s incon
ven ien ce is t o name a Species by means of tw o (or it
might b e mor e) st eps of th e successive division . Thus
in Bot any

,
each of th e gener a h as it s name, and t h e

species a r e marked by t h e addit ion of some epithet t o
t h e name of t h e genus. In this manner about
gener ic names, with a moder a te number of specific
n ames

,
wer e found by Linnaeus sufficien t t o designat e

with pr ecision al l t h e species of veget ables known a t

h is t ime. And this Bin ar y Meth od of Nomenclatur e
h as been found so convenient that it h as been un iver
sally adopt ed in every other depar tment of t h e Natur al
Hist or y of or gani zed beings.
Many other modes Of N omencla tur e have been t r ied,

b ut no other h as at all t aken r oot . Linnaeus him self
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appears at fir st t o have in t ended marking each Species
by th e G ener ic N ame accompan ied by a charact er ist ic
D escr ipt ive Phr ase ; and t o have pr oposed t h e employ
men t of a tr ivia l Specific N ame

,
as h e t ermed it

,
only

as a method of occa sional conven ien ce . Th e use of

these tr ivia l nam es
,
h as

, however , become univer sa l, as
w e have sa id, and is by many per sons consider ed t h e
gr ea t est impr ovemen t int r oduced at t h e Linnaean r e

Both Linnaeus and other wr iter s (as Adanson) have

g iven many maxim s with a view of r egulat ing t h e

select ion of gen er ic and specific n ames. Th e maxims
of Lin naeus wer e int ended as much as possible t o ex

olude bar bar ism and confusion , and
‘have, upon t h e

whole, been gen er al ly adopt ed ; though many of them
wer e object ed t o by h is con t empor ari es (Adan son and

as capr icious or unnecessary innovat ions.

Many of t h e names, in t r oduced by Linnaeus, cer t ainl y
appear fan ciful enough : thus h e gives t h e name of

Bauh in ia t o a plant with leaves in pa ir s, because th e
Bauhin s wer e a pair of br other s ; Ban ister ia is t h e

name of a climbing plan t
,
in honour of Ban ist er

,
w h o

t ravelled among moun ta ins. But such names, once
established by adequ ate author i ty

,
lose al l their lucon

venience, and easily become permanent ; and hence th e
r easonableness of t h e Linnaean r ul e”, that as such a

per petuat ion Of t h e names of per sons by t h e n ames
of plant s is t h e on ly honour botani sts have t o best ow

,

it ought t o b e used with car e and caut ion .

Th e gener ic name must , as Linnaeus says
,
b e fixed

33

befor e w e a t t empt to form a specific n ame ; t h e lat t er
wi thout t h e former is like t h e clapper without t h e
bell. ’ Th e name of t h e genus being established

,
t h e

Species m ay b e marked by adding t o it a Single wor d
taken a t will fr om any quart er t hat is

,
not involving

a descr ipt ion or any essent ial pr oper ty of t h e plant ,
b ut a casual or arbit r ar y appellat ion 34

. Thus th e var i

3 1 Pp. cxxix. clxxii. 3 2 Ph il. Bot. s. 239.
3 3 Ib. s. 222. 34 1b. 8 . 260.
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species, in designat ing miner als, as is done in Moh s
’

s

nomen clatur e ; for example
,
Rhom bohedr a l Ca le Ha

loide
,
Pa r a tom ous Ha l Ba r yte.

I t is possible also that i t m ay b e found useful in
t h e same science t o mark some Of t h e st eps of classi
fica t ion by t h e t erminat ion . Thus i t h as been pr oposed
t o confine th e t erminat ion i te to th e Or der S i licides of

Naumann , as Amophyl l i te, St ilbi te, Leuci te, &c.,
and t o

use names of differ ent form in other or der s, a s Talc
Spa r for Br enner it e, Pyr am idal Titan ium Oxide for

O ctahedr it e. Some such method appear s t o b e th e

most likely t o give us a t oler able miner alogical nomen
clatur e.

SECT. V II —Diagnosis.

20. G erman N atur a list s speak of a par t of th e

gener al method w hich they ca ll t h e Ch a r a cter is tilc Of
N atur a l Hist ory

,
and which is dist inguished fr om t h e

System a tile of t h e science . Th e System a t ic/c a r r anges
t h e object s by means of al l their r esemblances, t h e
Char a cter istic/e

.

enables us t o det ect their place in t h e
a r r angement by m eans of a few of their char act er s .

What these char acter s ar e t o b e, must b e discover ed by
Obser va t ion of t h e gr oups and di vi sions of t h e syst em
when they a r e formed. To const ruct a collect ion of such
char act er s as Shall b e clear and fixed, is a useful

,
and

gener ally a di fficult t ask ; for ther e is usually no appa
r en t connexion between t h e ma rks whi ch ar e used in
discr iminat ing t h e groups, and t h e n a tur e of th e gr oups
themselves. They a reassumed only because th e na tu
r a list , ext ensively and exact ly a cquaint ed with t h e

gr oups and t h e pr opert ies of t h e Object s whi ch com

pose them, sees, by a sur vey of t h e field
,
that these

marks divide it pr oper ly.
Th e Ch ar acter ist ick h as been t ermed by some Engli sh
Botan ist s t h e D iag nosis of plan t s ; a wor d which w e

m ay convenient ly adopt . Th e D iagnosis of any genus
or species is differ ent accor ding t o t h e syst em w e follow.

Thus in t h e Linnaean Syst em t h e D iagnosis of t h e Rose

is in t h e first place given by it s Class and Or der : i t is
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Icosandr ous
,
and Polygynous and then t h e G ener i c

D ist inct ion is that t h e calyx is five-cleft
,
th e tube

ur ceolat e
,
including many hairy achen ia , th e r eceptacle

vil lous“ . In t h e Natur a l Syst em t h e Rose-Tr ibe a r e

di st ingu ished as being 3 9 Polypet alous dicotyledons,
with lat er al styles, super ior simple ovar ia

,
r egular

per igynous st amens
,
exalbuminous defin it e seeds

,
and

al t ernat e st ipulat e leaves.

’

And t h e t r ue Roses ar e

fur ther di st ing uished by having Nut s
,
numer ous,

hairy
,
t erminat ed by th e per sist en t lat er al style and

inclosed wi thin t h e fleshy tube of t h e ca lyx
,

’
&c.

I t will b e obser ved tha t in a r igor ous Ar t ificial Sys
t em t h e System a tick coincides with t h e Cha r a cter istick;
t h e Dia taxis with t h e D ia gnosis ; t h e r eason w h y a

plan t is put
.

in a di vision is ident ica l wi th t h e m ode
by whi ch i t i s known t o b e In th e division . Th e Rose

i s in t h e class i cosandr ia , because it h as many st amens
in ser t ed In t h e calyx ; and when w e see such a set of

stamens w e immediat ely know t h e class. But thi s is
not th e case wi th t h e D iagnosis of Natur al Families.

Thus t h e gener a Lam ium and G a leopsis (D ead N et t le
and Hemp Net t le) a r e each formed in t o a separ at e
gr oup i n vir tue of their gener al r esemblances and

differ en ces, and not because t h e former h as one t ooth
on each Side of th e lower l ip, and th e lat t er a not ch in
i t s upper l ip, though they ar e dist inguished by these
marks .

Thus so far as our Syst ems ar e natur al
, (whi ch, as

w e have shown , all syst ems t o a cer ta in ext ent must
b e), t h e Ch a r act er ist ick is dist in ct both fr om a Natur al
and an Ar t ificial Syst em ; and is

,
in fact , an Ar t ificial

Key t o a Natur al Syst em . As being Ar t ificial
,
it t akes

a s few char acters as possible ; as being N atur al
,
it s

char act ers ar e not select ed by any gG ener al or pr escr ibed
r ule, b ut follow th e natur al affin i t ies. Th e Bot ani st s
w h o have made any st eps in th e forma t ion of a natur a l
method of plant s since Linnaeus, have a ll at t empt ed t o
give a Diagnosis corr espondi ng t o th e D iat axi s of their

33 Lindley, Nat. Syst . p. 149.
3 9 Ib. pp. 81 , 3.



CHAPTER III.

APPLICATION OF THE NATURAL HISTORY METHOD To

MINERALOGY.

HE philosophy of th e Sciences of Classifica

t ion h as h ad gr eat light thr own upon it by
discussions concerni ng t h e methods whi ch ar e used 1n

Bot any : for that sci ence is on e of th e most complet e
examples which can b e conceived of th e consisten t and
successful applicat ion of t h e pr inciples and ideas of

Classificat ion ; and thi s applicat ion h as been made in
gener a l without giving r ise to any very st ar t ling par a
doxes, or disclosing any insurmoun table difficult ies.
But t h e di scussion s concer ning methods of Miner al o

g ica l Classifica t ion have been inst r uct ive for qui t e a

differ ent r eason : they have br ought int o view t h e

boundar ies and th e difficult ies of t h e pr ocess of Classi
ficat ion and have pr esent ed examples in which every
possible mode of classifying appear ed t o involve inex
t r icab le con t r adi ct ions. I wi ll not ice some of t h e point s
of this kind which demand our at t en t ion , r efer r ing t o
t h e works published r ecen t ly by sever al miner alogist s.

In t h e Hist ory of Miner a logy w e not iced t h e a t

t empt made by Mohs and other G ermans to apply t o
min er a ls a method of ar r angement Similar t o that
which h as been so successful ly employed for plan t s.

Th e sur vey which w e have now taken of t h e gr ounds
of tha t method wil l poin t out some of t h e r easons of

t h e very imper fect success of this at t empt . We have
a lr eady sa id that th e Term ino log y of Miner alogy w as

mat er ially reformed by Werner and including in this
br anch of t h e subject (as w e must do) t h e Crysta l
log r aphy of lat er wr iter s, it m ay b e con sider ed as to a

gr ea t ex t en t complet e. Of t h e at t empt s a t a Na tur al
a r r angem en t , that of Mohs appears to pr oceed by t h e
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t ime, many at t empt s have been made a t impr oved
a r r angemen t s of min er a ls, b ut non e

,
I think

, (ex cept
perhaps that of Br eithaupt ,) pr ofessing t o pr oceed
r igor ously on t h e pri n ciples of N atur al Hist ory -t o

a r r ange by means of ext ernal char a ct er s, n eglect ing
al together

,
or r ather postpon ing

, t h e consider a t ion of

chemical pr oper t ies. By r elaxing fr om t hi s r igour
,

however , and ly combining physical and chem i cal con ~

sider at ions
,

a r r angemen t s have been Obta ined (for
example

,
that of N aumann

,) whi ch appea r mor e likely
than t h e on e of Mohs to b e appr oximat ions t o an ulti
mat e r eally natur a l syst em. Naum ann

’

s Classes a r e

Hydr olytes, Ha loides, Si licides, Meta l Oxides
,
Meta ls,

Su lphu r ides, An th r a cides, with subdivision s of O r der s,
as Anhydr ous unm eta llic S i licides. I t m ay b e r emarked
tha t th e designat ions of these ar e most ly chemi cal. As

w e have observed a lr eady
,
Chemist ry, and Miner alogy

in it s la rgest sense, a r e ea ch t h e n ecessa ry supplemen t
of t h e other . If Chemist ry furn ish t h e N omenclatur e,
Min er alogy must supply t h e Physiogr aphy if t h e

Ar r angemen t b e founded on Ext er nal Cha r act er s and
t h e Names b e independent of Chemi st ry

,
t h e chemical

composit ion of each species is an import an t scien t ific
Truth r espect ing it .

3 . Th e inquiry m ay a ctually occur
,
whether any

subordinat ion of gr oups in t h e miner a l kingdom h as

r eally been made out . Th e an cien t chemica l a r r ange
m en t s

,
for instance, that of Ha ily

,
though pr ofessing

t o di st r ibut e miner als accor ding t o Classes
,
O r der s

,

G ener a
,
and Species, wer e n ot on ly arbit r ar y

,
b ut inap

plicable ; for t h e fir st postula t e of any method, tha t
t h e Species Should have constant char act er s of un ity
and differ ence, w a s not sat isfied . I t w as not ascer t ained
tha t ca rbonat e of lime w as r eally dist ingui shable in al l

ca ses fr om carbonat e ofmagnesia , or of i r on yet these
species wer e placed in r emot e part s of t h e syst em and

t h e above carbon at es made just so many species ; a l

t hough
,
if they wer e di st in ct fr om one another a t al l ,

t hey wer e fur ther di st inguishable in t o addit ional spe
cies. Even now

,
w e m ay, per haps, say tha t th e limits

of m ineralogical species, and their laws of fix ity, ar e



APPLICATION TO MINERALOGY I 4 1

not yet clear ly seen . For t h e discover ies of t h e iso

mor phous r elat ions and of t h e Opt ica l pr oper t ies of

min er a ls have r ather shown us in what di r ect ion t h e

object lies, than led us t o t h e goal. I t is clear tha t
,
in

t h e miner al kingdom,
t h e D efini t ion of Species

,
b or

r owed fr om t h e laws of t h e con t inuat ion of t h e kind
,

whi ch holds thr oughout t h e or gan ic wor ld
,
fa ils us

alt ogether , and must b e r eplaced by some other condi
t ion nor is it difficult t o see that t h e defin it e at omic
r elat ions of t h e chemi ca l const ituen t s, and t h e defin it e
cryst allin e angle, must supply t h e pr inciples of t h e

Specific Iden t i ty for miner als. Yet t h e exact limit s of

definit eness in both these cases (when w e admit t h e
effect of mechani cal mixtur es, have not yet been
complet ely disent angled. Mor eover , any a r bi tr a ry as

sumpt ion (as t h e allowan ce of a cer t ain per -cent age of

mix tur e, or a cer t ain sma l l deviat ion in t h e angle,) is
alt ogether con t r ary t o t h e philosophy of t h e Natur a l
Syst em,

and can lead t o no st able views. I t is on ly
by labor ious, ex t ensive, and minut e r esear ch

, that w e

can hope t o a t t ain t o any solid basis of a r r ange
men t .

4 . St ill, though ther e ar e many doubts r espect in g
miner alogica l species, a large number of such Species
ar e so far fixed that they m ay b e supposed capable of

being uni t ed under t h e hi gher divisions of a syst em
with appr ox ima t e t r uth. Of these hi gher divisions

,

those which have been t ermed Or der s appear t o t end
t o something like a fixed chemica l char a ct er . Thus
t h e Ha loids of Naumann

,
and most ly those of Mohs

,

ar e combinat ions of an ox ide wi th an acid
,
and thus

r esemble Salt s
,
when ce their name. Th e Silicides

con t ain most of Moh s
’

s Spa ths and t h e Or der s Py
r i tes

,
G lance, and B lende

,
a r e common t o N aumann

and Mohs being est ablished by t h e lat t er on a differ
en ce of ext ern al char act er , which differ en ce i s, indeed,
ver y man ifest and being in cluded by t h e former in
one chemical Cla ss, Su lphu r ides . Th e dist in ct ion s of
Hydr ous and Anhydr ous, ill eta ll ic and Unm eta llic

,

ar e, of cour se, chemical dist in ct ions, b ut occur as th e

differ ences of Or der s in Naumann ’

s mixed syst em.
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We m ay obser ve that some Fr ench wri t er s
,
follow

ing Haiiy
’

s last edit ion ,
use

,
inst ead of m eta l lic and

unm eta l lic, au topside m eta l li c and het er opside m eta l lic ;
mean ing by thi s phr aseology t o acknowledge th e di s
covery t hat ear ths

,
&c .

,
a r e meta l lic

, though they do
not appea r t o b e so

,
while met als both ar e and appear

meta llic. But this seems to b e a r efinemen t not onl y
useless b ut absur d. For wha t is ga ined by addi ng th e
wor d m eta llic

,
whi ch is common t o al l

,
and ther efor e

makes no dist inct ion ? If cer t ain meta ls ar e dist in

g uish ed by their appea r ing t o b e metal s, this appear
ance is a r eason for giving them t h e peculiar name,
m eta ls . N othi ng is ga ined by fir st br inging earths and
met als t ogether , and t hen immediat ely separ at ing
them aga in by new and inconveni ent names. N0 pr o

posit ion can b e expr essed bet t er by calling ea r ths
,
heter

opside m eta llic substan ces, and ther efor e such nomen
clatur e is t o b e r ej ect ed.

G r an t ing, then , that t h e Or der s of t h e best r ecen t
miner alogical systems appr oximat e t o natur al groups

,

w e ar e l ed t o ask whether t h e same can b e said of t h e
G en er a of t h e N a tur al Hi st or y systems, such as those
of Mohs and Br eithaupt . And her e I must confess
that I see no pr inciple in these G enera ; I have failed
t o appr ehend t h e con cept ion s by t h e applica t ion of

whi ch they have been construct ed : I shall ther efor e
not pass any fur ther j udgment upon them. Th e sub

or dinat ion Of Miner alogi cal Species to Or der s is a

man ifest gai n t o science : in t h e int er posi t ion of G ener a

I see nothing b ut a sour ce of confusion .

5 . In Miner alogy, as in other branches of natura l
history, a r eformed a r r angement ought t o give rise t o
a r eformed N omenclatur e ; and for thi s

, ther e is mor e
occasion a t pr esen t in Miner alogy than ther e w as in

Botany a t t h e wor st per iod, a t least as far as t h e ex

t ent of t h e subject allows. Th e char act ers ofminer a ls
ar e m uch mor e dimly and unfr equent ly developed
than those of plan t s ; hen ce a rbit r ary chemical arr ange
men ts, which coul d not lead t o any natur al gr oups,
and ther efor e not t o any good names

,
pr evail ed t i ll

r ecen t ly ; and this stat e of thi ngs pr oduced an anar chy



https://www.forgottenbooks.com/join


1 44. PHILOSOPHY OF CLASSIFICATORY SCIENCES .

6. I shall now pr oceed t o make a few r emar ks on

a work on Min er a log y mor e r ecent than those which I
have above not iced

,
and wr i t t en with expr ess r efer ence

t o such difficult ies as I have been discussing. I al lude
t o t h e t r eat ise ofM . N ecker Le Reg neMiner a l r amené
a ux Methodes d

’Histoi r e N a tur el le which also con

t a ins var i ous di sser t a t ions on t h e Philosophy of Classi
ficat ion in gener al, and its applicat ion to Miner al ogy
in par t icular .

M . N ecker r emar ks very just ly, that Min er al ogy,
as i t h as hi ther to been t r ea ted

,
di ffer s fr om al l other

br anches of Natur a l History in this — that while i t is
invest ed with a ll t h e forms of t h e sciences of classifica

t ion
,
— Classes, Divi sions,

’ G ener a , and t h e like
,
— t h e

pr oper t ies of t hose bodies to whi ch t h e mineral og ical
student ’s a t t en t ion is dir ect ed have no bea r ing what
ever ou t h e classificat ion . A per son , h e r emar ks”

,

m i ght b e per fect ly well acquain t ed with a ll t h e
'

ch ar ac

t er s of m i ner als whi ch Wer ner or Haiiy examined so

car efully
,
and might yet b e qui t e unable t o assign t o

any m in eral it s place in t h e di vi sions of their methods.

Ther e is ” a complet e separ a t ion between t h e study of

min er alogical char act er s and th e r ecognit ion of t h e

name and syst emat ic pla ce of a miner al . Those w h o

know m iner a logy well, m ay know m iner a ls i ll
, or

har dly a t a l l ; t h e syst emat ist m ay b e in such know
ledge vast ly inferi or t o t h e miner a l-dealer or t h e

miner . In this r espect ther e is a complet e cont r ast
between this science and other classifica tory scien ces.

Aga in
,
in t h e best -known syst ems ofMiner alogy, (as

those of Wer ner and Ha iiy,) t h e bodi es which a r e

gr ouped together as belonging to th e same division
,

have not , as they have in other classificat ory sciences,
any r esemblance. Th e differ ent member s of th e larger
classes a r e uni t ed by t h e common possession of some
abstract pr operty, -as

,
that they a l l contain ir on . Thi s

i s a pr oper ty to whi ch no common cir cumstan ce in
t h e bodi es themselves cor r esponds. What is ther e com
m on t o t h e miner als named oxidul ous iron , sulphur et

1 Par is, 1835. 2 Régne Miner al, p. 3 . 3 I b. p. 8.



APPLICATION TO MINERALOGY. 1 45

of ir on , car bonat e of ir on
,
sul phat e of ir on ,

'

except that
they a l l con ta in ir on ? And when w e have classed these
bodi es t ogether , what gen era l asser t ion can w e make
con cerning them, except that whi ch is th e ground of
our cla ssificat ion , that they contain ir on ? They have
nothi ng in common wi th ir on or with each other in
any other w ay.

Aga in
,
as these classes have no gener a l pr oper t ies

,

all t h e pr oper t ies a r e par t icul ar t o t h e species ; and t h e
descr ipt ions of these necessa r ily become both t ediously
long

,
and in conveni en t ly insulat ed.

7 . These in conven iences ar ise fr om making Chemi~
cal Composit ion t h e basis of Min er alogica l Classifica
t ion wi thout giving Chemical Analysis th e fir st place
among Min eral Pr opert ies. Shall w e

,
then

,
cor r ect t hi s

omission ,
so far as i t h as affect ed miner al ogical sys

t em s ? Shall w e t each t h e student t h e chemical analy
sis Of min er als

,
and then di r ect h im to classify them

accordi ng t o t h e r esult s of h is analysis " ?
But w hy should w e do this ? To what purpose, or

on what ground, do w e ar r ange t h e r esult s of chemica l
analysis a ccor ding to t h e forms and subor dinat ion of

na tural hi story ? I s not Chemi st ry a science dist in ct
fr om N atur al History ? Ar e not t h e scien ces opposed ?
I s not natur a l hist ory confin ed t o organ ic bodi es ? Can
mer e chemical element s and their combina t ions b e,
wi th any pr opr iety or consist ency, ar r anged in to Spe
cies, G ener a , and Families ? What is t h e pr inciple
on whi ch gener a and species depend ? D o not Species
imply Individuals ? Wha t is an Individual in th e case
of a chemical subst ance ?
8 . We thus find some of th e wi dest and deepest
quest ions of t h e phi losophy Of classificat ion br ought
under our consider at ion when w e woul d pr ovide a

method for t h e classificat ion of miner al s. Th e answers
to these quest ions ar e given byM . Necker and I shal l
stat e some of h is Opinions t aking t h e liber ty of adding
such r emarks as ar e suggest ed by r efer r ing t h e subject
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t o those pr inciples whi ch have alr eady been established
in this work.

M . N ecker assert s 5 that t h e di st in ct ion s of di ffer ent
Scien ces depend, not on t h e objects they consider , b ut
on t h e differ ent and independen t poin t s of view on

which they pr oceed. Each science h as its log ic, that
is

,
it s mode of applying t h e gener a l r ul es of human

r eason t o it s own special case . I t h as been said by
some“, that in miner a ls, natural hi story and chemi st ry
con t emplat e common object s

,
and thus form a single

scien ce. But do chemist ry and nat ur al hist ory con

sider miner al s in t h e same point of view ?
Th e an swer is, that they do not . Physics and Ch e
mistry consider t h e pr oper t ies of bodies in an abst r a ct
mann er ; as

,
their composit ion

,
their element s

, t heir
mutua l act ions, with t h e laws of these ; their for ces, as
a t t r act ion , affini ty a ll which Objects ar e abst r act ideas.

In these ca ses w e have nothi ng t o do with bodies
themselves, b ut as th e vehi cles of t h e powers and pr o

per t ies whi ch w e contemplat e.

Natur a l History, on t h e other hand
,
h as to do with

natur a l bodi es : t heir pr oper t ies ar e not consider ed ah
st r act edly, b ut only as charact ers. If t h e pr opert ies
a r e abst ract ed, it is b ut for a momen t . N at ur a l h is
t ory h as to descr ibe and class bodies as they ar e. Al l

whi ch cannot b e per ceived by th e senses, belongs not

t o i t s domain , as molecules, a toms, elemen ts.

Natur a l hi st ory 7 m ay have r ecour se to physics or

chemi st ry in or der t o r ecogn ize those pr oper t ies of

bodies which serve as char act ers ; but natur a l history
i s not , on that accoun t

,
physics or chemist ry. Classi

ficat ion is t h e essen tial business of t h e natural hi s
t or ian

”
,
t o which t ask chemist r y and physics ar e onl y

inst rument al, and t h e further accoun t of pr opert ies
only complemen tary .

I t h as been sa id, in suppor t of th e doct rine that
chemi st ry and m iner al ogy ar e iden t ical, that chemist ry
does not neglect ext ernal char act ers. Th e chemi st in

5 Régne Miner al, p. 23.
7 I b. p. 37 .
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ar e not simi lar t o th e whole, and have not an inde
penden t exis tence, while t h e whole h as an independen t
ex ist en ce and a defini t e form ”

.

Wh a t then is t h e Miner al ogical Individual ? A t

fir st , whi le mi neral s wer e studied for their use
,
t h e

most pr ecious of t h e substances which they con tained
w as looked upon as t h e char act er ist ic of t h e m in er al .
Th e smallest tface of sil ver made a mi ner al an or e of
si lver . Thus forms and pr oper t ies wer e di sr egar ded,
and substance w as consider ed as iden t ical wi th m iner a l .
And hence ]l l Dauben t on r efused t o r ecogni ze species in

t h e mi ner al kingdom, because h e r ecogni zed no indivi
duals. He pr oposed t o ca ll sor ts what w e cal l species.

In thi s way of consider ing miner als, ther e ar e no indi
vidua ls.

1 0. But st ill this is not sat isfact ory : for if w e take
a well-formed and dist inc t crystal

,
thi s clearly is an

individual ’2.
I t m ay b e object ed

,
that t h e crystal is divisible

(accor di ng t o t h e theory of cryst allogr aphy) into smal ler
solids ; that these smal l solids ar e r eally t h e simple
Object s and that actual crystals ar e formed by com

h imat ions of these molecul es accor ding t o cer t ain laws.

But
,
as w e have alr eady said, an indi vidual is such

,

not because it cannot b e divided, but because it cannot
b e divided in to part s similar t o t h e whole. As to t h e

division of t h e form in to i t s componen t laws
,
this is an

abst r act pr oceeding, for eign t o natur al histor y Ther e
for e ther e is so far nothing to pr event a crysta l fr om
being an individual .
I I . We cannot (M. N ecker goes on to r emark)

consider th e Integ r a nt Molecules as individuals. These
a r e useful abstract ions, b ut abst r act ions only

,
whi ch

w e must not dea l wi th as r eal Objects. Haiiy himself
war ns us

" that hi s doct r ine of incr ements is a pur ely
abst ract concept ion, and that natur e, in fact, follows a
differ en t pr ocess. Acco rdi ngly, Weiss and Mohs ex

press laws ident ical with those of Ha iiy, wi thout even

1° Régne Miner al, p. 52
19 I b. p. 56.
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speaking of molecul es ; andWollaston and Davy have
deemed it pr obable that th e molecules ar e not poly
h edr ons, b ut spher es or spher oids. Such mer e cr ea
t ion s Of th e mind can never b e t r eat ed as individua ls.

If t h e maxim of natur al hi st ory
,
— that t h e Species is a

collect ion Of Indi viduals— b e applied so as t o make
t hose individuals mer e abst r act ion s ; or if

,
inst ead of

Individuals
, w e take such an abst r act ion as Subst an ce

or Mat t er , t h e cour se of natur a l history is a ltogether
viola t ed. And yet this er r our h as hi ther t o gen er ally
pr evailed ; and miner alogists have classified, not things,
b ut abst r act ideas”.

1 2 . But it m ay b e sai d will not th e small solids
obt ained by Cleavage bet ter answer t h e idea of indi

vidua ls ? To this it is r eplied, that these smal l solids
have no independent existence. They ar e only t h e
resul t of a mode of division . They ar e never found
sepa r a t e and independent . Th e secondar y forms which
they compose ar e det ermin ed by var ious cir cumst an ces

(t h e n atur e of t h e solut ion ,
and t h e cleavage

whi ch pr oduces these small solids is only one r esult
among many

,
fr om t h e crystal line for ces”.

Thus n either In t egr an t Molecules
,
nor Solids Oh

tained by Cleavage, can b e such m iner alogical Indivi
dua ls as th e spir it of n atur al hist ory r equir es. Hen ce
it appears t hat

'

w e must take th e r eal Cryst als for
Individuals ”.

13 . We must
,
however

,
reject cryst als (gener a lly

large ones) whi ch ar e obviously formed of sever a l
smaller ones of a simi lar form (as occur s so Oft en in
quar t z and calc spar). We must also dist inguish cases
in which a lar ge r egular form is composed of smaller
b ut di ffer ent r egul ar forms (as oc tahedr on s of fluor

spar m ade up of cubes ) . Her e t h e small compon ent
forms ar e t h e individual s. Also w e mus t not ice t h e
ca ses 19 in which w e have a natur a l cryst al, similar t o
t h e primary form. Her e t h e face wi ll Show whether

15 Régne Miner a l, p. 67 .
17 I O. p. 7 10

18 1b o p. 73.
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t h e body is a r esult 9b tained by cleavage or a na tur al
individual.

14. I t will b e object ed”, that t h e crystalline form
ought n ot to b e made t h e domi nant char acter in mine
r a logy, since it rar ely occurs per fect . To t hi s it is

r eplied, that even if t h e applicat ion of th e pr inciple b e
di fficul t

,
st ill it h as been shown t o b e t h e onl y t rue

pr inciple
,
and t her efor e w e have no a lt er nat ive. But

fur ther “
,
it is not t r ue that amor phous substances ar e

mor e numer ous than crystal s. In Leonhar d’s Manua l

of Oryctognosy, ther e ar e 3 77 miner a l subst ances. Of

t hese
,
28 1 have a crystal line st r uctur e, and 96 only

have not been found in a regular form .

Again
,
th e 28 1 crysta lline forms have each it s var ie

t ies
,
some of whi ch ar e crystalline, and some ar e not

so . Now t h e cryst a lline var iet ies amount to 1453, and

t h e uncrysta lline to 1 86 onl y. Thus miner alogy
,
ac

cording to t h e view of it here pr esent ed, h as a suffi

cient ly wide field”.

15 . I t wi ll b e objected”, that accor ding to this
mode of pr oceeding

,
w e must r ej ect fr om our system

al l non -crystallin e miner als. But w e r eply
,
tha t if

t h e mass b e composed of cryst als, t h e size of t h e crys
tals makes no differ ence. Now lamellar and other
compact masses ar e very genera lly groups of crys tal s in
var ious posi t ions. Individua ls mut ilat ed and mixed
together ar e not t h e less individuals ; and ther efor e
such masses m ay b e t r eat ed as objects of natur al
history.

If w e cannot r efer al l r ocks t o crystalline species,
those whi ch elude our method m ay appear as an ap

pendix , cor r esponding t o those plant s which botan ists
call g ener a incer tos sedis

“
.

But these gener a and species will oft en b e after
wards r emoved in to th e crystalline part of t h e syst em,

by being ident ified with crysta llin e species. Thus

pyr ope, &c.
, have been refer red to g a rnet, and basa lt,

” RégM MWm q g .

23 1b. p. 86.
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crysta lline
,
physical, and opt ical pr oper t ies

,
as sub ser

vien t t o classificat ion ,) and ought , ther efor e, t o belong
t o t h e same science. Again , h e says 23 , that Chemist ry
would r eject as useless al l not ice of t h e physical pr o

per t ies and ex t ern a l char act er s of subst an ces
,
if a

specia l science wer e to t ake cha r ge of t h e descr ipt ion
and classificat ion of these product s. But such a special
science must Be lWiner alogy for w e cannot well make
one scien ce of t h e classificat ion of natur al

,
and another

of tha t of ar t ificial substances : or if w e do
,
t h e tw o

sciences wi ll b e iden t ica l in method and pr in ciples,
and will ext end over each other ’s boundar ies, so that
it wi ll b e neither useful nor possible t o dist ingui sh
them. Again, M. N ecker ’s own reasonings on t h e

select ion of th e individual in min er alogy ar e support ed
by well chosen examples” ; but these examples ar e

taken fr om ar t ificial salt s ; as, for inst an ce, common
sa lt cryst alli zing in differ en t mixtur es. Aga in

,
t h e

analogy ofmul es and mest izos
,
as pr oduct s of ar t , with

chemical compounds, is not just . Chemical compounds
corr espond r ather t o natur al species

,
pr opagat ed by

m an under t h e most n atural cir cumstan ces
,
in or der

t hat h e m ay study t h e laws of their pr oduct ion 30

19. But t h e decisive a r gum ent against t h e separa
t ion of natur a l and art ificial crystals in our schemes of
classificat ion is

,
that w e cannot make such a separ a

t ion . Substan ces which wer e long kn own on ly as t h e

pr oduct s of t h e laborat ory
,
a r e oft en discover ed, after

a t ime
,
in natural deposits. Ar e t h e cryst als which

ar e found in a for got t en retor t or solut ion t o b e con

sider ed as belonging to a differ en t science fr om those
which occur in a deser t ed mine ? And ar e t h e crystals
which ar e pr oduced wher e m an h as turn ed a stream of

wat er or a ir out of it s course
,
t o b e separ a t ed fr om

natural crysta ls, when t h e composit ion
,
gr owth, and

pr oper t ies, ar e exact ly t h e same in both ? And again
How many n atur al cryst als can w e alr eady produce by

28 Régne Miner a l, p. 36. 99 I b . p. 7 1 .
30 We m ay r em ar k th at M. Necker , in h is own arr angem ent of m ineral s,

inser ts am ong h i s Species Iron andLead, wh ich do not occur Native.
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syn thesis How m any m or e m ay w e hope to imit at e
her eaft er M . N ecker himself stat es“, that Mit scher
lich found

,
in th e scor iae of t h e mines of Sweden and

G ermany
,
ar t ificial min er als having t h e same composi

t ion and t h e same cryst alline form with natural mine
ra ls as silicat es of ir on

,
lim e

,
and magnesia, agr eeing

with Per idot ; bisi licat e of iron , lime, and mag nesia,
agreeing with Pyr oxene

o

; r ed oxide of copper
,
oxide

of z inc ; pr ot oxide of i r on (fer oxyda lé ) sulphur ets
of ir on , z in c

,
lead , arseniur et of n ickel

,
black m i ca .

These wer e accidental r esult s of fusion. But M . Ber

thier , by br inging together t h e element s in pr oper
quant it ies

,
h as succeeded in composing similar mine

r a ls, and h as thus obt ained art ificial silicates, wi th th e
same forms and th e same character s as natur al si licat es.

Other chemist s (M. Haldat , M. Becquer el) have, in
like manner

,
obta ined

,
by art ificial pr ocesses, other

crystals
,
known pr evi ously as occur r ing natur ally.

How a r e t hese cryst als, t hus ident ical wi th natur a l
m inerals, t o b e r emoved out of th e domain of miner a
logy, and t r ansfer r ed t o a scien ce whi ch shall classify
art ificia l cryst als only ? If this b e don e, t h e minera
log ist will not b e able t o classify any specimen t ill h e
h as human t est imony whether i t w as found natur al ly
occur r ing or pr oduced by chemica l ar t . Or is t h e

other alt ernat ive t o b e t aken
,
and ar e these cryst als

t o b e given up t o miner alogy because they occur natu
rally a lso ? But what can b e m ore unphilosophica l
than to r efer t o separa te sciences t h e r esult s of chemi
ca l pr ocesses closely allied

,
and all but ident ical ? Th e

chemist const ruct s b isilicat es, and these ar e classified
by th e miner a logist : b ut if h e const ruct s a t r isilicat e,
i t belongs t o another scien ce. Al l these intoler able
incongruit ies a r e avoided by a cknowledging that ar t i
ficial , as well as natur al , cryst als belong to t h e domain
ofminer a logy. It is, in fact , t h e n ame only of Mine
r a logy which appear s to discover any in con sist ency in
this m ode of pr oceeding. Miner al ogy is th e r epr esem

3 1 RégnaMiner a l, p. 1 51.
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tat ive of a scien ce which h as a wider office '

than m ine
r alog ist s fir st cont eniplat ed but which m ust exist

, in

order that th e body of science m ay b e complet e. Ther e
must

,
as w e have al r eady said, b e a Scien ce , t h e object

of which is to classify bodi es by their physical ch a

r act er s, in or der that w e m ay have some means of

a sser t ing chemical t r uths concern ing bodi es some
language in wh i ch w e m ay expr ess t h e pr oposit ions
which chemical analysis discover s. And this Science
wi l l have it s obj ect pr escr ibed, not by any accidental
or arbit r ary differ ence of t h e st ory belonging t o each
specimen -not by knowing whether t h e specimen
w as found in t h e min e or in th e labor at ory produced
by a t t empt ing t o imita t e natur e, or to do violen ce to
h er —b ut wi ll have it s cour se determined by its ow n

character . Th e range and boundar ies of this Scien ce
will b e regulat ed by t h e Ideas wi th whi ch it dea ls.

Like a l l other sciences, it must ext end t o everythi ng
t o whi ch its prin ciples apply. Th e limi ts of t h e pr o

vince which it in cludes a r e fixed by t h e con sider a t ion
that it must b e a connect ed whole. No previous defi
ni t ion, no hist or i cal accident

,
no casua l phr ase, can at

al l stand in th e w ay of phi losophi cal consistency —can

make this Science exclude what that includes, or

oblige it to admit what tha t r ejects . And thus
,
what

ever w e call our Science —whether w e term it Exter
na l Chemist ry, Miner al ogy, th e Natur al History of

Inor gani c Bodies —sin ce i t can b e nothing but t h e
Science of t h e Classifica t ion of Inor gan ic Bodies of

defini t e forms and pr opert ies, it mus t classify al l such
bodi es, whether or not they be min erals

,
and whether

or not they b e natur al .
20. In t h e applica t ion of th e pr inciples of classifica

t ion to mi ner als, t h e quest ion occur s
,
What ar e to b e

considered as miner a l Species ? By Species w e ar e to

under stand, accor ding t o th e usage of other par t s of

natural hi story, t h e lowest st ep of our subordinate
divisions - t h e most limi t ed of t h e groups which have
defin it e dist inct ions. What defini te dist inctions of
groups of object s of any kind rea lly occur in natur e

,
is

t o b e learnt from an exam ina t ion of natur e : and t h e
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whi ch pr eserve t h e r ace, whil e indi viduals ar e gene
rat ed and die.

2 1 . Accor ding t o this view, th e di ffer ent Modifica

t ion s of t h e sam e cryst al li ne form would b e Va r ieties
onl y of t h e same Species. All t h e var ious solids

, for

example, which ar e pr oduced by th e differ en t laws of

der iva t ion Of r hombohedr al car bonat e of lime
,
would

fall wi thi n t h ei sam e Species. And this appears to b e
r equir ed by t h e gener a l analogy of Natur al Hist or y.

For these differ en ces of form,
pr oduced by t h e laws of

crystalline der ivat ion, a r e not defin ite. Th e faces
which ar e added t o one form in or der t o pr oduce
another , m ay b e Of any size

, small or lar ge, and thus
t h e cryst al w h ich r epr esen t s One m odi fica t ion passes by
insensible degr ees to another . Th e forms of calc spar ,
whi ch w e ca ll dog - tooth spa r , ca nnon spa r , n a i l-head

spa r , and t h e like
,
appear at first

,
no doubt , dist in ct

enough ; but so do t h e races of dogs. And w e find, in

t h e miner al as in t h e an imal
,
that th e di st inct ion is

oblit er a t ed by t aking such int ermediat e st eps as r eally
occur . And if a fr agm en t Of any of these crysta ls is
given us

, w e can det ermine that it is r hombohedr al
car bonate Of lime ; but it is not possible, in gener al,
t o det ermine to whi ch of t h e kinds of cryst als it h as
belonged.

2 2 . N otwithst anding these con sider at ions,M .Necker
h as t aken for h is basis ofminer a l species 3 2 t h e Second
a r y Modificat ions

,
and not t h e Pr imar y Forms. Thus

cubica l g a lena , octahedr a l g a len a , and tr ifor m g a lena ,
a r e, wi th h im ,

thr ee speci es of cryst a ls.

On this I have t o Observe, a s I have alr eady done,
that on this pr inciple w e have no defin i te dist in ct ion of

species ; for these forms m ay and do pass in to each
other : among cubo-oct ah edr ons

,
of galena occur cubes

and oct ahedr ons
,
as one face or another vanishes, and

t h e t r ansit ion is insensible. We shall, on t hi s pr inciple,
find almost always thr ee or four species in t h e same
t uft Of crystal s ; for almost every indivi dual in such
assemblages m ay exhi bit a differ ent combinat ion of

3 2
. Regne Miner a l , p. 396.
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secondary faces. Again , in cases wher e t h e secondary
laws a r e numer ous, it would b e impr act icable t o enu

mer at e al l their combinat ions
,
and impossible ther efor e

to give a list of species. Accor dingly M . N ecker “3 gives
seven ty-one Species of spa tit ca lca ir e, and then says

,

‘N ous n
’

avons pas énumér é la dixiem e par t ie des

especes connues de ce genr e, qu i se mon tent a plus de
hui t cen ts.

’ Again
,
in many substances

, of which few
crystal s ar e found

,
every new specimen would b e a

new species ; if indeed i t wer e per fect enough to b e
refer r ed to a species a t a l l . But fr om a specimen
without per fect ext ernal form, however per fect in

cryst alline char act er , although everything else might
b e known ,

— angles, Opt ical pr oper t ies, physical pr oper
t ies, and chemica l const itut ion ,—th e species could not

b e det ermi ned. Thus M. Necker says 84 Of t h e mi cas
,

Quant aux especes pr opr e a chaque genr e, la lacune
ser a pr esque complet e car j usqu

’

ici les cr ist aux en t ier s
de Mica et de Talc n ’

on t pas ét é fort commun s.

’

These in convenien ces ar ise fr om n eglect ing t h e lead
ing r ule of natur al hist or y, that th e pr edom inan t pr in
ciple of t h e existen ce of an object must det ermine t h e
Species ; whether this pr in ciple b e Repr oduct ion ope

r at ing for D evelopmen t , or Cryst alliza t ion oper at ing
for Permanen ce Of form . We m ay add t o t h e above
st at ement Of in conveniences this — that ifM . N ecker ’s
view of miner alogical species b e

'

adopt ed, t h e dist ino
t ion Of Species is vague and indefini t e, while that Of
G enera is per fect ly pr ecise and r igor ous — an aspect
Of t h e syst em en t ir ely a t variance with other par t s of

Na tur al Hist ory ; for in all these t h e Species is a m or e

defin it e gr oup than t h e G enus.

This r esul t follow s, as h as alr eady been said
,
fr om

M. Necker ’s wish t o have individuals marked by ex

t er nal form. If, inst ead of t hi s
,
w e ar e con t ent ed to

t ake for an individua l that port ion Of a mass, of what
ever form,

which is connect ed by t h e con t inuous influ »

ence of t h e same crystalline for ces, by what ever inci
dent s these for ces m ay b e mani fested, (as cleavage,

3 3 RégneMineral, p. 364. 34 Ib . n . 414:
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physical and Opt ical pr opert ies, and t h e like,) 0

mode of pr oceeding
'
avoids al l t h e above inconve

ences, applies alike t o t h e most per fect and most i
per fect specimen s, and gives a result agr eeable t o t

gener a l analogy of natura l hi st ory
,
and t h e rul es of

methods“ .

I now quit th e subject of m er e Resemblance
,
a

pr oceed t o t r eat of tha t natur al affin ity which Natu
Systems of Classificat ion for or gani c bodies must
volve.

3 5 I will not ag ain enter into th e

sub j ect of Nom encla tur e ; b ut I m ay

r em ark t h at M. N ecker h as adopted
(i. 41 5) t h e Nom enclatur e ofBeudant ,

l at iniz ing th e nam es
, and th us con

ver t ing each into a sing le word. He

h as also intr oduced, b esides th e

nam es of Gener a, nam es of Fa

lies taken from th e typical G e
Thus th e Fam ily of Ca r bonid

contains t h e following genera :
cispa thum , Magnesispa thum ,

D

m ispa thum , Ferr ispa thwn, 6 m, 1!

la ch i ta , Azw i a , G aylusacia .
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2 . W e have alr eady seen that th e a t t empts to dis
cover t h e divisions .whi ch r esul t fr om this N atur a l
Affini ty have l ed t o th e consider at ion Of t h e Subor di
na tion of Cha r a cter s. I t is easy t o see tha t some
o r gans ar e mor e essen t ia l than other s to t h e exist ence
Of an organi zed being ; th e or gans of nut r it ion

,
for

example, mor e essen t ial than those of locomot ion . But

a t th e same t ime it is clea r t ha t any a r bit r a ry assump
t ion of a cer t a i n scale of r elat ive val ues of differ ent
kinds of char act erswi ll lead on ly to an Art ificial Sys~
t em . Th is wi ll happen ,

if
,
for example

,
w e begin by

declar ing t h e nut r it ive t o b e super ior i n impor t an ce to
t h e r epr oduct ive funct ions. I t is clear that thi s r ela~
t ion Of impor tan ce of. or gans and funct ions must b e
collect ed by t h e study of t h e or gan ized beings ; and

cannot b e det erm ined a pr ior i , without depr iving us

Of all r ight t o expect a gener al accor dan ce between our

syst em and th e arrangement of natur e. We see, t her a
for e

, that our not ion of Na tura l Affini ty involves in it
thi s con sequen ce — that it is not t o b e m ade out by an
a r bitr a r y subor dinat ion of charact er s.

3 . Th e funct ions and act ions Of living thi ngs whi ch
w e separ a te from each other in our considera t ion, can
not b e sever ed in nature. Each fun ct ion is essent ial ;
Life implies a col lect ion of movemen t s, and ceases
when any of these movement s is stopped. A change
in t h e or gan iz at ion subser vien t to one set of fun ct ions
m ay lead n ecessarily t o a change in t h e or ganiz a t ion
belonging to other s. We can Often see thi s necessary
connexion ,

and fr om a compar ison of t h e forms Of
or ganized beings, —fr om t h e w ay in which their st rue
t ure changes in passing fr om one class t o another , w e

ar e led t o t h e convict ion that t here is some gener al
pr inciple whi ch connects and graduat es all such changes.

When t h e cir cul atory syst em cha nges, t h e n ervous
syst em changes a lso : when t h e mode of locomotion
changes, t h e r espir at ion is also modi fied.

4, These cor r esponding changes m ay b e consider ed
as ways in whi ch t h e living thing is fit ted to i ts m ode
Of life ; as marks of adap ta tion to a purpose; or

,
as it

h as been otherw ise expressed, as results Of th e condi
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t ions of existence. But at t h e pr esent momen t , w e put

forwa r d these cor r espondencies in a differ ent light .

We adduce them as illust ra t ions of what w e mean by
Affini ty, and what w e consider as t h e t endency of a

Na tur a l Classificat ion . I t h as somet imes been asser t ed
that if w e wer e t o classify any of t h e depar tmen t s Of
or gan ized natur e by m eans Of one funct ion

,
and then

by means Of another , th e tw o classificat ions, if each
st r ict ly consist ent wi th i tself, woul d b e con sist ent wi th
each other . Such an asser t ion i s per haps m or e t han
w e ar e en t it led t o make wi th confidence ; b ut it shows
very well what is meant by Afiin ity. Th e disposit ion
to believe such a gener al iden t ity Of all par t ia l natur al
cla ssificat ions, shows h ow r eadily w e fix upon t h e

not ion Of Affinity, as a gener al r esult Of t h e causes
whi ch det ermi ne th e forms Of living things. When
these causes or pr inciples, Of what ever na tur e they a r e
conceived t o b e, var y so as t o modify one part Of t h e
or gani za t ion Of th e being, they al so modi fy another
and thus t h e gr oups which exhibit thi s variat ion Of
t h e fundamen t al pr inciples Of form, ar e t h e same,
whether t h e manifesta t ion Of t h e change b e sought in
on e par t or in another of t h e or ganiz ed st ructur e. Th e

gr oups thus formed ar e r elat ed by Affini ty ; and in

pr opor t ion as w e find t h e evidence Of mor e function s
and mor e or gans t o t h e pr opr iety of our gr oups

,
w e

a r e mor e and mor e sa t isfied that they ar e Natur al
Classes. I t appear s, then , that our Idea of Affini ty
involves t h e convict ion of t h e Coincidence of n a tur a l

a r r ang em en ts for med on difier en t fun ctions ; and this
,

r a ther than th e pr in ciple Of t h e Subor dinat ion of some
cha r act er s to other s, is t h e t rue gr ound of th e na tur al
method of Classificat ion .

5 . For example
,
Cuvier , aft er speaking of t h e Sub

or dinat ion Of Char acter s as t h e guide which h e in t ends
t o follow in h is ar r angement of anim als, int er pr et s this
principle in such a manner 3 as t o make it agr ee nea r ly
with t h e one just st at ed : ‘In pur suan ce of what h as
been said on methods in gener a l, w e now requi r e t o

3

.

Régne Anima l, p. 55.
VOL . II .
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know what charact ers in animals ar e t h e most influen
t ial, and ther efor e ‘those which must b e m ade t h e

gr ounds Of t h e pr imary divisions .

’ ‘These,
’

h e says
,

‘it is clear must b e t hose whi ch ar e taken fr om t h e

an imal funct ion s — sen sa t ion and mot ion — But h ow
does h e confirm this ? Not by showing that t h e anima l
funct ions ar e independent of, or pr edominant over , t h e
vegeta t ive, b ut by Obser ving tha t they follow t h e same

g r adat ions . Obser vat ion ,

’

h e con t inues
,

‘confi rms
thi s view,

by showing that th e degr ees Of development
and compli cat ion of t h e anim al funct ions agr ee wi th
those of t h e vegeta t ive. Th e hear t and t h e or gan s of
th e cir cul at ion ar e a sort Of cen t er for t h e vegeta t ive
fun ct ions

,
as t h e brain and t h e t runk of th e n er vous

syst em ar e for t h e an imal funct ions. Now w e see

t hese tw o syst ems descend in t h e scale, and disappear
t h e one wi th t h e other . In t h e lowest an imals

,
when

there ar e no longer any dist in ct nerves, ther e a r e also
no longer dist inct fibr es, and t h e organ s Of digest ion
ar e simply hollowed out in t h e homogen eous mass Of
t h e body. Th e muscular syst em disappears even b e
for e t h e n ervous, in in sects ; b ut in gener al t h e di st r i
b ut ion Of t h e medullar y masses cor r esponds t o that of
th e muscular inst r umen ts , a spinal cor d, on which
knot s or ganglion s r epr esent SO many brai ns, corre
sponds to a body divided int o numer ous r ings and

support ed on pa i r s of member s placed at differ en t

poin t s of t h e length, and so on .

Thi s cor r esponden ce of t h e general form s whi ch
r esult fr om t h e arrangement of t h e mot ive or gans

,

fr om t h e di st ribut ion of t h e ner vous mas ses
,
and fr om

t h e ener gy of th e cir culatory system
,
must ther efor e

form t h e gr ound of t h e fir st gr ea t sect ions by whi ch
w e divide t h e anim al kingdom.

’

6. D ecandoll e takes t h e same view. Ther e must
b e, h e says, an equi libr ium Of t h e differ ent funct ions

“
.

And h e exemplifies this by t h e case Of t h e di stinct ion
Of monocotyledonous and di cotyledonous plant s

,
which

being at fir st established by means of t h e or gans of r e

4 Th em”
. Elem . p. 79.
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an imals ar e n ecessa r ily much mor e obvious and in t el
ligible t o us than t hose Of veget ables, fr om their Clear
r esemblan ce t o t h e oper at ion s whi ch take place in our

own bodies
,
t o which our at ten t ion h as necessar ily been

st r ongly di r ected.

7. Th e quest ion her e Offer s itself, whether this Idea
of Natur a l Affin ity is applicable t o inor gan ic as well
as t o or gani c bodies —whether ther e b e Na tur al Affi
n it ies among Min erals. And t o this w e ar e now

enabled t o r eply by consider ing whether or not t h e

pr inciple just st a ted is applicable in such cases. And

t h e conclusion t o which our pr inciple leads us is
,

that ther e ar e such N atur al A ffini t ies among lWiner al s
,

sin ce t her e ar e differ ent set s of char act ers whi ch m ay
b e t aken , (and have by di ffer en t wr it er s been taken ,)
as t h e basis of classificat ion . Th e har dness, specific
gr avity

,
colour

,
lust r e, crystallizat ion , and other exter

na l char a ct er s, as t hey ar e t ermed
,
form one body of

pr oper t ies accor ding t o whi ch m in er als m ay b e classi
fied; as h as in fact been don e by Mohs

,
Br eithaupt ,

and other s. Th e chem ica l const itut ion Of t h e sub

stan ces, on t h e other hand, m ay b e made t h e pr in ciple
Of their ar r angemen t

,
as w as done by Ha iiy, and mor e

r ecen t ly, and on a di ffer en t scheme
,
by Ber zelius.

Which Of these is th e t rue and na tur al classificat ion ?
TO t hi s w e answer , that ea ch of these ar r angemen t s is
t r ue and natural

,
then

,
and then on ly, when it coin

cides with t h e other . An ar r angement by ext erna l
char act ers which gives us classes possessing a common
chemi ca l char a ct er —a chemical or der which br ings
t ogether like and separ a t es unlike miner als — such
classifica t ions have t h e eviden ce Of t r uth in their
agr eemen t with one another . Every classificat ion Of
m iner a ls which does not a im at and t end t o such a

r esult
,
is so far mer ely arbit r ary ; and cannot b e sub

ser vien t t o t h e expr ession Of gener a l chemi cal and

miner al ogi cal t r ut hs, whi ch is t h e pr oper pur pose of

such a cla ssificat ion .

8. In th e Histor y of Mineralogy I have r elat ed
t h e advances whi ch have been made among m in er a lo;

gist s and chemi st s in m odern t imes t owar ds a Syst em
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possessing thi s chara ct er Of t ruth. I have ther e de
scr ibed t h e mixed systems ofWer ner and Ha iiy

— t h e

a t t empt made byMohs to form a pur e Na tural Hist or y
syst em -t h e fir st and second a t t empt Of Ber zelius t o
form a pur e chemi cal syst em ; and t h e fa ilur e of both
t hese a t t empt s. But t h e di st inct separ a t ion Of t h e tw o
elemen ts of which science r equir es t h e coinciden ce
thr ew a very useful light upon t h e subj ect ; and t h e

succeeding mixed syst ems, such as that of N aumann
,

appr oa ched much n ea r er t o t h e t r ue condit ions of t h e

pr oblem than any Of t h e pr eceding on es h ad don e.

Thus
,
as I have st a t ed

,
sever a l of N aum ann

’

s gr oups
have both a common chemica l cha r act er and gr eat
ex t er nal r esemblan ces. Such ar e h is Anhydr ous Un

m eta llic Ha loids— h is Anhydr ous Meta llic Ha loids

Hydr ous Meta l li c Ha loids— Cai des Of met als— Pyr i tes
—G lances —Blendes . Th e exi st en ce of such gr oups

Shows that w e m ay hope ult imat ely t o Obt ain a classi
ficat ion of miner als .whi ch shall b e both chemically
signi fican t

,
and agr eeable t o t h e methods of Natur al

Hist ory : a lthough when w e consider h ow ver y im
per fect as yet our knowledge of t h e chemical composi
t ion of min er a ls i s

,
w e can har dly flat t er our selves

t hat w e sha ll ar r ive at such a r esult very soon .

We have thus seen that in M in er alogy
,
as well as

in t h e sciences which t r eat of or gan iz ed bodies
,
w e m ay

apply t h e Idea Of Natur a l Affini ty Of which t h e fun
dam en ta l maxim is

,
that a r r ang e

-men ts obta in ed fr om
difi r en t sets of ch a r a cter s m ust coin cide.

Sin ce t h e not ion of Affinity is thus applicable to
inorgan ic as well as t o or gan ic bodi es, i t is plain that
i t is not a mer e modi ficat ion Of th e Idea of O rgan izar
t ion or Fun ct ion

,
although it m ay in some Of it s aspect s

appear t o appr oach near t o these other Ideas . But

these Ideas, or other s . whi ch ar e t h e foundat ion Of
t hem,

n ecessar ily en t er in a very pr ominen t and funda
men tal mann er int o al l t h e other par t s Of N atur a l
Hist ory. To th e consider at ion of these, ther efore, w e

sha ll now pr oceed.
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LA vie est donc un TOURBILLON plus ou m o ins r apide
,
plus

ou m oins com pliqué
,
dont la dir ect ion est cons tant e, et qui

ent r aine t oujour s des m olecules de m em es sor t s, m ais on les

m olecules individuelles ent r en t et d
’

Ou elles sor tent cont inu
ellem ent

, de m an ier e que la Forms du corps vivant lui est plus
essent iell e que sa Ma tier e.

Tant que cc m ouvem en t subsist e, le corp ou il s
’

exer ce est

vivan t ; il c it . Lorsque le mouvem ent S
’

a r r ete sans r etour
,
le

corps men/r t .
CUVIER

,
Regne Anima l, S . 1 2.

I REMEMBER, upon asking our fam ous Ha r vey, wh at induced
h im t o t h ink of a circulat ion of th e blood, h e sa id, th at obser ving
t h e valves in t h e veins of m any par t s of th e body, so placed as t o
give a fr ee passage t o th e blood t owar ds t h e h eart , but t o oppose
t h e passage of t h e venal blood t h e cont r a ry w ay, h e im agi ned
th at so pr ovident a cause as na tur e h ad not thus placed so m any
valves w ith out design ; and as no des ign seem ed m or e pr obable
t h an t h at th e blood could not well , because of th e int erposing
valves, b e sent by t h e veins t o th e lim bs, it sh ould b e sent th r ough
th e ar t er ies and r eturn th r ough t h e veins wh en valves did not

Oppose it s cour se t h at w ay .

BOYLE
, On the Fina l Causes of Na tur a l Th ing s. On t h e

Pr oposit ion ’

Ti s often a llowa ble for a na tur a list
, fr om the

m anifest and apposi te uses of thepar ts of anim a l bodies
,
to collect

some of the pa rt icula r ends for wh ich th e Cr ea tor designed them :

and in some cases we may, fr om the known na tur e and str uctur e of
thepa r ts, dr aw par ticular conj ectures a bout th epa rt icula r ofices of
th em .



THE PH ILOSOPHY OF BIOLOGY.

CHAPTER I.

ANALOGY OF BIOLOGY WITH OTHER SCIENCES.

'

I . N t h e History of t h e Sciences, aft er t r eat ing Of
t h e Sciences of Classificat ion , w e pr oceeded t o

what ar e ther e termed t h e Or gan ical Sciences, including
in this t erm Physiology and Compar at ive An at omy.

A peculiar featur e in this gr oup Of scien ces is that
t hey involve t h e not ion Of living things. Th e not ion

Of Life, however vague and Obscur e it m ay b e in men
’

s

minds
,
is appr ehended as a pecul iar Idea , n ot r esolva

b le in t o any other Ideas, such, for inst ance, as Mat t er

and Mot ion . Th e separ at ion between livi ng cr eatur es
and iner t mat t er , between or gan ized and unor gan ized
beings

,
is conceived as a posit ive and in surmoun t able

bar r ier . Th e t wo classes of Object s ar e con sider ed as

of a dist inct kind
,
pr oduced and pr eserved by differ en t

for ces. Whether t h e Idea of Life is r ea lly thus or igi
nal and fundamen ta l

,
and whether

,
if so, it b e one

Idea only, or involve sever a l, it must b e t h e pr ovince
of t rue phi losophy to det ermin e. What w e shall her e
Offer m ay b e con sider ed as an at t empt t o con t ri but e
something t o t h e det erminat ion of these quest ions ;
b ut w e sha ll perhaps b e able t o make it appear that
scien ce is at pr esen t on ly in t h e cour se Of it s pr ogr ess
t owar ds a complet e solut ion of such pr oblems.

Since t h e main fea tur e Of those sciences of which
We have now t o examine th e philosophy is, that they
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involve t h e Idea Of Life
,
it would b e desir able to have

them designat ed by a-n ame expr essive of that ci r cum
stan ce. Th e wor d Physiology, by which they have
most common ly been descr ibed

,
means th e Scien ce of

N a tur e; and t hough it would b e easy t o explain
,
by

r efer en ce t o hi st ory, t h e t r ain of thought by which t h e
wor d w as lat t er lv r est ri ct ed t o Living N a tur e

,
it Is plain

that th e name 3s, etymologically speaking, loose and

impr oper . Th e t erm Biology, which means ex act ly
what w e wish t o expr ess

,
th e Science of L ife, h as Oft en

been used, and h as Of lat e become not un common
among good wr it er s . I shall th er efor e ven tur e to em

ploy it , i n most cases, r ather than t h e wor d Physiology.

2 . A s I have alr eady in t imat ed
,
one main i nqui ry

belonging t o t h e Phi losophy Of Biology, i s concern ing
t h e Fundamen ta l Idea or Ideas which t h e scien ce in
volves. If w e look back at t h e cour se and t h e r esult s
Of our disqui sit ions r espect ing other scien ces in this
work, and assume

,
as w e m ay phil osophical ly do, tha t

ther e wi ll b e some gener al analogy between those
sciences and this

,
in their developmen t and pr ogr ess

,

w e shall b e enabled to an t icipate in some measur e th e
nat ur e of t h e view which w e Shal l now have to t ake.

We have seen that in other subj ect s th e Fundamen tal
Ideas on whi ch science depended, and t h e Concept ions
der ived fr om these, wer e a t fir st vague, Obscur e, and
confused — that by gradual st eps

,
by a constan t uni on

of thought and Obser va t ion , th ese con cept ions becom e

mor e and mor e clear
,
mor e and mor e definit e —and

that when they appr oached complete di st inctness and

pr ecision , ther e wer e made g r eat posit ive discoveri es
in t o whi ch these concept ions ent er ed ; and thus th e

n ew pr ecision Of thought w as fixed and per petua t ed
in some conspicuous and last ing t ruths. Thus we

have seen h ow t h e fir st confused mechan ical concep
t ions (For ce, and t h e like,) wer e, fr om t ime to t ime,
gr owing Clearer , down t o t h e epoch Of N ewton
h ow t rue con cept ions of G ener a and of wider classes,
gr adually unfolded themselves among th e botanists Of
t h e six t eenth and seven t eenth cen tur ies —h ow t h e

idea of Substance became steady enough t o govern t h e
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not t h e shape, b ut t h e mechan ical for ces Of th e par t i
cles which gave t h e body it s at t r ibut es — and finally
acqui escing in, or r a ther r eluctan t ly adm it t ing

, t h e

idea OfAfi n i ty, con ceived as a pecul iar power , differ
ent not on ly fr om mat er ial contact , b ut fr om any m e

ch an ica l or dynamica l at t r act ion .

Now w e cannot b ut t hi nk it ver y natur al
,
if w e find

that t h e hist ory Of Biology Offer s a seri es of occur r ences
of t h e same natur e. Th e not ions Of Life in gener al

,

or of anyVit al Fun ct ion s or Vit al For ces in par t icul ar ,
a r e Obviously ver y loose and vague as they exist in t h e
m i nds Of most m en . Th e discr epan cies and con t r o
ver sies r espect ing t h e defin it ions of al l such t erms,
which a r e found in a l l works on physiology, afl

'

ord us

abundant eviden ce tha t these not ions ar e not , at least
not gener ally

,
appr ehended wi th complet e clear n ess

and st eadiness. We Shall ther efor e find appr oaches
and advan ces

,
in t ermediat e st eps, gr adually leading

up t o t h e gr eat est degr ee of di st in ctness which h as yet
been at tained. And in those st ages of imper fect
appr ehension in whi ch t h e not ions Of Life and ofVit al
Power s a r e st ill t oo loose and unformed to b e applied
independent ly

, w e m ay expect t o find them suppor ted
and embodi ed by means of hypotheses bor r owed fr om
other subjects

,
and thus

,
made so dist in ct and sub stan

t ial as t o supply a t least a t empor ar y possibility of

scien t ific r eason ing upon t h e laws of li fe.

4. For example
,
if w e suppose that m en begin t o

speculat e upon t h e pr oper t ies of living things, not

acknowledging a peculiar Vit al Power , b ut making
use successively Of t h e knowledge supplied by t h e study
of other subjects

,
w e m ay easily imagine a ser i es Of

hypotheses a long whi ch they would pass.

They would pr obably, fir st
,
in this as in other

scien ces
,
have their thought s occupied by vague and

mystica l not ions in which mat er ial and spir itual agen cy,
natur a l and super natur al event s, wer e mixed t ogether
without di scriminat ion , and without any clear not ion

a t all . But as they a cqui r ed a mor e genuine per cep
t ion of t h e natur e of know leg e, they would natur al ly
t ry t o explain vi tal m ot ion s and pr ocesses by means Of



ANALOGY WITH OTHER SCIENCES .

such for ces as they h ad learn t t h e exist ence of fr om
other sciences. They might fir st have a m ech an ica l
hypothesis

,
in which th e mechan ica l For ces of t h e solids

and fluids whi ch compose or gani z ed bodies should b e
r efer r ed t o

,
as t h e most impor tant influen ces in t h e

pr ocess Of life. They might then at t end t o th e act ions
which t h e fluids exer cise in vir tue Of their Afi n i ty,
and might thus form a chem ica l theory. When they
h ad pr oved t h e insufli cience Of these hypotheses, b or
r owed fr om t h e powers whi ch mat t er exh ibit s in other
cases

,
t hey might think themselves author ized t o

assume some peculiar power or agency
,
st ill m at er ial ,

and thus they would have t h e hypothesis of a Vita l

F luid. And if they wer e dr iven to r ej ect this, they
might think that ther e was no r esour ce b ut t o assum e

an immat eri al pr inciple of life, and thus they would
ar rive at t h e doct r ine of an An im a l Sou l .

Now ,
through t h e cycle of hypotheses which w e

have thus supposed, physiology h as actually passed.

Th e con clusions t o which t h e most phi losophi cal minds
have been led by a sur vey Of thi s pr ogress is, that by
t h e failur e of a l l these theor ies, m en have exhaust ed
this path Of inquiry ,

and shown that scien t ific t r uth is
to b e sought in some other manner . But befor e I
pr oceed fur ther t o illust r at e thi s r esult

,
i t will b e

pr oper
,
as I have alr eady st at ed, t o exhibit hist or ically

t h e var ious hypotheses which I have descr ibed. In

doing t hi s I shall pr in cipally follow t h e History of
Medicine of Spr engel. It is only by t aking for my
guide a physiologist of acknowledged science and judg
men t

,
that I can hope

,
on such a subject

,
t o avoid

er r our s of deta il. I pr oceed now t o give in succession
an account Of t h e Myst ical, t h e Iat r ochemical, t h e
Iat r omathemat ical

,
and t h e Vit al-Fluid Schools ; and

finally of t h e Psychical School, wh o hold t h e Vi tal
Power s

'

t o b e derived fr om th e Soul



CHAPTER II.

SUCCESSIVE BIOLOGICAL HYPOTHESES.

SECT. I .
— Th e Myst ica l Sch ool .

N or der t o abbr eviat e as much as can conveni ent
b e don e t h e hist or ical vi ew which I have now

take
,
I shall alt ogether pass over t h e ph ysiolog i

.

specul at ions of t h e an cien t s, and begin my sur vey w i
t h e gener a l r eviva l of science in modern t imes.

We n eed not dwell long on t h e fan t ast ical and u

ub stant ial doct r ines con cern ing physiology which p
vailed in t h e sixt een th cen tury, and which flowed i
gr eat measur e fr om t h e fer t ile b ut il l-r egulat ed im a

nat iOns of th e cult ivat or s Of Alchemy and Magic. 0
of t h e pr ominen t doctor s of this school is t h e celeb r at
Par acelsus

,
whose doct r ines con t ained a combinat i

Of biblical in t er pr etat ions
,
visionary religious not io

fan ciful analogies
,
and bold exper iments in pr ac t i

medicine. Th e opinion of a close b ut myst ica l r ese
blan ce Of par ts betw een t h e universe and t h e h um

body, —t h e Macr ocosm and t h e Micr ocosm ,
—as t h e

tw o things, thus compar ed, wer e t ermed, h ad pr obal
come down from t h e N eoplaton ist s it w as adopt ed
t h e Par acelsist s ’

,
and connect ed wi th var ious ast

log ical dr eams and cabbalist ic ri ddles. A successi
Of lat er Paracelsist s 2, Rosicr ucians

,
and other fanat i

of t h e same kind, coii t inued in t o th e sevent een th cc

t ur y. Upon their not ions w as founded th e pr etensi
of cur ing wounds by a sympathet ic powder

,
whi ch

Kenelm D igby, among other s
,
asser t ed ; while an i i r

magnet ism,
and t h e t r ansfer of diseases from one p

son t o another , wer e main t ained by others Of t

1 Spt . i ii . 456.
2 I b. iv. 270.

3 Ih . iv. 276.
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which could b e appar en t ly explained by means
sciences then cul t ivated ; and thi s was t h e par t
appea r ed t o b e r educible to chemi
doct r ines. I t wi ll
cesses Of chemist ry
physiologi cal pr oces
limi t ed by a sound invest igat ion , b e suppo
st ill mor e than they r eally h ad; and thus a Physiology
w as formed whi ch depended mainly upon Chemist ry,
and t h e school whi ch held this doctrine h as been called
t h e I a tr och em ica l School.

SECT. II . —The Ia trochem ical School .

That all physica l pr oper t ies, and ther efor e chem i cal
relat ions, have a mat er ial influence on physiological
r esults

,
w as a lr eady r ecogni zed

,
though dimly

,
in t h e

G aleni c doct r ine of t h e ‘four element ary qualit ies.

’

But at t h e t ime Of Par a celsus
,
chemical a ct ion w as

mor e dist inct ly than befor e separ a t ed fr om other kinds
Ofphysica l act ion ;and ther efor e a physiological doct ri ne,
founded upon chemist ry, and fr eed fr om t h e ext r ava

gance and myst icism Of t h e Par a celsist s
,
w as a very

pr omising pat h Of Speculat ion . Andr ew Lib avius ’ of

Hal le
,
in Saxony, Physician and Teacher in t h e G ym

nasium a t Kober g
,
is point ed out by Spr engel as t h e

per son w h o began t o cult ivate chem i st ry, as dis t inct
fr om t h e theosophic fant asies of h is pr edecessor s ; and

Angelus Sala Of Vienna 8

, as hi s successor . Th e lat ter
h as t h e laudable di st in ct ion Of having r eject ed t h e pr e~
va len t con ceit s about a potable gold, a univer sa l medi
cine, and t h e like . In G ermany alr eady a t t h e begin
n ing of t h e seven t een th centur y a pecul i ar chair of

Chym ia tr ia w as a lr eady cr eat ed a t Marpur g : and

many in var ious places pur sued t h e same studies, t ill,
in t h e mi ddle of t h e seven t een th cen tur y

,
w e come t o

Lemery”
,
t h e pr in cipal r eformer of phar maceut i cal

chem ist ry. But w e a r e not her e so much concer ned
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with th e pr a ct ical a s with th e theor et ical par t s of

Iat rochemi st ry ; and hence w e pass on t o Sylvius
’ l
and

hi s syst em
Th e Opini on that chemi st ry h ad an im por t an t bear

ing upon physiology did not
,
however

,
begin with Syl

vius. Paracelsus, among hi s ext r avagan t absur dit ies,
did some ser vice t o medi cine by dr awing at t ent ion t o

thi s impor t an t t ruth. He used 12 chemical pri nciples
for th e explanat ion of par t icular diseases most or a l l

diseases accor ding t o h im ,
ar ise fr om t h e efl

’

ervescence

of sa lt s, fr om t h e combust ion Of sul phur , or fr om th e

coagulat ion ofmer cur y. His medi cin es wer e chemica l
pr epa r at ion s ; and it w as

13
an unden iable advan t age of

t h e Par acelsian doct r in e tha t chemist ry thus became
indispensable t o t h e physician . We st i ll r et a in a r em

nan t Of th e chemical nomenclatur e of Par acelsus in t h e
term ta r ta r , denot in g t h e st ony con cr et ion whi ch forms
on t h e t eeth “. Accor ding t o h im ther e is a cer tain
substance, t h e basis of a ll diseases which ar ise fr om a

thickeni ng of t h e jui ces and a collect ion of ea r t hy
mat t er ; and this subst ance h e calls Ta r ta r us

,
because

it burns like t h e fir e Of hell. ’ Helmon t
,
t h e successor

Of Par acelsus in many absur di t ies, a lso followed h im in

th e a t t empt t o give a chemi cal account
,
however loose

and wild
,
of t h e fun ct ions of t h e human body ; and is

by Spr engel consider ed, with a ll h is ex t r avagancies
,
as

a meri t or ious and impor t ant di scover er . Th e not ion

of t h e fermen ta t ion of fluids ”
,
and Of t h e aer ial pr o

duct then ce r esul t ing, to whi ch h e gave t h e name of

G a s, forms an im por tan t par t Of .h is doct r in es ; and Of
t h e Six digest ions whi ch h e assumes

,
t h e fir st pr epar es

an acid
,
which is n eut r a liz ed by th e gall when it

r eaches t h e duodenum ,
and thi s const itut es t h e second

digest ion .

I have a lr eady
,
in t h e History of Chemist ry sta t ed,

that th e doct r ine of t h e opposit ion Of acid and a lkali
,

t h e gr eat st ep whi ch theor et ical chemist ry owes to
Sylvius, w as fir st br ought in to view as a physiological

11 Spt . iv. 336.
12 I h. iii. 472.

13 I b . ii i . 482.
14 l b . i i i. 475.

15 Vol, v.
16 Hist. Ind. Sc. b . xiii. c. 2.

VOL. I I.
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t enet
,
although w e h ad then to t r a ce it s consequences

in another science. Th e explanat ion of al l t h e func
t ions Of t h e an imal syst em

,
both hea lthy and morbid

,

by means of this and other chemical doct ri n es, and t h e
pr escr ipt ion of methods of cur e founded upon such ex

plana t ions, form t h e scheme of t h e i a t r och em ica l school ;
a school whi ch almost engr ossed t h e favour of Eur opean
physicians dur ing t h e great er par t Of th e sevent eenth
cen tury.

Sylvius taught medi cine at Leyden ,
fr om th e year .

1 658, with so much success
,
that Boerhaave alone sur

passed h im ”
. His not ion s

,
although h e piqued h im

self On their originality
,
wer e man ifest ly suggested in

n o small degr ee (as al l such supposed novelt ies ar e) by
t h e speculat ions of h is pr edecessor s, and t h e spir it of

t h e t imes. Like Helm on t
‘a

,
h e cons iders digest ion as

con sist ing in a fermen t at ion ; b ut h e st at es it more
defini t ely as t h e effervescence of an acid

,
supplied by

t h e saliva and t h e pan cr eat ic jui ce, with t h e alka li Of
t h e gall . By var ious other hypothet ical pr ocesses, a l l

of a chemi cal nat ur e, t h e blood becomes a collect ion of

va r ious jui ces
,
whi ch ar e t h e subject s Of t h e specula

t ions of t h e iat r ochemi sts
,
t o t h e en t ir e neglect of t h e

solid par t s Of t h e body. D iseases wer e account ed for
by a supposed pr evalen ce Of one or t h e other Of th e
acr id pr inciples, t h e acid or th e alkaline : and Sylvius”

w as bold enough t o found upon these hypotheses pr ac
t ical methods of cur e, which wer e in t h e highest
degr ee mischievous.

Th e Sylvi an doct r ine w as Oft en combined with some
Of t h e not ions Of t h e Car t esian syst em Of philosophy ;
b ut this mixtur e I sha ll not not ice

, sin ce my pr esen t
Object is t o t r ace t h e history Of a -mer e chemica l
physiology as one of t h e unsuccessful a t t empt s a t a

phil osophy of life. With var ious modificat ions, this
doct rine w as diffused over Eur ope. I t gave ri se t o

sever al con t r over sies
,
which tur ned upon t h e quest ions

of th e novelty of t h e doct r ine
,
and t h e use Of chemica l

r emedi es to which it point ed, a s well as upon i t s theo

17 Spr . iv. 336. 18 I b. 338. 19 Ih. iv. 345.
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plained other par t s Of th e an ima l economy by dist illa
t ion

,
fermen ta t ion ,

and t h e like. All diseases ar i se

fr om t h e wan t of t h e r equisit efermen t ; and t h e physi
oian ,

h e says”, m ay b e compar ed to a vintn er
, since

both t h e on e and t h e other have t o take car e t hat t h e
necessar y fermenta t ion s g o on

,
that no for eign mat t er

mix es it self with t h e win e of life
,
t o int er r upt or de

r ange those oper at ions. In t h e middle Of th e seven
t een th cen tury, medicine h ad r eached a point in whi ch
t h e life Of t h e anima l body w a s consider ed as mer ely a
chemi cal pr ocess ; t h e wish to explain everything on

known pr inciples left no r ecognized di ffer en ce between
or gani zed and unor gan ized bodies

,
and diseases wer e

t r eat ed accor ding to this delusive not ion . Th e condi
t ion ‘

of chemist ry it self during thi s per iod, though not

one Of br i llian t pr ogress, w as sufficien t ly st able and

flour ishing t o give a plausibility t o any speculat ion
which w as founded on chemica l pr inciples ; and t h e

real influence of these pr inciples in th e animal frame
coul d not b e den ied.
Th e iat r ochemists wer e at fir st r esist ed, as w e have

seen
,
by t h e adher en ts of th e ancient schools ; they

wer e at tacked on var ious gr ounds, and finally deposed
fr om their ascendancy by another sect

,
which w e have

t o speak Of, as t h e iat r omathemat ical , or mechani cal
school. Thi s sect w as no less unsa t isfactory and er r o

neous in it s posit ive doct r in es than t h e chemi st s h ad
been ; for t h e animal fr ame is no mor e a mer e m a

chine than a mer e labor atory : b ut it pr omot ed t h e
cause of t r uth

,
by det ect ing and exposing t h e insuffici

en t explanat ions and unpr oved asser t ions of t h e r eign
ing theory.

Boyle was one Of t h e persons w h o first r a ised doubts
against th e cur r ent chemi cal doct r ines of hi s t ime

, as

w e have elsewher e not ed ; but h is Object ions h ad no

pecul iar physiological impor t . Herman Conr ing
25

, t h e

most lear ned physician of his t im e
,
a contempor ary

with Sylvius
,
t ook a view mor e per t in ent t o our pr e

sent Object ; far h e not onl y r ej ect ed t h e alchem ical

24 Spt . 354.
‘25 Ib . iv. 361 .
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and hermet ical medicines, but t aught expr essly that
chemist ry, in it s then exi st ing condit ion ,

w as bet ter .

fit t ed t o b e Of use in t h e pr act ice Of pharmacy, than in
t h e theor ies of physiology and pathology. He made th e
impor t ant asser t ion , also, that chem ical pri nciples do
not pr e

—exist as such in t h e anim al body ; and that
t her e ar e higher power s whi ch operat e in t h e or gan ic
wor ld, and which do not depend on t h e form and m ix

tur e ofmat t er .

At t empt s wer e made to pr ove th e acid and alkaline
natur e of th e fluids Of th e human body by means of

experiment s, as by John V ir idet of G en eva and by
Raimond Vieussen s”, t h e lat t er Of whom main t ained
that h e h ad ex t r act ed an acid fr om t h e blood

,
and de

t ect ed a fermen t in t h e st omach. In opposit ion t o h im ,

Hecquet , a disciple of th e iat r omathemat ical school,
endeavour ed to pr ove that digest ion w as per formed, not
by means Of ferment at ion , but b y t r itur at ion . Hec

quet
’

s own Opin ion s cannot b e defended ; b ut h is obj ec
t ions t o t h e chemi cal doct r ines, and h is asser t ion Of
t h e differ ence Of chemical and organ i cal pr ocesses, ar e

eviden ces of just thought 28.
Th e most impor t an t opponent s Of th e iat r ochemical

school wer e Pit cair n in England
,
Bohn and Hoffman

in G ermany, and Boerhaave in Holland. These em i

n en t physi cians, about t h e end of t h e sevent een th
cen tury ,

a r gued on t h e same grounds of Observat ion
,

that digest ion is not ferment at ion ,
and that t h e Sylvian

accoun t s of th e or igin Of diseases by means of acid and
alkali ar e fal se. Th e ar gument s and author ity Of these
and other per sons finally gain ed an ascendan cy in t h e
medica l wor ld, and soon aft er this per iod w e m ay con

sider t h e r eign Of t h e chemical school of physiology as

past . In fact
,
t h e at t empts t o prove it s asser t ions ex

per im ent al ly wer e Of t h e feeblest kind, and it h ad no

solid basis on which it could r est , so as t o r esist th e

shock of t h e next hypothesis which th e pr ogr ess of

t h e physical sciences might impel against i t . We

m ay, ther efor e, now consider th e Opini on of t h e m er e

5 " Spr . iv. 329.
27 l b. 350,

29 II) . 401 .
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chemical natur e Of ‘the vit al pr ocesses as disproved
,

and w e pr oceed next to not ice t h e hist ory Of another
unsuccessful essay to r educe vi ta l act ions to known
act ions Of another kind.

SECT. ILL—The I a tr oma thema tica l School.

In th e first Sect ion Of thi s chapt er , w e enumer at ed
th e

,
biologica l hypotheses which at fir st pr esent them

selves, as t h e mysti cal, th e mechani ca l, th e chem ical.
We mig ht have expect ed that they Shoul d occur to
men ’

s minds in th e or der thus stat ed : and in fa ct they
did SO for t h e physiology Of t h e ancien t ma t er ialists

,

as D emocr itus and Lucr etius, is mechani ca l so fa r as it

is at a l l dis t inct in its views, and thus t h e mechan ica l
pr eceded th e chemica l doct r ine. But in moder n t imes

,

t h e flui d or chemical .physiology w as developed befor e
t h e solid or mechan ica l : of whi ch t h e r eason appears
to have been thi s —that Mechan ics and Chemist ry
began t o assume a scient ific charact er ab out th e same
t ime ; and that Of th e tw o, Chemist ry not onl y ap

pear ed at fir st sight mor e applicable to th e fun ct ions
Of t h e body, because al l t h e mor e r apid changes appea r
t o b e connect ed with modificat ions of t h e fluids of th e
an ima l system

,
b ut also

,
by its wider r ange of facts

and mor e indefini te pr inciples, afforded a bett er t em

por ar y r ef uge for t h e m ind when perplexed by t h e
difli cult ies and myst eri es whi ch spr ing out of t h e spe

culat ion s con cerning h fe . But if Chem ist r y w as thus
at first a mor e in jvit ing field for th e physiologist , Me

ch ani cs soon became
'

mor e at t r act ive in vir tue of t h e

splendid r esul ts Obtained by th e schools Of G alileo and

Newt on. And when t h e in sufficien cy Of chem i ca l
physiology w as di scover ed by t rial

,
as w e have seen it

w as
,
t h e hope naturally arose

,
that t h e mechanica l

pr inciples whi ch h ad explained so m any Of t h e pheno
mena of t h e ext er nal univer se might also b e found
applicable to th e smaller wor ld of ma teria l life —that
t h e m icr ocosm as well as t h e m a cr ocosm. might have
it s m echanical principles. From thi s hope Sprung t h e
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t o a few oun ces 0 Keil l and other s at tempted to
det ermine, on similar pr inciples, t h e velocity of t h e

blood ; w e n eed not not ice t h e con t r oversies whi ch thus
a r ose, sin ce ther e is not involved in them any peculiar
physiological pr in ciple.

Th e pecul i ar char act er Of t h e iat r omathemat ical
school, as an at t empt at physiological theory, is mor e
man ifest in i t s other sect ion , whi ch w e have ca l led t h e

L/Car t esiO-N ewtonian . Th e Cart esian system
'

pr et ended

t o account for t h e appear ances and changes Of b odi es
by means of t h e size, figur e, and mot ion of their m inute
par t icles. And though this syst em in it s pr ogr ess to
w ar ds t h e int ellectual empir e of Eur ope w as suddenly
over t urn ed by t h e r ise of

'

t h e N ewt on ian philosophy,
these cor puscular doct r ines r a ther gain ed than lost by
t h e r evolut ion ; for th e Newtonian philosophy en lar ged
th e powers of t h e cor puscula r hypothesis, by adding
t h e effects of t h e a t t r act ive and r epulsive for ces of

par t icles t o those of their form and mot ion. By this
means, although N ewton ’

s discover ies did n ot in fact
augmen t t h e pr obability of t h e corpuscular hypothesis,
they so far incr eased i ts plausibility, that this hypo
thesis found favour both w ith N ew ton himself and h is
cont empor ar ies, no less than i t h ad done with t h e
Car t esians.

Th e at t empt t o apply this cor puscular hypothesis t o
physiology w as made by D es Ca r t es himself. Th e

gener al char act er of such speculat ions m ay easily b e
guessed“ . Th e secr et ions ar e effect ed by t h e or gan s
Oper at ing aft er t h e manner of sieves. Round part icles
pass thr ough cylindri cal tubes, pyr am idal ones thr ough
t r iangular por es, cubical par t icles thr ough square aper
tur es, and thus differ en t kinds of mat t er a r e separ a ted.

Similar speculat ion s wer e pur sued by other m ath em a

t icians : t h e various diamet er of t h e vessels“, t heir
cur vatur es, folds, and angles, wer e made subject s of

calculat ion . Bellini, D onz el lini , G uli elm in i, in It aly ;
Per rault , D odar t , in Fr ance ; Cole, Keill

,
Jur in , in

England, wer e t h e pr incipal cult ivat ors of such st udies .

3 3 Spr . iv. 443.
3 4 I b. 329 .

3 5 I b. 432.
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In th e ear lier par t of t h e eight een th centur y, physio
logical theor ist s consider ed i t as almost self-evident
that thei r scien ce r equir ed them t o r eason con cer ning
t h e size and shape of t h e par t icles of th e fluids, t h e
diamet er and form Of th e invi sible vessels . Such w as,
for in st ance, t h e Opini on of Ch eyn e

ae

, wh o held that
acut e fevers arise from t h e obst ruct ion of t h e glands,
which occasion s a mor e vehement mot ion of t h e blood.

Mead, t h e physician of t h e King, and t h e fr iend of

Newt on
,
in like manner explained t h e effect s of poison s

by hypotheses concerning t h e form Of their par t icles”,
as w e have alr eady seen in speaking of chemist ry .

I t is not necessary for us t o dwell longer on this
subj ect , or t o poin t out t h e t ot al insufficien cy of t h e

mer e mechan ical physiology. Th e iat r ochemist s h ad
neglect ed t h e effect of t h e solids of t h e living fr ame ;
t h e iat r om at h em at ician s a t t ended only t o these 3 8 . And

even t hese wer e consider ed on ly as canals, as cor ds
,
as

lever s, as lifeless m achines. These r easoner s never
looked for any powers of a higher or der than t h e cohe
sion , t h e r esist ance

,
t h e gr avity

,
t h e at t r act ion

,
whi ch

oper ate in iner t ma t t er . If t h e chemi cal school ass1
m ilat ed t h e physician t o a vintner or br ewer , t h e

mechan ical physiolog ist s made h im an hydr aulic engi
n eer and

,
in fact

,
sever a l Of t h e iat r om at h em at icians

wer e a t t h e same t ime t eacher s of engineer ing and of

medicine.

Sever a l of th e r easoners Of this school combined ch e
mical with their mechan ica l pr inciples ; b ut ,

it would
thr ow no addit ional light upon t h e subject t o give any
account of these, and I sh all ther efor e g o on t o speak
of t h e n ext form of t h e at t empt t o explain t h e pr o

cesses of life.

SECT. IV.
—T7w Vi ta l-Fluid School .

I speak -her e, not of that opinion which assumes
some kind of fluid or ether as t h e mean s Of commun i

3 6 Spt . iv. 223.
3 7 Mechanica l Account of Poisons, 1 702 .

33 Spr . iv. 419.
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cat ion al ong t h e ner ves in par t icul ar
, b ut of t h e hypo

thesis that a l l t h e peculia r funct ions of life depend
upon some subt ile ether ea l substance diffused thr ough
t h e fr ame —not of a Ner vous Fluid

, but of a Vita l

Fluid. Again , I di st inguish this Opinion fr om t h e

doct r ine of an imm a ter ia l vital power or pr inciple
,
an

Animal Soul
, whi ch will b e t h e subject Of t h e next

Sect ion : nor is this di st in ct ion insignifican t ; for a

mat er ial elemen t
,
however subt ile, however much spir it

ual iz ed
,
must s t ill act everywher e accor din g to t h e

same laws ; wher eas w e do not conceive an immater ia l
spir it or soul t o b e subject t o thi s n ecessity.

Th e iat r omathemat ica l school coul d explain t o their
own sa t isfact ion h ow mot ions, on ce begun , wer e t r ans
fer r ed and modified but in many or gans Of t h e living
fr ame t her e seemed t o b e a power of beginning mot ion

,

whi ch is beyond al l mer e mechan ical act ion . This led
to t h e assumpt ion of a Pr in ciple of a higher kind,
though st ill mat er ial Such a Pr in ciple w as assert ed
by Fr eder i ck Hoflm ann

,
wh o w as bo r n a t Halle

,
in

1 660
3 9

,
and becam e Pr ofessor ofMedicine a t t h e newly

established Un iver sity ther e in 1694. Accor ding to
h im

“
,
t h e r eason of th e gr eat er act ivity of or ganized

bodi es lies in t h e influen ce of a mat er ial substance of

ex t r eme subt ilty, volat ility, and ener gy. This is, h e
holds

,
no other than th e Ether , which, di ffused t h r ough

a ll nat ur e
,
pr oduces in plan t s t h e bud, t h e secr et ion

and mot ion of t h e juices, and is separ a t ed fr om t h e

blood and lodged in th e br ain of animals“ . Fr om t hi s
,

a ct ing thr ough t h e nerves, must b e der ived all t h e

act ions of th e or gans in t h e an imal fr ame ; for when
t h e influence of t h e n erve upon t h e muscle ceases,
muscul ar mot ion ceases a lso.

Th e mode of oper at ion of thi s vi ta l fluid w as
,
h ow

ever , by no mean s steadi ly appr ehended by Hoffmann
and hi s follower s . I ts oper a t ions ar e so far mecha
nical

42
that a ll effect s ar e r educed to mot ion

, yet they

3 9 Spr . V . 254.

4° I b. v. 25 7 .
41 De D ifi

‘

er eMid Or ganism i ctMechanism i, pp. 48, 67 .

4 2 Spt . V . 262, a.
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explained by mechani cal or chemical laws, as th e se

cr et ion of var ious mat t er s (t ear s, milk, bile, & c . ) fr om
an homogeneous flui d, t h e blood ; t h e pr oduct ion of

anim a l hea t
,
digest ion

,
and t h e like. Accor ding to

John Hunt er , this at t enuat ed substan ce pervaded t h e
blood i t self, as well as th e solid or ganic fr ame ; and t h e
changes which. take place in t h e blood whi ch h as
flowed out of t h e veins int o a basin ar e explained by
saying that it is, for a t ime, t ill thi s vita l fluid evapo
r at es

,
t ruly alive.

Th e not ion of a Vit al Flui d appears a lso t o b e

favour ably looked upon by Cuvier a lthough wi th him
this doct ri n e is main ly put forwar ds in th e form of a

N er vous Fluid. Y et in t h e following passage h e ex

t ends t h e oper at ion Of such an agen t t o al l t h e vit al
funct ion s 46 W e have only t o suppose that a l l t h e

medullary and ner vous par t s pr oduce t h e N ervous
Agen t , and that they alone conduct i t ; that is, that it
can on ly b e t r ansmit ted by them

,
and that i t is changed

or consumed by their act ions. Then everythin g appears
simple . A detached por t ion Of muscle pr eserves for
some t ime it s ir r it ability, on account of t h e por t ion of

nerve which a lways adher es t o it . Th e sensibility and
t h e i r ri t ability r ecipr ocally exhaust each other by their
exer cise, because they change or consume th e same
agent . Al l t h e int er ior mot ions of diges t ion

,
secr e

t ion
,
excr et ion , par t icipate in this exhaust ion , or m ay

pr oduce it . Al l local excita t ion Of t h e nerves br ings
thi ther mor e blood by augmen t ing th e ir ri t abili ty of

t h e a r t er ies, and t h e afliux of blood augment s t h e

r eal sensibility by augment ing t h e pr oduct ion of t h e

nervous agen t . Hence t h e pleasur es of t it illat ions,
t h e pains of inflammat ion . Th e part icular sensat ion s

incr ea se in t h e same manner and by t h e same causes ;
and t h e imaginat ion exer cises, (st ill by mean s of t h e

nerves
,) upon t h e int er nal fibr es of t h e ar t er ies or

other par t s
,
and thr ough them on t h e sensa t ions, an

a ct ion analogous t o that of t h e wi ll upon t h e voluntary
mot ions. AS each ext er ior sense is exclusively disposed

‘ 4 5 Hist. Sc. Na t. 616q 1 789 , i. 214.
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t o admi t t h e subst ances which it is t o per ceive, so each
int er ior or gan

,
secr et ory or other , is a lso mor e ex cit a

b le b y some one agen t '

than by another : and hen ce
a r ises what h as been called t h e pr oper sensibi li ty or

pr oper life of the or g ans ; and t h e influen ce of Specifics
whi ch

,
in t r oduced int o t h e gener al cir cul at ion , affect

only cer t ain par t s. In fin e, if t h e ner vous agen t can
not becom e sensible t o uS

,
t h e r eason is that a l l sensa

t ion r equir es that this agent should b e alter ed in some
w ay or other ; and it cannot a lt er it self.

‘Such is t h e summar y idea which w e m ay at pr esen t
form of th e mutua l and gener al working of t h e vita l
power s in animals.

’

Against t h e doct r ine of a Vit al Fluid as one un iform
mat er ia l agen t pervading t h e or ganic fr ame

,
an ar gu

men t h as been stat ed which poin t s out ex t r emely well
t h e philosophical object ion t o such an hypothesis”. If
t h e Vita l Pr in ciple b e t h e sam e in a l l par t s of t h e

body
,
h ow does it happen ,

it is asked
,
that t h e secr e

t ions ar e so dibj er en t ? How do t h e par t icles in t h e

blood
,
separ at ed fr om t heir old compounds and uni t ed

int o n ew ones, under t h e same influence, give or igin
t o all t h e differ en t fluids which ar e pr oduced by t h e
glands ? Th e liver secr et es bile, t h e lacrymal gland,
t ear s, and so on . IS th e Vita l Pri n ciple di ffer en t in
a l l these or gans ? To asser t thi s

,
is t o mul t iply nomi

na l pr inciples without limit , and without any advan ce
in t h e explanat ion of fact s. Is th e Vi ta l Pr in ciple t h e
same

,
b ut its oper at ion modi fied by t h e st r uctur e of

t h e or gan ? We have then two unknown causes, t h e
Vital Pr in ciple and t h e Or ganic St r ucture

,
t o accoun t

for th e effect . By such a mult iplica t ion of hypotheses
nothing is gained. W e m ay as well say a t on ce

,
that

t h e st r uctur e of t h e or gan , act ing by laws yet unknown ,
is t h e cause of th e peculiar secr et ion . I t is as easy t o
imagine this st ructur e act ing t o pr oduce t h e whole
effect

,
as it is t o imagine it modifying t h e act ivity of

another agen t . Thus t h e hypothesis of t h e Vit al Fluid
in this form explain s nothing, and does not in any

4 7 Prich ard, On a Vi tal Pr inciple, p. 98.
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w ayhelp onwar ds th e pr ogr ess of r eal biological kn ow
ledge.

Th e hypothesis of an imm a ter ia l vit al pr inciple must
now be consider ed.

SECT. V .
-The Psych ica l School .

Th e doct r in e of an An imal Soul as t h e pr inciple
which makes t h e oper at ions of or gani c differ en t fr om
those of inor gani c mat t er , is quit e dist in ct fr om,

and

w e m ay say independent of, t h e doct r in e Of t h e soul as
t h e int elligen t , mor al, r esponsible par t of m an

’

s natur e.

I t is t h e former doct r in e alone of which w e have her e
to speak, and those w h o thus hold t h e exi st en ce of an

immat er ial agen t as th e cause of t h e phenomena of

life, I t erm t h e Psychica l Sch ool.
Such a view Of th e const itut ion of living things is
very ancient . For instance, Ar istot le

’

s Tr eat ise On

the Soul,
’ goes en t ir ely upon t h e supposit ion that th e

Soul is t h e cause of mot ion , and h e ar r ives at th e con

clusion that ther e ar e differ en t pa r ts in th e Soul ; t h e
nu tr i tive or veg eta tive, t h e sensi tive, and t h e r at iona l

“
.

But thi s doct r ine is mor e inst ruct ive to us
,
when it

appear s as t h e an t agonist of other opin ions con cern ing
t h e na tur e of life. In thi s form it comes befor e us as
pr omulga t ed by St ahl , whom w e have alr eady not iced
as one of t h e gr eat di scover ers in chemi st ry. Born in
t h e same year as Hoffman ,

and appoint ed at hi s sug
gest ion pr ofessor at t h e same t ime in t h e same new

un iver sity of Halle, h e soon publi shed a r ival physio
logical theory. In a let t er t o Lucas Sch r Cck

,
t h e pr e

siden t Of t h e Academy of Natur alist s
,
h e descr ibes t h e

manner in which h e w as led t o form a syst em for h im
self 49. Educat ed in t h e t enet s of Sylvius andWil lis,
accordi ng to whi ch all diseases ar e der ived fr om th e

acidity of t h e fluids, St ahl, when a young student ,
oft en wonder ed h ow these fluids

,
so liable to b e pol

lut ed and cor rupt ed, a r e SO wonder fully pr eserved
thr ough innumer ab le ext er nal influen ces, and seem t o

43 Ar ist. Hepi 11. 2.
4 9 Spt . v. 303.
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ar e
,
h e r ight ly obser ves

,
mer e hypotheses, whi ch ar e

a r bit r ary in their char act er
,
and only Shift t h e difficulty.

For
,
if th e an ima l spir it s ar e not mat t er

,
h ow can they

expla in t h e a ct ion of an immat er ia l substan ce on t h e

body ; and if they ar e mat t er , h ow a r e they themselves
act ed on 2

This doct r ine of t h e act ion of th e Soul on th e body
,

w as accept ed by many per son s, especially by t h e iat r o
mathema ti cians

,
w h o could not b ut feel t h e in suffi

ciency of their syst em without some such supplemen t
such wer e Cheyne and Mead . In G erm any

,
Stahl’s

disciples in physiology wer e for t h e most part incon
sider ab le per sons 5 5 . Sever a l Englishmen w h o specu

la t ed con cer n ing th e met aphysics as well as t h e phy
siology of Sensat ion and Mot ion , inclin ed t o this
psychica l view, a s Por t erfield andWhyt t . Among t h e
Fr ench, Boissier de Sauvages w as t h e most zealous
defender of t h e St ahl ian syst em. Act ions, h e says 56,
whi ch belong t o t h e pr eservat ion of life ar e det erm ined
by a mor a l n ot a mechanica l necessity. They pr oceed
fr om t h e soul

,
b ut cann ot b e con t r olled by i t , as t h e

sta r t ing fr om fear , or t h e t r embling at danger . Un z er
,

a physician a t A l tona
f”
,
w as a lso a phi losophical Stah

lian s”
.

We need not dwell on th e opposit ion which was

Offer ed to this theory
,
fir st by Hoffmann ,

and aft er

war ds by Haller . Th e former of these h ad pr om ul

gat ed, as w e have seen ,
t h e r ival theo ry of a N er vous

Fluid, t h e lat t er w as t h e pr incipal asser t er of t h e doc

t r ine of Ir r it abi lity
,
an impor tant theor y on which w e

m ay aft erwar ds have t o t ouch. Haller ’s animosity
against th e St ahlian hypothesis i s a r em arkable featur e
in one w h o is in gen er a l SO toler an t in h is judgment
of opini ons. His a r gumen ts ar e t aken fr om t h e ah

sence of t h e con t r ol of t h e wi ll over th e vit al act ions,
fr om t h e want of consciousness accompan ying these
a ct ions, fr om t h e un iformity of them in di ffer ent con
dit ions of t h e mind, and fr om t h e small sensibility Of

5 5 Spr . v. 339 , 810.
5 7 A.D . 1 799.



SUCCESSIVE BIOLOGICAL HYPOTHESES. 1 93

th e hear t whi ch is t h e sour ce of th e vi ta l a ct ions.

These object ions, and th e t oo decided di st in ct ion
whichHa ller made between volunt ary and involun t ary
muscles, wer e very sat isfact or ily answer ed by Whyt t
and Platner . In par t icular it w as ur ged that th e in
st inct ive act ions of brut es ar e inexplicable by means of
mechan ism, and m ay b e compar ed wi th t h e n ecessar y
vital act ions of t h e human body. N either kind ar e

a cciden t al, n either kind ar e volun tary, both ar e per

formed without r eflect ion .

Without t r ac ing fur ther t h e pr ogress of t h e Psychical
Doct r ine I sha ll bor r ow a few r eflect ions upon i t fr om
Spr engel
When th e opponen t s of th e St ahlian syst em r epeat

incessan t ly that t h e assumpt ion of a psychical cause in
corpor ea l effect s is a metaphysica l speculat ion wh ich
does not belong t o medicine, they t alk t o no pur pose.

Th e st a tes of t h e soul ar e Obj ect s of our in t ern al expe
ri ence, and in t er est t h e physician t oo near ly to allow
h im to neglect them. Th e innumer able un conscious
effor t s of t h e soul , t h e power ful and daily effect s of t h e
passion s upon t h e body, t oo Oft en put t o confusion
those w h o would expel into t h e r egion of met aphysics
t h e disposit ions of t h e m ind. Th e conn exion of our

knowledge of th e soul, as gather ed fr om exper ience,
w ith our knowledge Of t h e human body, is far closer
than t h e mechan ical and chemical physiologist s sus

pect .

Th e st r ongest Obj ect ion against th e psychical sys
t em ,

and onewhi ch h as n ever been sufli cient ly answer ed
by any of its advocat es, is t h e univer sa lity of or gan ic
eflect s in th e veg eta ble kingdom. Th e compar ison of

t h e physiology of plant s with t h e physiology of animals
put s t h e lat t er in it s t r ue li ght . Wi thout absolut ely
t rifling with t h e wor d sou l, w e cann ot possibly deri ve
fr om a soul th e or gani c operat ions of veget ables. But

just as lit t le can w e
,
as some St ahl ians have done, dr aw

a sharp line between plants and animals
,
and ascri be

t h e pr ocesses of t h e former t o mer e mechan ism
,
while

5 9 Spr . v. 383 .
VOL. II.
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w e der ive t h e opera t ions of t h e lat t er fr om an intellec

tual pr in ciple. Not t o ment ion that such a line is not
possible, t h e r ise of t h e sap and t h e alt er at ion of t h e

fluids of plan t s cannot b e der ived ent irely fr om mat e
rial causes as their h ighest ori g in .

’

Thus
,
I m ay add, thi s psychical theory, however di tfi

cult t o defend
P
II1 it s detail , does in it s gener alit ies

expr ess some Impor t an t t r uths r espect ing t h e vital
power s. I t not only, like th e last theo ry, gives unity
t o t h e living body, b ut it mar ks, mor e clear ly than any
Other theory, t h e wide in t er va l which separ at es mecha
n ical and chemi cal from vi tal act ion ,

and fixes our

a t t en t ion upon t h e n ew powers which th e considera
t ion of life compels us t o assume. It not only r eminds
us that these power s ar e elevat ed above t h e known
laws of th e m at er ia l wor ld, b ut also that they ar e

closely connect ed with t h e wor ld Of thought and feel
ing , of wi ll and r eason ; and thus it carri es us

,
in a

manner in whi ch none of t h e pr eceding theor ies have
done, t o a t r ue con cept ion Of a living

,
conscious

, sen

t ien t , a ct ive individual .

A t th e same t ime w e cannot : but allow that t h e life
of plan t s and of t h e lower orders of an imals Shows us
very clear ly that , in or der to ar rive a t any sound and

consisten t knowledge r espect ing life, w e must form
some concept ion of i t fr om which al l th e higher at tri

but es whi ch t h e t erm soul
’

involves
,
ar e ut t er ly and

carefully ex cluded ; and ther efor e w e cannot but come
to t h e conclusion that t h e psychical school ar e r ight
mainly in this ; that in ascr ibing t h e fun ct ions of life
to a sou l, they mar k st r ongly and just ly t h e impossi
b ility of ascr ibing them t o any known at t r ibut es of

body.
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of causes t ending t o
.

change their form,
ar e hinder ed

by a cer tain inwar d power fr om under going Such
change.

’
Th e fir st of these defini t ions amoun t s onl y t o

t h e a sse r t ion , that vi ta l pr ocesses ar e not chem i cal ; a

n egat ive r esult
,
which w e m ay accept as t r ue, b ut

which i s
,
as w e have seen ,

a bar r en t ruth . Th e second
appear s to b e, 'ln it s impor t , ident ica l wi th th e fir st .

An inwa r d pr inciple can only b e under st ood as di st in

gui sh ed fr om known ext ernal power s, such as mecha
ni cal and chemical agen cies. Or if

,
by an in t er nal

pr incip le, w e mean such a pr inciple as that of whi ch
w e ar e conscious wi thin our selves, w e ascr ibe a soul
t o al l living things : an hypothesis which w e have seen

is not mor e effect ive than t h e former in pr omot ing t h e
pr ogress of biological science. N ear ly t h e same cr it i

cism applies t o such defin it ion s as that of Kan t : tha t
Life is an intern a l faculty pr oducing change, mot ion ,
and a ct ion .

’

O ther definit ions r efer us, not to some pr oper ty
r esiding in t h e whole of an or gani zed mass

,
but t o t h e

connex ion and r elat ion of its par ts . Thus M. von

Humboldt 3 h as given another defini t ion of a living
body : that ‘i t is a whole whose part s

,
arbit r ari ly sepa

r ated, no longer r esist chemi cal changes.

’
But this

addit ional asser t ion concern ing t h e par t s
,
adds nothing

of any value t o t h e definit ion of t h e whole. And in

some Of t h e lower kinds of plan t s and an im als i t is
hardly t rue as a fac t .

3 . Another defini t ion “places t h e char act er of Life
in mot ions servi ceable to t h e body moved.

’

To t hi s it

h as been object ed 5
,
that , on this defini t ion , t h e ear th

and t h e planet s ar e living bodi es. Perhaps it woul d
b e mor e philosophical t o obj ect t o th e int r oduct ion of

so loose a not ion as that of a pr oper ty being servi cea ble
t o a body. We might also add

,
tha t if w e speak of al l

vital fun ct ion s as m otions
,
w e make an assumpt ion qui t e

author iz ed, and pr obably false.

3 Ver suche fi ber die ger ei tz te Muskel a nd N er venfdser , b . ii . p. 433 .

4 Erh ard, Rb sch laub
’

s Magavi/n der Hei lkunde, b . i. st . 1 . p. 69.
5 Treviranus, Biolog ic, p. 41 .
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O ther defini t ions r efer th e idea of Life t o th e idea of

O r gani z at ion . Life is t h e act ivi ty of mat t er accor ding
t o laws of organiza t ion We ar e then natur ally l ed t o
a sk,

”

What is O r ganizat ion ? In r eply t o this is given u s

t h e Kan t ian defini t ion of O r ganizat ion ,
which I have

a lr eady quot ed elsewher e 7 ,
‘An or gani zed pr oduct of

na tur e is that in which a l l t h e par t s ar e mutually
ends and mean s .

8 ’

That this defini t ion involves exact
fundamen t al ideas, and is capable of being made t h e
basis of sound knowledge, I shall her eaft er endeavour
t o Show. But I m ay Obser ve that such a defin it ion
leads us somewhat fur ther . If t h e par t s Of or ganiz ed
bodies ar e kn own t o b e means t o cer t ain ends, this
must b e known because they fulfil these ends, and pr o
duce cer t ain effect s by th e Operat ion of a cer t ain cause
or causes. Th e quest ion then recur s

,
what is th e cause

which pr oduces such effects as take place in or gan ized
or living bodi es ? and this is iden t ical with t h e pr oblem
of whi ch in t h e last chapt er w e t r aced th e hi st ory, and
r elat ed t h e fa ilur e of physiologist s in al l at t empt s a t it s
solut ion.

4. But what h as been just said suggest s t o us

tha t i t m ay b e an impr ovemen t t o put our pr oblem in
another shape — not t o t ake for gr an t ed that t h e cause
of al l vita l pr ocesses is on e

,
b ut t o suppose that ther e

m ay b e sever a l separ at e causes at wor k in a living
body. If thi s b e so

,
life is no longer one kind of ac

t ivity, but sever al. We have a number of oper at ions
w hich ar e somehow bound t ogether , and life is t h e
t ot ality of a l l these : in shor t

,
life is not one Fun ct ion ,

but a Syst em of Funct ions.

5 . We ar e thus br ought very near t o t h e cele
b r at ed definit ion of life given by Bich at g z Life is t h e
sum of t h e fun ct ions by which death is r esist ed.

’

But

upon t h e definit ion thus st ated, w e m ay ven tur e t o
observe —fir st

,
that th e int r oduct ion of t h e not ion of

6 Schmid, Physiologic, b . ii . p. 274.

7 Hi st . Ind. Sc. b . xvii. 0. viii. s. 2.

8 Kant , Ur th ei lskr aft, p. 296.

9 Ph ysiological Resea r ches on Life and Death .
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dea th in or der to defin e th e not ion of life appears t o b e
unphilosophi cal . We m ay mor e naturally define death
w it h r efer en ce t o life, as th e cessa t ion of life ; or at

least w e m ay consider life and death as cor r elat ive and

inter dependen t not ions. Again , t h e wor d ‘
sum

,

’ used
in t h e w ay in which i t her e occurs, appear s t o b e likely
to convey an er roneous concept ion , as if t h e funct ions
here spoken of wer e simply added t o ea ch other , and

connect ed by co-existence. I t is plain tha t our idea of

life involves mor e than this : t h e funct ions ar e all

clear ly connected, and mutually depend on ea ch other ;
nut ri tion , cir culat ion , locomot ion , r epr oduct ion

,
-ea ch

h as it s influence upon a ll t h e other s. These funct ions
not mer ely co—exi st , but exist with many mutual r ela
t ions and connexions they a r e con t inued so as to

form
,
not mer ely a sum , b ut a system . And thus we

a r e led to modify Bichat ’s defin it ion, and t o say t hat
Life is the system of vita lfunctions.

6. But i t will b e object ed t hat by such a defini t ion
w e explain nothing : t h e not ion of vi ta l funct ions, it
m ay b e sa id, involves t h e idea of life, and thus br ings
us r ound aga in t o our start ing-point . Or if not

,
at

least i t is as necessary t o define Vita l Funct ions as to
define Life itself

,
so that w e have made lit t le progr ess

in our task.

To this w e reply, that if any one seeks, upon such
subj ects, some ult imate and independen t definit ion
fr om whi ch h e can

,
by mer e reason ing, deduce a ser ies

of conclusions, h e seeks tha t which cannot b e found.
In t h e Induct ive Sciences, a Defin it ion does not form
t h e basis of r easoni ng, but poin ts ou t the cour se of in
vestig a tion. Th e defin it ion must include wor ds ; and

t h e meaning of these wor ds must b e sought in t h e pr o
gr ess and r esult s of obser vat ions , as I have elsewher e
said”.

‘Th e mean ing of wor ds is t o b e sought in t h e
pr ogress of thought ; t h e hi story of scien ce is our di c
t ionary t h e st eps of scien t ific induct ion ar e our defi

ni t ions.

’

I t wil l appea r , I think, that it is mor e easy
for us t o form an idea of a separate Fun ct ion of th e

10
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as in oth er cases, w e m ay have appr oached t o th e natu
r al classificat ion wi thout having a t t ain ed it ; and her e

,

as in other cases, t o define our classes is t h e last and

har dest of ou r pr oblems.

9 . Th e most an cien t classifica t ion of t h e Functions
of living things”, is t h e division of them into Vita l

,

N a tur a l, and Anim a l . Th e Vita l Fun ct ions ar e those
which cannot b e int errupt ed without loss of life

,
as

Cir cu la tion ,
Respi r a t ion , and N er vous Comm un ica tio n.

Th e N a tur a l Fun ct ions ar e t hose which wi thout t h e
in t er ven t ion of th e wi ll operat e on their pr oper c oca
sion s to pr eserve t h e bodies of animals ; t hey ar e Di

g estion, Absorption ,
Nu tr i tion ; t o whi ch w as added

G ener a tion . Th e An ima l Fun ct ion s a r e those whi ch
involve per cept ion and wi ll, by whi ch t h e an imal is
dist inguished fr om th e vegetable ; they ar e Sensi bi li ty,
Locom otion ,

and Voice.

Th e tw o gr ea t groun ds Of this division , th e dist ino
t ion of fun ct ions which Operat e con t inually, and those
which Oper at e occasionally ; and again

,
t h e dist in ct ion

of fun ct ions which involve sensat ion and volun ta ry
mot ion fr om those which do not ; ar e t ruly of funda
men tal importan ce, and gave a r ea l value t o t hi s classi
ficat ion . I t w as, however , liable t o Obvious Obj ect ions
namely, Fir st, that t h e names of th e classes wer e i l l
chosen ; for al l t h e funct ions ar e natur al

,
al l ar e vita l

Second, that th e lines of demar cat ion between th e

classes ar e indefin i te and ambiguous ; Respir at ion is a
vi ta l fun ct ion , as being con t inually n ecessary t o life ;
b ut it is also a n a tur a l fun ct ion , sin ce it occurs in th e
format ion of t h e nut ri t ive fluid

,
and an anim a l func

t ion , Since it depends in part on t h e wi ll . But these
object ion s wer e not fat al

,
for a classificat ion m ay b e

r eally sound and phi losophi cal
,
though it s boundar y

lines ar e vague, and it s nomenclatur e i ll select ed. Th e

division Of t h e fun ct ions w e have men t ion ed kept it s
gr ound long ; or w as employed wi th a subdivision Of
on e class, SO as to m ake them four ; t h e vi ta l, na tur a l,
anim a l and sexual fun ct ions.

12 Diet. des Sciences Na t. ar t . Fr actions.
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1 0. I pass over m any int ermediat e at t empt s t o

classify t h e fun ct ion s, and pr oceed t o that of Bichat as
that which is, I believe, t h e one most gener ally as

sen t ed t o in modern t imes. Th e leadi ng pr in ciple in
t h e scheme of this celebr at ed physiologist is th e dis
t inct ion between or g anic and anim a l life. This sepa
rat ion is nea r ly ident ica l w i th t h e one just not iced
between th e vital and an imal fun ct ions ; but Bichat ,
by t h e con t r ast s which h e point ed out between these
classes of funct ions, gave a decided pr omin en ce and

permanen ce to t h e dist in ct ion . Th e O r gani c Life,
which in an imals is analogous t o t h e life of veget ables,
and t h e Animal Life, which implies sensat ion and

volunt ary mot ion
,
have each it s syst em of or gans .

Th e center of th e animal life is th e br a in , of t h e or gan ic
life, t h e hear t . Th e former is car r ied on by a sym

met r ical
,
t h e lat t er

,
by an unsymm et r ical syst em of

or gans : t h e former pr oduces int erm it t ing, th e lat t er
cont inuous act ions : and

,
in addi t ion t o these

,
other

di ffer en ces a r e poin t ed out . Thi s di st inct ion Of t h e
two lives, being thus establi shed, each i s subdivided
int o tw o or der s of Funct ions. Th e Anima l Funct ions
a r e passive

,
as Sensa tion : or act ive

,
as Locom otion and

Voice; again
,
t h e O r gan ic Funct ions ar e those Of Com

posit ion
,
which a r e concer ned in taking mat t er int o

t h e syst em ; Dig estion ,
Absorp tion , Respir a tion , Ci r cu

la tion
,
Assim ila tion ; and those OfD ecomposit ion

,
which

r eject t h e mat er ials when they have dischar ged their
office in t h e system ; and these ar e aga in

,
Absorption ,

Cir cu la tion , and Secr etion . To these ar e added Ca lo
r ifica tion , or th e pr oduct ion Of an ima l heat . I t ap
pear s, fr om what h as been said, that Absorp tion and

Ci r cu la tion (and w e m ay add Assim i la tion and Secr e

tion
, which ar e difficul t to separ at e,) belong alike t o

t h e pr ocesses of composit ion and decomposit ion ; nor in
t r uth, can w e, with any rigour , separ at e t h e cen t r i
peta l and cent r ifuga l movemen t s in that vor t ex which,
as w e sha ll see, is an apt image of or gan ic life.

Several Obj ect ions h ave been made t o this classifica
t ion : and in par t icul a r

,
t o t h e t erm s thus employed.

It h as been assert ed to b e a perver sion Of language to



PHILOSOPHY OF BIOLOGY .

ascr ibe to animals «two lives, and to cal l th e higher
fa cul t ies in m an

,
per cept ion and volit ion , t h e an ima l ’

funct ions. But , as w e have already said
,
when a Class “

sificat ion is r eally good
,
such Object ions

,
which bear

only upon t h e mode in which it is present ed
,
ar e by

no means fa ta l : and i t is gener al ly acknowledged by
al l t h e most philosophi cal cul t ivators of biology, tha t
this ar r angemen t of t h e funct ions is bet ter sui t ed to
t h e pur poses of th e science than those which pr e

ceded i t .

I 1 . But accordi ng to th e principles which w e hava
alr eady laid down

,
t h e solidi ty Of such a classificati on

is t o be ver ified by i t s serving as a useful guide in b io
logical r esearches. If th e arrangement which w e have
explained b e rea lly founded in na tural relat ions, it will
b e foun d t hat in pr opor t ion as physiologist s have
studi ed th e separ a te fun ct ions above enumer ated, their
ideas of these funct ions , and of t h e power s by whi ch
they ar e ca r r ied on

,
have become mor e and mor e clear ;

—have t ended more and mor e to th e char acter Of exact
and rigor ous science.

To examine h ow far thi s has been th e case with
regar d to a ll t h e separate funct ions, woul d b e to a t

t empt to est ima te th e value of all t h e pri ncipal physio
logica l speculat ions of modern t imes ; a task far too

vast and too arduous for any one to undert ake w h o h as
not devot ed hi s life to such studies. But it m ay pr o

per ly come wi thin t h e compass of our present plan to
show h ow ,

wi th regard to t h e broader lines of th e

above cla ssifica t ion
,
ther e has been such a pr ogr ess as

w e have above descr ibed, fr om mor e loose and inaccu

rat e not ions of some of t h e vita l funct ions to mor e defi
n ite and pr ecise ideas. This I Shall at tempt t o point
out in one or two instan ces.
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t hi s ener gy must be con ceived to possess. I t was per

ceived wher e, in what manner , in what degr ee, mecha
ni ca l and chemical agen cies wer e modified, over -r uled

,

or coun t er act ed, by agencies which must b e hyper
mechan ical and h yper ch em ical . And thus t h e disco
ver ies made in anat omy by a labor ious examinat ion of

fa ct s
,
point ed out th e n ecessity of int r oducing new

ideas
,
in or der that t h e facts might b e in t elligible .

Obser vat ion t aught much ; and among other things
,

sh e t aught tha t ther e w as something whi ch could not
b e obser ved, but which must , if possible, b e con

ceived. I Shal l not ice a few instan ces of this.

SECT. 11.
—Attempts to form a distinct Conception of
Assim i la tion and Secr etion .

2 . Th e Ancien ts —That plant s and an imals gr ow
by t aking int o their subst an ce mat t er pr eviously ext r a
neons, is Obvious t o a l l : b ut as soon as w e at t empt to
conceive this pr ocess dist inct ly in det ail, w e find tha t
it involves no inconsider able myst er y. How does t h e
same food become blood and flesh, bone and hai r ?
Per haps t h e ear liest at t empt t o explain thi s myst ery,
is tha t r ecor ded by Lucr et ius 2 as t h e Opini on of

Anaxagor as, tha t food con ta ins some bony, som e fleshy
par t icles

,
some of blood, and so on . We might

,
on

thi s supposit ion , conceive tha t t h e mechan ism of t h e

body appr opr iat es each kind of part icle t o it s suitable
lace.p
But it is easy t o r efut e this essay at phi losophi zing

(as Lucr et ius r efut es i t ) by r emarking that w e do not

find milk in gr ass
,
or blood in fruit

,
though such food

gives such pr oducts in ca t t le and in m en . In opposi
t ion t o this Hom oiom er eia ,

’

t h e opin ion that is for ced
upon us by t h e fact s is, tha t t h e pr ocess of nut r it ion is
not a select ion mer ely, b ut an a ssim i la t ion ; t h e or gan
iz ed syst em does not find, b ut m ake

,
th e addit ions to it s

st ructure.

2 Luer . i . 855. Nunc et Anaxagoras scrutemur buozone
’

pa av.
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3 . Rufib n .
-This not ion Of assim i la t ion m ay b e

vari ously expr essed and illust r at ed ; and a ll that w e

can do her e, in order t o Show t h e pr ogr ess of thought
,

is t o adduce t h e speculat ions of those wr it er s w h o have
been most successful in seiz ing and marking i t s peou
liar char act er .

’

Bufl
'

on m ay b e t aken as an example of

t h e phi losophy of h is t ime on this subject . Th e body
Of th e an imal,

’

says h e 3, ‘is a kind of in ter ior m ou ld,
in whi ch t h e mat t er subser vien t t o it s in cr ease is

modelled and assimilat ed t o t h e whole, in such a w ay
t hat

,
wi thout occasioning any change in t h e or der and

pr opor t ion Of t h e par ts, ther e r esult s an augmen t at ion
in each part t aken separ a t ely. This incr ease, t hi s de
velopm en t , if we would have a clear idea of it

,
h ow

can w e obtain it
, except by consideri ng t h e body of

t h e an imal
,
and each of t h e part s which is to b e

developed
,
as so many int er ior moul ds whi ch only

receive t h e a ccessory mat t er in t h e or der which r esult s
fr om th e posit ion of a ll their par t s ? This develop
men t canno t take place, as per sons somet imes per suade
themselves, by an addi t ion t o t h e out side ; on th e con

t r ary, i t goes on by an in t im at e suscept ion whi ch
penet r at es t h e mass ; for , in t h e par t thus developed,
t h e Size incr eases in all par t s pr oport ionally, so that
t h e n ew mat t er must penet r ate i t in a l l it s dim en

sion s : and i t is quit e necessar y that this penet r at ion
of substan ce must t ake place in a cer t ain or der

,
and

according t o a cer t ain measur e ; for if thi s wer e no t

so, some par t s would develope themselves mor e than
other s. Now what can ther e b e which shall prescr ibe
such a r ule t o t h e a ccessor y mat t er except t h e in ter ior
mou ld

To speak of a m ould simply
,
would convey a coar se

m echanical not ion , wh ich coul d not b e r eceived as any
useful cont r ibut ion t o physiological speculat ion . But

t hi s in ter ior moul d is, of cour se, t o b e under stood
figurat ively, not as an assemblage of cavi t ies, b ut as a

co llect ion of laws
,
Shaping, dir ect ing, and modifying

t he new m at ter ; giving i t not on ly form,
but mot ion

3 Hist . Na t.
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and act ivity
,
such as belong to th e part s of an organic

being.

4 . I t must b e allowed, however , that even with
this explanat ion , t h e comparison is ver y loose and in

sufli cien t . A m ould m ay b e permi t t ed t o mean a

collect ion of laws, b ut st ill it can convey no concep
t ion except that of laws r egula t ed by r elat ions Of
space ; and such a concept ion is very plainly quit e in
adequat e t o t h e purpose. What can w e conceive of

the in t er ior mould by whi ch chyle is separat ed from
t h e aliments a t t h e pores of t h e lact eals, or

'

tears
secr et ed in t h e lacrym at or y gland ?
An addit ional Object ion t o thi s mode of expr ession of

Bufl
’

on is, that it suggests t o us onl y a Single marked
change in t h e assim i lat ed mat t er, not a con tinuous
ser ies of changes. Yet t h e animal fluids and other
substan ces ar e, in fac t , under going a const ant ser ies of

changes. Food becomes ch yme, and chym e becomes
chyle chyle is pour ed into t h e blood fr om t h e blood
secr et ions take place, as th e bile ; t h e bile is pour ed
int o t h e digest ive canal , and a por t ion of t h e ma t t er
pr eviously int r oduced is reject ed out of t h e syst em .

Her e w e must have a series of int er ior m oul ds and

these must impr ess mat t er a t it s ej ect ion from t h e

or gani c syst em as well as at it s recept ion . But
,
m or e

over , it is pr obable that none of t h e above t r ansfor
ma t ions ar e qui t e abrupt . Chan ge is going on b e

tween t h e beginni ng and th e end of each st age of th e

nut r it ive cir cul at ion . To expr ess t h e laws of thi s con
t inuous change, t h e image of an in t er ior mould is quite
unsui ted. W e must seek a bet ter mode of concept ion .

5 . Vegetable and anima l nut r it ion is, as w e have
said, a constan t cir culat ion . Th e mat ter so assumed is
not all reta ined : a perpetual subt r action accompan ies a
perpetual addit ion . Ther e is an excr et ion as well as an
in tussuscept ion . Th e mat ter whi ch is assumed by t h e
living cr eatur e is reta ined on ly for a while

,
and is then

part ed with. Th e indi vidua l is t h e same
,
but it s part s

a r e in a perpetual flux : they come and g o. For a t ime
t h e mat t er which belongs t o t h e or gan ic body is bound
t o it by certain laws : b ut befor e it is thus bound, and
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t h e cir culatory m ot ion ceases
,
—appear s t o express

some of t h e leading condit ions of t h e assimilat ive power
of living t hi ngs in a simple and gener a l manner , and
t hus . t ends t o give dist inctness t o t h e not ion Of this
vita l funct ion .

6. But w e m ay observe that this n ot ion of a Vort ex
is st ill in sufligient . Par t icles ar e not only t aken into
t h e syst em and cir culat ed thr ough it for a t ime, b ut ,
as w e have seen , they a r e alt er ed in char act er in a

mann er to us unintelli gible, both at their fir st admis
sion into t h e syst em and a t every peri od Of their
pr ogr ess thr ough it . In t h e vort ex each par t icle is
constan t ly t r ansfor m ed while it whi r ls .

n I t m ay b e sa id
,
per haps, that this t r an sformat ion Of

t h e kinds of mat t er m ay b e con ceived t o b e mer ely a

n ew ar r angemen t Of their par t iclesli and that thus al l

t h e changes whi ch take place in t h e cir cula t ing sub »

st an ces ar e mer ely so many addit ional windings in t h e
cour se of th e whi r ling cur r en t . I) But t opay t hi s, is i to

t ake for gr an t ed t h e a tomi c hypothesis in it s r udest
form. What r ight have w e t o assume that blood and
t ears

,
bile and milk, con sist of like part icles Of mat t er

di ffer ent ly ar r anged ? What can a r r angement , a mer e
r ela t ion Of space

,
do towards explaining such differ

ences ? I S not t h e insufficien cy, t h e absurdi ty Of such
an assumpt ion pr oved by t h e whole course of scien ce ?
Ar e not even chemica l changes, accor ding t o t h e b est
views hither t o obt ained, somet hi ng mor e than a mer e
new a r r ang emen t of pa r t icles ? And ar e not vi tal as

much beyond chemical
,
a s chemical ar e beyond g eom e

t r ical modificat ions ? 5} I t is not enough, then , t o con

ceive life as a vort ex. Th e par t icles which a r e taken
in to t h e or gan ic fr ame do mor e than circul ate ther e.

They ar e, at ever y poin t of their cir culat ion , act ed
upon by laws of an unknown kind, changing th e nature
of t h e substan ce whi ch they compose. Life is a vor t ex
in whi ch vi tal for ces act at every point of t h e st r eam :

it is not only a cur r ent of whi r ling m a tter , but a cycle
of recurr ing power s.

7 . Ma tter and For m — Thi s image Of a vort ex is
closely connected wi th th e repr esentat ion of life Offer ed
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us by wri t er s of a very differ en t school . In Schelling’s
Lectu r es on Academ ic S tudy, h e takes a sur vey of t h e

var ious br anches Of human knowledge, det ermini ng ac
cor ding t o hi s own pri n ciples t h e shape which each
science must necessar ily assume. Th e pecul iar ch a

r act er of or gani za t ion
,
accor ding '

t o him s

,
is that t h e

mat ter is onl y an a ccident of t h e thing it self, and t h e
or gani zat ion cons ists in Form alone . But this Form

,

by i t s very opposit ion to Mat t er , ceases t o b e inde
penden t of i t

,
and is onl y idea lly separ able. In or

g ani z at ion, ther efor e, subst an ce and acciden t , mat t er
and form

,
a r e complet ely iden t ical ’. This not ion , that

in organ iz at ion t h e Form is essen t ia l and t h e Mat t er

acciden t a l, or , in other wor ds, tha t t h e Form is perma
nen t and t h e Mat t er fluctuat ing and t r an sit ory

,
agr ees

,

if t aken in t h e gr ossest sense of mat t er and form
,
with

Cuvi er ’s image of a Vor t ex. In a whir lpool, or in a

wa t er fall
,
t h e form r emains, t h e mat t er const an t ly

'

passes away and is r en ewed. But w e have alr eady
seen

8
that in m etaphysical Speculat ions in whi ch m a tter

andfor m are Opposed, t h e wor d for m is used in a fa r

mor e ex t ensive sense than that which denot es a r ela
t ion of space. I t m ay indeed designat e any change
which mat t er can under go ; and w e m ay very a llow
ably say that food and blood ar e t h e same mat t er under
differ en t form s . Hence if w e asser t that Life is a con

s tan t For m of a cir cu la ting Ma tter
,
w e expr ess Cuvier ’s

not ion in a mode fr ee fr om th e fal se suggest ion whi ch
‘Vor t ex ’ conveys.

8 . We m ay, however , st ill add something t o this
a ccoun t of life. Th e cir cul at ing par t s of t h e syst em
not on ly cir culat e, but they form t h e non - cir cul at ing
par ts . O r r ather

, t h er e a r e no non -cir cul at ing par t s :
a ll por t ion s of t h e fr ame cir culat e mor e or less r apidly.

Th e food whi ch w e take cir culat es rapidly in t h e fluids,
mor e Slowly in t h e flesh

,
st ill mor e Slowly in t h e bones ;

b ut in all these par t s it is taken int o t h e syst em,

6 Lect . xiii . p. 288.
7 I h ave not t r anslated Sch elling ’s words, b ut g iven th eir import as far

as I coul d.

8 Book 1.
VOL. II.
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r et ained ther e for Some t ime
,
and finally r eplaced by

other mat t er . But while it r emains in t h e body
,
i t

exer cises upon t h e other cir culat ing part s th e pow er s
by which t heir mot ion is pr oduced. Nut r im ent forms
and suppor t s t h e or gans, and t h e organs carry fr esh
nut r imen t t o it s dest inat ion . Th e peculiar for ces of

t h e living body , and i t s peculiar st ructur e, ar e thus
connected in an indescr ibable manner . Th e for ces
pr oduce t h e st ructur e ; t h e st ructur e, again ,

is requisit e
for t h e exer t ion of t h e for ces . Th e Idea of an O r gani c
or Living Being includes t hi s peculiar condi t ion— that
its const ru ct ion and power s ar e such

,
that it const an t ly

appr opri at es to itself new port ions of subst ance whi ch
,

so appr opr iat ed, become indist inguishable par t s of t h e

whole
,
and ser ve to car r y on subsequent ly t h e same

funct ions by whi ch they wer e assimi lat ed. And thus
Or g an ic Life is a consta n t NOarm of a cir cu la ting Ma t

ter
,
i n wh ich the Ma tter and the Form deter m ine ea ch

other by peculia r laws (tha t is, by Vi ta l For ces) .

SECT. III.—Attempts to con ceive thefor ces ofAssim i
la tion and Secr etion .

9. I have al r eady st at ed that in our at t empt s t o
obta in clear and scien t ific Ideas Of Vita l For ces

,
w e

have, in th e fir st place, to seek t o under stand t h e
cour se of change and mot ion in each fun ct ion

,
so as

t o see at what poin t s of t h e pr ocess peculiar causes
come in t o play ; and n ext

,
to endeavour t o obt ai n some

insight in t o t h e peculiar char act er and a t t r ibut es of

these causes. Having Spoken of t h e fir st par t of this
mode of invest igat ion in r egar d t o t h e gener a l nut r i
t ion of or gani c bodies

,
1 must now say a few wor ds on

t h e second par t .

Th e For ces her e spoken of ar e Vi ta l Forces. Fr om
what h as been sa id, w e m ay see in some measur e t h e
dist inct ion between for ces of this kind and mechani ca l
or chemi cal for ces ; t h e lat t er t end con st an t ly t o pr o
duce a final condit ion

,
aft er which ther e is no fur ther

cause of change : mechanica l for ces t end t o pr oduce
equilibr ium ; chemical for ces t end t o pr oduce composi
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nut r imen t r eceived
'

int o t h e syst em
,
and thus IS main

ta ined and augmen t ed wi th t h e gr owt h of t h e whole.

But t h e gr owt h of t h e solid par t s is on ly on e por t ion of

t h e funct ion of nut r i t ion ; besides t hi s, w e must con
sider t h e mot ion and changes of t h e fluids

,
and must

ask what kind of for ces m ay b e conceived t o pr oduce
these. What -ar e th e power s by whi ch chyle is a b

sor bed fr om t h e food, by which bile is secr eted fr om
t h e blood, by which t h e cir cul at ing m otion of these and

a l l other flui ds of t h e body ar e constant ly main tai ned ?
To t h e quest ions, -Wha t a r e t h e for ces by whi ch ab

sorp tion ,
secr etion ,

and t h e vita l m otions
,
of fluids a r e

pr oduced —no sat isfact or y an swer h as been r etur n ed .

Yet st ill some st eps have been made, which it m ay
b e inst ruct ive t o poin t out .

1 2 . In Absorption it would appear that a part of t h e
agency is inor gan ic ; for not on ly dead membr anes

, but

inor gan ic substan ces, absor b flui ds
,
and even absor b

them wi th elect ive for ces, accor ding t o t h e ingredi en ts
of t h e flui d. A for ce whi ch is of this kind

,
and whi ch

h as been t ermed Endosm ose, h as been found t o pr o
duce ver y cur ious efl

"

ect s. When a membr ane sepa
r at es tw o fluids

,
holding in solut ion di ffer ent ingr e

dien t s
,
t h e fluids pass thr ough t h e membr ane in an

imper cept ible mann er , and m ix or exchange their ele

ment s. Th e for ce whi ch pr oduces these effect s is

capable of balancing a very consider able pr essur e. I t

appear s, mor eover , t o depend, at least among other
causes, upon at t r a ct ion s Oper a t ing between t h e ele

m en t s of t h e solids and t h e fluids, as well as between
t h e differ ent fluids ; and this for ce, though thus appar
r en t ly of a mechan ical and chemical natur e

,
pr obably

h as consider able influen ce in vit al phenomena .

1 3 . Bu t st ill, though Endosmose m ay accoun t in
par t for absor pt ion in some cases, it is certa in that
ther e is some other vita l for ce at work in this pr ocess.

Ther e must be, as Miil ler says 9, an or gani c at t r act ion
of a kind hither to unknown .

’ ‘If absor pt ion
,

’

h e

adds is t o b e explain ed in a manner analogous t o

9 Physiology, p. 299. 10 I b. p. 301 .
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t h e laws ofendosmose
,
it must b e supposed that a ch e

mica l affin ity
,
r esult ing fr om t h e vita l pr ocess it self,

i s ex ert ed between t h e chyme in t h e int est ines and

t h e chyle in t h e lact eals
,
by which t h e chyle is ena

bled to a t t r act t h e chyme wi thout being it self at t r act ed
by it . But such afli ni ty or at t r act ion would b e of a

vi ta l natur e, since it does not exi st after death.

’

I 4. If t h e for ce of absorpt ion b e thus myst er ious in
i t s natur e

,
t h e for ce of Secr etion is st ill mor e so. In

t his case w e have an organ fil led wi th a fine net-wor k
of blood—vessels

,
and in t h e cavit ies of some g la/ncl, or

open par t
,
w e have a new flui d formed

,
of a kind a lto

gether di ffer en t fr om t h e blood it self. I t is easily
shown that this cannot b e explain ed by any act ion of

por es or capillary tubes. But what concept ion can w e

form of th e for ces by whi ch such a change is pr oduced ?
Her e

,
again

,
I shall bor r ow t h e expr essions ofMii ller

,

as pr esen t ing t h e last result of modern physiology. He

says“
,
Th e mor e pr obable supposit ion is

,
that by

vi r t ue of imbibit ion , or t h e gener al or ganic por osity,
t h e fluid por t ion of t h e blood becomes diffused through
t h e t issue of t h e secr et ing or gan ; that t h e ext ernal
sur face of t h e glandul ar canals exer t s a chemical at

t r act ion on th e elements of t h e flui d, infusing int o

t hem a t t h e same t ime a t enden cy t o un it e in n ew

combinat ions ; and then r epels them in a m anner which
is cer tai n ly qui t e inexplicable, t owar ds t h e inn er sur

face of t h e secr et ing membr ane, or glandular canals.

’

Although qui t e unsuppor t ed by fact s
,

’

h e adds
,
thi s

theory of a tt r act ion and r epulsion is not without it s
analogy in physical phenomen a ; and it woul d appear
t hat very simil ar powers effect t h e eliminat ion of t h e

flui d in secr et ion , and cause it t o b e t aken up by
t h e lymphat ics in absor pt ion .

’ He elsewher e says " ,
Absor pt ion seems to depend on an at t r act ion t h e

natur e of whi ch is unknown
, b ut of which t h e ver y

count erpar t , as it wer e, t akes place in secr et ion ; t h e
fluids alt er ed by t h e secr et ing act ion being r epelled
t owards th e fr ee side

'

or open surfa ce only of t h e

11
. Physiology, p. 464. 12 I b. p. 301.



2 14 PH ILOSOPHY OE BIOLOGY.

secret ing membr anes, and then pr essed for war ds by th e
successive por t ions of t h e flui ds secr et ed.

’

I 5 . With r egar d t o t h e for ces which pr oduce th e
Motion of absorbed or secr eted flui ds a long their des
t ined course, it m ay b e seen

, fr om t h e last quot ed
sent ence, that t h e sam e vi t al for ce which changes t h e
natur e, a lso pmduces t h e movement of t h e subst ance.

Th e fluids ar e pr essed forwar ds by t h e successive por
t ions absorbed or secr et ed. That thi s is t h e sole cause

,

or at least a very power ful cause, of th e mot ion of

th e nut r it ive flui ds in or gan ic bodies
,
is easily shown

by exper ience. I t is foun d 13 that t h e or gans whi ch
effect t h e ascent of t h e sap in t r ees dur ing t h e spr ing
ar e t h e t erminal part s of t h e r oot s ; tha t th e whole
for ce by whi ch t h e sap is impelled upwards is t h e
vis a, ter g o, as it h as been call ed, t h e for ce pushing
fr om behin d, exer t ed in t h e r oots . An d thus t h e for ce
which pr oduces this mot ion is exer t ed exact ly a t those
point s wher e t h e or gan ic body selects fr om t h e con

t iguous mass those par t icles whi ch it absorbs and

appr opr iat es. And t h e same m ay most pr obably b e
t aken for t h e cause of t h e mot ion of t h e lymph and

chyle at least , M ii ller says “ that no other mot ive
power h as been det ect ed whi ch im pels those flui ds
in their course.

Thus
,
though w e mus t confess t h e Vit al For ce con

cer ned in Assim ilat ion and Secret ion t o b e unknown
in it s natur e, w e st ill obta in a vi ew of some of t h e at

t r ibut es which i t involves. I t h as mechanical efli cacy,
pr oducing mot ions, oft en such as would r equi r e gr eat
m echani ca l for ce. But it exer ts at t h e same point
both an at t r act ion and a repulsion , a t t r act ing mat ter
on one side, and r epelling it on th e other and in

this circumstan ce it differs ent ir ely fr om mechan ical
for ces. Agai n , it is not onl y mechanica l b ut chemi
cal , pr oducing a complete change in t h e nature of t h e

subst an ce on whi ch i t acts ; to which w e must add

that t h e changes pr oduced by t h e vi t al for ces ar e

such as, for t h e most part , our art ificial chemistry can

13 Mfil ler , p. 300. 1‘ I b. p. 254.
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t erm Repr oduction is figur at ively used ; for th e sam e

indi viduals ar e not r epr oduced ; b ut t h e species is kept
up by t h e pr opagat ion of new individuals

, as in nut r i
t ion th e or gan is kept up by t h e assimilat ion of n ew

mat t er . To escape ambigui ty, I shall avoid using t h e
t erm Repr oduction in t h e sen se of P r opa g a t ion .

In Nufii t ion , as w e have seen
,
th e mat ter ,

which fr om bei ng at first ext r aneous
,
is appr opr ia t ed

by t h e livi ng syst em,
and dir ected to t h e sust en tat ion

of t h e or gans, under goes a ser ies of changes ofwhich
t h e deta il eludes our observat ion and appr ehension .

Th e nut r imen t which w e r eceive con t ri but es to t h e

gr owth of flesh and bone, viscer a and or gans of sense.

But we cannot t r ace in it s gr adual changes a visible
pr epar a t ion for it s final office. Th e por t ion ofmat t er
which is dest ined t o r epair t h e wast e of th e eye or t h e

skin
,
is not found assum ing a likeness t o t h e par t s of

t h e eye or t h e st ructu r e of t h e skin
,
a s it comes n ear

t h e place wher e it is moulded into it s ult imat e form.

Th e new par ts ar e in sinuated among t h e old ones
,
in

an obscur e and imper cept ible mat t er . W e can t race
their pr ogr ess on ly by their effects. Th e organs a r e

nour ished, and that is alm ost al l w e can lea rn : w e

cannot discover how this is done. We cann ot follow
natur e thr ough a ser ies of mani fest pr eparat ions and

pr ocesses t o this r esult .
1 8 . In G ener at ion t h e case is quit e differ ent . Th e

young being is formed gradually and by a ser ies of

dist ingui shable pr ocesses. It is included within t h e

par ent befor e it is ext ruded
,
and appr oaches mor e or

less to t h e likeness of th e par en t befor e it is deta ched.

While it is st ill an embryo
,
it shar es in th e nut r iment

which cir culates thr ough t h e syst em of th e mother ;
b ut its dest inat ion is a lready clear . While t h e n ew

and t h e old par t s
,
in every other por t ion of t h e mother ,

a r e undist ingui shably mixed together , this n ew par t ,
t h e foetus

,
is clear ly di st inct fr om t h e r est of th e syst em,

and becomes rapidly mor e and mor e so
,
as t h e t ime

g oeS
'

on . And t hus ther e is form ed
,
not a new par t ,

b ut a n ew whole ; it is not an or gan which is kept up,
b ut an offspr ing whi ch is pr epar ed. Th e pr ogeny is
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included in t h e par ent , and is gr adually fit t ed t o b e
separ at ed fr om it . Th e young is a t fir st on ly t h e

developmen t of a part of t h e or gan iza t ion of t h e

mother - of a germ, an ovul e. But it is not deve
loped like other or gans, r et aining it s gener a l form . I t

does not become mer ely a larger bud, a lar ger ovule
it is en t ir ely changed ; it becomes— fr om a bud— a

blossom,
a flower , a frui t , a seed from an ovule it b e

comes an egg , a chick, a bir d ; or it m ay b e, a foetus, a
child. Th e or ig inal rudimen t is not mer ely nour ished,
b ut unfolded and t r ansformed thr ough t h e most marked
and r emot e changes, g radually t endi ng t o t h e form of

t h e n ew individual.
1 9 . But thi s is not all . Th e foetus is, as w e have

sa id, a developmen t of a port ion of t h e mother ’s or ga
n iz at ion . But t h e foetus (supposing it female) is a

liken ess of t h e mother . Th e mother
,
even befor e con

cept ion , con ta ins within herself th e germs of h er pr o

geny ; t h e female foetus, ther efor e, at a cer tain st age of

development
,
wi ll conta in a lso t h e germs of possible

pr ogeny ; and thus w e m ay have th e germs of futur e
gen er at ions

, pr e
-exi st ing and in cluded successively

within one another . And this stat e of thi ngs
,
which

thus suggests it self t o us as possible, is found to b e
t h e case in fact s whi ch observat ion supplies. Ana

tom ist s have t r aced ovules in th e unbor n foetus
,
and

thus w e have three genera t ions included one within
another .

20. Supposing w e wer e t o stop her e, th e pr ocess of

pr opagat ion might appear t o b e alt ogether differ en t
fr om that of nut r it ion . Th e lat ter

,
as w e have seen ,

m ay b e in some measur e illust r at ed by t h e image of a

vor tex t h e former h as been r epr esent ed by t h e image
of a ser ies of germs

,
sh ea thed one wit hin another suc

cessively, and thi s without any lim i t . This view of

t h e subject h as been t ermed t h e doct r ine of th e P r e

exis tence of g erm s ; and h as been desig nat ed by G er
m an writ er s by a t erm Einsch ach t elung s

- theor ie ’

descr ipt ive of t h e successive sheathing of which I have
spoken . Im i t at ing thi s t erm , w e m ay call it the Theor y
of successive inclusio n. I t h as always h ad many
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adh er en t s ; and h as been , per haps, up t o th e pr esent
t ime, t h e most cur r ent opini on on t h e subj ect of gener a
t ion . Cuvier in clin es t o thi s opini on “.

‘Fixed forms
per petuat ing themselves by gen er at ion di st ingui sh t h e
species of living things. These forms do not pr oduce
themselves, do not change themselves. Life supposes
them t o exist alr eady its flame can b e light ed onl y In
or gani zat ion pi eviously pr epar ed ; and t h e most pr o
found meditat ion s and t h e most delicat e r esea r ches
t erminate a like in t h e mystery of t h e pr e

-exi sten ce

of g er m s.

’

2 1 . Yet thi s doct r ine is ful l gf di fficul ty. I t is
, as

Cuvier says, a myst eri ous view of t h e subject —s o

myst erious
,
that it can har dly b e accept ed by us, w h o

seek di st in ct con cept ions as t h e ba sis of our phi losophy.

Can i t b e t rue
,
not onl y that t h e germ of th e Offspring

is or iginall y included in th e pa r en t
,
b ut also t h e germs

of i ts pr ogeny, and so on without limi t -so that
ea ch frui t ful individual cont ains in itself an infini t e
collect ion of futur e possible individuals —a r eser ve
of infin i t e succeeding gener at ions ? This is har d to
admit . Have w e no alternat ive ? What is t h e oppo
sit e doct r ine ?

2 2 . Th e opposi t e doctrine deserves a t least some
not ice. It extends , t o t h e pr oduct ion of a new indivi

dual
, t h e concept ion of gr owt h by nut r i t ion . Accord

ing t o thi s vi ew, w e suppose pr opaga t ion t o take place,
not as in t h e view just spoken of

,
by in clusion and ex

t r usion , b ut by assimila t ion and developmen t - not by
t h e mater ial pr e—exi st ence of germs, b ut by th e com

m unica t ion of vi t al for ces to new ma t t er . Thi s opin ion
appea r s to b e en ter tained by some of t h e most eminent
physiologist s of t h e pr esent t im e. Thus

,
M iil ler says

,

Th e or gan ic for ce is also cr ea t ive. Th e organi c for ce
which r esides in t h e whole, and on which th e exi st ence
of each par t depends, h as a lso t h e pr oper ty of gene
rat ing

,
fr om or ganic mat ter , t h e part s necessary t o t h e

whole.

’
Life, h e adds, is not mer ely a harmony of t h e

15 RégneAnima l, p. 20.
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future individual . O n t h e cont r ary, ther e ar e cases in
which t h e wast e of t h e or gans is supplied by t h e

gr owth of n ew ones, whi ch ar e pr epar ed and formed
befor e they a r e used, just as t h e offspr ing is pr epar ed
and formed befor e it is separ at ed fr om th e par en t .

This is t h e case with t h e t eeth of many animal s
,
and

especially with, t h e teeth of animal s of th e cr ocodile
kind. Young t eeth gr ow n ear t h e r oot of t h e Old
ones, like buds on t h e st em of a plan t ; and a s these
become fully developed

,
they t ake t h e place of t h e

par ent t ooth when that dies and is cast away. And

t hese new t eeth in their tur n ar e succeeded by other s
whi ch germinat e fr om them. Severa l gen er at ions of

such t eeth
,
it is sa id a s many as four

,
have been de

t ect ed by anat omist s
,
visibly exist ing at t h e same t ime ;

just as sever al generat ions of germs of indi viduals
have been

,
as w e al r eady st at ed

,
observed included in

one another . But this case of t h e t eeth appear s t o
show very st r ikingly h ow insufficient such obser va
t ions ar e t o establish t h e doct r ine of successive inclu
sion

,
or of t h e pr e

-exi st en ce of germs. Ar e w e t o

suppose that every cr ocodi le’s t ooth includes in it self
t h e germs of an infin i t e number of possible t eeth, as

in t h e theory of pr e
—exi st ing germs every individual

in cludes an infini t e number of individuals ? If this b e
t rue of t eeth

,
w e must suppose that or gan t o follow

laws ent ir ely differ en t fr om almost every other or gan ;
for no one would apply t o t h e other or gans in genera l
such a theory of r epr oduct ion . But if such a theory
b e n ot m ain tained respect ing t h e t eeth, h ow can w e

i main t ain t h e theory of t h e pr e
-exi st ing germs of indi

viduals, whi ch h as no r ecommendat ion ex cept that
of accoun t ing for exact ly t h e same phenomena ?
I t would seem,

then
,
that w e ar e, by t h e closest con

sidera t ion of t h e subject , led to con ceive t h e for ces by
which gen er at ion is pr oduced, as for ces which vit alize
cer ta in por t ions of mat t er , and thus pr epar e them for

development accor ding to organic forms ; and thus t h e
con cept ion of this G ener at ive For ce is iden t ified wi th
t h e con cept ion of th e For ce of Or g ani c Assimi lat ion, t o
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which w e wer e led by th e con sider at ion of t h e pr ocess
of nut r i t ion .

I sha ll not '

at t empt t o give fur ther dist in ctness and
fixi ty to this con cept ion of one of t h e vit al for ces ; b ut
I shall pr oceed to exemplify t h e same analysis of

by some r emarks upon another Vit al Pr ocess
,
and t h e

For ces ofwhi ch it exhibit s t h e oper at ion .



CHAPTER V.

ATTEMPTS To FORM IDEAS OF SEPARATE VITAL
FORCES, con tinued—VOLUNTARY MOTION.

E former ly not iced t h e dist inct ions of or g an ic

and am im a l funct ion s
,
organi c and animal

for ces, as on e of t h e most mar ked di st inct ions to

whi ch physiologis t s have been led in their analysis of

t h e vi ta l power s. I have now taken one of t h e former ,
t h e or g an ic class of fun ct ions, namely, Nut r it ion ; and
have endeavour ed to point out

,
in some measur e t h e

pecul iar natur e of t h e vital for ces by which this func
t ion is car r ied on . I t m ay serve t o Show t h e ext en t
and t h e difficulty of thi s subject

,
if
, befor e qui t t ing

it , I offer a few r emar ks suggested by a funct ion
belonging t o t h e other class

,
t h e anim a l fun ct ions.

This I shall br iefly do wi th r espect to Volun ta ry Mo

tion .

2 . In t h e History of Physiology, I have alr eady
relat ed t h e pr ogress of t h e r esear ches by whi ch t h e
or gans employed in volun t ary mot ion became known
t o anat omist s. I t w as ascert ained t o t h e sat isfact ion
of all physiologist s, that t h e immediat e agen ts in such
mot ion ar e t h e muscles ; that t h e muscles ar e in some
w ay con t r act ed, when t h e ner ves convey t o them t h e

agency of t h e will and that thus t h e limbs ar e moved.

I t w as a scer t ained, a lso, that t h e ner ves convey sensa

t ions fr om t h e or gans of sense inwar ds
,
so as t o make

t hese sensat ions t h e object of th e animal’s conscious
ness. In m an and t h e higher animals, these impr es
sions upon t h e n erves ar e al l conveyed t o one int er nal
organ ,

t h e br ain ; and fr om this organ all impr essions
of t h e wil l appear t o pr oceed ; and thus th e br a in is
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expect to find, judg ing fr om t h e whole analogy of sci
en ce ; and which thus is confirmed by t h e hist ory of

physiology up t o th e pr esen t t ime. We natur ally
,
then

,

t urn t o inquir e whether such pecul i ar vit al power s
have been br ought int o view with any dis t inctn ess
and clea r ness.

4 . Th e pr oper ty by whi ch muscles, under pr oper
st imulat ion ,

cont r act and pr oduce mot ion
,
h as been

t ermed I r r ita bi lity or Con tr a cti lity ; t h e pr operty by
which n er ves ar e suscept ib le of their appr opr iat e im
pr essions h as been t ermed Sensibil i ty. A very few
wor ds on each of these subj ect s must suffice.

I r r i ta bili ty.

-I have, in t h e Hist ory of Physiology
not iced that G lisson , a Cambri dge pr ofessor

,
di st in

guish ed t h e Ir r ita t ion of muscles as a peculiar pr o
per ty, differ en t fr om any mer ely mechani cal or physi
cal a ct ion . I have men t ioned, also

, that h e di vides
Ir r it at ion in to n atur a l

,
vi ta l, and a n im a l ; and point s

out
,
though br iefly, t h e gr aduat ed differ ences of Ir r i ta

b ility in difl
’

er en t organs. Although these opini ons
di d not at fir st at t r act much not ice, about seven ty
year s aft erwar ds a t t en t ion w as power fully called to
this vita l for ce, I r r i tabi lity, by Haller . I shall bor r ow
Spr engel’s r eflect ion s on t hi s subject .

Hither to m en ha d been led t o see mor e and mor e
clear ly that t h e cause of t h e bodily funct ions

,
t h e fun

dam en t al power of t h e anim al fr ame, is not to b e

sought in t h e mechan ism,
and st ill less in t h e m ix

t ur e of t h e par t s. In this convi ct ion
,
they h ad h ad r e

cour se par t ly t o t h e quit e super sensuous pr inciple of

t h e Soul, par t ly to t h e half-mat er ial pr inciple of t h e

An ima l Spir it s, in or der t o explain t h e bodily mot ions.

G lisson alon e saw t h e necessity of assuming an Or igi
na l Power in t h e fibr es, whi ch, independen t of t h e

influence of t h e animal spir its, Should pr oduce con t r ae
t ion in them. And G or t er fir st held that t hi s O r iginal
Power w as not t o b e confin ed t o t h e muscles

,
b ut to b e

ext ended t o al l par t s of t h e living body.

3 Hist . Ind. Sc. b. xvu. e. v.
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‘But as yet t h e laws of this Power wer e n ot known ,

nor h ad m en come t o an under st anding whether it
wer e fully di st inct fr om t h e elast icity of t h e part s

,

or by what causes it w as put in act ion . They h ad
n either inst itut ed observat ions nor exper iments which
established it s r elat ion t o other assumed for ces of t h e
body. Ther e was st ill wan t ing a det erm i nat ion of t h e

pecul iar seat of this power , and exper imen t s t o t r ace
i t s gr adual di ffer ences in differ ent part s of t h e body.
In addit ion t o other causes, t h e necessity of t h e as

sumpt ion of such a power w as felt t h e mor e, in conse

quence of th e pr evalence of Leibnit z’s doct rine of t h e

act ivity of mat ter ; but it w as an occul t quality, and

r emained so t ill Haller ,
’

by numer ous exper imen t s and

solid observat ions
,
placed in a clea r light t h e peculi ari

t ies of th e
‘

power s of t h e animal body.

’

5 . Perhaps
,
however , Ha ller did more in t h e way

of det ermini ng exper im enta lly th e limits and deta ils of
t h e applica t ion of thi s idea of Ir r itability as a peculiar
a tt ribut e, than in developing t h e Idea it self. In tha t
w ay h is mer i t s wer e gr eat . A s ear ly as t h e year 1 739,
h e publi shed hi s opinion upon Ir r it ability as t h e cause
of muscula r mot ion

,
which h e pr omulgat ed aga in in

1 743 . But fr om
'

the year 1 747 h e w as mor e at t en t ive
t o t h e peculi ari t ies of Ir r it ability, and i ts di ffer ence
fr om t h e effect of t h e n er ves. In t h e fir st edit ion of

h is P hysiology, whi ch appea r ed in 1 747, h e ’ dist in

guish ed thr ee kinds of For ce in m uscles,— t h e D ead
For ce, t h e Innat e For ce, and th e N ervous Power . Th e

fir st is ident ical wi th t h e elast ic for ce of dead mat t er
,

and
”

r emains even aft er death. Th e inna tefor ce con

t inues only a shor t t ime after death, and discloses
i tself especially by alt er nat e oscill at ions ; t h e mot ion s
whi ch ar ise fr om t hi s ar e much mor e lively than those
which a r ise fr om mere elast icity : they a r e not excit ed
by t ension , nor by pr essur e, nor by any m echani cal
a lt er at ion , but onl y by i r r ita tion . Th e n er vous for ce
of t h e muscle is impar t ed t o it fr om wi thout by t h e
n er ves ; i t pr eserves t h e ir r i tabi li ty, which cannot long
subsist wi thout t h e influen ce of t h e nervous force, b ut
is not iden t ica l wi th it .

VOL . I I.
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In t he year 1 75 2 ,
'Haller laid befor e t h e Society of

G ot t ingen t h e r esul t of one hundr ed and ninety expe
~

r im ent s ; fr om which i t appear s t o what par t s of t h e

animal syst em Ir ri tabi lity and N er vous Power belong.

These I n eed not enumer a t e. He al so invest igat ed
with car e its g ra dat ions In those par ts whi ch do possess
it . Thus t h e heart possesses it i n t h e highest degr ee,
and other or gans follow In their or der .

6. Haller ’s doct r ine w as
,
that ther e r esides in t h e

muscles a pecul iar vita l power by whi ch they con t r act ,
and that this power is dist inct from t h e at t r ibut es of
t h e n erves. And thi s doct r ine h as been accept ed by
t h e best physiologist s of m odern t imes. But thi s dis
t inct ion of t h e i r r ita bility of t h e muscles fr om t h e

sensibil i ty of th e ner ves became somewhat clear er by
giving t o th e former at t ri but e t h e name of Con tr acti

lity. Thi s accor dingly w as done ; it is, for example,
t h e phr aseology used by Bichat . By speaking of

an im a l sensib il ity and an im a l con tr a cti li ty, t h e passive
and t h e a ct ive elem ent of t h e pr ocesses of anim al life
a r e clear ly separ ated and opposed t o each other . Th e

sensa t ions which w e feel, and th e muscular act ion
which w e exert

,
m ay b e closely and insepar ably con

nect ed, yet st i ll they ar e clear ly dist ingui shable. We

can ea sily in our appr ehension separ a te t h e t it illat ion
felt in t h e nose on t aking snuff, fr om t h e act ion of t h e

m uscles in sneezing ; or th e per ception of an Obj ect
falling t owar ds t h e eye, fr om t h e exer t ion whi ch shuts
t h e eye

-lid; although in these cases t h e passive and

act ive par t of th e pr ocess a r e almost or quit e in se
parable in fact . And this clear separ a t ion of th e

act ive fr om t h e passive power is something, i t would
seem, peculiar t o t h e An imal Vit al Power s ; i t is a

char act er by which they differ , not onl y from m ech af

n ica l
, chemi cal, and a l l other merely physical for ces,

b ut even fr om O r gani c Vit al Power s.

7 . But thi s differ ence between th e An im al and th e
Org an ic Vi ta l Power s r equires t o b e fur ther insisted
upon , for it appears t o have been over looked or denied
by very eminen t physiologist s. For instan ce, Bicha t
classifies t h e Vital Powers as Animal Sensibili ty, Ani
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confusion , to wr i t e th us
s
z

‘Th e insensible or gani c con~

t r act ility is that , by vir tue of which t h e excr et ing
t ubes r eact upon their r espect ive fluids

,
t h e secr et ing

organs upon t h e blood which flows in t o them,
t h e part s

where nut r it ion is per formed upon t h e nut r it ive juices,
and t h e lymphat ics upon th e subst an ces which ex

cit e their opem ex t r em it ies
’
b In t h e same manner h e

ascr ibes 6 to t h e peculi ar sensibil ity of each or gan t h e
pecul iari ty of it s pr oduct s and oper at ions. An in

creased absor pt ion is pr oduced by an incr eased sus

cept ib il ity of t h e ‘
absorbent or ifices.

’

An d thus, in
this view, each or gani c power m ay b e con t emplat ed
either as sen sibili ty or as con tr act il ity

,
and m ay b e

supposed t o b e r ender ed mor e intense by magnifying
either of these it s aspects ; al though

,
in fact , neither

can b e con ceived to b e incr eased wi thout an exact ly
comm ensur a t e i ncr ease of t h e other.

9 . This opini on , unfounded as it thus appear s to
b e

,
that a l l t h e differ en t organic vi tal power s ar e

mer ely differ en t kinds of Cont r act ility or Excitability,
w as connect ed with t h e doct r ines of Br own and h is

followers, which wer e so celebrat ed in t h e last cen tur y,
that al l diseases ari se fr om incr ease or fr om diminut ion
of t h e Vi ta l For ce. Th e consider a tions which have
alr eady offer ed themselves would lead us t o assent t o

t h e judgmen t which Cuvier h as pr onounced upon thi s
syst em.

‘Th e theor y of excita t ion ,

’
h e says,

‘
so cele

b r a t ed in these lat er t imes by it s influence upon patho
l ogy and t h er apeut ick, is at bot t om only a modificat ion
of tha t , in which, including under a common name
Sensibility and Ir r itabi lity,

’

and w e m ay add
,
applying

t his name t o a l l th e Vi ta l Power s
,

‘th e speculat or
t akes r efuge in an abst r a ct ion so wide

,
that if, by

it
,
h e simplifies medicine, h e by it ann ihil at es a ll posi

t ive
1 0. Th e separat ion of t h e nervous influen ce and

t h e muscul ar ir ri tability, although it h as led t o many
hi ghly inst r uct ive specul at ions

,
is not wi thout it s diffi

5 Life and Dea th , p. 95. 6 II) . p. 90.

7 Hist. 0163 Sc. Na t. depute 1 789, i. 219.
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cul t ies, when viewed with refer en ce t o th e Idea -
of

Vital Power . If t h e ir r i tability of each muscle r eside
in t h e muscle itself, h ow does it differ fr om a mer e
mechani cal for ce, as elast icity ? But , in point of fact ,
it is certa in that t h e muscular ir r it ability of t h e an i

m al body is not an at t r ibut e of t h e muscle it self inde
pendent of it s connexion wi th t h e syst em. N o muscle,
or other par t , r emoved fr om t h e body

,
long pr eserves

it s ir r itabi li ty. Thi s power cannot subsist permanen t ly,
except in conn exion wi th an organi c whole. This
condi t ion peculiar ly const itut es ir r itability a l iving
for ce : and thi s condi t ion would b e sat isfied by con

sider ing t h e for ce as der ived fr om t h e nervous syst em ;
b ut it appear s tha t though th e n er vous system h as t h e
most impor t ant influen ce upon al l vital act ions, t h e
muscular ir r it ability must needs b e con sider ed as some
thing di st inct . And thus t h e Ir r itabili ty or Con t r ae
t il ity of t h e muscle is a peculiar endowment of t h e

t extur e, b ut it is at t h e same t ime an endowment
whi ch can on ly co-exi st wi th life ; i t is, in short , a

pecul iar Vit al Power .

1 I . This necessity of t h e union of th e muscle wi th
t h e whole n ervous system,

in or der that it m ay possess
i r r itability, w as th e meaning of t h e t rue part of St ahl’s
psychical doct r ine and t h e r ea son why h e and h is ad

h er en t s persist ed in asser t ing t h e power of t h e soul
even over involun tary mot ions. This doctrine w as

t h e sour ce of much con tr oversy in lat er t imes.

But
,

’

says Cuvier a,
‘thi s opposit ion of opinion m ay

b e r econ ciled by t h e int imat e union of t h e ner vous
substance with t h e fibr e and t h e other con t r act ile or

gan ie elemen t s, and by their r ecipr oca l act ion —doc
t r in es whi ch h ad been pr esent ed with so much pr oba
b ility by physiologist s of t h e Scot ch sch ool, b ut whi ch
wer e elevat ed above t h e r ank of hypotheses only by t h e
obser vat ion s of mor e r ecent t imes.

‘Th e fibr e does not cont r act by it self, but by th e
influence of t h e nervous filament s, which ar e a lways
unit ed with it . Th e change which pr oduces t h e con

8 Hist. des Sc. Na t. depuis 1 789 , i. 213 .
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t ract ion cannot take place wi thout t h e concurrence of

both these substan ces and it is fur ther necessary t hat
it shoul d b e occasioned each t im e by an ext er ior cause,
by a st imulan t .

Th e Wi ll is one of these st imul an ts ; but it onl y
excit es t h e Ir r itability, it does not consti tut e it ; for in
t h e case of perwn s par alyt ic from apoplexy, th e Irri ta
b il ity remains, though th e power of th e Will over it is
gone. Thus ir r i ta bility depends in part on th e ner ve,

b ut not on t h e sensi bi li ty : thi s last is another pr o
per ty, st ill mor e admirable and occult than t h e irri
t ab ili ty b ut i t is only one among sever al funct ions
of t h e n ervous syst em. I t would b e an abuse of wor ds
t o ext end this denominat ion to fun ct ions unaccom

panied by per cept ion .

I 2 . Supposing, then ,
t hat Cont r act ili ty is esta

b l ish ed as a pecul iar Vita l Power r esiding in t h e

muscles, w e m ay ask whether w e can t r ace wi th any
fur ther exactness t h e seat and nature of t hi s power .

I t would b e unsuitable t o t h e natur e of t h e pr esen t
wor k t o dwell upon t h e anat omical di scussion s bear
ing upon this poin t . I will only r emark that some
anat omist s main ta in 9

that muscles ar e con t r act ed by
those fibr es assum ing a z igzag form

,
which a t fir st wer e

st r a ight . O thers (Pr ofessor Owen and D r . A. Th omp
son) doubt t h e a ccuracy of this obser vat ion ; and con

ceive that t h e muscul ar fibr e becomes short er and

thicker, b ut does not deviat e from a r ight line. We

m ay r emar k that t h e lat t er kin d of act ion appear s t o
b e mor e elemen t ary in its n a tur e. We can , as a mat t er
of geomet ry, conceive a st raight line thr own int o a

z igz ag shape by muscular cont r act ion s t aking place b e
tween r emot e par t s of it ; but it is difli cul t t o conceive
by what elem enta r y mode of act ion a st r aight fibr e could
bend i tself at cer tain poin ts, and at cer tain poin ts onl y ;
sin ce th e elementa ry for ce m ust act at every point of
t h e fibr e, and not at cer tai n selected point s.

I 3 . A cir cumst an ce whi ch r emarkably marks th e
differ en ce between th e vita l for ce of Cont r act ility, in

9 Muller , Elem . Phys. p. 887 .
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ser ve to bal an ce and
’ guide us as w e walk. In other

cases, our sen sat ions ar e di st inct ly and di r ect ly th e oh

j ect s of our a t t en t ion .

But '

our Sensat ion s, as w e have alr eady said
,
w e

ascr ibe as Quali t ies to ext ern al object s. By our sen ses

w e per ceive objects, and thus our sensa tions become

per ceptions . We have not only t h e sensat ion of r ownd,

pu rp le, and g r een , r epeated and var ied
,
b ut th e per cep

t ion of a bun ch of g r ap es part ly ripe and par t ly un r ipe .

W e have not only sensat ions of noise and of var iously
colour ed specks r apidl y chang ing their places, b ut w e
have per cept ions, by sound and sight

,
of a stone r oll

ing down t h e hill and cr ushing t h e shr ubs in i ts path.

We scar cely ever dwell upon our Sensat ions ; our

t hought s ar e employed upon Objects. We r ega r d t h e
impr ession s upon our ner ves

,
not for what they a r e,

b ut for what they tel l us.

But in what Langua g e do th e impr essions upon t h e

ner ves thus speak to us of an ex t er nal wor ld
,
— of th e

forms and qua lit ies and act ions of obj ect s ? How is it

that by t h e a id of our nervous system w e become ao

qua in t ed not only with impr essions b ut with th ing s;
tha t w e lea rn not onl y t h e relat ion of obj ects t o us,

but to one another ?
1 5 . I t h as been shown at some length in t h e pr e

vious Books
,
tha t t h e mode in which Sensat ions ar e

conn ect ed in our minds so as to convey to us t h e

knowledge of Objects and their Rela t ion s, i s by being
con t empla t ed wi th r efer ence t o Idea s. Our Sensa t ions,
connec ted by t h e Idea of Space, become Figur es ; con

n ect ed by t h e Idea of Time, t hey become Causes and
Effect s ; connect ed by t h e Idea of Resemblan ce, they
become Individuals and Kinds ; conn ect ed by t h e Idea
of O r gani za t ion , they become Living Things . It h as

been shown that without these Ideas ther e can b e

no connexi on among our sensat ions, and ther efor e no

per cept ion of Figur e, Act ion , Kind, or in short , of

b odi es under any aspect what ever . Sen sa t ion s ar e th e

rude Ma tter of our per cept ionS and ar e nothing, ex
cept so far as they have Form given them by Ideas.
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But thus moul ded by our Ideas, Sensat ion becom es

th e sour ce of an endless st or e of impor t an t Knowledge
ofe very possible kind.

But one of t h e most obvious uses of our per

cept ions and our knowledge is t o dir ect our Act ions;
I t is sui t able t o t h e condit ion of our being that when
w e per ceive a bunch of gr apes, w e Should b e able
t o pluck and ea t t h e r ipe ones ; that when w e per

ceive a stone r ushing down th e side of a hill
,
w e

should b e able t o move . so as t o avoid i t . And t hi s

must b e done by moving our limbs ; in shor t
,
by t h e

use of our muscles. And thus Sensat ion leads
,
not

dir ect ly
,
b ut thr ough t h e medium of Ideas

,
t o m us

cul ar Con t r act ion . I say tha t sensat ion and Muscular
act ion ar e in such cases conn ect ed thr ough t h e medium
of Ideas. For when w e pr oceed t o pluck t h e gr ape
whi ch w e see, t h e sensa tion does not det ermine t h e
m ot ion of t h e hand by any necessary geomet r ical or
mechan ica l condit ions, as an impr ession made upon a

m achin e det erm ines i ts mot ion s ; b ut t h e per cep tion
leads us t o st r et ch for t h t h e hand t o that par t of space,
wher ever it is, wher e w e know that th e gr ape is ; and
this

,
not in any determin at e path, b ut , it m ay b e,

avoiding or r emoving int er vening obst acles, which we
also per ceive.

”

Ther e is in every such case a connex
ion between t h e sensat ion and t h e r esul t ing a ct ion , not
of a mat er ial b ut of a ment a l kind. Th e cause and

t h e efl
’

ect ar e bound together , not by physical but by
intellectual t ies.

1 7 . And thus in such cases, between t h e two vita l

oper at ions
,
Sensat ion andMuscul ar Act ion

,
ther e in ter

venes, as an int ermediat e st ep
,
Per cept ion or Know

ledge, whi ch
'

is not mer ely vit al but idea l . But this
is not al l ; ther e is st ill another ment al par t of t h e

pr ocess which m ay b e r eadily dist inguished fr om that
which w e have descr ibed. An act of t h e Wi l l, a

Volit ion , is that , in t h e Mind, which immediat ely de
t ermin es t h e a ct ion of t h e Muscles of t h e Body. And

t hus Will inter venes between Knowledge and Act ion ;
and th e cycle of oper at ions which t ake place when
anim als act with reference to ext ernal object s is
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this z—Sensa tion , Per cept ion, Volit ion, Muscular Con
t r act ion .

1 8 . To at t empt furt her to analyse th e ment al part
of this cycle does not belong t o t h e pr esen t par t of our

work. But w e m ay remark her e, as w e have alr eady
remar ked in t h e His t ory“, h ow ir resist ibly w e a r e led

by physiolog icaLr esear ch es in to t h e domain of thought
and mind. We pass fr om th e body to t h e soul

,
fr om

physics to m et aphysi cs ; fr om biology to psychology ;
fr om things to per sons ; fr om nouns t o pr onouns. I have
ther e not iced t h e manner in whi ch Cuvier expr esses
t hi s t ran sit ion by t h e intr oduct ion of t h e pr onoun
Th e impr ession of ext er nal obj ect s upon t h e ME, t h e
product ion of a sensat ion , of an image, is a myst ery
impenet r able to our thoughts.

’

1 9. But t o r etur n t o t h e mer ely biological par t of

our speculat ions. We have ar rived, i t w ill b e per ceived,
a t thi s r esult that in an imal act ions ther e in t ervenes
between t h e two t erms of Sensat ion and Muscular
Con t r act ion

,
an intermedi at e pr ocess ; which m ay b e

descr ibed as a commun icat ion t o and fr om a Cen ter . Th e

Cen t er is th e seat of t h e sent ien t and volent facult ies,
and is of a hyperphysica l natur e. But th e exist en ce of
such a Cen t er as a necessary elemen t in t h e funct ions of
t h e an im a l life is a t r uth whi ch is impor t ant in biology.

This indeed m ay b e taken as t h e peculi ar char act er of

anima l, as di st ing uished fr om mer ely or g an ic powers.

Accor dingly
,
it is so st ated by Bichat . For although

h e superfluously, a s I have t r ied t o Show
,
in t r oduces

into h is li st of vi ta l power s an or ganic sen sibility, h e
st ill dr aws t h e dist inct ion of which I have spoken ;
in th e animal life, Sen sibility is t h e faculty of r eceiving
an Impr ession plus that of r efer ring it t o a common

2 0. But since Sensibility and Cont ract ility ar e thus
connect ed by r efer en ce t o a common Cent er , w e m ay
ask

,
befor e quit t ing t h e subj ect

,
what ar e t h e di ffer en t

forms which this r efer ence assumes ? I s t h e connexion

11 Hist . Ind. Sc. b . xvi i. o. v. s. 2.

12 Life and Dea th , p. 84.
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cont ract ion does r eal ly t ake
’

place fr om th e Cen ter ;
and have con ceived that sensor ial impr essions might
affect motor ner ves without any communi cat ion wi th
t h e ner vous Cen t er . But on t hi s subject w e m ay, I
conceive, with safety adopt t h e decision of Pr ofessor
Muller , deliber a t ely given aft er a careful examinat ion
of t h e subj ect !When impr essions made by t h e act ion
of external st imuli on sensit ive ner ves give r ise t o

mot ions in other part s
,
these mot ions ar e never t h e

r esult of t h e di r ect r eact ion of t h e sensit ive and mot or
fibr es of t h e n erves on ea ch other ; th e imi ta t ion is

conveyed by th e sensit ive fibr es t o t h e br ain and

spinal cor d
,

.

and is by these communica t ed t o t h e mot or
fibr es.

’

2 2 . Thus w e have two ext r eme cases of th e con

n exion of sensat ion wi th muscul a r act ion ; in one of

which t h e conn exion clear ly is, and in t h e other it as
clear ly is not, determined by r elat ion s of Ideas, in it s
t r ansit thr ough t h e ner vous Cen t er . Ther e is another
highly cur ious case st anding in t ermediat e between these
tw o

,
and ext r emely difficult t o r efer t o either . I speak

of t h e case of Instinct .

Inst inct leads to a ct ions which ar e such as if they
wer e determ ined by Idea s . Th e lamb follows it s mother
by in st inct b u t t h e mot ions by which it does this, t h e
special muscular exert ions, depend ent ir ely upon th e

geomet r ical and mechan ical r elat ion s ofext ern al bodi es,
a s t h e form of t h e gr ound

,
and t h e for ce of t h e wind.

Th e cont r act ions of th e muscles which a r e r equisi t e in
or der that t h e cr ea tur e m ay obey i ts inst inct , va ry with
every variat ion of these exter nal condit ion s —ar e not

det ermined by any r ule or necessity, b ut by pr oper t ies
of Space and For ce. Thus t h e act ion is not govern ed by
Sensat ions dir ect ly, b ut by sen sat ion s moulded by Ideas.

And th e same is t h e case with other cases of ins t inct .
Th e dog hunt s by inst in ct b ut h e hunt s certain kinds
of an imals mer ely

,
thus showing that h is inst in ct act s

accor ding t o Resemblances and Differ ences ; h e cr osses
t h e field r epea t edly t o find t h e t rack of h is pr ey by
scent

,
thus recogn izing t h e r elat ions of Space wit h

refer ence t o t h e t r ack; h e leaps, adjust ing hi s Force t o
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th e
'

distance and height of t h e leap wi th mechan ical
pr ecision and t hus h e pr act ically r ecognizes t h e Ideas
ofR esemblance

,
Space, and For ce.

But have animals such Ideas ? In any pr oper sense

in which w e can speak of possessing Ideas
,
it appear s

plain t hat they have not . Animals cannot , at any
t ime,b e sa id pr oper ly t o possess ideas, for ideas imply
th e possibili ty of specula tive knowledge.

2 3 . But even if w e allow t o an imals on ly t h e pr a c
tica l possession of Ideas, w e have st ill a gr ea t difficulty
r emain ing. In t h e case of m an

,
h is ideas ar e unfolded

gr adua lly by h is int er cour se wi th t h e ex t ernal wor ld.

Th e chi ld learn s t o dist ingui sh forms and posit ions by
a r epea t ed and in cessan t use of h is hands and eyes h e

learn s t o walk, to run
,
t o leap, by slow and labor ious

degr ees ; h e di st inguishes one m an fr om another
,
and

one animal fr om another , on ly aft er repeat ed mist akes.

N or can w e con ceive thi s t o b e otherwise. How should
t h e chi ld know a t once what muscles h e is t o exert in
or der t o t ouch wi th h is hand a cert ain visible object ?
How should h e know what muscles to exert tha t h e
m ay st and and n ot fall

,
t ill h e h as t r ied oft en ? How

should h e lear n t o di r ect hi s at t en t ion t o th e differ en ces
of differ ent fa ces and per sons, t ill h e is r oused by some
memory

,
or h ope whi ch implies memory ? I t seems t o

us as if t h e sensat ions coul d not , wi thout consider able
pr act ice, b e r ight ly r eferred to Ideas of Space, For ce,
Resemblan ce, and t h e like.

Yet that which thus appear s impossible, is in fact
done by animal s. Th e lamb almost imm edi at ely aft er
i ts bir t h follows it s mother

,
accommodat ing t h e act ion s

of i t s muscles t o t h e form of t h e gr oun d. Th e chick,
just escaped fr om t h e Shell

,
picks up a minut e in sect ,

dir ect ing its beak wi th t h e gr eat est accur a cy. Even
t h e human infant seeks t h e br eas t and exer t s i t s m us

cles in sucking, almost as soon as i t is born . Hence,
t hen , w e see that Inst in ct pr oduces at on ce act ions
r egulat ed by Ideas, or , a t least , which t ake

'

place a s if
they wer e r egulat ed by Ideas ; a lthough t h e Ideas can
not have been developed by ex er cise, and onl y appear
t o exist so far as such act ions ar e concerned.
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24 Th e t erm Instinct m ay pr oper ly b e opposed to
Insigh t . Th e former implies an inwar d pr inciple of

a ct ion, Implant ed within a cr ea tur e and pract ically
impelling it , b ut not capable of being developed int o
a subject of con t emplat ion. Whil e t h e inst inct ive
a ct ions of animal s ar e di rect ed by such a pr inciple

,

t h e deliber a te actions of m an ar e gover ned by insight
h e can cont emplate t h e idea l r elat ions on whi ch t h e
r esult of h is act ion depends. He can in h is mind m ap
t h e path h e will follow, and est imat e t h e for ce h e will
exer t , and class t h e object s h e h as t o deal with, and
det ermine hi s act ions by t h e relat ions which h e thus
h as pr esent to hi s mind. He t hus possesses Ideas not
onl y pr a ct ical ly, b ut speculat ively. And knowi ng that
t h e Ideas by which h e commonl y dir ects h is act ions

,

Space, Cause, Resemb lance, and th e like, have been
developed t o that degr ee of clearness in whi ch h e pos
sesses them by th e assiduous exer cise of t h e senses and

t h e mind fr om t h e ear liest st age of infan cy
, and tha t

these Ideas a r e capable of being st ill fur ther unfolded
into long t r ains of speculat ive t ruth, h e is unable t o
con ceive t h e manner in which aninials possess such
Ideas as their inst in ct ive act ions disclose z— Ideas
whi ch n ei ther requir e t o b e unfolded nor admit of

unfolding ; which ar e adequat e for pract ica l pur poses
Wi thout any pr evious exer cise, and inadequate for spe

cul at ive purposes with what ever labour cult ivated.
I have ventured t o make these few r emarks on In

st inct sin ce it m ay, perhaps, just ly b e consider ed as th e
last pr ovince of Biology, where w e reach th e bounda ry
line of Psychology. I have now , befor e qui t t ing t hi s
subject , only one other pri n ciple t o speak of.
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fr om th e body, loses t h e pr oper t ies of a limb, and soon

cea ses t o r eta in even it s form.

3 . N or do w e con t ent ourselves with saying that
t h e par t s ar e m u tua lly causes and ej ects. This is t h e
case in machinery. In a clock

,
t h e pendul um by mean s

of t h e escapemen t causes t h e descent of t h e weight
,
t h e

weight by t h e same escapement keeps up t h e mot ion
of t h e pendulum. But t hings of this kind m ay happen
by accident . St ones slide fr om a rock down th e side
of a hill and cause it t o b e smooth ; t h e smoothness of

t h e Slope causes stones st ill t o slide. Yet no onewoul d
call such a slide an or gan ized syst em. Th e syst em is
or ganized

,
when t h e effect s which t ake place among t h e

part s ar e essen tia l to ou r con ception of the wh ole; when
t h e whole would not be a whole

,
nor t h e part s

,
par ts,

except these effect s wer e pr oduced ; when t h e efl
’

ect s

not onl y happen in fact , b ut ar e included in t h e idea
of .t h e obj ect when they ar e not onl y seen

,
but for e

seen ; not only expect ed
,
b ut int ended : in shor t when ,

instead of being causes and effect s, they ar e ends and

m eans
,
as they a r e t ermed in t h e above defini t ion .

Thus w e necessa r i ly include, in our Idea of Or gani
z ation , t h e not ion of an End

,
a Pur pose

,
a D esign ;

or
,
t o use another phr ase which h as been peculiarly

appr opr iat ed in thi s case, a Fina l Cause. This idea of

a Fina l Cause is an essent ial condit ion in or der t o t h e
pursuing our researches r espect ing or gani zed bodi es.

4 . This Idea of Final Cause is not deduced fr om
t h e phenomena by r easonin g , but is assumed as t h e

on ly condit ion under which w e can reason on such sub

j ects at a l l . We do not deduce t h e Idea of Space, or
Time, or efficien t Cause fr om t h e phenomena about us

,

b ut n ecessar ily look at phenomena as subor dinat e t o
t hese Ideas fr om t h e beginni ng of our reasoning. I t

is t rue, our ideas of r elat ion s of Space, and Time, and
For ce, m ay become much mor e clear by ou r fam il iar i z
ing ourselves with part icul ar phenomena : b ut st ill

,

t h e Fundament al Ideas ar e n ot gener a t ed, but
folded ; not ext r a ct ed fr om t h e ext ernal wor ld, b ut
evolved fr om t h e wor ld within . In like manner , in
t h e cont emplat ion of organic st ructures

,
we consider
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each par t as subser vien t t o some use, and w e cannot
study t h e st ructur e as or gani c without such a con cept ion .

This not ion of adapt ation
,
— this Idea of an End,

—m ay
become much mor e clear and impr essive by seeing it
exemplified in par t icular cases. But st ill

,
though sug

gest ed and evoked by special cases, it is not furni shed
by them. If it b e not supplied by t h e mind itself, it
can never b e logically deduced fr om t h e phenomena.

I t is not a por t ion of th e facts whi ch w e study
,
b ut it

is a pri n ciple which connect s
,
includes

,
and r enders

them int elli gible as our other Fundamen tal Ideas do
t h e classes of fact s to which they r espect ively apply.

5 . Thi s h as a lr eady been confirmed by r efer ence t o
fact ; in t h e Hist ory of Physiology

,
I have shown t hat

t hose w h o studi ed t h e st ruct ur e of an imals wer e irre
sist ib ly led t o t h e convict ion that th e par t s of this
st ructur e have each its end or pur pose — that each
member and or gan not mer ely pr oduces a cer tain
effect or answer s a cert ain use

,
but is so framed as

t o impr ess us with t h e persuasion that i t w as con

st ruct ed for that use — t hat i t w as in tended t o pr o

duce t h e effect . I t w as ther e seen that this per sua
sion w as r epeat edly expr essed in t h e most emphat ic
manner by G alen — that it direct ed t h e r esea r ches and
led t o t h e discover ies of Harvey -tha t it h as always
been dwelt upon as a favour it e contemplat ion , and fol
lowed as a cer t ain gui de, by t h e best anatomi st s — and

t ha t it is inculcat ed by t h e physiologist s of t h e pr o
foundest Views and most ex t ensive knowledge of our

own t ime. A ll t hese person s have deemed it a most
cert ain and impor tan t principle of physiology, that in
ever y or ganiz ed st r uctur e

,
plan t or animal

,
each in t el

ligible par t h as it s allot ted office — each or gan is de

signed for i t s appr opriat e fun ct ion — that nature, in
these cases, pr oduces not hing in vain : that , in shor t ,
each port ion of t h e whole ar r angemen t h as i t s fina l
cause; an End t o whi ch i t is adapt ed, and in this End,
t h e r eason that it is wher e and what it is.

6. This Not ion of D esign In or gani zed bodies must ,
I say, b e supplied by t h e student of or ganizat ion out of

h is own m ind : a t ruth whi ch will becom e clear er if
v .0L 1. R
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w e at t end to th e m ost conspicuous and acknowledged
instances of design . Th e st r uctur e of th e Eye, In which
t h e par t s ar e cur iously adjust ed so as t o pr oduce a di s

t inct im age on th e r et ina
,
as in an opt ica l inst r um ent

,

— th e Tr ochl ear Muscle of th e eye, in whi ch th e t endori
passes r ound a support and turn s back, like a r ope
round a pulley —t h e pr ospect ive cont r ivan ces for t h e
pr eservat ion of animals, provided long befor e they a r e
wan t ed

,
as t h e Mi l k of t h e mot h er

,
t h e Teeth of th e

child
,
t h e Eyes and Lungs of t h e foetus z— these arrange

m ents
,
and innumer able others

,
call up in us a per sua

sion that D esign h as en tered into t h e plan of an ima l
form and pr ogr ess. And if w e br ing in our minds
this con cept ion of D esign, nothing can mor e full y
squar e with and fit i t

,
than such inst ances as these.

But if w e did not alr eady possess t h e Idea of D esign ;
—if w e h ad not h ad our no t ion of mechani cal con
t r ivance awakened by in spect ion of opt ical inst rumen ts

,

or pul l eys
,
or in some o ther w ay

— if w e h ad never
been conscious ourselves of providing for t h e futur e
if this wer e th e case

,
w e could not r ecogn iz e cont r iv

an ce and pr ospect iveness in such inst an ces as w e have
refer r ed to. Th e fact s ar e

,
indeed, adm i r ably in ao

cor dance with these con cept ions, when th e two a r e

br ought together : but t h e fact s and t h e concept ions
come together fr om differ en t quar ters— from wi thout
and fr om wi thin .

7 . We m ay fur t her illust r at e this point by r eferring
t o t h e relat ions of t ravellers wh o t ell us that when
con summate examples of human mechan ica l cont ri v
ance have been set befor e savages, they have ap

«

pear ed in capable of appr ehending them as pr oofs of

design . This shows that in such cases t h e Idea of

D esign had not been developed in t h e minds of t h e

people wh o wer e thus unin t elligen t : b ut it no mor e
pr oves that such an idea does not natur ally and neces

sa r ily ari se, in th e pr ogr ess of men
’

s m inds, than t h e

confused manner in whi ch th e same savages appr ehend
t h e r elat ions of space, or number , or cause, pr oves that
these ideas do not natur ally belong to their in t ellect s.

All m en have these ideas ; and it is because they can
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h ow is it over come -
'

By an appr opri at e contr ivance

t h e n ipple
,
which in common mammals is not furn ished

wi th any muscle, is in t h e kangar oo pr ovided wi t h a
power ful ext r usory muscle by which t h e mother can

inject th e m ilk into th e mouth of h er offspr ing. And

again ; in or der t o give a t tachmen t t o this muscle
t her e is a b on e-which i s not found in animals of

other kinds. But thi s mode of solving t h e pr oblem
of suckling so small a cr ea tur e int r oduces another
di fficul ty. If th e mi lk is inj ect ed in to t h e mouth of
t h e young one, wi thout any act ion of i t s own muscles,
what is t o pr even t t h e fluid ent er ing th e windpipe and
pr oducing sufl

'

ocat ion ? How is thi s danger avoided
By another appr opr iat e con tr ivance: ther e is a funnel
in t h e back of t h e thr oat by which t h e air passage is
complet ely separ ated fr om t h e passage for nut r imen t

,

and t h e inject ed milk passes in a divided st r eam on

ea ch side of th e laryn x t o t h e oesophagus
3
. And as if

t o Show t hat thi s appar atus is r eally formed wi th a

vi ew t o t h e wan t s of t h e young one
,
t h e st ructur e

a lters in t h e course of t h e animal ’s gr owth ; and t h e

funn el, no longer needed, is modified and disappears.

With r egar d to t hi s and sim il ar examples
,
th e r e

mark which I woul d ur ge is thi s - that no one
,
h ow

ever pr ejudi ced or unphilosophi cal h e m ay in gener a l
deem t h e r efer en ce t o Final Causes, can , a t th e fir st

im pr ession
,
help regar ding this cur ious syst em of ar

r angement as t h e Mean s t o an End. SO con t emplated,
it becom es sig ni ficant , in t elligible, admir able : without
such a pri n ciple

,
it is an unmean ing complexity, a col«

lect ion of con t r adi ct ion s
,
pr oducing an almost impos

sible r esult by a por t en t ous confli ct of chan ces. Th e

pa r t s of this appa r atus cannot have pr oduced one ano

t her : one par t is in t h e mother ; another par t in t h e
young one : without their harmony they could not b e
efl

’

ect ive b ut not hi ng except design can operat e to
make them h armon ious. They ar e in tended t o work
t ogether ; and w e cannot r esist t h e convict ion of this
int ent ion when t h e facts fir st come befor e us . Per haps

3 Mr .
.Owen, in Ph i l. Tr ans. 1834, p. 348.
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therem ay her eafter b e physiologists wh o, t racing th e
gr adual development of t h e par t s of which w e have
spoken , and t h e analogies which conn ect them with
t h e st ruct ur es of other an imals, m ay think tha t this
developmen t , t hese ana logies, accoun t for t h e confor
mat ion w e have descr ibed ; and m ay hence t hi nk
light ly of th e explan at ion derived fr om t h e r efer en ce
t o Final Causes. Yet sur ely i t is clea r , on a calm
consider at ion of t h e subject , that t h e la t t er explana
t ion is not di sturbed by t h e former ; and that t h e ob

server ’s fir st impr ession , that this is an ir r efr agable
eviden ce of cr eat ive can n ever b e obli
t er ated; however much it m ay b e obscur ed in t h e

mi nds of those wh o confuse this vi ew by mixing it
wi th other s which ar e ut t er ly het er ogeneous to it

,
and

ther efor e cannot b e cont r adi ct ory.

9. I have elsewher e 5 r emarked h ow physiologist s,
w h o thus look with suspicion and di slike upon t h e

in t r oduct ion of Final Causes int o physiology, have st ill
been unable t o ex clude fr om their specula t ions causes
of this kind. Thus Cabani s says 6,

‘I r ega r d with t h e
gr eat Bacon

,
t h e philosophy of Final Causes as st er ile

b ut I have elsewher e acknowledged that it w as very
di fficul t for t h e most caut ious m an n ever to have
recour se to them in hi s explanat ion s.

’ Accor dingly
,
h e

says
,
Th e par t isan s of Final Causes nowher e find ar gu

men t s so st r ong in favour of t heir w ay of looking at

natur e as in t h e laws which pr eside and th e cir cum
stan ces Of a ll kinds whi ch concur in t h e r epr oduct ion
of living r aces. In no case do t h e means employed
appear so clear ly r elat ive to t h e end.

’

And i t would
b e easy to find simil ar acknowledgmen t s, expr ess or

vi r t ual, in other writ ers of t h e same kind. Thus
Bichat

,
aft er not ing t h e differ ence between t h e or gan ic

sensibility by which t h e or gans ar e made to per form
their offices, and th e an ima l sensibility of which th e

4 Mr . Owen, in Ph i l. Tr ans. 1834, p. 349.
5 Br idg ewa ter Tr ea tise, p. 352.

Rappor t-s da Physique ci da Mor a l, i. 299.
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ner vous cent er is t h e Seat , says
"

, No doubt it wi ll b e
asked, why -tha t is

,
as w e shall see, for what end

‘t h e or gans of in ter na l life have r eceived fr om natur e
an infer ior degr ee of sen sibility only

,
and why they do

not t ransmi t to t h e br ai n th e impr essions which t hey
r eceive, while al l t h e acts of th e animal life imply thi s
t r ansmission ? Th e r eason is simply this

,
that al l th e

phenomena which establish our connexions with sur

r oun din g object s oug h t to be, and ar e in fact , under t h e
influen ce of th e Will ; whi le al l those whi ch serve for
t h e pur pose of assimilat ion on ly

,
escape

,
and ought

indeed to escape, such influence.

’

Th e r eason her e
assigned is t h e Fina l Cause ; which, as Bichat just ly
says

,
w e cannot help asking for .

1 0. Again I m ay quote fr om t h e wri t er last m en

t ioned another r emark, whi ch shows tha t in t h e or gani
cal sciences, and in them alone, t h e Idea of for ces as

Means act ing t o an End
,
is inevi tably assumed and

a ckn owledged as of supr eme author ity. In Biology
alone

,
obser ves Bicha t “, have w e t o con templa te t h e

stat e of D isease. Physiology is t o t h e movement s of
living bodies, what a st r onomy

,
dynamics, hydr aulics,

& c .,
ar e t o t hose of iner t mat t er : but these lat t er

scien ces have no branches which cor r espond to t hem
as Pa thology cor r esponds to Physiology. For th e same
r eason al l not ion of a Medi camen t is r epugnant t o t h e
physica l sciences. A Medicamen t h as for i ts object
t o br ing t h e pr opert ies of t h e system back to their
Natur a l Type ; b ut th e physical pr oper t ies never depar t
fr om this Type, and have no need t o b e br ought back t o
i t and t hus ther e is nothing in t h e physica l sciences
which holds t h e place of Th er apeut ick in Physiology.

’

Or
,
as w e m ight expr ess it otherwise

,
of inert for ces

w e have no concept ion of what t hey oug h t to do,
ex cept what they do. Th e for ces of gr avity

, elas ti city,
aflini ty, n ever act in a diseased mann er ; w e never
con ceive them as failing in their pur pose ; for w e do

not conceive them as having any pur pose whi ch is
answer ed by one mode of their act ion r a ther than

7 Life and Dea th , (trans ) 8 Anatom i c Génér a le, 1 1111
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1 3 . Th e con sider at ion of Final Causes, both in phy
siology and in other subjects, h as at a ll t imes at t r act ed
much at t ent ion , in consequen ce of its bea r ing upon t h e
belief of an Int elligen t Author of t h e Univer se. I do
not in t end, in this place, t o pur sue th e subj ect far in
this View b ut ther e is one an t ithesis of opinion

,

al r eady not iced in t h e His tory of Physiology
,
on whi ch

I will again make a few r emarks 9 .
I t h as appear ed to some per sons that t h e mer e

aspect of or der and sym met ry in t h e wor ks of natur e
th e con templat ion of compr ehen sive and consist ent
law— is sufficient t o lead us to t h e concept ion of a

design and in t elligence pr oducing th e or der and car r y
ing into effect t h e law . Without her e at tempt ing t o
decide whether this is t rue, w e m ay discer n , aft er what
h as been sai d

,
that th e con cept ion of D esign , ar r ived

a t in thi s manner , is al t ogether differ en t fr om that Idea
of D esign which is suggest ed t o us by or gan ized bodies,
and whi ch w e descr ibe as t h e doct r ine of Fina l Causes.
Th e r egular form of a crystal

,
what ever beaut ifu l sym

met r y it m ay exhibit , what ever gener al laws it m ay
exemplify, does not pr ove design 1n th e same mann er in
which design is pr oved by t h e pr ovis ions for t h e pr e
servat ion and gr owth of t h e seeds of plan ts, and of t h e

young of animals. Th e law of uni versal gr avita t ion ,
however wide and simple

,
does not impr ess us wi th t h e

beli ef of a pur pose, as does that pr opensity by which
t h e tw o sexes of each an imal ar e br ought t ogether . If
i t could b e shown t hat th e symmet r ica l st r uctur e of a

flower r esult s fr om laws of t h e same kind as those
whi ch det ermine t h e r egular forms of cryst als, or t h e

m ot ions of t h e planet s, t h e discovery might b e very
st r iking and impor t an t , b ut it would not at al l come
under our idea of Final Cause.

1 4. Accor dingly, ther e have been , in modern t imes,
tw o differ en t schools of physiologist s

,
th e on e pr oceed

ing upon th e idea of Final Causes
,
t h e oth er school

9 Hist. Ind. Sc. b. xvi i. 0. viii. On th e Doctr ine of Final Causes in Ph y
BiolOgy.
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seeking in th e realm of or gan ized bodies wide laws and
anal ogies fr om which tha t idea is ex cluded. All t h e
gr eat biologist s of pr eceding t imes, and some of t h e

greatest of modern t imes, have belonged t o t h e former
school ; and especially Cuvier , w h o m ay b e consider ed
as t h e head of i t . I t w as solely by t h e assiduous ap
plica t ion of this principle of Fin a l Cause

,
as h e himself

constant ly declar ed, that h e w as enabled t o make t h e
di scoveri es which have r ender ed h is name so i llust r ious,
and which con t ain a far lar ger por t ion of important
ana t omical and biological t ruth than it ever befor e fell
t o t h e lot of one m an to con t r ibute to th e scien ce.

Th e opinions whi ch have been put in opposit ion to
th e pr inciple of Fina l Causes have, for t h e most par t ,
been stat ed vaguely and ambiguously. Among t h e

most defin ite of such pr inciples
,
is that which

, in t h e

History of t h e subj ect
,
I have t ermed t h e Pr inciple of

Metamor phosed and D eveloped Symmet ry
,
upon which

h as been founded t h e science ofMorphology.

Th e r eality and impor t an ce of thi s pr inciple ar e not

t o b e denied by us : w e have shown h ow they ar e

pr oved by its applica t ion in various sciences
,
and espe

cia lly in botany. But those advoca tes of this pr inciple
w h o have placed i t in ant ithesis to t h e doct r ine of

Final Causes, have, by this mean s, done far mor e in
just ice t o their own favour i t e doctrine than damage t o
t h e one whi ch they opposed. Th e adapt at ion of t h e

bones of th e skelet on t o t h e muscles
,
th e pr ovi sion of

ful crums
,
pr oject ing pr ocesses

,
chann els

,
so that t h e

m ot ions and forces shall b e such as t h e needs of life
r equir e, cannot possibly become less st r iking and con

vincing , fr om any discovery of gener al analogies of on e
an imal fr ame with another , or of laws connect ing t h e
development of di ffer ent par t s. Whenever such laws
ar e discover ed, w e can onl y consider them as t h e means
of pr oducing tha t adapta t ion which w e so much admir e .

Our convi ct ion that t h e Ar t ist works in t elligen t ly
,
is

not dest r oyed, though i t m ay b e modified and t r ans

fer r ed, when w e obtain a sigh t of hi s t oo ls. Our dis

covery of laws cannot con t r adict our persuasion of

ends ; our Morphology cannot pr ejudi ce our Teleology.
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I 5 . Th e ir resist ible and constant apprehension of a

purpose in t h e forms and funct ions of an imals h as in
t r oduced int o t h e wr it ings of speculat or s on these sub

j ect s va r ious forms of expr ession
,
mor e or less precise,

mor e or less figur at ive ; as, that ‘
anima ls ar e fram ed

wi th a vi ew t o t h e par t whi ch they have t o play ;
’

t hat ‘
natur e does nothing in vain t hat ‘

sh e employs
t h e best m eans for h er ends and t h e like. However
met aphor ica l or inexact any of these phrases m ay b e

in part icular , yet taken alt ogether , they convey, clearly
and defini t ely enough t o pr eclude any seri ous er r our ,

a pr inciple of t h e most pr ofound r eali ty and of t h e

highest impor tance in t h e or gani cal sciences . But

some adher en t s of t h e morphological school of which
I h ave Spoken r eject , and even r idi cule

,
al l such modes

of expr ession .

‘I know nothing,
’
says M . G eoffroy

Sain t Hila ir e,
‘
of animals whi ch have t o play a part in

natur e. I cannot m ake of na ture an in t elligen t being
w h o does nothing in vai n ; w h o act s by t h e short est
m ode w h o does al l for th e best .’ Th e phi losophers of t hi s
school

,
ther efor e, do not

,
it woul d seem

,
feel any of t h e

admi rat ion whi ch is irresist ibly excit ed in all t h e rest of
m ankind at th e cont emplat ion of th e various and w on

derful adapta t ions for t h e preserva t ion , th e enjoymen t ,
t h e con t inuat ion of th e cr eatur es which people t h e globe

- at t h e sur vey of t h e mechanical con t rivances, t h e
chemi ca l agen cies

,
t h e pr ospect ive ar r angement s, th e

compensa t ions
,
t h e m inut e adapta t ions, t h e compr eh en

sive in t erdependencies
,
which zoology and physiology

have br ought into view,mor e andmor e, t h e fur ther their
r esearches have been car r ied. Yet t h e clear and deep
sea ted convict ion of t h e rea lity of these pr ovisions,
whi ch t h e study of anat omy pr oduces in i t s most pr o
found and accur at e cul t iva t or s

,
cannot b e shaken by

any obj ect ions t o t h e metaphor s or t erms in which this
convict ion is clothed. In r egar d to th e Idea of a Pur

pose in or gani zat ion
,
as in r egar d t o any other idea , w e

cann ot fully expr ess our meaning by phr ases bor r owed
fr om any ext r aneous sour ce ; b ut tha t impossibility
ar ises pr ecisely fr om t h e cir cumstance of i t s being a

Fundamen t al Idea which is inevi tably assumed in our
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form of it s vari ous par ts and or gans, and pr ove in some
measur e wha t their r ela t ions must b e. We can asser t

,

with Cuvi er , that cer t a in forms of t h e viscer a requi re
cer t ain forms of t h e t eeth, cer ta in forms of t h e limbs,
cer t ai n power s of th e senses. But in al l t h is

,
t h e fun c

t ions of self-nut r it ion and digest ion ar e supposed a l

ready exist ing amends : and it being t aken for gr an t ed,
as t h e on ly con ceivable basis of r eason ing, that t h e
or gans a r e means t o these ends

,
w e m ay discover what

modifica t ions of these or gan s a r e n ecessar ily r elat ed to
and connect ed wi th ea ch other . Inst ead of t erming
t his rule of speculati on mer ely ‘

th e Pr in ciple of t h e

Condi t ion s of Exi st en ce
,

’
w e mi ght t erm it ‘th e Pr in

ciple of th e condit ions of or gan s as Mea/ns adapt ed t o
an imal exist en ce as their End.

’

And h ow far this
pr inciple is fr om being a m er e bar r en t ruism,

t h e

ext r aor dinary discover ies made by t h e gr eat asser t or

of t h e pr inciple, and univer sally assented to by natu
r a l ists, abundant ly pr ove. Th e vast ex t in ct cr ea t ion
which is r ecal led to life in Cuvier ’s gr eat work

,
t h e

Ossem ens Fossi les
,
cannot b e t h e consequence of a mere

ident ical pr oposit ion .

1 7 . I t h as been obj ect ed, also, that th e doct r in e of

Final Causes supposes us to b e acquain t ed with t he
int en t ions of t h e Cr eator ; which, it is insinuat ed, is a
most pr esumptuous and i r r a t iona l basis for our r eason

ings. But ther e can b e nothi ng pr esumptuous or irra
t ional in r eason ing on that basis

,
which if w e r eject

,

w e cannot r ea son at al l . If m en r ea lly can discer n
,

and cannot help discerni ng, a design in cer ta in por

t ions of t h e works of cr ea t ion
,
thi s per cept ion is t h e

soundest and most sat isfact ory gr ound for t h e convie
t ion s to whi ch it leads. Th e Ideas which w e necessa

rily employ in t h e con t emplat ion of t h e wor ld a r ound
us

,
affor d us t h e onl y natur a l means of formi ng any

concept ion of t h e Cr eat or and G overnor of t h e Un i

ver se ; and if w e ar e by such mean s enabled to eleva t e
our

' thought s, however inadequa t ely
, towards Him ,

wher e is th e pr esumpt ion of doing so ? or r a ther ,
wher e is th e wisdom of r efusing t o open our minds
to cont emplat ions so an imat ing and elevat ing, and yet
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so ent irely convincing ? We possess th e ideas of Time
and Space, under which a l l t h e objects of t h e un iver se
pr esen t themselves to us ; and in vir tue of these ideas
t hus possessed, w e believe t h e Cr eator t o b e et ern al
and omnipot en t . When w e find that w e, in like m an

n er , possess th e idea of a D esign in Cr eat ion
,
and that

with r egar d t o ourselves, and cr eatur es mor e or less
r esembling our selves, w e cannot but con templa t e their
const itut ion under thi s idea , w e cann ot abst ain fr om
ascr ibing t o t h e Crea t or th e infini te pr ofundity and

ext ent of design t o which a ll these Special instan ces
b elong as part s of a whole.

1 8. I have her e con sider ed D esign as man ifest in
or gan iz a t ion on ly : for in that field of specul at ion it is
for ced upon us as con t a ined in a l l t h e phenomena

,
and

as t h e only mode of our underst anding them. Th e

exi st ence of Fina l Causes h as oft en been poin t ed out

in other por t ions of t h e cr eat ion — for instance
,
in th e

appar en t adapt at ions of t h e vari ous par t s of t h e ear th
and of t h e solar syst em toeach other and t o or gan ized
beings. In these pr ovinces of speculat ion

,
however ,

t h e pr in ciple of Final Causes is no longer t h e basis
and guide

,
bu t t h e sequel and r esult of our physica l

r easonings. If in looking a t th e un iver se, w e follow
t h e widest analogies of whi ch w e obt ain a view, w e

see
,
however dimly, r eason t o believe that all i t s laws

ar e adapt ed t o each other , and in t ended t o work t oge
t her for t h e benefit of its or ganic populat ion

,
and for

t h e genera l welfar e of its r at ional t enants . On this
subject , however , not immediat ely included in t h e pri n
ciple of Final Causes as her e sta t ed

,
I shall not dwell.

I wi ll only make this r emark ; that t h e assert ion ap
pears t o b e qui t e unfounded, that as science advan ces
fr om poin t t o point , Final Causes recede befor e i t , and
disappear one after t h e o ther . Th e pr inciple of design
changes it s mode of applicat ion indeed

,
b u t i t loses

none of it s for ce. We no longer consider par t icular
fact s as pr oduced by special int er posit ion s, b u t w e

consider design as exhibited in t h e e stablishmen t and
adjustmen t of t h e laws by which part icular fact s
a r e pr oduced. We do not look upon each part icular
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cloud as br ought n ear us that it m ay drop fa tness
on our fields ; b ut t h e general adapta t ion of t h e laws
of heat , and a ir , and moisture, t o th e pr omot ion of

vegetat ion , does not become doubtful . We do not

consider th e sun as less intended t o warm and vivify
t h e t r ibes of plan ts and an imals

,
because w e find that ,

inst ead of r evolvin g r ound t h e ear th as an a t tendant ,
t h e eart h al ong with other planets r evolves r ound him .

We ar e rather , by th e di scovery of t h e gener a l laws
of natur e, led in to a scene of w ider design, of deeper
cont r ivance, of mor e compr ehensive adjustmen t s. Fina l
causes, if they appear driven further from us by such
an ext ension of our views, embr ace us only with a

vast er and mor e maj est ic cir cui t : ins tead of a few

thr eads conn ect ing some detached obj ects, they be
come a stupendous net work

,
which is wound round

and r ound t h e uni versal frame of thi ngs.

1 9. I now qui t t h e subject of Biology, and wi th it
t h e cir cle of sciences depending upon separ at e or igina l
Ideas and permanen t rela t ions. If fr om th e gener a l
r elat ions wh ich permanent ly pr eva il and constan t ly
r ecur among t h e obj ect s around us

,
w e t urn to t h e

inquiry of what h as actually happened
,
— if fr om Sc i

ence w e turn to History,—w e find ourselves in a n ew

field. In t hi s region of specul at ion w e can rarely
obtai n a complet e and scient ific View of t h e connex
ion between objects and even ts. Th e pas t Hist ory
of Man

,
of t h e Art s, of Languages, of t h e Earth, of

t h e Solar Syst em, offer s a vast series of pr oblems , of
whi ch perhaps not one h as been r igorously solved.

St ill, m an , as h is speculat ive power s unfold themselves,
cann ot but feel pr ompt ed and invit ed to employ his
thought s even on these pr oblems. He cannot b ut
wish and endeavour t o understand t h e connex ion b e
tween th e successive li nks of such chains of even ts .

He at t empts to form a Scien ce which shall b e appl i

cable t o each of these Hist or ies ; and thus h e begi ns to
const r uct t h e clas s of sciences to whi ch I now ,

in th e

last place, proceed.
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IT is th er efor e, not so much wh at th ese form s of th e ear t h

actually a r e
,
as wh at t h ey a r e cont inually becom ing, t h at w e

h ave t o obser ve ; nor is i t possible t hus t o obser ve th em with out an
inst inct ive r efer ence t o th e first stat e out of wh ich th ey h ave
been t o such quest ions cont inually suggest ing
t h em selves, it is never possible t o give a com plet e answer . For

a cer tain dist ance, th e pas t work of exist ing for ces can b e t raced ;
b ut t h en gr adually th e m ist ga th er s, and th e footsteps of m or e

gigant ic agencies ar e t r aceable in th e darkness ; and st ill as w e

endeavour t o penet r at e furth er andfur th er int o depar t ed t im e
, th e

t hunder of t h e Alm igh ty power sounds louder and louder
,
and

t h e clouds gath er br oader and m or e fea rfully
,
unt il a t last th e

Sin ai of t h e wor ld is seen alt ogeth er upon a sm oke, and th e

fence of i t s foot is r each ed, wh er e none can br eak th r ough .

RUSKIN, Modern Pa inter s
,
V ol . IV . p . 143 .



BO OK X .

THE PHILOSOPHY OF PALZETIOLOG Y.

CHAPTER I.

OF PALE TIOLOG ICAL SCIENCES IN G ENERAL.

HAVE al ready stat ed in t h e Histor y of the

Sciences
’

, that t h e class of Scien ces whi ch I

designat e as Pa laetiolog ica l ar e those in which th e oh

j ect is t o ascend fr om th e present stat e of things t o a

m or e ancient condit ion, fr om whi ch
"

.
th e pr esent is de

rived by intelli gible causes. As conspicuous examples
of t hi s class w e m ay t ake G eology, G lossology or

Comparat ive Phi lology, and Comparat ive Ar chaeology.

These provinces of knowledge might perhaps b e in ~

t el lig ib ly descr ibed as Histor ies; t h e History of t h e

Ear th, —th e Hist ory of Languages,—t h e History of

Ar t s. But these phrases would not fully descri be
t h e sciences w e have in View ; for t h e object t o which
we n ow suppose their invest igat ions to b e dir ect ed is

,

not mer ely t o ascert ain what t h e ser ies of event s h as
been , as in t h e common forms ofHist ory, but also h ow
i t h as been br ought about . These sciences ar e to t r eat
of causes as well as of effect s. Such r esear ches m i ght
b e t ermed Phi losoph ica l Histor y; or , in or der to m ark
m or e di st in ct ly t ha t t h e causes of events ar e t h e lead
ing obj ect of at t ent ion, E tiolog ica l Histor y. But since

1 B. xvi ii. Introd.
VOL. II.
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i t will b e mor e conveni en t t o descr ibe t hi s class of

scien ces by a single appellat ion, I have taken th e liber ty
of pr oposing t o call them

2
th e Pa loetiolog ica l Sciences.

Whil e Pa laeon tology descr ibes t h e beings whi ch have
lived in former ages without invest igat ing their causes,
and E tiology t reat s of causes without di st ingui shin g
hist or ical fr om mechani cal causat ion ; Pa loetiology is a
combinat ion of t h e tw o scien ces exploring

,
by means

of t h e second, t h e phenomena pr esent ed by th e first .
Th e port ions of knowledgewhich I include in this t erm
ar e palaeontological aet iological sciences.

2 . All these sciences ar e connect ed by thi s bond
that they all endeavour to ascend t o a pas t state, by
consider ing what is t h e present stat e of t hi ngs

, and

wha t ar e th e causes of change. G eology exam ines th e
exist ing appear an ce of t h e mat er ial s whi ch form t h e

eart h, infers fr om them pr evious condit ions
,
and specu

lates con cer ni ng t h e for ces by which one condit ion h as
been m ade t o succeed another . Another science , cul t i
vat ed wi th gr eat zeal and success in modern t imes,
compar es t h e languages of di ffer ent coun t r ies and na

t ions, and by an exam i nat ion of thei r mater ial s and

st ructur e, endeavours to determ ine their descent fr om
one another : this science h as been t ermed Compar a
t ive Ph ilology, or E thnog r aphy; and by t h e Fr ench,
Linguistique, a wor d whi ch w e might im itate in or der
t o have a single name for t h e scien ce, but t h e G r eek
derivat ive G lossology appears to b e mor e convenient in
its form. Th e pr ogr ess of th e Ar t s (Ar ch itectur e and t h e
like) —h ow one st age of t h e cul tur e pr oduced another ;
and h ow far w e can t race their matur est andmost com

plete condi t ion t o their earliest form in various nat ions ;
—ar e pr oblems of gr eat int er est belonging to another
subj ect , which w e m ay for th e pr esent t erm Compa ra

2 A ph i lological wr iter , in a very
interest ing work (Mr . Donal dson, m

to ob tain cur rency in th e m ore com

pact and euph onious form in wh ich

h is New Cr a tylus, p. expresses
h is di slike of th is word, and suggests
th at I must m ean palm

-e tiologica l.
I th ink th e word is more likely

I h ave used it. It h as b een adopted
b y Mr .Winning , in h is Manua l of
Compa r a tive Ph ilology, and more t e
cent ly, b y oth er wr i ters.
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4. I t is not an arbit rary and useless proceeding t o
const ruct such a Class of Sciences. For wide and var i
ous as their subject s ar e, i t wi ll b e found that they
have all cer ta in pr inciples, m axim s, and r ules of pr oce
dur e l n common ; and t hus m ay r eflect light upon each
other by being t reat ed of together . Indeed it will ,
I t rust , appear , tha t w e m ay by such a juxt aposit ion
of differ en t speculat ions, obta in most sal ut ar y lessons.

And quest ion s, whi ch, when viewed as they fir st pr e
sent themselves under t h e aspect of a special scien ce

,

di sturb and alarm men
’

s mi nds, m ay perhaps b e con«

t emplated mor e calm l y, as well as mor e clear ly, when
they ar e consider ed as general pr oblem s of palaet io

10g

; I t will at once occur t o t h e reader that , if w e

include 1n t h e cir cuit of our classificat ion such subject s
a s have been ment ioned, —polit i cs and law ,

mythology
and poet ry,— w e ar e t ravelling very far beyond t h e
mat er ial sciences wi thin whose lim i t s w e at t h e outset
pr oposed t o confine our discussion of principles. But

w e shall remain faithful t o our original plan ; and for

that pur pose shall confine our selves
,
in this work

,
to

t hose palaet iological scien ces whi ch deal wi th material
thin gs. I t is t rue, that th e gener a l pr inciples and

maxims which r egul at e these scien ces apply al so to in
vest ig at ions of a parall el kind r espect ing t h e pr oduct s
which r esul t fr om man ’

s imaginat ive and social endow
men t s. But although ther e m ay b e a similar i ty in t h e
gen eral form of such port ions of knowledge, their m a

t er ials ar e so differ ent fr om those with which w e have
been hither t o dea ling, that w e cannot hope t o t ake
them in to our pr esent accoun t with any pr ofit . Lan

guage, G overnment , Law , Poet ry, A r t
, embr ace a num

b er ofpeculiar Fundamen t al Ideas, hi ther t o not t ouched
upon in th e disquisit ion s in whi ch w e h ave been en

gaged 3 and most of them involved in far g rea t er per ~

plexi ty and ambigui ty, t h e subject of con t r oversies far
m or e vehement , than th e Ideas w e have hither t o been
exam ining. We must therefor e avoid r est ing any par t
of our philosophy upon sciences, or supposed sciences,
which t r eat of such subj ects. To at t end t o this caut ion,
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is th e On ly way in which w e can secure th e advantage
w e pr oposed t o our selves at t h e outset , of t aking, as
t h e basis of our Speculat ions, none b ut syst ems of un

disput ed t r uths, clea r ly under stood and expr essed ".
We have alr eady sa id that w e m ust

,
kn owingly and

volun ta r ily
,
resign that livelier and warmer in t er est

whi ch doct ri nes on subj ect s of Poli ty 01: Ar t possess
,

and cont en t ourselves with th e cold t ruths of th e

mat er ial sciences, in or der that w e m ay avoid having
t h e very foun dat ions of our phi losophy involved in con

t r over sy, doubt , and obscurity.
6 . We m ay r em a i k, however , that th e necessity of

reject ing fr om our survey a lar ge por t ion of t h e r e

searches whi ch th e genera l not ion of Palaet iology 1n
eludes, suggests one considerat ion whi ch adds t o t h e

int er est of our task. We began our inqui r y w ith t h e
t rust that any sound views whi ch w e should b e able
to obtain r espect ing t h e natur e of Tr uth i n t h e phy
sical Sciences

,
and t h e mode of di scovering it

,
must

also t end to thr ow light upon t h e na tur e and pr o

spects of knowledge of all other kinds -must b e
useful t o us in mor a l, polit ical , and phil ologica l r e

sea r ches. We stat ed this as a confident an t icipat ion ;
and th e eviden ce of th e just ice of our belief a lr eady
begins t o appear . We have seen , in th e last Book, that
biology leads us t o psychology

,
if w e choose t o foll ow"

t h e pa th ; and thus t h e passage fr om t h e ma t er ia l t o
t h e immater ia l h as al r eady unfolded it self at one point ;
and w e now per ceive tha t ther e ar e sever al lar ge pr o
vin ces of speculat ion which concern subj ect s belonging
t o man ’

s imma ter ia l natur e
,
and which ar e govern ed

by th e same laws as sciences a lt ogether physica l. I t

is not our business her e to dwell on t h e pr ospect s
which our philosophy thus opens t o our con t empla
t ion b ut w e m ay a llow our selves, in t hi s last stage
of our pil grimage among t h e foundat ions of t h e phy
sical sciences, to b e cheer ed and anim at ed by t h e r ay

4 See Introd. p. 9.
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beam s upon us, however fr om a

higher and br igh t er r egion .

But i n our reason ings and examples w e shall mainly
confine ourselves t o t h e physical sci en ces ; and for t h e

most part t o G eology, which in t h e His tor y I have put
forwar ds as th e best repr esentat ive of th e Palaet iolo

g ical Sciences. 0
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order of phenomena must b e ar r ived at by ascer tain
ing what t h e causes of change in such m at ters can
do. In or der to lear n , for example, what Share ea r th
quakes, and volcanoes, and t h e bea t ing of t h e ocean
against it s sh or es, ought to have in our Theory of

G eology, w e must m ake out what effects these agent s
of change ar e able to pr oduce. And t hi s must b e
done, not hast ily

'
, or un syst emat ically, but in a care

ful and connected manner ; in short , this study of

t h e causes of change in each order of phenomena must
become a di st in ct body of Science, whi ch must include
a large am oun t of knowledge

,
both compr ehensive and

pr ecise, b efor e it can b e appli ed t o t h e const ruct ion of

a theory. We must have an [ Et iology corresponding
to each or der of phenomena.

3 . E tiology
— In th e Hist ory of G eology, I have

spoken of t h e necessi ty for such an E t iology with
regar d to geological phenomena : this necessity I have
compar ed wi th that whi ch, at th e t ime of Kepler , r e

quir ed t h e format ion of a separ at e science of Dynami cs

(th e doct r in e of t h e Causes of Mot ion), befor e Physica l
Astronomy coul d grow out of Phenomenal Ast r onomy.
In pur suance of this anal ogy

,
I have ther e given th e

name of G eolog ica l Dynam ics t o t h e science whi ch
t r eats of t h e causes of geological change in gener al .
But , as I have there in t ima ted, in a large port ion of

t h e subject t h e changes ar e so ut t er ly di ffer ent in their
natur e fr om any modificat ion of mot ion

,
that t h e t erm

Dynam ics, so applied, sounds harsh and st r ange. For

in thi s scien ce w e have t o t r eat
,
not only of th e sub t er

r aneous for ces by which part s of t h e ear th’s crust ar e
Shaken , elevat ed, or r uptur ed, but also of t h e causes
w hi ch m ay change t h e climat e of a por t ion of t h e

ear t h’s sur face
,
m aking a coun t ry hot t er or colder than

in former ages ; again , w e have t o t r eat of t h e causes
whi ch modify t h e forms and habit s of anim als and

vegetables, and of t h e ext en t t o whi ch t h e effect s of

such causes can pr oceed ; whether , for inst ance, they
can exting uish old species and pr oduce new . These
and other similar invest igat ions would not b e natur ally
included in th e notion of Dynam ics ; and ther efore i t
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m ight per haps b e bet ter to use th e term E tiology
when w e wish t o group together al l those ‘ resear ches
whi ch have it for t h eir object t o det ermine t h e laws
Of such changes . In th e same manner th e Comparison
and History of Languages, if it is to lead t o any
stable and exact knowledge, must have appended t o
it an E t iology, which a ims at det ermin ing t h e natur e
and th e amount of t h e causes whi ch r ea lly do pr oduce
changes in language ; as colonizat ion , conquest , t h e
m ixtur e of r aces, civili z at ion , lit er atur e, and th e like .

And th e same rul e applies t o all sciences of this class.

We shall now make .a few r emarks on th e char ac
t er ist ics of such br an ches of science as those to whi ch
w e ar e led by t h e above consider a t ions.

4. Phenom enology r equir es Classifica tion . Phenom e

na l G eology
— Th e Phenomenal por t ion s of each science

imply Classificat ion , for no descr ipt ion of a large and

var ied mass of phenomena can b e useful or int elligible
without classificat ion . A r epr esen ta t ion of pheno
m ena, in or der t o answer t h e purposes of science, must
b e syst emat ic. Accor dingly, in giving t h e Hi story of
D escri pt ive or Phenomenal G eology, I have called it
System a tic G eology, just as Classificatory Bot any is

t ermed System a tic Botany. Mor eover , as w e have
a l r eady seen, Classificat ion can n ever b e an arbit r ary
pr ocess, but always implies some natur al connexion
among t h e object s of th e same Class ; for if thi s con

nex ion did not exi st , th e Classes coul d not b e made t h e
subjects of any t rue assert ion . Yet though t h e classes
of phenomena whi ch our syst em ackn owledges must b e
such as alr eady exist in n atur e, t h e discovery of these
classes is, for t h e most part , very far from obvious or
easy. To det ect th e t rue pr in ciples of Natur al Classes,
and t o select m arks

‘

by whi ch these m ay b e r ecognized,
ar e st eps which requi r e genius and good for t une, and
whi ch fall to t h e lot onl y of t h e most eminent persons
in ea ch science. In t h e Histor y, I have poin t ed out
Wer ner

,
William Smith, and Cuvier , as th e t hr ee

gr eat author s of Syst ema t ic G eology of Eur ope. Th e

m ode of classifying th e m a ter ial s of t h e earth’s sur

face which was found, by these philosophers, fit t ed to
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enunciate such general fa ct s as came under th ei r no

t ice, was to consider th e r ocks and oth er m at er ials as
di vided in to successive layer s or str ata, superimposed
one on another , and variously inclined and br oken .

Th e G erman geologist distingui shed h is st r a t a for t h e
m ost par t by their mi ner a logical chara ct er ; t h e other
two, by th e remains of anim a ls and plants which t h e
rocks contained.

’ After a beginning h ad thus been
m ade in giving a genuine scient ific form to phenomenal
geology, other st eps followed in rapid succession , as h as

a lready been r ela t ed in t h e Hi story ’. Th e Classifica

t ion of t h e St r a ta was fixed by a sui table Nomen cla
t ur e At t empt s wer e made t o apply t o other count r ies
t h e or der of strata whi ch h ad been found t o pr evai l in
th at fir st studied : and in thi s mann er it w as asoer
tained what r ocks in distant r egions ar e t h e synonyms,
or Equiva len ts

2

,
of each other . Th e knowledge thus

collected and systemat ized w as exhibited in t h e form
of G eological Maps.

Moreover , among th e phenomena of geology w e have
Laws of Natur e as well as Classes. Th e general form
of m oun tain -cha ins t h e r elat ions of t h e dir ect ion and

inclin at ion of differ en t chains to each other ; t h e gene
r al fea tures of miner al veins, faults, and fissur es t h e

pr eval ent characters of slaty cleavage —wer e th e sub

j ects of laws est ablished, or supposed to b e established,
by ext ensive observat ion of facts. In like manner t h e
organ ic foss ils discover ed in t h e st r at a wer e found to
follow cer t ain laws with r efer ence t o t h e climate which
t hey appeared to have lived in ; and t h e eviden ce whi ch
t hey gave of a regular zoological developm ent . And

thus
,
by th e assiduous labour s of many accomplished

and act ive phi losophers, D escr ipt ive or Phenomena l
G eology w as carried towards a state of complete
ness.

5 . Phenomena l Ur anog r aphy.
—In like manner in

other palaet iological researches, as soon as they ap
pr oach t o an exact and scien t ific form, w e find t h e

necessity of const ruct ing in t h e first place a science of

2 Ib. sect . 4.
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defini te and exact standar d with whi ch t o compare
their observat ions. St ill

,
this t ask would have been

execut ed on ly for that part of th e heavens which is
visible in this count ry

, if this Hippar chus of th e

Nebul ae and D ouble Star s h ad not left behin d h im
a son w h o inh er i ted al l his fa ther ’s z eal and mor e
than h is father ’s knowledge . Sir John Herschel in
1 83 3 went t o the Cape of G ood Hope t o complete
what Sir Will iam Her schel left want ing ; and in t h e
course of five years obser ved with care a ll t h e nebulae
and double st ar s of t h e Southern hem ispher e. Thi s

gr ea t Her sch elian Sur vey of the Heavens
,
t h e comple

t ion of whi ch is t h e noblest monument ever er ect ed by
a son to a fa ther

,
must necessari ly b e, to all ages

,
th e

basis of al l specul at ions concerning t h e history and

or igin of t h e solar system ; and h as complet ed, so far

as at pr esen t it can be completed, t h e phenomenal por
t ion of Ast r onomical Palaet iology.

6. Phenom en a l G eog r aphy of P lants andAn im a ls.

Again
,
ther e is another Palaet iological Science,

closely conn ect ed with th e specul a t ions for ced upon
t h e geologist by t h e or gan ic fossils whi ch h e discover s
imbedded in t h e st r a ta of t h e ear t h — namely, t h e
Science which h as for i t s object th e Causes of t h e

D iffusion and D ist ribut ion of t h e var ious kinds of

Plants and Animals. And t h e scien ce also h as for
i t s fir st por t ion and indi spensable foundat ion a de

scr ipt ion and classificat ion of th e exist ing phenomena .

Such por t ions of science have r ecent ly been cult iva ted
wi th gr eat zeal and success, under t h e t it les of th e

G eog r aphy of P lants, and t h e G eog r aphy of An im a ls.

And t h e r esul t s of th e inqui r ies thus under taken have
assumed a defini t e and scient ific form by leading t o a

di vis ion of th e earth’s surface into a cer tain number of

bot ani ca l and zoological P r ovinces, each pr ovince occu

pied by it s own peculiar vegetable and an imal populat ion
We fin d

, too, in t h e course of t hese invest igat ions,
vari ous gener al laws of t h e phenomena offer ed t o our

not ice ; such, for instance, as thi s — tha t t h e di ffer ence
of t h e anim als or iginal ly occupying each pr ovin ce,
which is clear and ent ire for t h e higher or ders of
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anim als and plan t s
,
becomes more doubt ful and in

dist in ct when w e descend t o t h e lower kinds of or

g aniz at ions ; as Infusor ia andZoophyt es " in th e animal
kingdom,

G rasses andMosses among veget ables. Again ,
other laws discover ed by those w h o have studi ed t h e
geogr aphy of plan t s ar e these — that coun t ries sepa
rat ed fr om each other by wide t r act s of sea

,
as t h e

Opposit e shor es of t h e Medi t erranean
,
t h e islands of

t h e Indi an andPacific Ocean s, have usually m uch that
is common in their vegetat ion —and again, that in
par allel climat es, analogous t ribes r eplace each other .

I t would b e easy t o adduce other laws, but those
a lr eady stat ed m ay ser ve to Show t h e gr eat extent of
t h e por t ions of knowledge whi ch have just been m en

t ion ed, even consider ed as mer ely Sciences of Pheno
m ena.

7. Phenom ena l G lossology.
— It is not my purpose

in t h e presen t wor k to bor r ow my leading ill ust r at ions
from any por t ions of kn owledge but those which ar e

concerned wi th t h e study of mat er ia l natur e ; and I
sha ll

,
therefor e, not dwell upon a br anch of r esear ch,

singul ar ly in t er est ing, and closely connect ed with t h e
one just ment ioned, b ut dealing with r elat ions of

thought r ather than of things - I mean t h e Pa laet io

logy of Language -t h e theory, SO far as t h e facts
enable us to form a theory, of t h e causes which have
led to t h e r esemblan ces and differ en ces of human speech
in vari ous regions and various ages. Thi s

,
indeed,

would b e onl y a por t ion of t h e study of t h e history
and or igin of t h e di ffusion of anim als

,
if w e wer e t o

include m an among t h e anim als whose disper sion we

t hus invest igat e ; for language is one of t h e most clear
and im perishable recor ds of t h e early even t s in t h e

car eer of t h e human race. But t h e peculiar natur e of

t h e faculty of speech
,
and th e ideas which t h e use of i t

involves, make it pr oper t o t r eat G lossology as a dis

t inct scien ce. An d of this science, t h e fir st part must
n ecessarily b e, as in t h e other sciences of this or der , a

4 Pr ich ard, Resear ches into the PhysicalHistory of Mankind, i. 55, 28.
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classificat ion and compar ison of languages governed in
m any respects by th e same r ules, and pr esen t ing t h e
same dfficul t ies, a s other scien ces of classificat ion .

Such,accor dingly, h as been t h e pr ocedur e of t h e m ost

philosophi cal glossologist s . They have been led t o

thr ow t h e languages of th e earth into cert ain lar ge
classes or Fa ntil ies

,
accor ding to va r ious kinds of r e

semblance ; as t h e Sem i tic Family, t o which belong
Hebr ew, Arabic, Chal dean , Syrian, Phoeni cian ,

Eth io

pian, and t h e like t h e Indo-Eur opean , whi ch includes
Sanskr i t , Per sian, G reek, Lat in, and G erman ; th e
Monosylla bic languages, Chi nese, Tibetan

,
Birman ,

Siamese ; th e Polysynthet ic languages, a clas s includi ng
m ost of t h e Nor th-Amer i can Indian dial ect s ; and

other s. An d thi s work of classifica t ion h as been t h e
resul t of t h e labour and study of many very pr ofound
linguist s, and h as advanced gr adually fr om st ep to

st ep. Thus th e Indo-Eur opean Fam ily was fir st formed
on an observa t ion of t h e coin ciden ces between Sanskr it ,
G r eek, and La t in ; but it w as soon found to include
t h e Teuton ic lan guages, and mor e recent ly D r . Pr i

char d“ h as shown beyond doubt that th e Celt ic must
b e included in th e same Family. O ther genera l resem
blan ces and differ ences of languages have been marked
by appr opr iat e terms : thus Augus t von Schl egel h as
denomina t ed them syn thetica l and ana lytica l, accor d
ing as they form their conjugat ions and declensions by
auxiliary verbs and pr eposit ions, or by changes in t h e

wor d itself : and t h e polysynthetic la
nguages a r e so

named by M . Duponceau, i n consequence of their st ill
mor e com plex mode of inflexi on. Nor ar e ther e want
ing , in this scien ce a lso, general laws of phenomena ;
such, for instan ce, is t h e curious rul e of t h e in ter

chang e of consonan ts in th e cognat e wor ds of G r eek,
G othi c, and G erman , whi ch h as been discover ed by
James G r imm. All these r emarkable port ions of know
ledge, and t h e gr eat works which have appeared on

G lossology, such, for example, as t h e Mith r iala tes of

Adelung and Va t
'

er , con t ain, for their lar gest
,
and

5 Dr Prich ard, On theEastern Or igin ar the CelticNa tions. 183 1.
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con sider at ion of t h e differ ent degrees of condensat ion of

different Nebulae ledHerschel and Lapla ce t o cont em
plat e t h e hypothesis that our solar syst em is a con

densed
'

N eb ula. Immediately upon t h e division of th e

ear th’s sur face in t o bot ani cal and z oological provinces,
and even a t an earlier period

,
t h e opposit e hypotheses

of t h e Or igin of a ll th e an imal s of each kin d from a

single pair , and of their or iginal diffusion al l over t h e
eart h, wer e under dis cussion . And t h e consider at ion
of t h e families of languages irresist ibly led to specula
t ions concern ing t h e Fami lies of t h e ear liest human
inhabit an t s of t h e eart h. In all cases t h e con t empla
t ion of a very few phenomena, t h e di scovery of a very
few steps in t h e hi st ory, made m en wi sh for and a t

t empt to form a theory of t h e hi st ory from t h e very
beginn ing of things:

9. N0 soundTheor ywithout E tiology
—But though

m an is thus impelled by t h e natural pr opensit ies of hi s
in tellect to t race each '

or der of things to it s causes, h e
does not at first discer n t h e on ly sur e w ay of obtain ing
such knowledge : h e does not suspect h ow much labour
and h ow much method ar e r equisit e for success in this
undertaking : h e is not awar e that for each or der of

phenomena h e must const ruct , by t h e accumulat ed r e
sul t s of mult ipl ied obser vat ion and dist inct thought , a
separ at e E t iology. Thus

, as I have elsewher e r e

m arked“
,
when m en h ad for th e first t im e become

acqua in t ed with some of t h e leading phenomena of

G eology, and h ad pr oceeded t o specul at e concerning
t h e past changes and r evolut ions by whi ch such r esult s
h ad been pr oduced, they for thwith supposed themselves
able t o judge what woul d b e th e effect s of any of t h e

obvious agen t s of change, asWa ter or Volcan ic Fire. It

did not at fir st occur to them t o suspect that their
common and ext empor aneous judgmen t on such points
w as by no means sufficien t for sound knowledge. They
did not for esee that , befor e they coul d det erm ine what
Shar e these or any other causes h ad h ad in pr oducing
t h e present condi t ion of t h e ear th

,
they must cr eate

3 Hist. Ind. Sa l) . xvi ii. c. v. sect. 1 .
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a special science whose object should b e t o est imat e
t h e gen er a l laws and effect s of such assum ed causes ;

-that befor e they coul d obt ain any sound G eolo

g ical Theory, they must carefully cult ivat e G eological
E t iology.

Th e same di sposit ion t o pr oceed immediat ely fr om
t h e fact s t o t h e theor y

,
wi thout const r uct ing

, as an in

t erm ediat e step
,
a Science of Causes

,
might b e point ed

out in t h e other sciences of this or der . But in a ll of

them this er r our h as been cor r ect ed by t h e failur es to
which it led. I t soon appear ed, for inst ance, that a

mor e car eful inquiry int o t h e effect s which climat e,
food, habit and cir cumst ances can pr oduce in an imals

,

w as r equisit e in or der t o det ermine h ow t h e diver sit ies
of an imals in differ ent coun t r ies have or iginat ed. Th e

E t iology of Animal Life (if w e m ay b e all owed t o
give thi s name t o that study of such causes of change
whi ch is a t pr esent so zealously cult ivat ed

,
and which

yet h as n o dist inct ive designat ion , except so far as it

coincides with t h e Or g an ic G eolog ica l Dynam ics of our

Histor y) is now per ceived t o b e a n ecessary por t ion of

a l l at t empt s t o const r uct a hi st ory of t h e ear t h and it s

inh abit an t s.

I O . Cause, in P a laetiology.
—We ar e thus led to

con t emplat e a class of Scien ces whi ch a r e comm en ced
wi th t h e study of Causes. We have alr eady consider
ed sciences whi ch depended mainl y upon t h e Idea of

Cause
,
n amely

,
t h e Mechani cal Scien ces. But i t is

obvious that t h e Idea of Cause in t h e r esear ches now

under ou r consider at ion must b e employed in a very
di ffer ent w ay fr om that in whi ch w e applied i t for
mer ly. For ce is th e Cause of mot ion, because force
a t all t imes and under al l circumst ances, if not count er
a cted, pr oduces mot ion ; b ut t h e Cause of t h e pr esent
condit ion and elevat ion of t h e Alps, what ever it w as

,

w as mani fest ed in a ser ies of event s ofwhich each h ap
pened b u t on ce

,
and occupied i t s pr oper place in t h e

ser ies of t ime . Th e former is m ech an ica l , t h e lat t er
h istor ica l, cause. In our pr esen t invest igat ion s, w e

consider t h e event s whi ch we con t emplat e, of what ever
or der they b e, as form ing a chain whi ch is ext ended

VOL. I I. T
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fr om t h e beginning of t hings down to th e pr esen t t ime ;
and th e causes of which w e now speak ar e those whi ch
connect t h e successive links of t hi s chain . Every oc
cur r en ce which h as taken place in t h e history of t h e

solar syst em,
or t h e ear th , or its veget able and animal

cr eat ion , or m an
,
h as been a t t h e same t ime effect and

cause — t h e effect of what pr eceded,t h e cause of what
succeeded. By being effect and cause, it h as occupied
some cer t ain por t ion of t ime ; and th e t imes which
have thus b een occupied by effects and causes, sum
m ed up and t aken altogether , make up t h e tot al of

Past Time. Th e Past h as been a ser ies of events Con

n ected by thi s hist or ical causa t ion , and th e Pr esen t is
t h e last term of this ser ies. Th e problem in t h e Pal ae
t iolog ical Sciences, wi th whi ch w e a r e her e concern ed,
i s

,
to det ermine t h e manner in which each term is de

rived fr om t h e pr eceding, and thus, if possible, t o cal

cul at e backwar ds t o t h e or igin of th e ser ies.

I I . Va r ious kinds of Cause— Those modes by
whi ch one t erm in t h e n atur al ser ies of even t s is
der ived fr om another

,
— t h e forms of histor ical causa

t ion ,— t h e kinds of connexion between t h e links of

t h e infinit e cha in of t ime,—ar e very var ious ; nor n eed
w e at t empt t o enumer ate them. But these kinds of

causa t ion being dist ingui shed fr om ea ch other , and

separ at ely studied, ea ch becomes th e subject of a

separ at e E t iology. Thus th e causes of change in t h e
ear th’s sur face

,
r esiding in t h e element s, fir e and wat er ,

form t h e main subj ect of G eological E t iology. Th e

E t iology of t h e vegetable and animal kingdoms inves
t iga tes t h e causes by which th e forms and dist r ibut ion
of species of plan t s and animal s ar e affect ed. Th e

study of causes i n G lossology leads t o an E t iology of

Language, which shall dist inguish, analyse
,
and est i

mate t h e causes by which cer t ain changes ar e produced
in t h e languages of n at ions ; in like manner w e m ay

expect t o have an E t iology of A r t , whi ch Shal l
scr ut ini se th e influen ces by which th e vari ous forms of

ar t have each given bir th to it s successor : by whi ch;
for example, ther e have been brought int o being those
various forms of ar chi t ectur e whi ch w e t erm Egypt ian,
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upon our earth, w e have then
,
br ought befor e us by

geological observa t ions , a seri es of di ffer ent forms of

veget able and anim a l existen ce ; occur r ing in differ en t
st r a ta

,
and, as t h e phenomena appear ir r esist ibly t o

pr ove
,
exi st ing at successive per iods : andw e ar e com

pel led to inquir e what can have been t h e causes by
whi ch t h e forms ( i f each per iod have passed int o those
of th e n ext . We find, t oo, that st r a t a

,
which must

have been at fir st hor iz on t al and con t inuous, have
undergone enormous dislocat ions and r uptur es, and w e

have to consider t h e possible effect of aqueous and

volcan ic causes t o pr oduce such changes in th e ear th’s
cr ust . We ar e thus led t o th e causes which have
pr oduced t h e pr esent stat e of t hin gs on th e ear th ; and
these ar e causes t o whi ch w e m ay hypothet ica lly
ascr ibe

,
not onl y t h e form and posit ion of t h e iner t

mat er ia ls of th e ea r th
,
b ut also t h e natur e and di st r i

b ut ion of i ts animal and veget able populat ion . Man

too
,
n o less than other animals

,
is affect ed by t h e

oper at ion of such causes as w e have r efer r ed t o, ,
and

must
,
t her efor e, b e in cluded in such speculat ions. But

man ’

s history only begins
,
wher e that of other animals

ends, with h i s mer e exi st ence. They ar e sta t ionary,
h e is pr ogressive . O ther species of animal s, once
br ought into being, con t inue t h e same thr ough al l

ages ; m an is changing
,
fr om ag e t o ag e, hi s language,

h is thought s, h is works. Yet even these changes ar e

bound together by laws of causat ion ; and these causes
t oo m ay become object s of scien t ific study. And such
causes, though not t o b e dwelt upon n ow

,
Sin ce w e

permit our selves t o found our philosophy upon t h e

mat er ial scien ces on ly
,
must st ill

,
when t r eat ed scien

t ifical ly, fall wi thin t h e pr inciples of our philosophy,
and must b e gover ned by t h e same gen er al r ules t o
which a l l scien ce is subj ect . And thus w e ar e led by
a close and natur al connexion

, thr ough a ser ies of

causes, ext ending fr om those which r egulat e t h e imper
cept ib le changes of t h e r emot est nebulae in t h e heaven s,
to those which det ermine th e diver sit ies of language,
t h e muta t ions of ar t , and even t h e pr ogr ess of civiliz a
t ion , polity, and lit eratur e.
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While I have been speaking of thi s supposed ser i es
of even t s, including in it s cour se t h e format ion of t h e

ea r t h, t h e in t r oduct ion of animal and vegetable life
,

and t h e r evolut ions by which one collect ion of Species
h as succeeded another

,
it must not b e forgot t en

,
tha t

though I have thus hypothet ical ly spoken of these
event s as occur r ing by for ce of natur al causes

,
this h as

been done only that th e t rue efficacy of such causes
m ight b e br ought un der our consider at ion and made
t h e subject of scient ific examinat ion . I t m ay b e found,
that such occur r ences as these a r e qui t e inexplicable
by t h e aid of any natur al causes with which w e ar e

acqua in t ed ; and thus, t h e r esult of our invest igat ions
,

conduct ed with st ri ct r egar d
'

to scient ific pr in ciples
,

m ay b e, that w e must either con t emplat e super natur a l
influences as par t of t h e past ser ies of event s, or declar e
ourselves alt ogether unable t o form t hi s ser ies int o a

connect ed chain .

I 3 . Mode of Cu ltiva ting E tiology
— In G eology.

In what manner , it m ay b e asked, is E t iology
,
with

r egar d t o each subj ect such as w e have enumer at ed
,
t o

b e cult ivat ed ? In or der t o an swer this quest ion , we
must

,
accor ding to our method of pr oceeding, take t h e

most successful and complet e examples whi ch w e pos

sess of such por t ions of science. But in t r uth, w e can

a s yet r efer t o few examples of thi s kind. In G eo

logy
,
it is onl y ver y r ecent ly, and pr incipa lly thr ough

t h e example and influen ce of Sir Char les Lyell, that
t h e E t iology h as been detached fr om th e descr ipt ive
por t ion of t h e scien ce ; and cul t ivat ed with dir ect
at t en t ion : in other scienccs t h e separ at ion h as har dly

yet been made. But if w e examine what h as alr eady
been done in G eological E t iology, or as in t h e Histor y
i t is t ermed, G eolog ica l Dynam ics, w e shall find a

num ber of differ ent kinds of invest igat ion whi ch,
by t h e aid of our gener al pr in ciples r espect ing t h e for
mat ion of sciences, m ay suffice t o supply ver y useful
suggest ions for E t iology in gener a l.
In G eological E t iology, causes have been studied, in
many inst an ces, by at t ending t o their act ion in t h e ph e
nom ena of t h e pr esent st at e of t hi ngs, and by infer r ing
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fr om this th e natur e
'

and ext ent of t h e act ion whi ch
t hey m ay have exer cised in former t imes. Thi s h as
been done, for example, by V on Hoff

,
Sir Char les Lyell

,

and other s, with r egar d t o t h e oper a t ions of r ivers, seas,
spr ings, glacier s, and other aqueous causes of change.

A gain , t h e same course h as been followed by t h e same
phi losopher swi th r espect to volcanoes, ea r thquakes, and
other violen t agents . Sir Char les Lyell h as at t empt ed
t o Show, t oo, that ther e t ake place, in our own t ime,
not only violen t agit at ions , b ut slow mot ions of par t s
of th e ear th’s crust , of t h e same kind and or der wi th
those which have assisted in pr oducing al l an t er ior
changes.

But whil e w e thus seek inst ruct ion in th e pheno
mena of t h e pr esent st at e of things, w e ar e led t o t h e

quest ion
,
Wh at ar e t h e limi ts of thi s pr esent ’ peri od ?

For instance, among th e cur r en ts of lava which w e
t r a ce as par t of t h e shor es of Italy and Sicily, which
Shall w e select as belonging t o t h e exist ing or der of

t hings ? In going backwar ds in t ime
,
wher e shall w e

draw th e line ? and w hy at such par t icul ar point ?
These quest ions ar e import an t , for our est ima t e of t h e

efli cacy of kn own causes will vary with t h e ext ent of
t h e effects whi ch w e ascr ibe t o them. Hen ce t h e mode
in whi ch w e gr oup together r ocks is not only a st ep in
geologica l classificat ion , but is al so important to E t io

logy. Thus
,
when t h e vast masses of t r ap r ocks in t h e

Wester n Isles of Scot land and in other count r ies, which
h ad been main t ained by t h eWer ner ian s t o b e of aque
ous or igin , wer e, pri n cipally by t h e sagacity and in

dust ry ofMacculloch
,
iden t ified as t o their natur e with

t h e pr oduct s of r ecen t volcanoes, t h e amount of effect
whi ch might jus t ifiably b e ascr ibed t o volcani c agency
w as mat er ially ext ended .

In other cases, inst ead of observing th e current
effect s of our geologica l causes, w e have t o est im ate t h e

resul t s fr om what w e know of t h e caus es themselves ;
as when , with Her schel, w e calculat e th e alt er at ions
in t h e t emperatur e of t h e ear t h whi ch ast r onomi cal
changes m ay possibly pr oduce ; or when , with Fouri er ,
w e t ry t o calcul at e t h e r a t e of cooling of t h e earth’s



https://www.forgottenbooks.com/join


b m
'

l
'

t UU’ I 0

causes, as habits, appeteneies, pr ogressive t endencies.
W e m ay obser ve, t oo , that as w e have

,
br ought befor e

us
,
t h e i nquiry wha t change differ ence of clim ate can

pr oduce in any spec ies, w e have al so t h e inverse
.p
r ob

lem ,
h ow far a different development of t h e speci es, or

a differ en t collect ion of species
,
pr oves a difl

"

er ence of

climat e. In t h e same w ay, t h e geologist of th e pr esent
day considers t h e quest ion , whether, in virtue of causes
now in act ion , species ar e fr om t im e to t ime extin

guish ed and in l ike manner
,
t h e geolog ist s of an

ear lier per iod di scussed t h e quest ion ,
now long com

pletely decided, whether fossil species in gener al ar e

r eally ext inct species .

1 5 . In Languag es
—Even wi th refer ence to th e

E tiology of Language, al though t his bran ch of sc ience
h as har dly been considered separa tely fr om th e glosso
logical invest igat ions in whi ch it is employed or as

sum ed to b e employed, it m ight perhaps b e possible
to po in t out causes or condi tions of change which,
being gener al in their natur e, must opera te upon al l

languages alike. Changes made for t h e sake of euphony
when words ar e modified and combined, occur in al l

dia lects . Wh o can doubt that such changes of conso
nants as those by whi ch t h e G r eek roots become G othi c

,

and t h e G othic, G erman , have for their cause some
genera l pr inciple in t h e pr onun ciat ion of each lan
guage ? A gain

,
w e might at t empt to decide other

quest ions of no smal l inter est . Have t h e term inations
of ver bs ar isen from t h e accr et ion of pr onoun s ; or

, on

th e other hand, does th e modifica t ion of a verb imply
a sim pler men tal pr ocess than th e insul a t ion of a pr o

noun , as Adam Smit h h as m ain ta ined ? Again
,
when

t h e language of a nat ion is changed by t h e invasion
and perm an en t m ixt ure of an enemy of differ ent speech,
is it gener a lly t rue that i t is changed from a syn thet i c
to an analyt ical st ructure ? I wi l l m ent ion only one

mor e of these wide and gen eral glossologica l inquir ies .

I S it t r ue, as D r . Pr ich ard h as suggest ed ’
, tha t lan

guages have become more permanent as w e come down

7 Resea rdws, ii. 221 .
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towards la t er t imes ? May w e just ifiably suppose
,
with

h im ,
that in t h e very ea r liest t imes

,
na t ions, when

they h ad separ at ed from one stock, might lose all

t r aces of this common or igin out of their languages,
t hough r eta ining st r ong eviden ces of i t in their m yt h o
logy, socia l form s

,
and a r t s

,
a s appea rs t o b e th e case

with t h e an cient Egypt ians and t h e Indian s
8
.

La r ge quest ion s of this natur e cann ot b e t r eat ed
pr ofitably in any other w ay than by an assiduous study
of th e most var ied forms of living and dead languages.

But on t h e other hand, t h e study of languages should
b e pr osecuted not only by a di r ect compar ison of one

with another , b ut al so with a view to th e format ion
of a scien ce of causes and gener a l pr inciples

,
embr acing

such discussions as I have point ed out . I t is only
when such a science h as been formed

,
that w e can hope

t o obt ain any solid and certain r esult s in th e Palaet io

logy of Lan guage -to determin e, with any degree of

substan t ia l pr oof, what is t h e rea l eviden ce which t h e
wonder ful facul ty of Speech, under it s pr esen t develop
men ts and forms, bear s to t h e even t s which have taken
place in its own hi st ory, and in t h e history of m an

since h is first or igin .

1 6. Construction of Theor ies —Wh en w e have thus
obtained, with r efer ence t o any such subj ect as those
w e have here spoken of, these two por t ions of science

,

a Syst emat ic D escr ipt ion of t h e Fact s
,
and a r igor ous

Analysis of th e Causes,— t h e Phenom enology and t h e

E tiology of t h e subject , —w e ar e pr epar ed for t h e t hir d
member which complet es th e science

,
t h e Theor y of t h e

actual fact s. We can then t ake a view of t h e events
which r eally have happened, di scerning their con

nexion , in t er pr et ing their eviden ce
,
supplying fr om

t h e con t ext th e pa r ts whi ch ar e unappar en t . We

can account for known fact s by int elligib le causes ;
w e can infer lat en t facts fr om man ifest effect s

,
so as

to obta in a dist inct insight in t o t h e whole history of

event s up t o t h e pr esent t ime, and t o see th e last r e
sul t of t h e whole in t h e pr esen t condit ion of things.

8 Resea rch es, 11 . 192.
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Th e term Th eor y, wh
’
en r igor ously employed in such

sciences as those which w e her e consider , bear s nea r ly
t h e sense whi ch I have adopt ed : it implies a consistent
and syst ema t ic view of t h e actual fact s

,
combined with

a t r ue appr ehension of their connexion and causes.
Thus if w e speak of ‘

a Theory of Mount Etna,
’

or

a Theor y of t h e Par is Basin,
’

w e mean a conn ect ed
and int elligible view of th e event s by whi ch t h e r ocks
in these localit ies have come in t o their pr esent con

dit ion . Undoubt edly t h e t erm Theory h as often been
used in a looser sense ; and m en have put for th

‘Theo

r ies of theEa r th
,

’ which
, inst ead of including t h e whole

mass of actual geological facts and their causes, only
assign ed, in a vague manner , some causes by whi ch
some few phenomena might , i t w as conceived, b e ao

coun t ed for . Perhaps t h e por t ion of our Palaet iological
Sciences whi ch w e now wi sh t o designa t e, woul d b e
mor e gener ally understood if w e wer e to descr ibe it as
Theor etica l or Ph ilosoph ica l History ; a s when w e t alk
of ‘th e Theor et ical Hist ory of Ar chit ectur e,

’

or
‘th e

Philosophica l Hist ory of Language.

’
And in t h e same

manner w e m i ght speak of t h e Theor et ical Hist ory of
t h e Animal andVegetable Kingdoms ; mean ing, a dis
t inct accoun t of t h e event s which have pr oduced t h e
pr esent dist r ibut ion of species and fami lies. But by
what ever phrase w e descr ibe t hi s por t ion of science, it
i s plain tha t such a Theor y, such a Theor et ical His
t ory

,
must r esult fr om t h e applicat ion of causes well

under s t ood to fact s well ascer t ained. And if t h e t erm

Th eory b e her e employed, w e must r ecollect that it is
t o b e under st ood, not in its nar r ower sense a s opposed
t o fact s, b ut in i t s wider sign ificat ion

,
as including all

known facts and di fferi ng fr om them only in in t r o

ducing among them pr inciples of int elligible connexion .

Th e Theor ies of whi ch w e now speak a r e t rue Th eor ies,
pr ecisely because they ar e ident ical with th e t ot al sys
t em of t h e Fa cts.

1 7 . N o sound Pa laetiolog ica l Th eor y yet extant .

I t is not t o di sparage unjust ly th e pr esent st at e of

science, t o say tha t as yet no such theor y exist s on

any subject . ‘Theor ies of th e Ear t h ’ have been r e
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CHAPTER III.

OF THE D OCTRINE OF CATASTROPHES AND THE DOC

TRINE or UNIFORMI'PY.

I . D octr ine of Ca ta str oph es— I HAVE a lr eady shown ,

in t h e Hi st ory of G eology
,
that th e at t empts t o fr ame

a theory of t h e ear th have br ought int o view tw o com

plet ely opposit e opini ons — one, whi ch r epr esen t s t h e
course of n atur e as uniform t h r ough a l l ages, t h e
causes which pr oduce change having h ad th e same
in tensity in former t imes whi ch they have at th e pr e

sen t day
— t h e other opini on ,

whi ch sees
,
in th e pr e

sen t condi t ion of things
,
evidences of ca ta str ophes;

changes of a mor e sweeping kind, and pr oduced by
mor e power ful agencies than those whi ch occur in r e

cent t imes. G eologist s w h o held t h e lat t er Opini on ,
main t ained that th e for ces whi ch have elevat ed t h e

Alps or th e Andes t o their pr esent height could not

have been any for ces whi ch ar e n ow in act ion : they
point ed t o vast masses of st r ata hundr eds of m iles long,
thousands of feet thick

,
thr own in t o highly—inclin ed

posit ions
,
fr a ctur ed

,
dislocat ed, crushed : they r emarked

tha t upon t h e sha t t er ed edges of such st r at a they found
enormous accumulat ions of fr agment s and r ubbish,
r ounded by t h e a ct ion of wat er

,
so as t o denot e ages

of violen t aqueous a ct ion : they con ceived that they
saw instan ces in which whole moun t ains of r ock in a

st ate of ign eous fusion , must have bur st th e ear th
’

s crust
fr om below : they found that in t h e course of t h e r e

volut ion s by whi ch one st r a tum of r ock w as placed
upon another , t h e whole collect ion of an imal species
whi ch t enan t ed t h e ear th and th e seas h ad been r e

moved
,
and a new set of livi ng things in t r oduced in

its place : finally
,
they found

,
above al l th e st rata,
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vast masses of sand and gr avel con ta ining bones of

anima ls, and appar en t ly t h e work of~ a m ighty deluge .

With al l these pr oofs befor e their eyes, they thought
it impossible not to judge that t h e agent s of change by
which t h e wor ld was ur ged fr om one condi t ion t o

another t ill it r eached it s pr esen t st at e must have been
mor e violent , mor e power ful, than any whi ch w e see at

work ar ound us. They con ceived that t h e eviden ce of
‘cat ast r ophes ’ w as ir r esist ible.

2. D octr ine of Unifor m i ty.
—I need not her e r e

peat t h e nar r at ive (given in t h e Hist ory’) of th e

pr ocess by whi ch this formidable ar r ay of pr oofs w as
,

in t h e minds of some eminen t geologist s, weaken ed,
and at last over come. Thi s w as don e by showing that
th e sudden br eaks in t h e succession of st rat a wer e
appar ent only, t h e di scont inui ty of t h e ser ies which
occur r ed in one coun t ry being r emoved by t erms
in ter posed in another locality — by urging that t h e

t ot al effect pr oduced by exi st ing causes
,
t aking int o

account t h e accumulat ed r esult of long per iods
,
is far

gr eat er than a casual specul ator would think possible
—by making i t appear that ther e ar e in many par t s of
t h e wor ld eviden ces of a Slow and imper cept ible r ising
of t h e land sin ce it w as t h e habit at ion of now exi st

ing species —by pr oving that it is not uni ver sally
t rue t hat t h e st r at a separat ed in t ime by supposed
ca t ast r ophes con t a in di st inct species of animals -by
point ing out t h e limit ed fields of t h e supposed diluvia l
act ion z—and finally

,
by r emarking that though t h e

cr ea tion of species is a m yst ery, th e extinction of

species is going on in our own day. Hypotheses wer e
suggest ed, t oo, by which it w as con ceived tha t t h e
change of climat e might b e expla ined

,
whi ch

,
as th e

con sider at ion of t h e fossil r ema ins seemed t o show
,

must have taken place between t h e ancient and t h e

moder n t imes. In this mann er th e whole evidence of

catast r ophes w as explained away : t h e not ion of a

ser ies of par oxysms of violence in t h e causes of change
was r epr esent ed as a delusion ar ising fr om our cont em

1 Hist. Ind. 80. b. xviii. c. viii. sect . 2.



286 PHILOSOPHY OE PALE TIOLOGY.

plat ing Shor t per iods Onl y, in th e act ion of pr esent ,

lengt h of t ime w as called in to take t h e pla ce
of int en sity of for ce : and it was declared that G eology
need not despair of accoun t ing for t h e revolut ions of

t h e ear th, as Ast r onomy accoun ts for t h e r evolut ions
of t h e heavens, by th e univer sal act ion of causes
w hi ch ar e close at hand t o us

, operat ing t hrough t im e

and space without var iat ion or decay.

An an tagonism of opinions
, somewhat of th e same

kind a s this
,
will b e found t o man ifest it self in t h e

other Palaet iolog ical Scien ces as well as in G eology ;
and i t wil l b e inst r uct ive to endeavour to balan ce these
opposit e doct r ines. I will ment ion some of t h e con

sider at ions which bear upon t h e subject in it s gener al
form.

3 . Is Un iform i ty pr obable apr ior i —Th e doct r ine
of Uni formity in t h e course of natur e h as somet imes
been r epr esen t ed by its adher en t s as possessing a gr eat
deg r ee of a pr ior i pr obabili ty. I t is hi ghly unph il oso

phi ca l , it h as been ur ged, t o assum e that t h e causes of
t h e geological event s of former t imes wer e of a differ ent
kind fr om causes now in act ion

,
if causes of this lat t er

kind can in any w ay b e made to explain t h e fa cts.

Th e anal ogy of al l other sciences compels us
,
it w as

sa id
,
to explain phenomena by known

,
not by unknown ,

causes. And on these grounds t h e geological teacher
r ecommended? ‘

an earn est and pat ient endeavour t o
recon cil e t h e indicat ion s of former change with t h e

evidence of gr adual mutat ions now in pr ogr ess .

’

But on this w e m ay r emark, that if by known
causes w e mean causes a ct ing with t h e same in t ensity
which they have h ad dur ing histor ical t im es

,
t h e r e

st r ict ion is altogether arbit r ary and gr oundless. Let

it b e gr an ted, for in st ance, that many par t s of t h e

eart h ’s sur face ar e now undergoing an imper cept ible
i i se. I t is not pr et ended that t h e r at e of thi s eleva
t ion is ri gor ously un iform ; what , then , ar e th e lim i ts
of i ts velocity ? Wh y m ay it not in cr ease so as to as

sume that charact er of violen ce which w e m ay term a

9 Lyell, 4th ed. b . iv. o. i. p. 328.
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as un iformity. If a volcano m ay r epose for a thousand
year s

,
and then br eak out and dest r oy a city ; why

m ay not another volcano r epose for t en thousand
yea r s

,
and then dest r oy a cont inent ; or if a con t inent

,

w hy not t h e whole habit able sur face of t h e ea r th ?

4 . Cycle of Un ifor m i ty indefin ite—But this ar gu

ment m ay b e put in another form. When it is sa id
that t h e cour se of natur e is uni form

,
t h e asser t ion is

not int ended to exclude cert a in smaller var iat ions of

violence and rest , such as w e have just spoken of

alternat ions of act ivity and repose in volcanoes ; or

ear thquakes, deluges, and storms
,
int er posed i n a mor e

t r anquil sta t e of t hings. With r egar d t o such occur
r en ces

,
t er r ible as they appear at t h e t ime, they m ay

n ot much affect t h e aver age rat e of change ; ther e m ay
b e a cycle, though an i r r eg ular one, of rapid and slow
change ; and if such cycles g o on succeeding each other ,
w e m ay st ill call th e or der of natur e uniform

,
notw ith

st anding t h e per iods of violence which it involves.

Th e maximum and minimum int ensit ies of t h e for ces
of muta t ion alter nat e with one another ; and w e m ay
est imat e t h e aver age course of natur e as that which
cor r esponds t o something between th e tw o ext r emes.

But if w e thus at t empt t o main tain t h e uniform i ty
of natur e by r epr esen t ing it as a ser ies of cycles,
w e find that w e cannot di scover

,
in this concept ion ,

any solid gr ound for ex cluding ca tast r ophes. What is
t h e length of that cycle, t h e r epet it ion of which con

st itut es uni formity ? Wha t in t erval fr om t h e maximum
t o t h e minimum does it adm it of We m ay t ake for
our cycle a hundr ed or a thousand years, but eviden t ly
such a pr oceeding is alt ogether a r bit r ary. We m ay
mark our cycles by t h e gr eat est kn own par oxysms of

volcanic and t er r emot ive agency
, but this pr ocedur e is

no less indefinit e and incon clusive than t h e other .

But fur ther since th e cycle in which violence and

repose a lt erna t e is t hus indefin ite in it s length and in

i t s r ange of act ivity
,
what gr oun d have w e for

sum ing mor e than one such cycle
, extending fr om t h e

or ig in of t hi ngs to t h e pr esen t t ime ? Why m ay w e

not suppose th e max imum force of th e causes of change
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to have t aken place at t h e ear liest per iod, and th e t en
dency t owar ds t h e minimum to have gone on ever
since ? O r inst ead of on ly one cycle, ther e m ay have
been sever al, b ut of such length that our hi storica l
per iod forms a port ion on ly of t h e last —t h e feeblest
port ion of th e lat est cycle. And thus violence and

repose m ay alt erna t e upon a scale of t ime and int ensity
so lar ge, that man

’

s exper ience supplies no evidence
enablin g him t o est imat e t h e amoun t . Th e cour se of

things is un iform ,
t o an Int elligence which can embr ace

t h e succession of sever al cycles, but it is ca tas tr oph ic

to t h e cont emplat ion of m an , whose survey can gr asp a
par t onl y of one cycle. And thus t h e hypothesis of

uni formi ty
,
since it cannot exclude degr ees of change

,

nor lim i t t h e r ange of these degr ees, nor defin e t h e
int er val of their r ecurrence, cannot possess any essen

t ial simplicity whi ch
,
pr evious t o inqui ry, gives it a

claim upon ou1 a ssen t super ior t o tha t of t h e opposite
cat ast r ophi c hypothesis.

5 . Un iform ita r ia nAr g um en ts a r e N eg a t ive on ly.

Ther e is an Opposit e t endency in t h e mode of main
tain ing t h e cat ast r ophi st and t h e uniformi t ar ian opi

n ions
, whi ch depends upon their fundamenta l prin

ciples, and shows it self in a l l th e cont r oversies between
them. Th e Cat ast r ophist is affirmat ive, t h e Uni formi

t ar ian is negat ive in hi s asser t ions : t h e former is con

stant ly at tempt ing t o const r uct a theory ; t h e lat t er
delights in demolishing all theor ies. Th e one is con

stant ly bringing fr esh evidence of some gr eat past
event , or seri es of even t s, of a st r iking and definit e
kind ; h is antagon ist is at every st ep explaini ng away
t h e evidence

,
and showing that it pr oves nothing. On e

geologist adduces h is pr oofs of a vast univer sal deluge ;
b ut another endeavour s t o show that t h e pr oofs do
not establish either th e univer sat or t h e vastness of
such an even t . Th e inclin ed br oken edges of a cer tain
forma t ion , cover ed wi th their own fr agment s, beneath
superjacen t horiz on t al deposit s, a r e at one t ime sup

~

posed to prove a cata st r ophi c br eaking up of t h e ear lier
st r a ta ; b ut thi s opini on is con t r over t ed by showing tha t
t h e same format ions, when pur sued int o other coun t r i es,

VOL. II . U
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exhibit a uniform gr’adat ion from t h e lower to t h e

upper , wi th no t r ace of violence. Ext ensive and loft y
elevat ions of th e coast , cont inents of igneous r ock

,
at

fir st appear t o indi cate oper at ions far mor e gi gant ic
than those which n ow occur ; but at t empt s ar e soon

made t o show that t ime onl y is want ing t o enable th e
pr esent ag e t o r ival th e past in t h e pr oduct ion of such
changes. Each n ew fact adduced by t h e catas t r ophist
is at fir st st r ikin g and appar ent ly convin cing ; b ut as it
becom es famili ar , it st r ikes th e imaginat ion less power
fully ; and th e uni form i t ar ian

,
const an t ly labour ing to

pr oduce some im i ta t ion of i t by t h e machinery whi ch
h e h as so well studied, at last in every case seems t o
himself to succeed, so far as to dest r oy t h e effect of h is
Opponen t ’s evidence.

Thi s is so with r egar d to mor e r emote
, as well as

with r egar d t o immediate evidences of change. Wh en
it is ascer tained t ha t in every part of th e ear th’s crust
t h e t emper a tur e in creases as w e descend below t h e

surface, at first thi s fact seems t o indicat e a cen t ral
heat : and a cen t r al heat naturally sugg est s an ear lier
st at e of t h e mass, in whi ch it w as in candescent , and
fr om which it is now cooling. But thi s or iginal in can
descence of t h e globe of t h e earth is mani festly an

en t ir e violat ion of t h e pr esent course of things; it
belongs t o t h e ca t ast rophist view, and t h e advocat es
of uni formity have to explain it away. Accor dingly

,

one of them holds that this in cr ease of heat in descend
ing below t h e sur face m ay very possibly not g o on al l

t h e way t o t h e cen t er . Th e hea t whi ch incr eases at

fir st as w e descend, m ay, h e conceives, aft erwards
decr ease ; and h e suggests causes whi ch m ay have pr o
duced such a succession of hot t er and colder shell s
within th e mass of th e earth. I have ment ioned this
suggest ion in t h e History of G eology ; and have gi ven
my reasons for beli eving it altogether un t enab le

a
.

O ther per sons also, desir ous of r econ ciling t hi s sub

terraneous heat wi th th e tenet of uni form i ty
,
have

3 Hist. Ind. Sc. b . xviii. c. v. sect. 5, and note.
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can imagine violen t
’

i
’

gneous act ion t o go on so long as
any par t r ema in ed un oxidi z ed b ut when t h e oxida
t ion of t h e whole h as on ce t aken place, this act ion
must be a t an end; for ther e is in t h e hypothesis
n o agency whi ch can repr oduce t h e deox idi zed meta l.
Thus a per petual mot ion is impossib le in chem ist ry

, as

it is in mechanics ; and a theor y of con stan t cha nge
con t inued t hr ough infinit e t ime, is un t enable w hen
assert ed upon chem i cal, no less than upon mechan ica l
pr inciples. And thus t h e Skept icism of t h e uni for

m it ar ian is of for ce only so long as it is employed
against t h e D ogmat ism of t h e cat ast r ophist . When
t h e D oubt s ar e erect ed int o D ogmas, they a r e no

longer con sist ent with t h e tenet ofUn iformity. When
t h e N egat ions become Affirmat ions

,
t h e N egat ion of an

O r igin vani shes a lso.

6 . Unifor m ity in the Or g anic Wor ld— Tu speaking
of t h e vi olent and sudden changes whi ch const itute
ca tast r ophes, our thoughts na tura lly tur n at fir st to
grea t m echan ica l and physica l effect s -ruptur es and

displacemen ts of st ra ta ; ext ensive submersions and

emer sions of land ; r apid changes of t emper a tur e. But

t h e catast r ophes which w e have t o consider in geology
affect t h e or g an ic as well as th e inor gani c world. Th e

sudden ext inct ion of one collect ion of species, and t h e
in t r oduct ion of another in their place, is a Catast rophe,
even if unaccompani ed by mech ani ca l violence. Ac

cor dingly, t h e antagonism of t h e ca tast r ophist and

uniform i tar ian schools h as shown itself in this depar t
ment of t h e subject , as well as in th e other . When
geologis ts h ad first discover ed that t h e successive st rata
a r e each dist ingui shed by appr opri at e or ganic fossi ls,
t hey assumed at once that each of these collections of

living things belonged t o a separ at e cr ea t ion . But

t his conclusion, as I have alr eady said
,
Sir C. Lyell h as

a t t empt ed to invalidat e, by pr oving that in t h e exist
ing or der of t hi ngs, some species become ext inct ; and

by suggest ing it as possible, that in th e same or der , it
m ay b e t r ue that n ew species a r e fr om t ime to t ime
pr oduced, even in t h e pr esent cour se of natur e. And

in this
,
as in t h e other . part of t h e subject,h e calls in
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t h e aid of vast per iods of t im e, in or der that t h e vio

len ce of t h e changes m ay b e soft ened down : and h e

appear s disposed t o believe that th e actua l ext inct ion
and cr eat ion of species m ay b e so slow as to excit e no

mor e not ice than it h as hitherto obt ained ; and yet m ay
b e r apid enough, consider ing t h e immensity of geologi
ca l per iods, t o pr oduce such a succession of differ en t
collect ions of species as w e find in th e st r ata of t h e

earth’s surface.

7 . Or ig in of thepr esent Or g an ic Wor ld— Th e last
gr eat event in t h e history of t h e vegetable and an imal
kingdoms w as that by whi ch their va rious t r ibes wer e
placed in their pr esent seats . And w e m ay form
var ious hypotheses wi th r egar d t o t h e sudden or graf
dual mann er in whi ch w e m ay suppose this dist r ibut ion
t o have t aken place. We m ay assume that at t h e b e
ginning of t h e pr esent order of things, a stock of ea ch
species w as placed in t h e vegetable or animal pr ovince
to whi ch it belongs

,
by some cause out of t h e com

“

m on or der of natur e ; or w e m ay take a uniform i
t ari an view of t h e subject , and suppose that t h e pr o
vinces of t h e or gan ic wor ld der ived their populat ion
fr om some an terior stat e of things by t h e opera t ion of

natur al causes.

N ot hi ng h as been pointed out in t h e exist ing or der
of things whi ch h as any analogy or r esemblan ce, of

any valid kind, to that cr eat ive ener gy which must b e
exer ted in t h e pr oduct ion of a new species. And t o

assume th e int roduct ion of new Species as
‘
a par t of

t h e or der of na tur e,
’
w ithout point ing out any natur a l

fact with whi ch such an even t can b e classed, would
b e t o r eject cr ea t ion by an arbit r ar y act . Hence,
even on natur a l gr ounds, t h e most in t elligible view of

t h e history of th e anima l and vegetable kingdoms
seems t o b e, that each per iod which is marked by a

dist inct collect ion of species forms a cycle ; and that at
t h e beginning of each such cycle a cr eat ive power w as

exer t ed, of a kind t o which ther e w as nothing at al l

analogous in t h e succeedi ng par t of t h e same cycle . If
it b e ur ged t h at in some cases t h e same species, or t h e
same genus, runs thr ough tw o geolog ical format ion s,
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which must , on other g roun ds, b e r efer r ed to di ffer ent
cycles of cr eat ive en er gy, w e m ay r eply that th e cr ea
t ion ofmany n ew species does not imply th e ext inct ion
of a l l t h e old on es .

Thus w e ar e led by our r easonings t o this view, that
t h e pr esen t or der of things w as commen ced by an act

of cr eat ive power ent ir ely differ en t t o any agen cy whi ch
h as been exert ed since. N one of t h e influences which
have modified th e pr esen t r aces of animals and plan t s
since they wer e placed in their habitat ions on t h e

ear th’s sur face can have h ad any efli cacy in pr oducing
them at fir st . We ar e n ecessari ly dr iven t o assume,
as t h e beginn ing of t h e pr esent cycle of or gani c na
tur e, an even t not included in th e cour se of nature.

And w e m ay remark that this n ecessity is t h e mor e
cogen t , pr ecisely because other cycles have pr eceded
t h e pr esen t .

8 . N ebu la r Or ig in of the Sola r System — If w e

a t t empt to apply t h e same ant ithesis of opinion (th e
doct r ines of Cat ast r ophe and Uni form i ty) to t h e other
subjects of palaet iologica l sciences, w e shall b e led to
simila r conclusions. Thus

,
if we turn our at t en t ion t o

Ast r onomi cal Pal aet iology, w e per ceive that t h e Nebu
lar Hypothesis h as a uniformit ar ian t enden cy. Accor d
ing to this hypothesis t h e format ion of this our syst em
of sun , planet s, and sa t elli t es, w as a pr ocess of th e same
kind as those which ar e st ill going on in t h e heavens.

One after another
,

nebulae condense into separ a t e
masses, which begin t o r evolve about each other by
mechan ical necessity

,
and form syst ems of whi ch our

solar syst em is a fini shed example. But w e m ay r e

mark
,
that th e uni form i tari an doct ri ne on this subject

r est s on most un stable foundat ions. We have as yet

on ly very vague and imper fect r eason ings to Show that
by such conden sa t ion a m a ter i a l syst em such as our s
could r esul t ; and t h e int r oduct ion of or g an iz ed beings
in t o such a mat er ial syst em is ut t er ly out of t h e r each
of our philosophy. Her e again , ther efor e, w e ar e led

t o r egar d t h e pr esent or der of t h e wor ld as point ing
t owar ds an or igin alt ogether of a differ ent kind fr om
anyt hi ng whi ch our mat er ial science can grasp.
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t h e hypo thesis of th e uni form pr og r ess of ch angewould
give. And thus

,
in t h e earliest stages of man ’

s car eer ,
t h e r evolut ions of language must have been , even by
t h e evidence of th e theor et ical hi story of language
i tself, of an or der a ltogether di ffer ent fr om any whi ch
have t aken place wi thin t h e recen t hi stor y of m an .

And w e m ay add, that as t h e ea r ly stages of th e pr o
gr ess of language must have been widely differ ent from
t hose later ones of whi ch we can in some measur e t r ace
t h e natur al causes; w e cannot place t h e or igin of lan

guage in any point of view in whi ch it com es under
t h e jurisdict ion of natur al causat ion at all .

10. No N a tur a l Or ig in di scover able—We ar e thus
led by a survey of several of t h e palaet iological sciences
to a confirmat ion of t h e principle former ly asserted ’

,

That in no palaet iologica l science h as m an been able to
a r r ive at a beginning whi ch is homogeneous with t h e
kn own cour se of event s. We can in such sciences
often g o very fa r back —determine many of t h e r e

mote cir cumstan ces of th e past ser ies ofeven ts —ascend
to a point which seems t o b e near th e or igin — and‘

limit t h e hypotheses r espect ing t h e or igin it self : b ut
philosophers never have demonstr ated, and, so far as

w e can judge, pr obably never wi ll be able t o demon
strat e, what w as tha t pr imit ive stat e of thi ngs fr om
whi ch th e pr ogressive course of th e world took it s fir st
depart ure. In all these paths of r esear ch, when w e

t ravel far backwar ds
,
t h e aspect of t h e ear lier po rt ions

becomes very differ en t fr om that of th e advan ced part
on whi ch w e now stand ; b ut in a ll cases t h e path is
lost in obscurity as it is t r aced backwar ds t owa r ds it s
star t ing-point it becomes not only invisible

,
b ut un

im agin able ; i t is not on ly an inter r upt ion
,
but an

abyss, which in t erposes it self between us and any in

tell ig ib le beginning of thin gs.



CHAPTER IV.

OF THE RELATION OF TRAD ITION To PALE TIOLOGY.

I . Impor ta nce of Tr adit ion —SINCE t h e Palaet io

logical Scien ces have it for their busin ess to study
t h e t r ain of past even ts pr oduced by natur a l causes
down to t h e pr esen t t ime

,
t h e knowledge con cern

ing such even t s which is supplied by t h e r emem
brance and r ecor ds of m an

, in what ever form, must
have an impor t an t bear ing upon these sciences. All
changes in t h e condit ion and ext ent of land and

sea
,
which have taken place within man ’

s observat ion ,
a ll effect s of deluges

,
sea-waves, r iver s, spr ings, volca

noes
,
ear thquakes, and t h e like, which come within t h e

reach of human hi st ory
,
have a st r ong int er est for t h e

palaet iologist . Nor is h e less concer n ed in a l l r e

cor ded inst an ces Of t h e modificat ion Of t h e forms and
habit s of plant s and animal s

,
by t h e oper a t ions Of m an

,

or by t ransfer fr om one land t o another . And when
w e come to th e Pal eet iolog

’

y of Language, of
'Ar t

,
Of

Civi liza t ion , w e find our subj ect st il l mor e closely con

nected wi th hist ory ; for in t ruth these ar e histor i cal,
no less than palaet iological invest igat ions. But

, con

fini ng our selves at pr esen t to t h e mat er ial sciences, w e

m ay obser ve that though t h e impor t an ce of t h e infor

mat ion whi ch t radi t ion gives us
,
in t h e scien ces now

under our con sidera t ion
,
as

,
for instan ce, geology, h as

long been tacit ly recogn ised yet it is on ly r ecen t ly
that geologist s have employed themselves in col lect ing
their hist or ical facts upon such a scale and with such
compr ehensive views as ar e r equir ed by t h e int er est
and use of collect ions of this kind. Th e Essay Of V on
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Hoff 1
, On the N a twr a l 2Alter a tions in the Surfa ce of the

Ear th wh ich a r e pr oved by Tr adition , was t h e work
which first opened t h e eyes of geologist s t o th e ext en t
and import ance of this kin d of invest igat ion . Since
that t ime th e same path of resea r ch h as been pursued
wi th gr ea t per sever an ce by others, especially by Sir
C. Lyell ; and is now j ust ly considered as an essent ial

por t ion of G eology.
2 . Connexion of Tr adi tion cmd Science—Events
which w e mi ght natur a lly expect to have som e bear ing
on geology, ar e narrat ed in th e h ist ori ca l writ ings
whi ch, even on mer e human grounds

,
have t h e

st r ongest claim t o our respect as r ecords of t h e early
hist ory of t h e wor ld

,
and a r e confirmed by t h e t r adi e

t ions of var ious nat ions a l l over t h e globe ; namely
,

t h e format ion of t h e ea r th and of it s populat ion , and a

subsequent deluge. I t h as been made a mat t er of con

t r over sy h ow t h e narra t ive Of these even ts is t o b e
under stood, so as to make it agr ee with t h e facts which
an examinat ion of t h e eart h’s sur face and Of it s vege
t able and animal populat ion discloses t o us. Such
cont r oversies, when they ar e consider ed as mer ely
archaeologica l, m ay occur in any of th e palaet iologi cal
sciences. We m ay have t o compar e and t o reconcile
t h e evi dence of exist ing phenomena with that of

hist or i cal t r adi t ion . But under some circumstan ces
thi s pr ocess of con cili at ion m ay assume an in ter est of

another ki nd
,
on whi ch w e will make a few remarks.

3 . Na tur a l and P r oc iden tia l Histor y of th eWor ld.

—We m ay con t emplat e th e exist ence of m an upon th e
earth, hi s or igin and h is pr ogr ess, in t h e same manner
as w e con t emplat e t h e exi st en ce of any other r ace of

an im al s ; namely, in a pur ely palaet iologica l View. We

may con sider h ow far our knowledge of laws of causa
t ion enables us t o explain hi s diffusion and m i gr a t ion ,
h is differ ences and r esemblan ces, h is a ct ions andworks.

And t hi s is t h e view of m an as a m ember of th e

Na tur a l Cour se of Things.

1 Vol . i . 1822 ; VOL 11. 1824.
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some confirmat ion of th at pr oviden t ial or der whi ch h e
h as begun to believe ; some pr ovision for those defici
encies in hi s mor al condit ion which h e h as begun to feel .
He looks a t t h e hi st ory of t h e wor ld, and h e finds

that at a cer t ain per iod it Offers to h im t h e pr omise Of
what h e seeks. When t h e natur al powers of m an h ad

been developed to .th eir full ext ent , andwer e beginning
t o exhi bit symptoms Of decay —when t h e int ellectual
pr ogr ess of t h e wor ld appea r ed to have r eached its
limit , without supplyin g man ’

s mor al needs —w e find

t h e gr eat Epoch in t h e Pr oviden t ia l Hi story of t h e

wor ld. We find t h e announ cemen t Of a D ispen sa t ion
by whi ch man ’

s deficien cies sha ll b e suppl ied and h is

aspir at ions fulfill ed : w e find a pr ovision for t h e pur ifi
ca t ion

,
t h e support

,
and t h e ult imate b ea t ifica t ion of

those w h o use th e pr ovided means. And thus th e

pr oviden t ial course of t h e wor ld becomes consist ent
and int elligible.

4 . Th e S a cr ed Nar r a tive—But with t h e n ew D is

pensat ion , w e r eceive
,
not onl y an accoun t of it s ow n

scheme and hist ory
,
b ut also a writ t en narrat ive of

t h e pr oviden t ial cour se of t h e wor ld fr om t h e ear liest
t imes

, and even fr om it s fir st cr eat ion . This nar rat ive
is r ecogn ized and author ized by th e new dispensa t ion,
and a ccr edited by some of t h e same evidences as th e

dispensat ion it self. That t h e existence Of such a sacr ed
nar r a t ive should b e a part of t h e pr ovident ial or der
of things, cannot b ut appear natur a l ; but , natur ally
also, t h e study of it leads t o some difficult ies.

Th e Sacr ed Narrat ive in some of its ear liest por t ions
speaks of natur al Objects and occur r en ces r espect ing
them. In t h e very beginning of t h e cour se of t h e

wor ld, w e m ay r eadily believe ( indeed, as w e have seen
in th e last chapt er

,
our scient ific r esea r ches lead us to

believe) that such occur r ences wer e ver y differ ent fr om
anything which now takes place —difi

’

er en t t o an

ex t en t and in a manner whi ch w e cannot est imate.

N ow th e nar r at ive must speak of objects and occur
r ences in t h e wor ds and phr ases whi ch have der ived
their mean ing fr om their applica t ion t o t h e exist ing
natural state of things. When appli ed t o an in it ial
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supernatural stat e ther efor e, these wor ds and phrases
cann ot help being t o us obscur e andmyster ious, perhaps
ambiguous and seemingly con t r adict ory.

5. D ificu lties in interpr eting the Sa cr edNm a tine

Th e mor al and pr ovident ial r elat ions of man’

s condit ion
ar e so much mor e impor t an t t o him than mer e natur a l
r elat ions, that a t fir st w e m ay well suppose h e wi ll
a ccept t h e Sacr ed N arrat ive

,
as not onl y unquest ion

able in its t rue impor t , b ut also as a guide in hi s views
even of mer e natur al things. He will t ry t o m odi fy
t h e concept ions whi ch h e ent er tains of objects and

t heir pr opert ies
,
so tha t t h e Sacr ed Nar r at ive of t h e

super natural condit ion shall r etain t h e fir st mean ing
whi ch h e h ad put upon i t in vir tue of h is own habi t s
in t h e usage of language.

But m an is so const itut ed that h e cannot persist in
this pr ocedur e. Th e powers and t endencies of h is in
t ellect ar e such that h e cannot help t rying t o at t ain t rue
concept ion s of Objects and their pr opert ies by t h e study
of t hi ngs themselves. For instance

,
when h e at fir st

read of a firm am ent dividi ng t h e wat er s above fr om t h e
wat er s below, h e per haps con ceived a t r an spar en t floor
in th e skies, on whi ch t h e super ior wat er s r est ed,which
descend in r ain ; but as h is observat ions and h is r eason

ings sat isfied h im that such a floor could not exis t, h e
became will ing t o a llow (as St . August ine allowed) that
t h e wat ers above t h e fir m am ent ar e in a sta t e Of vapour .

And in like manner in '

other subjects, m en
,
as their

views of natur e became mor e di st inct and pr ecise,
modified

,
so far as it w as necessary for consist ency’s

sake
, their first r ude int erpr etat ions of t h e Sacr ed

Nar r at ive ; so that , wi thout in any degr ee losing i t s
impor t as a view of t h e pr ovident ial cour se of t h e

wor ld, it should b e so conceived as not t o cont r adict
what they knew of th e natur al or der of t hi ngs.

But thi s accommodat ion w as not always made wi th
out painful st ruggles and ang ry cont r over sies. When
m en h ad conceived t h e occurren ces of t h e Sacr ed N ar

r a t ive in a par t icul ar manner , they coul d not r eadily
and wi llingly adopt a n ew mode of concept ion and a l l

at t empts to r ecommend to them such novelt ies, they
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resist ed a s at ta cks upbn t h e sacr edness of th e Nar

r at ive. They h ad clothed their belief Of th e wor kings
of Pr ovidence in cer ta in images ; and they clung to

t hose 1mages with t h e persuasion that
,
wi thout them,

their belief coul d not subsist . Thus t hey imagined t o
themselves that t h e ear th w as a flat floor

,
solidly and

br oadly laid for t h e convenien ce Of m an ; and they felt
as if t h e kin dness of Pr oviden ce was di spar ag ed,

‘

wh en

it w as maintained that t h e earth w as a globe held to
gether onl y by t h e mutual at t r act ion of it s pa r t s.

Th e most memorable instan ce of a st ruggle of this
kin d is to b e found in t h e cir cumstanceswhi ch at t ended
t h e in t r oduct ion of t h e Heliocen t r ic Theory of Coper
ni cus to gener al acceptance. On thi s cont r over sy I
have al r eady made some r emarks in th e History of
Science

2

,
and have at t empt ed to dr aw from it some

lessons whi ch m ay b e useful t o us when any simi la r
conflict of opinions m ay occur . I wi ll her e add a few

reflect ions wi th a simi lar view.

6. Such dificulties inevita ble.
—In th e fir st place, I

remark that such modifica t ions of t h e current in t er

pr etat ion of th e wor ds of Scr iptur e appear t o b e an

inevi table consequence of t h e pr ogr essive char a cter of

N atura l Scien ce. Science is constan t ly teaching us to
descr ibe known facts in new language; b ut t h e lan
guage of Scripture is a lways t h e same. And not on ly
so

,
b ut t h e language of Scr ipture is n ecessari ly adapt ed

to th e common state of m an
’

s
'

intellectual development ,
in whi ch h e is supposed not t o b e possessed Of scien ce.

Hence t h e phrases used by Scr iptur e ar e pr ecisely those
whi ch scien ce soon t eaches m an to consider as inaccu
rat e. Yet they ar e not , on that a ccoun t , t h e less
fit t ed for their pr oper pur pose for if any t erms h ad
been used, adapt ed t o a mor e advan ced st at e of know
ledge

,
they must have been unin t elligible among those

t o whom th e Scriptur e w as first addressed. If th e
Jew s h ad been told that water exi sted in t h e clouds in
sm all drops, they would have marvelled that it did

2 B . v. 0. ii i. sect. 4.
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in whi ch w e live : for ekample, Light is r epr esent ed as

cr eat ed befor e t h e Sun . Wi th regar d t o difficul t ies of

thi s kind, it appears that w e m ay der ive some inst ruo
t ion fr om t h e r esult t o whi ch w e wer e l ed in t h e last
chapt er —namely

,
that in t h e scien ces whi ch t r ace t h e

pr ogr ess of natur al occur r ences, w e can in no case g o
back t o an or igin , but in every instan ce appear to find
ourselves separ a t ed fr om it by a stat e Of things, and an

or der of even t s, of a kind al together differ ent fr om
those which come under our exper ien ce. Th e thr ead
of induct ion r espect ing t h e na tur al course of t h e

wor ld snaps in our fingers, when w e t ry t o ascer tai n
wher e it s beginnin g is. Sin ce, then , science can t ea ch
us nothi ng posit ive r espect ing t h e beginning of things

,

sh e can n either con t r adi ct nor confi rm what is taught
by Scr iptur e on tha t subj ect ; and thus, as i t is nu

wor thy t imi di ty in t h e lover of Scr iptur e t o fear con

t r adi ct ion , so is it ungr ounded pr esumpt ion to look for
confirmat ion , in such cases. Th e pr oviden t ial history
of t h e wor ld h as it s own beginni ng, and it s ow n

evidence ; and w e can onl y r ender t h e syst em inse

cur e
,
by making it lean on our mat er ia l sciences. If

any one wer e t o suggest that t h e n ebul ar hypothesis
coun t enan ces t h e Scr iptur e history of t h e format ion of

t his syst em,
by showing h ow t h e lumin ous mat t er of

t h e sun m ight exist pr evious to th e sun it self, w e

should act wisely in r ej ect ing such an at t empt t o
weave together these tw o heter ogeneous thr eads — t h e

one a par t of a pr ovident ial scheme, t h e other a frag
men t of a physical specul at ion .

We sha ll best learn those lessons of t h e t rue phi lo
sophy of science whi ch i t is our object t o collect , by
a t tending t o por t ions ofsciencewhi ch have gone through
such cr ises as w e ar e now consider ing ; nor is it r equi~

sit e, for this pur pose, t o br ing for wards any subject s
which ar e st ill under discussion . I t m ay, however , b e
ment ion ed t hat such maxims as w e ar e now endea
vour ing t o est ablish, and th e one befor e us in par t i
cula r

,
bear wi th a peculiar for ce upon those Pal aet io

logical Sciences Of which w e have been t r eat ing in t h e
pr esent Book.
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8 . Scientific views, when fam i lia r , do not distur b

the author i ty of Scr iptur e— Ther e is another r eflect ion
whi ch m ay serve t o console and en courage us in t h e

painful st ruggles whi ch thus t ake place, between those
wh o maint a in int erpr et at ions Of Scr iptur e al r eady pr e
valen t and those w h o con t end for such n ew ones as t h e

new di scoveries of science requi r e. I t is thi s —that
t hough t h e new opini on is resisted by one party as

somethi ng dest r uct ive of th e cr edi t of Scriptur e and

th e rever ence whi ch is i t s due, yet , in fact , when t h e
new int er pr eta t ion h as been gener ally est ablished and
incorpor ated wi th men’

s cur ren t thought s
,
i t ceases to

dist urb their views of th e author ity of t h e Scr ipt ur e or

of t h e t ruth of it s teaching. Wh en th e language of

Scr iptur e, invest ed with it s new meani ng, h as become
fami liar t o m en , it is found that t h e idea s whi ch it
ca lls up ar e qui t e as r econcileab le as t h e former ones

wer e, with t h e most ent ir e acceptance of t h e pr ovi
dent ial dispensat ion . An d when this h as b een found
t o b e t h e case, all cul t ivated persons look ba ck with
sur pr ise at t h e mi st ake Of those wh o thought that th e
essence of t h e revelat ion w as involved in their own

arbit r ary ver sion of some collat er a l cir cum stan ce in t h e
revea led nar r at ive. At th e pr esent day, w e can har dly
conceive h ow r easonable m en could ever have imagined
that religious reflect ions on th e st ability Of t h e earth

,

and t h e beauty and use of t h e luminari es whi ch r evolve
round i t , would b e int erfer ed with by an acknowledg
ment tha t this rest and mot ion ar e appar en t onl y 3 .
And thus t h e author i ty of r evelat ion is not shaken by
any changes int r oduced by t h e pr ogress of sci en ce in th e
mode of in t erpr et ing expr essions which descri be phy
sical Objects and occur r ences

,
pr ovided t h e new in

t erpr et at ion is adm it t ed at a proper seas on , and in a

pr oper spir it ; so as to soften , as much as possible, both
t h e public con t r over sies and t h e pr ivat e scr uples whi ch
alm ost inevit ably accompany such an a lt er at ion .

9 . Wh en shou ld old In terpr eta tions be g iven up
But t h e quest ion then occurs, What is th e pr oper

8 I h ave h ere b orr owed a sentence or two from my ownHistory.

VOL. I I. X
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season for a r eligious a i d enl ight ened comment ator to
make such a change in t h e cur r ent in t erpr eta t ion of

sacr ed Scr iptur e ? A t what per iod ought th e esta

b lish ed exposit ion of a passage t o b e given up
, and a

n ew mode Of under st anding t h e passage
,
such as is,

or seems t o b e, r equir ed by new discover ies respect ing
t h e laws Of na ture, a ccepted in its place ? I t is plain

,

t ha t t o int r oduce such an alterat ion light ly and hast ily
woul d b e a pr ocedur e fr aught wi th in conveni ence ; for
if t h e change wer e m ade in such a manner , it might b e
aft erwar ds di scover ed tha t it h ad been adopt ed with
out sufli cien t r eason , and that it w as necessary t o
r einstate th e old exposit ion . And th e m inds of t h e

r eader s of Scr iptur e, always to a cer ta in ext ent and

for a t im e disturbed by t h e subversion of their long
established not ions

, woul d b e di st r essed without any
need, and might b e ser iously un set t led. While, on

t h e other hand, a t oo pr ot r a ct ed and obstinat e r esist

an ce to t h e innova t ion ,
on th e par t of th e scr iptur al

expositors, woul d t end to iden t ify
,
at least in th e

m inds of many, t h e author ity of t h e Scri ptur e with th e
t r uth of th e exposit ion ; and ther efor e would br ing dis
credi t upon t h e r evealed wor d

,
when t h e est ablished

int erpr etat ion w as finally pr oved t o b e unt enable.

A r ule on this subj ect , pr opounded by some of th e

most en light ened dign ita r ies of th e Roman Catholi c
chur ch

,
on t h e occasion of t h e great Coperni can con

t r over sy begun by G a lileo, seems well wor thy of our

a t ten t ion . Th e following w as t h e Opin ion given by
Car dinal Bellarmi ne a t t h e t ime Wh en a dem on ?

str a t ion shall b e found to est ablish t h e ear th’s mot ion
,

it will b e pr oper to in ter pr et t h e sacr ed Scr iptur es
otherwise than they have hi thert o been in t er pr et ed in
t hose passages wher e ment ion is made of t h e stabil ity
of t h e ear t h and movement of t h e heavens.

’
Thi s

appear s t o b e a judicious and r easonable maxim for

such cases in gen er al. So long as t h e supposed scien
t ific discovery is doubt ful, t h e exposit ion of t h e mean
ing of Scr iptur e given by commen t at ors of established
cr edi t is not wan tonly t o b e di sturbed : but when a

scient ific theory
,
ir r econcileab le with t his ancient in
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and exact concept ions,
'

ar e led to opinions whi ch, being
con t ra r y t o those of t h e Chur ch, a r e held to b e sinful.
0n t h e other hand, if t h e religious const itut ion of t h e

communi t y allow and encour age each m an to study
and in t erpr et for himself t h e Sacr ed Wr it ings, w e ar e

m et by evils of another kind. In thi s case
,
a lthough

,

by th e unfor ced influen ce of admired commentator s,
t her e m ay pr evail a genera l ag reement in t h e usua l
int er pr etat ion of diffi cult passages

, yet as each r eader
of t h e Scri ptur e looks upon t h e sense whi ch h e h as
adopt ed as being h is own int erpr etation

,
h e maintai ns

it , not wi th t h e t ranquil acquiescence of one wh o h as

deposit ed hi s judgment in th e hands Of hi s Ch ur ch,
b ut with t h e keenn ess and st r enuousness of self-love.

In such a stat e of things, though no judi cial sever it ies
can b e employed again st t h e innovators

,
ther e m ay

a ri se mor e angry cont r oversies than in th e other case.

I t is impossible t o over look th e lesson which her e
ofl

'

er s itself, t ha t it is in t h e highest degr ee unwi se in
t h e fr i ends of r eligion , whether indi viduals or comm u

ni t ies, unn ecessari ly t o embark their cr edi t in exposi

t ions of Scr ipture on mat t ers whi ch appert ain to natu
r a l Scien ce. By deliveri ng physical doctrines as t h e

t ea ching Of r evelat ion , r eli g ion may lose much, but
cannot gai n anyt hi ng . This maxim of practi cal wi s
dom h as Often been ur ged by Christ ian wri ters . Thus
St . August ine says“: ‘In Obscur e ma t t ers and thin gs
far removed fr om our senses, if w e read anything, even
in t h e divine Scr iptur e, whi ch m ay pr oduce di verse
opinion swithout damaging th e faith whi ch w e cherish,
let us not r ush headlong by posit ive asser t ion t o either
t h e one Opini on or t h e other ; lest , when a mor e
thor ough discussion h as shown th e opini on which w e

h ad adopted t o b e false, our fai th m ay fall with it :
and w e shoul d b e found con tending, not for t h e doc
t r ine of th e sacr ed Scri ptur es, b ut for our own ; endea
vouri ng t o make our doct r ine t o b e that of t h e Scr ip
tur es , inst ead of taking t h e doct r ine of t h e Scr iptures
t o b e our s. ’ And in near ly t h e same spir it , a t th e

4 Lib . i . de Genesi , cap. xviu.
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t ime of t h e Copern ican cont r over sy, i t w as thought
proper t o append t o t h e wor k of Coperni cus a post i l

,

to say tha t t h e wor k w as wr it t en to accoun t for t h e
phenomena, and that people must not r un on blindl y
and condemn either of t h e opposit e opin ions. Even
when th e Inqui sit ion

,
in 1 6 1 6, thought it self compelled

to pr onounce a decision upon thi s subject , t h e ver dict
w as deliver ed in very moder a t e languag e — that ‘th e

doct r ine of t h e ear th’s mot ion appeared t o b e con t rary
to Scr iptur e :’ and yet , moder at e as this expr ession is,
it h as been blamed by judi cious member s of th e Roman
chur ch as deciding a poin t such as r eligious author it ies
ought not t o pr et end t o decide ; and h as br ought upon
tha t chur ch no or dinary weight of gener al condem na

t ion . Kepler point ed out , in h is lively manner, t h e
im pr udence of employing t h e for ce of r eligious aut h o

r i t ies on such subject s : Acies dola br ce in fer r um il lisa ,

postea nec in lignu/m va let amplius. Comia t hoc cuj us
in ter es t . ‘If you wil l t ry t o chop iron , t h e axe b e

com es unable t o out even wood. I war n those whom
it concern s.

’

I I . In wha t Spir it should th e Cha ng e be ur g ed

But while w e thus endeavour t o Show in w h at manner
t h e in t er pr et er s of Scr ipt ure m aymost safely and most
pr oper ly accept th e discover ies of scien ce, w e must not
for get that ther e m ay b e er r our s commi t t ed on t h e

other side al so ; and that m en of science, in bringing
forwar d views which m ay for a t ime disturb t h e minds
of lovers of Scr iptur e

,
shoul d consider themselves a s

bound by st r i ct rules of candour , moderat ion , and

pruden ce. Int en t ionally t o make their supposed dis
cover ies a means of di scr edi t ing, con t radict ing, or

slight ing t h e sacr ed Scr iptur es, or th e author i ty of

r eligion , is in them unpar donable. As m en w h o make
t h e science of Truth t h e business of their lives, and ar e

persuaded of
'

h er genuine super ior ity, and cer t a in of

h er ul t imat e t r iumph
,
they ar e pecul i ar ly bound t o ur ge

h er cla ims in a ca lm and t emper at e spir it ; not forget
t ing that ther e ar e other kinds of t ruth besides that
whi ch they pecul iar ly study. They m ay pr oper ly r ej ect
authority in mat t ers of science ; but they ar e to leave
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i t its pr oper Ofli ce in
.

m at t ers of r eligion . I m ay
her e again quot e Kepler’s expr essions : ‘In Theology
w e bal an ce authori t ies, in Phi losophy w e weigh
sons. A

'

h oly m an w as Lact an t ius wh o deni ed that
t h e ea r t h w as r oun d ; a holy m an w as Aug ust in e, wh o
gr ant ed t h e rotundi ty, b ut den ied t h e an t ipodes a

holy thing to m e i s t h e Inquisit ion , which allows t h e
sma llness of t h e earth, b ut deni es it s mot ion ; but mor e
holy to m e is Tr uth ; and hence I pr ove, fr om phil oso
phy

,
tha t t h e ear th is r ound

,
and inhabit ed on ever y

side
,
of small size

,
and in mot ion among t h e stars,

and thi s I do with no disr espect to t h e D octors.’ I t h e
mor e wi llingly quot e such a passage fr om Kepler , b e
cause t h e en t ir e ingenuousn ess and sincer e piety of h is
char act er does not al low us to suspect him in anyt hing
of hypocr i sy or lat en t ir ony. That similar professions
of r espec t m ay b e made i r on ically, w e have a not ed
example in t h e celebr at ed In t r oduct ion to G a li leo

’
s

D ia logue on th e Coper n ican System pr obably th e part
which w as most offensive t o t h e author it ies. Som e

years ag o,
’
h e begins,

‘
a wholesome edict w as pr om ul

gated at Rome, which, in or der to check th e per il ous
scandals of th e pr esen t ag e, imposed silence upon th e
Pyt hagor ean opin ion of t h e mobility of t h e ea rth.

Ther e wer e not wan t ing,
’
h e proceeds,

‘

persons wh o
rashly asser t ed that this decr ee w as th e r esult

,
n ot of

a judicious inqui ry, b ut of pas sion ill- informed ; and

compla in t s wer e heard .that councillors, ut t er ly unac

quaint ed wi th ast r onomical Observat ion
,
ought not to

b e a llowed, wi th their sudden pr ohibit ions, t o clip
t h e wings of specula t ive int ell ects. At th e hea r ing of
r a sh lam en ta tions like these

,
my z ea l cou ld not keep

si len ce.

’

And h e then goes on t o say, that h e wi shes,
in h is D ia logue, t o Show that th e subject h ad been
fully examined at Rome. Her e t h e ir ony is quit e t ran s
par ent

,
and th e sar casm glari ngly Obvious. I think w e

m ay ven tur e t o say that this is not t h e t emper in
which scien t ific quest ions should b e t r ea t ed ; although
by some

,
per haps, t h e pr ohibit ion of public di scussion

m ay b e con sider ed as jus t ifying any evasion which is
likely t o pass unpunished.
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h e pour him self out fiom h is own hear t in worship
Of G od t h e Cr eat or, being cer t ain t ha t h e gives no

less wor shi p to G od than t h e ast r onomer
, t o whom

G od h as gi ven t o see mor e clearly with hi s inwa r d
eyes, and w h o, fr om what h e h as himself dis cover ed,
both can and wil l glorify G od.

’

1 3 . Case of G al ilea — I m ay per haps ventur e her e
to make a r emar k or tw o upon thi s subj ect with r e

feren ce t o a char ge brought against a cert ain portion
of t h e History of the Inductive Sciences. Complaint
h as been made 7 tha t t h e character of th e Roman
church

,
as shown in i t s behaviour towards G a lileo, is

misr epr esent ed in th e accoun t given of it in th e His
tor y of Ast r onomy. I t is assert ed that G al ileo pr o
voked th e condemna t ion h e incurred ; fir st , by per t i
naciously demanding t h e assent of t h e ecclesiast ical
author it ies t o hi s Opinion of th e consist en cy of th e

Coperni can doct r ine wi th Scr ipture ; and afterwar ds by
con tumaciously, and, as .w e have seen , con tumeliously
violat ing t h e silen ce whi ch t h e Chur ch h ad enjoined
upon h im . It is further declared that t h e stat ement
which r epr esent s it as th e habi t Of th e Roman chur ch
to dogmati z e on poin t s of natur a l science is unfounded ;
as well as th e opinion that in consequen ce of t hi s

habit , new scien t ific t ruths were pr omulgat ed less
boldly in Ita ly than in other coun t ri es. I sha ll r eply
very br iefly on these subject s ; for th e decision of them
is by no means r equisi t e in order t o establish t h e doc
t r ines t o whi ch I have been led in t h e pr esent chapter ,
nor , I hope, to sa t isfy my r eader that my views have
been coll ected from an impar t ial consider a tion of sc ien

t ific history.

With regar d to G al ileo, I do not think i t can b e

deni ed that h e obt ruded hi s Opini ons upon th e eccle
siast i ca l authorit ies in an unnecessary and impr uden t
manner . He w as of an ardent character

,
st r ongly

convin ced himself, and ur ged on st ill mor e by t h e con

vict ion whi ch h e pr oduced among h is disciples
,
and

7 Dub lin Review, No . ix. July, 1838, p . 72.



RELATION OF TRADITION TO PALE TIOLOGY . 3 1 3

thus h e became impat ient for th e t r iumph of t r uth.

This judgmen t of him h as recent ly been deliver ed by
various independen t author i t ies

,
and h as undoubt edl y

consider able foundat ion "
. As to th e quest ion whether

authority in mat t er s of natur al scien ce wer e habitually
claimed by t h e author i t ies Of t h e Chur ch of Rome, I
have t o a llow that I cannot pr oduce inst an ces which
establish such a habit . We, wh o have been accust omed
t o have daily befor e our eyes t h e Monit ion which t h e
Rom ish edit or s of N ewt on thought it necessary t o

pr efix
— Coeter um la tis a summ o P on tifice con tr a tel lu

r is m otum Decr etis, nos obsegui pr ofitemur—wer e not

likely t o conjectur e that this w as a solitar y inst an ce Of
th e int erposit ion of t h e Papal author i ty on such sub

j ect s. But although it would b e easy to find declar a
t ions Of her esy deliver ed by Romish Univer sit ies, and
wr iters of gr eat author ity, against t enet s belonging t o
t h e natur al sciences

,
I am not awar e that any other

case can b e adduced in which th e Chur ch or t h e Pope
can be shown t o have pr onoun ced such a sen t en ce.

I am well con t ent ed t o acknowledge this ; for I should
b e far mor e g ra t ified by findi ng myself compelled t o
hold up t h e seven t eenth cen tur y a s a model for t h e
n ineteen th in thi s r espect , than by having t o sow

enmi ty between t h e adm ir ers of t h e past and t h e

present thr ough any di spar aging con t r ast
9
.

9 Besides th eDub lin Review, I m ay

quote th e Edinbur gh Review,
wh ich

I suppose wi ll not b e th ough t likely
to h ave a. b ias in favour of th e ex

croise of ecclesiast ical auth or i ty in

m at ters of science ; th ough cer tainl y

th ere is a. pueril i ty in th e cr it ic
’

s

ph r aseology wh ich does not add to

t h e weigh t of h i s judgm ent.
‘Galileo

cont r ived t o sur r ound th e t ruth wi th
every var iety of ob struction. Th e

t ide of knowledge, wh i ch h ad h ith er
t o advanced in peace, h e crested with
angry b r eaker s, and h e involved in

i t s sur f b oth h i s friends and h is foes.’
—Ed. Rev. N O. cxxiii. p. 1 26.

9 I m ay add th at th e m ost candi d

of th e adh er ents of th e Ch ur ch of

Rom e condemn th e assum pt ion of

auth or i ty in m at ters of science, m ade,

in th i s one in stance at least , b y th e

ecclesiastical t r ibunals. Th e auth or

of th e Ages of Fa ith (book vi ii . p.
says, A Cong r egation ,

i t is t o b e

lam ented, declar ed th e new system t o

b e opposed to Scr ipture, and th ere
for e h er etical.’
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With r espect t o t h e at t empt made in my History to
char act er ize t h e int ellectual habit s of It aly as pr oduced
by h er r eli gious condit ion

,
—cer tain ly it would il l b e

come any
'

studen t of t h e history of science to speak
slight ingly of that count ry, always th e mother of sci

ences
,
a lways r eady to ca t ch t h e dawn and hail t h e

r ising of any n ew l ight of knowledge. But I think
our admi r at ion of t hi s act ivi ty and acut eness of m i nd
is by no means inconsist en t w ith t h e opini on , that n ew
t r uths wer e promul gat ed mor e boldly beyond th e Alps,
and that t h e subt ilty of t h e It alian intell ect loved t o
insinuat e wha t t h e r ough G erman blunt ly assert ed.

“

Of t h e decen t duplicity wi th whi ch for bidden opin ions
wer e handled, t h e r eviewer himself gives us inst an ces,
when h e boast s of t h e l iber ali ty wi th which Copern ican
pr ofessor s wer e placed in import an t sta t ions by t h e
ecclesiast ical author i t ies, soon aft er t h e doct rine Of t h e
mot ion of th e ear th h ad been declar ed by t h e same au

t h or i t ies t o b e cont r a ry t o Scr iptur e. And in t h e same
Spir it is t h e pr ocess of demandi ng fr om G alil eo a pub
l ic and official r ecan t at ion Of opin ions which h e h ad
r epea tedly been told by h is ecclesiast ical super ior s h e
might hold as m uch as h e pleased. I think it is easy
t o believe that among persons so lit t le careful to r econ
cile publi c pr ofession with pr ivat e convi ct ion , official
decorum w as all that w as demanded. When G alil eo
h ad made h is r enunciat ion of t h e ear th’s mot ion on hi s

kn ees, h e r ose and said, as w e ar e told, .E
'

pwr si m uove

and yet i t does move.

’

Thi s i s somet imes r epr e

sen t ed as t h e her oic soliloquy of a mi nd cher ishing i t s
convict ion of t h e t r uth, in spit e of per secut ion ; I
think w e m ay mor e natur al ly conceive it ut ter ed as a

playful epigr am in t h e ear Of a car dina l
’

s secr etary,
with a ful l knowledge that it woul d b e immediately
r epeated t o h is mast er ”.

Besides th e Ideas involved in t h e mat erial sciences,

10 I h ave som ewh at fur th er dis later edi t ions of th eHistory, b ookv .

cussed t h e case of Gal ileo in th e ch ap. iii. sect. 4.
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CHAPTER V.

OF THE CONCEPTION OF A FIRST CAUSE.

T t h e end of th e last chapter but one, w e wer e
led t o this r esul t

,
— that w e cann ot , in any

of t h e Palaet iological Scien ces
,
ascend to a beginn in g

whi ch is of t h e same n atur e as th e exis t ing cause of

event s, andwhich depends upon causes that ar e st ill in
oper a t ion . Phil osophers never have demonst r ated, and
pr obably never wi ll b e able to demon strat e, what
w as th e ori ginal condi t ion of th e solar syst em,

of th e

earth, of t h e vegetable and anim al wor lds, of languages,
of ar t s. On al l these subj ect s t h e course of invest iga
t ion

, followed backwards as far as our mater ial s a llow
us to pursue it

, ends at last in an impenet rable gloom.

We st r ain our eyes in vain when w e t ry, by our natural
facul t ies, t o discern an or igin .

2 . Yet speculat ive m en have been constan tl y em

ployed in at t empt s to arrive at that which thus seems
to b e placed out of their rea ch. Th e Ori gin of

Languages, t h e Or igin of t h e pr esent D ist r ibut ion of

Plan ts and Animals, t h e Or igin of t h e Earth, have
been common subjects of di ligent and persever ing
inquiry. Indeed inquir ies r espect ing such subject s
have been , at least t il l lat ely, t h e usual form whi ch
Palaet iological r esearches have assumed. Cosm og ony,
t h e Or igin of th eWor ld

,
ofwhich, in such speculat ions,

t h e ear th w as consider ed as a pr incipal part , h as been
a favour it e study both of ancient and of moder n
t imes : and most of t h e at t empt s at G eology pr evious
to t h e pr esen t period have been Cosm og on ies or G eo

g on ies, rather than that more genuine scien ce whi ch
w e have endeavour ed t o delineat e. Agai n : G lossology,
though now an extensive body of solid knowledge, w as
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mainly br ought in to being by i nqui r i es concerning t h e
O r iginal Language Spoken by m en ; and t h e natur e of

th e fir st sepa r a t ion and di ffusion of languages
,
t h e fir st

peopling Of t h e eart h by m an and by animals
,
wer e

long sought after with ar den t curi osity
, although Of

course with r efer ence t o t h e author ity of t h e Scr iptur es
,

as well as t h e eviden ce of natur al phenomena . Indeed
t h e int er est of such inquir ies even yet is far fr om being
ext ingui shed. Th e disposit ion t o explor e t h e past in
t h e hope of finding, by th e light of natural r easoning
as wel l as by t h e aid of r evelat ion , t h e or igin of t h e

pr esen t course of things, appears t o b e unconquer able.

‘What w as t h e beginn ing ? ’ is a quest ion which t h e
human r ace cannot desist fr om perpetua lly asking.

And n o failure in obt ain ing a sa t isfact or y answer can

pr event inqui sit ive spi r it s from again and again r epeat
ing th e inquiry, although th e blank abyss in to which
it is ut t er ed does not even return an echo.

3 . What , then, is th e reason of an a t t empt so per
t inacious yet so frui t less ? By wha t mot ive ar e w e im

pel led thus con stant ly to seek wha t w e can never find ?
Why ar e t h e er r our of our conj ectur es, th e fut il ity of
our r easoni ngs, t h e pr ecari ousness of our in t er pr eta
t ion s

,
over and over again pr oved to us in vain ? Why

is it impossible for us t o acqui esce in our ignor an ce
and t o r elinqui sh t h e inqui ry ? Why cannot w e con

t ent Our selves with examini ng those links Of t h e chain
of causes whi ch ar e near est t o us

,
— those in which t h e

connexi on is intelligible and clear ; in st ead of fixing
our at t ent ion upon those r emot e port ions wher e w e

can no longer est im at e i ts coher en ce ? In short
,
why

did not m en fr om t h e first t ake for t h e subject of t hei r
speculat ions t h e Course of Nat ure r ather than t h e

O r igin of Things ?
To thi s w e r eply,t hat in doing what they have thus
done, in seeking wha t they have sought , m en ar e im

pelled by an int ell ectual necessity. They cannot c
'

on

ceive a Ser ies of connect ed occurren ces wi thout a Com
m encem ent they cannot help supposing a cause for
t h e Whole, as well as a cause for each part ; they can

not b e sat isfied with a succession of causes wi thout
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assuming a Fir st Cause? Such an assumpt ion is neces
sa r i ly im pr essed upon our m inds by our con templat ion
of a ser ies of causes and effects ; that ther e must be a

Fi r st Cause, is a ccept ed by all int elli gent r easoners as

an Axi om : and like other Axioms, it s t ruth is neces
sa r ily implied in t h e Idea whi ch i t involves.

4. Th e evidence of t his axiom m ay b e ill ust rat ed in
sever al ways. In t h e fir st place

, th e axiom is assumed
in t h e argumen t usually offer ed t o pr ove t h e exist ence
of t h e D eity. Sin ce, it is said

,
t h e wor ld now exists,

and since nothi ng cannot pr oduce something, some
t hing must have exis ted from et erni ty. This Some
t hi ng is t h e Fir st Cause : it is G od.

N ow what I have to remar k her e is this — th e con

clusiveness of t hi s ar gument , as a pr oof of t h e existence
of one independen t , imm utable D eity

,
depends ent ir ely

upon t h e assumpt ion of t h e axiom above st at ed. Th e

Wor ld, a ser ious of causes and effects
, exi sts : ther efor e

ther e must b e, not onl y thi s series of causes and effect s
,

b ut a lso a Fir st Cause. I t wi ll b e easily seen , that
without t h e axiom

,
that in every ser ies of causes and

effect s there must b e a Fir st Cause, th e reasoning is
al together in conclusive.

5 . Or t o put th e mat t er otherwise : Th e argument
for th e exist en ce of th e D eity w as sta t ed thus : Some
thing exists, ther efor e something must have existed
fr om et erni ty.

‘G r anted,
’
t h e opponent might say ;

‘but this someth ing whi ch h as exi st ed fr om et ern ity
,

w h y m ay it not b e thi s ver y ser ies Of causes and effect s
which is now going on , and whi ch appears t o contain
in itself no indi cat ion of begin ning or end?

’
An d

thus, wi thout t h e assumpt ion of t h e necessity of a

Fir st Cause, th e for ce Of th e argum ent m ay b e r e

6. But
,
it m ay b e asked

,
h ow do those w h o have

wr i t t en t o pr ove t h e existen ce of t h e D eity r eply to
such an Obj ect ion as t h e one just stat ed ? I t is natur a l
t o suppose that , on a subj ect so int erest ing and so long
di scussed

,
all t h e obvious ar gum en ts with their r eplies

,

have been fully b rought into view. What is t h e r e

sult in t hi s case ?
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t h e axiomwhich asser tS it s necessity, ar e recogni zed in
t h e usual ar gumen ta t ion on t hi s subject .

8 . This Idea of a Fir st Cause, and th e pr inciple
involved

'

in t h e Idea , have b een t h e subject of dis

cussion in another manner . As w e have alr eady sa id
,

w e assume as an axiom that a Fi r st Cause must exi st ;
and w e assert that G od, t h e Fir st Cause, exist s et er

nal and immutable, by t h e n ecessity which t h e axiom
implies . Hence G od is said t o exis t necessarily —to
b e a necessari ly exi st ing being. Andwhen t his neces

sa r y existence of G od h ad been spoken Of, i t soon began
to b e con t emplat ed as a sufficient r eason , and as an ab

solut e demonst r at ion of His exist ence ; wi thout any
need of refer r ing to t h e wor ld as an effect

,
in or der t o

arri ve at G od as t h e cause. And thus m en conceived
that they h ad obt ained a pr oof of t h e existence Of th e
D eity, a pr ior i, fr om Ideas, as well as a poster ior i,
fr om Effects.

9 . Thus, Thomas Aquinas employs thi s reason
ing t o pr ove t h e etern ity of G od‘: Opor t et poner e
aliquod primum necessa r ium quod est per se ipsum
necessar ium ; et h oc est D eus

,
cum sit prima causa

ut dictum est : igitur D eus aeternus est
,
cum omne

necessa r ium per se sit aet ernum. I t is t rue that t h e
schoolmen n ever pr ofessed to b e able to pr ove t h e
existen ce of t h e D eity a pr ior i : b ut they made use

of this concept ion Of necessary exist ence in a manner
which appr oached very near to such an at t empt . Thus
Suar ez 2 discusses t h e quest ion, Ut rum aliquo m odo

possit apr ior i dem onst r ar i D eum esse.

’

And resolves
t h e quest ion in this m anner :

‘Ad h unc er go modum
dicendum est : D emonst rate a poster ior i D eum esse

ens n ecessar ium et a se
,

ex h oc a t t ri bute posse a

pr ior i dem onst r ar i praeter illud non posse esse aliud
en s necessar ium et a se

,
et consequent er dem onst r ar i

D eum esse.

’

But in modern t imes a t tempts wer e made by D es

cart es and Samuel Clarke, to pr ove th e D ivin e exist

1 Aquin. Cont . G enti l. li b . i. c. xiv. p. 2 1 .

2 Metaphys. tom . ii. disp. xxix. sect. 3 , p. 28.
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en ce at once apr ior i , fr om t h e concept ion of necessary
exi st en ce which

,
it w as ar gued, could not subsist

without actual exist ence. This argumen t at ion w as

acut ely and sever ely cr it icised by D r .Water land.

1 0. Without dwelling upon a subj ect
, t h e discussion

ofwhi ch does not ent er in t o t h e design of t h e pr esen t
work, I m ay remark tha t t h e quest ion whether an a

pr ior i pr oof of t h e exi st ence of a Fir st Cause b e possi
b le

,
is a quest ion concern ing t h e natur e of our Ideas,

and t h e eviden ce of t h e axioms which they involve,
of t h e same kind as many quest ions which w e have
alr eady h ad t o di scuss. I s our Concept ion or Idea
of a Fir st Cause gathered fr om t h e effect s w e see

ar ound us ? I t is plain that w e must answer , her e
as in other cases, that t h e Idea is not ex t r act ed fr om
t h e phenomena, b ut assum ed in or der tha t t h e pheno
mena m ay become intelligible t o t h e m ind — tha t t h e
Idea is a necessar y one, inasmuch as it does not depend
upon Observat ion for it s evidence; b ut that it depends
upon obser vat ion for it s development , since wi thout
some Obser va t ion , w e cannot conceive t h e mind to b e
cogn izan t of t h e r elat ion of causa t ion at a l l . In this
r espect

,
however

,
t h e Idea of a Fir st Cause is no less

n ecessary than t h e ideas of Space, or Time, or Cause in
gener a l. And whether w e call th e r eason ing derived
fr om such a necessity an ar gument apr ior i or a poste
r ior i

,
in either case it possesses t h e genuine chara ct er

of demon st r at ion , being founded upon axiom s whi ch
command univer sal assent .

1 1 . I have, however , Spoken of our Conception r a

ther than of our Idea of a Fir st Cause ; for t h e not ion

of a Fir st Cause appear s t o b e rather a modificat ion of

t h e Fun damen t a l Idea of Cause
,
which w as former ly

discussed
,
than a separ at e and peculia r Idea . And t h e

Axiom, tha t ther e m ust be a Fir st Cause, is r ecogni sed
by most persons as an applicat ion of t h e gener a l Axiom
of Causat ion , tha t ever y ej ect must h ave a Cause; this
lat t er Axiom being applied t o t h eWor ld, consider ed in
it s tot ali ty, as a single Effect . Thi s dist inct ion

,
h ow

ever, between an Idea and a Concept ion, is of no

mat er ial consequence to our ar gumen t ; pr ovided w e
VOL . II. Y
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all ow th e maxim
,
that t her e must b e a First Cause, to

b e necessa r ily and eviden t ly t rue whether i t b e thought
bet t er t o speak of i t as an independent Axi om

,
or t o

cons ider it as der ived fr om t h e gener al Axiom of

Causat ion .

1 2 . Thus w e necessa r ily infer a Fir st Cause
,
a lthough

t h e Pal aet iological Sciences only point towa rds it
,
and

do not lead us to it . But I must observe fur ther ;
t hat in each of t h e ser ies of even ts which form t h e sub

j ect of Pa laet iological r esea r ch, th e Fir st Cause is t h e
sam e. Without her e rest ing upon r easoning founded
upon our Concept ion of a First Cause

,
I m ay r emar k

that thi s iden t ity is pr oved by t h e close connexion of al l

t h e br anches of natur a l science
,
and t h e w ay in which

t h e causes and t h e event s of each ar e in t erwoven with
those which belong t o t h e other s. We must n eeds b e
lieve that t h e Fir st Cause which pr oduced t h e ear t h
and it s a tmospher e is also t h e Cause of t h e plan t s
which clothe its sur face ; that t h e Fir st Cause of t h e

veget able and of t h e an imal wor ld ar e t h e same ; that
t h e First Cause whi ch pr oduced light pr oduced also
eyes ; tha t t h e Fir st Cause which pr oduced a ir and

or gans of a rt iculat ion pr oduced also language and t h e

facult ies by which language is r ender ed possible : and
if those facult ies, then a lso a l l man ’

s other facul t ies
t h e power s by which

,
as w e have sa id

,
h e discerns

r ight and wr ong, and r ecogni ses a pr oviden t ia l as

well as a natura l cour se of things. Nor can w e t hi nk
otherwise than tha t t h e Being wh o gave these facul
t ies, bestowed them for some pur pose -best owed
them for that purpose which a lone is compat ible with
their natur e —t h e pur pose, namely, of guiding and

elevat ing m an in h is presen t car eer , and of pr epar ing
h im for another sta t e of being to whi ch they ir r esist i
bly di r ect h is hopes. And thus, although, as w e have
said

, no one of t h e Palaet iological Scien ces can b e

t raced cont inuously to an O r igin , yet they not on ly
each poin t t o an O r igin , but a l l t o t h e same O r igin .

‘

Their l ines ar e br oken indeed, a s they r un backwar ds
int o t h e ea r ly per iods of t h e wor ld, b ut yet they al l
appear t o conver ge t o t h e same invisible poin t .

’

And
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"

We have surveyed th e ston es whi ch lie befor e us
,
part ly

bui lt and par t ly r eady for bui lding : w e have found
them exa ct ly squared, and Oft en curiously cover ed wi th
sign ificant imagery and impor t ant ins cr ipt ions. W e

have n ow t o discover h ow they m ay best b e fit t ed in to
t heir places, and cemen t ed t ogether , SO that rising stage
above stage, they may gr ow a t last int o that fair and

lofty t emple of Truth
,
for whi ch w e cannot doubt tha t

they wer e int ended by t h e G r eat Ar chit ect .

This t ask, t h e descr ipt ion of th e pr ocesses by whi ch
Scient ific Truth is di scover ed and est abli shed

,
w e sh all

,

as h as alr eady been sa id
, ent it le, in r efer en ce to pr e

vious at t empt s of t h e same kind, Novum

Renova twm .

END OF VOL. 11.

Camb r idge Pr in ted a t th e Un iver si ty Pr ess.


