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OF 7 HE DEGENERATION OF ANIMALS.

deer-kind whose horns are a sort of
THE
wood, and of a solid texture, although ru
nilnating,
whose

and

internally

formed

like

those

horns are hollow and porous, seem to

form a separate family, in which the elk is the
trunk, and the rein-deer, stag, axis, fallow-deer,
and

roe-buck,

branches;

are

the

lesser

and

collateral

for there are only six species ofani

mals whose heads are armed with branched
horns that fall off and are renewed every year.
Independently

of this generic clutracter, they

resemble each other still more information and
natural habitude; we should, therefore, sooner
or fallow- deer, join
expect mules from the stag
ed with the rein-deer or the axis, than

from a

union of the stag with the cow
We mightbe still better auThorised to regard
all the different

kinds

of sheep and goals as

since they produce
composing but one family,
VOL.

x.

B

together
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tog ether mules,
the

which

first generation,

immediately,

ascend

and

in

to the species of

\Vc might even add to this numerous

sheep.

family of sheep and goats those of the gazelles
and bubalus,
The

which are not

less

in number.

miflon, the wild goat, the chamois, tha

antelope,. the.buba.lus, the condoma, &c. seem
to be the principal trunks of ibis genus, which
coitains more than thirty different species, and
the others are only accessary branches which
have

retained

the principal characters of the.

stocks from which they issued;
the

but which, at

same time, have prodigiously varied

by

the influence of time climate, the difference of
the food, and by time state of slavery to which
man has reduced most aninia1s,
The dog, the wolf, the fox, the jackal, and
I he isatis, form another genus, the different.species of which resemble each other, so strongly,
especially in their internal conformation, and
in the organs of generation, that it is difficult
to conceive why they do not intermix.

From

the experiments which I made to forma.. union
of the dog with

the wolf and fox, the

repug

nance to copulate seemed to proceed from the
wolf and fox rather than from the dog, that is,
from the wild animal and not from the tame;
for those

bitches which I pt to the trial would

readily have permitted the wolfand fox, where
4.

.

.

as
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as the females of the two latter would never
suffer the approaches of the dog. The domes
tic state seems to render animals less faithful to
their species : It gives them also a greater de
gree of heat and fecundity, fol' the bitch gener
ally produces twice a .year, while the females
of the wolf and fox litter only once;

and it

is to be presumed, that those clogs which have
been left in desert countries, and which have
so greatly multiplied in the island of JuanFer
nandes, and in the mnimtains of St. Domingo
&c. produce only once a year, like the wolfanci'
the fox.

rJlhis circumstance, if it were proved

to be the fact, would fully establish the unit y
of gemis in these three animals, which reseni
ble each other in conformation so strongly as
to oblige us to

attrib4lte their repugnance t

some external circumstances.
The dog seems to be the intermediate spe
cies between the fox and the wolf.

The an

cients have stated, that the dog, iti sOrnd coun
tries, and under particular circumstances, en
genders with the wolf and fox.

I was desir

ous of verifying this assertion, and although I
did not sffccèed in the trials
must

I made, yet w

not conclude that it is Impossible, 'for

my experiments were with captive

tniruaIs;

and it is known that in some species catiity
alone is sufficient to extinguish desire, and ic
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to copulation, even
give them a repugnance
with their own kind; consequently they would
still more refuse to unite with individuals of
but I am

another species:

when in a state of freedom,

that

persuaded,

and deprived

of

his own female, the dor would unite with the
wolf and fox, particularly if he had become
wild, lost his domestic cast, and approached
the ma iiner and natural habits of these animals.
The fox and wolf, however, never unite, though
the same climate and country, but
they live in
unmixed; we
support their species pure and
must, therefore, suppose a
generation

more ancient de.!.

than history has recorded,
to

one

it

if they
was

for

ever

belonged

this

reason I asserted that, the dog was an

intermediate
wolf;
it

can

could

species

between

and his species is
unite
shew

species;

they

fox

also common,

with both:
that

the

all

arid

if any

three

and
since.
thing

originally

this common
sprang from the same stock, it is
affinity between the dog, the fox, and the wolf,
and which seems to bring their species nearer
than all the conformities in their figures and
organization.

To reduce the fox and wolf",.

therefore, into one species.,we must return to a
state of nature very

ancient indeed; but in.

their present condition,, we must look
upon
the
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the wolf an (I fox as the chief tru nks in the
ge
nus of the five animals.
The dog, the jackal,
and

the

isatis,

are

only

lateral

branches

placed l)etwedn the two first; the jackal par
ticipates of the dog and wolf, and the isatis of.
(lie jackal and fox.

From a great number of

testimonies it appears that the jackal and
(log

engender easily together ; and it

the

is ob

servable, from the description and
history of
the isatis, that it almost entirely resembles the
fox in

its form and temperament,

that they

are equally found in cold countries, but that,

at the same time, it. inclines to the jackal in its
disposition,

continual

barking,

clamorous

voice, and the habit of always going in packs.
The shepherd's dog, which I have considered
as the original stock of every other dog, is, at
the same time, that which approaches nearest
in figure to the fox.

lie is of the same size,

and, like the fox, he has erect cars, a pointed
muzzle, and a strait trailing tail,

lie also ap.

proaclics the fox in voice, sagacity,
stinct.

The

dog,

and in

therefore, may originally

have been the issue of the fox, if not in a. di
rect, at least in a collateral line.
which
svhicli

Aristotle

calls

The dog,

canis-inconicus,

lie affirms to have proceeded from

and
an

mion of the fox and dog, might, possibly, be
the
f
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the same as the shepherd's dog, or, at least, it
has more relation to him than to any otlicr
dog

We might,, therefore,

be

inclined

to

laconicus, left iiiiin
imagine, that the epithet
Aristotle, was only given to tli is
terpreted by
found in Laconia, a pro
dog because he was
vince of Greece; and of which Lacedmori
was the capital;

but if we attentively consider

the origin of this laconic dog we shall perceive
that the breed was not confined to the country
of Laconia, alone but must have been found in
there were foxes; and this
every country where
induces me to presume, that tile epithet laco
n'icu might possibly have been used by Aris

totle in a moral sense, to express the brevity

and acuteness of his voice, because lie did not
bark like other dogs,

but had a shorer

thriller note, like that of the fox.

and

Now our

shepherd's dog is that to which we can justly
apply this term of laconic,

for of all dogs his

voice is the sharpest and most rarely employed.
Besides, the characters which Aristotle gives to
his laconic dog agree 'with those of the shep-'
herd's dog, and perfectly persuade me they are
the same.
The genus of cruel and rapacious animals is
oiie of them*

numerous and most diversified;

evils here,, as in other cases, seem to be
pro.
du ced
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duced under every shape, and to assume various
natures;

the lion and the tiger, being detached

species, rank in the first line; all, the others, as.
the panther, the ounce, the leopard, the lynx,
the caracal, the jaguar, the cougar, the oce
lot, the serval, the rnargai, and the cat, coin
pose only one cruel family,

whose different

branches are more or less extended and diver
sified according to the difference of climate.
All these animals resemble each other in natu
ral dispositions, although they are very differ
ent with respect to size and figure..

They all

have sparkling eyes, short muzzles, and-sharp,
crooked,. and retractile claws.

They are all..

destructive, ferocious, and untameable.

The:

cat, winch is the last and the least species, al
Though reduced

oslavery, continues its fero'

city, and is no less perfidious.

The wild cat

has preserved the character of the family, and.
is as cruel and mischievous as any of his lar
ger kindred.

They are all equally carnivorous,

and enemies to other animals.

Man, with all

his art and power, has not been able to annihi
late them :

fire, steel, poison, pits, and every

method has been used against them withoiit.
attaining that point.
very prolific,
efforts
liéni

As the individuals are

and the species numerous,

of man

the

have been limited to keeping

t a dktanc'.', and confining them in the..
desert
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deserts, whence they never sally without spread
Big terror, and making great depredations.

A

sinle tiger issuing from the forest is sufficient
to alarm

a multitude of people, and

Them to take up arms.

What then would be

the consequence if these
came in numbers,

like

oblige

sanguinary animals

wolves or jackals,

to

Nature has given

commit their depredations?

this instinct to timid animals, but fortunately
denied it to the bold tribes;
and

depend

they go singly,

upon their courage and strength

for their safety and support.
ccl,

Aristotle observ

and justly remarked, that of all animals

furnished

with

talons not any

of them

sociable, or go together in troops.

are

This ob.

scrvation, which was then confined to four or
five

species

only, being all that were known

in his time, is extended and verified over ten
or twelve other species since discovered.
carnivOrous

animals,

such

as

Other

the wolf,

the

fox, the dog, the jackal, and the isatis, 'whose
claws are straight, go

mostly in troops, and

are all timid, and even cowardly.
By thus comparing every

quadruped, and

Tanking each with its proper genus, we shall
end, that the two hundred species of which we
have
' Nullum animal cui
ungues adunci, gregatile esse per-0
endunus.
Arist. Hist. Anirn. Lib. i. Cap.i.
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have given the history, may be reduced to a
small flutfll)er of families, or principal stins,
from which it is not impossible all the oLliers
have derived their origin.
To place this reduction in a regular method,
we shall observe that all the animals of the two
continents, as well as all those peruliar to the
Old WTorld, may be reduced to fifteen genera,
and nine solitary species.
first,

whole hoofed

the

These genera are,
properly so

genus,

which includes the horse, the zebra,

called,

all the prolific and barren

and the ass, with
mules.

2. The large cloven.-hoofed with hol-

the ox and the buffalo, with.
1
(_)
o. The snmll cloven-hoofed
their varieties.
low horns,

animals with

as

hollow horns, such

as the Sheep,

the goat, the gazelle, the antelope, and every,
otherspecies which
4.

participatesoIt!ieirnattire .

The cloven-hoofed with solid horns, which

are shed and renewc(l every year ;

this family

contains the elk, the reindeer, the stag', the
fallow-deer,

the

axis, and the roe-buck.

5.

The ambiguous cloven-hoofed, which is C0fl1
and all the varieties of
posed of the WiLl boar,
the hog, such as that of Siam, with a hanging
of Guinea, with long ears, pointed
belly, that
and turned backwards, and that of the Canary
islands with
VOL.

X.

thick

and long tusks, &c.
C

6
The
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The

very

of (ligitathd

extensive race

carni-vorous
animals With crooked and retractile
th pan
s, in which we must cm prebend
her, ho pa id, guea rd , on U cc, serv al, a ìd cat,

cia

wi Ii

all

their

CilflU vorous animals
chi vs,

w h ich

7.

varieties.
iitli

include

The

a.,id

straight

the

wolf,

digilafed

fox,

fixed

jackal,

iaIis, and the dog, W1111 all their variel ICS.
The d igitaled carilivorous 11111i
claws, and a pouch

S

1als with fixed
This

under their tails.

consisls of the hvana, civet, zibef, badger, &c.
The

(li&itatc(l

CarnIVOrOUS

long bod ics, five I OCS to each

aiiiimuls with

fool, and I lie grca.t

toe, or thinnth, (llvidcu from the rest ; this gc
nu

is Composed otihe ferret, martin, pole-cat,

weaseL s;blc, icli flcumO, &C.
merous family of

10.

The nu-

hitated quadrupeds which

have two large i JlCil ye

'efli in each jaw, and

UU bristles on I1cjr bodies ;

this contains Ilie

hare, rabbit, and c cry kind of squirrels, (icr
11 .

miCe, marmots, and rats.
qundrupeds,

The digitated

wli&se bodies are covered

wit Ii

spiny quills, as the porCUpine and hedge-hog.
1E2" The digitated animals covered with scales,
as the long and short-tailed nianis, or scaly ii"ds.

110. The it mphbions d;gilatcd genus,

-which mci tides the beaver,
walrus, and sci.

H. L

o te r,

in uk-ruis,

e ot-hMINdcd

enus,
wb ich
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which comprclinds the
kies, makis, 1ori', &c.
which

drupe(is,

1!

p, 1)aboOnS, lOon5.

includes

The winged qiut
bats, &c.

with all

The LIflC drachd species arc

their varieties.
the elephant,

rhinoceros, h :pp'pai:tmlls, gi

raffe, caine!, I ion , Iker, he:r, and mole,

h ieii

are all subject t-) a great r or smaller number
of Varictics.
Of those fifteen genera', arid nine dcac1icd
Species, Seven genera and two
n'ion to both

species are c:-

continents.

i.,(' t \ () species are,

the bear and the mole ;

and tIle -even genera

I . The

are,

re.-It cloven-hoofed with Ii oh ow

for the ox is foiiiid in A nn'riunder
?
the forxii of the bi'oii .
.
horns,

with

solid horns, for the (1k CXLSt

under the name of orig-nal ;

t1ireie

IlelICt.

Turh

in (111 4k. he

. rf), ((j

animals with i1ed claws ;
are found in the
Old.

4.

i)Odie,

f''

the s oil`.') nd! 1

an Hials

the weasel, iuia't in,

in t

c I a
v it Ii

\%c find also in A aerica, pa r

tate(l genus
each

lit h two

large

I uug

a ni poa'-c:i ,

arc met with in America us well as in
5.

:; us

L\t'(i C-171-mV,

ew W add as

The d i.'ita ted

as

er, tin-

IIow-de', a

der that of caubou ; and stag:.,
are found

11

of t

ope.
e d

mci IVe teeth

rats,
jaw, as tile squiFrels, nmrinot,
G.

in
e.

'ihe
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diitatcd amphibious

The

walrus, seal,
North

beaver,

and

as the

genus,

otter, exist in

of' the New Continent.

genus exist. also in America,

the

7. The winged
the bat and

as

vampire.
There remains, therefore, only eight genera,
and five (lCtaChlC(l species, which are peculiar to
the Old Continent.
11.

These eight genera are,.

The whole-hoofed, properly so called, for

ieithcrihcliorse, ass, zebra, nor mule, were met
with in

the NeV Continent.

cloven-hoofed beasts

2.

The small

with hollow horns ;

for

sheep, goats, gazelles, or antelopes existed in
America.
species

3.

The

family

of wild boar

is

of hogs ;

not

to

for

the

be found in

America ; and although the pecan, and its va
rieties, are related to this family, yet they dif
fer in a sufficient number of remarkable cha
racters to justify their separation.

4. It is the

same 'with carnivorous animals with retractile
claws; we do not meet with either the panther,
leopard, guepard, ounce, or serval, in
rica ;

Ame

and although tile jaguar, conguar, oce-

lot, and niargi, seem to
belong to this family,
there is not one of these
species of the New
World found in the Old, nor one of the Old to
be met with in the New.

5.

The same re

mark may be applied to the
digitated

qua

d ru pe(l
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dru peds whose bodies arc covered with
prickles;
for although (he coeridou and the ursori
ap
proach very nigh to this genus, nevc-iieIess,
these species are very difPrent from
the porcupine and lle(lge-hog.

those of

6. The digi

talcd carnivorous
genus with fixed claws, and
a pouch under the tail; for the
hyana, civets,
and
7.

the

badger,

do

not

exist

in America.

The four-handed
genus; for neither

apes,
baboons, monkeys, nor maids, have ever bcett
seen in America.

The sapaons, sagons, opos

sums, &c. although quadrumanous, yet
they
differ
from those of the Ohi Conti
essentially
nent. 8. The digitated
genus WhoSe i)O(liCs are
covered

with

scales ;

lizards are found

in

for

America, and

eaters, to whom they may
covered with

none of the scaly
the ant

be coin-pared, are

hair, and differ too much from

the scaly lizards to be considered of the same
family.
Of the nine delached species, seven, namely,
the elephant,

rhinoceros,

h 'P I)0P0

m us, gi-

raffe, camel, lion, and tiger, arc found only in
the 01(1 World ;

and two, viz. the bear and

mole, are corn mon to both continents.
if we, in

the same manner, enumerate

animals which arc peculiar o the

the

cw WTOrhi,

we. shall find, that there are about fifteen diffcrcnt
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fe;t

peci"s w ii ich

nity be re3ttu'l-I to fell

U tour de'achcd scs.

gOnora

1FO 1110 tUpLF, tIC CL!)tiII
the poCari ;

but there

absol ii!y tOrin
vari c It !e-

'[hose four

the Lima, a!IJ

s only the tupir we (1fl

det1tclicd ;

for the pecan

Ii as

and the l)cs iI).ay he Imited to tile

1ani, aihl file (diva 1' o the cahiai.
ten

ericra ere,

.1 .

?.

x 5-CCs Of

Eh

Iiie

: ccies of sapjous.

S1)

S.

3.

The opossum,

piia1riers, trsiers, &c. 4. 'l'h.e 1o'uars, COU
gu:.rs, ocliTh, inuriis, &c.
specie- 01

coal is.

Moll

Jour or
w

7. '.flic

Preliencis the
and

(.

t ho

cene'i

III]('

WI) C1 ('sItj of SCVC
r_1I
i wo or
i "oe species
] Cfliv, The sli h , 01

live species

of

Colaguni:, which Corn

. That

laicti.

5. Th cc or fiiur

the a perca,

of

he

anadi !ie,

or
01

)OCI0S.
an -eters ;

hc1i

9.
and,

c uc aCquaDited

with but t vo s
j;ccics.
Now
SpCCIO

thee

to M Idelt the

PCCILiU to
thourLi

(en genera,
fl

aiiJ

four

detached

y species of animals

IIC New World ma

be reduced

hey d ilPer from those of the Old Con

tincn , nevertheless ha ye SOOIC rOL
seeni io indicate some CO
fornaton, and lead

l:

mon

OflS which

affiaity in their

() C1flSCS of

deeiiera

tiwi, more ancient thu n an- 01 the rest.

I%r0

jiave alrea:iy inude the gcuca1 remark, that all
an imnuls
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animals of the New \Vorl(l were much smzdkr
than those of the Old.

This great dim i i utort

in size, w liatever nay he the cause, is a
kii of degeneration, \dAICII could not be made
Without hiavptr a grca
of the animal, and

influence O!1 the figurc

we must not 1sc sihL of

this cIhect in comparing them

ct her.

The largst is the tapir, Wi ic!i fl."';u"'On riot
bigger than the
vitii the dc
m us ;

hiait

can only be con pared

rhinoceros, and lii ipopota

lie claims the first place for size in the

New (1onlinen{,
Old.

ass,

as

'the elephant does In the

Like the ill inocCrOS,

muscular and P1(Uccl inr

his upper lip

arid,

is

like the hip-

popotamus, lie often enters the water. in some
respects lie rcpre.cnts them aH three, and his
figure, 1111 kh partakes more oft he ass than of
any oilier animal, seems to be as degadd as
his stature is diluinklied.

The iiorc, the ass,

the zebra, the elephant, the rhinoceros, and the
hippopotamus,

had no existence -ill Al-ficrica

neither was there an animal in this New (on
tinen t -which conic1 lie compared

with

rfl4e

eid"her with rescct- to size or figure.
P

thcrn,

to the wha1,
appears to have. some atinit.y

but lie is so mixed, and approachc

so

tic to

is not pos:I b Ic to at
any one of them, that it.
tribute his origin to the degradation of an

iir-

tcar
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ticular species.

And, notwithstanding flies

trifling relations

which

with

he is

found

to

have

the rhinoceros, the hippopotamus,

and

the ass, we must look on him not only as a pe
culiar species, but even as a single genus.
The tapir, therefore, does not belong to any
Species of the

Old

Continent,

and

scarcely

does he bear any characters which approximate
him

to those animals with which we have just

been comparing him.

The nature of the ca

Liai is likc\rie averse from our comparison :
c1err'liy

he

]is

no

resemblance with

any

&hcr aniial, and only approaches the Indian
hog of the

stne continent,

by

his internal

parts, and both species are absolutely diullrent
from all those of the Old Continent.
The laina and the pacos appearto have more
sii'n it1can

marks of their ancient parents: the

)fi-st
i

J
the

Niith

camel,

ad

the second in the

'Ihe lama, like the camel, has a long

ziicep.

neck and legs, slender head, and the upper lip
divided.
his gentle

Tic

resembles

manners,

endurance of thirst,

the

latter

also by

servility of disposition,
and

aptness for labour.

This was the first and most
animal of the Americans :

useful domestic

they made

use of

him to carry burdens, in the same manner
the Arabs do the camel.

is

Here theretbre are
uhiiciIit
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sufficient resemblances in the nature

of these

animals, to which we can yet add the perma
nent marks of labour; for though the back of
the lania is not deformed by hunches like that
of the camel,

be, nevertheless, has cal1ositie

oii his breast, occasioned by the like habit he
is used to of resting on that
part of his body.
Yet, not withstanding all these affinities', the
lama

is a very 'distinct and diffirent
species
from the camel.
He is much smaller, not ex
ceeding a fourth

or a third part of the camel's

The shape of his body, and the

magnitude.

quality and colour of his hair, are also very
different.
for lie

His temperament is still more so ;

is a phlegmatic

only to live

on

nnirnal,

and delights

the mountains, whereas the

camel is of a dry temperament, and willingly
inhabits the most scorching sands.
whole, there are more specific

On the

differences be

tween the camel and the lama, than between
the camel and the giruffe.
mals have

These three ani

many characters in

common,

by

which they might be rcferred to oft.- genus, but,
at the same time, they differ so much

in other

respects,that we cannot suppose thernto be the
issue of one another; they are, therefore, only
Neighbours and not relations.

The height of

the giraffe is nearly double that of the camel,
x.

D

Ufld
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and the camel double that of the lama.

The

two first belong to the Old Continent, and form
separate species.

The lama, therefore, which

is only found in

the New, must be a distinct

species from both.
It is not the same with respect to the pecan,
for though

a different species

from. the hog,

he, nevertheless, belongs to the same genus.
lie resembles the hog in shape, and every ex
ternal appearance, and only differs from it in
some trifling characters, such as the aperture
on his back, shape of the stomach, intestines,
We might, therefore, be led to suppose

&c.

that this animal sprung from

the same stock

as the hog, and that he formerly passed from
the Old World to the New,

where, by

the

influence of the soil, lie had degenerated to so
great a degree as now to constitute a

distinct

species.
With regard to the pacos, though it appears
to have some affinities with the sheep, in

its

wool and habit of body, yet it differs so great
ly in every

other respect,

that

cannot he looked on either as
allies.
has

this

species

neighbours or

The pacos is rather a small lama, and

not a single

mark

which indicates

its

having passed from one continent to the other.
Thus of the four detached species peculiar to
the
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the New World, three, namely, the tapir, the
çabiai, and the lama, with

the pacos, appear

to belong originally to this continent, whereas
the pecan, which forms the fourth, seems to
be only

a

degenerated

species

and to have formerly derived

of the hog,

its origin from

the Old Continent.
By examining and comparing, in the same
manner, the ten genera, to which
we have
reduced the other animals peculiar to

South

America, we shall discover, not only singular
relations in their nature,

but marks of their

ancient origin and degeneration. The sapajous
and sagoins bear so great a resemblance to the
monkeys,

that they

under that name.

are commonly included

We have proved, however,

that their species, and even their genera, are
different.

Besides, it would be very difficult

to conceive how the monkeys of the 01(1 Con
tinent could

assume in America a different.

shaped visage, a long, muscular, and prlicnsile
tail, a large partition between the nostrils, and
other characters, both specific and generic, by
which we have

distinguished and separated

them from the sapajous.

But as the monkeys,

apes, and baboons, are only found in the Old
Continent,

we must look upon the sapajous

and sagoins as their representatives in the New,
for
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for these animals have nea.rly the same form,
as well externally as internafly, and also have,
many thuigs in common in their natural habits
It is the same with respect to

and dispositions.

the maids, none of which are found

in Ame

rica, yet they seem to be represerited there 1)37
the opossunis, or
pointed

muzzles,

four-handed

animals, With

which' are found

in

great

numbers in the New Continent, but exist JIOf
in the Old.
there

is

We must, however, observe, that

much

more

difference

between

the

nature and the form of the .rnakis, and of these
four-handed American an inials, than between
the monkeys and the sapajous; and that there
is so great a distance between the opossums and
the maki that we cannot form an idea that the
one ever proceeded from the other, without Sup
posing

that degeneration can

proiuce effects

equal to those of a new nature; for the greatest
number

of these American four-handed ani

mals have a pouch under the belly, ten incisive
teeth in each jaw, and a prehensile tail; whereas
the maki has a flaccid tail, no pouch under the
belly, and only four incisive teeth in the upper
jaw, and six in the lower; therefore, though
all these animals have hands and
fingers of the
same form, and also resemble each other in the
elongation of the muzzle, yet their
species,
and
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aid even their genera, are so different, that we
cannot imagine them lo. be one and the same
issue, or that such great and general
disparities
have ever been proclllcc(l by degeneration.
On the

other hand, the tigers

of America,

which we have indicated by the names of
ja
guars, couguars, ocelots, and rnargais, though
different in species from the pant1ic, leopard,
otince, guepard, and serval, of the Old Continent, are, nevertheless, of the same genera.
All these animals greatly resemble each other,
both.

cxteriially

and

internally ;

they have

also the same natural dispositions, the same fe
rocity, the same vehement thirst for blood, and
what approximates them stilinearer in genus,
those

vhi cli belong to the same continent di'flir

moth from each other than fron

those of the

For instance, the :African

other Continent.

panther differs 'less. from the Brasilian jaguar
than the latter .doe
they are nalives
"

from the coiiguar, though

of the same country.

The

Asiatic serval, and the rnarga of Guiana, like

wise differ less from one another than from th
species pecLil jar .toth cir

own continents.

We,

therefore, . nmy jusfly suppose, that these ani

mals had one common origin, and that, ha ving
the other,
formerly passed from onCcGnt ine.ntto
their present

differences have proceeded only
fro in
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from the long influence of their new situation.
The moufletes, or stirikards, of America ,and
the 1;olecat of Europe, seem to be of the same
In general, when a genus is common
genus.
to both conthicuts the species which coin pose
it are more numerous
New;

but in

this

in the Old than in the

instance it is quite

the re

verse, for there are four or five kinds of pole
cats in America., while we have only one,
nature of which is inferior to

the

that of all the

rest; so that the New WTorld, in its turn, seems
to have representatives in the Old ;

and if we

judged only from the fact,we might think these
animals had taken the opposite road, and !:as.
scd from America to Europe.

It is the same

with respect to some other species.

The

roe

bucks andthe fallow-deer, as well as the stink
ards, are more numerous, larger, and stronger
in

the

New Continent than in the Old ;

ye

might, therefore, imagine them to be original
ly natives of America ; but as we cannot doubt
-.that every animal was created in the Old Con
tinent, we must, consequently, admit of their
migration from the

Old to the New

World,

and at the same time suppose, that instead of
having degenerated, like other animals, they
have improved their original nature by the in
fluence of the soil and climate.
The
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The ant-eaters, which are singular animals,
04nd of

hicii there are three or four species in

the New World, seem also to have their repre
sentafi v; in the Old.
The scaly lizards reIC tiem in the peculiar character of hayin

no teeth, and of being obliged to put out

theiF tongues and feed upon ants ;

but

if we

would suppose them to have one common ori
gin,

it is strange, that instead of scaies

with

iiich they are covered iti Asia, they are cloth
ed with hair in

America.

With respectto the agoutis, pacos, and other
animals of the seventh
New Continent,

we

genus

peculiar to

can only

willi the hare and rabbit,

their being' of a
the hare

compare theni

from

ever, they all differ in species.

which,

how

What renders

common orio'in

being dispersed

the

doubtful is,

almost over every

climate of the Old Coniincnl, without having
than in the
undergone any oilier alteration
co-lour
of its hair. WTe cannot, vith any founda
tion, therefore,

imagine that the

climate of

America has so far changed the nature of our
bares to so great a degree as to make them ta
tail; or agoutis
petis or apereas, which have no
with pointed

muzzles, and short round cars;

or pacos, with a large head, short ears, and a
coarse hair marked with white stripes.
On
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On the

'whole, the.

and the SlOthS, are
specic, but
of the

coalis,

the armadillos,

so difierent,

not

only

in

also in genus, from every animal

Old \Vorhl, that

we

cannot compare

them with any one ; it is also impossible to re
fer them to any common origin, or attribuc to
the effects of degeneration the pro(iig!ous dii'
fcrcnces

found

in

their nature from

that

of

every other animal.
Thus,

of ten

genera,

and

four

detached

species, to which we have endeavoured to re
duce all

the

animals

World, there are

peculiar

only two,

jiguars, ocelo, &c. and

to

the New

the genus of the

the

species

of the

pecan, with Llcir varieties, which can with any
foundation be connected
the Old Continent.

with the animals of

The jnguars and ocelots

may be regarded as a species of the leopard or
panther,

and the pecan as a species of hog.

After these are

five genera and one detached

species, namely the species of the lama, and the
genera of sapajous, sagoins, stinkards, agoutis,
and ant-caters,wli ich may be compared
,though
in a very distant and equivocal manner, with
the

camel, monkey,

lizards.

polecat, hare, and scaly

There then remain four genera and

two detached
species, namely, the opossunis,
the coatis, the armadillos, the sloths, the
tapir,
and
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and the cabiat, which can neither be referred
nor Compared to any genera or species of the
Old Co

the origin
NeW

This sufficiently proves that

tinent.

of these animals, peculiar to the

world,

degeneration.

cannot be

attributed merely to

However, great and iowerfuI

the effects of degeneration
v.'e

cannot, with

any

persuade ourselves

may be supposed,

appearance of reason,

that

these

animals

were

originally the same as those of the Old Conti
nent.

it

is more reasonable to imagine that
and

the two continents were formerly Pined,
that those species

which

inhabited the New

World, because they found

he climate

soil most suitable to their miture, were

and
sepa

rated from the rest. by the irruption ofthe sea
when it divided Asia from America.

This is a

natural cause, and similar ones might be con.
ceived which would produce the same effect;
for example, if the sea should make an irrup
tion from

the

eastern to

the western side

of

Asia, and thus separate the southern parts of
Africa and Asia from the rest of the Continent,
all the animals peculiar to the southern coun
the

tries, such

as

the giraffe,

the zebra, the orang-offlang, &c.

the

elephant,

rhinoceros,

would he, relatively to the others, the same as
those of South America at
VOL. X.

E

present are; they
would
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'would be entirely separated from the animals
of the temperate
referred

countries, and

to an origin

species or genera

could not be

common

to

any of the

which inhabit these coun

tries, on the sole foundation that some irnpcr
fcct resemblances, or

distant relations, might

be observed between them.
We must,

o find out the origin

therefore,

of these animals, turn back to the time when
the two continents were not separated, and re
fer to

the

first

changes which

the surface of the

globe.

happened
must, at

We

on
the

same time, place before our view the two hun
dred

species

of quadrupeds

thirty-eight families;

as

constituting

and although this is not

the state of nature, such as it is come down to
us, and as we have represented it, but, on the
state, which we
confrary,a much more ancient
can only attain by inductions and relations
to
nearly as fugitive as time, 'which seems
have effaced their traces, we have endeavour
monuments still existing, to

cd, by facts and
return to those
exhibit

those

first ages
epochas

of nature,

which

and

appear

to

to
b

most clearly indicated.

NATURE

http://www.geology.19thcenturyscience.org/books/1808-Buffon/README.htm

27

NATURAL HISTORY.

NATURE AND

PROPERTIES OF MINE

RALS, VEGETABLES, &c.

LIGHT

HEAT

AND FIRE.

the powers of Nature with which we
ALL
are acquainted, may be reduced to two pri
mitive

forces;

the one which

causes weight,

and that which produces heat.

The force of

impulsion is subordinate to them ;

it depends

on the first for its particular, and on the latter
for its

general

effects.

As impulsion cannot

-exercise itself but by the means of a spring,
and the spring only acts by virtue of the force
which

approximates

the remote

parts,

it is

clear, that to perform its power it has need of
the

concurrence of attraction:

for if matter

ceased to attract, if bodies lost their coherence,
every spring would be destroyed, every motion.
intercepted, and every impulsion void;

since

motion cainot transmit itself from one body to
another but by elasticity,
that one

it is demonstrable,

body absolutely hard and inflexible,
would
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would b

absolutely im moveable, and entirely

incapable of receiving the action of aiiotlier.
permanent ef

Attraction being a general anti
ftct,

Ifl pu ision, which M most bodies is neither

COflStt!t nor fixed, depends on it as a particular
effect;

for,

if all

impulsion were

atlractioiz would still
it is,

destroyed,

equally sit bsisf and act;

therefore, this essential (liflerence which

makes impulsion subordinate to attraction in
all inanimate and purely passive matter.
"
But this impulsion depends still more immediat1y, and generally, on the power which profor it is principally by the means

duces heat;
of heat, that
bodies;

it

impuision

peneirates

is by heat that

arc

they

grow, and (levelope themselves.
fer to

organized
formed,

We may re

attraction alone all the effects of inani

mate matter; and in this same power of atirac
lion, joined to that of heat, every phenomena
of live matter.

By live matter I

understand

iiot wily every thing that lives, or vegetates,
l)ut also every living
persed in the
bodies.

organic

molecule,

waste or remains

dis

of organized

In it I comprehend also
light,

heat,

fire, and all matter which
appears to be active
in itself.

Now this live matter always tends

from the centre to the circumference, whereas
brute or inanimate na(tr tends

from the cir
cumference
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cumference lo 11c cnre.
lii:h I11

Power
is an

atks

vet they bal:uzcr

rl it

which tio ihaniruate

.A I

of these two 'owe's

an e:p:tnve

hc live

atl ractive force fo

rnattcr is obcc i"nt.

l

igli

di

the d iFCct')flS

'(tr1cd1 V OFi)O-'te,

hemsel.ve

wi

cvr b.'ing

destroyed, afl(i from I lic Co ib cu1 iOfl
two power

ol

cqwfly activc, all the pi1enorncn.

of t! r uni ye ;

resnlt.

But it may be Said, by reiucug

U the powers

ofNature to atiracijon ;nd cxpaision, without
giving

the caue of either, and by renderiug

nnpulsion, (\hich is the only force

hose cause

is known and demonstrated to our senses) sn
bordiuac to both, do you not abaidozi a dear
Wen,- and substi'ue two obscure hypotheses irt
its place ?

To this I answer, that as we kuow

nothing- except by comparison, we shall never
have an idea of what general effect
duce,

because such

an

effect

will

pro

belonging

to

10 compare
every thing, we should be unable
it to any,

and consequently there is no hope

of ever knowing the cause or reason why all
matter attracts, although we are senshIe such
is the fact.
particular,

If, on the contrary, the effect were
like

that of the attraction of the

Ioadstonc and steel, we might expect to disco
ver the cause, becanse it rni.~xht be compared
to other particular effects.

To ask why matter
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is extended, heavy, and impenetrable, are ill
conceived propositions, and
swer;

it

is

the

same with

merit not an an
respect to

every

to the
particular propcrty, when it is essential
subject, and
why red is
child

red ?

philosopher becomes a

The

when he puts such

ever much
the

we might as well be interrogated
questions ;

and how-

they may be forgiven to the

former ought to

It is sufficient

them from his

exclude

thoughts.

last,

the forces of attraction

that

e1 expansion are two general, real, and fixed

t

ileCtS, for us to receive

hem for causes of par

ticular ones; and impulsion is one of these cf
fccs,whiichi we must not look upon as a general
cause, known and demonstrated by our senses,
since we have proved that this force of impul
sion cannot exist nor act, but by the means of
attraction, which does not fall upon our senses.
Nothing is

more evident,

nay,

certain, than

the communication of motion by

impulsion

it is sufficient for one body to strike another to
But even in this sense, is

produce this effl'ct.

not the cause of attraction
that motion,

in all

most

evident, and

cases, belongs more to at

traction than impulsion ?
The first reduction
perhips

be possible

being

made,

it

might

to adduce a second, aIl(l

(o bring back the power even

of expansion to
that
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that of attraction, insomuch that all the forces
of matter would depend solely on a primitive
one; at
that

least this idea seems to be worthy of

sublime

works.

we

Now cannot

attraction

with

simplicity

nature

conceive that

this

repulsion every time

it

changes

which

that bodies approach near

enough to rub to

gether, or strike one against the other?

Tin

penetrability, which we must not regard as a
force, but as

a resistance eseiidaI to matter,

not permitting two bodies to occupy the same
place, what must happen when two molecules,
which attract the more powerfully as they ap
proach nearer,
other?

suddenly

strike against each

Does not (lien this invincible resistance

of impenetrability,

become

an

active force,

which, in the contact, drives the bodies with
as much velocity, as they had acquifed at the
moment they touched? And
expansive

from hence the

force will not be a particular force

opposed to the attractive one,
derived therefrom.

but

an effect

1 own, that we must sup

pose a perfect spring in every molecule, and
in

every atom of matter, to have a clear con

ception how this change of attraction into repulsion is performed.

But even this is

indicated by facts; the more matter is
Suffi-ciently
attenuated, the more it lakes a spring.

Earth.

and water, which are the most gro:sag'grcgatcs,
have a less spring than air;

and fire, which i
tile
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the most subtle of all the elements, is also that
vli icli

has the

most

expansive

force.

The

sinaIkst molecules of matter., the smallest atoms
with w !iich

we

are

are

acquainted

those of

light, and we are SeIISflJk of their being pefcctiy
clastc, since the angle under which the light is
rcfkctcd, is always equal to that under which it
\c may thcreibre iu1r, i hat all the con

cnnies

St iuivc parts uma tcr ia c: cucral, area perl't-ft
pri' ; anU that this spring

uccs all the ef

fects of the expansive force, cvcrv time that bo
dies strike by inectirie' in opnositc directions.
of no other mcns of producing

\"-e know

t ri king or

fire,

but by

luer

; since by

burninr p'lase
-will have no

ru I"!) in g bodies togc

u1pnsiug man without
and without

other

means

for the fire produced

actual.

fire,

lie

of producing it ;

by uniting

light, or by applica ion

any

of fire

the

rays

of

already pro

duced, had the same origin.
i)aisVe force, therefore, in reality might
be only the

re-action

of the attractive, a re

action which operates every time that the
pri
mitive molecules of matter, always attracted
one by

the

touch;

for

oilier,

happen

immediately

then it is necessary,

to

that they be

repelled
The fire, which arses from the fermentation of herbs
heaped together, and which manifests itself in effervescences,
is not an exception that can be opposed to me, since thi5
production of fire depends, like all the rest, from the action
tf the shock of the parts of matter one against the other.

http://www.geology.19thcenturyscience.org/books/1808-Buffon/README.htm
hISTORY.

NATURAL
repelled
acquired

with a

much velocity

as

23
they had

a contrary direction, at the mo

hi

and when these molecules

ñOtnent of contact;

are absolutely free from all cohcrcncc and only
alone produced by their at

Ohy the motion

traction, this acquired velocity is immense in
the point of contact.
which are the

Heat, light, and

greatest

fire,

effects of expansive

force, will be produced every time that bodies
re either artificially or naturally divided into
very minute

parts, and

rections; and

meet in opposite di

the heat will

more sensible, the

light

be so much

so much

the

the

more

bright, the fire so much the more violent, ac
cording as the molecules are precipitated one
against the other with more velocity by their
force of mutual attraction.
From the above it must be concluded, that
all matter hay become light, heat, and fire ;
and that this matter of fire and light is not a
substance different from every other, but preserves all its essential qualities; and even most
of the attributes of common matter, is evidently
proved by, first, light, though
particles almost

composed

infinitely minute,

of

is, never

theless, still divisible, since with the prism we
separate the rays, or different coloured atoms
oie frOm another.

Secondly, light, though

in appearance endowed with
VA. x.

F

a quality quite
opposite
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that is, with a vola
opposite to that of weight,
never
tility which we might think essential, is,
theless, heavy like all matter,
every time it

passes

since

it bends

near other bodies, and

finds itself inclined to their sphere of attraction.
It

is very heavy,

relatively

to

its

volume,

which is very minute, since the immense velo
city with which light moves in a direct line,
does not prevent it

from feeling sufficient at

traction near other bodies,

for its direction to

incline and change in a manner very sensible
Thirdly, the substance of light

to our eyes.

is not more simple than all other matter, since
it is composed of parts of unequal weight;

the

red rays are much heavier than the blue;

and

between these two extremes there are an infinity
of intermediate rays, which approach more or
less the weight of the red, or the lightness of
the blue according to their shades.

All these

consequences are necessarily derived from the
phenomena of the inflection of light, and of its
refraction,

which, in reality,

is

only an in

flexion which operates when light passes across
transparent bodies.

Fourtlily, it may be de
monstrated, that light is massive, and that it
acts, in some

cases

as

all other bodies act;

for, independently of its
ordinary effect, which
is to shine before our eyes, and by its own
action, always accompanied with

lustre, and
often
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often with heat, it acts by its mass when it is
condensed, and it acts to the point of putting
in motion heavy bodies placed in the focus of
a good burning
pivot placed

glass:

it turns a needle on a

in its focus: it displaces leaves

of gold or silver before it melts or even sensibly
heats

them.

This action,

produced

mass, precedes that of heat: it
tween the

by

its

operates be.

condensed light and the leaves of

metal in the same manner as it operates between
two

other bodies which become contiguous,

and, consequently, have still this property in
common with all other matter.

Fifthly, light

is a mixture, like common matter, not'only of
more

gross and

minute

parts,

more or less

heavy or moveable, but also differently shaped.
Whoever has observed the phenomena which
Newton calls the access of easy ieflection, and
of easy transmission of light; and on the ef
fects of double refraction of rock and Iceland
that the atoms
chrystal, must have perceived
of light have many sides, many different sur
faces, which, according as they present them.
selves, constantly produce different effects.
This, therefore, is sufficient to demonstrate
that light is

particular nor

neither

from common matter;

different

that its essence, arid its

gsential properties are the same;

and that it
differs
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differs only

from

having

undergone,

in

he

point of contact, the repulsion wiicnce its vo
and in the same tuujoer as

fatuity proceeds;

the effect of the force of attraction extnds,
always decreasing as the space augLuqJ.ts, the.
effects of repulsion ex tend and decrease

thc

mQre, but in an Inverted order, iiiso-much that
we can apply to the expansive
is known of the

attractive.

force

These

all that
are two

instruments of the same nature, or rather the
same instrument, only managed in two opposite directions.
All matter will become, Iigbt, for if 41 co
herence were destroyed it would be divided into
molecules sufficiently minute, and tJicse mole
cules, being at liberty, will be determined by
their mutual attraction to r4ush one against the
other.

Jn

the moment of the

shack t1c re

pulsive force will be exercised, the molecules
will fly in all directions with an almost infinite
volatility, which, nevertheless, is not equal to
their velocity acquired in themoinen.t of con
tact, for the law of attraction being augmented
as the space diminishes, it

is evident, that at

the contact the space is always
proportionable
till the square of the distance becomes nil,
and.,
consequently, the velocity acquired by virtue
of the attraction must at this

point

becoie
almost
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almost infinite: ad it would be perfectly so
if the

contact were

imnicdi4te, and,

quen-tiy, the distance

consc

between the two bodies

otli in g ii nature entirely
iii!, and nothing truly infinite; and all that 'l
void ;

but 1 iere is

f the iifinite minatcncss.ofthc

have observed

4tom.s wjiicii ooistitute light, of their pciftct
aid of the nil.distance in the moment
of contact, iui.st be understoodoniy reI4ively
If this mtapbysical trulli were doibted, a phy
sicaldernonstration may be given,

It is pretty

generally known that light employs seven mi
nutes and a baU' to come from the sun to the
earth;

sujposing, therefore, the sun at tbiry

six millions of miles, Iilitdar;ts through this
enormous -distance in that short space, that is
(supposing its motion uniform),
in one second.

But this

O,OOO miles

velocity, although

prodigious, is yd-, far from being it finite, since
it is

determinable by numbers.

It will eei

cease to appear so prodigious, when we reflect
on the celerity of the motion of the comets to
their pcri.helia., or even that of ft.e planets, ajid
by cornp.uting that., we shall
locity

of those

nearly be c

nd that the ve

Lflrfl.O$C wsses

ipared to lMt

f the

ay pretty
atom

of

light.
So, likewie9 as all zat.tcy

ai

e coverted
into
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into light by the division and expulsion of us
parts,

when

they

feel

a

shock

one

against

another, we shall find that all the elements are
convertible;

and if it have been doubted wlic

tlier light, which appears to be the most simple
clement, may be converted into a solid sub
sfance, it is because we have not paid sufficient
every phcnomcna, and were ina.

to

it, Ucnfion

fected with the prejudice, that being essentially
'volatile it can never become fixed.

But it is

and volatility depend on
plain that the fixity
the same attractive force in the first case, and
become repulsive

in

the second ;

and

front

thence are we led to think that this change of
matter into light,
is

one

of

the

and from light into matter,

moat frequent

operations

of

Nature.
Flaying shewn that impulsion

depends on

attraction; that the expansive force, like the
attractive, becomes negative; that light, heat,
and fire, are only modes of the common exist
in one word, that there exists but

ing matter;

one sole force, and one sole matter, ever ready
to attract or repel, according to circumstances;
let us see how, with

this

single spring, and

this single subject, Nature can vary her works,
ad infinitum.

In

a general point of view,

light, heat, and fire, only make ojie object, but
ill
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point of view they are three

distinct objects, which, although

resembling

in a great number of properties, differ never
tlielcss in

few others, sufficiently essential for

us to consider them as three distinct things.
Light, and

elementary fire,

compose, it is

said, only one and the same things
be, but as

we

have

This may

not yet a clear idea of

elementary fire we shall desist from pronounc
ing on this first point.

Light and fire, such as

we are acquainted with, are two distinct sub
stances, differently composed.

Fire is, in fact,

very often luminous, but it sometimes also ex
ists without any
whether

appearance of light.

luminous

or

obscure,

never

Fire,
exists

without a great heat, whereas light often burns
with a noise without the

least sensible heat.

Light appears to be the work of nature while
fire is only the produce of the industry of man.
Light subsists of itself, and

is found diffused

in the immense space of the whole. universe.
Fire cannot subsist without food, and is only
found in some parts of this space where man
preserves it, and in some parts of the profundity
of the earth,
suitable food.

where it

is also supported

Light when

by

condensed and

united by the art of man, may produce fire,
but it is only as much

as it lets

fall on combustible
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bustible matters.

Light is therefore no more,

and in this single instance, only the principle
of fire and not the fire itself: even this principle
is not immediate,

it supposes the inter

for

mediate one of heat,

and which

appears

to

fire.
appertain more than light to the essence of
Now heat exists as often without light as light
exists

heat :

without

these

two

principles

might, therefOre, appear not to bind them tie
their effects are not cOn

cessarily together;

temporary, since in certain
feel

heat long

others we
heat.

see

before

circumstances we

light appears, and

light long before

Hence is not

we feel any

heat a mode of being, a

modification of matter, which,
less than all the

ii

rest from

in fact, differs

that of light,

but

which can be considered

apart, and still more

easily conceiVed ? It is,

neveithcIcss, certain,

that much fewer

discoveries have been

on the nature of heat than
whether

man

better

than what he feels;

made

on that of light;

catches

what

lie

sees

whether light, presenting,

itself generally as a distinct and different sub
stance from all the rest, has appeared worthy
of a particular consideration; 'whereas beat, the
effect of which is

the most obscure, and

pre-sents
itself as a less detached and less simple
object,

has not

been

regarded

as

a

distinct

substance,.
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of
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light and

lire.
The first hung' worthy of remark,
the seat of heat
light :

is,

that

is quite different from that of

the latter occupies and runs through

the void space of the universe ;

heat, on the

contrary, is diffused through all solid

matter.

The globe of the earth, and the whole matter
of which it is composed, have a considerable
degree of heat.

Water has its degree of heat

which it does n& lose but by losing its fluidity.
The air has also heat, which we call its tempe
rature,and which varies much, but is never en
tirely lost, since its springs subsist even in the
greatest cold.

Fire has also its different dgrecs

of heat, which appear to depend less on its own
nature, than on that of the aliments which feed
it.

Thus all known matter possesses warmth;

and, hence, heat is a much more general affec
tiori than that of light.
Heat penetrates everybody without excep
tion

vluich is exposed to it, while light passes

through transparent bodies only, and is stop
ped and in part repelled, byevery opaque one.
Heat, therefore acts in a much more general and
palpable manner than light, and although the
molecules of heat are excessively minute, since
they
VOL

penetrate the most

compact bodies, it

G

seems

x
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f1

seems, however, demonstrable,

that they ar

much more gross than those of light ;

for we

make heat with light, by collecting it in a great
quantity.

Besides, heat acting on the sense of

that its action be pro.
feeling, it is nccecssary
portionate to the grossness of this sense, the
same as the delicacy of the organs of sight ap
extreme fineness of the parts
pears to be to the
of light;

these parts move with the greatest

velocity, and act in the instant at immense dis
tances,

whereas those of heat have but a slow

progressive motion, and only extend to small
intervals from the bodies whence they emanate.
The principle of all heat seems to be the at
trition of bodies ; all friction, that is, all con
trary motion between solid matters produces
heat; and if the same effect do not happen to
fluids, it is because their parts do not touch
close enough
and

that,

to rub

one

the other;

adherence

between

them, their resistance to the shock

of other

having

little

against

bodies is too weak for the heat to be produced
to a sensible degree; but
produced by an attrition
feeling any heat.

All

we

often see light

of a fluid, without

bodies whether

great
little
or
become heated as soon as they meet in
a contrary direction ;

beat is, therefore, pro

duced by the motion of all, palpable matter;
while
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while the production of light, which is also
made by motion, but in a contrary direction,
supposes also the division of matter into very
minute parts: and as this operation of Nature
is the same with respect to both, we must con
chide, that the atoms of light are solid of them.
selves,

and

are hot at the moment of their

birth.

But we cannot be equally certain, that

they preserve their heat in the same degree
as

their

light,

nor that

they

cease

to

be

hot before they cease to be luminous.
It is

well

known, that heat grows less, or

cold becomes greater, the higher we ascend on
the mountains.

It is true that the heat which

proceeds from the terrestrial globe, is of course
sensibly less on those advanced

points, than

it is on the plains; but this cause is not prom
portionable to the effect;

the action of heat,

which emanates from the terrestrial globe, not
being able to diminish but by
the distance,

the square of

it does not appear that at the

height of half a mile, which is only the three
thousandth part of the semi-diameter of the
taken for the fo
globe, whose centre must be
cus of heat, that this difference, which in this
supposition is only a unit and nine millions,
can produce a diminution of heat nearly so
considerable;

for the thermometer lowers at
that
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that height, at all

times of the

year, to then

It is not probable, that this

freezing point.

great. difference of heat simply proceeds from
the

dfTercnce of the earth ;

and

of that we

must be fully convinced, if we consider, that
at the mouth of the volcanos, where

he earth

is hotter than in any other part on the surface
the air

of the globe,

is

nearly as cold as on

other mountains of the same height.
It may then be supposed that the atoms of
light, though

very hot at the moment of q nit-

thug the sun, are greatly cooled (luring the se
ven minutes and

a

half' in

which

from that body to the earth ;

they pass

and this in fact

would be the case if they were detached; but,
as

they

almost

other, and are

immediately

succeed

each

the more confined as they are.

nearer the place of their origin, the heat lost
by each atom falls on the neighbouring ones;
and this reciprocal communication supports
the general heat of light a longer time;

and

as their constant direction is in divergent rays,.
their distance from each

other

run
cording to' the space they

increases ac
over ;

and as

the heat which flies from each atom, as a cen
tre, diminishes also in the same ratio,

it fol.

lows, that. the light of the solar rays, decreas
ing in an inverted ratio from the, square of the
dan
ist, . cf.,
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distance, that of their heat decreases in an in
verted ratio of tliesquareoftlie same distance.
therefore tli

rfakin
sun for a

unit,

semi-diameter of the

and supposing

the action of

of a derni
light to be as 1000 to the distance
diameter of the surlace of this planet, it will
I
not be more than as
to the distance of
"I
to that of three
two dcnii-diameters; as
0O
to the distance of four
derni-diameters, as
demi-diameters ;

and finally,

when it arrives

at us, who are distant from the sun thirty-six
millions of leagues, that is about two hundred
and twenty-four of its demi-diameters, the ac
1000
tion of lirht
will be no moie than as
h
50625
that is, more than 50,00() limes weaker tintit
at its issuing from the sun ;
each atom
at

and

the heat of

of light being also supposed 1000

its issuing from the sun, will not be more

1---- 19
to the successive of
16
81
256
1,
, 3, demi-diancters, and, when arrived at
1000
more than two
us
as
that is
2562890625
thousand five hundred millions of times
than as

weaker than at issuing from the sun.
If even this diminution of the heat of light
liou1d not be admitted by reason of the squared.
square of the distance to the sun, it will still
be evident that heat, in its propagation, dimi
nishes more than light.

If we excite a very

strong heat, by kindling a large fire, we shall
only
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but we shall
only feel it at a moderate distance
If we bring

see the light at a very great one.
our hauls by

degrees

body excessively

hot,

nearer and

the

space

ourselves

warm

in

proportion

diminishes ; for

with

which differs only by

a

we shall perceive that

the heat increases much more
than as

nearer

we

may

distance
pleasure at a
a few incites from that

at which we should be burnt.

Every thing,

therefore, appears to indicate, that heat dimi
flISIICS in a greater ratio than light, in propor
as both

tion

are

removed

from

the

focus

whence they issued.
This might lead us

to

that the

imagine,

atoms of light would be very cold when they
came to the

surface of our afnosphere;

that by traversing the great extent

but

of this

heat by
transparent mass, they receive a new
friction.

The

infinite velocity

with

which

the particles of light rub against those of the
air, must produce a heat so much the stronger
as the friction is more multiplied :

and it is,

probably, for this reason, that the heat of the
solar rays is found much stronger in the lower
parts of the atmosphere, and that the coldness
of the air appears to augment as we are elc.
vated.

Perhaps, likewise, as

light receives

beat only iiy uniting, a great number of atoms
of light is required to constitute a single atom
of
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and this may be the cause wily the
moon, although in the at

feeble light of the
mosphere, like that

of the

sun, does not re

ceive any sensible degree of heat.

If,

as M.

Bougucr says, the intensity of the light of the
sun to the surface of the earth is 300,000 times
stronger than that of the moon, the latter must
he almost insensible, even by uniting it in the
focus of the most

powerful burning glasses,

which cannot condense it
times;

morc

than

subtracting the half of which

2000

for the

loss by reflexion or refraction, there remains
only a 300dth part

intensity to the focus of

the glass.
Thus, we must not infer that light can exist
without any heat,

but

of this heat are very

only that the degrees

different, according

to

different circumstances, and always insensible
when light is very weak.

Heat, on the con

trary, seems to exist habitually, and even to
cause itself to be strongly felt without light;
for in general it is only when it becomes ex
cessive,

that light accompanies it.

But the

very essential difference between these two mo
difications of matter is, that heat, which pene
trates all bodies, does not appear to fix in any
one,

whereas

guishes in

light

incorporates

all those which

do

and

extin

not reflect, or
permit
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permit it tO pass freely; heat bodies of all kinds
to any degree, in a very short time they will
lose the acquired heat, and return to the general
If we receive light on black or

temperature.

white bodies, rude or polished, it will easily be
perceived, that some admit,

and others repe

and that instead of being affected in auni

it;

form manner as they are by heat, they are only
so relatively to

their

nature, colour, and

Black will absorb more light than white,
po-lish.
arid the rough more than the smooth.

Light

once absorbed remains fixed in the body which
received

it,

nor

quits it like

heat;

whence

we must conclude, that atoms of light may be
come constituent parts of bodies

by

uniting

with the matter which composes them; whereas
heat

not

fixing

at all, seems to

prevent

the

union of every part of matter, and only acts to
keep them separate.

Nevertheless, there are

instances where heat remains fixed in bodies,
and others where the light they have absorbed
re-appears, and goes out hike heat.
After all there appear to be

two kinds of

heat, the one luminous, of which the sun is the
focus; the other obscure, of which the grand
reservoir is the terrestrial globe. Our body, as
making part of the globe, participates of this
obscure heat;

and it

is

for this reason, that
it
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us, because we

perceive it by any one of our

do not

senses.

It

is

with respect to this heat of the g1be, as with
its motion we arc subject to and
participate
thereof without feeling or doubting of it': from
hence it happened that
physicians at first car:
ried all their views and
enquiries on the heat

of the sun, without
suspecting that it makes but
a very small part of what we
really feel ; but
having made instruments to discover the ditfer

ence of the immediate heat of the rays 0 the
sun, they with
astonishment found that the
heat of them was sixty-six
summer

times stronger in

than

in winter,
notwithstanding the
strongest heat of our summer differs only a
seventh from the strongest cold of our winter;
from whence they have concluded, that, inde
pendent of the heat we receive from the

sun,

there emanates another, even from this terres
trial globc,which is much more considerable
;"
insomuch,

that it is at present demonstrable,

that this heat, which escapes from the bowels of
the earth, is in our climate at least twenty-nine
times

n summer, and four hundred tines in

winter, stronger than the heat which comes to
us from the sun.
This strong heat which

resides

tcrior part of the globe, and
x

11

in

which,

the in
without
ceasing
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to emanate, externally, musts

ceasing.

element,. enter into the combination of all the.
If the

elements.

other

Nature, the

heat

of

is the parent of

sun

the

earth

be the.

must

mother; they both. unite to produce, support,
and animate organized beings, and to assimilate
This in

and.ëonpose inanimate substances.
terniJ heat of the
from

centre to

the

my opinion,
can

globe, which tends always

a

the. circumference, is, in.
agent in nature.

great

scarcely doubt but.it

We.,

is the principal in.

flucnce" on the perpendicularity of the

trunks

of trees, on the phenomena of electricity,
the

effects

of magnetism, &c.

But

as I

on
do

xotpretend-to make a.pliysical treatise, here., I.
shall. confine-myself to

the effects of this heat:
It. is alone sufficient

on, the other

elements.

t

the rarefaction of the air, to the

maintain

degree.-that, we

in:

keep water in

¬fi3/4cient t
fçr

breathe

it

is

more

than

its state of fluidity,

have. lowered the thermometers to the

we

depth of. 120

fathoms,

and. have

found

the

temperature of the water, was there nearly the
same as

at

the

like

depth

naniely, ten degrees two thirds.
therefore,
a

in

the

earth,

We must. not,

be surprizeci, especially as salt acts

a prevention, that

nQt freeze,

that

the

sea, in general does

fresh. water freezes. bt. to a
certain
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In thickness, and that the water at bottom.

always reinins iiquid,even in the most intense
frosts.
But of all the elements the earth is that on
istnecesarily have

which this irternal heat
produced,
effects.
much

and

rflljs

still

greatest

heat originally was doubtless
it is at present; therefore

greater 'than

We must refer to it, a
sbliniations,
u

the

produces

to the first catie, all the

reciitaions, aggregations

and

eparaticns, which har&ben, aiid still ciitThe
to be made in the internal

part of the globe,

especially in the etenal iae

which

li
penetrated, and the matter of which

e hare
bees

removed by the cOnvtisioñs of Natre, or by
the hands of man.

The

whole

mass of the

globe having been rncted, or, liquefied
the internal is only a.
whose simple

ncete

substance

alteration by heat alOne;

rdiscrcet glass

canot "èceive any
there

is,

threfOre,

layer,

which.

of external
being exposed to the action.

causes

only an

upper

and

by fl,

superficial

united to that of the internal
nndergoi.e

heat,

will have

all the modifications, differences,

and forms, in one word, of Mineral Substances,
which their combined actions were enabled to
produce.

Fire, which at first sight appears to be only

-

-

also boa
compound ofheat and light, might
modification
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modification of the matter, though it does no
essentially differ from either, and still less from
both lakeit together.
heat, but

Fire never exists without

it can exist

Heat

without light.

nionc, deprived of all appearance of light, can
produce the same effects as the most violent fire;
so can also light, when

it

is

united.

Light

seems to carry a substance in itself which

has

no need offuel ; but fire cannot subsist without,
absorbing the air, and it becomes more violent
in proportion to the quantity itabsorbs; where
s light, concentrated and received into a ves
sel exhausted

of air, acts as fire in air;

and

heat, confined and retained in a narrow space,
ubsists

and even augments with a very small

quantity of food.
between fire,
fore, to

The most general difference

heat, and light, appears, there

consist in the quantity, and

perhaps

quality, of their food.
Air

is the

first food

of fire;

matters are only the second.

combustible

It has been (IC-

i.nons.trated, by experiments, that a little spark
of fire,

a vessel well closed, in a short
placed in

tine absorbs a great qu antityof air, and becomes
etinguishec1 assoon as the quantity or quality,.
of this food becomes deficient.
By other ex
periments it is proved,

that

the

lustib1e maters will not consume

most corn
ill

vessels
welt.
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well closed, although exposed to the action of
the

fire.

greatest

Air

is, therefore, the first

and true food of fire, and combustible matters
would

not

be

able to supply it without the

assistance and mediation of this element.
We have observed that heat is the cause of
all flukhity,.. and we find, by comparing some
fluids together, that more beat is requisite to
keep iron in fusion than

gold;

and more

to

tin; much less is necessary for
keep gold than
wax, for water less than that, and still less for
and a mere trifle is sufficient
spirits of wine,
for mercury, since the latter goes 187 degree
below what water can without losing its fluidof all
ity; mercury, therefore, is the most fluid
matter,

air

excepted.

Now

this

superior

ad
fluidity in air indicates the least degree of
Ilerence possible between its constituting pains,
and supposes them of such a figure as only to
be touched at

ne point.

It may be also ima

endowed with so little ap
gined, that, being
attraction, they are,
parent energy and mutual
for that reason,. less massive, and more light,
than those of every other body; but that con
elusion appears unfounded, from the compa
rison of nicrcury,. the next fluid body,
which the constituting parts appear
masixe and

heavy than

but of

o be more

tho2e of ay

o1lie

naUr
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matter, exc3pting gold.

The gthater or kssr

fluidity, does not, therefre, indicate tbat 66
'parts oft he fl u i d are more or less weig1 ty, '1) ut
only'that their aalierence is so inud1i the 1cs,
and their se'paratio'n'

o much the easier.

Air, therefore, of 'all known matter, is (hat
which heat divides the

easiest,

and is very

near the nature of fire, whose 'property 'consists
in the expansive motions of its parts;
is

from

this

augments

that

similarity

the

ctivity

air

and it

so -strong`i7

of fire, i'o

'cvhich it is

the
most
conthsjbl
Even
. powerftirassisfatt.,'
fod
cesary
n andand -the most
ate

matters will
air,

Tot keep

it -alive

in
~tim

if deprived of

for under this 'rivain 'the most intenSe

fire will riot burn;
su1ficien

but a single spark ofair i

to kiurd1lethem, and in proportfona

it is supplied with that clement

the

fire

be

comes strong, extcndCd, and devouring.
Artificial phosphorus, andgull Powder, seem,
at first, to be an exception, for they have no
need of the assistance of renewed air ±o-inflam
uid whoUy consume them:

their combustion

may be performed in the closest vessels,
tlvit is because
the

most

but

those matters, whiéh are alsó

combustible, contain the neCessary

quantity of air in their substance, therefore they
have no need of tl!e

ssi,lace of foreign air
This
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This seems, to indicate.-that the most: essential
difference

between

combustible

matters

and.

those which are not, so,. consists in, the latter
conlainin'g only a

few

or

none of the light,

ethereal, and. oily matters susceptible ofan ex
pansive moLion,.Qr, at least

if they contain

them, tlit they are fixed, so that. they cannot
exercise their volatility whenever the force ofthe.
fire, is not strong enough to surmount the force
of adhesion which retains them- united; to the.
xcd parts of matter.

It. may be, said that: this

induction is confirmed by a number of obscrva.
tions well kjiownto-chemists;

but

what ap.

pears to be less- so, and which, nevertheless, is
a necessary consequence of it, is, that all matter
may become volatile when the expansive force
of the fire can be. rendered superior to the-at
tractive force which holds the parts of matter
united;

for

though

to

produce

a lire. suffi

cicatly.strong it may require better constructed
mit'iors than

any. at. present

known,

yet we

are. certain that fixity is. only a relative qua
lity, and that there. is no matter absoiutely.so,
since heat dilates
is not this

most fixed bodies

Now

dilation the index of a beginning

separation, that may be augmented with a de
gree of heat to fusion, and with a still greater
beat to voiatilisatioii ?
Combustion
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Combustion supposes something more than
volatilisationi; it is not sufficient that the parts.
of matter be sufficiently

separated

to be car

ried off by those of heat; they must also be of
an

analogous

without that,

fire;

being the most fluid

mercury,
would

to

nature

next

to

air,

also be the most combustible, whereas

experience

demonstrates,

volatile it is
general,

that

not combustible.

composed

of

four

though

Matter is, in
sub

principal

stances, called elements, that is, earth,
air, and fire.

very

water,

Those in which earth and water

predominate will be fixed, and will only be.,
come volatile by the action of heat; and those
most

'which contain

air and

only real combustibles.

lire will be the

The great difficulty

iiere is clearly to conceive how air
both so

volatile,

and

fire,

fix and become consti

can

tuent parts of all bodies.
Fire, by absorbing air, destroys the spring..
Now there are but two methods of destroying
a spring, either by compressing it till, it breaks,:
or extending

it

till

it loses its effect.

It is

plain that fire cannot destroy air by conipres
sion, since the least degree of heat rarefies it;.
on

the contrary, by

a

very

strong

heat the

Taref'Lction of the air will be.-so
great that it
'will occupy a
space thirteen times more

ex

tended than that of its

and

general volume;

by
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by this means the spring becomes

weakened,

NATURAL

and it is in this state that it can become fixed,
,And unite with

other bodies.

Light, whicli fills on bodies, is not merely
reflcted,

but

quantities on

remains in

the

small thickness of the surface which it strikes ;
motion, extends, is fix
consequently it loses its
ed, and becomes a constituent. part of all that
it

penetrates.

formed and

Let its add this

light,

trans

to the above air,

fl;cd in bcxhes,

and to both, the cons! ant and actual heat of the
terrestrial globe,. whose sum

is

much greater

than that which comes from the sun, and then
it will appear to be not only one of the greatest
of Nature, but
springs of the mechanism
element with which the whole

matter

an.

of the

globe is penetrate(].
If we consider more pan icularl v the nature
of combustible matters, we shin!! find, that they
all proceed oririnally frori ye
mals ;

in

a worth,

etables a

d wi

from bodies placed on

the

surface ofthe rlobc, which the SUL enlightens,
heats, and

Wood, bithrner, resins,

vivifies.

suet,
coals, fat and oil, by expression, wax, and
are substances proceeding immediately froiri
animals
amber,

and vegetables.
liquid,

or concrete

Turf,

fossil,

coal,

bituniens, are the

their mixture, and (heir decom
prothictions of
0 L. X

I

position,
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forms sulphurs,
position, whose ulterior waste
and the combustible parts of iron, tin, pyrites,
and

inflammable

every

I

mineral.

know,

that this last assertion will be rejected by those
who have studied nature only by the mode of

sider,
and

must request (item to

but I

chemistry;

con

that their method is not that of nature,
cannot even approach it without

that it

banishing

all

those

precarious

principles,

those fictitious beings which they play upon,
vithout being acquainted with them.
But, without pressing longer on those general
considerations, let us pursue in a more direct
and particular manner the examination of fire
and

its

much

effects.

The action

of fire

depends

on the manner in which it is applied;

and the effects of its

motion, on similar

sul

tances, will appear different according to the
mode in which it is administered.

I conceive

that fire should be considered in three different
stales, first relative
as to its

volume;

Under each

to its velocity;

secondly,

and thirdly, as to its mass.

of these

points of view, this cle

ment., so simple, and so uniform to all
ance, will appear

appear
diffrent.
The
extremely

velocity of fire is augmented without the ap
parent

volume being

that in a
given space

increased, every time
n4

lle4

with

coin

lustihle
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Imstiblc

matters,

its

action and expansion is

the velocity of the air
pressed by augniCiting
e
caverns, ventilators,
a.spirati v
by bellows,
tubes, &c. all of which accelerate more or less
directed on the
rapidity of the air

the

fire.

The action of fire is augmented by its volume,
when a great quantity of combustible matters
is

and

accumulated,

1it

the

and

fire

are

driven into the reverberatory furnaces, which
and
comprehend those of our glass, porcelain,
pottery

manufactories, and all those wherein

metals and minerals are melted, iron excepted.
Fire acts here by its volume, and has only its
own velocity, since the rapidity is
mented by the bellows, or

not aug.

other instruments

which carry air to the fire.
There are many modes of augmenting the
atiôn

of fire by its velocity or volume;

but

there is only one way of augmenting its mass;
focus of a burning
namely, by uniting it in the
glass.

When. we receive

or reflecting
even

those

on

th

mirror, the rays of the
of a

them in so much

well-kindled

inch

fo'cu,

of four
it

is

fire,

sun, or
we unifé

the less space, as the mirro

is longer, thud the focus shorter;
by a mirror

refracting,

for exanipk,

feet diameter,

clear, that

and on

the qtlantity of

light, or fire, which falls on thefotu'feet mirror,
will
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will be united in the
space of one inch
t

will be 234 linies denser lha

it

that, is,

vas, if all

the incident matter arrived to this focus with
out any loss,

and

even : he

when

loss is two

thirds or three fourths, the mass of fire coucci
hated in the focus of this mirror, will
be six or seven hundred
the

surface.

In

the mass goes

by

and the

lume;

this,

times dcii ser than on
as

in

all

the contraction

fire

always

which we

other cases,
of the vo

thus

augment

the density of, has all the properties of a mass
of matter;

for, independently of the action of
it penetrates bodies, it iinpels

heat, by which

and displaces them

as

a

solid

moving body

which strikes another would do.
Each

of these modes of administering fire,

and increasing either (lie velocity, volume, or
mass,

often produce very different

the same substances;

effects

insomuch, that

on

no reli

ance is to be placed on any thing that cannot
be worked at the same time,
by all three.

or successively,

In the like manner,

as I divide

into three general proceedings the administra
tion of this element, I divide every matter that
canbc submitted to its action into three classes.
Passing over for

the present those which

purely combustible,
proceed

from

and which

animals

and

are

immediately

vegetables;

we

proceed
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in the first class of which
prOCCC(I to minerals,
reckon

we

action,

those mineral matters, which this

continued

a

for

time,

long

IC

ders

lighter, as iron ;

in the second, such as it ren

ders

lead ;

heavier, as

and in the third class,

are those matters on which, as gold, this action
of fire does not

appear to

sible effect, since it

produce

any sen

does not at all alter their

All existing matters, that is, all sub.

weight.

stances simple and compounded, will necessa
rily be

under

CO1flprize(i

one

of these

three

classes ; and e,,,,perin-ients on them by the three
proceedings, which are not difficult to be made,
and only

require

exact ne s and

dcvelope

many useful

time, might

discoveries, and prove

very necessary to build on real principles the
theory of chemistry, which

has hitherto been

carried on by a precarious nornenclatura, and
on words the more vague as they are the more
general.
Fire is the lightest of
standing

\VhiClI

nil

bodies, notwit.li

it has weight, and it may be

demonstrated, that even in a small volume it is
really heavy, as it obeys, like all oilier matters,
the

general law of gravity, and consequently

must have connections or affinities with other
bodies.
will be
affinity.

All matters
those with

it renders more weighty

which

One of the

it

has

the

greatest

effects of this affinity in
the
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the matters

is

to retain the substance even of

fire, with which it is incorporated, and this in
loses its
eorporaüon supposcs that fire not only
beat aiid elasticity, hut

all

even

motion,

its

since it fixes itself in these bodies, and becomes
a

it

From whicl.i

constiLueut p:urt.

imagined that there is

fire under

may be

a fixed and

n almost every body.

concrete form

it, is evident, that all matters, whose weight
increases by the

attractive

'iL1i an

fire, are

action of'
force

superior

endowed
to

the ex

pansive, the

shic1i are ani
fiery particles of

mated ;

being cxtinguihcd

this

ceases, and

the

elastic

the

motion

arid fngitivc particles

become fixed, and take a concrete form.

'iliiis

fire, as
weight is increased by

matters, whose

lead, &c. are substances which, by their

tin,

affinity with fire, attract and incorporate.
matters,

on

the

contrary, which,

copper, &c. become
they are

calcined,

lighter

are

tractive forces, relative
CieS

is

less than the

and hence the

like

All
iron,

in proportion as

substances whose
to

the

at

igneous parti

expansive force of fire;

fire, instead of fixing in these

matters, carries off and drives away the least
adherent
sion.

parts which cannot resist its impul
Those which, like gold, platina, silver,

&c. neither lose nor
acquire by the application
of fire, are substances which,, having no affinity
ITith
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with fire, and

not being able to unite, canno,

consequently,

either

re:airi or

when it is carried off.

It is

accompany it

evident that th

matters of the two first classes have a
degree of affinity with fire,
second class
retain ;

and the fire

matters

since those

of the

are loaded with lire, which they
loads itself wit ii thOSC of

the first class, which it
the

certain

oil;

carries

of the third

class, to

whereas
which

it

neither lends nor borrows, have not any affinity
or attraction With
action,

which can

but are
neither

indifferent to its
nor

unnaturaliz

even change them.
This division
classes,

of every

matter

relate to the action of lire,

exclude the more particular and
division

into

of all matters into

three

(hoes not

less absolute

two otjier classes,

hitherto regarded as relative to their own na
ture, which is said to be alway
calcareous.

vitrifiable, or

Our new division is only a more

elevated port' of view, under wbih we

must

consider them, to endeavour to deduce there
from even

the agent that is used by the

vela-lions
fire can have. with every substance to
which it is applied.
We might say, with naturalists, that all

is

vitrifiable in NaMe, excepting that which is
ealcareons : that

quartz,

chrystas,

precious
stones,
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Stones,

flints,

grani e,

porphyries,

agates,

gy 'sums, clvs, lava, pumice s one,

with all

nie ais

and

other

minerals,

by the fire ot

either

mirrors;

whereas

ur

are

vitrifiable

furnaces, or

marble,

alabaster,

chalk, nmrl, arid oilier substances

that of
stoa es,

which pro

ceed from the rcsi(iI!e ofsliells and rnadreporcs,
cannot be reduced into fusio

by these means.

Nevertheless I am persuaded, that if the power
of our furnaces

mirrors were

and

further

in

creased, we should be enabled to put these cal
careoas

matters

in

fusion ;

multiplicity of reasons
bottom their
glass is

since there are a

o conclude, that at the

siibsance is

the

same, and that

the common basis ofall terrestrial matter.

By my own experiments I have found, that
the most powerful glass furnaces is only a weak
fire, corn pared with that of bellows
and that flc

produced in

furnaces ;

the focus of a good

mirror, is stronger than that of the most glow
ing fire of a

furnace.

for thirty-six hours

in

I

have

kept

iron ore

the hotcst part of the

glass furnace of Roucile, in B urgundy, without
its being melted, agglutinated, or even in any
manner changed ;

whereas, in less than twelve

hours this ore runs in a forge furnace.

I have

also melted, or volatilized, by a mirror many
matters vhich neither the fire, nor rcvcrbcratory

http://www.geology.19thcenturyscience.org/books/1808-Buffon/README.htm
ATtflAT HISTORY.
tory furnace,
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powerful bellows

furnace could cause to run.
It is commonly supposed, that flame is the
hottcs part of fire, yet nothing is more errorc
ous than this opinion;

the

contrary

may be

demonstrated by the most simple and familiar
experiments,

Offer to a straw fire,

or even

to the flame of alighted faggot, a cloth to dry
or heat, and treble the time

vih1 be required to

what would be necessary if presented to a bra
sIer without flame.

Newton very accurately

defines flame to be a burning smoke, and this
smoke, or vapour, has never time same quanti
ty or intensity of heat as the combustible body
from which it escapes.

By being carried up

wards and extending,

it has the property of

communicating fire, and

carrying

it

further

than the heat of the brasier, which alone might
not be. sufficient to communicate it when even
very near.
The communication of fire merits a particu
lar attention.

I found,

after repeated reflec

tions that besides the assistance of facts *which
appear

to have a relation to 14

that

experi

ments were necessary to understand the man
ner in which this operation of Nature is made.
Let us reieve two or three thousand weight of
iron in a mould at. its issuing from time furnace;
this metal in a short time loses its incandescence,
VOL. x.

h

and
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and ceases from its redness, according to the
thickness

of the ingot

redness leaves it,

it

If at the moment its

is drawn from the mold,

the under parts will be still red, but this colour
will fly off.

Now so long as the redness sub..

sisls, we can Hglit combustible matters by ap
plying them to the ingot;

but as soon as it has

lost its incandescent state, 'here are numbers of
matters which it will not set fire to, although
the heat

which it diffuses is,

per1ias a hun

(lied times stronger than that of a straw fire,
which would

inflame ihem.

This

made me

think that flame being necessary to the corn
niunication of fire, there is therefore a flame in
all incandescence.

The red colour seems,

in

fact, to indicate it; and indeed I am convinced,
that combustible, arid even, the most fixed mat
tcrs,

such as gold and silver, when in an

in

candescent state, are surrounded with a dense
flame which extends only to a very short (hs
lance, and which is attached to their sariace;
and I can easily conceive, that when flame be
comes dense to a certain degree, it ceases from
obeying the fluctuation of the air.
or red

This white

body, which issues from all bodies in.

incandescence, and which strikes our eyes, is
the evaporation of this dense flame winch stir
rounds the body by renewing itself incessantly
on its surface ; and even the light of the sun,
Iii
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such an
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amazing brightness, I

be only an evaporatioh of the dense
presume to
state that constantly plays on its surface ;
must regard as a true flame,

we

which

and

more

de;ise than any proceeding from our
pure and
combustible matters.
It is, therefore, by light that fire communicates, and heat alone cainot produce the same
effect as when it becomes very strong to be lu
minous.

Even svatr,f hat destructive element

to fire, by which alone we can prevent its pro
gress,

nevertheless

well-cksecl

vessel,

communicates

when

such as Papin's

in a

digester,

where it is penetrated with a sufficient quantity
of fire

to

render it luminous, and

melting lead and tin, whereas

capable of

when it is only

boiling, far from coinmuiica1ig lire, it cxtin
guisli's it immediately.

It is true, that heat

alone is sufficient to prepare and dispose com
bustible bodies for

inflammation,

off the humid parts from bodies ;

by driving
and what is

very remarkable, this heat, which

dilflt!s all

bodies, does not desist from hardeuinr them by
drying.

I have an huridred limes discovered ,

by examining the stones of my great furnaces,
especially
hardness in

the

calcareous,

proportion to

they

increased

in

the time they had

undergone the heat, and they also at the same
time became specifically heavier.

From this

circui'ust:tncc,
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circumstance,

I think

an

induction

may

be

drawn, vliicli would prove, and
fully confirm,
that heat, although in appearance
always
and never stable in the bodies which it
fu-gitive
penetrates, neverthclsss deposits in

a

positive

mariner many parts which fixes there even in
greater quantities than the aqueous and other
parts which it has driven off.

But what ap

pears very difficult to be reconciled, this same
calcareous stone,
heavier by
long

time

the

which

becomes specifically

action of a moderate heat a

continued,

becomes

near

a

hIlf

lighter, when submitted to a tire sufficient for
its caicination, arid, at the same time, not only
loses all the

hardness it

had acquired by the

action of heat, but even the natural adherence
of its constituting parts.
Calcination generally received,

is, with

re

spect to fixed and incombustible bodies, what
combustion

is to

volatile arid

inflammable.

Calci nation, like combustion, needs the assist
ance of air;

it operates so much the quicker,

as it is furnished
that clement,

with

a

greater

quantity

of

without which the fiercest fire

cannot calcine nor inflame
such matters as

any thing, except

contain in themselves all the

air necessary for those
purposes.
sity for (lie concurrence of air in

This neces
calcinat ion,

as in combustion, indicates, that there are more
things
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than

has been

The application of fire is the prin

ciple of both;

that of air is the second cause,

and almost as necessary as the first;
two causes

arc equally combined,

as they act in more

or

less

time,

but these
according
and

with

more or less power on different substances.
Combustion operates almost instantaneously;
calcination

is

sometimes so

thought impossible ;

long, as

be

for in proportion as mat

more incombustible,

ters are

to

the calcination

is there more slowly made; and when I he con
stituent parts of a substance, such as gold, are
not only incombustible, but appear so fixed as
not to be

volatilized, calcinalioii produces no

effect.

They

sidered

as

two

must

both, therefore, be

effects of the same

extremes are

delineated

cause,

con

whose

to us by

'which is the rnost inflammable of
phos-phorus,
all

and by gold,

bodies,

fixed

and

least combustible.

coniprized between
be

more

which is the most

or

less

All substances

these two

extremes,

to

subjected

will

the effects

of

combustion and calcination, according as they
approach
in

the

either

middle

of

them ;

points there

insomuch,
will

be

that

found

substances that endure an almost equal degree
of both

;

from which we may conclude,

that

all calcination is always accopmanicd with

a

little
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little

combustion, and all combustion with

little calcination.

a

Cinders and other residue

of the most combustible matters, demonstrate
has calcined all the parts it has not

that fire

burned, and consequently, a little calcinatioit
is found here

with combustion.

ilarne which rises from
calcined,

The

small

most matters, that are

demonstrates

combustion is made

also

that

a

slight

Thus, we must not se

perate these two effects, if we would find out
the results of the action of fire on the dilThr
cut sut.tances to which

it. is applied.

But it may be siid, that combution always
diminishes the volume or mss, on account of
the quantity of matter it consumes ;
on

the

contrary,

calchuition

weight of many substances.

and that,

increases

Ought

we

the
then

to consider these two effects whose results are
so

contrary, as effects

Such

an

objection

and deserves
is the

an

of the

appears

answer,

same nature?
well-founded,

especially as

most difficult point of the

For that purpose

this

question.

let us consider a matter in

vhich we shall suppose one half to

be fixed

parts, and the other volatile or combustible.
Bythe application uf fire to this, all the vola
tile or combustible
parts will be raised up or
burnt, and
consequently separated from the
hole mass; from hence this mass or
quantity
of
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of matter will be found diminished one

half,

as we sec it in calcareous stones, which lose neat
half their weight in the

fire.

But if we con

tinue to apply the fire for a very longtime to
the

other half, composed of fixed parts, all

combustion and
that

volatilization being

ceased,

matter, instead of continuing to lose

its

mass, mllst increase al the expense of the air
and fire with wli ichi it is penetrated ; and those
are matters already calcined, and prepared by
Nature

to

the

ceases, and

degree

consequently

combustion

where

of in

susceptible

creasino
from the first moment of
zn
C) the weirht
the

We have seen, that light

application.

extinguishes

on

the

of

surfce

which (10 not reflect;

all

bodies

and that heat, by long

residence, fixes partly in the matters which it
penetrates ;

we

know also that air

is

for cilc.ination, or combustion, and the
neces-sary
more so for cakination as having more fixity in
the

external parts of bodies,

constituent part :
gine, that

and becomes a

hence, it is natural to ima

this aumentation
9

of weight

pro-

CCCdS only from the addition of the particle
of liglif,

heat, and

air, which

are at length

fixed and united to one rnater, against which
efforts, without being
they have made so many
able either to raise or burn them.

This appea r
c lea ris'
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clearly to be the fact, for if we afterwards pre
sent a combustible substance to them
they will
quit the fixed matter, to which they were only
attached through

force, retake their natural

motion, elasticity, and volatility, and all de'
part with it;

frcm hence

metal, or calcuiized

matter, to which these volatile parts has been
rendered,

retakes

its

pristine

form,

and

its

weight is found diminished bythie whole quan
tity of fiery and airy particles which
in it, and

which

new combustion.

had been just. raised by this
All this is performed by the

sole law of aflhitics;
more

were fixed

and their seems to be no

difficulty to conceive how the lime of a

nietal is reduced, than to understand how it is
precipitated

in dissolution ;

the cause is

same, and the effects are similar.

the

A metal disc

solved by au acid, will precipitate when to this
acid another substance is offered with

which

it has more affinity than metal, the acid
quits it and falls to the bottom.

lien

So, likewese,

this metal calcines, that is, loaded with paris
of air, hicat,and fire, which being fixed, keeps
it under the form of a lime, and will precipi
tate, or be reduced, when presented tothis fire
and fixed air,

from the combustible matters

with which they have more affinity than with
the metal ;

the latter will retake its first form
as
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as soon as it is discmbarrassed from t1ii

super

fluous air and lire, at the cx pence of the com
bustible matters offered to it, and the

volatile

parts it had lost.
Ithinkl have now demonstrated, 1 hit all the
laws of chemical

little

affinities,

which

are 110 other

peared so variable and differeut
than the general
to

all

matter ;

laws of

common

attraction,

that this

ap

great

law,

always

constant and the same, appeared only to vary
in

its

which cannot be the same

expression,

when the figure of bodies enters, i1C an
into their distance.
With this new key
ele-ment,
we can
Nature;

substances;

profound secrets of
the

knowledge

of

the primitive parts of different
laws and degrees

the

assign

affinities;

their

most

can attain

we

figure of

the

the

unlock

determine

the

they take by reuniting', &c.

forms

of

which

I think also I

have made it appear that impulsion depends
that, although it may be

attraction ; and

on

a difrrent force, it is, notwithe

considered as

sole

standing, a prticuiarefiict of this
general
ration
a

one.

'tic,
V1JL

have

of motion

to

whence

1

spring,

'a!!

I

shewn the
be

bodies in Nature are
and
Xt'

that

there

is

communi

impossible

have

and

without

concluded, that

more or
not

one

less elas
perfectly
bard ;
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bard ;

deprived of a spring,

ill are susceptible of receiving

since
I

i, entirely

that

have

endeavoured

force may
become

to

and

repulsion ;

how this sole

shcw

direction,

change

motion.

and

from

attraction

these

principles, which are all founded

grand

on rational

mechanics, I have sought to deduce the prin
cipal npcritions of Nature,
of light,

duction

and

heat,

such as the pro
fire,

and

their

action on different subtaiccs ; this la.t object
which

interests us

the

most

is

a vast field,

but of which I can only cultivate a little spot,
yet

I

i'eume I may render some assistance,

by pntting into

more

capable and laborious

hands the instruments I made use of.
instruments were the
use of fire, that

These

three modes of making

is, by its

velocity,

volume,

and mass; by applying it concurrently to the
three classe. of substances, which either. lose,
gain, or are -ot alThcted by the application of
fire.

The experiments

vlncli Iliad made on

the refrigerati' n of bodies,on the real weight of
fire, on the nature of flame, on the progress of
heat, or its communication, its diperdition, its
concentration, or
flame, &C

its

violent

action

without

are also so nlafly instruments which

will. spare mu cli Lihour th

hose who choose to

avail themselves of them, and w'ili
produce an
ample harvest

of knowledge.
0F
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AND EARTH.

BY our former observations it appears that
air isthe uccessary and first food OIfi(C,

hic!t

)ropagtte but by what

can neither subsist nor

it assimilates, consuiucs, or carries off, of that
element,
air is

whereas of all

that which

material

suf)stances,

seems to exist the most in

tr
dependently of the aid or presence of tire;
although it habitually has nearly the same heat
other matters

as

on

of the earth,

the surface

it can do without it and requires in fiuitey less
of the

than any

rest

to support

its fluidity,

since the most excessive, cold cannot
it

The strwigest condensations are

of that.

not

fire,

its

of breaking

capable

active

deprive

in

spriig ;

mat.ers,

combustible

is

the
tite

can alter its ntttne by
only agent. which
Olflt of
and extending it's spring to the
rare-fying
(If-St: 0)' in
rendering it irl('ffl-'ctnal, and thus
In this stitc, and

elasticity.

its

in all the links

which precede, the air is Capahk' otre-asumwg
its elasticity, in proportio
combustible
from it.

as the

matters evaporate

But if the spring

vaour

and

of

separate

have bcc

toa11y

weakened
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'Weakened and extended that it cannot re-instate
itself, from having lost all its elastic
power, the
air, volatile as it.
might before have
Ofl1CS a

fixed substance

which

been, be-

incorporates

vith the other substances, and forms a consti
tuent part. of all those to which it unites by con
tact.

Under this

forsake the
matter,
remain
then

to

fire,

new form it can no
longer

other

a

unite,

fixed matters ;

sonic parts inse

make

to

except

-,in(] if there

a able from fire, they
of

portion

like fixed

that element

it tbr a base, am! are deposited with
ubtance they heat

and

penetrate

manifested

This effect is

in

serve

it in

the

together.

all calcinations,

and is the more sensible as the heat is longer;
but
to

combustion

completely

demands

effectuate

the

the

necessary,

same.

much

not so

to augment
a

heat of the fire as to establish

of air on the surface of the matters ;
not

requisite

for the fire

of its
deprive air
rate heat,

for

current
yet

it is

be very fierce to

to

elasticity, for a

very mode

hen constantly applied on a small

quantity, is sufficient
and

If we

the use of bellows

wish to hasten calcination
may be

small time

only a

this

air,

to destroy the spring ;

without

spri;g, to

fix

it

a. little
self afterwards in bodies, there is only
to the
more or less time required, according
under this new form,ithi
ffinily it may have
t4
the
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The

heat

of

the body of animals, and even vegetables,

is

sufficiently

powerful

The degrees

to prodtce

this

of heat are different in

kinds of animals :
which we pass

eflëct.

different

birds are the hottest, from
to

successively

man, cetaccous animals, reptiles,

quadrupecb,
sb, insects,

and, lastly, to vegetables, whose heat is so
as to have made some naturalists declare
tri-fling
they had not any, although it is very apparent,
and in winter surpasses that of the atmosphere.
I

have frequently observed in trees that were

cut

in cold weather, t!iat their internal

part

was sensibly warm, and that this heat remained
for many minutes.

This heat is o;ily moderate

while the tree is young and sound, but as soon
as it grows old the heart heats by the fermen
tation of the pith, which
there with

no longer circulates

the same freedom ;

and as soon as

this heat begins the centre receives a red tint,
which is the first index of the perishing state
and

the

of

the

of the

tree,

wood.

The reason naturalists have not found

disorganization

there was a difference between the temperature
of the air, and the heat of vegetables is,

be

observations at a
cause they have made their
aiten1in,
bad tune of the year, and not paid
the air exceeds
that in the summer the heat of
that
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that of the internal part of

tree; wbercas in

winter it is quite the contrary.

They have

ot

Tdnlembered that the roots have cons1anty the
of

degree

heat

which

surrounds them,

that this beat of the internal part of

and

he earth

is, during all winter, considerably greater than
that of the

air,

and

They did not Coil-;

the surface of the earth.

cr that the motion alone of

the pith, already warm, is a necessary cause of
hca, and that this motion,

increasing by the

action of the sun, or by all external heat, that
of vegetables must be so much
the motion

the greater as

of their pilhi is more accelerated,

&c.
Here the air cpntributes to th

airnai and

vital heat, as we have seen that it does to the
action of fire in
matters.
'which

combustible and

Animals,

which

consequently

have

calcuiable

respire

and

the

lungs,
air,

have
and

more heat than those deprivei of them ;
the

more the

is extended, and
her of cells,

the

lungs

ramified in a greater

num.

internal

surface

of

the more it presents greater

sri

perficies to the air 'which the animal draws by
inspiration;
hotter,
all

the more

the more

parts

it

also its blood becomes
cominuiicates

of the body it

proportion takes

heat.

nourishes, and

to

this

animals.
place in all known
Birds,
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Birds, relatively to the volume of their body,
have lungs considerably more

Reptiles, even those with

man or quadrupeds.
a

voice,

as

extended than

instead

frogs,

of

lungs

have

a

Insects which have little or

simple bladder.

no blood breathe the air only by some pipes,
&c. Thus taking the degree of the temperature
of

lie earth for the term of comparison, I have

observed that. this heat being supposed ten de.
grees, that of birds

was

nearly

thirty-three,

some quadrupeds more than thirty-one

that o

and a half, that of man thirty and a
thirty-one, whereas

half, or

ha1 of frogs is only fifteen

or sixteen, and that of fishes and insecs only
eleven or twelve, which
that of vegetables.

is nearly the same as

Thus

the degree of beat

in man and animals depends on the force and
of the hing;

these are the, bellows of

the animal machine :

the only difficulty is to

extent

conceive lio,
which

they

0!) the

fire

animates us, a fire whose focus seems

to be indeterminate ;
been

he air

carry

qualified

a fire that has not even

with this name, because

it

is

without flame or any apparent smoke, and its
heat is only

moderate

and

uniform.

if we consider that heat and fire are ef
How-ever,
fects, and even elements
that

heat

rarefies

of the same

air, and,

class ;

by extending
"
SI

its

http://www.geology.19thcenturyscience.org/books/1808-Buffon/README.htm

80

I3UFFON'S

ssprin(r,
M

it may render it

without

life

effect;

may imagine, that i he air drawn by our lungs
greatly

being

rarefied,

its

loses

the bronchie and little vesicles,

where

soon

and

destroyed

1)100(1,

for

by

these

the

arterial

in

Spring
it

is

venous

blood-vessels are separated

from the pulmonary vesicles by such thin di
Visions

that

blood,

shere it produces

ipoii

the

conunon

bio)d is more
elasticity

air

easily
the

than

sufficient

the

effect as

of circulation.

to destroy

the

particles of air, and to drag

them under this new form

less;

same

into

fire, because the heat of this

of the

differs from

pses

into all

the roads

The fire of the animal body

common

fire

only

in

more

or

the degree of heat is less, hence there is

no flame, because the vapours, which represent
the smoke, have not heat enough to inflame;
every other effect is the same: the respiration
of a young animal absorbs as much air as the
light of a candle, for if inclosed in vessels

of

equal capacities, the animal dies in the same
time as the candle extinguishes :
more evidently

nothing can

demonstrate that

the

fire of

the animal and that of the candle are not of
the same class but of the same nature, and
shich the assistance of the air is equally
ne-cessary.
Vegetable
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most

and

Vegetables,

insects,

tubes,
lungs, have only aspiratory
they

pump

them;

up the

air

of

instead

by which

that is necessary

for

it passes in very sensible balls into the
This air is not only pumped

pith of the vine.
up by the

roots but often

even by the leaves,

and forms a very essential part of the food of
the vegetable

which

assimilates,

preserves it.

Experience

fifes,

fully confirms

and
all

we have advanced on this subject, and that all
combustible

contain

matters

quantity of fixed
and vegetables,

air, as do

and all

a

considerable

also all

animals

their parts, and

the

waste which proceeds therefrom; and that the
greatest

number

likewise

quantity of elastic air.

include

a

certain

And, notwithstanding

the chimerical ideas ofso mc chemists, respecting
phlogiston, there does not remain the smallest
doubt but that fire or light produces, with the
assistance of air, all the effects thereof.
Minerals, which

like sulphur

and

pyrites,

contain in their substance a quantity of the ul
tenor waste
tain

of animals

and vegetables, con

thence combustible matters, which, like

all oilier, contain

more or less fixed

always much less than the
vegetable substances.

purely animal or

This

fixed air

equally removed by combustion.
and
VOL.

vegetable
x,

matters
M

it

air, but

is

In

can be
animal

(lisengiged

b

sirnpk
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simple fermentation, which, like combuslion,
has always need of air for its operation.
plurs and
which

pyrites are

not the only

must be looked

there are many

it

minerals

upon as combustible,

others which I

enumerate, because

Sla

shall not here

is sufficient b

remark,

their degree of combustion depends commonly
on the quantity of' sulphur \%hlicll they contain.
All combustible minerals originally derive this
properly either from the mixture of animal or
vegetable parts which

are

incorporated with

them, or from the particles of light, heat, and
air, which, by the lapse
their

internal

part.

of time, are fixed

Nothing,

in

according to

my opinion, is combustible but that which has
been formed. by a gentle heal, that is, by these
same elements combined
which

the

sun

in all the
and

brightens

that which the internal heat

substances

vivifics, or iii

of the earth

fo-ments
and u ni(cs.
The internal

heat

of the globe of the earth

must be regarded as the true, elementary fire ;
it is always subsisting and constant ;
like an

clement, ifflo all

it enters,

the combinations of

the other elements, and is more than sufficient
to produce the same

effects

on

air

as actual

fire on animal heat; consequently this internal
heat of the cart

will destroy the elasticity of the

air, and render it

fixed, which being divided.
lfltO
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into minute parts will enter into a great nurn
ber of substances, from hence they will contain
articles of fixed air and fire, which are the first
principles of combustibility ;

but they -ti-ill I)o

found in different quantities, according to their
degree of affinity with the substance, and this
degrce
these

will greatly depend

on

the quantity

substances contain of animal and vege

table parts, which appear to be the base of all
combustible matter.
and even

metals,

Most metallic minerals,

contain great qua, itities of

combustible parts;

zinc, antimony, iron, cop

per, &c. burn and produce a very brisk flame,
as long as the combustion of these inflammable
parts remains, after 'Which, if the, fire be
.tinued, The

calcinatiori begins, during which.

there enters into them
heat, which

con

fixes,

new parts

of ,air

and

ahd cannot be disengaged

but by presenting to them combustible matters
with 'which
with those
are only

they have ?. greater affinity than
of the

united by

It appears

the

effort

they

of calcination.

to me, that the conversion of me

tallic substances
duction,

mineral, with which

might

into dross, and
be

very

clearly

their repro
understood

without applying to secondary principles, or
arbitrary hypotheses, for their explanation.
Having considerçd the action of fixed air in
the most sccre

us take
operations of nature, let
a yiew
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a view of it when it resides in bodies under an
its efThcts arc then as variable as

elastic form ;
the

degrees

of its

and its

elasticity,

action,

though always the same, seems to (rive different
To bring this

pro(IUCtS in (]ifThrent. substances.

consideration back to a general point of view,
we

will compare it

water and earth, as

with

it

we have already compared
of this comparison

results

elements will

between

afterwards be

every substance,

with

fire;
the

the
four
to

easily applied

since they are

all composed

merely of these four real principles.
The greatest cold that

is known, cannot de

of the air, and the least heat is
stroy the spring
sufficient for that purpose, especially when this
fluid

is

divided

into

very

small

particles.

But it must be observcd, that between its state
of fixity, and that of perfect elasticity, there are
all the

links

one of which

of the

intermediate

it always

resides

states,

in

in earth and

ater, and all the substances which are com
for example, water, which a.p
posed of them ;
a substance, contains a certain
pears so simple
quanlity

of air,

which

is

elastic, as is plain from its

neither

fixed

nor

congulat ion, ebuI

lition, and rcsistence to all compression,

&c.

demonstrates,

that

Experimental philosophy
water is incompressible,
in g and entering into

for instead of shrink.

itself when

pressed,

it

passes
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passes

through the

vessels;

which

most solid and thickest

could not be the

in a state of full elasti

air it contained were
city.

case if the

The air contained therefore in

is not simply mixed therewith,

water,

but is united

in a state where its spring is not sensibly ex
ercised ;

yet the

spring

is not entirely

de

stroyed, for if we expose water to congelation,
the air issues from its internal part, and unites
on

its surface in elastic bubbles.

suffices to

This alone

prove, that air is not contained

in

water under its common form, since being spe
5O times lighter, it would be forced

cifically

to issue out by the sole necessity of the prepon
derance

of water;

neither under an

affixed

form, but only in a medium state, from whence
it can easily

retake

its

spring, and separate

more easily than from every other matter.
It may, with some justice, be objected that
cold

and

heat never

operate

in

the

same

mode, and that if one of these causes gives to
air

its elasticity, the

other must

destroy it.,

and I own that in general it is so, but in this
particular they produce
is

well known

that water,

reabsorbs the air it
liquefied or cooled.
air with

the same effect.
frozen or

It

boiled,

had lost as soon as

it

is

The degree of affinity of

water, depends, thercibre, in a great

;neasure, on its

temperature, which in

its Ii
quid
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quid

state, is nearly the same as

that of tIic

the earth :
general heat, to the surface of
air with

which it has much

the

affi-ijity penetrates

it. as soon a

it is divided into small parts, yet

the degrc

of elementary

and

veakens their spring so as to
tftèctual

general heat,

render them in
preserves this

as long as the water

but if the cold penetrate, or this

tern perature ;

dcgree of heat (limmisli,

then

its

spring will

be re-established by the cold, and the elastic
bubbles will rise to

the

surface

of the water

ready to freeze;

if, on the contrary, the

pcratnre of the

water is increased by.an

,tern-al heat,

the

parts

integrant

tern

become

cx
too

much divided, they are rendered volatile, and
the air with

which they are united, rises and

escapes with them.

Water and air have much

greater connections

between them thaii

am well persuaded,
oppo-site
properties, and as I
that all matter is convertible, and that the elements may be transformed,
believe, that water

I

am

inclined to

can change into air when

to raise tip in vapours, for
sufficiently rarefied
the spring of the vapour of the water is even
more powerful than the spring of the air.
Experience has taught
of

water

manner as

can

increase

the

common air ;

e may regard as

inc that the vaponis
fire

in

the

and this air,

same
whicl4

urc, is. always mixed with
a very
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of water; but

be remarked, as an observation

it must

of much

irn

of the mixtures
portalice, that the proportions
are not nearly the same in these two elements,
be said in

It may

general that there is much

less air in water than water in air.
this

dering

proportion we

volume and mass.

must

In consi
refer to the

If we estimate the quantity

of air contained in water by the -Volunic it -%6111
appear nil, since the volume is not in the least
Thus it is not to the volume that

increased.
-we

must relate this

proportion, it is

alone to

the mass, that is, to the real quanfly of mat
ter in one and the other of these two elements
that

we must

compare that of their mixture,

by which we shall perceive that theairis much
more aqueous than the water is aerial, perhaps
in proportion of the mass, that is, eight hun
dred and fifty times.

Be this estimation either

too strong or too weak we can derive this in
dud-Jon- fr&m it, that water must change more
into air

easily

can

transform

into

The parts of air, although susceptible

water.
of

than air

being

extremely

more gross
latter

than

those of

passes through

cannot

penetrate;

divided,

appear

water,

many fillies

to

since

be
the

which air

since the vapows of water

are only raised to a certain height in the air ;
and, in slio;t

since air sccii

to imbibe water
Jik
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like a sponge, to contain it in a
large qua ntyç
and that the container is
certainly greater thaii
the contained.
In the order of the
inents it appears

conversion of the dc -s

to me, that

water is

to ai

what. air is to lire, and that all the
of nathre depend on them.
transforma-tions
Air, like
the

food of fire,

transformed

into

assimilates

with

it,

this first element.

and

is

Water,

rarefied by heat, is transformed into a kind of
air capable of feeding the fire like common air.
Thus fire has a double fund of certain subsist
ence;

if it consume much air it

duce

much by

the

can also pro.

rarefaction of water, and

thus repair, in the mass of atmosphere, all the
it con
quantity it destroyed, while ulteriorly
verts

itself with air into

fixed matter in

the

terrestrial substances vhicli it penetrates by its
heat

or

And

by its light.

so,

likewise, as

water is converted into air, or into vapours, as
volatile

as

air, by

its

converted into a solid

rarefaction,

it

is also

substance by a kind of

condensation. Every fluid is rarefied by heat and
eondcnscd by cold.

Water follows this com

mon law, and condenses as it grows cold.

Let

a glass tube be tilled three parts full and it will
descend

in proportion as

the cold increases,

but some time before congelation it will ascend
above
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above the point of three fourths of the height
of the tube, and increase still more considera
bly by being frozen.

But if the tube be well

stopped, and perfectly at rest, the water wiM.
continue to descend, and will not

freeze, al

though the degree of cold be six, eight, or ten
degrees below the freezing point; congelation,
therefore, presents, in an inverted manner, the
same phenomena

as

inflammation.

A

heat,

however great, shut up in a well-closed vessel,
will not produce inflammation unless touched
with an inflamed matter; so, likewise, to what
soever

degree a fluid

is

cooled, it

will

not

freeze unless it touch something already frozen,
and

this

shaken

or

is

what

happens

uncorked;

the

when the tube is

particles of water,

which. are frozen in the external air, or in the
air contained in the tube, strike the surface of
the water, and

communicate their ice to it.

In inflammation, the air,

at

first very

much

rarefied by heat, loses its volume, and fixes it
self suddenly..

In congelation, water, at first

condensed by the cold, takes a larger volume,
arid fixes itself likewise, for ice is a solid sub
stance, lighter than water, and would preserve
its solidity if the cold continued the same; and
I am

inclined to believe that

the point of fixing
VOL. X.

we may attain

mercury at a less degree
N

of
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of cold, by sublimating it
cold

very

air;

and

into vapours in

also

that

water,

a

which

only owes its liquidity to heal, would become
a

substance

much

more solid and fusible, as

it would endure a sronger and a
longer time
the rigour of the cold.
But

without stopping

upon

that is, without admitting

or

this

subject,

excluding the

possibility of the conversion of the ice into in
fusible matter, or fixed and solid earth, let us
pass on to more extensive views on the modes
which Nature makes use of for
mation of water.
the

the transfor

The most powerful of all and

most evident

is the

animal filter.

The

body of shell-animals, by feeding on the par
tides of wafer, labours, at the same time, on.
the substance to the point of iinnaturalizing it.
The shell is certainly a terrestrial substance, a
true stone,

from which

calcareous,

and

their origin.

many

all

the

stones

called

other matters, derive

This shell appears to make the

constitutive part of the animal it covers, since
it is
perpetuated by generation,

for

it

is

on

the small shell-animal just come into existence
as well as on those 'which have arrived at their
full growth ;

but this

is

no less a terrestrial

substance, formed by the secretion or exuda.
ion of the body, for it increases and thickens
by
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and layers in proportion as the ani
by rings
mal grows.;

and

matter

stony

often

exceeds

fifty or sixty times the mass of the body which
Let us, for a moment, reflect on

produces it.

the number of the kind of shell-animals, or ra
flier of those animals

with a stony trarisuda

tioñ; they, possibly, are more numerous, in the
sea (ban the insect kind are upon earth.

Let

us afierwards represent their full growth, their
prodigious inultip1ica ion,
of their lives,

which

and the shortness

we may

suppose

does

not exceed ten years; let us then consider that
we must multiply by fifty or sixty the almost
immense number of the individuals of th is class
to form an idea of all the stony matter

pro

duced in ten years; then that this block must
be augmented with as many similar blocks as
there are as

many times

ten in

all

the ages

from the beginning of the world, and by this,
means we shall conceive, that all

our

coral,

rocks of calcareous stone, marble, chalk, &c.
originally proceeded

alone

from the

cast-off

coats of those little animals.
Salts,

bitumen, oil, and

sea, enter little or none
of the shell;
contain

the grease of the

into the composition.

neither does the calcareous stone

any of those matters;

therefore, only

this

stone is,

water transformed, joined

to

some little portion of vitrifiable earth, and to a
great
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great quantity of fixed air, which may be dis
engaged by calcination.

This operation pro

duces the same effect on the shells taken in the
sea as upon those drawn out of quarries; they
both form lime, with only a little difference in
their

quality.

other

shells,

Lime,
is

made

with

oyster

or

weaker than that made with

marble or hard stone;

but the process of Na

ture is the same, as are the resulls of its opera
tion.

Both shells and stones, lose nearly half

their weight by the action of fire in calcination;
the water issues first, after which the fixed air
is

disengaged,

and

then the fixed water,

of

which these stony substances are composed, re
sumes its primitive nature, is elevated into va
rarefied by the fire, so that
pours, drove off and
there remains only the most fixed parts of this
air and water, which, perhaps, are so strongly
united in themselves, and to the small quantity
ofthe fixed earth of the stone, that the fire cannot
therefore, is reduced
separate them; the mass,
nearly

a half,

and

would

probably be

more if submitted to a stronger fire.

still

And what

that this matter, driven
appears to me to prove
out of the stone by the fire, is nothing else than
air and water, is the

avidity with

which ca1

cined stone sucks up the water given to it, and
the force with which it draws water from the
atmosphere.

Lime, by exposure either in air
or
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vater, in a great measure regains the mass

it had lost by calcination ;
air it

the water, with the

contains, replaces ihat which the

stone

Stone then retakes its first

contained before.

the remains of

nature, for in mixing lime with

other stones, a mortar is made which

hardens,

and becomes a solid substance, like those from.
which it is composed.
Thus, then, we see on the one hand all the
calcareous

matters,

the

origin of which we

must refer to animals; and on the other, all the
combustible matters

proceeding from animal

or vegetable substances ; they
occUpy together
a great space on the earth;

yet, however great

their number may be, they only form a small
part of

the

terrestrial

foundation of which,
tity consists
glass;

a

in

one

matter

the

globe,

principal

and the greatest quan
matter of the nature

we must look

of

upon as ter

restrial clement, to the exclusion of all other
to which it

substances,

serves as a base, like

earth, when it fonvs vegetables by the means,
or remains of animals, and by the transforma
tion of the

other elements ;

and it is also the

ulterior term to which we can return or reduce
them all.
It appears
water into

that

stone;

transform it,

the animal

filter

converts

the vegetable filtre can also

when all the circumstances are
found

http://www.geology.19thcenturyscience.org/books/1808-Buffon/README.htm
91
BUFFON'
found to be the same.

The heat of vegetables

and the organs of life
being less powerful than
those of shell animals, the
vegetables can pro
duce

only a

small

quantity of stones, which

are frequently found in its fruits ;

but it can

and does convert a great quantity of air, and a
still greater of water

into its

substance.

It

flay be asserted, without feai of contradiction,
that the fixed earth it appropriates, and which
serves as a base to these two elements, does not
make the hundredth
the vegetable
air

part of its

mass;

is almost entirely
composed of

and water,

transformed

solid substance, which

is

into

wood,

or

a

afterwards reduced

into

earth

The

same may be said of animals;

by

hence,

combustion and

puttcfitction.
they not

only fix and transform air and water, but fire,
and

in

tables.

a

much

greater

quantity than vege

It appears, therefore, to me, that the

functions

of organized

bodies

are

the

most

powerful means made use of by Nature for the
conversion of the elements.

We may regard

each animal, or vegetable, as a small particular
centre of heat or fire that appropriates to itself
the air and water which surround it, assimilates
them to vegetate or nourish, and

live on

the

Productions of he earth, which are themselves
only air and water previously fixed.

It also

n.ppropriates to itself a small quantity of earth,
and
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and receiving the impressions of light, the heat
of the Sun and terrestrial globe, it converts into
its

these

all

substance

works, combines,
till they have

diThrent

elements;

unites, arid

opposes them,

the

necessary form.

undergone

towards its support of life, and the growth
organization,

of

of which once given,

the mold

models every matter it admits, and from inani
mate renders it organized.
WTatcr, which so readily coaiescc'3 and enters
with air into organized bodies, unites also with
some solid matters, such as salts; and it is often
by their

means that it enters

position of minerals,
be only an
sharp

discovered,

but

in water,

chemists

nitrous

and

have

of a

perfectly,

that it principally consists in the

union of what they term the
aqueous

corn

Salt at first ap;ears to

earth soluble

flavour,

into the

earthly and

the

principle.

The

experiment of the

acid, which

after

combustion

leaves

of earth and water, has
only a small quantity
caused them to think, that salt was composed
only

of these

is easily to

two elements; yet

I

think it

be demonstrated, that air and fire

also enter their composition; since nitre pro
duces a great quantify of air in combustion,
and this fixed air supposes fixed fire which (Its
the expla
engages at the same time: besides all
nations given ofthe dissolution cannot be supported,
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ported, and it would
that salt

should

two elements)

be

Messrs. Stahl and
subject;

the

all oilier substances
Hence we

what

literally

analogy,

only of these

composed

while

composed of four.
ceive

be against all

those

must

great

not

are
re

chemists

Macquer have said on this
of

experiments

Mr.

Hales

de

monstrate, that vitriol and marine salt contain
much fixed air;

that nitre contains still more,

even to the eighth of its weight;
of tartar

contains

still

more

and that salt

than these.

It

may, therefore, be asserted that air enters as a
into

principle
-

the composition

of all

salts ;

but this does not support the idea that salt is
the mediate substance between earth and water;
these two elements
tions

into

the

enter in different propor

difiBrent

salts

or

saline

sub

stances, whose variety and number are so great,
as not to be enumerated; but which, generally
the denomination of acids and
presented under
alkalis, shews us, that there is in general
the last,

more earth than water in

and

more

water than earth in the first.
Nevertheless,

water,

although

intimately mixed

with salts, is

nor

by

united

there

a

it

may

be

neither fixed

sufficient

force

to

transform it into a solid matter like calcareous
stone;

it resides in salt or acid under its prim

niltive form,

and the best

concentrated acid,
01"
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ir lie most deprived of wafer, which might be
looked upon as liquid earth, only owes its liqui
dity to the quantity of the air and fire it con
tains; and it is no less certain, that they are in
debted, for their savour to the same principles.
An experiment which I have frequently tried,
has fully convinced rue, that alkali is produced
by fire.

Lime made according to the common

mode, and put upon the tongue, even before
slacked by air or

water, has a savour which

indicates the presence of a certain quantity of
alkali.

If the fire be continued, this lime
by

longer caleination, becomes more poignant;
and that drawn from furnaces,

where the cal.

cination has subsisted for five or six months to
gether, is still more so.

Now this salt. was not

contained in the stone before its calcination;
it augmented in proportion to the strength and
continuance of the fire;

it

is

therefore evi

dent, that it is the immediate product of the
fire and air, which incorporate in the substance
during

its

and

calcination,

which,

this

by

means, are become fixed parts of it, and from
'which they

have driven

most

molecules it before contained.
peared

of the watry
This alone ap

to me sufficient to pronounce that fire

is the principal of the formation of the mineral
alkali; and we may conclude, by aoatogy, that
other alkalis owe their formation to the conVOL.

0

stant
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stant. heat of the animal and

vegetable fronT

which they are drawn.
With respect. to acids, although the dein ontration'of their formation by fire and fixed air,
is

not so immediate as

that of alkalis, yet it

does not appear less certain.
that nitre and 11iosphortis

We have proved,
draw their origin

from vegetable and animal matters: that vitriol
comes from pyrites, suipli ur and other combus
tibles.

It is likewise certain that acids, whether

vitriolic, nitrous, or

phosphoric, always con

a certain quantity ofalkali; we must, there.,

tam

fore,

refer

their formation and savour to the

same principle, and by reducing the varieties of
both tooneofeacli, bring back all salts to one
common origin: those which contain most of
the active principles ofairand fire, will necessa
rily have the most power and taste.

I under

stand by power the force with which salts ap
pear animated

to

dissolve

ether substances.

Dissolution supposes fluidity, and as
or
operates between two dry

it

never

solid matters, it

also supposes the principle of fluidity in the dis.
solvent, that is, fire; the power of-the dissolvent
will he, therefore, so much the greater, as on
one part it contains more of this active princi
ple;

and, on the other hand, its aqueous and

terrene parts will have more affinity with those
of the same kind contained in the substa1cesk
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fo dissolve; and, as the degrees of affinity vary,
we must not be surprized at different salts va
different substances ;
rying in their action on
their active principle is the same, their dissolv
ing power the same;
exercise when the

but they remain without

substance presented repels

that of the dissolvent,
affinity

with it;

no

or has

degree

of

but the contrary is the c:-Se

when there is sufficient force of affi:iity to con
quer that of the coherence;

that is, when the

active principles, contained in the dissol vent,
under the form of air and fire, are found more
powerfully attracted by the substance to be
dissolved, than they are by the earth
ter they contain.
assigned

and w.

Newton is the first who has

affinities as the causes of cTienica1

precipitation ;

Stahl adopted

this

idea

transmitted it to all the other chemists;
appears to be at present
as a truth.

But

and

and it

universally received

neither

Newton nor

Stahl

saw that all these affinities, so (hiffrCut in ap
pearance, are only particular effects of the gc
nral

force of universal

attraction : and, for

wilt of this knowledge, their theory cannot
be either luminous or complete, because they
were

obliged to suppose as many trivial laws

of different affinities,
phenomena;

as there were different

instead of which there is in fact
01
N 1-Y
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only one law of affinity, a

law 'which is

cisely the same as that of universal attraction.
Salts concur in many operations of Nature
sub.
by the power they have of dissolving oilier
stances ;

for, although

it is commonly said,

that water dissolves sail, it is easy

to be per,

ceived, that in reality, when there is a dissotu
tion, both are active, and may be alike called
a dissol
Rcgardingsalt as only

dissolvents.

vent, the body to be dissolved may
liquid or solid;

be either

and, provided the parts oft h

salt be sufficiently divided to touch imincdiate
act
ly those of the other substances, they will
and prod nec all the effects of dissolution.

By

this we see how much the action of salts, and
the action of the elcmcnt of water which con
tains

them, must have influence on time com

position

of mineral

produce

by

this

matters.
all

mode,

Nature may
that

our

arts

Time only is requir

produce by that of fire.

ed for salts and water to
on the most
produce
compact and hard substances, the most com.
plete division and attenuation of their parts,
so as to render them capable of uniting with
all

analagous substan ces, and to separate froth

all others;
never

but this time,

'which to Nature i

wanti;g, is, of all things, that which

the most deficient to us:

is

the greatest of all on r

arts, therefore, is that of abridging time, that

http://www.geology.19thcenturyscience.org/books/1808-Buffon/README.htm
NATURAL 1iL¬TOIty.

101

is, to effect that in one day, which nature takes
an age to perform.

However vain this pre.

tension

may appear, we must not entirely re

nounce

it,

for has not

man

discovered

the

mode of creating fire, of applying it. to his use,
and by the means of this element

o

suddenly

dissolve those bodies by fusion which would
a

require

considerable

period

by any other

means?
We must not., however, conclude that Na,
ture really performs by the means of water all
that

we do by

fire.

The

decomposition of

every substance is only to be made by division,
and the greater this division the more the de
be complete.
composition will

Fire seems to

divide as much as possible those matters which
it fuses;

nevertheless it may be doubted whe

tlier those which water and acids keep in dis.
.solution are not still
vapours

raised

by

more divided,

heat contain

and the

malt'ers still

further attenuated, in the bowels of the earth-,
then, by the means of the heat it includes, and
the water which insinuates, there is made an
infinity of sublimations;

dsfiI1aion,

dirys.

ttllizations, aggregations, and disjunctions, of
,every kind.
compounded
means ;

By time all substances may be
and

decompounded

by

these

water may divide and attemiate the

thanfic s'hen it
Parts more

melts them, and
these
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those attenuated
parts

will join

in the same

manner as those of ftiscd metal Unite by cool
iin.

Cryta1lization, of which the suits have

given us an idea, is never çelft)rtIled but \vlien
a

su bstaiice,

being

disengaged

oilier, is niuch divided

and

from

sustained

every
by

a

fluid, which. having little or no affinity with it,
permits it to unite and iorm by

virtue of its

force of attraction, masses of a figure nearly
similar to its primitive parts.

This operation,

which supposes all the above circumstances,
n1iy bC (lone by the intermediate aid of fire as
well as by that of water, and is
plished by

often accom

the concurrence of both, because

all this exacts but one division of matter suffi
ciently great for its primitive parts to be able
to form, by uniting figured bodies like theu
elves.

Now fire can bring many substances

to this state much better than

any

other (is-

to us iii
solvent, as observation demonstrates
asbestos, and other productions of fire, whose
and which must be looked
figures are regular,
Yet this d.
upon as true crystallizations.
gree 0f division, necessary

to crystallization,

is not the greatest possible, since in this state
the small parts of matter are still sufficiently
a mass, which like other
large to constitute
masses, is only obedient to the sole attractive
force, and the volumes of which, only touch?
ing in points,

cannot

acquire

the

rcsultivc
force
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re that a much greater division might per
form by a more iIflIflC(hiate

contact, and this

is what we see happen in cffcrvcsee. nccs, where
heat and

at once,

1igh

are produced by the

mixture of two cold liquors.
and salts, are
Light, heat, fire, air, water,
from the top

which we descend

steps by

Nature's ladder to

which is fixed

these are at the same time

And

earth.

base,

its

of

the

only principles that we must admit and corn
biac for the
These
all

cxpiauatLoil of all phenomena.

principles

are real,

hypotheses and all

their conversion

and

are demonstrated by

independently

method,

as

are

transformation,
experience.

of

also

which

It is

the

same with the clement of earth, it can convert
itself by

volatilizing

and

taking the form of

the other elements, as those take that of earth
in fixing ;

it, therefore, appears quite useless

to seek for a subslancc of pure earth in terres
tiial matters.
diamond

The

transparent lustre of the

dazzled the sight

of our

chemists,

when they considered that stone as a pure ele
mentary

fire;

said with as
they might have

much foil nciaion, that it is pure water, all the
parts

of which

are fixed to compose a solid

diaphanous substance.

When we would de.

Nature, the large masses should alone b
considered, arni those elements have bcea well
.tkcn notice of by even the most ancient philo-sophers.
sophers.
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The sun,
atmosphere, carUi, sea, &c

are all great masses on which
they estal)hshed
all their conclusions; and if there ever had ex
isted

a

jlanct of phlogiston, an atmosphere
of alkali, an ocean of acid, or a mountain of
diamonds, such might have been looked
upon
as the general and real principles of all bodies,
but they are only particular substances,
duced, like all

the rest, by the combinations

of true elements ;
would

never

pro

and ideas

to

the contrary

have been started but upon the

supposition that the earth

was

neither more

simple nor less convertible than either

of

the

other elements.
In the great mass of solid matter, which the
earth
pure.

represents,

the

superficial- is the least

All the matter deposited by the sea, in

form of sediment, all stones produced by shell

anhiials, all subslances composed by the coma
binations of the waste of the animal or vege
table kingdom, and all those which have been
fires of volcanos, or subli
changed by the
mated by the internal heat of the globe, arc
mixed and transformed substances; and al.
masses they do not
though they coin pose great
earth.
clearly represent to us the element of
rnustbe
They are vitrifiable matters, whose mass
considered as 100,000 times more COflSi(lerahle
than all those other substances, which should
be regarded as the true basis of this element.
It
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this. common foundation that all.

subtaces have

their sidity, for

derived the

all fixed matter,

origin qf
however

much decomposed, subsides finally into, glas,s
by the sole action of fire: it resumes, its first na,
ture, when discngagd front the fluid, or vola
tile matters, which were
this glass, or

united with it ;

and

virtreous matter, which compo

ses the, mass of our globe, represents so much
the better the. element. of earth,

s it has

nei.

ther colour, smell, tate,liquidity, nor fluidity,
qualities which all proceed from the other eleen1s, or belong to them.
If glass be. not precisely the element of earth,
it is at least tite most ancient substance of't ;
metals

are

more, recent, and less dignified ;

and most other minerals form within our sight.
produces glass only in the particular

Nature

focus of its volcanos,, whereas
forms

other substances by

evory

the

of glasswith the other elements.
form to

lay she

combination
If we would

just idea of her formatioi

ourselves

of the globe, we must first consider hcrproccs
es, which derzrnnstratethat it has been melted
or liquefied by fire ;
heat it

successively

gree; that in
face

de
passed to its present
nornens, where its snr

the first

began to

'VOL. x.

that. from this immense

take

consistence
P

inequalities
must
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must be formed, such as we sec on the surface
matters grown cold : that the Iiigli

of melted
est

mountains,

all

of

composed

vitrifiable

matters, existed and fake their date from that
moment, which is also that of the seperation of
the great masses of air, water, and earth; that
afterwards,

during

the

long

of time

space

which the diminution of the heat of the globe
to the point of present temperature supposes,
there

were made in these

were

the

parts

mountains, which

most exposed

to the

action

of external causes, an infinity of fusions, sub
lirnations,

aggregations, and transformations,

all the other causes
by the fire of the sun, and
this great heat

'hich

rendered

more active

than they at present are, and that consequently
we must refer back to this date the formation
of metals and minerals which we find in great
The

masses, and in thick and continued veins.
violent

fire

of

raised up and

inflamed earth,
reduced

after having

into vapours all that

after having driven off from its

was volatile,

internal parts time matters which

compose the

at the same time
atmosphere and the sea, and
sublimated all the least fixed parts of the earth,
raised them up

and deposited them in

every

void space, in all the cavities which formed on
the

surface in

then,

is

proportion as it cooled ;

the origilk and the gradation

this,

of the

situation
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and formation of vitrifiable matters

situation

which fire has divided, formed and sublimated
After

first establishment (and

this

which

still subsists) of vitrifiable matters and minerals
into a great mass, which can be

alit ibuted to

the action of fire alone, water which

till then

formed with air only a. vast voiti me of va po urs,
began to take

its present

slate ;

it

collected.

and covered the greatest part of the surface of
the

earth,

on

which, finding itself

agitated

action of
by a continual flux awdreflux, by the
winds and heat, it began to act on

the works

of fire: it changed, by degrees, the superficies
ofvitrifiable matters; it transported the wrecks
and deposited them in the form of sediments ; it
nourished shell-animals,it collected their shells,
hills
produced calcareous stones, formed
mountains, which

and

becoming afterwards dry,

received in their cavities all the mineral mat
ters they could dissolve or contain.
To

establish

mation.

a general theory on

of Minerals, we

must begin

the

for-

then by

the greatest attentio115 first,
distniguishiing with
those which have been produced by the pri
initive

fire

with heat;

of the

earth while it was burning

have been
secondly, those which

farmed from the waste of time first by the means
of

water;

and

thirdly,

those which in

vol-

canos,
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or

other

subsequent

have a second time
undergone
violent

heat.

d:tinct,

These three

and

conflagrations.,
the

proof of a
are

objects
all

comprehend

the

very

mineral

kingdom; by not losing sight of them, and by
onectingcac1i substance, we can scarcely be
deceived in its origin, or even in the
of its formation.
in

degrees

All minerals which are found

masses, or large

veins in our high

must be referred to the sublimation of
moun-tains,
the primitive fire;

all those

which are found

in:small iamifactions, in threads or in vegeta
tions, have been
of the first
ates..
by

formed only

hurried away

from the waste

by the

stillation of

We areevdcny convinced of this,

comparing the matter of the

f Sweden with

that

of

our

iron

mines
These

own.

are the immediate ivork of water,, and we

see

them formed before our eyes; they ac not at
tracted by the load stone; they do not contain
found onlydispersed in-the
any sulphur,and arc
earth ; :the rest arc all more or less sulphrcous,
all attracted by the load ton, which alone sup
have undergone the
poses that they

action of

fire ; they are disposed ingreat, hard, and solid
masses: and their substance is mixed with a
-quantity

of asbestos,

ction of fire.

another

index

of

the

Itistlic same'with oilier metals;

cir ancientfoundatiorL comes from fire, and
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all their great rnases have been united by i
action;

but

*all

theircry.gtallizations,,v

tions, granaiains, &c.. me due to the woond.
ary causes)

in

is

vatcr

which

the

ptirnary

agent.

-

EXPERIM1NTS ON

THE

ME A

PR0tfl1E5S 'O'!

IN MINERAL S1JSTANCS.

I CAUSED ten bullets to be made of foged.
Mid beaten FVOU
ter;

itst, of ha1k'.inch4iamc

Uie

the secoid, of an inch; 'and

grcssve1y 4OtlvciFndIes:
we're maie of iron
'weig'h'ts were

andas

of the

i

pTO..

11 the bI.Ict

same

bund iTeariy

so

forge, their

roportionab1e to

their volumes.
The ballet

f half

n

inch

weighed

'grairrs,

Paris

weight; that of ai inch,

grains;

that

of

grains;

flit

of two

n

inth and
inches,

a

JO
"152

half, 151036

124 73

graiiis;

That of twoinches and ;an half, 23781 grains;
that of three inches,

41085

pains ;

ThTe'e -inches amI a ha-K, 65254 grains;

that of
that of

:four inches, 97388 grains; that of four inches
a4
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and an half,
inches,

1)8 179 grain-s;

190 211

grains.

All

were taken with very good
bullets

which

were

and that of five
these

weights

scales, and

found too

those

heavy, were

filed.
While these bullets were making, the tlier
mometcr eXposC(i to

the

open air was at

freezing point, or some degrees below;

the

but in

the pit where the bullets were suffered to cool,
the thermometer was nearly ten degrees above
that point; that is to say, to the degree of tem
perature of the pits of the observatory, and it
is this degree whichil have- here taken for that
of the

actual temperature of the earth.

know the exact

moment

To

of their, cooling to

this actual temperature, other bullets

of the

same matters, diameters, and not heated, were
made use of for comparison, and which were
By the im

felt at the same time as the others.
mediate touch of the

hand, or two hands, ou

the two bullets, we could judge of the moment
when they
greater

or

were
less

equally

cold;

smooth uiess

and

as

the

or roughness

of

bodies makes a great difference to the touch;
(a smooth

body, whether

pearing much more
even of the

so

hot

than

same matter,

a

or

cold,

ap

rough body,

although

they are

that the cold bu
both equally so) I took care
lct
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lets were

and

rough,

like those

111
which had

been heated, whose surfaces were sprinkled over
with little eminences produced by the fire.
EXPERIMENTS.
bullet of half an

I. The

white in two minutes,

inch was heated

cooled so as to be held

in the hand in 1, and to the actual tempera
ture in 39 minutes.
II. That of an inch, heated

white

in

five

minutes and a half, cooled so as to be held in
the

hand,

in

354 minutes, and to the actual

temperature in one hour and 23 minutes.
That of an

111.

inch and an half', heated

white in nine minutes, cooled so as to be held
in the hand in

58 minutes, and to the actual

minutes.
temperature in two hours and 35
That of two inches heated

IV.

minutes,
in

one

white in 13

cooled so as to be held in the hand

hour

20

minutes, and

to

the

actual

temperature in three hours 16 minutes.
V.

That bullet of two

inches

and an half

heated white in 16 minutes, cooled so as to be
held in the hand in one hour 42 minutes, and
to the actual

temperature

in

four hours

3O

minutes.
VI. That bullet of three inches heated white
in 194 minutes, cooled so as to be held in the
hand in

t\\o hours

seven minutes, and to the

actual temperature in five Jiour eight minutes.
'II.
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VII. That of three inches aid a half heated
-white in 23- minutes, cooled so as k
in

be held

the hand in two hours 36 minutes, and to

tile actual tern icrattire in five hours 56 minutes.
VIII. That of four inches heated white in
27

and

minutes

held in the hand

a

half,

cooled

so

as

to hc

in three hours two minutes,

and to the actual temperature in six hours 55
minutes.
IX. That of four inches and a half heated
white in 31 minutes, cooled so as to be held in
the hand in three hours
to the

actual

and

25 minutes, and

hours 46
temperature in seven

minutes.
X.

That of five inches

heated white in 031,

minutes, cooled, so as to be held in the hind,
to the actual

in three hours 52 minutes, and

hours 42 minutes.
temperature in eight
The most constant difference that can be
taken between each of the terms which express
the time of cooling, from the instant the bullets
vcre drawn from the fire, to that when we can
touch them unhurt, is found to be about
minutes,

for,

each
by supposing

crease 24, we shall have 12,
12,

1567

04,

180,

211

term to in

6, 60, 84, 108,
the

And

2~.)S minutes.

continuation of the real time of these coolings
aJQ~
rel -

58~ SO, 102~

Minutes,

which

1247~ 15-6

approach

IS-9

the

C)OF

first

as

uca i"ly
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nearly as

experiment 'can approach

J3
calcula-

tion.
So, likewise, the most constant difference to
be found between each of the terms of cooling
to actual temperature is found to be 54 minutes5
for by supposing each term to increase 54, we
shall have

39, 93, 147, 201,

417, 4? 1, 55 minutes,

25,

09, 33,

and the continuation

of the real time of this cooling is found, by the
preceding experiments, to be

9, 93, 145, 196,

248, 308, 356, 415, 466, 522 minutes, which
approaches also nearest to the first.
I made the like experiments upon the same
bullets twice or thrice, but found I could only
rely on the first, because each time the bullets
were heated

they lost a considerable part of

their weight, which was occasioned not only
by the falling off of the

parts of the surface

reduced into scoria, but also by a kind of dry
ing, or internal calcination, which diminishes
the weight of the constituent parts, insomuch
that it appears a

strong

fire renders the iron

specifically lighter each time it is heated; and
I have found, by subsequent experiments, that
this

diminution of weight

cording

to the

varies much, ac

different quality of the iron.

Experience has also confirmed me in the opi.
nion,

that the

VOL. x.

duration
Q

of heat, or the time
taken
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taken up in cooling of iron, is not. in a smaller,
as stated

in

a passage

of Newton, but

in

a

larger ratio than that of the diameter.
Now if we would enquire how
long it would
require for a globe as large as the earth to cool,
we should find,
ments,

that

after

the
of

instead

preceding

experi

50,000 years, which

Newton assigns for the earth to cool to the pre
sent temperature, it would take 4,964 years,
9,21 days, to

only to the point where it

cool

would cease to burn, and 86,667 years and 132
days, to cool to the present temperature.
It might only be supposed, that the refrigc
ration of the earth should be considerably in
creased, because we imagine that refrigeration
is

performed by the

that there

is a

contact

of the

great difference

air, and

between

the

time of refrigeration in the air and in vacuo;
and supposing that the earth and air cool in
the same

time

should be
ference

in vacuo, this surplus of time
But, in

reckoned.

of time

is

though the density
a body cools,

very

fact,

this dif

inconsiderable,

for

of the medium, in which

makes something on the dura

tion of the refrigeration, yet this effect is much
Ies than might be imagined, since in mercury,
'which is eleven thousand times denser than air,
it is only requisite to

plunge

bodies into

it

abottt"
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4hout nine tiwes as often as is required to pro.
duce the same refrigeration in air.

The prin

is not,
cipal cause of refrigeration

therefore,

the contact of the ambient medium, but the
expansive
heat and
bodies

which animates

force

the parts of

which drives them out of the

lire,

they reside, and impels tbein

wherein

directly from the centre to the circumference.
By comparing

the

time

employed

in the

the iron globes,
preceding experiments to heat
with that requisite to

cool them,

e find that

they may be heated till they become white in
one sixth part and a half of the time they take
o cool, so as to be held in the hand, and about
one fifteenth and a half of that to cool to ac?
tual temperature, so that there is a great error
in the estimate which

Newton made on

the

heat communicated by the sun to the comet of
1680, for that cornet having been exposed to
the violent beat
could

receive

of the sun

it only in

but a short time,

proportion

thereto,

and not only in so great a degree as that au
thor su pposes.

Indeed, in the pZlSS

alluded

to, he considers the heat of red-hot iron much
less than in fact
to be, in a

it is, and he himself states it

Memoir, entitled,

The Scale

of

heat, published in the Philosophical Traiis
actions of 1701) which was many ycrs after
the
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The publication of his
We see in
principles.
that cxccl!cnt Memoir, which includes the
germ of all the ideas on which thermometers
have

since

been

constructed;

that

Newton,

after very exact experiments, makes the heat of
boiling water

o

be

three limes

greater than

that of the sun in the height of summer ;
of melted tin, six times greater;
lead,

times;

eight

twelve times;

That

of

that

that of melted

melted

regulus,

and that of a common culinary

fire, sixteen or seventeen times ;

hence we may

conclude, that the heat of iron, when healed
so as to become white, is still greater, since it
requires

fire

a

bellows to

heat

seems to be

animated

continually
it

to

that

by the
Newton

degree.

sensible of this, for lie says, that

the heat of iron in that state seems to be seven
or

eight times

water.

greater

than

that

of boiling

This diminishes half the heat of this

comet, compared to that of hot iron.
But this diminution, which is only relative,
is nothing in itself, nor nothing in comparison
with that real and very great diminution which
results from our

first consideration.

comet to have received this

heat a

For the
thousand

times greater than that of red-hot iron, it must
have remained a very long time in the vicinity
of the sun, whereas it only passed very rapidly
a
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It was on the Sib of De

at a small distance.

000 distance from the earth

cember, 16S0, at

but 24 hours before,

to the centre of the sun ;
and as

117

many after, it was

a distance six

at

times greater, and where the heat was

conse

quently 36 times less.
To know then the quantity of this heat com
municated

to the cornet by the sun,

we here

find how we should make this estimation toIe
rably just,

and, at

the

same time, make the

comparison with hot iron by the means of my
experiments.
We shall suppose, as a fact, that this comet
took up 666 hours to descend from the

point

where it then was, and which point was at an.
equal distance as the

earth

is

from the sun,

consequently it received an equal heat to what
the earth

receives

from

that

which I here take for unify ;

luminary,

suppose that the comet

we shall likewise

took 666 hours more

to ascend from the lowest point of its
hum

to this

also its

same

motion

and

distance;

uniform,

and

perihe

supposing

we shall

perceive,

that the cornet being at the lowest point of its
perihelitim,

that is,

from the earth to the sun,
in that
that the

of the

to

distance

the heat it received

motion was 27,766 times greater than
earth

receives.

By

giving

to

this

motion a duration of 80 minutes, viz. 40 for its
descent,
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descent, and 40 for its
at. 6 distance,

7,776 heat

80

and at

minutes,

(luring 80

minutes

O,4OS heat also during SC)

at 7 .distance
nutes,

ascent, we shall hav&,

S distance 15,625 heat
thus,

and

during
the

to

successively,

of 1000, where the heat is one.

distance

mi

By

quantity of heat at each dis

summing up the

tance we shall find
the heat the cornet

6,410 to

be the total of

has received from

the sun,

as much in descending as in ascending, which
must be multiplied by the
four thirds of an
484,547,

time,

we

hour;

which divided

that

is, by

shall then

by 2,000

have

represents

the solid heat the earth received in this time
of 1332

hours,

since

the

distance is

always

one.
Thus
1,300, and the heat always equals
-117
we shall have 242, '5 V-6-0 for the heat the cornet
received more than the earth during the whole
time of its
Newton

instead of 28,000, as

periheliurn

supposed

it,

because

he

took

only

the extreme point, and paid-no attention to the
very small duration

of time.

must still be diminished 242

And
547

this heat

because the

comet ran, by its acceleration, as much more
as

it

was nearer

the

sun.

way in

the same

But by

diminution, and ad
neglecting this

heat nearly
mitting that the comet received a
.242 times greater

than that of our summer's

-bull, and, consequently 17- times greater than
that
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according to Newton's cstj

that of hot iron,

ination, or only ten minutes greater according
to this estimation;
give a heat

it must be

supposed, that

ten times greater than that of red

hot iron, it required ten times more time; that
is to say, 13; consequently, we may compare
the

comet

forge

to a globe of iron

fire for

13320 hours,

to

heated
heat

by

it

a

to a

whiteness.
Now we find by calculation from my experiments that with a forge fire, we can heat to a
whiteness a

globe whose diameter

is 228342f

inches in 799200 minutes, and, consequently,
the whole mass of the comet to be heated to the
point of iron to a whiteness, during the short
time it was exposed to the heat of the sun, could
only be 223M2

inches in diameter;

and even

then it must have been struck on all sides, and
at the

same

time,

by

the

light of the sun.

Thus comets, when they approach the sun, do
not receive an immense
heat,

as Newton says,

nor
and

a very

durable

as we at the first

view might be inclined to believe.

Their stay

is so short in the vicinity of the sun, that their
masses have not time to be heated, and besides
only part of their surface is exposed to

it;

this part is burnt by the extreme beat, which
by
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by calcining and volatilizing the mattei of thi
surface, drives
dust from the

it

outwardly in

opposite side

to

vapours and
the sun;

and

what is called the tail of the cornet, is
nothing
else than the light of the sun rendered visible,
as in

a dark room, by those atoms which the

heat lengthens as it is more violent.
But another consideration very different and
infinitely znorc

important,

is, that

the result of our experiments

to apply

and calculation

to the cornet and earth, we must suppose them
composed of matters which would demand as
much time as iron to cool: whereas, in reality,
the

principal matters of which the

globe is composed, such as clay,

terrestrial

stones, &c.

cannot possibly take so long.
To

satisfy myself on

this point, I

caused

globes of clay and mail to be made, and having
heated them

at

the

same

forge until white, I

found that the clay balls of two inches, cooled
in8rninutes so as to be held inthehand; those
of two inches and an half, in 48 minutes;
those of three
being

inches, in

compared

with

60 minutes;

the

time

and

which

of time refri

geration of iron bullets of the same diameters,

"

to 80 for two inches,

give

38

two

inches

and

a

half,

and

48 to
60

102 for

to " 127 1r
three
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so that only half the time is re

three incites;

quired for the refrigeration of clay, to what is
necessary for iron.
I found also, that lumps of clay,

or marl,

of two inches, refrigerated so as to be held in
the hand in 45 minutes;
and a half in 58;

those of two inches

and those of three inches in

75, which being compared with

the time of

bullets of the same dia

refrigeration of iron

SO for two inches,

meters, gives 46, to

102 for two inches and

58 to

a half, and 75 to 127

for three inches, which nearly form the ratio
of 9

to 5;. so that

for the

refrigeration

of

clay, more than half the time is required than
for irons
It is necessary to observe, that globes of clay
heated white, lost more of their weight than
iron bullets, even to the ninth or tenth part of
their weight: whereas marl heated in the same
fire,

lost

scarcely

any

thing,

whole surface was covered
and reduced into glass.

although

the

over with scales,

As this appeared sin

the experiment several times,
gular, I repeated
increasing the

fire,

and continuing it longer

than for iron; and although it scarcely requir
ed a third of the time to redden marl, to what
I kept them

in the fire

thrice as long as was requisite, to

see if they

it did to redden-iron,

would lose more, but I found very trifling diloL. x.

R

minutions
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ininntions;

for the globe of two inches Tieafcd

for eightnrinutcs, which weighed seven ounces,
two (Iraclims, and thirty grains, before it was
put

in

the fire,

lost only

forty-one

which does not make a hundredth

grains,

part of its

weight; and that ofthiree inchcs,wh ich weighed
twenty-four ounces, five drach ms, and thirteen
grains,

having

been

licatd

eighteen minutes, that
iron,

lost

oily

the

by

is nearly as

fire

much

for
as

seventy-eight grains, which

does not make the hundredth and eighty-first
part of its weight.

These losses are so trifling,,

that it may be looked upon, in general, as
cer-tain
that pure clay loses nothing of its weight
in the fire;

for those trifling (lirfliflhitiOflS were

certainly occasioned by the ferruginous parts
which were found in the clay, and which were
in part destroyed by the fire.
of observation,

that the

different matters exposed

It is also worthy

duration

of beat in

o the same fire for an

the same proportion,
equal time, is always in
whether the degree of heat be greater or smaller.
I have made similar cperinicnts on globes
of marble, stone, lead, and Lin, by a heat only
melt tin, and I
strong enough to

found, that

iron refrigerated in eighteen minutes,
be able to hold

it in the hand,

so as to

marble refri

in twelve minuics,
gerated to the same degree
stone iii eleven, lead iii nine, and tin in

eight.
It
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It is not, therefore, In proportion to their den
sity,

as is commonly, supposed,

receive and lose more or

less

that

bodies

heat, but in an

inverse ratio of their solidity; that is, of their
greater or lesser non fluidity; so that, by the
same heat, less time is requisite to heat or cool
the most dense fluid.
To prevent the suspicion of vainly d welliug
upon assertion, I think it necessary to remark
upon what foundation I build this
have

theory;

I

found that bodies which should heat in

ratio of their

diameters, could be only those

which were perfectly permeable to heat, and
:would heat or cool in the same time;

hence,

I concluded that fluids, whose
parts are only
held together by a slight

connection,

might

approach nearer to this perfect permeability
than solids, whose

parts have more cohesion,

In consequence of this, I made
experiments,
by which I found, that with the same, heat all
fluids, however dense they might be
Pool more readily
light, so

that

than any solids,

mercury,

much more
readily

heat and.
however

for example,

than wood,

heats

although

it

be fifteen or sixteen times more dense.

This made me perceive that the
prrgress of
-heat in bodies

cannot,

in any case, be made

relatively t9 their density;

and I have found
by
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by experience,
solids as

that this progress, as well in

fluids, is made

rather

by

reason of

their fluidity, or in an inverse ratio of their so
lidity.

I mean by solidity the quality oppo-

ite to fluidity ;
s6
verse ratio of

wid I say, that it is in an in
this quality that the progress

of heat is made in both bodies;

and that they

heat or cool so much the faster as they are the
more fluid, and so much the slower as they are
more solid, every

other

circumstance

being

equal.
To prove that solidity, taken in this sense,
is perfectly

independent

of density,

found, by experience, that

I

have'

the most or least

dense matters, heat or cool more readily than
other more or less dense matters, for example,
much more dense than'
gold or lead, which are
iron and copper, heat and cool much quicker;
while tin and marble, which are not. so dense,
heat and cool much fasler than iron and cop-*
other mat
per; and there are likewise many
ters which come under the same description;
so that. density is in no manner relative to the
scale of the progress of heat in solid bodies.
It is likewise the same in fluids, for I have
observed, that quicksilver, which is thirteen or
fourteen times more dense

than water,

never-theless
heats and cools in less time than water;
and
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less dense

water, heats and cools much quicker;

than

so that

generally the progress of heat in bodies, as well
with regard to the

ingress

as

egress,

has no

affinity with their density, and is principally
made in the ratio of their fluidity, by extend
ing the fluidity to a solid;

from hence I con

chided, that we should know the real degree of
fluidity in bodies, by heating them to the same
heat; for their fluidity would be in a like ratio
as that of the time (luring which they would
receive and lose this

heat; and that it would

be the same with solid bodies.

They will be

so much the more solid, that is to say, so much
the more non Jhiicis, as they require more time
to receive and lose this heat, and that almost
generally to what

I

presume;

for I have al

ready tried these experiments on a great num
ber of different matters, and from them I have
made a table,

which I

have erideavoured

to

render as complete and exact as possible.
I

caused

inch

several

globes to be made of an

diameter with the greatest possible pre

cision,

from

the

following

matters,

which

nearly represent the Mineral kingdom.
M.

TilIct,

of the

Academy of

Sciences,

rnade the globe of refined gold at my particu
lr
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Jar request, and the

of

whole,

them weighed

as follows:

.oz.
Gold
-

Lead

6

217

-

3

6 28

3

3

3

0

2

7 56

-

Copper-red
Iron

-

Tin

-

Antimony

-

2510

-

melted,

gr.

"

Pure silver
Bismuth

d.

2

and

4$

which had

small cavities on its surface

2

1

o4

-

-

-

212

-

-

-

1

224k

1

.0 25

o

724

0

7 2Q

White gypsum, improperly called
Alabaster
.0

6 36

Fine
Emery

White marble
-

-

Pure clay

Marble common of Montbard

Calcareous white stone of the quarry
6

6

0

6

of Anicres, near Dijon
Rock chrystal;

it

was

a

little too

small, and had many defects.
presume that without
would have weighed
Common glass

them
-

I
it
22

6 21
Pure
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oz.

Pure earth, very dry
0
Oker
Porcelain

of the

a-

gr.

0

6

16

0

5

9

Court de Laura
-

guais

d.

052
-

White chalk

0

4 49

4Jherrywood, which although lighter
"
than most other woods, is that
which takes in the least fire
"

0

1 59

I must here observe, that a positive cónciu

sion must not be
weight
table

of

each

made of the
matter

exact specific

from the

preceding

for notwithstanding the precaution that

was taken to render the globes equal,

yet, a

I was obliged to employ different workmen,
some were

too

and

large,

others too small.

'Those which were more than an inch diameter
were

diminished, but those of rock chrystal,

glass

and

porcelain, which were rather too

small, we suffered to remain, and only rejected
those of agate, jasper,
were sensibly so.

and porphyry,. which

This precision in size was

however not absolutely necessary, for it could
very little alter the result of my experiments.
I
Previously to ordering these globes, exposed
to a like degree of fire, a square mass of iron,
and another of lead of two inches diameter,and
found,, by

reiterated

essays, that lead heated
and
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and cooled in much less time than hon. I made
the same experiment on red
Copper, and that
rquircd more time to beat and cool than lead,
and less than iron.

So that of these three mat

ters, iron appeared the least accessible lo heat,
and,

at

the

it the longest.

same time, -that which retained
From

whièh I learn that the

law of the progress of heat in bodies was not
iroportiomtb1e to their

density,

which is more dense than iron or
'vérthelcss
either.

heats and

cools in

less

since

lead,

copper, iie
time

than

As this object appeared ithportant, I

was induced to have these globes made, and to
be more perfectly satisfied of the progress of
heat in a great number of different matters, I
always

placed the globes at an inch distance

from each other, before the same fire, or in the
same oven, 2, 3, 4, or 5, together with a globe
of tin in the midst of them.

In most of my ex

to be exposed to the
periments I suffered them
same active fire till the globe

of tin began to

melt, and at that instant they were all remov
ed, and placed on a table in

small cases.

suffered them to cool without moving,
trying whether I

I

often

could touch them, and the

moment they left off burning, and I could hold
them in my hands half a second, I marked the
time which had passed since I drew them from
the
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I afterwards suffered them to cool to

The fire.

the actual temperature, ofwhich I endeavoured
to judge by

means of touching

other small

globes of the same matters that had
heated.

not been

Of all the matters which I put to the

trial, there was only sui phur which melted in a
less degree of heat than-tin, and notwitlistànd
ing its disagreceble smell I should have ttken
it for a term of comparison, but being a brittle
matter which diminishes by

J prc

friction,

rred tin, although it required nearly double
the beat to melt.
Having heated together bullets of iron, cop
pe

lead,

tin,

gres, and

Moutbard marble,,

they cooled in the following order:
So as to be held in the handfor
Ixzlf a second.

TQactualivnpcrature.

Mm.
6

In

-

-

16-

-s

In

-

-

17

Tin in
-

Lead in
-

Min.

-

9

In

Common marble in 10

In

Gresin

Copper in
iron in

a

hf

In

13

In

-

By a second experiment with a

39
fiercer fire,

ifiicient to melt the tin bullet, the five others
cooled.
VOL. Xt,

S

SW
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So a to be i'eid 1,, the ha,:].

To czctiI /e,i''', a1,ie.

IVIin.
Lead in

-

-

Grts in

-

-

JOT
1

In

-

-

-

4

J)1

In

-

-

-

I
J-i

46

In

-

-

-

50

J

Common marble
Copper
-

Iron
By a

Mir'

-

-

19

111

-

-

-

51

-

-

2J

111

-

-

-

54

third experiment,

of fire than

the preceding,

with

a less degree

the

same bullets

with a fresh tin bullet, cooled in the following
mLumer.
So as to tc held, Iii the hand.

To actual temperature.
Mill.

Mill.
Tin in

-

Lead in

-

""

7

In

-

-

911

In

-

-

1O-

In

-

Common marble

12

In

-

-

14

In

-

17

In

-

Grcsiti

Copper

-

Iron

-

-

25
25

-

37

-

44

-

50

-

-

From these experiments, which I made with
as

much

clude,

precision

as

first, that the

possible, we may con
time of refrigeration of

iron, so as to be held in 4. lie hand, is to that of
copper :

: 53

temperature :

: 45,

so

and

o

the

point of

: 14,92 : 125.

the time of refrigeration of iron,
2dly, That
so as to he held in the hand, is to that of the
first refrigeration of common marble :
54 and their entire refrigeration

: 5

;

: 142 : I 10
&l l7
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'&lly, that the time of refrigration of iron,
to that of gres, so as to be held in the hand, is
:

: 534-: 32 and

:

: 142:

1O2, for their en

tire refrigeration.
That

4thly,
iron to

the

time of refrigeration

as to be held in the

that of lead, so

hand, is:

: 534-:

of

27 and 142

: 944- for their

entire refrigeration.
In an. oven hot enough to melt tin, although
all

the

coals and

placed, on a

cinders were drawn out, I

piece of iron. wire,

five bullets,

distant from one another about nine lines, after
Winch the oven was shut, and
them out,

in

about

So as to be h?d in the
Mm.
-

Melted tin in

having drawn

18 minutes they cooled,
To actual temperature.

Min

S

In

Silver in

-

-

14

In

-

-

40

Gold in

-

-

15

In

-

-

46

Copper in

-

-

-

-

Iron in
the

In
the

16.1
18

50

In
-

-

In

same oven, but with

-

56

a slower heat,

bullets with an other bullet of tin,

same

cooled,
So as to be held in the land.

7,

ct,pf temperature.

Mm.

Mm,
Tin -in
Silver in

-

-

7

In

11

In

-

-

-

20

-

-

56
G614
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CI

In

-

-

14

In

-

-

16

in

-

-

12

Ccpper in
-

hon in

-

40
43

-

47

In the same oven, but wiii a still less
degree
of heat, the same bullets cooled,
So as to c held us the hand.

To athial tem/erature.

Mm.
-

Tin in

-

6

In

-

-

-

17

-

9

In

-

-

-

26

91

In

-

-

28.

Silver in
Gold

-

in

-

Troll in

-

Copper in

-

10

In

-

-

-

31

It

In

-

-

-

35

in the same oven five other

iJaving placed
bullets,
each

Mm.

placed the same and

separated

other, their refrigeat.ion was in the

lowing proportions.
So as to be h'ldin Le hand.
-

Min

Gf

In

7

In

ismut1i in
Lead in

-

8

In

Zinc ii'

-

10

In

. Ii

Emery in

fol-

To actual tempersture.

Mill.
Antimony in

from

-

-

25
26

-

I

-

-

27

-

-

30

-

-

38

In the same oven, and in the same manner,
another

bullet of

six olher

Bismuth was placed, with

i11e1s, which cooled,

So as to be held in the band.

To actual temperature.
Mm

Mm.
Antimony in
Bisriiuth in

-

6

In

-

-

6

In

-

-

-

23

-

25
Lead
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In

-

94

In

-

104

In

-

114

In

-

134

In

-

Lead in
-

Silver in
Zinc in

-

,Gold in

-

-

Emery in

-

-

133
28
-

-

-

30

-

-

32

-

-

-

34

-

-

-

39

There was put in the same oven a bullet of
glass,

another of tin, one of copper, and one

of iron, and they cooled,
So as to b held in the hand.

To actual temperature.
Mm.

Mm.
Tin in

a

-

S

In

8

In

14

In

16

In

Glass in
Copper 111

-

Iron in

Bullets of gold, glass,

-

-

27

-

22
-

-

42
50

porcelain, gypsum,

nd gres, were heated
together, and cooled,
So a: to be held in the hand.

T. actual temperature.

Mm.

Min.

Gypsum in

-

S

Iii

Porcelain in-

-

S-

In

-

"

2

In

-

10

In

-

-

1,11

In

-

-

Glass in
Gres in
Gold in
Bullets

-

-

of silver,

common

-

-

-

-

-

.

24
25

-

26
32

-

marble,

-

45
hard

stone, white marble, and soft calcareous stone
of Aiiicrcs, near Dijon,

were

heated like the

former, and cooled,
SO
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So as to 6e held iz t'' ,'anJ.

To ciatual temperature.
Mm:
Min,

stone in S

In

-

-

-

-

JO

In

-

-

34

Common marble in

-

J I

In

-

-

35

-

-

1.2

In

-

-

36

-

-

13}

In

-

40

Soft calcarcous
-

lIar (I stoc iii

White marble in
Silver in

-

-

The whole of these experiments were made
'ui1h

the utmost

care and

attention, not only

by myself but in the presence
sons,

of several per

who also endeavoured to judge of the

first degree of temperature by holding the bul
lets

for half a second in their hands,

and the

relations of which are more exact than those
of' the actual temperature, because that being
variable the result must sometimes vary also.
With a view to avoid that proxility which
would

necessarily attend the continual repeti

tion in a comparative statement of the refrige
ration of these (liHcrent bodies, we
iiected them

io a general

10,000 for the

table,

have con

and

taking

tandard of comparison, their

dif1nccs may be secu at one view.

A

rv
Tq
1AJiL
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TABLE
OF THE

Relations of di/Jerent JIinerzi Substances

IRON, with
First Entire
Refrig. Refrig.
Emery

-

Copper
Gold

-

-

10000 to 9117-9020
- to 8512-8702
-

-

Zinc

to 7653-6020
6804
4.
tO 7`61.9-74234

-

Silver

to 8160-8148

- to 6774-6704
- to 6636-6746

Marble W lute
Marble common
Sb

i e calcareous hard
(cs

10 5596-6926

Glass

to 557(5-5805

to (5617-6274

-

to

Lead

-- 10 4898-4921
to 4194-4659

-

'Tin

Stone calcareous soft
Clay
Bismuth
Chalk
Gum

o 4198-4490

-

Wood
Puniice-sone

5143-6489

to 3580-4081
to 3086-3878
"

tQ2325-28i7
to 18,90-1594
to 1627-1268

EMREV.
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EMERY, with
First Fntir
Re1ti:. Rccrig
10000 f

Copper
Gold

n
-

-

Sonc calcareous hard
Gres
Glass

-

- to 7304-441603
to 6559-6517
-

to 5862-550G
to 57.18-6643

-

Zinc

to
-

Clay
Bismuth

Chalk

-

to 777;-.7895

-

Lead

Antimony
Oker

H8

5i-56G

Zinc
Silver

S5 1'.

i"

-

565S-6000
85-5185

to 4949-6O6
to 4540-5S7

-

to 4259-3S27

-

to 3684-4105

GvpsumW oud

to 2368-2947

-

to 1552-3I4G

COPPER, with

Gold
Zinc
Silver

10000 to 9136-9194

-

-

to 8571-9250
7619

-

Marble common
Cres

to 8395-7823
-

Glass
Lead

-

to 7639-8019
1O()Q
1
LO 1333-

-

-.

to 6667-6567
to 6179-7367
Tir
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1.17
r,;r-,t

Entire
Reirig. Refrig.

*

Tin

Stone calcareous tender
Clay
Jisnnith

-

Antimony
Oker

-

-

Chalk

-

i'EarhIe

with
IOOCO to 21'74-

-

Silver

-- (0 3J.iU-.iuO
rr'e
4 (1
- to J),)-1
to 4Ofi8-4;G

GOLD,
zinc

10000 o 5746-69i
-- to 5WS-563.3
-- to 5632-6563
-- to

-

vh;tc

Marble co.?,i-imon
Soue calcarconS bard

Lead

Stone calcareous soft
C1y
Bismuth
Porcelain
Antimony
01INA"T
CJlidk

38-7627

1() 710--)
0
-- "(() 6,526-7500
- to 6324-6051

-

Tin

VOL. X

7."9-'.1'4
j4
o l 51 -7 3 J6 7.

Glass

(V

8422
OQOI'
O.i.yj- Oc)
O1(
tfi)
)iJ1jU)

-- (0
-- 4to
V
tO
to

Cires

04

-

-

to

60S7-58H.

t05811__3077
to 5658-T04 3
jo 5526-.5593'

-

--T
o 5,3.1.5 _6 48
1,
-- to 5349-142

-

-- 10 4571-4452
o) 2989-3293

-

rn

T

ZINC.
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ZINC, with
First Entire
Refrig. Refrig.
10000 to 8904-8990

Silver

10015
to 8305-8424

Marble white

7194
4?C)((
to 6242- 1333

-

Gres

5838

-

Lead

to 6051-7947
4940
- to 6777-6240

Tin
Stone calcareous soft
Clay

to 5536-7719
4425
- to 5484-7458

-

Bismuth

5666

-

-

-

-

43,73
to 5343-7547
4232

Antimony

to 5246-6608

Chalk

to 3'729-586

4135
2618

-- to 3409-4261

Gypsum

2298
SILVER, with

Marble white
Marble common
Stone calcareous hard
Gres

10000 to 8681-9200
to 7912-9040
-- to 7436-8580
-- to 7361-7767
Glass
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First

Entire

Refrig. Refrig.
10000 to 7230-7212

Glass
Lead

to 7154-9l84

-

Tin

-- to 6176-6289

Stone calcareous soft
Clay
Bismuth
Porcelain

to
-

Antimony
Oker

-

Chalk
Gypsum
Wood

-

6178-6289

to 6034-6710
to 6308-8877

- to 5556-5242

to 5692-7653
-- to 5000-5668
-- to 4310-.000
-- to 2879-3366
-- to 2253-1864
-- to 2059-1525

Pumice-stone

WHITE MARBLE, with

Marble common
Stone hard

10000 to 8992-9405

-

to 8594-9130

Grcs

to 8286-8990

Lead

o 7604-5555-

-

Tin

-

to 71'43-6792

Stone calcareous soft

to 6792- 7281

Clay

to 6400-6286

Antimony
Oker
Gypsum
Wood

-

to 6286-6792
to 5400-5571
to 4920-5116
to 2200-2857

COMMON
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MARBLE, \vith

COMMON

First

Entire

Refrig. Refrig.
-

Stone hard
tires
Lead

10001) to 94S3-9665
o SRi7-9273

-

-

'Jill

- to 7671-S590

-

Stone bolt,

tO 742

-

to 73)7_;59

-

Antimony
. .r,e1

-

-

Clay

to 772-72E3

-

to
-- .4-(()
4.
"to
Chalk
to
Woo.i

HARD
Gres
1
Gtass
Lead
Tin

CALCAREOCS
-

-

-

10000 tO 968-9355
- U) oI .t('--i3
____
to 857J-7)31

-

-

-

Stone soft
Clay
Oker

-

-

-

-

tO

W93-7931

to S0{)O-895
- to 6J90-6897
.
- to 4i62-5 1 i

----

-

IN' ood

2303-3279

STONE, with

-

-

6279-S33.3
1"" I of'
(-'C)flt)
0 I .fl) -Ut)).)
!
E--0i3i)

to 21i5-45IG

GRES, With
-

Glass
Lead
Tin
stone soft
Porcelain

-

101'O0 to 93 24-7979
- tO
2() 1-8930

-

to 7(67-76J3

-

-- 10
41-i 193
- to 7. 64-7O5)
Antiinoi'y
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'First

Entire

Refrig. Rcfrig
-Antimony

-

-

(0 4.56S-5000

-

-

'Wood

10000o733-6O
to 236S-4S2S

GLASS, wit],
-

-

Lead

-

-

rçj

10000 to 03iS8548
to 9 O7-869

-

Clay
P:cc1iii

o 7998-7643

-

-

-- to 628i-6500

-

-

Okr

-

Ch.Ik

to 7'2-8863

-

to 6104-6 195
to 4160-6011.

p.urn
Wood

-

to 2647-5514

LEAD, with
-

-

Tin

Stone. soft
(av

10000 to

-

-

Biniit1i
Aritiiiny
Okcr

--

to 8437-7199
O

7-o.)()

-

to 869S-875()

-

to 8221 1-S201

-

Gypsum

8695-8333

-

-

0 60607073
1o5714-611J.
to 4736-5714

TIN) with

Clay
Bismuth
Antimony
Okcr

-

-

-

-

10000 to 8823-9524
-- to 8889-9400
to 8710-9156
to 5882-7619
Chalk
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First

Refrig. Refrig.

-

Chalk

Entire

10000 o 6394-6842
- to 4090-4912

Gypsum

STONE CALCAREOUS SOFT, with
Ant irnoiiy
Chalk

-

10000 to 7742-9542

-

to 7288-7312

-

Gypsum

to 418,2-5211

CLAY, with
-

Bismuth
Oker
Chlk

-

-

10000

to 8400-8571

-

to 7701-8000

- to 51 S5-8055

-

Gypsum
V( uod

o 8870-9416

-

j

%437_4545

BISMUTI{, With
Antimony
Oker
Chalk

-

10004 to 9349-9572

-

to 8846-7380

-

to 8020-9500

PORCELAIN, with
100UO to 5301-6500

Gypsum

ANTIMONY, with
Chalk
Gypsum

-

10000 to 8431-7391

-

to 3833-5476

OKER, with
Chalk
Gypsum
Wood

10000 to 8954-8889

"

to 6364-9062
to 4074-5128
CHALK,
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ills
Frst

Er.tre

Refrig. Refrig.
CHALK, with
-

Gypsum.

-

10000 to 6667-7920

GYPSUM, with
-

-

Wood

-

Pumice-stone

10000 to 8000,._5c260
to 70i9-4560

WOOD, with
-

Pumice-stone

10000 to 875O-81S

Notwithstanding the assiduity I used in my
cxperimcuts,

a:id the care I took to render the

relations exact, I own there are still some im
perfections

in the foregoing table; but the de.

fects are trivial, and do not much influence the
general results;

for example, it will easily be

perceived, that the
being

10,0000

to

relation of zinc
6,051,

to lead

that of zinc to tin

should be less than 6,000, whereas it is found.
6,777 in the table.

It is the same with respect

of silver to bismuth, which ought

to be

than 6,308, and also with regard

of lead to

less

clay, which ought. to be more than 8,000, but
in the table is only 7,878.

This

difference

proceeded from the leaden and bismuth bullets
not being always the same; they melted, as
well as those of tin and antimony, and, there
fore, could not fail to ir;thice variations, the
greatest
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grcatcsf of v1i icli are the lii ree 1
markeJ.

It was not 1)o.-;sit)](-

!have just re
('Or

nic to

do

better;

the different bullets of lead, tin, bis

miii !i,

and

afflimoiiv,

hich

I

successively

use of, were twule in the same manner,
NO the matter of iaCll it', ig1t be sOifleW hat df
ferc:t, according to the quautitvof (he alliii
the

Lad and fill, for 1 had pure

the iWO

hi-4 i)ulkts ;

very often a

besides ,

tin

only

there

for

renia ins

maU cavity ill the melted bul!et,

and I heSe little C

USeS are -,uthcic.at to produce

the liLie dffercnces which may be remarked
iii the labe.
On tiIC Whole, to

draw from these expcri

rncnis all the 1)Oh1. that
nt (S

can be expected, the

Ii iCh COfl1p)SC their object must be di

vided into fur classes, viz. 1. Metals.
mnetils and Metallic Minerals.
and \itresci!le

Substances.

icons adCaicinable
the maifers o

each

Se

3. Vitreous

And 4

Calca

Aftcra rds

substances.
class must

2

be corn pared

between themselves to discover the

cause,

or

causes, or (lie order \vIi ich 1odov s 1111C, 1op'rs
of heat

in each, and then wi li

Or(ier to dl ed 11CC SOfl1
Firs .

caeiI other, in

5reIleral re u11s.

The order of-* the six meüds, accord-

11 (P to I heir fIcThcii7, S UI, iron, Copper, sifter,
aid gold ; ' irnreas the order in \vll icli
they
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they

eciVeand lose their heat is-tin, lead, sa-

ver,

gold, copper,

and

iron;

so that in tin

"

alone it retains its place.
The progress and duration of heat in metals
does not then follow the order of their density,
except in tin, which being the least dense,
also that which soonest loses its heat ;

is

but the

order of the five other metals demonstrates that
it is in relation to their fusibility that they all
receive and loose heat;

for iron is more diffi

cult to melt than copper,

copper

more than

gold, gold more than silver, silver more thau
lead,

more

lead

than tin;

and therefore we

::may conclude that it is only by chance if the
density and fusibility of tin be found so united
as to place it in the last rank.
it would be

Nevertheless,

advancing too much to

pretend

,that we must. attribute all to fusibility, and nothing to density.

Nature never deprives

her--self
of one of her properties in favour of aim
.ther inan absolute manner;

that is to say,

in

a mode that the first has not any influence on
the

second

weight

in

Thus,

be of some

density may

the progress of heat;

but.we may

safely affirm, that in the six metals it has very
little comparatively with fusibility.
This fact was neither known to chemists nor
naturalists;

thiy

did

not even imagine, that

gold which is more than twice as dense as iron,
VO1S x.

U

nevertheless
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nevertheless loses its heat near "a third soon'er
It is

the same with

lead, -silver, and

copper,

winch are all more dense than iron, and which,
like

gold,

heat

and cool

more rediIy ; for

second memoir'
though the object of this
only refrigeration,

was

yet the epcrirnonts of the

one that preceded it demonstrate, that there i
and
'ingress and egress of heat in bodies,
'Those 'which receive

that

it most quickly also lose

it The soonest.
1£ we reflect on flu ereal principles oMens ity,
'and the cause of fusibility, we shall perceive,
that density depends absolutely on the quanti1y
of matter which Nature places in a given space;
'fiat the more she can make it enter therein, tli
more densitythere will be, and that gold,in this
that which .'con
respect, is of all substances,
.'con-'tains the most matter relatively to 'its volume.
It

is for this reason that-it has been hitherto

to heat or
thought, that more time is -required
cool gold than other metals; and-ft is nut ii
ral enough to suppose, that containing doubt
or treble the matter in the samevolume, double
or treble time would be required to penetrate
it ivith heat;

nay this would

be true, if i

the constituent parts were of
every substance
But ia
the same figure and ranged the same.
the most dense the molecules of matter are,
not to
probably, of a figure sufficiently regular
leave very void places between theni; in others
which
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WI1iC1I are not so dense, and their figures. more.
are left, and in. the
irregular, more vacuities
few, and most
lighest, the molecules being
a thousand
likely of a very irregular figure,
times more-void is found than plenitude; for it
may be

demonstrated by other

that the volume of even

the

experimens,

most dense sub

stance contains more void space tJianfull matter.
Now, the principal cause of fusibility is the
find in se
facility which the particles of heat
these molecules of full matter froia

parating
each

other;

let the

sum of the- vacuities- be

greater or less, which causes density or light,.
ness, it is indifferent to the
molecules
and the

wli ich

separation of the

constitute the

plenitude ;.

greater or less fusibility depends en,.

tirely on the power of coherence which retains
the

united,, and opposes itself

massive parts

more or less to their separation.

The

dilata

tion of the total volume is the first degree. of
the action o

heat; and in (liflerent metals it- i
order as the fusion of the.

made in the same
mass, which
of heat or fire.

is performed by a greater degree
Tin, which melts the most rea

dily, is also that which dilates the quickest;
and iron, which
melt., is

is the most difficult of all tOL

likewise that whose

dilatation is

the

slowest.
After these general positions, which- appear
clear, precise, aid

founded

on

experiments
that
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that nothing

can contradict, it
might beir

incd that ductility would follow the order of
fusibility, because the greater or less ductility
seems to depend on the greater or less adhesion
of the parts in each metal ; ncverlhehss, ducti
lity seems ioliave as much

connection with the

order ofdensity, as with that oftheir fusibility.
affirm that it is in a ratio com

I would even

others, but that would be only
posed ofthe two
and a presum ption
by estimation,

vhich is, per.

for it is not so easy to ex

baps not founded;

actly determine the different degrees of fusibi
of density; and as ductility parti
lity, as those
of both, and varies accordig to cir

cipates

cumstances, we have not as yet acquired lime
necessary knowledge to pronounce affirmative
this subject, though it is most certainly

ly o
of

sufficient importance to

The same metal when cold gives

researches.
very

different results
although

ner.

Mlleabilily

same

man

but that gives only an imperfect

idea

metal, be

simple
drawn

gold, or even

ductility may extend ;

lead, the
into such

most
fine

malleable
threads

as

as iron, which is the least mal

Besides we

lity of metals

the

the

duc

can

leable.

in

does when

it

first mark of

is

of the point to which
nor

to what

treated

bet,

lility ;

merit particular

must

assist

the ducti

with -the additionoffire, without
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even iron, al.,

though the most 'robust, is brittle like the rest,
Thus the

ductility of one metal, and the ex

tent. of 'continuity which
1)Cfld not only on

its

it can support,

density and

dc

fusibility,'

but also on the manner and space in which it
is treated, and of the addition

of heat or fire'

Which is properly given to it.
If. By comparing those
term

we

which

semi-metals

substances

and metallic

which.

minerals,

want ductility, we shall perceive, that

the order of their deiii1y is emery, zinc, an
timony and
receive

bismuth, and that in which
they

and lose heat, is

zinc, and emery;

antimony, bismuth,

and which does not in any

measure follow the order of their density, but
rather that of their fusibility.
is a ferruginous

mineral,

Emery, which
as

although

again as bismuth, retains heat longer.
which is
retains

lighter than

heat longer

dense
Zinc,

antimony or bismuth,

than

either.

Antimony

and bismuth; receive and keep it nearlyalike.
'There are, therefore, semi-metals, and metallic
minerals, which, like metals, receive and lose
heat nearly in

the same relation as their fusi

of their density.
hility, and partake very little
But by joining the six metals, and the four
emimetals, or metallic minerals, which I have
tried,
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tried, we shall find the order of the denSitieof
these ten mineral substtnccs to be
emery, zinc,
antuBony, tin, iron, copper, bismuth, silver,
lead aiil gold.
these

And. that the oi:dr in which

ubsances heat

aid

cool, is

antimony,

ismuVh, tin., lead, silver,, zinc,, gold, copper,
enwrv and iron, i

which there are two things

that do not appear to perfectly agree with tho
order of fus ibi Ii iy.
First, Antimony, which, according to Newton, sb 0111(1

heat "and

coot slower than lead,

since by his experiments it rcquies tendegrecs
of the same heat to fuse, of which eight
tare su,f.
ficient for lead;

whereas

antimony is found to
than lead.

by my

heat

But it should

experiments

and cool quicker
be

observed

that

cw Ion made use of the regulus of antimony,
and that I cnipIoyed only melted antimony in;
cxpcrimcnts.

Now this rcgulus of antirnony,

or native antimony, is much more

difficult to

fuse than antimony which has already under.
that does. not make
gone a first fusion, therefore
an exception to the rule,

On the whole, I do

what relation

native antimony, or

)lot know

regdus of antimony, may have with
matters I have heated and cooled ;

the other

but I prc

unie, from the expcrinicnts of Ncwton, that
it heats and cools slower than. lead.
Secondly,
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is pretended,

151

that zic fus

iore easily than silver., consequn tly it.shuid
,be-found. be¬or

silver iB the order indicated

by cxpenmeus,, if this order were in all cases
xcIative1ohat of;fusibility; and I awnthatlhis
semi-metal seems, at the first glance, to .m.aie
an exception to the law which is followed by
dl the others; but it niustbeobevcd,that the
iiWereiice given by iiy expeninwits
zinc and

silver is

very trifling.

lobe of -silver which
purest silver,

bctweei

Th

snaU

i m.de use-of was of the

'itliout the least miKt U re
..OfCOp-

per; but I had my doubts wbetherthat.ofzia
"ivcre.entire!y fiee from
iietal less fusible;

coppcr, or sonie other

and Therefore, after all

my

experiments, .1 returned the .globe-of zinc
iL Roueile

a

celebrated

mistry, requesting
it, which having

him

professor

of

to

che-

carefully to. eauin

done, after several trials, he

found a pretty considerable

quantity of iron,

,or saffron of steel in -it.
I

have.,

therefore,

had the

satisfaction

of

seeing that no.t only my own supposition wa
well

founded,

have been

but also

made with

,evince a mixture.

that my .experiments
suIficieit precision

to

Thus zinc exactly follows

the order-of' fusibility, like the other metals and
semimmetals, in the :pr0gSs of heat, and does
notrnake.any exceptiontothe rule.

I.t cati
not'
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:not therefore, in general, be said that the jro
scinirnetaIs, and me
gress of heat in metals,
tallic minerals, is

ill

the same ratio, or

even

nearly to that of their fusibility.
III. The Yitrescble and Vitreous

Matters,

vhichi I tried, being ranged according to their
density, are, pumice-stone, 1orcclainc,
clay,

glass,

rock-chrystal,

must observe, that
set down

although

and

gres,

cli rystal

oker,
for

I

is' not

in 'the table of the weight of each

'matter but for six draclims 22, grains, it must
'be

supposed one drachin

was 'sensibly

too

small;

heavier,

because it

and it was

for: this

reason that I excluded it from the general table
ofrelations ;

nevertheless, as the general result

I can present the follow'
agrees with the rest,
different sub
'ing as the order in which these
stances are cooled:
Pumice-stone, oker,

porcelain, Clay, glass,

to that of their
crystal and gres, is according'
is herebefore the porcelain
density, for the okc.r
a fusible matter, it dimi
only because, being
nished by' th friction it underwent in the ex
periucnth, and, besides, their density differs so
little that they may be looked upon as equal.
Thus the law of the

of heat

in

is relative

to

progress

vitrescible and vitreous mattes

the order of their density, and has little or no re
lation-with their fusibility but by the heat re
quired
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quired

t

fuse

these

15,41

substances being

in

an

almost equal degree, and the particular degree
of their different fusibility being so near each
oilier that an order of distinct terms cannot be
made;

thus their almost equal fusibility mak

ing only one term, 'which is the extreme of this
order, we must not be astonished that the pro
gress of heat here follows the order of density,
and that these different substances, which are
all

equally

difficult to fuse, heat and

coot

more or less quick in proportion to the matter
they contain.
It may be objected to
more

easily than

clay,

me that glass fuses
porcelain, oker,

pumice-stone, which, nevertheless,
cool in less time than glass;

heat

and
and

but the objection

will fail when we reflect, that to fuse glass it is
requisite to have a very fierce fire, the heat of
which is

so remote

from the degrees

which

in our experiments on refrigera
glass receives
tion, that it cannot have any influence on them.
Besides, by

powdering clay,

porcelain,

and

them their analo
pumice-stone, and by giving
as we give to sand to convert it
gous fusers,
into glass, it

is more

than probable

that we

should fuse all the matters in the same degree
of fire, and that, consequently we must look
upon it
VOJ4.

X

as equal, or almost

equal, with (heir
rcsistaiice
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resistance to fnsion;
that the law of the

is for this

rean

in
progrcss of heat.

found prô.portionable to

irmtters is
f their

and it

these

the order,

?ensi1y.

IV. Calcareous

matters, ranged

according

to the order of I !ii r density, are, chalk, soft
torrc, hard stone, common marble, and white
marble, wli ich is the sa nrc as that of Iii
ity.

ir ci ei't

The fnsibi'lity isno here of any weight,

b'ectue it requires at first a very great degree
of fire to cal'cine them; and although the cai
cination divides the parts, we must rook upon
the effect only as a first degree and not as a
complete

fusion.

The whole power

best biirrring mirrors
perform

it.

ii

is

of the

scarcely sufficient to

have melted and reduced

into

ti kind of glass some of these calcareous mat'
ters;

'MA 1 am convinced that

may, lice all the rest,

these matters

be reduced

ulteriorly

i'n to glass, wi thont employ ir~g for tl-i is purpose
any fasing matter, and

only by the force of a

fire's iipcrkr to that -of our

furnaces;

conse

of their fusibility is
4tierrtly the -common i'erin
till more remote, and moic extrcrne, than that
f vitreotrs rnaticrs,

and it

is

for this reason

Thit they also follow more exactly the orderof
cnsLly in, the progress of heat.
White gypsum, improperly called alabaster,
is
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15

like all other plasters

that which
by a more noderate beat than
necessary

for

the

P.,

calcination

is

of ca1careow

maters, and it follows the order of density in
-the progress of beat which it receives or loses,
for although much more dense than chalk, and
.a lithe more so than white calcareous stone, it
heats and
-those

cools

rnati ers.

more or

more readily than

either of

This demonstrates

that

the

less easy calcination and fusion pro;.

riuces the same eiibcts
gress of heat.

relatively to the

pro.

Gypsous matters do not require

so much fire to calcine as calcareous, and it is
for this

reason

that,

although

more dense,

they heat and coo! much quicker.
Thus it may be, concluded, that, in general,
- the progress of heat in all Mineral Substances
is always nearly in a ratio of i/ieir greater or
less facility to calcine, or well :

but that when

their calcination, or their fusion, are equally
that they require a degree of ex
difficult, and
treme heat, then the progress of heat is made
according to the order of their density.
I have deposited

in the Royal Cabinet the

silver, and
globes of gold,

of all

the other

nctallic and mineral substances which served
for the preceding experiments, that if the truth
of their results, and the general cousequences
whicl4
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1 have deduced, be doubted, there may

which
be

an opportunity

of rendering them. more

authentic.

OBSERVATIONS ON THE NATURE OF PLATINA.

E have already seen, that of all the Mi.
W4
neraL substances which I subjected
was not the most dense, but the

trial it

to

least fusible,

wlnch required ihc longest time to receive and
lose

heat.

most

difficult.

same

time,

sluwest.
that is

and

Iron

those

iron.

been

that

is

accessible

not. long

to

nia1tcr,

There

longer than

emery, which are the
fuse,

heat

nothing

to

and

cool

retains

This mineral, (which

publicly

mentioned)

the

platina

except

which

heat.,

at the

are,

it

has

appears,

however, to be nore difficult to fuse;

the fire

of Ilie best furnaces is not fierce enough to pro.
duce that effect,
small grains,

nor even

which

are

to agglutinate
all

angular,

the

hard,

and similar in form to the thick scale of iron,
bt of a yellowish colour; and although we can
fuse them without

any

addition, and

reduce

them into a mass by a mirror, platina seems t
Mum more heat than the ore and scales of iron
vhiçt
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our forge furnaces.

In other respccs, the density of platina heiTI
Much greater than that of iron, the two quaiitities of density and non-fusibility unite here t
render this matter

hie least accessible to the

progress of heal.

I

presume, theref)re, that

of my table
platina would have been at the head
if I had put it to the experiment;

but I wa

not able to procure a globe of it of an inch diameter, it being only found in rrains; and that
which is in the mas is not pure, it being ne
cessary, in order to fuse it, to mix it with other
rnatrs, which alter its nature.
de B1larderie
tended

my

d'Angivillicrs,

cxpcrinicnts, led

The
who

Come

often at.

mc to examine

this rare metallic suhstance, not yet sufficiently
known.

Chemists

who have emIoycci their

time in platina, have looked u jon it as a new,
and particular metal, differcnt
perfect, proper,
from all the rest:

they have asserted, that its

specific weight was nearly equal to that ofgold;
but that it essentially differed in other respects
from gold, having neither ductility nor fusibi
lity.

I owni am of a quite contrary opinion;

because a matter which has neither ductility
.or fusibility,

cannot rank in the number of
metals,

I lmve been assured, however, by a peron o the first
sn:neup.es found in nasse
rçspcctabiiity, that platina is
and that he himself saw a piece that wcghed tweflty
ouuds, pure as it was eractd from the mie.
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metals,
jertics

whose

essential

and

common

are to be ductile and fusible.

pr

Neither,

after a very careful examination, did platiiia
dilk,rwit Ironi every
appear to tile a new metal
other, but rather
formed by

an alloy

of iron and gold

Nature, in which the

quantity o

over the iron; and I found?
gold predominated
d this opinion on tile following lads :
Of 8 ounces S5 grains of

)latifla, furnished

me by Cointe d'Angivillicrs, which I presented
to a strong

loadstone, there remained only 1

ounce, 1 drama and 98 grains, all the rest was
taken away by the Ioadstone; therefore, nearly
six-sevenths of the whole was attracted by the
oadstone, which is so considerable a quantity,
that it is impossible to suppose that iron. is not
contained in the intimate substance of platina,
but that it is even there in a very great quan
tity.

I am convinced it contains much more,

for if I had

not

been weary of these experi

ments, which took me up several days, I should
have attracted a great part
of the S ounces by

my

of the remainder

loadstone, for to the

last it continued to draw some grains one by
r
here is, therefore,
one, and sometimes two.
much

iron

in

platina,

mixed with it, as with
uiately united

and

and

it is not simply

a foreign matter, but in
making part of its sub
stance;
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or, if this is denied, it must be
sup
flint there exists a second matter in

Nature winch like iron may be

attracted by

the loadstone.
All the platina I have had an
opportunity of
examining, has appeared to be mixed with two
different matters, the one

black, and very at

tractable by the loadstone; the other in
larger
grains, of a pale yellow, and much 'ess rnag
netic than the first.

Between these two mat.

teTs, which are the two extremes, are found all
the intermediate links, whether
to magnetism,
The

most

colour, or

respect

size of the grains.

which

magnetic,

with

are at the same

time the blackest and smallest, reduce easily
into powder by a very slight friction, and leave
on white paper the same marks as lead. Seven
leaves of paper which were
successively made
use of to expose the

platina

to the action of

the loadstone, were blackened over the whole
extent occopied by it; the last left less than the
first, in proportion as the grains which remain
ed were less black and magnetic ;

the largest

grains, which are yellow, arid least magnetic,
instead

of

crumbling

into

powder

like the

small black grains, are very hard, and resist all
trituration ;
of extension

nevertheless, they are susceptible
in

an

agate mortar,

under the

reiterated strokes of a pestle of the same mattcr,
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ter, and I (httened and extender] many grains
to the double or Irchie extent of their surface;
this part

of platina,

tlierefire, has a. certain

degree of malleability, and ductility, whereas
the black part appears to be nciiher malleable
The

nor ductile.

intermediate grains parti

cipate of the qualities of the two extremes :
they are brittle and hard, they

break or ex

tend underthe strokes of the pestle, and afford
a little powder not so black as the first.
having collected this black powder and the
most

grains

magnetic

first attracted,

I

that

the Ioadstone

discovered that

the

at

vliole

'w as iron, but in a different state from common
iron.

The

latter reduced

tiling',

contracts

moisture,

into

powder and

and

rusts

very

readily; in proportion as the rust increases, it
becomes less

magnetic, and

absolutely

loses

this niagnetical quality when entirely and in
hercas this iron powder, or

timately rusted;

in the platina, is inac
ferruginous sand found
cesssible to

rust,

how long

oevcr it may be

exposed to the air and humidity ;

it is

also

more infusible and much 1('ss dissoluble than
common

but is,

iron ;

nevertheless,

an iron

which appears to differ only from common iroii
by a greater purift.

This sand is, in fact, iron

thvcsted of all the combustible matter and all
tercne puts

hich are fluid in common iron,
an(l
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it appears endowed and co

vitreous varnish which defends
What is very remarkable,

"itfrorn all injury.

-this pure irma sand does not exclusively belong
to the plat.inaore; for 1 have found it, although
always. in small .quantitiesinmany parts. where
the iron ore has been dug,-and which consumed
in my forges. As I submitted to several trials
all the ores I had,

before I used them in

experiments,.I was surprised to find in
of them,

which were in

my

some

grains, particles of

iron,. somewhat rounded and shining,- like the
filings of iron, and

perfectly resembling

fcrriiginous sand of the platina ;

the

they were all

as, rnagnetic,.alI as litQe fusible, and all as dif
ficult of.solulion.

Such was the result of the

comparison I made on

the sand

of platina,

and of the sand found in both my iron ores, at
the depth of three feet,
.tcreasily penetrated.

in earths where

wa

I was puzzled to conceive

whence these. Particles of iron could proceed,

" how
they had becii defended against rust, for
the ages

flIcy..were ex-posed. to the humidify

of the earth, and. how. this very magnetical
iron-.had

been produced

in

veins. of mines,

ivhicli had not the smallest degree of that qua
lity. I called experience to myaid, and became
aP tV, length satisfied upon these points.
I was
von.

x.

-Y

well.
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well

convinced

grain
well

were

that none of our iron ores in

tractable

persuaded

by the loadstone, and

that all iron ores, which are

magnetical, have acquired that property only
the

by

action

iiorUi, which

of fire:

that the mines of the

are so magucticalas to be sought

after by the compass, must owe their
origin to
fire, and are formed by the means, or the inter
rniliurn of water;

from which I was induced

to suppose that this
ferruginous and magnetic
sand, that I

found in a small quantity in my

iron

must

mines,

owe

its

origin to fire, and

having examined the place I was confirmed in
this idea.
wood,
have

This magncical sand is found in a

where,

from

time

immemorial,

they

made, and still continue to make,

coal

furnaces. It is likewise more than
probable that
there were

formerly

Coal

burnt wood

and

which
that

includes

the

considerable
produce

most

'vcgcablcs contain ;

fixed

fires

here.

iron

dross.,

parts of iron

it is this fixed

iron

which forms the sand here spoken of, when the
dross is decomposed by the action of the, ai,
sun, and rain, for then these pure iron
parti
eks, which are not ¬uhjct to rust, norto any
other kind of alteration, suffer themselves to be
carricd away by the water, and penetrate with
it some feet
deep into the earth.
:

What I here
advance
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advanáe may be verified by grinding the dros
well burnt,

and

there will be found a small,

which, having re
quantity of this pure iron,
sisted the action of the fire, equally resists that
ofthe solvents., and does not rust at all.
Being satisfied
sufficiently

on

this

head, and

having

compared the sand and dross ta

ken from the iron orns with that of the platina,:
so as to have no doubt of their identify, it was
not long before I was led to conclude,

consi

dering the specific gravity of platina, that if
this pure iron sand, (proceeding from the de
of being in an
composition of dross) instead
iron mine, was found near to a gold one, it
might, by uniting with that metal, form an al
of the same na
by which would be absolutely
ture as platina.
affinity ;

Gold and iron have a great

and it is well-known that most iron

mines contain a small quantity of gold ;

it is

also known how to give to gold the tint, CO-0
lour, and even the brittleness of iron, by fusing
them

together.

This

iron-coloured

used on different golden jewels
lours;

gold

is

o vary the co

and this gold mixed with iron is more

or less grey, and more or less tern pered., accord
ing to the
mixture.

quantity of iron which enters the
I have seen

it of a tint absolutely

like the colour of platina ;

and having cnquir
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ed of a goldsmith the proportion of gold add,.
iron therein,

he informed me, that ill a. piece

of L,;.,4 caras, there were no more than l

gold,

coucquently a fourth part was iron, which is
nearly the proportion found in the natural ph
tur1, if we judge of it by the specific weight;
and this

gold made with

iron

is

harder aad

specifically kss weighty than ptre gold.
these agreements and common

All

qualities with

platina, have persuaded me, that this pretend...
ed metal is, in fact, only an alloy of gold and
iron,

and

not a particular sibstaace,

a new

and perfect metal different from every others
is chemists have supposed.
It is well known that alloy makes all ñictals
brittle, and that when there is a penetration,
that is, an augment

tion in the specific gravity,

the alloy is so much the more tempered as the
be
penetration is (lie greater, and the mixture
comes the more intimate, as is perceived in the
alloy called

bell-metal,

although

it

posed of two very ductile metals.

be com
Now

110

thing is more tempered; nor heavier than pill
tina, which alone ought to make us
that

it is

only an alloy

made

mixture of iron arid gold,

conclude

by Nature, a

owing in

part its

specific gravity to this last, and, perhaps, a!so, in a great
part,
two matters of which

to

the pcnct.ml ion of the

it is composed.

A
lit
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1615.

heated alone and' 'wiLlIo

uny addition, is very difficult to reduce into a.
pass, as by the fire of a burning mirror we can.
obtain only very small masses, and as the hy
drostatical

experiments

made

on

small

vo

lumes are so defective, that we cannot conclude
any tiling therefrom, it appears to me that the
chemists have been

deceived in their estiina

tion of the specific
gravity of this mineral.

I

put some p)wderofgolfJ in a little quill, which
I weigh-d. very

exactly;

I

put in the same

quill an equal volume of platina, and it weigh
ed nearly

a

tenth less;

but this gold powre

was much too fine in comparison
tina.

of the pla

M. Tillet, who besides a profound know

jedge of metals, possessed the talent of mak
ing, experiments

with

the greatest precision,

repeated, at my request, this experiment up.
on the specific weight of the platina, corn pared
to pure gold; for this purpose, hc, like nie,
made use of a quill, and cut gold of
reduced as much

4 carats,

as possible to the size of the

grains of platina, and he found, by eight. cx
perimcnis, that the weight of platina diiR'reJ
from that of pure gold very near a

fifteenth?

but we both observed that the grains of gold
had much shaper angles than the platiiia: all
the angles of the latter were

blunt, and even

soft, whereas the grains of this gold had sharp
and
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cutting

adjust

angles,

themselves,

so that

could not

nor heap one on the other'

as easily as those of plalina.
der J

they

The gold pow

had before made use of was such as is

found in river sand, whOse grains adjust them
selves much better one against the other, and
1 fount! a about a. tenth difference between the
of those and platina; neverthe
specific weight
less, those are not pure gold, more than two or
three carats being often wanting, which must
diuiinisli the specific weight in the same rela
tion.

Thus we have thought we might main

tain, from the result of my experiments, that
platina in grains, and such as Nature produces
it, is, at least, an eleventh, or twelfth, lighter
than gold.
that the error

There is every reason to presume
on

the density of platina, pro

ceeded from is not having been wei,ghcd in its
natural state,

but

only

duced into a mass ;

after it had been re

and as this fusion cannot

be made but by the addition of other matters,
and a very fierce fire, it is no longer pure pla.
tina, but a composition in which fusing mat
ters are entered, and from which fire has taken
the lightest parts.
Plt.ina, therefore,instead of being ofa density
almost equal to that of pure gold, as has been
ascrted, is only a density between tliatufgold
and
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and iron, nnd only nearer this first metal that*
the last.

For supposing that the cube foot of

gold weighed I3'6lb and that of iron
of plat.ina in

grains will be found

8O, that
to weigh

about 11941b. which supposes more than

of

of iron in this alloy, if there is no
penetration ; but as we extract
by the load.

gold to

storte, it might be thought, that there is more
than

iron

nuing this

therein :

especially

as by conti

I am persuaded,

experiment,

we

should be able, with a strong loadstone to
bring
away all the platina even

to

the last grain.

Nevertheless, we must not conclude that iron.
is contained therein in so great a quantity; for
when it is mixed by the fusion with gold, the
mass which rcsults from this alloy is attractable
by the

loadstone, although the iron is in no

great quanthy (herein.

M. Batime had apiece

of this alloy weighing 66 grains, in which was
-- of iron, and
only entered 6 grains, that is,
this button was easily taken up by the load
stone.

Hence the platina might possibly con

tain only -- iron, or f-

gold, and yet be at

entirely by the !aadstone; and this per
fecily agrocs with the spcci1c weight which is
-

less than gold.

what makes Me presume, that pbtina
"ontains inure than of iron, o
of gold,
Bat

is
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is, that the alloy from this proportion is still
of the gold

and much yellower than

colour,

iron,

the highest coloured platina, and that
or

gold is requisite

for the alloy to be pre
I U11

cisely of the natural colour of platina.

therefore, greatly inclined to think that there
might

quantity of

pos.ihly be this

iron itt

\'Ve were assured by many cxpei"i
nients,

that the sand of this pure iron which

contained platina,

is

heavier than the filings

Thus, this cause, added to

of common iron.

is

the effect of penetration,

sufficient

for

the

reason of this great qua niy of iron contained
under the small volume indicated by the spe
ciiic weight ofplatina.
On the whole, it is very possible that I may
be deceived in some of the consequences which
I have drawn from my
metallic substance:
to make

so

could w ish ;

observations

for I have

profound

an

and what

I

have observed,

on

this

not been able

examination

as

I

say is only what I

which may perhaps

serve as

a stimulus to other and better researches.
Chance led me t' tell my ideas to Contc de
Mill),, wh
mon.

I

leclare(i iiinse1f nearly of my opi

gave hin;

thq)CCt, and two

the preceding remarks to

d:ys afler he

favoured

me
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lie
.itli the following observations, and which
has permitted me to publish.
49 I
weighed exactly thirly-six

grains

of

laid them on a sheet of white paper
platina; I
that I might observe them the better with a
three different
magnifying glass: I perceived
,substances;

the

first had

the metallic lustre,

ftnd was the most abundant; the second, draw
resembled
ing a Lttle on the black, very nearly
a

ferruginous

metallic

matter,

undergo a considerable degree

which could
of fire,

such

.s the scoria of iron, vulgarly called machefer:
the third less abundant than the two first
sand, where

the yellow,

the most predominant

i. e.

or topaz colour, is
Each grain of sand,

considered separate, offered to the sight regu
lar chrystals of different colours
some

in

an

hexagon

form,

pyramids like rock chrystal;

I remarked

terminating
and

this

in

sand

seems to be no other than a detritus of clirs
tal, ot quartz of different coloursb
"I

resolved on

separating,

as exactly as

means of
possibie,tbse different substances, by
the Iodstone, and to put aside the Palts most
attractable by the loadstone, from those which
were less, and both from those which were not
so at all; (lien to examine each substance par
ticularly, and to submit them to different che
mical and niecijanical heals.
Vol*. X.

Z

" I
sepa4
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separated

these

parts

of the

platiiict

which. were briskly attracted at the distance of
two or three hues ; that is to say, without the
contact of the liadstonc ; and for this
I made use of a good fictious magnet; I
experi-ment
afterwards touched the metal with this mag
net, and carried oil all that
magnet ical force.
attractable,

I

Being scarcely any longer

weighed

what

which I shall call No. 4 ;

remained,

and

it was twenty-four

No. 1, which was the most sensible to

grains;
the

ould yield to the

magnet,

weighed

weighed the same;

four

graills;

and No.

No.

2

3, five grains

,,No. I, examined by the magnifying glass,
of metallic parts, a
prcsciited only a mixture
svhite sand bordering on the greyish, flat and
round,

or

black vitritbrm sand,

resembling

in which very rusty parts are
pounded scoria,
perceptible :
iron

in

short,

such as the

presents after having

been

scoria of

exposed

to

moisture.
No. 9 presented nearly the same, except
ing that the metallic parts predominated, and
that there were very few rusty particle
" No.
3 was the same, but the metallic parts
were more voluminous; they resembled melted
metal which had been thrown into water to be
granulated ; they were flat, and of all sorts of
figures, rounded 041 the corncr.
No. 4,
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No. 4, which had not been carried off by

the magnet (but some parts of which still af
forded marks of sensibility to magnetism, when
the magnet was moved under the paper where
they were in), was a mixture -of sand, metallic
parts, and real scoria, friable between the fin
gers, and which blackened in the same manner
as

common scoria.

The sand

seemed to be

composed of small rock, topaz, and corn chian
clirystals.

I broke sonic on a steel,

and the

powder was like varnish, reduced into powder;
I did the same to the scoria ; it broke with the
greatest facility, and presented a black powder
which blickened the paper like tue Common.
11
The metallic parts of this last (\o. 4) ap
peared more ductile under

the

hammer than

those of No. 1, which made me imagine they
contained less iron than the first : from whence
it follows, that. platina may possibly be no more
than a mixture of iron and gold made by N
hire, or perhaps by the hands of men.
"I endeavoured to examine, by every pos.
sible means,

nature of platina :

the

of iron
myself' of the presence
chemical means,

I took

No.

very attractable by the magnet,

to assure

of phttina by
1,

which
and

was

No.

4.,

which was not; I sprinkled them with fuming
spirit of nitre;

I immediately observed it with

the imcroscojc, bu

perceived no eTh.rvescen
I
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made no

and it stilt

'water thereon,

I added distilled
motion,

parts ac

but the metallic

quircd new brilliancy, like silver:

I let this

mixture rest for five or six minutes, and hav
threw
ing still added water, I
alkaline liquor saturated

some drops of

with the colouring

matter of Prussian blue, and very fine Prus'
sian blue was a1lrded me on the first.
"No. 4, treated in the same manner, gave
the same result.

There are two things very

first,
singular to remark in these experiments;
that

it

passes

current

chemists

among

svh

have treated on the platina, that aquafortis, or
Yet, as I

on it.
spirit of nitre, has no action

have just observed, it dissolves it sufficiently,
to afford Prus
though without effervescence,
sian blue, when we add

the alkaline liquor

with the
phiogisticated and saturated
lug

colour

matter, which, as is known, participates

iron into Prussian blue.
"

Secondly,

Platina, which is not sensible

to the magnet, does not contain less iron, since
and wiiliout
spirits of nitre-dissolves it enough,
effervescence, to make Prussian

blue, Whence

it follows, that this substance, which modern
chemists, perhaps toogrcedy, ofthe marvellous,
and too willing to give something novel, have
considered as a ninth metal, may possibly be
otly a mixture i

gold and iron.

"

WitItoi
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C Witbout doubt there stilt
require many
this mixture has
experiments to determine how
taken place, if it be the work of Nature or tho
effects of some volcano, or simply the produce
of the Spaniards' labours In the New WorId to
Peru.
acquire gold in the mines of
" If we rub
platina on white linen it black
ens it like common scoria,

which made

me

reduced
suspect that it was the parts of iron
into scoria which arc found in this platina, and
give

it this colour, and which seem, in this

state, only to have undergone the action of a
violent fire.

Besides, having

examined platina with

a second time

my lens,

I

perceived

therein diiThrcnt globules of liquid

mercury,

which made me suppose that platina might
be

the produce of the hands

following

f man,

manner :-Platina, as

in the,

I have been

told, is taken out of the oldest miucs in Peru,
which the Spaniards explored after the con
quest of the New World.

In those dark times

only two methods were known of extracflng
gold from the sands which contained it. ; first,
by an amalgama with mercury; secondly, by
drying it.

The golden

sand

was

triturated

with quicksilver, and when that was judged
to be loaded with the greatest part of the gold,,
the sand was thrown away, which was named
crasse, as useless and of no value.

44

'L"lic
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Theother method was adopted with as 1 itt T

judgment; to extract it they began by minera
using auriferous metals by means of sulphur,
vh ich has no action on golJ, the specific
weight
being greater than that of other metals : but to
facilitate its precipitation iron was ad cled,wh ich
loaded itself with the supcrabunda ut sit1 ph u I.,
and this method is still followed.
of fire vitrifies one part o

The force

the iron, the other

combines itself with a small portion of the gold,
or even

silver, -which mixes with the scoria,

from whence it cannot be drawn but by strong
fusions, and being well instructed in the suit
able intermediums which are made use of. Clue..
to great perfec
mistry, which is now arrived
iion,

affords,

in

fact,

means to

extract

time

and silver : but at time
greatest part of this gold
time when the Spaniards explored the mines of
Peru, they were, doubtless, ignorant of the art
of mining

with the

greatest profit;

besides,

they had such great riches at their disposal that
they,

probably, neglected

the

means -which

'would have cost them trouble, care, and time;
there is much reason tlierefbre to

onclu(lc that

they contented themselves with a first fusion,
and threw away the scoria as useless, as well as
the

nd which had escaped the quicksilveryand
ZP(iPS they made a mere heap of these two

mixtures, which they regarded as of no value,
Vj,l
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gold and silvers

scoria contained

iron under different, stales, and that in diffixent
proportions unknown to us,

but which, per

haps, are those that gave origin to the platina.
The globtiles of quicksilver which I observed,
and

those

of gold

which I

distinctly saw,

with theassistance of a good lens, in the plati
iia I had in my hands, have given birth to the
ideas which

I have written on the origin

this mineral;
ardoi.is

them

as

ha-.

acquire some

cer

but I only give

conjectures.

To

of

tainty we must know precisely vhere the p1a
tina mines are situated5 and
have been
extracted

anciently
from a

examine if they

explored, whether it be

new soil, or if the mines be

only rubbish ,and to wliatdcptli they are found;
and, lastly, if

they have any

appearance

of

being placed by the hands of man there or not,
which alone can verify or destroy the conjec
tures I have advanced."
These observations of Comte de Milly con
firm mine in almost every point.

Nature is the

same, and presents herself always the same to
those who know how to observe her: thus we
must
Baron Siekengen, minister of the elector Palatine,
told 1v'I. de MiIly, that he had then in his possession two
memoirs which had been given to him by M. Kellner, che
mist and metallurgist in the ser'icc of the Prince of Birc
kcnfeld, at Mauheim, and which offered to the court of
Spain to return nearly as much gold as they would send
him platint.
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must not be surprized that, without any comm
mutilcation, we observed the same things, and
deduced the same consequence therefrom; that
phtina is not anew metal, different from every
other, but a mixture of iron and gold.

To re

concile his observations stilt more with mine,
and to enlighten, at the same time, the doubts
which remain on the origin and formation of
platina, I have thought it necessary to add the
following remarks
1.

The Cointc de Milly distinguishes three

kinds of matters in platina, namely,two, metal4
lic, and he third, non-met,
of a chrystal
}inc form and substance.
as I,

that one

attractable by

Lie observed, as well

of the metallic matters is very
the magnet, and the other but

lit; Ic, or not at all.

I mentioned these two mat

ters as well as he, but I did not

peak of the

third, which is not metallic, because there was
none, or very little, on the platina on which I
made
the

my

observaflons.

platina

was not

so

hicli
pure

as

It

is

the Comte

possible

that

made use

mine, 'which,

of

I observ

cd with the
greatest care, and in which I saw
only

some

small transparent

white melted
glass, which
particles of platina,
which

like

globules,

were united to

the

or ferruginous sand, and

were carried ,any where by the magnet.
£hce
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These transparent globules were very fey, and
in

eight ounces of plati!la which.1
a very strong

with

inspected

perceived regular crystals.
to

me

It

narrowly

lens, .1

ncyer

i1herippeared

traspqreI1t prticlcs were

that all the

all attacbecl. to
globulous, like melted. glass, and
metallic parts; nevertheless, 4s -1 did not iu
least doubt the veracity of the Comte de,

illy's

observation, who, observed cryst lIip epa rt ides
of a regular. form, ap(1 in a
his

plat.iiv, I thought I

great number, in

ought not to confine

myself solely to the examination

f tlit platina

of which Iliave spoken; aiidthidjiig some in
the

king's cabinet,

M. Datbenton and I ex

amined it together: this appeared to
less

pure than that

experiments on ;

e much

we, liad.before made our

and

it we,remajIcd

in

a

great number ofsmall pri sma ic q nd transparent
crystals, some

of a ruby

colour, others

ofa

topaz, and others perfectly -white, which çon
vinced us

of the

correctness

of the

Comte

do Milly in

his

proves that

there are, some mines. of platina

observations;

but this only

much more pirc thanohiers, and that in those
which are
bodies

are

the most so, none
found.

M.

of these foreign

Daubenton

also

re

marked some grains flat at bottom-and rough at
on a plain, and I
top, like, melted metal cooled
VOL. x.

A a

very
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very distinctly saw one of these hemispherical
grains, which

a
might indicate that platina is

matter that has been melted by the fire;

but it

is very singular, that in this matter, if melted
by fire,

small crystals, topaz, and rubies, are

found; and

I know

not

whether we

ought

not to suspect fraud in those who supplied this
the quantity, mixed
plalina, who, to increase
it with these crystalline sands, for I never met
with these

crystals but in one half pound

of

Comte de Angilliviers.
platina given me by the
2. I,

as well as Cornte de Milly, found gold

sand in platina;

it is readily discos ered by its

colour, and because it is not magnetical ; but
I own that I

never perceived the globules of

to have done;
mercury which he states
do

not mean

therefore

to

deny

yet I

their exist

ence, only that it appears to me that the sand
of gold meeting with

the globules of mercury,

in the same matter, they might be soon amal
gamated, and not

retain the colour of gold,

which I have remarked in all the gold sand that
1 could find inhalf a pound of platina; besides,
the transparent

globules,

which

I have just

spoken of, resemble greatly the globules of live
and shining mercury, insomuch

that a

the

first glance it is easy to be deceived in them.
3. There

http://www.geology.19thcenturyscience.org/books/1808-Buffon/README.htm
NATURAL HISTORY.
S.

There

were by no

179

means so may tar

nished and rusty parts in my first platina as in
that of Corntc de Milly's, nor was it

properly

a rust which covered the surface of those fer
ruginous particles, but a black substance pro
duced

fire, and

by

to that
perfectly similar

which covers the surface of burnt iron.

But

my second platina, that which I had from the
royal cabinet,had a mixture ofsome ferruginous
parts, which under the hammer were reduced
into a yellow powder,and had all the characters
of

rust.

This

plat.ina therefore of the royal

cabinet and that of Comte de Milly, resembling
in every respect, it is probable that they pro
ceeded from the
road.

same part, and by the same

I even suspect that both had been so

phisticated

and mixed

nearly one half with

foreign crystalline and feriuginotis rusty mat
ters, which are not to be met with in the natu
ral platina.
4.

The production of Prussian blue by plae

tina appears evidently to prove the

presence

of iron in those parts even ofthis mineral which
are the least attractable to

the magnet, and at

the same time confirms what I have advanced
on the intimate mixture ofiron in its substance
The flowing of platina by spirits
proves that although it has

f ntre, also
efferves

no4isibje
cnee, this acid attracts the platinain an evident
manner;
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manner;
the

and

contrary,

authors who have asscred

the

their common

followed

have

track, which consists in looking on all actions
as null which do not produce an effervescence.
These

second

experiments of the

Milly would appear to

Comte de

me very important, if

alike.
they succeeded always
5.

We must however admit that many es

sential points of information are wanting to pro
nounce affirmatively on the origin of platina.
We know

nothing of the

natural history of

his mineral, and we cannot too greatly exhort
those who are able to examine it on the spot,
to make known their observations; and

until

that is (lone we must confine ourselves to con'"
jectures, some of which appear only more pro
bable than others.
gine

For example, I do not ima

platina to be

Mexicans

and

the

The

work of man.

Peruvians knew

how to

cast

and work gold before the arrival of the Spa
niards, and they were not acquainted with iton,
vhich nevertheless they must have employed
in a great quantity,

The Spaniards themselves

did not establish furnaces in this country when
they first

inlutbiteci

is, therefore, every
they did
for the

it

to fuse

reason

iron,

There

to conclude, that

not make use of the filings of iron

at least in
ejration of gold,

the

bc

gifliing

http://www.geology.19thcenturyscience.org/books/1808-Buffon/README.htm
NATURAL IT1STORY.
ginning

of their labours, which does not go

above two
much

1,81

centuries and a half back;

too short for so

pientful a

as pla.tina, which is found in

a time

production

large quantities

in many places.
Besides, when gold is mixed with iron, by
fusing

them

together,

we may always, by a

chemical process, separate them, and extract
the

gold :

whereas,

hihcrto, chemists

have

not been able to make this separation in pTa
tina, nor determine the quantity of gohl con
tained in this mineral.

This seems to prove,

that gold is united with it in a, more intimate
manner thaim the common alloy, and that iron
is also in

it, in a

common iron.

different state from that. of

Platina, therefore, appears to

me to be the production of nature, and

I am

greatly inclined to think, that it owes its first
origin

to the

fire of volcanos.

Burnt iron,

intimately united with gold by sublimation, or
fusion, may have produced this mineral, which
having been at first formed by the action ofthe
fiercest fire, will afterwards have felt time im
pression

of watery

and

reiterated frictions,

which have given it time form of blunt angles.
But water alone might have produced platina;
for supposing gold andiron divided as much as
the humid mode, their molecules,
Vossible by
"
by
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by uniting, will have formed the grains wli kit
compose it, and which from the heaviest to the
lightest con(ain gold and iron; the proposition
of the chemist

who oflërs to render
nearly as

much gold as they shall furnish bun with pta
tina, seems to indicate,
only

that there is,

in fact,

of iron to -4 of gold in this mineral,
less.

But the nearly of this chic

mist is perhaps a filth, or fourth, and indeed,
if he could realize his promise to a

fourth, it

would be doing a great deal, and no vain boast.
Being at

Dijon

the

summer

of Sciences and

Academy

of

1773,

the

Belles Letters,

of

-which I have the honour to be a member, ex
of hearing my observations on
pressed a desire
and having complied, M.

platina;

veau resolved to
this mineral;

de

Mor

make some experiments on

for which

purpose I gave bin-i

I had attracted by the
portion of that which
loadstone,

and also some, which I had found

insensible to magnetism, requesting him to ex
pose it to the strongest
make.

Some

fire lie could possibly

time after, he

sent me the fol.

lowing experiments, which lie was pleased

to

subjoin to mine.
"
Monsieur the Comte de Buffon, in a jour
ney to Dijon, in the summer of 1773, having
caused me to remark in half adrachm of plati4
na,
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a, which M. de Baume had sent him in 16S,
grains in form

of buttons, others flatter, and

some black and scaly;
by the

loadstone

and having separated

those which are attraC(al)lC

from those which appeared
form Prussian blue with
nitrous

fuming

parts, which
after I

put

both.

on

acid

not so, I tried to

the

weighed

I sprinkled the
non-attractable

grains.

distilled

Six

hours

water on the acid, and,

sprinkled alkaline liquor, saturated with a co
louring

matter ;

single atom

however

of blue, the

little more brightness.

there

was

platina had

I

not

a

only a

alike sprinkled the

turning acid on the remaining platina, partot
which was attractable, the same Prussian alkuli
precipitated a blue fcculcncy, which covered
the bottom of a pretty large bason.

The pla

tina, after this operatiOn, shewed like the first.
I washed and dried it, and found it had not lost
of a grain, or ---- part ;

having examined it

in this srae 1 perceived a

grain of beautiful

cllov, which was pure gold.
Al. de Foircy had lately told the world,
that the dissolution of gold
in a blue

prectttate

was throwfl dowit

by the Prussian

alkali,

and had placed tins circumstance in it table, of
ailinily;

I was tempted to repeat this experi
ment,
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mcnt,

sprinkled,

in

the

consequence,

phiogisticated alkaline liquor in the dissolution
of gold, but the colour of this dissolution did
not change, which
dissolution

of gold

made me
made

suspect that the
of by

use

M.

de

not have been so pure.
Fourcy might possibly
the same

At

time the

Comte dc Buffori

having given me a sufficient quantity of platina
to make further assays, I undertook to separate
it from all foreign bodies by a good front; and
I have here subjoined the processes and

their

results.
EXPERIMENTS.
of platina, in a
having put a drachrn

"I.

a furnace, I kept up the fire two
cupel, into
hours, when the covers sunk down, the sup
run, nevertheless the platina was
porters having
to the cupel, and
only aggluinatcd ; it stuck
The phi.
had left spots of a rusty colour.
tina was then tarnished, even a little black,
and

had

grain

in

weight;

comparison
have

augmented

only

quantity

that whichi

with

observed.

a

What

a

quarter

of

very small

a
in

other chemists

surprised

me

still

more was, that this (lrachm of platina, as well
as

that I used

fbr

oilier

experiments,

had

becu successively carried away by the loadstone

http://www.geology.19thcenturyscience.org/books/1808-Buffon/README.htm
NATURAL IIISTOItY.

185

stone, and made a portion of-. ofeight ounces,
of which

the

Conite

de

BulIbn

has

before

spoken.
"II. llalfadrachmoftlie satneplatina, exposed to the same fire in a cupel, was

lso

; I adhered to thecupel, oil which it
ag-glutinated
had left sjMts of a rusfy colour ; (he a urnnfa
tioji of

ei&it was found to be nearly

in

same p ropor ion, and the surface as bi
''lIT.

I

put this

the

ck.

half drachm into a new

cupel, but instead of a cover I placed over it a
leaden .CEUCO)IC.

This I kept hi the must ex

treme heat fi;r four hours;

when it wa

I found the crucible soidced

t'

cooled

the support,

and having I)fOkCU it I lxrceivvdI ihat itoth
ing
had penctracd
crucible,

into

which

the

appeared

glossy than before.

to

be

pait
only

of the
m

e

cupel had preserved

its form and position ;
but not enough

inter.-at

it was a hide cracked,

to admit of any penetration

the platina was also not. adherent to it,
ihoug'h
agglutinated,

but in

manner

in

than

the

a

much

first

nore

ntimate

Cxperimcnts ;

he

grains were less angular, the colour more dear,
and the brilliancy more

metallic.

But what

was the most remarkable during' the operal ion,
there issue(] from Us surface)

prop'mbly

iii the

first moments of its refrigeration, three
drops
yo 14.

x.

B b

of
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of water,

one of wlich,

that arose

perfectly

spherical, was carried up on a small PCdIC1C of
the vitreous and
It was of
transparent matter.
au

uniform colour, with

a slight

lint of red,

which d iii not deprive it
ofany transparency
the smallest of the other two
drops had likewise
a pedicle, and the oilier none, but was
only at
tached to the platina by its external surface.
"
IV. I endcavoured to assay the platina,
and for that intent pitta drachin of the grains
taken up

by the loa(lstone into a cupel, with

two drach ins of lead.

After

having kept up

a very strong lire for two hours, I found an ad
1crent

covered with a yellowish and

but(m,

.spungeons crust of two (iraclims twelve graiiis
weight, which announces that the platina had
retained on-e- draclim twelve grains of lead.

I

put this button into another cupel in the same
furnace, observing to turn it, by which it only
lost twelve grains in two hours;
form

wre

piece

of

'very

little

piaina

furnace, and a

its colour and

changed.

was

fire kept

put

into

The

same

Macquer's

up for three

hours,

whcii I was (,biid to take it out, because the
bricks began

to run.

The platina was become

more metallic, but it, ncvcrthelcss, adhered to
the cupel, and this time it

lost 34 grains.

I

threw it into the fuming nitrous acid to assay it,
and
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and there arising a litIe effirvescence, I added
distilled water

hereon.

The platina lost two

grains, and I remarked some small holes, like
those which its eying off might occasion.
"There

then

remained

lead in the platina.

22 grains of

only

I began to form a hope of

vitrifying this remaining portion of lead, for
which purpose I put the same piece of platina
for

into a new cupel, and by

the care I took

the

other precautions,

admission of air, and

the activity of the fire

was

so

greatly- aug

mented that it required a supply every eleven
minutes;

to this

degree of heat we

kept for

four hours, and then permitted it to coot
11 I
perceived the next morning that the
leaden crucible had resisted, and that the sup
porters were only

glazed by the

cinders.

I

found a piece in the cL!pe, lAOt actheing, of
a uniform colour, approaching more the colour
of tin

than any other metal, but only

ragged.

a little

Itw'eighcd exactly one draclim.

All,

therefore, announced that this phtiina had en
(lured an absolute fusion, and that it was per
fectly pure, for if we suppose it still contained
lead, we must then admit that it had lost cx
it had gained
acUy as much of its substance as
of foreign

nit.ter ;

and such a

precision can

hot he the e1c1 of pure cliancc.

11

1 prc
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passed

whose

several

(lays with

company has the

M. Buffon,

same charms

as

his

style, and whose conversation is as coin plete as
his books:

I took a pleasure in presenting him

with the production of our essays; we cx;i mined
First, that

the

drachm of platina, agglutinated by these

ex

them together,

and

periments, was not

observed,

attractable

that, nevertheless,

stone;

by the

load

the magnetical bar

had an action on the grains that were loosened
from it.
"

.

The half drachm of the third experi-

ment was not only attractable in the mass, but
the grains of gold separated therefrom did not
themselves give any signs of magnetism.
"
. The platina of the fourth experiment
was absolutely insensible to the loadsionc.
4. The
determined

of this piece was
specific weight
balance,
by a good hydrostatical

and being, for the greater certainty, compared
to coined

and

to

other very pure gold, used

their density
by M. Buffoii in his experiments,
was

found, with water,

plunged,
Pure gold
Coin gold
Platina
" 5. This,
piece of

-

in

which

-

10 Rt

-

171,

they were

11.
platina was

put

upozi
steel
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steel to try

its ductability;

hammer very

it supported

veil for a few strokes ;

face became flat

the

its stir

and even, a little smooth

he parts which were struck,

but it split SOOR

after, and nearly a sixth part separated.
fracture

presented

cavities,

many

The

some

of
of

which

had the whiteness

and brilliancy

silver,

and

remarked

in

others

we

points like chrystalization;
points examined with

in

the tops

several
of these

the lens, was a globule

absolutely similar to that of the third experi
ment.
All the other
parts of this piece of
platina

were compact,

the grain

closer than the best brass,
in colour.
to the

and

which it resembled

We offered several of these
1)teces

loadsone,

thereby.

finer

Me

agate mortar,

but

not

powdered
and

then

one was

attracted

them again in
remarked

that

an
the

magnet ical bar raised up some of the smallest
every time they are placed under it.
"
This new appearance of magnetism was
so much the Inoresurprisuig, as the grains were
detached from the agglutinated mass ofthe second experiment, which seemed to have lost all
sensibility at the approach and contact of the
loadstone.

In consequence we again feoic some

of these grains, which were alike powdered, and
soon perceived the smallest paris scnsibly at
tach themselves to the magnetic bar.

It is im1)OSSIbIL'
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Possible to attribute this effect to tile srylootil.;
ness of the bar, or to any other cause
foreign
to magnetism.

A piece

of smooth

iron, ap-

lied in the
A1 same manner on the parts of this
PL
plalina did not raise up a single grain.
"
By these experimcnt, and the observa
tions wh icli have arisen therefrom,we mayj udge
of the

dLfiicutty of detennining the nature of

platina.

It is vcry certain that it contains some

parts which arc vitrifiable even without the ad
dition of a fierce fire;
plat

it is also certain that all

raClal)le parts; but
contains iron and, lt r,-

ifthe Prussian alkafl never affords blue but with
which

the grains

the

ioadsonc attracts,

we

should concludes that those which resist it are
has no magnetical
pure plalina, ivliicli of itdf
virtue, and

of which

essential part.

iron

does not make an

\Vc must snpp;se that a sufli-

cient fusion, or perfect cupellaemn, might
de-cide
the question ; at least, these operations
appear to have, in fact,
magnetic

virtue,

by

deprived it of every

separating it

from

all

the last observation proves,
foreign bodies; but
in an incontrovertible manner, that this ma
netic property was,

in reaiiy, only weaken

ed, and perhaps masked or buried, since it re
appeared when it w'ns ground."
From these experiments of M. de Mvea.
there results, 1. That we may e

pcc

o meet
phi l ill a..
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piatina

without addition,

by

191
applying

the

fire of it several times successively, because the
best crucibles migit not resist the action of so
a fire during

fierce

the whole time

that the

complete operation would require.
That by melting it with lead, and assay
them several times, we should in the end

2.
ing

the platina; and that

and
vitrify all the lead
this experiment

would be

able

to

purge it

from a part of the foreign matters it contains.
3.
it

That by melting without any

addition,

seems to purge itself partly into the vitres.

C'ible

matters it includes, siflce it. emits to

its

surface small drops of glass, which fbrrn pretty
£onsidera.blc masses, atd which we can easily
separate after refrigeration.
4. That by making experimenls on Prussian
blue with the grains of platitia, which appeared
to be most insensible to the loadstone,
not always certain of obtaining it;

e were

a circum

stance which never fiuils with grains that have
more or less scflsit)ility to magnetism.
5. It appears that neither fusion nor cupdlla..
lion can destroy all the iron with which platina
is intimately penetrated;

the pieces melted or

assayed, al)peare(1, in reality ,equally insensible
to

the

action of the

loadstoiie;

but

having

pounded them in a mortar, we found matriletical
parts;
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more al
tDtI
m l(IaRt as the plapia-

SO

parts ;

tina was

reduced to a-fine powder.

w hose grains

The first

were oi ly a ggl ut i nal ed,

being ground, rendered many more inagnetical
parts than the second and third, the grains of
which had undergone a stronger fusion ;

but,

nevertlidess, being both ground, they furnished
maWcal parts ;

insonuch that it cannot be

U L)ted (!Mat. there
has

undergone

is iron

i a pLtina, after

it

the fiercest efforts of fire, and

the devouring actions of the heat in the cupel.
This dcmonstraes, that this mineral is really
intinae mixture of gold

an

and

iron, which
-

lutherto has not been able to separate.

6. 1 made another observation with Mi. Morveen on

inched,

and

phi(ina ; namely, that it

afterwards

on ground

akcs in grinding

the same form as it had before it had bceii
pre-cisely
melted; all the grains of this melted an(.1 ground
p'lntiria are
well

similar to those of the natural, as

in form as variety of size ;

and they ap-

differ only because the

alone

to

iiJThr themselves to be raised by 'lie loadstwne,
and in so much the less qiiaiitity as the platiiia
has endu!-eu the lire.

This seems also to prove,

that, al hough the fire has J)cdn strong enough
iiot oldy to burn and vitrify, but even to drive
a putt of the

iron with

other

vitrescible
Ill utter
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thatter

which it contains;

igs

the fusion, never

theless, is not so complete as that of other per
fect metals,

since, in

grinding, it retakes the

same figure as it had before fusion.

EXPERIMENTS ON LIGHT, AND

ON THE

HEAT IT MAY PRODUCE.

INVENTION OF MIRRORS TO BURN AT GREAT
DISTANCES.

THE story of the burning glasses of Archi
medes is famous; he is said to have invented
them for the defence of his country; and

he

threw, say the ancients, the fire of the sun with
such force oil the enemy's fleet, as

to re1uce

it into ashes as it approached the ramparts of
But this story, which, for fifteen or

Syracuse.

sixteen centuries, was never doubted, has been
contradicted, and treated as fabulous in these
latter ages.

Descartes, with the authority of

a master, has attacked t1 is talent attributed to
Archimedes;

lie has denied the possibility of

the invention, and his opinion lias prevailed
iTiiL. x.

Ce

over
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over the testimonies arid credit of the ancients.
Modern naturalists, either
through a respect
for their
philosopher, or through complaisance
for

their

adopted

tire

Nothing is allowed to the an

same opinion.
cients but what
Mined,

have

contemporaries,

perhaps,

cannot

be

by these

avoided.
motives,

Deter

of which

self-love too often is the abettor, have we not
naturally too much inclination to refuse what
is due

to

our

predecessors?

and

time, more is refused than was

if,

in

in any other,

is. it not that, by being more enlightened,
think we have more right to

our

we

fame, and more

pretensions to superiority ?
Be that as

it

this

may,

invention was the

cause of many other dicovries

of antiquity

ivhicli are at present

because

unknown,

the

facility of denying them has been preferred to
the

trouble

burning

of

finding

them

out ;

and

glasses of Archimedes have been

the
so

decried, that it does not appear possible to re
establish

their

the judgment

reputation ;

for,

to

call

the

of Descartes in question, some

thing more is required than assertions, and there
only remained one sure decisive mode, but at
the
to

same lime difficult and bold,
iindertake to discover

which was.

lases that

might

produce the like effects.
Though

http://www.geology.19thcenturyscience.org/books/1808-Buffon/README.htm
NATURAL HISTORY.

195

Though I had conceived the idea, I was for
a long time deterred from making the experi
ment, from the dread of the difficulty which
might attend it;

at length, however, I deter

mined to search

after

the

of

mode

is from 16-0

mirrors to burn at la gr.-Ilt.
0 300 feet.

waking

nerI, tha, the power

I knew, i;i

of reflecting mirrors, never extended 1

her

than 15 or 2(Y feet, and with re frii;geii, tli

dis

tance was

shorter :

still

ahi

I

)crcclvd

was impossible in practice to form

it

a metal, 9r

glass mirror, with such exactness as to bui

at

To have su!icient pow

these great distances.

er fbr that, the sphere, for exaU pie, must me
800 feet diameter ;

therefore, we could ho! C

for nothing of that, kind in the co,,wrion ii-lode
of working glasses; and I perceived also that
if we could even find a new me' hod !o give to
large pieces of glass, or metal, a curve sutli
ciently slight,
very inco
But

there

would still resii!

siderable adva rita

but

e.

to proceed reu1:trly, it v'a

:iecessar

first to see how much lighi the sun loses h'.
flection

at

different dislanccs,

the matters wh icli reflect

it

a

1.

"'v)

v

P-w.

re
are
I

first found, that glasses wiie!1 ti'ey are po1is1ed
with

care, reflect

the

light

more powerfully

than the best polished metals, and even bet
ter
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er than

tl

metal with

compounded

which.

telescope mirrors are made; and that. although
there are

two

in

reflectors

the glasses,

they

yet. give a brighter and more clear light, than
nielal.

Secondly,

the light of

by receiving

the sun in a dark pace, and by comparing it
with this light of the sun reflected by a glass, I
found, that
feet,

it

at small distances, as four or five

only

lost

about

half by

reflection,

I judged by letting a second reflected

\vhich

light fall on the first; for the briskness of these
Iwo

reflected

lights

that of direct light.

appeared to be equal to

Thirdly, having received

at the distances of 100, '200, and 300 feet, this
light

that it
the

I

reflected by great glasses,
(lid

not

thickness

lose
of

any

the

of its

air

it

perceived

strength by
had

to

pass

through.
I afterwards tried the same experiments on
the light of candles ; and to assure myself more
exactly of the qnantity

of weakness that re

flection causes to this light, I made the follow
ing expcrimens.;
1 seated myself opioite a glass mirror with
a book in my hand, in a. room where the thrk
iiess of the night would not permit me to dis
tinguish a sing 'e ob1ect.

In an adoiiiing rooiri

I had a lighted candle placed at about 40 feet
(liStalice
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.distance; this I approached nearer and nearer,
.till I could read the book, when the distance
vas about 24 feet.

Afterwards

the

turning

book, I endeavoured to read by the reflected
light, having by a parchment intercepted the
part of the
in

mirror,

light which (lid
order to

light on my 1)00k.
approach

not fall on the

have only the

reflected

To do so I was obliged to

the candle nearer,

which I did by

degrees, till I could read the same characters
)clearly by the same light, and then the distance
from

the candle,

book to the

corn preliending that of the

mirror,

which

was only

foot, I found to be in all 15 feet.

half a

I repeated

this several times, and had always nearly the
same results;

from whence I concluded, that

!he strength, or quantity, of direct
light is
that of reflected light,

as 5Th to 2C25 ;

o

there

ire, the light of five candles re"ected by (a
fiat glass, is nearly equal to that of the direct
Jig ht of two.
The light of a candle, therefore, loses more
by reflection than by the light of the sun ; and
this (liflerelice proceeds from
orrner

falling inure obliquely

the rays of' the
onl

than the i'ays of the Sun, which
parallel.

the

mirror

come almost

This experiment confirmed what I

had at first found, and I hold it cer'tain,

that
(lie
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the Ho-lit of the sun loses only half by its re-.
ilection on a glass mirror.
Thi; first information being acquired, I a1
terwards sought what became of the images of
the sun when received atgreatdistances.

To be

we must not,as is
perfic1ly understood
generally
done, consider the rays of the sun as parallel;
and

must also be

it

body of the

situ

23;VN
iMi.1cs :

that

the

occupies an extent of about

that

which issue from

remembered,

the

consequently

rays

the upper edge of the disk,

t point of a reflecting surface, the

on

rays wucli isuc from the

lower edge

also on the same point of this

falling

surface,

they

form between them an angle of 32 minutes in
the incidence, and aflerwards in the reflection,
and that,

must in.

image

in size in proportion as it is farther dis

erease
lant.

consequently, the

A1tcnton

must likewise be paid to

figure of those images;

for example, a plain

sqture glass of half a foot, exp'sed
oltlie sun,

will form a

the

square

o the rays

image of six

iiiclie, when this imige is received at the dis.
tance of a few feet;

by removing farther and

farther ofF, the image is seen to increase, after
wards

to

become

which state it

deformed,

then

round,

in

remains still increasing in size,

in proporl ion as we are more distant from the
inor.

This image is composed of as many
of
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of the sun's disks as there are physical points
in

the

reflecting surface;

the

middle point

forms an i rnage of the disk, the adjoining points
form the like, and of the same size, which ex
cccii a little the middle
with the other points,

it is

disk:

the same

and the image is com

posed of an infinity of disks, which surmount
ing regularly, and anticip:ting circularly one
over the other,

form the

refkcttd image,

of

which the middle point of the glass is the cen
tre.
If the image composed of all these disks is
received at a small distance, then their extent:
being somewnat larger than that of the glass,
this image is of the same figure and
the

same

extent as the glass;

nearly of

but when the

image is received at a great d istance from the
glass,

where the extent of the disks is much

greater than

that of the glass,

the image n

lono'cr retains the same figure as the glass, but
becomes

nceessariiy

circular.

point of distance where the

To

find

the

image loses its

square figure, we have only to seek for the dis
tance where the glass appears under an angle
cquat to that the sun forms lo our sight, i. v.
an angle of 32 minutes, and this di tince will
be

that

where the image will lose

its square

figure, and become round, for the disks hnvin'
lwavs
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line to the semi-circle, IV] iicti
always an equal
measures an angle of 32 minutes for a diarne
er, we

shall find by this rule that

a

square

at the
glass of six inches loses its square figure
distance of about 60 feet, and that a glass of
a foot square loses it at 120 feet, and so on of
the rest.
we shall
By reflecting a little on this theory
no longer be astonished to find, that
great

at very

distances a large and small glass afford

an image of nearly the same size,

arid -%vliich

of the light ; we
only differs by the intensity
shall no longer be surprised that a round,
or any other
square, long, or triangular glass,
and we

round images;
figure, always yields

shall evidently see that images do not increase
and lessen
any loss

by the dispersion

of light, or by

in passing through the air, as some

naturalists have

imagined ;

but

that,

on the

the augmentation
contrary, it is occasioned by
of the disks, which always occupy a space of
minutes to whatever distance they are removed.
So,

likewise, we

the simple

shall be

exposition

convince(],

of this

Ihicory,

by
that

curves, of any kind, cannot be used with ad-'
vantage
This is the !reason that the small images which pas
betwixt the leaves of high and full trees, and which falling.
on the walks are all oval or round.
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a great distance, because the
vantage to burn at
diameter of the focus can never be smaller than
the chord, which measures an angle of 32 Mi
nutes, and that, consequently, the most perfect
concave mirror,
this chord,

whose diameter is equal

to

will never produce double the ef

fect of a plane mirror of the same surface; and
if the

diameter of a curved mirror were less

than the chord, it would scarcely

have more

effect than a plane mirror of the same surface.
When I had well considered the above I had
no longer a doubt that Archimedes could not
burn at a distance but with plane mirrors, for,
independently of the impossibility they

then

felt, and which we feel at pleasure, of
making
concave mirrors with. so large a focus, I was
well aware that the reflection I have just made
could not have escaped this great mathemati
cian.

Besides, there is every reason to suppose

that the ancients did not know how to make
large masses of glass;

that they were ignorant

of the art of burning it to make large glasses,
possessing only the method of blowing it, and
making bottles and vases;
deration

I

was led

from which consi

to conclude,

that it

was

with plane mirrors of polished metals, an

by

the reflections of the sun, that Archimedes had
been enabled to burn at a distance.
VOL.

x.

1) d

But as I
perceived
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that

perceived

mirrors

'lass

reflected

the

lig'ht more power! ully than the most polished
mirrors,

I thought to construct a mac1iiie to

coincide in the same

oint the reflected images

of fl1(Se platie glasses, be
by a great number
ing

well

convinced

that

this

was

the

sole

mode of siiccecdin.
had

I

Nevertheless,

still

some doubts

re

mainiiig', which appeared to me well, founded,
for thus

I reasoned.
be

distance to

240

Supposing the burning
feet, I perceived clearly

flit the focus of my mirror could not have a
less

two

than

feet

liamcter

in which

case

what would he [lie extent I should be obliged
to give to my assemblage of plane mirrors to,
It, might be
produce a fire in so great a focus?
so great that the thing would be impracticable
ii the execution,

for, by comparing the dia.

meter of the focus

o the diameter of the mir.
I

ror, in the I)cst reflecting mirrors,
that the

observed

diameter of the Academy's

-which is three feet, was

mirror,

'108 times bigger than

its focus, wh ch was no more than )our lines ;
and

I

concluded, thtt

210 feet it

to burn

as

strong at

was necessary that my assemblage

0Lr nnirrors A oiuhl be 216 feOt (I iallic, or to ],a VC III
focus of t%-,,.o ket ;
damcter va

ii-ow a

niir:or of

16

feet

ceti;1v an i:posible thing.
k UIS
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(1jtmcLcr burat

melt gold, ad I was desirou.
strong enough to
to see how much I should
its action to

the biirnini

by

let! ucing

of wood.

For this

gain

on the
purpose I used circular zones of paper
mirrors to dimiuih the diameter, all(l I f mild..
that there was no longer power enough to iii
--ced

flame dry wood when its diameter was
to little more than four inches;

therefore, tak

ing five inches, or si\t.y lines, for the diameter
necessary to

burn with a focus of four lines,

it appeared, that to burn cqwiitv at 210 feet,
wliere the

focus should necessarily have two

feet diameter, I should require a mirror of $O
feet diameter, which appeared st dl as impossible, or at least impracticable.
To

such

po;itivc conclusions,

and

which.

others would have regarded as demonstrations
of the irnpossibilityof the mirror, Iliad only a
supposition to

oppose;

but an old

Supposi

on which the more I reflected the more I
was persuaded that it was not without fouñda
lion ;

namely,

that

the cI}1cts of heat

in proportion
possibly not be
of light,
at

an

or,

equal

what amounts
intensity

to the

might

quantity

to the same, that

of light large

focuses

must burn brisker than the small.
By estimating heat mathematically, it is not
to
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to be doubted but that the power of a focus of
the same length is in proportion to the surface
of the mirror.

A mirror whose surface is dou

ble that of another, must have the same sized
focus, and this focus must contain double the
quantity

of light which the first contained ;

and in the supposition, that effects are always
it might be pre
proporti)fl to their causes,
sumed I hat the heat of this second focus should
be double that of the first.
So likewise, and by the same mathematical
estimation, it has always been thought, that at
an equal intensity of light, a small focus ought
to burn as much as a

large one, and that the

effect of the heat ought to be in proportion to
this

intensity

of light:

insomuch

(says Des-

cartes) that glasses, or extremely small mirrors,
may be made, which will burn with as much
vio-lence
as the large.
I at first thought that this
conclusion, drawn from mathematical theory,
might. be found false in practice, because heat
being a

physical

quality,

of the action and

propagation of which we know not the laws,
it seemed to me, that there was some kind
temerity i

of

thus estimating its ciThcts
by a sim

ple speculation.
I

had,

therefore,

experiments.

I

once

more,

recourse

to

took metal mirrors of differ
ent
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of polish, and
nt focuses and different degrees
by

the

comparing

diiThrent

actions

on

the

I found,
same fusible or combustible matters,
that at an equal intensify of light, large focuses
small, and I
constantly have more effect than
discovered the same to be the case with refract
lug mirrors.

It is easy to assign the reason of this difflr
consider that heat communicates

ence, if we
and

nearer

nearer,

and disperses,

if

I may

so speak, when it is even applied on the same
point :

if we let the focus of a

for example,
fall on

burning glass
piece, and that
the

diameter,

this

the centre of a crown

focus was

only a line in

heat produced on

the

centre

disperses and

extends over and throughout the

whole piece:

thus all the heat, although used

at first to the centre of the crown, does not stop
there, and
great

cannot

consequently

an effect as if it did.

produce

so

But if, instead of

a focus of a line which falls upon the centre of
the crown, we let fall a focus of equal intensity
on

the whole crown,

every part being

alike

healed, then instead of experiencing the less
heat,

it

middle
points
"

acquires

an

augmentation;

profiling of the heat
which surround

if,

with

the

for

the

the other

crown piece
will
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will be melted in this latter case, while in the
first, it. will only be slightly heated.
After these experiments
began

and

I

reflections,

to entertain sanguine hopes of making

mirrors to burn at a great distance;
before,
longer dreaded as
the focus;

fbr I

no

the great extent of

I was persuaded, on the contrary,

that a focus of a considerable breadth, as two
feet, and

which

would.. not

in the intensity of the light

be near

so

great

as

in

a

small

focus of four lines, might, ncvcrtllciss, jrO
duce

inflammation,

and that,
by

and

consequently,

mathematical

with
this

theory,

least thirty feet diameter,

more

power;

mirror,

which,

ought

to

would be

have

at

reduced

to one of eight or ten feet at most, which was
not only a possible, but even a very practica
ble thing.
I then

thought seriously of executing my

project: I had

at first a

design

of trying to

burn at WO or SOO feet distance with circular
or

hexagonal glasses of a square foot in surface,

and I was desirous

of having four iron car

riages for them, with screws to each to move
them,

and a spring to adjust them;

but the.

considerable expense that this required made
ne quit that idea, and I took two common
glasses of six inches by eight, and a wooden
adjustment,
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in fact, was less solid and
adjustment, which,
the expence was more consistent
precise, but
with a mere experiment: the mechanism of
'which was executed by M. Passement.
It is sufficient to
composed
eight

that

168

glasses

about

four

of

each,

say,

it

was

of six
lines

at first

inches

distant

by

from

these glasses moved in all direc

each other;

tions, and the four lines of space between them
not only served for the freedom. of this motion,
but also to let the operator seethe place where
be was to conduct his images.

By means of

this construction, 168 images could be thrown
on one point, and, consequently,
veral distances, as at
By increasing

the size

burn at se

O, 30, and to 150 feet.
of the mirror,

or by

making other mirrors like the first, we are cer
tain of throwing fire to still greater distances,
or to increase as much as we please the force
or activity of those first disiances.
It. is

only

to b

observed, that the motion

here. spoken of is not very easy to he executed,
and that aho there is a very great choice to be
made in the glasses; for they are not all equally
good, though they appear so
spection.

at

first in

I was obliged to pick out of more

than 500 the 168 1 made use of.
of trying t1ier
the
-

the

reflected

Tue method

is to receive at 150 feet distance
image

of the sun, as a vertical
1'-line ;
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plane ; we must select those which give a round
and

lerminateci

and

iniage,

those,

reject

'whose thicknesses being unequal in dilicrent
parts,
vex,

or the
have

surface a little concave or con

images badly terminated, double,

treble, oblong, &c.

according to (lie different

defects found in the glasses.
By

the first experiment which I made the

d of March, 1747,

at noon, I set fire to

a

fir at 66 feet distance, with 40 glasses
plank of
the mirror.
only, about a quarter of

It must

be observed that not being yet mounted, it was
very
angle

disadvantageously

placed,

forming an

with the sun of twenty degrees declina

tion, and another of more than ten degrees in
cliiiation.
The same day I set fire to a pitcliy and sul
phurcous

plank

eighty-eight

at

glasses,

123 feet
the

placed disadvantageously.
that to burn

distance,

mirror

'with

being

still

It is well known,

with the greatest advantage the

mirror should be directly opposed to the sun,
as well as the matters to be inflamed;
by supposing

so that,

a perpendicular I)1t110 oi

the

plane of the mirror, it must pass by the sun,
and, at the same time,

through the midst of

combustible matters.
The 3d cf
April, at four o'clock

in the af

ternoDu, the mirror
being mounted, produced
a

blight
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a slight inflammation on a plank ,covered with
feet distance, although 1Ie sun
pitch at 18
Great care
was weak and the light pale.
must be
where

the

taken, when we approach

the

combustible

for if,

look on the mirror ;
eyes should

matters

are,

spot

not

to

untbrtunately, the

meet the focus, inevitable blinda

ness will ensue.
The 4th of April, at eleven in the morning
although the sun appeared watery, and the sky
cloudy, yet it produced, with 154 glasses, so
considerable a heat at 158 feet, that in less than
two

minutes it

made a

deal

plank

smoke,

and which would certainly have flamed, if the
sun had not suddenly disappeared
The ensuing day, the 5th of April, at three
o'clock in the afternoon, we set fire, in a minute
vvid a half,at 150 feet distance, to a plank su!a
phured and mixed with cods,with 154 glasses.
When the sun is powerful, only a few seconds
is required to produce inflammation.
The 10th of April in the afternoon, the sun
being bright, we set fire to a fir plank at 150
feet

distance,

with

only 128 glasses:

the in

flammation was very sudden, and made in all
the extent of the focus, which was about. six
teen inches diameter at this distance.
The same day, at half past two o'clock,

we

threw the fire on another plank, partly pitchcLl
VOL. X

Le
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and covered with sulphur in some places: the
inflammation ias made very suddenly it b
which
t an by the parts of the wood

so violent, that

the

to be dipt in water to

ex

covered, and the fire was
plank was obliged

were tin-

were 148 glasses at 150 feet
tinguish it: there
distnncc.
The eleventh of April, the focus being only
0 feet distant from the mirror, it only required
i

matters;
glasses to inflame small combustible

with 21

glasses we set

which had

already

45

we

glasses

weight;

fire

to another plank

been partly burnt;

melted a block

of tin of 61b0

and with 117 glasses we melted

pieces of silver, and reddened

with

thin

an iron plate ;

and I am also persuaded, that by using all the
glasses of the mirror we should have been en
abled

to have

ttmce;

and

melted

mettIs

at

50

feet dis

as the focus at this distance was

six or seven inches broad, we should be able to
make trials on
possible

to

do

all

metals,

which it war, not,

with common

mirrors, whose

focus is either very weak or 100 times smaller
than that of mine.

I have remarked,t.hat me

tals, and
especially silver, smoke much before
they melt; the smoke was so striking that it
shaded the
ground, and it was there I looked
on it

attentively, for it is not possible to look a
Moment on the focus wh,e
it. falls on the met1.7
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al, The iutrebcing much more dazzling than
that of the sun.
The experiments which I have here related,
and which were made
invention

immediately after the

mirrors, have been followed

of the

a

others, which confirm
great number of

them.

I have set fire to wood at 210 feet dis

by

tance with this mirror, by the sun in summer ;
and I am certain, that with Ibur similar mir
rors I could buri

it 400 feet,

t a greater ditance.
all

I

and,

perhaps,

have likewise,rnelt

metals,

and metallic minerals, at 23,

:30, and 40 feel.

We shall find, in the course

ed

of this article, the uses to which these mirrors
ran

be applied, and

the limits that

must be

assigned to their power for calcinalion, corn
bustion, fusion, &c.
This mirror burns according to the different
inclination given it, and what gave it this ad
over tbc

vantage
was that

common reflecting

mirrors

its focus was very distant, and

had

cirvature, that it was almost irnper

so little
ceptible:

it

was

seven

feet broad by eight

feet high, which makes about the

150th part

of the circumference of the sphere, when

lve

burn at 150 fect distance.
TIc
It requires about half an hour to mount the mirror anct
to make all the images fall on the same point ; but when
this is once adjusted, it may be uecl at all times by -imply
4rawing a curtain.

http://www.geology.19thcenturyscience.org/books/1808-Buffon/README.htm

BUFFONS

21
The

that

reason

determined me to prefer

inches broad by

glasses of six

or
high to square glasses of six
was,

that.

it

is much

more

eight

inches

eight inches,

commodious to

make expcri;ncnts upon a horizontal and level
otherwise, and i hat. with this fi
groufl(l than
excceled the breadth
gure ,the height of which
the ilrIars were rounder ; whereas wilh square
giaes they would be shortened, especially at
small

ista ncs, in a horizontal situation.

This discovery furnishes us with many useful
hints ior
know

sc

that

mirrors

and perhaps for the arts.

hat

renders

common

reflecting

for experiments

most nseh'ss

We

is, that

they burn n1mot a [was upwards, and that. we
are grcaily cnbarra.sd
pend

or

i

burnconc
greit

their focus matters to be

ort to

incited or ei !cincd .

to find means to sus

By means of my mirrorwe

VC !I1rrOrS (lownwardS, and with so

n at.! vanlage that we have what degree

of lie:!-,, we

icase

for example, by opposing

to my niirror a concave one ofa. foot square in
the S

raev, Ilie 111

it prOduced to lb is last mir

br) by using 154 g.SeS only, will be tip Wards
of

12 timc

reader

I

I IIa.t generally pro

(lUCe(L and the ('fleet will i)e the same as if
sun

I

xied iucd of one, or rather as if the

sun had 19 times more heat,
Secondly,
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of my mirror we shall
Secondly, By means
have the true sca1

of the augmentation of heat,

and make a real thermometer, whose divisions
will be no longer arbitrary, from the tempera.
ture of the air to \% hat degree of heat we chuse,
the images of the
by letting fill, successively,
sun one
interva1,

on the other, and by
whether

by

graduating the

means of an cxpanivc

of dilatation,
liquor, or a iThtCiiifle
'that we shall know,

in fact.,

what

and from
a

double,

treble, quad ruple, &c. augmentation of heat is,
and shall find out matters whose expansion) or
other effects, will be the most suitable tomea
sure the augmentations of heat.
Thirdly, We sball exactly know how many
times is

required for the

heat of the

sun

to

burn, melt, or calcine different mat(ers, which
was hitherto only known in a vague and very
and shall be in a

indefinite mariner;

state

to

make precise comparisons of the activi'y ofour
fires with that ofthe sun, and have exact rela
tions and fixed and

invariable measures.

In

short, those who examine my theory, and shall
have seen the elect of my mirror, I think
be coriviticed the
only

one possible

r, inclcperidait

mode

I

vil1

have used was the

to succeed to burn fr olT,
f the physical di1iulty of
making
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large concave, spherical, parybolical

mirrors, or of any &ther curvature whatsoever,
egu1ar enough to

burn

at 150 I'M distance,

we shall easily be convinced that they would
not produce but nearly as mach c1lcL as mine,
because the focus would be almost as
that besides,

these curved

mirrors,

broad;

if even it

should be possible to make them, would have
the very great disadvantage to burn only at a
nigh distance, whereas mine burns

at all

dis-tances
; aid, consequently, we shall abandon
the scheme of making

mirrors

to burn a

a

of curves, which has
great distance by means
uselessly employed a great number of matlic
maticians

and

artists,

who were

always de

ceivcd,beca use they considered the rays of the
sun as parallel, whereas they sho.uld be

consi

dered as they are, nanicly, as form iug aigles.of
all

sizes, fro iii 0 to

it impossible,
mirror, to

render the

diameter of the

chord,
even

which
if we

oncavc mirror to burn at
for exam

iii ti

whatsoever curve is given to a

smaller than the
minutes.

2 m in u tes, wh ic;h

a

focus

measures
could

S

make a

great distance ;

!r, at T3O feet) by employing all its

points on a sphre of 600 feet diameter, and
'
employing an uncommon uia.s of glass or
metal
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metal, it

is evident that we shall have a little

more advantage than by using, as I have done,
mirrors.
only small plane

On the whole, although this mirror is

sus.

both
ceptible of a very great perfection,
the. adjustment,
and though

for

and many other particulars,

I think I shall be

able to make

another, 'whose effects will be superior, yet, as
every thing has its limits, it must not be ex
pected that every one can be formed to burn
at extreme distances; to
at

burn, for example,

the distance of half a mile,

a

times larger would be required;

mirror 200
and I am of

opinion that more will never be effected than
to burn at the distance of 8 or 900 feet.

The

focus, whose motion is always correspondent
to that of the sun, moves so much the

quicker

as it is farther distant from the mirror ;
90 feet it would move about

and at

ix feet a minute.

However, as I have given an account of my
discovery, arid the success of my experiments,
I should

render to Archimedes,

and the an

cients, the glory that is their due.

It is ccrtain

that Archhuedcs

could

perform

with

metal

mirrors what I have done with glass, and that
consequently, I canhot refuse him the title of
the first iiventor of these mirrors, and the op
had of using them rendered him,
portunity he
"w it hot
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wifliout doubt, more celebrated than the mcri
othe thing itself
derived from the

Many advantages may be
use

of these

mirrors;

by

an

assemblage

of

mail mirrors, with hexagonal [)lanes, and po
lashed steel, which will have more solidity than
would not he subject to the
glasses, and which
he light

alterations which
cause, we may
and which

produce

of the

very

snn

useful

may

effects,

would amply repay the expciices

of (lie construction of the mirror.
" For all
evaporations of salt waters, where
quantities ofwood and coal are consumed,

great

or structures raised for the purpose of carrying
cost more than the con

the waters off, which

struction. of many mirrors, such. as I mention ;
for the evaporation of salt waters, only an
mirrors of a square
semblage of twelve plane
foot each is necessary.
their

focuses,

although

Ilie heat reflected by
directed below the-jr

level, and at fifteen or sixteen feet distance, will
be still great enough
quently produce

to boil water, and consc

a quick evaporation: for the

lat of boiling water is only treble the heat of
the sun in summer;

and as the reflection of a

well polished plane surface only'dirninisbcs the
heat one half, only six mirrors are required to
produce

at the focus a he@ equal to

boiling
water ;
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but I shall double the number to make

water;

the heat corn municate quicker; and likewise by
reason of the loss occasioned by the obliquity,
under which the light falls on the surface of the
water to be evaporated, and because salt water
heats slower than fresh.

This

mirror, whose

feet
assemblage would form only a square four
broad

by

three

high, would be easy

to be

managed; and if it 'ere required to double or
irehle the effects in the same time, it would be
better to make so
to

many similar mirrors, than

augment the scale of them;

for water can

only receive a certain quantity of beat, and we
should not gain any thing by increasing this
degree; whereas, by making two focuses with
two equal mirrors, we should double the effect
of the evaporation, and treble it by three mir
rors, whose focuses would fall separately one
from the other on the surface of the
be evaporated.
ed by

water to

We cannot avoid the loss caus

the obliquity;

nor can it be

remedied

but by suffering a still greater, that is,
by re
ceiving the rays of the sun on
which would reflect them

a large glass,

broken on the mirror;

for then it would burn at bottom instead of the
top, but it would lose halfthe heat by the first
reflection, and

half of the remainder
by the

second; so that instead of six small mirrors, it
VOL, x.

F f

would
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'would require a dozen to obtain a heat equal
For the evaporation

to boiling water.

to

be

made with more success, we ought to diminish
the thickness of the w'ateras much as possible;
a

mass

of water

a

foot deep

porate nearly so quick as

will not

the same

eva

mass re

duced to six inches, and increased to double the
superficcs.

Besides, the bottom being nearer
this

heat,

vhic1i the bottom of the vessel receives

con

the surface, it heats

quicker,

tributes still more to the

and

celerity of the

eva

poration.
2.

These mirrors may be used with advan

and even calcareous
tage to calcine plaisters,
stones, but they would require to be larger, arid
the matters placed in an ele va1 ed situation, that
nothing
light.

of the
might be lost by the obliquity
It has already been observed that gyp

sum heats as soon again as soft calcareous stone,
and. nearly twice as quick as marble, or hard
calcareous stone;

their calcination, therefore,

must be in a respective ratio.
by

an

experiment repeated three

very little more

heat

white gypsum, called
lead.

1

is

requircd

have found
times, that
to

calcine

alabaster, than to melt

Now the heat necessary to melt lead is,

according to the experiments ofNewton, eight
times stronger than the

heat of the

summer

sun; it therefore would
-require at least sixteen
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teen

small mirrors to calcine gypsum;

because of the
well

219
and

loses thereby occasioned,

by the obliquity of the light

as

as by the

inequality of the focus, which is not removed
above fi1ten feet, I
presume it would require
tweffly, and perhaps twenty-four mirrors of a
foot square each, to calcine gy psum in a short
time, consequently it would require an assem
blage of forty-eight small
the softest calcareous
of a

foot

stones.

Now a

si. feet high,

stone, and seventy-wo
calcine hard calcareous

mirror twelve feet broad by

yet

if the

we

might conquer
of the

product

were considerable enough
pense of the

calcine

would be a large and cumber

some machine;
difficulties

to

square

mirrors to

caicination

to surpass the

consumption

of wood.

certain this, we ought to begin by
a mirror of
pLusler with

these

ex

To as

calcining

twenty-four pieces,

and if that succeeded, to make two other si
milar mirrors, iiisead of making a large one
of seventy-two picccs ;

for by coinciding the

focuses of these three mirrors
piCCCS,

we

should

produce

of twenty-four
an

equal

heat,

to calcine marble or hard stone.
strong enough
But a very essential matter remains doubtful,
be re
that is, to know how much time would
quisite,

for example, to calcine a cubical foot

struck
of matter, especially if that foot were
i ith
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with

the heat only

in one part.

Some time

would pass before the heat penetrated its thick
ness;

this

during

cat. would be

time, a

lost, and

great part

of the

would issue

which

from this piece of matter after it had entered
I fear, therefore, much that the stone not

it.

being touched

by

the beat on

every side at

once, the calcination would be slower, and the
Experience alone can

less.

proance

decide

this, but it would be at least necessary to at.
tempt it on gypsou.s matters,

whose

calcina

tion is as quick again as calcareous stone.
By concentrating this heat of the
kiln,

the

would be
mixing

hi a

has no other opening than what

which

admits

sun

light,

a great

prevented from

part

tity of coal dust, NN hich

heat

flying off, and

calcareous stone

with

of the

by

a snull quan

is the cheapest of all

combu tib1e matters, this slight supply of food
would suffice to feed and augment the
tty

of heat, which

would

produce

quan
a

more

ample and quick calcination, arid at very 1i1te
expense.
a

These

mirrors of Archimedes
might be,

in fact, used to set fire to the sails of vessels,
and even

to pitched wood at more than 150

feet distance;

they night also be used against

the enemy,
by

burning

the grain and other

Productions of the earth; this effect would be
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no less sudden than destructive ; but we will
not dwell on

the

means

of doing'

michicf,

conceiving it to be more our duty to think on
those which may do borne real service to man
kind.
These mirrors furnish time sole means of

4.

It is evident that to

exactly measuring heat.

mirrors, whose luminous images unite, prod uce
double heat in all the points of their snrfaccs,
ihat

three, four,

five, or

more

mirrors,

will

also give a treble, quadrtple, quintuple, &c.
heat, and that, consequently, by this mode we
can make a thermometer whose divisions will
not b

too arbitrary, and time scales different,

like those of the present

thermometers.

only arbitrary thing which

would

The

enter into

the corn position of the fhcrzaometer, would be
the supposition of the total number ofthe parts
of the

quicksilver

absolute

cold;

by

quitting the degree of

but by taking it to 1000

be

low time congelation of water, instead of 1000,
as in

our

approach

common
greatly

thermometers,
towards

we should

reality, especially

by chusing the coldest day in winter to mark
time thermometers, for then every image of the
sun would give it a degree
temperature of ice.
uercury

The point to which the

rises by the

ouLJ be marked

of heat above the

first. image of the sin,

, and so on to the iIigi1es,
'which
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hicli might be extended to

SG degrees.

At

this degree we should have an augmentation o
heat, thirty-six times greater than that of the
firt, eighteen times greater than

that of the

greater than

I hat of the

second, twelve times
third,

nine

incs greater

than

that of, the

fourth, an] so oil; this augmentation of thirty
six ol heat abovcthat of ice would be sufficient
to melt

lead ;

and there

is

every appearance

to I h uk t i at mercury, w hi cli volatilizes by a
much less h.at, would by its vapour break the
thcmomctcr.

We cannot therefore, at most,

extend the division farther

than

twelve,

and

if i-nerP1
eMaps not fin.-Gler ILIJL'111 MTIC degrees,
these
CUrly be used

thrmometcrs, and by

tlise means we shall have only nine degrees of
the augmcnatOfl of heat.

'Fhs is one of thc

Teasons which md aced ie\s ton L' make use of
linseed oil instead of quicksivcr; and, in fact,
by making use of this

liqor, we can extend

the dvsoii not only to twcve degrees, b
fir as to make

1

this oil bail.

pose spirits of wine, because

do not

that liquor

composes in a very short time,

ss
i'°
de

and cannot be

used for epcrjnicnts of" a strong heat.
When
Many travellers have told and written to me, that Rcau
mur's thermometers of
spirit of wine, became quite Usess
to them, because this liquid lost its colour, and bccar
charged with a sort of mud in a very short time.
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scale of these thermometers

1,i\Then on the
oil or

-filled with
1,

2,

, 4, &c.

2zl-l -3

mercury,

the first divisions

are marked

to

indicate

the

double, treble, quadruple, &c. augm entatioris
of heat, we must search after the aliquot pa ris
of each division ; for example, of the point 1,,
, 3, &c. or if, 2, 3, &c. and J, 2,
and which will be obtained in an easy manner,
or -, of the stiperfices of
by covering the
one of those small mirrors ;

for then the image

which it reflects, will contain only the
of the

heat

tain, and,

, 4, or

,

which the whole image will con

consequently,

aliquot parts will be as

the division

of the

exact as those of the

whole numbers.
If once we succeed in this real thermometer,
wliich

I

call

real, because it aclnal!y marks

the proportion of the heat, every other thermo
meter whose

scale is arbitrary and ditreiit,

will become

not

inimical,

only superfluous,

but even

n many cases, to the precision of na

tural truths sought after by these means.
5. By means of three mirrors we may easily
collect in their entire purity, the volatile parts
of gold, silver, and other metals rind minerals;
for, by exposing

to the

large

focus of those

mirrors a large piece of metal, as a
silver plate, we

h1 sec smoke

dish, or

issue from it
in
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in great

abundance,

and

for

a

considerable

time, till the metal is in fusion ; and by
giving
only a smaller heat than what fusion requires,
we shall evaporate the metal so as to diminish
the weight considerably.
I urn
also

cetain of this

elucidates

neals.

the

circumstance,

which

intimate composition

of

I was desirous of collecting this pleu

tiful vapour, which the pure

fire

of the sun

causes to issue from metal, but I had not the
necessary instruments, and I can only recorn
mend to chemists and naturalists to follow this
important experiment,

the

results

of which

'would be as much Icss equivocal as the metallic
in all lihe operations
vapour is pure; whereas,
made with common fire, the metallic vapour is
necessarily mixed with other vapours proceed
from combustible matters, which serve for
-or
food to this fire.
Besides, this means is the only one we have
to volatilize fixed metals, such as gold and sil
'ver;

for I presume that this vapour, which I

have seen rise

in

such

great

quantities from

these fixed metals, heated in the
large focus of
my mirror,

is

neither of water,

nor

of any

other liquor, but of the
parts even of the me
tal which the
them.

heat detaches

by

volatilizing

By receiving these. vapours of different
rnctais
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more
metals, and thus mixing them together,
than
intimate and pure alloys would be made
me
can be by fusion, and the mixture of these
tals when melted, which never pcrfeciiy unites
on aCCOUnt of the inequality of their specific
vli ili
weight, and many 01 her circumstances
are opposed to the inlimae and perkct equality
constituent parts of
As the
of the mixture.
in

a

much

the metallic vapours

are

state of division than

fusion , they would joiii
In short,

and unite closer and more readily.
should attain the knowledge

we
fact

greater

of a general

for many rea
by this mode, and which,

sons, I have a long time SUSpCCtCCI, that there is
in fins manner,
penetration in all alloys made
and that their specific weight would be always
greater than

the sum of the specific Sol eights of

the matters of which they are composed :
penetration is

only

a greater

be so much the greater

of ini

degree

macy; every thing equal in other

for

especls will

as matters will be in a

more Perfect slate of division.
By reflecting on the vessels lisp(] to receive
and

collect

struck with

these

metallic

vapours,

11

NY,-Is

an idea, which ap:eared to me to

be of too great utility not to publish ;

it is aho

to be realized by good able che.
easy enough
xnits ;

I have even cornmuuicakil if to some

Vol. X.

Gg

of
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\vho appeared

with

This idea is to freeze mercury in this'.

it.

climate, and

to b

satified

of them,

quite

with a much less degree of cold

than that of the experiments of Pctersburgli
or Siberia.

For this

mercury is only
which is

the

purpose

the

vapour of'

required to be received, and

mercury itself volatilized

by a

very moderate heat in a crucible, or vessel, to
which we
cold.

give

dcgcc of artificial

a certain

This vapour, or this mercury, minutely

divided,

will oflèr,.to the action of the cold,

surfaces so large, and masscs so small, I hat in
dead of 1S'7 degrees of cold requisite to freeze
mercury, possibly IS

or

'O will be sufficient,

and perhaps even less to freeze it when in va
pour.

I

recommend

this

important experi

ment to all those who endeavour earnestly for
the advancement of the sciences.
To

these

principal

usea

of the

mirror

of

Archimedes, I could add many other particular
ones; but I have confined myself to those only
which appeared the most useful, and the least
difficult to be put in practice;. nevertheless

I

have subjoined some experiments that I made
on the transmission of light through tra usparent
bodies, to give some new ideas on the means of
seeing objects at a distance with the

akcd eye,

or with a mirror, like that
spoken of by the an
C&CIitS,
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dents, and by the effect of which vessels could
be perceived from the

of Alexander, as

port

far as the curvature of the earth would permit.
Naturalists at
.fliree

causes

present know, that there are

which

prevent

the light

from

uniting in a point, when its rays have passed
the objective glass of a common mirror.

The

first is the spherical curve of this glass, which
disperses apart of the rays
nated

in a space termi-

The second

by a curve.

is the angle

under which the object appears to the
eye :

for the breadth

jectivc glass has

a

naked

of the focus of the ob.

(ilatneter nearly

equal to

the chord of which this angle measures.

The

third is the different refrangibility ofthe light;
for the most

refrangible rays do not collect in

.the same place with the lesser.
The first cause may be remedied by substi
I uting, as Descartes has proposed, elliptical, or
hyperbolical, glasses
second is to
placed to

be

the

diameter is

to

the spherical.

remedied
focus

of

The

by a second glass,

the objective, whose

nearly equal the

breadth

of this

focus, and whose suriiLce is worked on a sphere
of a very, short ray.

The third ha.s been ibund

to be remedied, by making telescopes, called
.Acromalics, which are composed of two sorts
of glasses, which

disperse the

coloured

rays

diffcrently
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so that

the dispersion of tile oliv

is corrected by the oilier, without the general
retraction, which CUflst%t utes the in irro, being
destroyed.

A telescope-4 Icet long, made on

iii is principle, is in cfkct equivalent to the okl
telescopes of,--)"5 feet,
But the reined
listless

at this

of the

first cause i,,, perfectly

time, because file eft~-ct

last being much more considerable,

of tile

has such

great IIltIUCIICe On file whok cflict,that
nothing
can be gained by sUl)tiIUtLW
hyperbolical, or
cIli

heal glasses to spherical, and this SUbSt..

tntioii could not become advantageous, but in
the

case

where the

means of correcting the

eIlict of the dillcrent refrangibility of the rays
of Jig ht

might be found ;

that we should. do

well

means, and to subsitiite,

it seems, therefore,

to
ill

combine the two
acroniatic

teles-.

Copes, elliptical glasses.
To render this more obvious, let us
suppose
the

luminous

point

'without extent, as a fixed star is to us.

It is

object observed

certain, that with an
am

ph', of J()

lLIffljflOllS

to be a

objective glass, for ex

feet focus, all the images of this

poiiit W.111 extend

in

the form

of a

CLI VC to this focus, it it be worked on a
sphere
and, on the coiiirarv, lhey viIl unite
11 (.)i1C
piut if this gl:ts be hy

crbulical ;

but if the

http://www.geology.19thcenturyscience.org/books/1808-Buffon/README.htm
11ATLJftAL HISTORY.
have a
object observed

fi2D

certain extent, as the

moofl, which occupies half a degree of space
to our eyes, then the image of this object will
inches diameter in the
occupy a space of three
focus of the objective glass of thirty feet ;
the aberration caused

and

the sphericity prom

by

it
ducing a confusion in any luminous point,
of
produces the same on every luminous point
the moon's disk,
disfigures it.

and,

consequently, wholly

would be,

There

then,

much

d isad vantage in making use of elliptical glasses
or long telescopes, since the means have been
found, in a great measure, to correct the effect
produced by the dillèrcnt refrangibility of the
rays of light,
From this it follows, that if we would make
a

telescope of 30 feet,

to observe the moon,

and see it completely, the ocular glass must be
at least three

inches

whole image which

diameter, to collect the
the

objective

glass

pro.

duces to its focus; and if we would observe this
planet with a telescope of 60 feet, the ocular
glass must be at least six inches diameter, be
cause

the

chord

under which

th

the angle measur

which

appears to

rnooii

us, is, in

this case, nearly six inches; therefore astro
nomers never make use o
chide the

whole

disk

they weukl magnify

telescopes that in

of the moon,

but very little.

because
But

if
Wk.
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VC would observe the planet Venus with

a fe

lescope of (O feet, as the angle under which it
npprs

to us

is only GO seconds, the ocular

glass can only have four lines dianneter;

and

if we make use of an objective of 1EO feet, an
ocular glass of eight. lines diameter would su1
:flce to unite

the wholc

image-which

the ob

jctivc forms to. its focus.
Ihncc we see, that even if the rays of light
verecqualty refrangible we

could

not

make

ucli strong telescopes to see the moon with as
to see the other planets, and that the smaller a
plaict

more we can
appears to our sight the

"augncnt

the length

of the

which we can see it wholly.

with
with

telescope,

Hence it may be

well conceived, that in this supposition of the
there must be a cer
rays, equally refrangible,
lain length

more advantageously

determined

than any other for each different planet, and
that this length Of the telescope depends

not

the planet ap
only on the angle under which
on the quantity of
pears to our sight, but also
it is brighiened.
light with which
In common telescopes the rays of li(rbt being
all that could be done
differently refrangible,
in this mode to give (hem perfection would be
of very little

advantage, because, that

under

whatever angle the object, or planet, appears
'to our sight, and whatever intensity of light it
May

http://www.geology.19thcenturyscience.org/books/1808-Buffon/README.htm
NATURAL HISTORY.
the rays
may have,
same part;
interval
red

will

never collect in the

the longer the telescope the more

it will have between the focus of the

and violet rays, and corisequently.the more

confused the image of the object observed.
Refracting

telescopes,

therefore,

can

be

rendered perfect wily by seeking for the means
of correcting this effict of the different rcfran
gibility, either by composing telescopes of dif
ferent densities, or by other.paiticular means,
which would be different according to different
objects and circumstances.
ample,

a

short

telescope,

Suppose, for ex
composed of two

glasses, one convex and the other concave;

it

is certain that this telescope might be reduced
to
on

another whose two glasses would
one

side, and

on

the other

be plain

bordering on

spheres, whose rays would be shorter than that
on the spheres on which the glasses of the first
telescopes have been constructed.
to

However,

avoid a great part of the effect of the dif

ferent refrangibility of the rays, the second te.
Iescol)e may be made with

one single piece of

massive glass, as I had it done with two pieces
of white glass, one
in

length,

balf;

and

of two inches and

the

other

but then the loss

greater

icoIiveuienee

one

inch

a half
and

of transparency

a

is a

than the different re
frangibility
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frangibility

which it

massive

small

corrects,

telescopes of

for

glass

thesd two
are

more

obscure than a small common telescope of the
same glass and dimensions ;
less

iris,

are

but

they indeed give

not better ;

for in massive

after having crossed this thickglass the light,
ness of glass, would no longer have a sufficient force to take
to our eye.
feet long,

in

the image of the object

So to make

I find nothing

uflicient transparency to

telescopes 10 or 23
but

water that

suffer

the

has

light to

this great thickness.
By using,
Pass through
therefore, water to fill up the intervals be
tween the objective and the

ocular glass,

should in part diminish the

cffict of the

we
dif

ferent refrangibility, because water approaches
nearer to glass than air, and if we could, by
water with different salts, give it
loading the
the same refringent degree of power as glass,
it is not to be doubted, that we should correct
still more, by this means,
gibility

of the

rays.

A

the different refran.
transparent

liquor

should, therefore, be used, which would have
as glass, for
neatly the same refrangible power
then it would be certain that the two glasses,
vith

their

liquor

between

them,

would

in

part correct the effect of the different refran..
ibility of the rays,

in the

same mode as it
is
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small massive

corrected in the

telescope

which I speak of.

the experiments of M. Bon

According to

line of glass destroys
guer, tie thickness of a
of light,

consequently the

and

diminution

would be made in the following proportion :
Thickness,

.1,

2
Diminution , So

,

i°
--

3,
50

4,
250

that by the sum of

5,
1250--

6

lines

6150
---

these six terms we

should find, that the light which passes through
six lines of glass 'would lose 101,024
1i647 that i,
about +- of its quantity.

But it must be con

sidcrcd, that M. Bouguer makes use of glasses
%l1ich are but little transparent, since be has
observed, that the thickness of a line
glasses destroys

-. of the
light.

of

these

By the experi

ments which I have made on different kinds of
white

glass, it has

appeared to me that the

light (I1U11flLSlies much

less.

These

experi-ments
are easy to be made, and are what all the
world may repeat.
In a dark chamber, whose walls were black.
cned, and which I made use of for optical ex"
periments,
the pound;

I

had

a candle lighted of fi ye

the room was very large and

o

the

candle the only light in it; I then tried at what
distance .1 could read by this light, and found
that

I

VOL. x.

read very easily at 24 feet four inches
H h

from
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from the candle.

Afterwards, having placed a

before it, tt
piece of glass, about a line thick,
-two

inches

distance, I found that I still read

very plainly at 2? feet nine inches;

and sub

lines
stitntingto this glass another piece oCtwo.
]II:thiCknCSS and of the

same glass, I read at

21 feet distance from the candle.
same glasses joined

one

to

Two of the

the

other,

and

placed before the candle diminished the light
so much that I could
tance;

and

feet dis

only read at 17

at length,

with

could only read at 15 feet.

three

Now

the light

a candle diminishing as the square of the
tance

augments,

been in
Lad

the

not

-21.

225.
by the

interposed:

2-17k.

(his

if glasses

Therefore

2-22

2-24+.

517441.

2-15,or592+.

interposition

following

of

its diminution should have

following progression,

been

I

glasses,

the loss of the light,

of the glasses,
8W.

progression:

is in the

151.

367-146
From hence it

may be concluded, that the

thickness of a line of this glass dial. in ishes
only
84 0
tifrJ1459-1
Z", t, or about T
'-; that two lines dimiinislies

.157

two lines -4

not quite

and three

glasses of

i. e. less th'm

As this result is
very different from that of
M. Bouguer, and

as

I

was cautious of sus
pecting
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truth of his

peated mine with common

cxpcrimeñts,
For

glass.

1 re
long

alone can be used ; and it is

telescopes water
still to
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be feared

subsist, from the

that

an inconvenidncy will

opacity resulting from

the

quantity of liquor which tills the interval between. the two glasses.
The longer the telescope the, greater loss of
light will ensue ; so that it appears at first sight
that this mode cannot.

be used, especially for

for following what M. Bou

long telescopes;

guer says in his Optical Essay, on the gradatioii
of light, nine
minishes

feet seven inches sca.watr di

the light

in

a

relation of

14 to 5 ;

therefore these long telescopes, filled with Wa'
ter, cannot be used for observing the sun, and
the

stars

woutd not have light enough to be

perceived across a thickness of 20 or

O feet of

intermediate liquor.
" Nevertheless, if
we consider, that by al!ow,
ing only an
the

inch, or an inch

bore of an

and

a half, fOr

objective of 30 feet, we shall

very distinctly perceive the planets in the com
nion

telescopes

of this length ; we l'nay sup..

Pose that by allowing a greater diameter to the
Objective we should augment the

quantiy of

of the square of this diameter,
light in the ratio
and, consequently, if an inch hfire siitfices to
see

L star dstinc(ly, in a coiumon

tclcscape,
three
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three inches bore would be sufficient to

see

it

distinctly through a thickness of 10 feet water,
and that with

a glass of

three inches diameter

we should easily sec it through a thickness

of

20 feet water, and so on. It appears, therefore,
that

we

might

constructing
for,

hope

to meet with success in

a telescope on these principles ;
the diameter of

by increasing

the objec

tive , we partly regain the light lost by the de
fect of the transparency of the liquor.
But it appears to me certain that a telescope
constructed on
fr

this mode would be very useful

observing the sun ;

for supposing it

the length of 100 feet, the

light of

even

that lumi

too strong after having tra
nary 'woukl not be
versed this thickness of water,

and we

should

be enabled to observe its surface easily, and at
the need

leisure,

without

smoked

glasses, or

pasteboard;

of making

use of

of receiving the image on

an advantage we cannot possibly

derive from any other telescope.
There would require

only some trifling dif

fcrcncc in the construction of this solar

tele

wanted the whole face of the sun
scope, if we
it the length of 100
presented ; for supposing
feet, in this case, the ocular glass must be term
inches diameter;

because

more than half a

celestial

the sun, taking up
degree,

the

image

formed by the objective to its focus at 100 feet,
will
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at least have this length

937

of ten

inches;

and to unite it whol!y, it will require an ocu
lar glass of this breadth, to which only twenty
inches of focus should be given to render it as
It is necessary that the ob

strong as possible.

as the ocular glass, should he
jective, as well
ten

inches

in

diameter,

image of the sun, and
of the telescope,

in

order

the image

that

the

of the bore

be of an equal size with the

focus.
If this telescope, which I

propose,

should.

only serve to observe the sun exactly, it would
be of great service; for example, it would be
very curious to be

able

to discover

whether

there be any luminous parts larger than others
in the sun ; if there be inequalities on its stir
face; and of what kind; if t.he spots float. on its
surface; or whether they be fixed there, &c. The
brightness of its light prevents us from observ
ing this luminary with the naked eye, and the
different refrangibility of its rays,

renders its

image confused when received in the focus of
an objective glass, or on pasteboard, so that the
surface

of the sun is less known to us than that

of any of the planets.

The diflerentrefran

its rays would be but little corrected
gibility of
in

this

long telescope filled

with water;

if the liquor could, by the addition

but

of salts,
be

http://www.geology.19thcenturyscience.org/books/1808-Buffon/README.htm
C" q,

BU FF0 N 'S

he rendered as dense as glass, it would then be
the same a
through;
More

if thcr

were only one glass to pass

and it appears to me that infinitely
would

advantage

result.

from

use of these telescopes filled with
from

the

common

making

water, than
Smoked

telescopes with

glasses.
Whether that would or

would not

be the

fact, this however is certain, that to observe the
sun, a telQscop
those that we

froru
quite diffirent is required
make

use of for

the

different

certain, that a particular
p1ets ; and it. is also
each planet, piOpOr
telescope is llecc'ssary for
tionate to their taLC iisit_y of light, that is, to the
real quantity of light with
to

be

enlightened.

In

all

which they appear
lckscopcs the ob-

and the ocular
jectives are required as large,
and,
glass as strong, as possible,

at the same

thac, the distance of the focus proportioned to
the intensity of the light of each planet.

To

do this with the greatest advantage, it is rcqui..
site to use only an objective .,glass so much the
the shorter, accord-s
larger, and a focus so much
ing to the light of the planet.

Why has there

not hitherloijeen made object ivegiasses bf 243
fcç dia meter ? The aberration of the rays,occa
sioned by the sphericify of the glasses,
1601

pause of the

confusion,

is the

which is as the
square
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2.39

of the diametet of the tube;

square

and it i's

reason that spherical glasses,

for this

with

a

small bore, are ofno value when enlarged ; we
have more light, but less distinction arid clear
ness.

Nevertheless, broad spherical glasses aie

very good for night telescopes.

The English

have constructed telescopes of this nature, and
they make use of them

very

advantageously

to sec vessels at a great distance hi
But at present) that

we know,

lark nights

n a great mea

sure, how to corrct the effects of the different
refrangibility

of the

rays,

it seems, that we

should make elliptical or hyperbolical glasses,
;vhicli would not produce the alteration caused
by sphericity, and which, consequen1ly, would
be three or four times broader than spherical
glasses.

There is only this mode of augincnt

ing to our sights the quantity of light sent to
us from the planets, for we cannot put an act.
ditional light
which
must

we

on them, as we

do on

objects

observe with-the microscope,

at least

but

employ to the greatest possible

advantage, the quantity

of light wifli -which

it on as great
they are illumined, by receiving
a surface as possible.

This hyperbolical tele

scope, which would be composed only
single

and
large objective glass,

tine

of ai ocular

one proportionate, would require inai$rofe
greatest

transparency;

and

we

should unite
by
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by this means all the advantages possible, that
is, those of the acrornalic to that of the ellipti
cal or hyperbolical telescopes, and we should
profit by all the quantity of light each planet
I may be deceived; but

reflects to our sight.
what

I

propose appears

founded to recommend is

to

be

sufficiently

execution to per

scns zealously attached to the ad vanccrneiit of
the sciences.
Employing myself thus on these reveries,
some of which may one day be realized, and
in which hope I publish them, I thought

of

the Alexandrian mirror, spoken of by some an
cient authors, and by means of which vessels
vere seen at a great distance on the sea.

The

most positive passage which 1 have met with
is the following.
"Alexandria.. . . in Pharo vero crat specuPer quod a longe vide-

lum e ferro siiiico.
"

banlur naves Gracorum advenientes;

sed

paulo postq uam Islamism us invalu it, scilicet
Ctern pore califatus \Validfil: Abdi-J-melcc,
"
Christiani, fraude adhibita ill ud (lelevcruut.
"Abu-l-feda, &c.
Having
have

dwelt

thought,

Dcscriptio }Egypti."
for

1. That

possible to be made.
a mirror or

some

2.

time

such
That

a

on

this,

mirror

If

was

even without

telescope, we might

by certain
disposst ions
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obtain the same effect, and see ves

sels from land, as far, perhaps, as the curvature
We have already

of the earth would permit.
observed that

persons

whose sight was very

illumined by the
good, have perceived objects
sun at more than 3400 times their diameter,
and at the same tim

we have remarked,that the

intermediate light was of such great hurt

to

that of distant objects, that by night a Iumi
minous object is perceived at ten, twenty, and.
perhaps a hundred times greater distance than
1uring the day.

We know that at the bottom

of very deep pits, stars may be seen in the day..
tinie;
sels

why therefore should we not

illumined

by. the

rays

placing one's self at the end

of the

see ves
sun,

of a very
long

dark gallery, situated on the sea shore, in
a manner

as

by..

ucli

to receive no other than that of

the distant sea, and the vessels which
might be
on it?

This gallery

would be only a

hiri

zontal pit, which would have the same effect
with

respect to ships as

with

respect

to

the

the stars;

vertical pit

hag

and it appears to

me so simple, that. I am astonished it has never
before been thought of and tried.

It seems to

me, that by taking the time of the,. dy for our
VOL.

X.

Observations

' Aristotle is, I believe, the first that ever
mentioned this
bservation.
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observations when

the sun sliould be behind'

the gallery, we might see them from the dark
end of it ten times
open light.

Now a man on horseback I

t1isIin'tiished

at

rays of the sun
pressing

at least beer than in tlk

the

a

mile

distance,

shine on

intermediate

him,

caily

when

the

a'nJ by sip
which

light

sure

rounds us, and darkening our sight, we should
see him

at

least ten times farther;

say, ten miles.

that

is to

Ships, therefore, being much

larger, would be seen as far as the curvature of
the earth woili permit, without any other
than the naked eye.
in-strument
But a

concave mirror, of a great diameter;

and of any focus, placed at the end of a long
black tube, would have nearly the same-effect
as our great objective glasses of the same dia
meter and form would have during the night,
and it was probably one of these concave mir
rors of polished

steel that was

the port of Alexandria*.
did really exist,

established at

1f f this steel mirror

we cannot. refuse

to

the an

cients the glory of the first invention, for this
mirror can only be eflctiv

by as much as the
light

41 From time hnrnemorial the Chinese, and
partkularly.
the Japanese, have possessed the art of working in steel
1)0th in large and small bodies; and hence I have thought

that the words eJ'erro siiilco in the preceding quotation should.
be undetood as applying to polished steel.
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its sifxce was coUcted by
-light reflecteJ by
t$ focus,
another concave mirror pacl a
ajid

n this consiss;the essence of t-be telescope

and the merit of Sits. con$trMctin.

evertic

less f.1is does not deprive the great Newton o
apy glory, who first renewed th.c alm.ostforgot.
ten iuveition.

As t:ie rays of light are .by. "heir

nature differently refrrngib1e, he ws iuc1inecI
to think there were no- means of co.q.w.,tingth is
.effect, or, if he had perceived those çflCans, he
judged :tliemsodifficut that -lie chose Takilex-to,
ttirn his views anotheT
means of the reflection

way., and producc,by
,of the rays., the great

effects which he cQtI1d nt obtain by tiwir refraction ;

he, therefor, .eomstrcted hjs

"sc9pe, the reflection of which

e1e-

s1nfi&tely su

perior to those that were in common use.

The

best telescopes are always dark in
comparison
of the acromatic, and this
obscurity does not
proceed only from the defect of the polish, or
the colour of the metal of mirrors, but from the
nature even of light, the rays of which
being
differently refrangible

are also differently re

flexible, although in much less
unequal degrees.
It still remains, therefore, to
bring the tele.
scope to perfection, and to find the manner of
compensating this different reflexibility, as we
have

http://www.geology.19thcenturyscience.org/books/1808-Buffon/README.htm

!44

13UFFoN

have discovered that of compensating the dif
ferent refrangibility.
After all, I imagine that it will be well per
ceived that a very good day-gi:i ss maybe made,
without

using

either glasses or mirrors,

and

the surrounding light,
simply by suppressing
by means of a tube 150 or
in
placing ourselves

an

50 fcet'Iong, and by
obscure place.

The

is, the greater will be the ef
brighter the day
I am persuaded that we should be able'
fect.
to see at 15, arid

perhaps 20

The only difference

between

miles distance.
this long tube,:

and the dark gallery, which I have spoken of,
is, that the field, or the space seen, would be
smaller, and preci'ely in the ratio of the square
of the bore of the tube to that of the gallery.

OBSERVATIONS
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OBSERVATIONS AND EXPEEtIMENTSON TREES
AND OTHER. VEGETABLES.

THE physical study of Vegetables is one of
those sciences which require a multiplicity of
observations

and experiments beyond The ca

pacify of one man
a work of time;

and must consequently be

even the ohserva ions them

selves are seldom of much value till they have
been repeatedly made, and compared in dit.
ferent places and seasons, and by different per
sons of similar ideas.
that Buffon united

It was for this purpose.

with

M. Du IJamel, to la

bour, in concert for the illustration of a num
ber of

henomena, which appeared difficult to

explain, in the vegetable kingdom, and

from

lic knowledge of which may result an infinity
of useful matters in the practice of agriculture.
The frost

is sometimes

so

intense during

winter, that it destroys almost all vegetables,
and the scarcity in the year 1709 was a melan
choly

proof of its cruel eflcts.

Seeds, and

some kinds of trees, entirely perished, while
others
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others, as olives, and almost all fruit-trees, shar
ed a

milder fate,

shooting forth their leaves,

-their roots not haying been butt;
large trees, which

were

more

mci macny

vigorous, shot

forth every branch in spring, and did not ap
pear to have suffered any material injury.

We

shall, ncverthelcss, remark on the real and ir
eparab1c damage this winter occasioned them.
Frost, which can deprive us of the most ne
cessary articles of life, destroys many kinds of
useful trees, and which

scarcely ever leaves

one insensible of its rigour, is certainly one of
the most formidable misfortunes of human na
ture ;

we have therefore evesy reason to dread

intense frosts,

which might

reduce us to the

last extremities if their seventies were frequent;
but fortunately we can quote only two or three
winters which have produced so great and gc
neral a calamity as that in 1709.
The greatest
damage

the

spring frosts, although they

grain,

and

principally

barley,

when it is but just cared, never occasion great
scarcities.

They do not affect the

trunks or

branches of trees, but they totally destroy their
productions, deprive us of the harvest of the
vines and orchards, and by time suppression of
new buds

cause a

considerable

damage

to

forests.
Although
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aresom'e examples of wintef

Although tier

of bread,
ftosts having reduced us to a' scarcity
which
and deprived us of vegctables,thedaniage
frosts occasion becomes still more in
spring
because they afflict us more frequent
portant,
effects are felt almost every year.
ly, and their
To consider

frost

even very superficially,

we mast perceive that the effects produced by
the

sharp

from what

frosts

of winter are very different

are occasioned by those in springs

since the one attacks the body and rirost solid
parts oftrees, whereas the other simply destroys
their productions, and opposes their growth;
at the same time they act ttncler quite different
circumstances; and it is no-t always the ground
in which the winter frosts produce the greatest
disoTders, as that generally suffers

most from

those in the spring frosts.
It was from a great number of observation
that we have been able to, make this distinction
on the effects of frost, and which we hope will
not be
and

be

simply

curioUs,, but prove of utility,

and should
profitable to agriculture;

from the
they not wholly enable us to escape
evils

occasioned by frost, they will afford' u

a means to guard against
therefore,
with

that

enter
liichi

upon the
regards

them.
detail,

We s1al1,
beginning

the sharp

frosts of
winter :.
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'viner:

of these, however,

we cm

not rea.cn

vitli so great a certainty as on those of spring
because, as we have already observed, we are
seldom subjected to their tragical efwcts.
Most trees during Winter being deprived
fruits, and

blossoms,

leaves,

have

of

generally

their buds hardened so as to be capable of sup
unless the preceding

porting very sharp frosts

summer was cool, in which case the buds not
being arrived to that degree of maturity, which
gardeners call aoutes, they are not in a

state

of resisting the moderate frosts of winter;

but

this seldom happens, the buds commonly rip
ening

before

-winter,

and

the

trees

endure

the rigour of that season without being damag
ed, unless excessive cold weather ensue,

join

ed to the circumstances hereafter mentioned.
We have, nevertheless, met with many trees
in forests with considerable dcfects,whicli have
certainly been
and which

frosts
produced by the sharp

will never be effaced.

These defects
vbich fohlo
portion of

are,

1st,

chaps or

chinks,

the direction of the fibres.

2. A.

(lead wood' inch!idcd in the good ;

and lastly, the double sap, which is an entire
crown of imperfect wood.

We

must dwell
a hit(le

Ripened or l3lkd with sap
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defects to

little on these

trace the causes

whence they proceed.

The sappy part of trees is, as is well known;
wood
a crown or circle of white or imperfect
of a

greater

or less thickness, and

which

in.

almost all trees is easily distinguished from the
sound wood, called the heart, by the difference
of its colour and hardness;

it is foulid irnnie4

surrounds the per
diately under the bark, and
fect wood, which in sound trees is nearly of the
same colour,

the

to

circumference

wood

was separated by another circle of

white wood, so that on cutting the
them we saw

of sap

circles

alternately

trunks of

a clump
perfect wood, and afterwards
latter,

the

But in those we now speak of, the per

centre.
fect

from

which was more or

less

and

of the

considerable,

according to the different soils and situations;
in strong and forest earth it is more scarce than
in glades and light earth.
By the mere inspection of these cinctures of
white wood, which
false sap, we
qualify;

we in

future

shall term

could perceive it to be of bad

nevertheless,

to be certain of it,

we

had several planks sawed two feet in. length,
by mime to ten
like

inches square, and having the

made from the

true

sap, we

had

both

loaded in the middle, and those of the false sap
V 0 L,

X.

K k

always
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always broke under a less weight than (hose of
the true, though the streiglh
is

very

trivial

in

of the true sap
with
-

Comparison

formed wood.
We afterwards took

that of

several pieces of these

two kinds of sap, and weighed

them both in

the air and water, by which we discovered that
the specific weight of the natural
sap was al.
ways greater than that of the false.
made a like

experiment with the wood of the

centre of the same trees, to
that of the

We then

it with

compare

cincture which is

found between

these two saps, and we discovered that the dif
ference was nearly the same as is usual between.
the weight of the wood

of the

centre

trees and that of the circumference;

of all

thus all

that is become perfect wood in these defective
trees is found nearly in the common order.

But

it is not the same with respect to the false sap,
for, as

these experiments prove, it is weaker,.

softer, and lighter than the true sap, although
formed 20, nay 25 years before, which we dlS
covered to be the fact, by counting the aniiuat
circles, as well of the sap as of the wood which
covered it;

and

this

have repeated on

a

observation,

we

number of trees, incon

testihly proves

that

these

caused

hard

frost of

by the

which

defects
1709,

bad

been

notwith..
standing
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number of some of their coats
standing that the
had passed since
-was less than the years which
be
that period ; and at which we must not

not only because we can never, by
of
the number of ligneous coats, find the age
trees within three or four years, but also be
surprised,

the

cause

coats,

first ligneous

formed after

that frost, were so thin arid confined, that w
cannot very exactly distinguish them.

It is also certain, that it was the portion of

"th.e trees that were in sap in the hard frost of
1709, which instead of coming to perfection.,
and converting itself into wood, became more
:faulty.

Besides, it is more natural to suppose,

that the faulty part mustsuffcr more from sharp
:frosts than sound wood.:

because it is not only

at the external part of the tree, and

therefore

more exposed. to .the weather, but also because
the fibres are more tender arid delicate than the
wood.

All this at first appears to

little difficulty., yet

the

wear but

objections related

in

the history oftlie Academy of 'Sciences, .1710,
might be here adduced;
it appears that in
(lured the hard
.But

as

by these objections

"1709, the young

frost

much

better

trees
than

en
old.

these facts ,are certain, there must be

some difference between the organic.parts, the
.vessels, the

fibres,

&c. of the sappy part of
The
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the 01(1 trees and that of the young;
Imps
which

will

be more

supple,

will be capable

they per-

so that.

a

power

of causing the one to

break, will only dilate the oilier.
But as these are conjectures with which the
mind remains but little saiisficd, we shall pass
slighuly over them, and content ourselves with
the particulars we have. well observed.

That

this sappy part suffered greatly from Ihe frost
is an iiicoiitetib1e
tiiy

fact, but

disorganized ?

without the death

This

of the

has

it

been

might

tree

en

happen

ensuing, pro

vided the bark remainrd sound ;

and cvcn ve

Willows and limes

getation might continue.

bark, and the
frequently subsist only by their
same thing

has

been seen

Roule in an orange tree.
that the false

sap

at

the

nursery of

But we (10 not think

is (lead, because

it always

appeared to us in quite a difièrcnt state from
the sap found in trees, which had a portion of
dead wood included in the sound;
it had been disorganized,

as

it

besides, if

extends over

the whole circumference, it would have inter
rupted the lateralmotiun of the sap, and the
wood of ihe centre, not being able to vegcate,
would have also perished

and altered, which

was not the case, and which I could confirm
by
a number of
experiments;

however, it

is

not

easily
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how this sappy part of wood
easily conceivable
has been changed so far as not to become
wood,

and

that

far from

being dead, it was

even in a state of supplying the ligneous coats
with

sap, which are

state of perfection,

formed

and which may

pared to the wood of trees
no

accident.

fron above in a

This

muse

be

corn

that have suffered
nevertheless

have

been done by the hard winter, which caused an
incurable malady to this part of the tree; for if
it were dead ,as well as the bark which cloathed
it, there can be nb doubt that the
have

entirely perished,

which

tree would

happened

in

1769 to many trees whose bark was detached
from them, and which by the
remaining sap in
their trunk, shot forth their buds in
spring, but
(lied through weakness before autumn, for want
of receiving sufficient nutriment to subsist on.
We have met with some of these false
part of trees

which

than the other, and

are thicker

sappy

on one side

%hich1 surprisingly
agrees

with the most. general state of the
sap.

We

have also seen others very thin, so that
appa
rently there were only the outer coats injured.
These were not all of the same colour, had not
undergone an equal altcration,nor were equally
affected, which agrees with what we have be.
fore

advanced.

At length, we

dug

at

the
foot
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loot of some of these trees, to see if the defect
.existed also in the

roots, but we found them

sound : therefore, it is probable that the earth
-which covered them had repaired t1e
injury
done by the frost.
Here then we sec one of the most dreadful
effects of winter frosts, which though locked
up
within the tree, is not less to be feared, siuce
it renders the
useless;

trees attacked by them

almost

but besides this, it is very difficult to

meet with trees totally exempt from 'these in
juries; and ideed.all those whose wood is net
of a

deeper

colour

at

the

centre,

growing

somewhat lighter towards the sap, may be sits
pected of having some defects, and ought not
tobe made use-ofin any matter of.cons.-Iquen cc.
By horizontally sawing the bottom of trees,
we sometimes perceive apiece of dead saj) or
dried bark, entirely covered by the live wood:
this dead sap occupies nearly half of the cir
cumference in the parts of the trunk where it
is found:

it is sometimes browner

wood, and at others almost white.

than good
From the

depth also where this sap is found in-the trunk,
it appears to have been occasioned by the
sharp
frost in winter, by which a portion of the
sap
and bark perished, and was afterwards covered
y the new wood; for this sap'isa1inost always
found
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south,

where

the

results,

a humidity

sun.

which

soon after the sun disappears, and
again freezes
that forms a true ice, which is well known to
cause a considerable prejudice to trees.

This

defect does not always appear throughout the
whole length of the trunk, for we have seen
many square

pieces

which seemed

perfectly

exempt from all defects, nor were the injuries
of the frost discovered until they were slit into
planks.

It is, nevertheless

easily to be con

ceived, how such a disorder, in their internal
parts, must diminish their strength, and assist
their perishing.
In

forests, or woods, we

meet

with

trees,

which stroig winter frosts have
split accord..
ng to the direction of their fibres;

these are

marked with a ridge formed
by the cicatrice
that

covers

the

cracks,

but

which

remain

within the trees without uniting again, because
a re-union is

never

formed

in

the ligneous

fibres when they have been divided or broken;
nor can it be doubted, that the sap, which in
creases in volume when it freezes, as all
liquors
do, may produce
many of these cracks.

But

we also suppose that there are some which are
independe it of the frbst,. and which have been
occasioned by a too great abundance of sap.
Be
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Be this as it may, the fact is, we have found
defects of this kind in all soils, and in all ex
positions, but most frequently in wt ground
and in northern and western expositions ;
latter may

perhaps

proceed

in

the

cases when

the cold is more intense, in such expositions ;
and in the other, from the trees which are in
of their 1ig
marshy grounds, having the tissue
neous fibres weaker, and because their

sap is

more abundant and aqueous than in dry land;
whicli may be the cause that the effect of the
rarefaction of liquors by the pores is more per
ceptible,

and more

in a state of diminishing

the ligneous fibres, as they bring less resist
ance thereto.
to be

confirmed by

namely,

that resillous

This reasoning seems
another

observation;

trees, as the fir, are seldom injured by the sharp
frosts of winter, evidently from. their sap being
more resinous:

for we

know that oils do not

that instead, of augment
perfectly freeze, and
in frosty weather,
ing in volume, like water,
when they congeal.
they diminish
Dr. Hales says in his Vegetable Statics, p. 16,
are
transpire the least,

that the plants which

those which best resist the winter; because they
have

need

triment
likewise

to
in

of only

small quantity of nu

a

themselves.

preserve
the

same

He

part, that the

says,

plants,
which
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are
which preserve their leaves during winter,
those which transpire the least ; nevertheless,
and
we know that the orange tree, the myrtle,
still more the jessaminc

to frost, although
very sensible
their leaves

serve

therefore, have

(luring

recourse

are

of Arabia, &c.

these trees pre

winter;

to

mtit,

we

another cause to

trees which do not shed
explain why certain
their leaves ill winter, so well support the
sharpest frosts.
We have sawed many trees which were at
this malady, and have almost al

tacked with

ways found, under the prominent cicatrice, a
deposit of sap or rotten wood, and they are ea
sily distinguished from what. are
forest terms,
fects

which

called in the

sinks or gutters, because the de
proceed from an alteration of the

ligneous fibres, which is internally produced,
occasion no

cicatrice to

change the external

form of the trees, whereas the chinks produc
ed

by frosts, which proceed from a cleft after

wards covered by ,a cicatrice, make a ridge or
eminence in

the form

of a cord,

which an

nounces the internal defect.
The

sharp

winter frosts produce,

doubt,

many

other

injuries

itliout

to trees, and we

have remarked many defects, which we
might
attribute to them with great
probability;

but,

as we have not been able to
verify the fact,
'OL.

.

L 1

we

shall
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shall pass on to the effects ofthe ad vantages and
disadvantages of different expositions with re
spect. to frost ; for this question is too interesting
to agriculture

its elucidation,

not to attempt

an
especially as various authors have supported
of breed_
opposition of sentiment more capable
increasinfr
Z~3

our knowledge.
Z73

mo'
1 doubts
11

than

Some have

insisted that the frost is

strongly

at

the

northern

felt more

exposition,

while

others assert it is more sensible to the south or
west,

and all these opinions are founded on a

single observation,

We nevertheless perceive

'what has caused this diversity of opinion, and
'we

are therefore

enabled

to

reconcile them.

But, before we relate the observations and
which have led us thereto, it is but
ex-periments
a more exact idea of the
just we should give
question.

It is not doubted that the greatest cold pro

ceeds from the north,

for that is in the shade

of the sun, 'which alone, in sharp frosts, tern
of the cold ; besides, a situation
pers the rigour
to the north, is exposed to the north-cast, and
north-west winds, 'which
intense,

whether we

are

judge

clearly the most
from

the effects

'which those winds produce, or from the liquor
of the thermometers, 'whose decision
more certain.

It

is much

observed along
may also be

the espaliers, that the earth is often frozen and
b-trdeiicil
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hardened all the day towards the north, while
it

may be

worked upon

Moreover when

towards the south0

a strong frost succeeds in the

night, it is evident, that it must be much colder
in the part where it is already formed, than in
that where the earth is warmed by the sun; this
is also the reason why, even in hot countries,
we find

snow

in

the northern exposition, on

the back of lofty mountains: besides,
of the

quor
the

thermometer is

northern

exposition,

south ; therefor,

it is

the Ii

always lower at

than.

in that of the

inconteslible, that it is

colder there, and freezes stronger.
It is therefore certain, that all the accidents
'which depend solely on the power of the frost,
will be

found more frequently at the northern

exposition than elsewhere.

But yet it is not al

ways the great power of the frost which injures
trees, for there are particular accidents, which
cause a moderate frost to do them more preju.'
dice than the much sharper, when they happen
in favourable circumstances.

Of this we have

in speaking of that
already given an example
included in the good, which
part ofdead wood
is

produced

by the hoar

frost,

and is

bund

most frequently in the expositions to the south ;
and it is also to be observed, that great part of'
the disorders produced in the winthr of 17O9
Ire,
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are to be attributed to a false thaw, wliiéh was
followed by a frost stilt sharper than what had
preceded ; but
have

the

observations

which

we

made on the effects of spring frosts slip.

pEy us

with

many

similar exam Iles, which

iricontestibly prove it is not in the expositions
where it
commits

freezes th
the

strongest, that the frost

greatest

injuries

to vegetables.

Not to dwell upon assertions,we shall procceJ
to

a

detail

of facts, which will

render these

general positions clear and apare nt.
In the winter 1734 we caused a coppice in
my wood, near Montbard in Burgundy, to be
cut,which measured one Ii a ndrcd and fifty-four
feet, situated in a dry place, on a flat ground,
surrounded on

all sides with cultivated land.

In this wood we left many small square pieces
without filling them, and in a manner that each
and south.
equally faced cast, west, north

Af

ter having -V,-.-A1 cleared the part that was cut,
we observed cai-efufly in spring the growth of
the young buds ; the renewed tops on the

Oth

of April, had Sensibly shot out in the parts ex
posed to the
were sheltered

south, and

which consequently

from the north by the tufted

tops; these were the first buds that appeared,
and were the most vigorous ; those exposed to
the east.

appeared

next

then

those

of the
west,
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West, anti lastly those of the northern exposi.
(ion.

On the 28th of April the frost was very

a north
sharp in the morning accompanied by
wind; the sky was clear, and the air very dry,
and in which manner
(lays.

of which I went to see in

the end

At

for three

continued

it

were

what state the buds

about the

clumps

and found them absolutely blackened in all the
the south and sbeltered from
parts exposed to
the north wind, whereas those which were ex
posed

to

north

the cold

wind,

which

bhiwed, were only slightly injured ;

still

and with

respect to the eastern and western expositions,
they were that day nearly alike injured.
The

14th, 15th,

and

2d

of May, it

froze

pretty sharply, accompanied by the north and
north-west winds, and I then likewise observed
that all those sheltered from the wind were very
much injured

but that all (hose which were

exposed thereto

h--,d suffered

but very

little.

I'his experiment appeared dccsive, and sliw
ed that although it. froze most strong'

in parts

exposed to the north wind, yet the frost in that
situation did the leist injury to vcgethb1e
This circumstance is
common prCjU(1iCe ;

c>

psei t
, -. -fact
bi1 It is no., 1cs ie
certainly

a nd is even easy to be cx pLuned ; fur I his pur
sufflcieu
pose, it is

to pay attentio;

to Circuntuc-e
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stances in which frost zcts, and we
cover that

shall dis

humidity is the principal cause of

its effects, so that all which occasions
humidity
renders, at the same lime, the frost
dangerous
to vectables, and all that dissipates
humidity,
even it it should be (lone by increasing the cold
(for every thing that dries diminishes the dis
asters oia frost) acts towards their
preservation.
We have often remarked, that in low places,
where mists

and fogs reign,

frost is felt more

sharply, and oftener than elsewhere.

For iii

stance, in autumn and spring we have seen delicate plants frozen in

a kitchen-garden, in

a

low situation, while the like plants were pie
served sound in another kitchen-garden situated
on an eminence.
low

forests

So, likewise, in values

the wood

is

and

never of a beautiful

vein, nor of good quality, although the
are often by much the best soil.

'allies'

The coppice

wood is never good in low places, although it
shoots forth there later than upon high places,
and

vhich is occasioned by a freshness that is

always concenlered therein.
at night in the wood IL

fi1t

\Vhcn I walked
almost

as much

heat on eminences as in the Open plains,

but

expcrieneel a sharp and un

in the values I
comfortable cold.

Though the trees shoot out

the latest in those parts, yet the shoots are still
injured.

http://www.geology.19thcenturyscience.org/books/1808-Buffon/README.htm
NATURAL

HISTORY.

963

the frosi, which spoiling the printijured by
ci pal buds obliges the trees to shoot forth lateral
branches, and thus prevents their ever becomhandsome frees

ing straight and
understood

arc liable
them

for

ser

Writ we havejust advanced must not

vice.
be

ft

of deep

only

which

values,

to those inconveniencics from nor

expositwns, or

those

juciosed

on

the

southern side in the form of an alley, in which
it often freezes the whole
smallest values,

year, but also of the

so that by a little custom we

can discover the bad figure of the shoots from
the inclination of the earth ; Ibis I particularly
observed on the 28th of April,

1734;

on that

day the buds of all the trees, from one year up
to six or seven, were frozen
places;

whereas

in

in all

the high

and

the

lower

uncovered

near the earth
places there were only the shoots
which were so ;

the earth was then very dry,

and the

humidity

to

greatly

have

Neither vines,
subject to
pose they

of the

air did not appear

contributed

to

this injury.

nor the trees of the plain,

are

frost, which might lead us to sup
are less delicate luau the oak ;

but

we think this must be atiributed to the 1i innitdv
(rreater in thc woo(!s fthzin
441 ~ -%fliich is aINN.-ays 0
in the rest of the plains, for we II3VC observed
ithat oaks

are often very

much

injured

from
frosts
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frosts in forests, while those which are in the
plains are not hurt in the least.
Large timbers,

even

on

eminences,

ca mise the young trees iear them to be

may

in

same state as if at the bottom ofa valley.

the
We

Ii ave also remarked, lii a t the you rig wood near
large trees
than

in

is

often

parts

wore injured by the frost

remote

from

them,

as

in the

midst of such woods, where a great number of
I)ranches are left, it is fell, with more force than
in those which are open.

Now all these (hS.

)rders are most considerable in such places, for
as the wind and sun Can not dissipate the trans.
sphation of the earth and plants, there remains
considerable humidify, which causes a very
treat plejIltilce to piant.
We have also

remarked, that

the

frost

is

never rore to be dreaded, with respect to the
tine flowers, buds of trees,
siicceeds

mists,

&c. than

hen it

rain, however sflght,

or even

rthey are all capable of enduring a very con
i:derable degree of cold w i hont being dan'rag
ed. whcii it has not

rain.,-'d for some line, and

the earth is dry.
Frosts likewise act more powerfully in places
newly

cuhivacd

than in

others, because the

vapours, which con in wifly rise from the earth,
tnj)ire more freely and abundantly from that
.w I 'ic h
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To 1his reason wç

newly oultivated.

must, however, subjoin the
newly set.,
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fact, that plants,

shoot forth more vigorously tliaa

ethers, -which renders them more sensible and
liable to the effects of frost.

So also in light

and sandy soil the frost does more injury than
in strong land, -even though .f equal dryness,
because mare exhalations escape from the
ofearths than from the

Mud

latter;

rst

nd ifA

vine newly dunged is most subject to the frost,
it arises from the humidity which escapes from
it.

A krrow of vine which lies along a

e1.d

of sainfoin, peas, &c. is often all destroyed by
the frost, while the rest of the

vine is

quite

to be attri
Iea1t'by., and this is undoubtedly,
buted to the

transpiration of the sainfoin,.pr

other plants, which bring a humidity on tl&e
shoots

of the

braxches that

vine.

In

the

are strong and

less injured than

the stock;

vine also,

the

cut are always
especially when

not :aUached tothe props, as they are then agim
tated by the wind which drãestheru,.
The same thing is remarkedof limber, and
I have -seen in copses all the buds entirely d.
stroyed bythe frost, while the uppersb.oots .baçJ
met received theieastdaniage; indeed, it always
appeared that the frost did :mot injury ieaet
to thC

twth, commonly within one or two1'ett,

yo. x.

M m

insomuch
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insomuch that it must be very violent to de
stroy the buds higher than four.
All

these observations, 'which

may be

re

garded as very constant, agree to prove that in
general it is not the sharpest frosts

which do

the greatest injury to plants, but that they are
affected in proportion as they are loaded with
humidity, which perfectly

explains why the

frost causes so many disorders in the southern
exposition, although it should be less cold than
that of the north, and likewise why

the frost

causes more injury to the northern exposition,
when after a

rain proceeding from a westerly

'wind the wind veers to the north towards sun
set, as often happens in

spring, or when, by

an easterly wind, a cold moist air aril, es before
sun-rise, which, however, is not so common.
There are likewise circumstances where the
frost does most injury to the eastern exposition;
but as we have many observations on that sub
ject, we shall first relate those which we made
in the spring frost in 1736, which occasioned
so

much damage.

It

having been very dry

for a long time before it in
previously, it froze
not so in the forests,
jured the vines; but it was
apparently because they contained more
midity.

In Burgundy

the forest of Orleans,,

hu

it was the same as in

the underwood was in.
juroci
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last the frost increased

the vines were destroyed,
dryness still

notwithstanding the

but instead of this frost

continued;

doing much damage

under the shelter of the wind, those parts which
-were sheltered were the

only ones preserved.,

"insornuch, that in many closes, surrounded by
walls the stocks along the southern exposition
were very
dry;

green, while, all the

rest remained

and in two quarters the vines were saved,

the one by being sheltered from the north by
a nursery of ash-trees,
the vineyard

and the

was stocked

other because

with a number of

fruit-trees..
But this effect

is

very rare, and this hap

pened only because the season had been dry,
and because

the vines

had resisted

the wea

ther till the plants had, became so strong, from.
the time of the year, that

the frost could not

injure them, independently of the external hu
midity and other particular circumstances.
But there

are

other

causes to

be assigned

why frost produces injury more frequently to
the east than to the west, and, which. are drawn
from the following observations :
A sharp frost causes no prejudice to
plants
when
them:

it goes

off before the sun

comes

upon

let it freeze at night, if the
morning be
cloudy,
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dondyor a slight rain fall,. or, in a word, if
any cause

by

whatever the

ice

melt

gently,

And independently of the action of the sun, it
seldom does any
often saved

and we

injury;

have

very

very delicate plants,. which had by

thance remained exposed to the frosts, by re
turning them into the green-house before sun
rise, or by simply
covering them before the sun
bad shone

tipon them.

One time in
In

happened

particular a very

autumn while

our

sharp

orange-trees

were out of the green-house, and
part of the
icicles:

night

frost

as it rained

with
they were all covered

but this accident was prevented from

doing any injury by covering them with cloths
before the sun rose, so that there was onlythe
young fruit and the most tender shoots injured,
and

we are

been saved

have

they would all

persuaded

if the covering had been thicker.

Another time our geraniums, and many other
out,
plants which cannot hear the frost, were
'hen

suddenly

vhich

the wind,

was

south-

'et, veered to the north, and became so cold
that

the

rain,

which

fell

abundantly,

vat

frozen, and itt almoSt a moment all that were
exposed
Vie

to the air

were

covered

with

ice;

thoughts therefore, that all our plants were

irrecoverably destroyed;

nevertheless we had
them
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them

green-house,

furthermost part of the

the

shut

!69

the windows, and

up

by

that means they sustained but little damage.
This kind

of precaution is always observed

with regard to animals; when they are stricken
frozen, great care

cold, or have a limb

with

is taken not to expose them hastily to heat, but
they are rubbed with

in water,

snow, dipped

in one word, the greatest

or burned in dung;

attention is paid that they shall gradually be
brought to warmth.

It is almost certain, with

respect

to fruit which may be frozen, that if

thawed

with

rishes,

it

precipitation

whereas

it

invariably

pe

suffers but little if thawed

gradually.
In order to

how the sun produces

explain

so many disorders in frozen plants, some have
imagined that the ice, by melting, is reduced
into small

spherical

drops

of water,

which

form so many small burning mirrors when the
sun

shines

upon

them.

But

however small

the form of a mirror may he, it can
only pro
duce heat at a distance, and can have no effect
on

a body it touches ;

besides, the side of the

drop of water which is on the leaf of a plant
is flat,

which removes

distance.

In short,

its focus

if these

to a

drops

greater

of water

could produce this effect why should

not the
dew,
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dew-drops, wli ich are also spherical, produce
the

same ?

Perhaps,

it may

he thought

that

themost spirituous and volatile parts of the sap
the

inciting

first, they

evaporate

before the

rest are in a state of moving in the vessels

of

the plant, which mightdecoinpose the sap;
But in general it may be said, that the frost
increasing the volume of fluids, dilates the yes
els of plants,

Mithout

performed
the

and

frozen

fluid

that the

thaw cannot be

the parts which compose
enter

into

motion.

This

change may be made with sufficient gentleness
not to break the most delicate vessels of plants,
to their natural

'which will by degrees return
tone, and then the plants will
injury;

but, if it be done with

not suffer any
precipitation,

these vessels will not be able to resume their na
tural tone so soon after having sufièred a vio
lent extension, the liquors will evaporate and
the plant remain dry.
Although

we

might

conclude

with

these

conjectures, with which I am not myself per
the following data are irre
fectly s:tisfied, yd
vocably constant.
1.

That it seldom happens with regard to

fruit, cii her in
or winter, that the plants
spring
are in

simply by the force ofthe frost and

independently of any particular circumstances,
and
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at the
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nortliernexposi

tion that plants meet with the greatest injury.
2. In frosty weat her, which lasts several days,
the heat of the sun melts the ice in sonic places
for a

few hours;

for it often freezes again Lx-

fore- sun-set, which

forms an ice

dicial to plants, and it

very

preju

is observable that the

southern exposition is more subject to this in
convenience than all, the rest.
o. It has

been observed,

that

spring frosts

principally disorder those pl:tnt.s where there is
humidity, the soils which transpire much, the
bottoms
which

of values,

and in

cannot be dried by

general all places
the wind and sua"

are the most injured.
- In short, if, in
spring, the sun which shines
on frozen

plans occasion a more considerable

damage to them, it is clear that it will be the
eastern

exposition, and

those next,the

south

whkh will suffer most.
But

it may

be said, if this be the case, we

must no longer plant to the southern expositiun
n à-dós.(whi di are slopes, or borders ofearth,
thrown up in
liers)

kitchen gardens or along espa

gilliflowers,

cabbag'es, winter

lettuces,

green. peas, and s'udi other delicate plants

as

we would have stand the winer, and preserve
for an

early crop in spring;

and that it is t
t 'AID
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the northern exposition alone that we must in
future plant peach and
it

is

other

delicate

trees.

proper to destroy these objections,

and

shew that they are false consequences of what
we have advanced.
Different objects are proposed when we set
plants to pass through the winter in

shelters

exposed to the south,

it

expedite vegetation:
this

intention, that

ranges of lettuces,
termed

and sometimes

is to

it is, for example, with
along espaliers we plant

which for that reason are

winter-lettuces;

these

will

tolerably

well resist the frost in whatever part we plant
theni, but are always most forward in this ex
position ;

at other times, it is lo preserve them

from the rigour of this season,
tion of replanting them
This practice

with an inten
in the

early

is also followed in

spring.

winter cab

this season along an
bages, which are sown in
espalier

border.

These

kind

of cabbages,

like brocoli, are tender and cannot endure the
frost, and would often perish in these shelters,
if care were

not taken to cover

them during

the sharp frosts with straw or dung supported
on frames.
To forward the

vegetation of some plants

which willnot bear the frost, as green peas, &c.
it is usual for that
them on
purpose to plant
borders
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exposed to the south, besides which,

borders

frosts when the

they are defended from sharp
weather requires it.

It is well known, without being
to

dwell

southern

any

point, that the

on this

longer

exposition is more

compelled

we have

the rest to accelerate vegetation, and
sliewii

that

this

is also

is

what

all

than

proper

principally

proposed when some pthnts are set in that ex
through the winter, since, In

position to pass

to make use of

addition, we are also obliged

coverings to guard those plants which are very
delicate from

the frost.

that if there be

some

we must add,

But

circunmta nces

wherein

the frost causes more disorders to the southern
than to other expositions, there are also many
cases which ale favourable to this
exposition :
for

example,
to

thing

fear

in

winter,

from

when

the

ice,

there
it

is any

frequently

happens that the heat of the sun, increased by
the reflection of the wall, has sufficient force to
dissipate alt the humidity, and then the 0larifs
are almost, perfectly secure

against the

cold.

Besides, dry frosts often happen, which nucea
singly act towards

the

north, and which

scarcely ever felt towards the south.
likewise, we perceive

are

in spring,

that after a rain

which

proceeds from the south-west, or s'outh-easi, if
the

winch cbaii.e

VOL. x.

to the
N u.

north,

the

soutlierii
espa1Cr
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espalier being under the shelter of the win(],'
will stiffer more than the rest. ;

but these ('uses

are N-cry rare , a tic] most ofteii it is a iter ru ins,
which come from the north-cast or north-wet
that the wind changes

to the north, and then

the southern espalier having been under shelter
from the rain by the wall, (lie plants there will
have les3 to suffir than the rest, not only because

it will

have received lcs rain, but Calso
than in

because there is always less co'd here,
other

It

expositions.

is

likewise

to be ob

served that as the sun dries much earth along
the espaliers which are to the south, the earth
less than elsew herc.
tranpi reS there
It is well known that what we have just ad
vanced must be
to peach

and

considered

as applying also

apricot trees, which it is

custo

in that of
mary to put in this exposition and
the east.

We shall only add, that it

unusual to see peach
and southern

trees frozen

in

is

not

the cast

expositions, while those are not.

so which stand in the west or north ;

but not

withstanding this we can never rely on having
many, nor good. peaches in this last cxposition,
for great quantities of blossoms fall off
entirely
without setting;
from the trees,
difficulty

others,

after having .. set fail

and those which remain

arrive

to

maturity.

I

with

have

an

espalier of peach-trees in a western expositit,
"a little
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a little (ICCliIlulg to the north, which
scarcely
ever produce any fruit, alihough
handsomer

than

iiort hem.

We

I hoe

to

canuof,

the

the trees are

southern

therefore,

iiiC)uVeiiiCflCcS ot the frost with

arni

avoid the

rcpecL to the

son theri exposition without feeling others that
are wrse.
All delicate fces, as fig, laurel, &c. must be
set to the south,
them ;

it is only

great care taken to cover
to remark th.t dry

requsitc

dung is irefcrabie

for this

purpose to straw,

use the latter not only does not so exactly
cover them, but also from Its always retaiing
some grain which aft rcts moles and rats, who
sometimes cat the bark of trees to quench their
thirst iii

frosty weather, when

they can

meet

with no water to drink, nor herb to feed upon ;
and however singular this may appear, it is a
circumstance winch has happened 10 its several
times ;

but when dung is made use of it must

be dry, without which it will heat and

make

17 e young branches grow mouldy.
All these precautions are., ncvc rtheless, very
interior to
manner

the

plans

except the
ihe sun,

which

from alh

cannot hurt

iih warms these paces,
is
the

the cold

night-,

and

s i

niche;

are sheltered

south,

(t ny,
tlu ring

espIiers iii

froi,iì being
over

that

winds,
them ;

(luring the
so vioknt

these defended
places
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places we may put a slight covering with great
facility, which will hold the plants there in a
state of dryness, infinitely
all

the accidents which

humidity,

being

the spring frosts and

and most plants will not

ice might produce ;
suiThr from

proper to prevent

of their external

deprived

because they scarcely transpire in
or in the beginning of spring,

the winter,

that the humidity of the air

is

sufficient

so
for

their supply.
But since the dew renders plants so suscep
tible of the spring frost, might

we

not hope,

that from the researches of Messrs. Musschen
broeck and Fay, some inferences may be de
duced

may turn to

which

for

agriculture?

since there

to attract.

Mhich seem

the

advantage

are some bodies

dew, while others cvi

dently repel it, if we could paint,

plaster, or

wab the walls with some matter which
have

than

from

plank in

expect

the

form

would

eflcct, it is certain we should

the latter

have room to

of

a more forlunatc success

precaution
of a

taken

to

roof over the

i;lace

a

espaliers,

which cannot prevent the abundance of dew
from

resting on

trees, since Fay has

proved

that it very often (toes not fall
perpendicularly
like rain, but

floats

in the

air,

and

attaches

itstlfto those bodies it. encounters ; so that
as much dew is arnsscd under a roof
fre-quently
as
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It would he easy

open.

for us to recapitulate all our observations, and
continue to deduce
what we have said
the

necessity

useful consequences, but
must be sufficient to shew

of rooting up

all

trees which

mists.
prevent the wind from dissipating
Since bycultivatiitg the earth wecause more
exhalations to issue, great attention should be
paid not to cultivate them in critical limes.
We must expressly declare against sowing
kitchen-plants

on vine-furrows,

as by their

transpiration they hurt the vine.
Props should be put to the vines as late as
possible.

The hedges, which border them on

the north side, should be kept lower than the
It is preferable to

improve vines with

mould rather than clung.

And in choosing a

rest.

those which are in

soil we 5110111(1 avoid

bot

toms and grounds which transpire much.
A part, of these
usefully

employed

precautions
for

be

also

with

res

may

fruit-trees;

to plants which gardeners
pect, for example,
are forward to put at the feet of their bushes
and along their espaliers.
If there arc some parts high and others low
in a garden, we should

pay

attention

to sow

delicate plants on elevated parts, at
spring and
to cover them with
j east if we do not design
i
glasses, &c. but

cases where humidity cane
iiot
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t iii}iIt be oI ('n ad van ageous to

teai

ehoose low place,

where they might be shel

ered from the north

and north-west winds.

Me may also -Profit, from wh it has been said
to the ad vaniage Of forcsfs, for
make a

if we mean to

reserve of any of the trees, it

should

iever he in park where the troSt is severe ; and
e

in" plaid iug
i,-a tics

hose

loud

py attention to put in

trees 1rV li ich can end tire the frost

beater than the oak.
1nT consi(leraole

fall

of timber

is

made we should make them in. roads, beginning
dways on the

north side,

in

order

hat the

wind, 'which gene ally blows in fro

humidity which is so pre

may d!sspate that
j! icial

to

he

weather,

i riderwood

There might be also many other useful confrom our observations ;

sequences drawn

bftt

we shaH content ourselves with having briefly
adverted to some,

because the ingenious rnazi

iav supply wliatwe have omjttcd by paying a
little

attention

mentioned

to

the

observations

we

\Ve are well convinced

a great. number

have

(9'( are

of further experiments to

made on this matter ;

be

and perhaps even those

which we have related will engage rome per.
Sons to work
"

on the

same

subject,

and from

ur hints general and useful advantages

nay

deried.
0N
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ON THE TEIPERATURE OF THE

PLANETS.

MAN newly

created, and

rant man. at this

even

day beholds

the

the extent

igno
al

nature of the universe only by the siw pie
orgafl
of light :

to him the earth is but. a solid body,

whose volume

is

unbounded,

and whose (--x

tent is without limits, of which

he can only

surscy small superficial spaces:

while the sun

and

to

seem

planets

be luminous

points, o

which the. sun and moon apnear to be the only
objects worthy regard in t!w immensity of t
heavens.

To this fahe idea on the extent o

nature and the proportions

of the

universe is

1oiued thestillmore (ist)roportOnatC sentiment
of superiority.

Man,

by comparing

with other terrestrial beings, fc
the first, and hence
made for him ;

he presumes

himself

that he ranks
that all was

that the earth was created only

to serve for his habitation, and the hcave
a

spectacle;

for

'IIId in short the whole u:ii:ers

his necessities, and even his
Ought to yield to
Pleasures.

But

' proportion as he makes we

f that divine light, which alone thuobles h
being ;
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being; in proportion as he obtains insfrtictioii,
he is forced to

abate his pretensions;

he finds

himself lessened in proportion as the universe
increases in his ideas, and it becomes demon
strable

to him, that the earth, which forms all

his domain,

and

on

which

unfortunately lie

cannot sii bsist without trouble and sorrow, is as
small with respect to the universe, as he is with
respect to the Creator.
and application, he finds

In short, from

study

that there does not

remain a possible doubt, that this earth, large
and extensive as it

may seem to him, is but a

modciate sized planet, a small mass of matter,
which, with
the sun :

others, has a regular course round

for as it appears our globe is

distance of at least

at the

J3 millions of leagues, and

the planet Saturn at 30 millions, the natural
conclusion is, that the extent of the sun's em
diameter is 627 millions
pire is a sphere, whose
of leagues,

and that the earth, relative to this

of sand to the
space, is not more than a grain
volume of the globe.
However,

the

planet Saturn, although the

furthest from the sun, is not by any means near
the confines of his empire:
m'icli

further,

since

his

limits extend

comets pass over spaces

beyond that distance, as may be estimated by
the time of their revolutions:

a

comet which
l.ikt..
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like

that

of the year 1680 revolves round the

sun in 575 years must be 15 times more remote
him

from

than Saturn ; for the great axis

of

its orbit is 138 times greater than the distance
from the earth to the sun.

Hence we must still

augment the extent of the solar power 15 times
the distance from the sun to Saturn, so that all
the space in which the planets are included is
only a

small

province of his domain,

whose

bounds should be placed at least 1:8 times his
distance from the earth.
What immensity ofspace ! What quantity of
matter! For independently of the planets, there
is a

probability of the existence of 400 or 500

comets, perhaps larger
run

over

the different

than the earth, which
regions

of this

vast

sphere of which the terrestrial globe only
a part, a unity on 191, 201, 612, 985,
con-stituting
6 14) 212) 000) a quantity represented by num.
bers, which imagination cannot attain or coma
prebend.
Nevertheless, this enormous extent, this vast
sphere, is yet only a very srl)allspaCe in the im
tncnsity of the heavens; each fixed star is a sun,
a center of a sphere equally as extensive; and
as

we

reckon more

than 2000 of these

fixed

stars perceived by the naked eye, and as with
telescopes w

can discover so much the greater

number as theseinsirurnenis are more powerful;
VOL.

.

0 0

the
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the extent of the universe appears to be with
out bounds and the

solar system forms only a

province of the universal empire of the Crea
tor ;

an infinite empire like himself.

sirius, the most brilliant fixed star,and which
for that reason may be regarded as the nearest
sun to our's, affords to our sight only a second
of annual parrallax on the whole diameterof the
earth's orbit, and is therefore at the distance of
6,

771, 770, millions

us,

that

is,

6,

of leagues distant from

767, 216 millions of leagues

from the limits of the solar system, such as we
have

assigned it after. the depth to which th

comets immerse.

Supposing then, there is an

equal space from Sirius to that which belongs
to our sun , we shall perceive that we must ex
tend

he

limits

of our solar system 742 times

more than it is at present,
liOn of the comet,

as far as the
aphe

whose enormous

distance

from the sun is nevertheless only a unit on 74.2
of the total diameter of the solar system.
L £ t CU £ S.
Distance from the earth to the Sun
33,000,000
-

Disttnce from Saturn to the Sun

-3l3,ooo,co

Distance from the aphelion of the Comet to
the Sun
Distance from Sirius to the Sun

-

4,554000,000

6,77177O,O0O,0O0

Distance of Sirius to the point of the aphe
lion of the Comet, supposing that in as

cending from the sun the cornet point
ed directly towards Sirius
(a supposition.
Which
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rninhcs the diancc as much as

which

G,7G7321,O3O,OGQ
pOit)e)
One half the distance from Sirius to the
Sin, or the depth of the solar and sircin
system
3,3S5,8S5)OOO,OCO
Extent beyond the limits of the comet's
,'3S1,3i,3O3,OOO
aphelion

Which beinr divided by the distance of the
742
comet's aphelion, gives about
f nn another idea

Me can

of our immense

distance from Si ri us, by recollecting that the
sun's d;sk formsth our sight an angle of32 mi
mites, whereas that of Sirius furins only that of
a secoed ;

and

which

shall

we

Sirius

being a sun like

upose of equal magnitude,

since there is no reason
smaller,

o conceive it larger or

it wo'dd appear to us as large as the

sif it

were but. a like

therefore

two

tance

numbers

of' the earth

S

ions

mUious of
sinCe

Taking

proportional
to the

to

the

square of a

ie shall have 3,686,4000 for the dis

(1 i:thce to the sun ;
to

distance.

2 minutes, and

square of
cccnd,

ours,

to

Sirius, and

one for its

and as this unit is

of 1e12UeS,

we

agues Sirius is

see how n:any

distant

we must multiply these

Cc nal

from

S fluflR)flS

us,
by

; and ifwe clivaic tilt, space
WI)

6g11 boning

a (h3 UCC
.'!t be

WC

stills

althono-h

hall S(C dint

so

tho COTflCIS

'z'd t; a d i lai ec I ,(1O0O) I imes
QI
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greater than that of the earth to the sun with,
out quitting the

limits of the solar universe,

and without being subj ected to other law's thait
that of our sun, and hence it may be concluded
that the

solar system for its diameter has

which,

extent',

although

an

prodigious, never

theless, forms only a very small portion of the
heavens ; and we must infer a truth therefrom
but

little known, namely, that from

the

earth

and

all the

the sun,

other planets, the sky

1)111 st appear tlc same.
'When. in a

serene and clear night we con

template all those stars with which the celestial
vault is illuminated, it might be imagined that
by being

conveyed into another planet more

remote from the sun) we should see these glitter
and emitting a brighter light,
ing stars larger,
since

should be so much nearer to them.

we

we

have just

made demonstrates that if we were

placed in

Nevertheless,

the

calculation

Saturn, which is 300 millions of leagues nearer
Sirius,

it

would

patbigger,

appear

only an

]9i:,O21st

an augmentation absolutely inseti

from which it must be concluded, that

sible ;

the heaven, with respect to all the planets, has
the same aspect as it has
fore

o the earth.

if even there should exist comets

periods

of revolution might be

There
whose

double,

or

lrcbl
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period of 575
us;

if even

years,

85
the longest

the comets in

thereof, immerse at a depth ten times
conse-quence
still
greater, there would

be a space 74 or 75

Ones deeper, to reach the last confines,as well
of

the solar system., as

of the sirian ;so that

as our
by allowing Sirius as much magnitude
sun has, and supposing in his system as many
or more cometary bodies than there are comets
existing in
as the

the solar, Sirius will govern them

sun governs his, and there will remain

an immense interval between the confines
,the tvvo empires; an interval which

of

appears

to be no more than a desart in the vast space,
and which must give a suspicion that cometa
whose periods are longcr,and
ry bodies do exist,
iv li ich are to a much greater distance than we
can determine by our actual knowledge. Sirius
may

also be

powerM than

a

sun

ours ;

much

larger

and

more

and if that is the case, it

must throw the borders of his domain so much
1me further back
and at

them to us,
by approaching

the same tine retrench the circiunfe

renceoft.hie sun.
I cannot avoid presuming, that in this great
number of fixed stars,
suns, there are

which are all so many

me greater and others smaller

1iaii ours; others more or less luminous, some
n*trcr
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arcr,

'whkh are

stars C!1 by

;(-[I

n':ry

;cs

of tIej!iis

nIre

-,,'Or that
ncbuh'''3

and tire, and

reuofe,

is

st:irs ce

i'hich

represented to us by thoø

astro;iomers, star

;UIC

nt1i!i'd',

It

CeIYt

be oTy hail

o

i

man.

1cd ;

thoc

appear and disuppear 2therntcTy

are,

a f'-wan fiateied by tIe ViOlenCe of
perliap, of
$ne Ce:'

riugal force in their nioton of rotation,

n ,-I are perc'veable only when they

re in the

1I'U, dapreariug. when they are sidcwav:. Iii
this gril rid Order o

thing, a.nd tn the

tuc of

the siars, there are the same vilrielfiC..~4)'-Ind file
ate

iW'ences, in number, size

tion, frm,

and

duration;

mo,

the sant, rc1a1ion

the same degrees, and the same connection, as
are found in all the other orders 0,
Each of the suns being enLiOWCd
and like al

-C C,
like &urs,

inaUer, with an attracLive power,,

which extends

to an

indcfinie distance, and

dccrcases, as thc space increases, anugy iead
is to imaginet hat within each of their

spheres

there exists a great number of opaque bod
pnCf s,or comets, which c rculate round them,
but which being
tvhich serve them

much smaller than the suns
for heat,

the reach of Ulu Sight.

1 hey are bey mid
It
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It might be imagined that comets pass from
one system to the other, and that if they hap
pened to approach the confines ofthe two em
pires they would be attracted by the prepon
de.ratic

and

pwcr,

of a new master.

forced to ohy

the laws

Bet, by the immensity of

space 'hith is beyond the aphelion of our co
mets, it appears that the Sovereign Ruler has
separated

system by immense desars,

each

thousand and a thousand times larger than all
the extent of known spaces.

These desarts,

which numbers cannot fithom the depth of,
are external arid

invincible barriers, that all

the pow ers of crested nature cannot surmount.
To form a communication from one system to
the other, and

for the subjects of one to pass

iato the other,

it

centre was

immoveable, for the sun, the

head

not

of the

would be requisite that the

system,

changing place, would

draw with it in its course all the bodies which
depend

thereon,

and

hence might approad;

and invade another demesne.

If its rout wer

directed towards a weaker star, it would com
mence by carrying off the subjects of its most
distant provinces, aferwatds those more inte
rior, and would oblige them all to increase its
iin by revIving round i ; and its neighbour
thus deprived of iksubjects, nolonger having
planets nor

corsets,

would lose both its light
aud
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and

fire, '1iich their motion alone can excite

and support;

hence this detached star,
being'

no longer maintained in its place by the
equili
brium ofits forces, would be obliged to change
nutrition, by changing nature, and becoming
an obscure body, would, hikethe rest,
obey the
power of the conqueror, whose fire would in
crease in proportion to the number of its con
quests.
For what can be said on the nature of the
sunbut that it is a body of prodigious vo1unie
an

enormous

of matter

mass

penetrated

by

fire, which appears to subsist without alirnent,
and which resembles a metal or a solid body in
incandescence? Arid from whence can this con
stant state ofincandescence, this continually rc
iwwed production of fire proceed, whose con
gumption does not. appear to be supported by
is at least
any alirnent, and whose deperdition
insensible, although constant for such a great
number of years ?

Is there,

or

can there be

of this per
any other cause of the production
manent
strong

fire, but the rapkl
pressure

motion

of all bodies,

from the

which revolve

round this common heat, and which heats and
sets fire to it

like a wheel rapidly turned round

its axis? The prcsure, which they exercise by
virtue of their weight is equivalent to the fric
lion, and even

more powerful,

because

this

press Urc
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pressure is a penetrating power, which not only
rubs the

external surface but all the internal

parts of the riass:

the rapidity of their motion.

is so great that the friction acquires a force al
most infinite, and consequently sets the whole
mass of the axis in a state of incandescence, of
light, ofheat, and of lire, which hence has no
need of aliment to be supported, and which,
in spite of the deperdition each (lay made by
the

emission of light,

may

remain for ever

without any sensible alteration, other suns
as much light to ours as it sends to them,
ren-dering
and no part of the smallest atom of fire, or any
other matter, being lost in a system where all is
attracted.
If from this sketch of the great table of the
heavens, and in which I have only attempted to
represent to myselfthe proportion ofthe spaces,
and that of the motion of bodies which travel
over them; if from this point of view, to which
J only raised myself to see how greatly nature
must be multiplied in the different regions of
the universe, we descend to that proportion of
space which we are better acquainted

with,

and in which the sun exercises its power,

we

shall discover,

that although it governs

all

bodies therein,

it,

TO L. X

nevertheless,
j)

has not

the

power
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power ofvivif'ying them, nor even ttht of smp.
porting life and vegetation.
Mercury, which

is

nevertheless receives

the nearest
only a

heat

stronger than that of the earth,
so

far from being burning',

as

to the sun,
400 times

and this heat,
it has .always

been supposed,. would not be strong enough of'
iselfto support animated natu.Te, for tlie.actuai
heat of the sun on the earth being only .
part
of the heat of the terrestrial globe, that of the
sun on Mercury consequently i
Ihe actual heat of the earth.

part of

only

Now if -

parts

were subtracted from the heat whiCh is at prc
ennt the temperature of the earth, it is certain
animated nature would be checked, if not en
tirely extinguished.not maintain

Since the sun alone can

in the nearest
organised -nature

aid must it require to
Planet, how much more
animate those at-a greater distance

r1lo.yens

it only sends.aiicat -times strngerthan that
it sends to the earth,
stroig

enough to

which

instead :f being

support animated

nature,.

would not certainly suffice to maintain the Iii-ft
quid ity of water, nor perhaps even th

i1u.idity:

of air, since our actual teiiperaturc would ,be,
refrigerated to
"

, which is very near the term

we-have given as thw external limit-of the,
siightes
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sghtest heat, relative to living iuttnre.

And.

-with respect to Mars, Jupiter, Saturn, and all
t1wirsatellitcs, the quantity of heat which the
sucn sends

them., in coipaisoa with that

'whidi is necessary for the snpipoi;t. of nature,
which may be looked upon

of little effect,

especially iwthc tvolavger phtncts, wh ick, ne.
wertheless, appear to be the essential o~*ts- of
the so1ar:s!stern.
All the planets, therefore-, have always been
volumes :(as

large as useless). of matter more

than dead, profoundly fren
ly

and conseq.ueit

places uniithabited' anti

ever, if they d

:k

fr

not inclttde wit1ii'i: thensei-ves

treasures of heat much

s!eri

receive from the sun.

The

to wkt they

heat whicl

of it sell; and, wki1
globe possesses

our

is 50 tinics

that which comes to, it from, the
greater than
sun, is., in fact, thetreasurc of nature, the tru
fund which. aniniates us as well as every being:
it is.thisinternai heat of the caith. wh.ith eaue
all things to germinate and to dvelope;
that

Which

properly

coust"tues

the

element

it is

of iirc.

called an element, which alone gives

motion to-other, elements, and which if it
reduced to

could not conquer their resist

.ance, but wowId itself fall into au
:this

e1eftent,

was,

0-is

sole

inertia.

active power,

Now
which
may
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may render the air fluid, the water liquid, and
the earth penetrable,

might it not have been

given to the terrestrial globe alone? Does ana
logy permit us to doubt that the other planets
(10

not likewise contain

a quantity of heat,

which belongs to them alone, and which must
render them capable of receiving and support
ing living nature?

Is it not greater and

more

worthy the idea we ought to have of the Creator,
to suppose that there every where exists beings
vho acknowledge his power and celebrate lis
glory, than to depopulate all the universe, ex
it of all be-.
cepting the earth, and to despoil
solitude, in
ings, by reducing it to a profound
which we should only find a desart space, and
frightful masses of inanimate matter.
Since the heat of the sun is so small on the
earth, and other planets, it is necessary that
they should possess a heat beloging solely to
themselves,
whence this

and

our enquiry must be to

heat proceeds

which

see

alone can

constitute in them this clement, of fire.

Now

'where shall we be able to discover this great
quantity of heat if it be not in the source itself,
in the sun alone?

for the matter of which the

planets have been formed and prq'jectcd by a
like impulsion will have preserved
lion

their

nio

in the same direction, and their heat in
P10Por;oiL
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their magnitude

proportion to
Whoever
ceives

the

weighs these

and

con

planets have issued from the
because in the

comets only could

sufficient

and

analogies,

sun by the stroke of a comet,
solar system

and density.

of their relations, will not

power

doubt that the

293

motion,

to

have power

communicate

a

similar inipulsion to the masses of matter which
compose the planets.

If to all these circum

stances we unite that of the innate heat of time
earth, and

of the

support nature, we

insufficiency of the sun to
must rest persuaded, that

in the time of their formation the
planets and
earth were in a state of liquefaction, afterwards
in a state of incandescence, and at last in a
successive

state of heat,

always

decreasing.

incandescence to actual temperature, for

from

there is no other mode of conceiving the origin
and duration of this beat peculiar to the earth..
It is difficult to imagine that the fire, termed
central, can subsist at time bottom of the globe
without air (that. is, without its first aliment,
and

from

whence

this

fire should

proceed,

which is supposed to be shut up in the centre
of

the

globe),

because

what

source shall we then find for it?

origin,

what

Descartes has

small
imagined the earth and planets were only
ncrusted suns ; in other words,

suns entirely
extinguished.

http://www.geology.19thcenturyscience.org/books/1808-Buffon/README.htm
UFP0N'
.:tinnishcJ. Leibnitz has notTies LatcJth pro
u.nce that the terrestrial globe owe& its soirce,
nd; the consistence of its matters,, to the ee
ment of lire: yet these two great: pliiosopber
had not the assistance of these numerous cir
eu;nistanes and observations

vhich have been

in our days, and wh icti
acquired and collected
are so welIestablished that it appears more tha-ii.
probable that the earth, as well as the panets,
wcrc projected ovt of the suns and being coii
sqien.t1y of a like matter,. which was at first in
a state of liquefaction lhey obeyed the ceritri
fugal p&wer, atthe same time that it colloctfd
itself together by that of attraction, which has
given

around form to all the plancs under the.

equator, and flattened under the poles, on ac
ount of the variety of their rotaion;
tc rward

this

that af-

fire being gradually thss i pated,

the benign temperature, suitable to organized
nature, succeeded. in different planets
to the difference of their thickness or den
accord-ing
sity.

If there

should

be

Dther

particular

causes- of heat' assigned for the earth and pla'
nets,

which

might cornbne with those whose

effect's we have calculated, our result's are not
SS ClIriO(tS, nor less useful to the advancement
science;

and

we

shall

here only

that those particular causes
may

observe,

prolong the

ire of the
rfi-igeration of the globe, and the
duration
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ixrti'on ófllving nature, beyóndtlie terms 'we
1iarc indicated.
But T'may be tasked -is-this Theory! cqually as
well

founded iii every point which serves for

its basis;

is 'it certain,. accrd.ia

cW your

perirneuts, th.at a ;globe, aslargc asl!keearili,
and :cmposed of tlie,sawe mattes,cannot.r&
frigerate 'from incandescence to aitual tempe
rature in less than 74,00.0 years, and that il?
order to become heated to the 'point of mean.
descence. a 15th of;tkis time, that is 500.0 years,
would be required ::
urron'n'ded all

and also tha{it.s'houfkl

e

that time by the 'most Violent

fire.; ifso, theve'are..as you say strong prestiin:p
tio:fl

that this great heat of the earth could not

have been communicated.toit'froin a
and :that Tccsequentty the terrestril ,mattxr
formerly made t pait

f the mass of-the sun;

Jut it does mot appear equally provedthat-the
4ieat of this body on the cart1iis at pTesentbut
part of the heat of the globe.
of

our

senses seems to

rIhC:tCsI,j:nlO11y

refute this

opinion1

vIicii you lay down as a certain truth, fora.l
has .au
though we can.notdoubt that the earth
innate heat, which 'is demonstrated by
ways

equal

temperature,. in

us al'

all deep places

w1ieret1ie coldness of the air cannot communi
cate;

heat, which
yet does it resultthat this
aears
IT
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appears

of moderate temperature,

is

gieatc

than that of the sun which seems to burn us?
To all these objections I can give full satis
faction, but let us first reflect on the nature of
A very slight, and often im

our sensations.
perce1)tible,

d,ikerencc. in

the

causes

affect us, produces considerable ones
effects.

which

in

their

Is there any thing which comes nearer

to extreme pleasure than grief?

and who can

between the lively irritation
assign the distance
and the
by which we are moved with delight,
between the fire

friction which gives us pain?

which warrns and that which burns? between
the light 'which is agreeable to our sight and
that

which

blinds

us? between the

savour

'which pleases our taste and that which is dis
agreeable? between the smell of which a small
quantity

will at

first

be agreeable

soon after create nausea?

We

and

yet

must therefore

cease from being astonished that a small aug
should appear
mentation of heat, such as o striking.
I do not. pretend positively to assert that the
innate

heat

of

the

earth

is

really

49

times

greater than that which comes to it from the
sun :

for as the heat of the globe belongs to all

terrestrial

matter,

we

separating

it,

Consequently

nor

have

no

means
any

of

SCflS
bI
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t') wiucli we might relate it.

bie and real 1iini

But even if ihe solar heat be
than we have Sn
trial heat, our

297

rrcaer or sraiier

psc. , r1ati v'' to

he krrcs

heory Would only ac

the pro

0i0e of Ow rvsuits.
F'orel!p:', it \C !riUdC
01

0tH

Se isatons

greatest cold,

of tie. ir (

iihin the

observations of M. 4. mO:

I

t

0

tie

ljms gvcn by the
Ots,

seven and eight, and al 111i
that

---lent

hat

, be

CC T1

sa;ic time s:ose

he heat of the sun can alone prothcc this

difference

of

our sensadon',

we

shaU

thence have the propordon of 8 to 1 of
nate heal. of the terrestrial
Pr?CCe(lS from the sun;
compensation

which

from
y

Iobc to thai which

anti consequently the

this heat of the sun ac

_
tually makes on the earth, would be

and the

comensatioii which it made in the time of in
--.-:

candescence will have been

adding toge

ther these two terms, we have 900 which mulhalf of the sum
tiplied by 1211, the

of all the

terms of the dlzunlUtiofl of heat, gives WTU or
. for the total compensation made by the sun's
beat during the die period of 74047 years
the refrigeration of the earth
rature.
heat

And as

the

iotal

of

to actual tempe

loss

of 'the innate

is to the total compensation in the same

ratio( s the time of the period of refrigeration,
x.

Q q

we
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we shall have 25 :

- : ; 71017 : 1S13

I

,

o

that the
refrigeration of the globe of the earth
instead of
having' been prolonged only 770
years, would have been 4S 13 -'-- years ; which
joined to the lon(rest

)r01ongat1on, the heat of

the moon would also
produce in this Supposition, wtoukl give more th:ui 5',00
years.
it' vc adopt I be 11m its laid down
by M. de
_Varian, which are from 31 to 32, and suppose
that. the solar heat is no more thaii - .12 of that
o

the crih,

ve shall have
only

about 1250 years,

of this
pro

instead

which gives the supposition of -

of 770,

which we

have adopted.
But if we suppose that the sun's heat is only
of that 0

the cart Ii,

as

appears to result

from the observations made at Paris, we should
have for the co.lpdnsatjo!t of the incandescence
---. and
for the ciinpensation to the end
of the

period of 7407 years of the refrigeration

of the terrestrial, Hobo

to actual tern perature,

and we should find

for the total coml)ersa

lion made by the heat of the sun
period, which would give only
the 5th

during this

151 yc.trs, or

part of 770 years fbr the time

prolongation of refrigeration.

of the

And likewise,

if in the
place of -r) 0 ve suppose that the solar
heat was of the terrestrial, we should find
that.
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that the time of
irnes lange;',

2.99

)roongaton would be

that is 'J3

ears;

five

so that the

more we edevou r to increase 110c, heat which
comes to us from the sun relative 10 that which
emanates fron the earth, the more we shall exlend the duratio;k of nature, and date the anef the earth furiherback ;

for by sup-

posing the beat of the sun was equal to the innate of the o'Iobe, we should find that the time
t prolongal 1(U would be

S5O4 years, which

cr)nsequenly givcs the earth a greater antiquity
of .5'S or 39000 years.
If we cast our eye on the table which M. de
Mairari

has

and

which he gives the proportion of the

in

calculated

with

great exactness,

}eat which comes to us from the sun,

to that

which emanates from the earth in all climates,
we shall dicover a well attested fict, which is,
in all

that

climates where observationshave

been made, the summers are equal,
the

winters

are

prodigiously

learned nut it rahst , at i

whereas

unequal;

this

utcsthis constant

of the intensity of heat in summer in all
equa-lity
climates to t he reciprocal compensation of the
solar

heal, anl

from

the heat of

the emana

tions of the cenrai fire.
All

naturalists

who

have employed

them.
;cl ve
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clves

on

terFes It 1,

t his

bject e

("1'-)

19,

pee;ffly o

C11;, C
ich eomcs h'):1

tha

e Su rL: cc ()f 'lie (rjoj]

t every phice
LJ!'C 5 fl() ('!. tC
'

::

see'L I

t'; r, e:d of its flatness
NV'11 ich being in

"i i,cre nco
uuer14
a.'e i:

the

!:3

iO

I':U14

c :cr

: li riod

two

diameters,

must

times

be

i ion v hich is made, and die time

ref2cru n an

q uicker,

the

h e eiua or flian under the poles.

th1LC

grcL&

as

so that the innate heat of

c:ce1
:'ftJ

cf

i this re

IC1lCC

rcsuL s from the swclting

h

ot

tile Sun.

his innate heat should be

is iL eut evith"nt tbt

tiiz

me that t1t

ec with

n ust,

the'efore,

have

been

o: in .'re stdden, in the northern cli

maies, where the thickness of the globe is not
so

rc:t

S

ill the southern climates, but this
cnuot produce that of the in

dikrcnce of--

whose rela
equalty of the ccntrl cniantions,
tlOU

to

the

cqual 50

o

equator,

is

heat of the

sun

in

wiUter being

in the adjacent climates to the

1

found double to the 27111

degree,

to the 40th, ten.
triple to the .5th, quadruple
fold to the 49th,
6Dtli

dt'grcc

and 35 times greater

of latitude.

presents itc1f,

to the

This cause, which

contributes to the cold

of the

northern
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0

it is insufficient for the

.effect of the inequality of the winters,

since

this effect would be .35 times greater than

its

cause to the 60th
iii
degrce, and even excessive
climates nearer the poles ;

at the

aine tiric i

would in no part be proportional to this same
cause.
On the other hand there is not any fu11(lation for supposing that in a globe which has re
ceived, or which possesses a certain degree of
heat, there might be some parts of it much col
der than others.

We are sufficiently acqtiaint

cd with

the progress

mena of

is communication, to he convinced

that it is every

of heat and the pheno

where distributed alike, since

by placing a cold body on one that is hot, the
latter will communicate to the other sufficient
heat to render heat of the same degree of tem
perature

in

a short time.

It must not, there

fore, be supposed that lowards the liest11cre
are strata of colder mat.trs less pcruieahle to
the heat than HI other chimate, br OF vhaever
nature they may be sup1;os.ed to be, cxjcrincc
has

demonsirated

lhat

would become

they

in

a very short time

is hot as the rest.

It is evident that great cold iu the north does
proceed

from

these

pretended

obstacks

wilicil nght Oppose thcvns1vcs to the issue of
beal

nor frrn the

iiglit dd

rence which that
of
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1C ers of the tcrrescia

i

t appears lo I1i(, afr in uch re

; hut
iOfl {

r

)Ol

rcat incqua-

hS (SCflpC(t

1flC

fl ue I

I

as the

rea

I, I. i 1

i-

l}et of the

live
1 h dt \

tie Suit, t11( sit In ners oil ("A'

iOfl

the

IUIItS

cCtifl ta

cj ual every w

riv

tIIC

() 1 flIUdIore Still pIe catne,

I)'SVi t

1iicY (JtZ

to t

er,

ii

oHcrs

s

t to at! ri )ute the

O

t, (hat

H I R St

W ;

spcroid rnnt

ere, hi-cause

c0 flies
to appear
this same

ui (he sun makes only a small augmen-

iie:u

iou to the stock o

real isea

which the ear li

and consequently if this beat is.su
.of th
native heat
nz fro:i thc san, be only

poscsscs ;
4 7?

r !obe, tIle o-rcatcf or less st

v of it oa the

Its greater or less ohliquiy on the
mate, and even its total absence, would

li

only

proi uce one-fl itict Ii d iffiience on the temperature

of the

climate, and hence the

summers

must apycar, and are, in fact, ncady equal in
all the climales of the earl.
the \viners so

U'ut what macs

very unequal is the emanations

ef this internal

heat of

the globe being in a

great measure suppressed as Soon as
and frost bind and

the cold

consolidate the surface of

the earth anti waters.
This heat which
eacs

in

the

issues from the globe, de?.

air in

proportion, and in

thi
un
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arne ratio as the

?
6303

pace increases, and the sole

condensation ofthe air by this caise is suflicicuL
to

produce cold winds, which acting against

the

suriàce of the

As long' as

this

carh, bind and freeze IL

confincnucnt

strata of the eari

remains.

of the extcrna

the emanations of

the internal heat arc reiaind, and the cold
ap
pears to be, i.iay in

fact is,

very considerably

ncreascd by this suppression

tf a. part of this

heat; but as soon as the air becomes milder, and
the superficial strata of the
globe loses its ri
gidity, the
frost

heat,

retained all

issues out in

grcater abundance than in

climates where it does not
sum

of the

emanations

equal and every
..reason

the time of the

freeze,

of the

vhere alike ;

so that the

heat becomes
and this is

that plants vegetate quicker,

harvet is reaped
countries ;

and

he
the

in much less lime in northern

arid for the same reason it

is, that

often at the beginning of summer we feel such
considerable heats.
If there were any doubt. of he suppression of
the emanations of the internal heat

by the ef

fect of frost, we might easily be Convinced of
the fact ;
known,
snow

to

for it is a circumstance

that

after

thaw in

a frost,
pits,

universally

we may perceive

acqueducts, cisterns,

quarries, subterrancous vaults or mines, WIICIL
even these depths,

pits or 66-terns, contain no
w:ttçr
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water ;

the

emanations

of the earth

issue dirt ugh

their ficc

having

!lesc kinds of vents,

the ground whieh covers this top is never fro
zen so st tong as the oj;en i
tO;S, it

ud ;

10 the emanj

permits theu general Course

and their

heLlt is su!flci'tt to nc1L the snow, especially itt
hA!OW paccs, it

c same time that it remains

I
rest. of' tL!i%,,,
I Mi. ilic
MN

A
vdicre
the earth is-

not excavated.
This suppression oftile emanations

ft1ic na-

live heat of the earth ts not only made by the
frost, but likewise by the simple binding of the
earth, often occastoncd by a less degree of cold
thau that which is necessary to freeze the sur
face ;

there arc

very few

countries where

freezes in the plains oeyOnd the 35th

it

degree la

tit u lc,particuiarly in the northern hemisphere.
It appears, there forc, that from the equator, as
tar as the

35h

of the

de,'ree, the einanation

terrestrial heat havi:o' always their free issue,
thrc ought

to be

hat part lit-'(lc or no (hf

ftrence between w;-(,,2,r and summer, siu cc this
(L dereflCe proceeds only from two causes, both
too slight to preduce any sensible cfièct.

The

first cause is the (ijftcreflcc of the solar aciioll,
but as this action is

itself much

smaller than

that of the terrestrial heat, its difference is too
inconsiderable to be

regarded as

any

thing.

The second cause is the thickess o f.the globe,.
lijch
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oUd

vhich towards the 35th degree, is near
part less than at the equator, but even this dif
ference can only
effect,
produce a very slight
since at 35
degrees

the relation of the emana

tions of the terrestrial to the solar heat is in
summer from 33 to 1, and in winter from 153
to 1, which gives 186 to

or 90 to 1.

From

hence it can only be
owing to the consolidation
of the earth occasioned by the cold, or even to
the cold produced by the durable rains which
fall in these climates, that we can attribute this
difference between

winter

and summer;

the

binding of the earth by cold SUTCSSCS a part
of the emanations of the internal heat., and the
CO1(1, always renewed by the fall of rain, dim
minishes its intensity ; these two causes, there
fore, together produce the difference between
winter and summer.
After

having proved

that

the

heat which

comes to us from the sun is greatly inferior to
tbc native heat of our globe;

after having ex-

it only 50 part, the
plained that, by supposing
actual temperature
refrigeration of the globe to
cannot

be made

but

in

75,83.2 years;

after

time of this re
having demonstrated that the
frigeration would still be longer,

if the heat

sent from the sun to the earth were in a greafe
relation, namely, of
YOL

X

or
Rr

instead of

, we
cannot
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cannot bebiamed for having adoptei that
proa
most
plausible from
portion which appears the
and at the same time the
physical reasonings,
most probable, as it does not

extend too far

back the time of the commencement of nature,
which we have fixed at 37 or 38,000 years,
dating itfrom the first day.
I nevertheless acknowledge that this time,
all considerable as it is, does not appear
suffi-ciently
long for certain changes, certain suc
cessive alterations, which

Natural History de

monstrates to have taken place,

and

which

seem to have required a still longer course of
centuries; and from wliichl should be inclined
to imagine, that, in reality, this time would be
increased perhaps double if every phenomena
were completely investigated;

but I have con

fined myself to the least terms, and restrained
the limits

of time as much

as possible,

with

out contradicting facts and experiments.
This theory, perhaps, may be attacked by
another objection,
against.

which

it is right to guard

It may be told me that I have sup

of boiling water
posed, after Newton, the heat
to be three times greater than that of the sun
in summer, andiron heated red-hot eight times
greater than boiling water, that is,

4 or

5

times greater than that of the actual temperature
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pure of the earth, and that there is something,
hypothetical in this

on which I

supposition,

have founded the second basis of my caldula
tions, whose results would be, without doubt,
very different if this red heat of iron, or glass,
in incandescence, instead of being, in fact,, 25
times

greater

globe,

were,

than

the

actual heat

of

the

for example only 5 or 6 times

as great.
The better to feel the force of this
et us make a

objection,

calculation of the refrigeration

of the earth, upon the supposition
time of incandescence it

that in the

was only five. times

hotter than it is according to our calculations;
this solar heat, instead of a compensation of
.
would have only made the compensation
of --f

in the time of incandescence

which multi

terms added together gives
plied by 2,

these two

the half of the sum of all the

terms of the dirniution of heat, gives -!-

for

the total compensation which the heat of the
sun

has made during the whole period of the

dcperdition of

the

inuate

which is 74047 years:
: .\::

heat of the globe,

therefore we shall have

74047 : 6,88 .4

from

which we see

that the prolongation of refrigeration, which
for a heat 28 times greater than actual tempe
rature, has been only 770 years, should have
been
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been SSS .4, in the supposition tlutt this first
heat should have been only five times greater
than

this

actual

This

temperature.

alone

hews us that if we even suppose this primitive
heat below 25, there would
prolongation
and

that

only be a longer

of the refrigeration of the globe,

alone

to

appears

me

sufficient to

satisfy the objection.
It may likewise be said, "you have
the duration of the refrigeration of the
calcu-lated
ratio of their
planets, not only by the inverted
diameters, but also by

the

inverted ratio of

their density; this might be well founded if we
could imagine that in fact there exists matter
whose density is as different from that
globe:

but does it exist?

of our

What, for example,

will be the matter of which Saturn is composed,
since

its

density

is

more than five times less

than that of the earth?
To this I answer, that it would be very easy
to find, in the
vegetable class,

matters five or

six limes less dense than a mass of iron, mar
ble,

hard calcareous stone, &c. of which we

know that the earth is principally composed;
but without quitingthemineral
kingdom, and
considering the density of these
we have 21

7 2 for iron, 8

five

matters;

2 for white marble ,

for gres 7 .4, for common marble and cal care
Ous stone 7 4;

taking the

mean

term of the
densities
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matters, of which the

terrestrial globe is principally composed, we
find its
density to be
quired to fin(

lO.

It

is therefore re

a matter whose (leflSity is in the

relation of 189

to 1000 density, which is the

same

as that between Saturn and the Earth.

Now

this

matter might be a kind of pumice

stone, somewhat less dense than corn rno:i pu
mice stone, whose relative density is here I--s- ;
whence it

appears that Saturn is

principally

composed of a light matter similar to pumice
stone.
So likewise the density
to

that of Jupiter

as

of the Earth being

1OO

suppose that Jupiter is

to 299, we

must

composed of a more

dense matter than pumice stone, but much less
dense than chalk.
The density of the Earth being to that of t1i
Moon as 1000 to 702,
appears composed

this

secondary planet

of a matter whose density

is not quite so great as that of hard CalcarcouS
stone, but more so
The

density

han soft.

of the Earthbeing to that of

Mars as 1000 to 730, this planet mnustbe composed

of a

matter somewhat more dense thait

that of gres, and not so great as that of white
marble.
But the density of the Earth being 10 that of
Venus as 1000 to 1703, it may be

supposed
that
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Oat this planet is chiefly composed of a more
emery, and less dense timiL

dense matter than
Zinc.
Finally, the

density of the F:irth being

that of Mercury : : 1000 : 2040, or : :
190 -9 ~Aj-

lO

;

it must be thought that this planet is

a matter less dense than iron but
composed of
more so than tin.
To the question,
which

you

how can animated nature,

suppose every where established,

exist inplanetsofiron ,cmery, or puinicestonc?
I shall answer, by the same causes, and by the
same means as it exists on the terrestrial globe,
although composed of stone, grcs, marble,
"
iron, and glass.
There
i here are other planets 1ik
our globe, whose principal is one of these mat
ters;

but

the external

causes

will soon have

altered is superficial stvaa, and according to
the different degrees of heat or cold, dryness or
this matter
humidity, they will have converted
into a fertile earth

proper to receive the seeds

of organ icd nature, which only needs heat and
moisture to develope itself.
most obvious objec
Having answered the
tions, it is necessary now to explain the

facts,

and observations, by which we are assured that
the sun is
only an accessory to the real heat,
which

continually emanates from the globe of
the
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earth;

time,

to

and

see

have taught

it

will

be just, at the

how comparable
us
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same

thermometers

in a certain manner that the

heat in summer is equal in all the climates of
the earth,

excepting Senegal, and some other

parts of Africa, where the heat is greater thaa
elsewb crc.
It may be incontc-stibly demonstrated, that
the

light,

sun,

and corscquently the

emitted on the

earth

heat of the

in the summer,

is

very great, comparatively with that emitted by
the

same body

in

winter;

ad yet, by

very

cx actand re iterated observations, the difference
of the real heat of the skin in summer is very
This alone would 1)C sufficient. to prove

small.
that

the heat of the sun makes only a small

but in ad
part of that of the terrestrial globe;
part,
to this M. Amonons, by receiving the
rays of the sun on

the same

thcrmoeter

ii

sum mér and winter, observed that the greatest
heat in summer in our climate c1ift1rs from the
cold

in

winter, when the

only 7 differs from 6;

water

congeals, as

whereas it can be dc

nionstrated that the action of the sun in sun
nier is about 65 times greater than that of thc
sun in winter;

it therefore can noL be doube

that there is a fund of very

great heat in the

terrestrial globe, on which, as a ba3is, the
(lc-
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rees of heat arise, and

that at the surface it

(]()CS not give a greater quantity of heat than
that which comes from the sun.
If it be asked, how we can then assert that
the heat in summer is 66 times grater than that
in winter in our climate?

by referring to the

ter answer than

memoirs

by the late M. de Mairanin 1719, 1722,

given
and

I cannot give a bet

1735, and inserted in those of the Aca

demy,

where he examines, with a scrupulous

attention, the vicissitudes of summers in dif
the various causes for which

ferent climates;

ones :
may be reduced to four priicipal

1. The

inclination under which the light of the sun
falls according

to

the different height of tl.ie

sun on the horizon;

2dly. The greater or less

intensity of light in

proportion as its passage

in the
dIv.
to

the

4thly.

atmosphere is more
The
sun

dificrent
in

or less

summer

and

the

winter;

earth
and

The inequalities of the length of days

in different

By the

climates.

heat is proportional to the

causes,

(ilmiflish

wihi

combined
respect

action of the sun's
C6 to 1 between the

to

heat

principle that

action of light it

vil1 be
easily demonstrated,
united

of

distance

oblique ;

that these
and

our

four

compared,

climate,

this

in a ratio of about

summer

and

the winter
sohsI.kc
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and this theoietical truth may be

as certain, as the second truth from.
re-garded
experience, and which

demonstrates, by the

observations of the thermometer, immediately
exposed to the sun's rays in winter and sum
mer, that the difference of real heat in these
twé is, nevertheless, at most only from 7to 6;
I say at most, for this determination given by
M.

Amontons is not nearly

o exact as that

-which has been made by M. de Mairan, who,
after a

réat

number

proves that this

of final observations,

relation is only as 3

to 31

What, therefore, must indicate this prodigious
relations of the
inequality between these two
action of the solar heat, in summer and winter,
which is from 66 to 1;
heat, which is

and of that of the real

only from 3,2 to 31?

Is it not

evident that the innate heat of the globe of the
earth is considerably greater than that which
comes to us from the sun?
in the

that

climate

It appears, in fact.,

of Paris this heat of the

earth is 29 times greater in summer, and 491
times greater in winter than that of this sun, as
M. de Mairan has determined it

But I have

must not conclude, from
already said that we
these two combined relations, the real one of
the

heat of the

of the

globe

which comes from the sun

earth

to that

and I have given

reasons which have determined me to suppose
VOL.

X.

Ss

that
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that we may estimate this heat of the sun 49
times less than the heat which emanates from
the earth.
1701

From the year
variety

1756 inclusive, a

to

of observations were made with ther

niometers, and the following were the results.
The greatest degree of heat, and of cold, which
was experienced at Paris in each year was col
lected;

a total of these was made, and it was

found that the mean estimate, in all the
reduced to Rheaumur's division,
ther-mometers,
was 1026, for the greatest heat in summer, that
is

26

degrees above the freezing point;

and

that the mean degree of cold in winter, during
those 56 years, was 994, or

6 degrees below

point of water,

whence we con

the

freezing

chided that the greatest heat in our
at Paris differs from the

summers

greatest cold of our

winters only 32 , since 994

:

106 : : 31: 3;

and it was on this foundation that we stated
the latter to be the relation of the
greatest heat
to the greatest cold.

But it may be objected

againct the precision of this valuation, the de
fect of the construction of the thermometer,
and

Rheaumur's

here reduced

the

division (to which we have
scale of all the rest);

and

this defect is
extending only 1000 degrees be"
low that of ice, as if 1000
degrees wereiii fact,
that of absolute cold, whereas absolute cold
doe
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iocs not exist in nature; and that of the smallest
heat should

be

1000, which
gradation.

supposed

10,000

would alter the

instead of

thermometer's

It may likewise be

said

that it is

possible all our sensa ions between the greatest
heat and the greatest cold are comprised in 'as
small an interval as that of a unit on 3

of heat,

but that the voice of judgment seems to be
raised

against this opinion, and tells us this

limit is too confined, and that it is much easier
to reduce this interval than to give it an eighth,
or a seventh inst'ad of a thiry-second.
But be this valuation

as it may, there, can

be no doubt of the truth of these facts which
we have drawn

from our observations, for in.

the same manner as we

found, from the com

parison of 56 successive years, the heat of sum
mer at Paris

1026,

2:i degrees above the

or

freezing point, we also found, with
thermometers,

that

the

1026 in every climate

heat

the same

in summer was

of the earth, from the

equator to the polar circle;* at Madagascar, in
the islands of France and Bourbo;i, Itoderigo,
Siam, and the East-Indies;

at Algis, Malta,

Cadiz, Montpelier, Lyons, Amsterdam, Upsal,
iPetersburgb, and as far as La pland, near the
polar
See the Memoirs of Rheaumur in those of the Aca
demy (year 1735 and 1741), and also of the Memoirs of
Al. de Mairan in these of the year 1765, p. 213.

http://www.geology.19thcenturyscience.org/books/1808-Buffon/README.htm
316

BUFFON'S

polar circle.

At Cayenne,

Peru, Martinico,

Carthagena in America; at Panama; in short,
in all the climates of the two hemispheres and
continents where observations coukl be made,
it has been constantly found that the liquor of
6, or 27 de

f lie thermometer rose equally 1O3,

and hence
grees in the hottest days in summer;
ensues the incontestible fact of the equality of
beat

in

summer in all climates of the earth.

There are indeed some exceptions, for at Sene
gal, and some

few other places,

the thermo

meter rises 5 or 6 degrees higher,

to 31 or 32

degrees; but that arises from accidental

and

local causes, which do not alter the truth of the
observations, nor the ccitainty of the general
fact, which alone might demonstrate to us, that
there really exists a very great heat in the ter
restrial globe, that the eulèct,
tions,

of which are nearly

or the

emana

in

all the

equal

points of its surface, and that the sun, very far
from
mates

which ani
being the only sphere of heat
nature,

is

at best only

the

regulator.

This important fact, which we consign to pos
terity, will enable it to discover the real pro
gression of the diminution of the heat of the
terrestrial globe, which we have been only able.
to determine in a
hypothetical manner.

In a

few centuries, I am confident it will be found
that
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that the greatest heat of summer,

from

of

liquor of the tlaerrnoineter to 26,

raising the
will not

instead

raise it to more than 25, or .0-1 ; and

this cflèct, which is the result of all

combined causes, ajudgmeut

may

the

be formed

of the

value of each of the particular causes,

which

produce the total effect of heat on the

surface of the globe ;

fbr the heat which

longs to the earth, and which it

be

has possessed

from the time of incadescence, has very con
siderably diminished, and will continue to di
minish

with

the course of time: this heat

is

independent of that which comes from the sun;
the latter may be looked upon as constant, and
consequently in

fuurity will make a

corn j;ensatioti than at present.
this innate

heat of the

greater

To the loss of

globe there

are two

other particular causes, which may add a con.
siderabic quantity of heat to the effect of the
two first, the only

ones we have as yet taken

notice of.
One of these particular canes proceeds, in
some measure, from

the first general cause, and

may add something to it.

It is certain

that

and indeed
during the time of incaUesccflcc,
all the subsequent ages till that of the refrige
ration of the

earth,

not

any of the volatile

matters could reside at the surfhcc, o

even in
the
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internal

part,

of the globe ;

they

were

raisci and
lldispersed in the form of vapours ,and
could not deposit

themselves but successively

in proportion as it. cooled,by \vlliclI means some
of these maters have

penetrated through the

clefts and crevices ofthe earth to great depths,
in an in unity of places; and this is the Pflnhitive
foundation of volcano, which arc all found in
ioity mountains, were the clefts

of the

earth

are so much the greater as these points of the
globe are more projecting and isolated.
deposit of the

This

volatile combustible matters of

the first ages will have been greafly augmented
by

the addition

of every combustible matter

which has been subsequently formed.

Pyrites,

sniph urs, coal, bitumen, &c. have pcntrated
into the principal

cavities of the earth,

produced almost every where

and

great masses of

inflammable matters, and often conflagrations,
vhich have

been manifested

by earthquakes,

erruptions of volcanos, and by the hot springs
hich flow from mountains, or run internally
in the cavities (f
be

'Lie earth.

presumed that these

It may, therefore,
subterraneous

some of which burn without.

tires,

explosion,

and

others with great noise and violence, somewhat
increase the general heat of the 9 lobe.

Never

thcless this a(ltlitiofl of heat can be only very
slight,
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slight, for it has been observed that it is nearly
as cold on the top of volcanos as on the
top of
other mountains of the same height, except at
the very time when the volcano throws out in
flamed

vapours or burning mattcrs.

The second cause, which seems not. to have
been

thought of, is the

round the earth.

motion

of the moon

Ibis secondary planet per

forms its evolution round the earli in
and one third, and
being

7 days

5,85 leagues dis

tance, it goes over a circumference of 536,329
leagues in this

space of time, which

makes a

motion of 817 leagues in an hour, or from 13
to 14, leagues in a minute.

Although this rout

is, perhaps, the slowest of all the celestial bo
dies, yet it is rapid enough to produce on the
earth, which serves for the axis or pivot to this
motion,

a considerable

heat

by the friction

which results from the weight and velocity o1
this planet..

But it

is not possible to estimate

the quantity of heat produced by this exterior
cause,

because hitherto we have had nothing

which might serve us for a term of comparison.
But if we ever can discover the number, mag
nitude, and velocity, of all the planets which
circulate round the sun, we shall then be able
to judge
moon

can

of the quantity of heat
give

to

the earth,

by

which the
the

much
greater
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greater quantity- of fire which all these vast bo
dies excite in the sun.

For my own part lain

heat produc
greatly inclined to think that the
ed by

this

in

cause

the

globe of the earth,

forms a very considerable part of its own heat .
and that, in consequence, we must still extend
of time for the duration of nature.

the limits

But let us return to our principal object.
We have observed that the summers are very
climates of the earth, and
nearly equal in all
that this

truth

is

founded

on

incontetiblc

facts ; but it is not the same with respect

to

and vary
they are very unccua,

in

winters ;

different climates, as we remove further from
that of the equator,
and summer

where the hcat in

is nearly the

same.

winter

I think I

have already explained in a satisfactory man
ncr the cause of this, viz, the suppression ofthe
This

heat.

errcstrial

suppression

is,

as

I

have said, occasioned by the cold winds, which
fall from
waters,

the air, bind the

and

terrestrial

shut

heat

up

the

during

earth, freeze

the

emanations of the

the time the frosts re

main; so that it is not at all surrising that the
cold in winter is in
as

fact so

we advance further

where

the

mass

of

air,

much the greater

towards the
receiving

climates
the

rays
of
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obliquely is for that reason

colder.
Bu

with

respect to the cold as well as to

the heat, there are some countries which are an
exception
Guinea,

to

the

general rule.
and

Angoli,

country where

the

At Senegal,

probably

natives

are

in

every

lack, as in

Nubia, the country of the Papu, N.--%v Gui
nea, &c.

it is

certain that the heat i

greater

there than in any otlwr part of the earth; but
this arises fron

local causes and therefore in

those particular climates
reigns during

the

very considerable

whole

where the east

wind

year, passes over a

track of land, and receives

a scorching lieatbefore it arrives tothern, it is
not surprising that the heat is found 5, 6, and
even 7

degrees greater

than

it

is

elsewhere.

The excessive colds of Siberia, are also
attributed to that

part

to be

of the surface of the

than that which sur
globe being much higher
" The northern Asiatic countries
rounds it.
in his description
(says the Baron Strahlenberg
of the Russian Empire) are considerably more
elevated
a table,

than the Ettro1can.

They are

in comparison of the bed

like

on which

so be placed; for on coining from
they appear
the west and leaving Russia, we pass to the
east by the mountains Ripha and
yoj" x.

Tt

Rymnikas
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"
ascent."
There are many places in Siberia,
says M. Gmclin, which are not less elevated
above the rest of the earth, nor
from it

centre, than

are

less

remote
nioi&n

many high

tains in many other regiofls.'

Ihese Plains of

Siberia, appear, in fhcf, to be IS

high as the

innmit of the Ripliean mountains, on
he

ice and snow do

unimer ;

which

not wholly melt during

anti if the same eflct do not

hap

of Siberia, it is because they
pen in the plains
re less detached, for this local circumstance
also adds much to the duration and to the in
tensityof cold and heat.
made hot will retain

A

vast plain once

its heat lower luau a

mountain, though both are alike elede-ached
same reason the mountain

vated; and for the

snow or ice

Ion--

But if we corn pdre the excess of heat

with.

once

cooled will

retain its

er than the plain.

that of CO1(l produced by these particular and
local causes, we shall be surprized to find, that
in

the heat is greatest, it ne
cngal, &c. where

ver exceeds seven degrees beyond the summer
heat in other countries, which

is

'6 degrees

above the freezing point, while on the contra
ry, the colds

of Siberia sometimes reach 60 or

70 decrees below it, and that at

Pctersburgh
Upsai,
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Upsal, &c. under the same latitude as Siberia,
the greatest cold is not more than to 25 or 26
degrees below the freezing point;

therefore,

we must conclude, that theselocal causes have
much more influence
nates.

in cold than in hot cli

Although we cannot pretend to deter

M. ine what.

this great difference in the excess

of cold and heat. may prod uce,yet by reflecting
on

if, it appears that we may easily conceive

the reason of this difference.

The augmenta

of the heat in such a climate

tion

can only proceed

as Senegal

from the action of the air,

the nature of the soil, and

the

depression of

the ground; for this country being almost on a
level with the sea, it is in a great measure co
vered

with

scorching

sands,

over which an

blows ; this, instead
easterly wind continually
of refreshing the air, only renders it more
because it traverses over more than OOO
burn-in
in its way, and consequently
leagues of land
a considerable degree of heat. But
acquires
in such countries as Siberia, where the plains
are

clevaed

like the summits of mountains

above the level of the

of the earth, this

rest

an ef
sole difference of elevation must produce
fect proportionally greater

than I he depression

of Senegal, which cannot be
more than that of 111C level Of 1,119

of the ground
supposed

sea ;
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sea : for if the plains of siberia be only elevat
ed 4

or 500 fathoms above the level of
[ipsal,
or Pet ersburgh, we must cease froni
being as

tonished that
there ;

the excess of cold

is so

great

siricHhe heat which emanates from the

earth, decreases at each point as the space in
creases, and thin elevation of the ground alone
SUIIICCS to cxp!aiu this great difference of cold
under the same latitude.
On this point there remains only one
interest-ing
quction. Men animals, and plants, may,
for some time, support the rigour of this cold,
which is 60 degrees below the freezing point;
but could theyalso support a heat which should
be 60

degrees above it I To this we

answer,

knew as well how to guard
yes, provided we
do to shelter ourselves
against the heat as we
from the cold ; and if the air could, during the
remainder of the year, refresh the earth, in the
same manner as the

emanations of the heat of

the globe warms the air in. cold countries. We
krow of plants, insects, and
and

fish,

which live

of 45, 50, and even GO de
grow in baths

grees of heat ;

there are, therefore, species

living nature

s1hich can

in

support this degree

of heat;- and. as the negroes are in
race thtse \hom a strong

heat

the human
the least in

commodes, might we not conclude, according
to
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to this hypothesis, that the earth has
continued
to decline from its
original heat, and that the
race of negroes are more ancient than
that of
white people?

GENERAL

VIEWS

OF NATURE.

FIRST VIEW.

NATURE Is 'that system of laws established
by the Creator for regulating the existence of
bodies and the succession of beings.
is

therefore not

a body,

Nature

for if it were so, it

would comprehend every thing; neither is it a
being, for in that case it would necessarily be
God.

We must rather consid

Nature as an

immense living power, which is in subordina
tion to the Supreme Being, and by his

comd

mand animates the universe, and whose'actions
are dependent on, and continued by, his con.
currence or consent.

This power is that part

of Divine omnipotence NO icli is manifested to
mankind ;

http://www.geology.19thcenturyscience.org/books/1808-Buffon/README.htm

BIT rros
it is the cause and effect, tile mode

,rtankind

and subtancc, the design and execution.
dith-'ient from all hunan

ftcmeh

Ex
Ex

art, w1ios

o1uctionS are inanimate, Nature is herself
vork pcrpPilialTy alive, an active, an uiiceas
UI" operator, who knows how to make use of
and whose power, though a'
very natcral,
on the same invariable plan,iri
ways employed
tft(I of suuièring diminution, is perfectly in
are her

exhaustibie : time, space, and matter,
means;

the universe her object; and motion

"Old life her end.
the universe is the cifect of

Every object in

Those springs which she makes

this power.

"tise of are active forces which time and space
can only limit

but can

never destroy;

forces

which unite, balance, and oppo'c, but are inea
of annihilating each othcr.

palile

Some

pr-nitrate
aiici connect bodies, others beat and
anim2

ion

hcm.

and

It

is principally

imuision,

upim brute

that

by attac

this power

acts

matter, while heats and orgaine

molecules are her chief active agents, which
she employs in the
sion of oranizcd

fornatioi

beings.

and

Alikd by such in
of Nature

5lrHiw!Its, how can the operatio
be

limited ?

expan

She only wants the

dditioriaI

power to create and annib tlate to become Onini_
potent. Bid,

i-e

wo ext rcmr

ie A tmigbt.v
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reserved to himself alone;

the power of

creating and annihilating are his peculiar at
tributes; while that

of changing, destroying,

unfolding, renewing, and producing, are th
only

privileges he has conferred on this or any

other agent.

Nature, the minister of his irre

ocab1e commands, the depositary of his i,ninu
table decrees, never deviates from the laws he
has prescribed to her; she never changes any
part of his original plan, but in all her opera
tions she

exhibits the will and design of the

eternal Lord of the universe.

This grand de

sign, this unalterable impression of all exist
"cnce, is the model upon which she invariably
acts;

a model of which all the features are, so

strongly
tTaccd ;

that they can

impressed,

a model which the infinite

never

be

number

of copies, instead of impairing, only serve to
renew.
\e may therefore affirm that every thing
been created,

ia

.Nture acfs

but iioLb ing annihilated ;

between

the

ieadt ing either the one o
SO1X

two without
(lie other.

ever

It is in.

which she has
pf)iUtS of this vast Space.

fifled and traversed from the beginning of ages,
that we must endeavour to lay hold of her to
briw.

her into view.

Whatan infinity of objects, coniprehendiiig
an iufinfty of in,

which would have becre
re :i1c< I
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created in vain, had it not been divided intd
portions, separated from each other by almost
inconceivable

spaces!

globes, placed at

Myriads

of luminous

immense distance, are the

bases which support the fabric of the universe,

and

millions of opaque globes, which circa

laic round them, constitute the moving order of
its architecture.

By

wo primitive forces, each

of which are in continual action, these masess
are revolved and carried through the imniemi
ity of space ; and their combined efforts pro
duce time zones of the celestial slieres, and in
the midst of vacuity establish fixed stations, and
From motion pro

regular routes and orbits.

ceeds the equilibrium ofworlds, and the repose
of the

universe.

The first

of these

forces is

equally divided, but the second is separafed in
unequal proportions.

Every a1orn of waiter

contains the same degree

of attractive force,

while every individual globe has a different
quantity of impulsive force assigned to each.
Of the stars, some are

fixed

and

others wan

dcring; some globes appear formed to attract,
and others to

impel or be

impelled.

Some

spheres have received a corn men irnpuTiori in
the

same direction,

impulsion.

and others a particular

Some stars are alone, and others

ae attended by satellites ; some are luminous
and
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There are planets

whose different parts successively enjoy a bor.
roxcd light, and (here are comets which, after
being lost in t!ic inrnensfly of space for several
ages, return to receive the influence ofthe solar
heat.

There are some sums which appear and

disappear as if they were alternately kindled
and extinguished; and there are others which
merely shew themselves and then are seen no
more.

Heaven

which the
ceive.

abounds

with great

events,

human eye is scarcely able to per

A sun which expires and annihilates

a world, or system of worlds, has no other
effect upon
fatuus,

the eyes of man. than

which gives

a

transitory blaze and

then vanishes for ever.
terrestrial atom

on

an ignis

Man, confined to the

which he vegcates,

siders this atom as a

con

world, and looks upon

other worlds as atoms.
This earth which we inhabit is scarcely dis
the other globes, and per
tinguishable among
it is at
fectly invisible to the distant spheres;
least a million times smaller than the sun by
which it is illuininatcd, and even a thousand.
times less than some of the planets which, by
its

influence,

round him.

the

sun

to

circulate

Saturn,Jupiter, Mars, the Earth,

Venus, Mercury, and
VOL. X.

compels

the

U u

Sun,

occupy

that
small
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small portion of the
our Universe.

heavens

which

These planets, with

tellites, mo'ing with

we tern-i
their sa

amazing celerity in the

same direction, and almost in the same plane,
compose a

wheel of an
supports the

whose axis

immense diameter,
whole weight,

and

which by the rapidity of its Owl) rotation, must
inflame and diffuse heat and .light. t !ironghont
As long as this re

the whole circumference.
gular

motion continues

eternal, unles"s the

(and \vhichi

Divine

will be

Mover exert the

same force to destroy as Tic thought necessary to
create them) the sun will burn and illuminate
all the spheres of this universe with his splen
dor;

and as, in a system where the whole of

the bodies mutually attract each other, nothing
can be lost or removed without being return
ed, the quantity of matter must. always remain
the same;

this

great source

of light and life

extinguished or exhausted, for

can never be

other suns, which also continually daft 11orilk
their fires,
much
arc

constantly restore

to

our sun as

light as they take from him.

more numerous

than

Comets
and

like

them depend on the power of the sun;

they

planets,

also press on the common focus, and
by aug
xenting the weight increase the inflammation
They may also be

said to form a part of our
universe
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iiiverse, for, like the planets, they are subject
to the attraction of the sun.

But in their pro-

jectile and impelled motions they have nothing
i-n common either with each other or with the
planets.

of them circulates in a

Every one

diuièrcnt plane,

and they each describe orbits

in different periods of time;

for some perforni

their revolutions in a few years, while others
require
moving
it were

The sun, simply

several Centuries.
round

his

own

centre,

remains, as

at rest in the midst, and, at the same

time, serves as a torch, a focus, and an axis,
to all anti every part
'art

of this wonderful ma-

rililat the sun continues immoveable, and
the motions of the other globes, is to be
re-gulates
ascribed to his

magnitude alone.

The

force

of attraction being in proportion to the mass of
matter;

as the sun

is so considerably larger

1ian any of the comets, and contains above i
Thousand times more matter than the most ex.
tcnsive

planet; they

can neither derange him

nor (hrnJnishl his influence, which extending to
immense distances keeps the whole -Within the
hounds of his power;

and

thus at particular

recats those which have stretched
periods
into the regions of space.
Some of these
fur-thest
on being brought back. approach so near the
sun,
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sun, that after having cooled for ages they re
ceive an inconceivable degree of heat.

From

experiencing these alternate extremes of heat
and cold, they are subject to singular
as well as from the inequalities of their
vicissi-tudes,
motions, which at some tirns are most incon
ceivably

rapid,

and

at

others so amazingly

slow as to be sea rely perceptible.

In compari

son with the planets the comets may be consi
dered as worlds in
orbits of the
ments

equal,

disorder, for

to them

the

planets are regular, their move
their

temperature

always the

where,
they appear to be places olrest,
has the
every thing being permanent, Nature,
same;

of opera
power of establishing a uniform plan
tion, and successively to
productions.

mature

her various

Among the planets the

Earth,

which we inhabit, seems to possess peculiar ad
vantages;

from being less (lisaflt from the sun

than Saturn, Jupiter, and Mars, it does not ex
perience

that

excess

of

cold;

nor

is

it

so

scorched as Venus and Mercury, which appear
to revolve in an orbit too near the body of that
luminary.

Besides, what a, iecu1iar magnifi

cence from Nature does the

earth enjoy? A

pure light, gradually extending from cast to
west, alternately gilds both
hemispheres of th is
globe;

which is also surrounded with a
pure
transparent
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transparent clement.

By a

mild and fertile

heat all f lie germs of existence are animated and
unfolded, and they are nourished and
supported
by a plentiful supply of excellent waters. Con
siderable eminences dispersed over the surface
of the land,

not only check,

but collect the

moist vapours which float in the air, and give
rise to

perpetual fountains.

Immense

cavi

ties evidently formed for the reception of those
waters, separate islands and continents.

The

sea in extent. is equal to that of the land :
is this a cold and barren clement,

nor

but a new

empire, no less rich anti no less furnished wi k
inhabitants.
the limits

By the finger of the Almigliy

of the wafers are marked out.

If

the sea encroach on the western shores, it r
-treats

from

those

of

fie

cast.

This

great

mass of water, though inactive ofite!f, is agi
tated, and put in motion by the influence of
the celestial bodies,

whence arise

and coristint flux anti refiux ;

its

regular

it rises and falls

with the course of the moon, and is always at
the

liLghest when the action of the

moon concurs ;

sun and

it is from these causes uniting

at the time of the eqni;oxcs, that the tides are
then higher than at any other time; and this
is certainly the strougest mark of the coimec
These
(ion of this globe with the heavens.
general
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general and constant motions are the cause of
many 'variable and particular circumstances
it is by those that the removals
Occasioned,

sh icli fa1lin

of earth

are.

in the form of sedi

ment, 1)1-o(ltIce mountains at the bottom of the
sea, similar to those which are on the surface
of the land ;

they

also give rise to

currents,

diich following the direction of these chains
of mountains, bestow on them a figure, whose
angles correspond, and maintain a course
the midst of the waves

as

waters

in

run upon

laud ; they may in fact, be considered as sea
rivers.
The Air

being lighter and more fluid

than

water, is subject to the influence of a greater
number of powers.

It is constantly agitated

and
by the effects of the sun

moon,

the

by

immediate action of the sea, and by the rare
faction and condensation of hiea and cold.
'inds are, as i

The

may be said, its currents ; they

force and collect the clouds, they give rise to
metcors, and transport the moist vapours

of

the ocean to the surfaces of islands and contj
iients ;

from them

proceed storms,

and they

diffuse and distribute the hrtiIe dews and rains
over the land

they interfere with the regular

motions of the sea, agitate the wafers, some
times stop

and at others precipitate

the cur.;.
rents,
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rents, elevate the waves, and excite dreadful
tOuIT1S and

lempests.

Forced

by them

the

troubled ocean rises towards the heavens, and
with. a tremendous noise an(1 vilencc, rushes
against those

immoveabic

barriers, which it

can neither destroy nor surrnoumit.
The earth being elevated above the level of
the sea, it is thins defended
tions.

Its

su riicc

is

against its irrup..

beau tifully enamelled

with various flowers, and a constant renewing
verdure ;

it is inhabited by uinnubcr less species

of inhiabitamits, among which, man,
assist the intentions of Nature,

placed to

presides

every other being, finds a place of
pose, and a delightful habitation.

over

)erIcct re.
lie alone is

endowed with knowledge, and dignified with
the faculty of admiration ; the Almighty has
rCn(iered hiiii capable

of distinguishing the

wonders of the universe, and a witness of his
increasing

miracles

Anunatcd by a ray of

the mysteries of the
divinity, he participates
It is by this r,--y that he is enabled to
Deity.
think and reflect, and that lie perceives and understands the wonderful works of his Creator.
The

external throne of the

nificence is
plating

Nature ;

and

Divine

man, by

mag.

contem

her, advances by degrees to the internal

throne of the

Almighty.

lie

is

formed

to

adore
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adore his Creator, and to have dominion over
every other creature; lie is the vassal of heaven,
and the lord of be earth ; by him

this nether

globe is peopled, enobled, and enriched ;

lie

eablisrs order, subordination, and harmony
a nong living beings, and even to Nature her
sdf tie gives polish, extension, cultivation, and
br he cuts down

embellishment ;

and the bramble, and, by his
the vine and the rose.
where

the

thistle

care, multiplies

In those dreary desarts

man has not uihtbited, we

find

them

over-run with thorns and l)rlars ; the trees de
formed, broken and corrupted, and

the seeds

n liicb ought to renew and embellish the scene,
are choaked by surrounding rubbish, and
chcecl to sterility.
other stua11ons

rc

Nature, whom we find in

adorned with the

plendour of

ynttI, has here the appearance of old age and
4kcre(ittide.

Here the earth, ovcrhdcd with

the spoils of its pro(!uctions,

instead of pre.

a scene of beautiful verdure,

exhibits

only a rude mass of coarse herbage, and trees
to (led with

ical plants, as lichens, aga

ries, and other iinp'lrc and corrupted
The low

fruits ;

gcounds are covered with putrid and

sagnant waters ;

these rniry lands being nei

ther solid nor' fluiI, are ;ot only
irnpassabe but
re entirely

useIes to the inhabitants of both
lafl(1
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land and water ; and the marshes
abounding
with stinking aquatic plants, serve only to nou
rish venomous in sCCtS,an(I to harbour infectious
animals.

There is, indeed, between

trid marshes of the

low ground, and

the pu
the de

cayed forests of the high parts of the country, a
species of lands, or savannas, but
very different from our meadows;

which are
for in them

there is an abundance of noxious herbs which
spring up and check the growth of the

useful

kinds : instead of that delicate enamelled turf,
whicli may be considered

as the down of the

earth, they are covered over with coarse vege
tables and hard prickly plants, which are

so

interwoven, that they appear to have more con
with each other, than with

the soil;

and by a constant and successive generation at
length

form a kind of rough mat several feet

thick.

In these uncultivated and desolate re

no communication, and
gions,there is no road,
no vestige of intelligence. Man, when seek
the wild beasts, is compelled to
ing to destroy
follow their tracks, and to be constantly on
the watch, lest lie should become a victim to
their savage fury ;

alarmed and

terrified by

their frequent roarings, and even awed by the
silence of those dreary solitudes, he
profound
Urictilt ivaled
shrinks back and exclaims ;
voL

X,

X N
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cc 'Ntiir'is hideOus

nd

C

linflourisbing; i is
1ne who can render her agrecaMe and
Let us drain the marshes, and

"vivacious.

"give anirnatioh to the waters, by converting
"'the'm into brooks and canals; let us make
use of that active and devotiring element,
"w1ibe

power we

have discovered ; let us

apply lire to this burthensome load of vege
"tables, and to those debaying forests which
are already-half destroyed;

let us complete

"the work by destroying with iron what can"not be

and then

rethoved by fire;

instead

" of cOarserecds and water-lilies, from which
'
the toad is said to extract his poison,
"shall soon behold the ranunculus, truffles,
and othermild and salutary herbs spring up;
that land, which was

formerly impassable,

"will become a flourishing pasture for
"of cattle,
"

where they will

find

flocks

plenty

of

food, and where, by the excellence of their
sustenance, they will increaseand multiply,

" and thus reward us for our labours and the
Let us go
"protectionwe have giYcn them.
"
still further, and subject the ox to Me yoke;
"let his strength and weight of body be em
"

ployed
quires

" will

to plough the ground, which acfresh

vigour

from

culture.

the operations of Nature

be

Thus

assited,
"

and
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"d acquire doubie
strength and

splendor

from the skill and industry of man."
{ow beaqtjftj is cill,tivat.ed, Nature! How
lovely does she appear when decorated by the
band of man!

He i

hinsIf her chief orna
y mu1ti

inent, her noblest production, and

own Speci. he increases the most

plying 1ii

precious of her

works.

She even seems to

in. propqrtion to his attention, for
by his art leUevelupN all that she has conceal
multiply

ed in her hoo.
treasures

What a source of unknown

been brought to light! flowers,

has

fruits and grains,
multiplied to

matured. to perfection

infinity ; the usual

and

pecie

of

nii*aI traported ,propagated anc increased,
without nupiber ; the noxious and destructive
kinds diminished and driven from the
f men; gold, and iron
more useful
habita-tions
petal, extracted from the bowels of the earth;
torrents

restrained,

riyers dire ted

courses and coned withir

in their

their banks, and

even the oceau itself spclued, investigated

jd

one hemisptmerc to the other; the

trayeri from
earth rendered

ctivç, fprtile, ad accesible,

n

into
every part; the values and plains changed
and ct
blooming meadows, rich pastnres,
yatcd fields

tlp hifls sujrrouchxl

with

vines
nd

http://www.geology.19thcenturyscience.org/books/1808-Buffon/README.htm

310

BurroN's

and fruits,

and

useful trees ;

their summi(s crowned with

the dcsarts converted into

popu-lous
cities, whose inhabitants spread from its
centre o its utmost extremities; roads and com
munications opened, established,and frequent
ed, as so many proofs of the union and strength
of society.

There are besides a thousand other

monuments of power and gloiy, which clearly
demonstrate that man is the lord of the earth ;
that he has changed and improved its surface;
and that from the earliest periods of time

he

alone has divided the empire of the world be
twccn him and Nature.
It is by the right of conquest, however, that
lie

reigns ;

he rather

enjoys than

possesses,

and it is by perpetual activity and vigilance
that he preserves his advantage ;
neglected

every thing

if those

languishes,

and returns to the absolute

are

changes,

dominion of Na

ture, she resumes her power, and destroys the
operations of man ; envelopes with moss and
dust

his

most pompous monuments, and in

the progress oftinie entirely effaces them, leav
ing him to regret having lost by his negligence
'what his ancestors had acquired
by their in
dustry.

Those

periods in which man

loses

his empire, those
ages in which every thing va
luable perishes, commence with war, and are
completed
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completed by famine and depopulation.

A1

though the strength ofman depends solely upon
the union of numbers, and his happiness is de
rived from peace, he is, nevcr(hless, so regard..
less of his own comforts as to take
up arms and
to

fight,

which are

ruin and in isery.
or blind

never-failing sources of

Incited by insatiable avarice,

ambition, which

tiable, lie

becomes callous

humanity ;

is still more irmsa
to

the feelings of

regardless of his own welfare, his

whole thoughts turn upon the destruction of
his own species, which he soon accomplishes.
The days of blood and carnage over, and the
intoxicating fumes of glory dispelled, lie be
holds, with a melancholy eye, the earth deso
lated, the arts buried,

nations dispersed, an

enfeebled people, the ruins of his own happi
ness, and the loss of his real power.
Omnipotent God! by whose presence Nature
is supported, and harmony among the laws of
the universe maintained; who seest from thy
immoveable throne ii the empyrean all the ce
lestial spheres rolling under thy feet without
deviation or disorder; who, from the bosom
of rCpOS(', every instant renewest their vast
in profound
movements, and who alo:e governs
peace

an

infinite number of heavens arid of

to a troubled
earths, restore, restore tranquillity
world!
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yo-1d! Let the earth be silent !

Let the pre..

sumptuous tumults o. war and discord beds.
jielkd

by the sound

of thy voice!

Merciful

author of all beings, whoe,atena1 re

God!

gards extend to every created

object, and

man, thy principal favourite; thou hast jim.
min-%d his mind with

penetrate also his heart wi.h

1itht;

thy love;
sally

a ray of thy immortal

thy divine sentiment, when univcr

diffned,

spirits;

shaft of

will

unite

the

most

hostile

man will no I. ;nger dread the sight of

MaRl nor 'will his hand any longer coitinuc to
be armed with murdering

eel; the devouthg

flames of war will no longer stop the sources of
generations;
now

the human species,

weakened, mutilated,

mowed down,

and

which are

prematurely

vll germinate anew, and mule

iply without number. Nature, groaning
un-der
the pressure of calamity, sterile and aban.
iloned,wilI soon resume-with additional vigour
her former fecundity; and we, beneficent God.'
shall aid, cultivate,

and

incessantly

her operations, that we, at every mo
contem-plate
ment , may be enabled to offer thee a fresh
tri-bute
of gratitude and admiration,

rco
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VIEW.

Individuals of whatever .kind, or however
numerous, are of no estimation in the univer.e;
it is species alone that-are existences in N1ure,
for they are as ancient and permanent
self.

as her-

To have a clear and distinct idea of this

tu* b, je ct we 'must not consider a specie

as a

collection or succession of sini1ar individuals,
but as a whole, independently of number or
time, always active, and always the same;

a

vhole which was considered but as one in the
works of the creation, and therefore constitii ies
only a unit in Nature.

Of these uiiis the hu

man species is to be placed

in the!-first-rank ;

all the others, from the elephant to the mite,
from the cedar to the hyssop, belong to the se
cond and third orders.

'Notwithstanding that

they are different inform, 'substance, and even
life, yet each sustains its appointed destinttion,
and subsists independently of others, while the
whole, in a general view, represents animated
Nature, who has' hitherto supported, and will
continue to support, herself in the same man
nr as she is seen at present.

Her duratiGn i
not
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not to be estimated by a
day, a year, an age,
nor

given period of time,

any

for time it

self relates only to individuals, to
beings whose
existence is limited.
"

It is not so with respect

to species, for their existen-ce is constant ; their
permanence produces duration, and their dif
ferences give rise

to

number.

It is

light that we must consider species,

in

this

and give

to each an equal right to the indulgence and
support of Nature ;

for so she

ha

certainly

considered them, by bestowing on

each

the

means of existing as long as herself.
Let us now consider the

relation

we

observations

which

Ii

our

seen

the

the individual.

chans'cd places with
preceding

species as having

Nature

have

holds

in

to

respect

man ; let us now then take a view in what light
she would appear to a being who represented
in

Wc perceive that

hole human species.

the

the

(lure,
bees

the

spring
the

and

buds

revive from

swallows return
ingale

frisks, arid
all

the

animated

and

multiply

thcn

have

no

ver

flowers

expand,

the

state

of torpor,

the

their
to

her

chaimts

their

fields

our

renew

climi.es,

of love, the

song

bull

laws

creatures
their
ideas

the night

with

are

but

desire,

eager

species;

lamb

to

and

those

of

and
iinie

we

can

repro
ductioi
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increase of life.

But when

the dark season of cold and frost approaches,
these same

beings become

to

and

many of the feathered race

avoid each other ;
desert

indiflirent

our clime,

and the

inhabitants of the

waters lose their freedom under the inassy con
gelations of ice ;

various animals dig retreats

fbr themselves in the ground, where they fall
irilo a stale ot torpor ;

the earth becomes hard,

the plants wither, and

the trees,

deprived

of

their foliage, are covered with frost and snow ;
every object excites
annihilation.

These

the

idea of languor and

of rcnovaton and (iestructwll,
were, of life
general, are

however,

appearances,

and death,

miages, as it
they sceni

although

only individual

and

particu1ar.

Man, as an md ivdual, concludes in this mannei, but the being whom we have supposed as
a

representative

of

he

species,

t1thiks and

exalted and general ;
judges in a man ncr more
in that conslant succession of destruction aiid
renovation, and in those various vicissit tides, lie
perceives oidy permanence and d tirat ion.

The

different seasons in one year appear to him the
same as those of the

preceding, the

those of millions of ages.

same as

The animal which

may be the thousandth in the. order of genera
In a
tion -is the same to him as the first.
VOL.

1.-

y

word,
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word, if man had no period to his existence,
.nd if all the beings by which he is surrounded
existed in the same manner as they do at preSent, the idea of time would vanish and the in
dividual would in fact become the species.
Let us then consider Nature for a few mo
Man certainly

ments under this new aspect.

comes into the world enveloped in darkness.
His mind is equally naked with his body;

h

is born without knowledge and without do-4.
fence, and brings nothing with him but passive
to receivethe impres
qualities. He is compelled
sions. of objects on his organs;
shines on his eyes long
recognize it.

acquire

No

before

he

is

able to

To Nature he is at first indebt

ed for every thing,
eturn.

even, the light

without making her any

sooner, however,

strength

and

activity,

do

his sense

and

he

cam

than he reflects upon
compare his sensations.,
the universe; be forms ideas, which beretains,,
extends, and combines.

Man, after receiving

instruction, is no longer a simple individual,
for lie then, in a great measure,, represents the
whole human species.

He rectives from bi

parents the knowledge which had beeit fta
xnitted to them

from their forefathers;

a4

thus, by the divine arts of writing and print..
ing, the present age, in some. sort, bCOrn
idemUcd
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with

those

that are

accumulation of experience in

47
This

past.

one man, al

most extends the limits of his being to infini
ty.

He is born no more than a simple indi

vidual, like other animals, capable only of at
tending to present sensations;

but he becomes

afterwards

which we sup

nearly the

being

posed to represent the whole species; he reads
what has past, sees the present, and judges of
the future;

and in the torrent of time, 'which

carries off and absorbs all the individuals of
the universe, he perceives that the species are
permanent,

and

Nature

invariable.

As the

relations of objects are always the same, to him
the order of time appears to be nothing; he
considers

the

lawst

of

renovation

as

only

counterbalancing those of permanency.

An

of similar beings, is,
uninterrupted succession
in effect,

only

equivalent

to the

perpetual

existence of one of them.
What purposes then are gained by this 1mm
mense train of generations, this profusion of
germs, many thousands of which are abortive
for one that is brought into life? Does not this
perpetual

propagation of beings, which

are

alternately destroyed and renewed, uniformly
exhibit' the same scene, and occupy the same
proportion

in Nature? Fren what cause pr
ceecj
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11,141 death, these

ceed all these changes of lif

laws of growth and decay, all these individual
Vicissitudes) and

reueraed representations of

-the sameideiiticil thing?

They certainly arise

from the very essence of Nature, and depend
on the first establishment of the universal
the whole of which, is fixed and stable,
ma-chine;
but each of its parts being duclowe(1 with the
power of motion,

the general movements of

the celestial bodics have

produced the parti

cular ones 01 this terrestrial Z,7
(rlobe.

The pener

tratiri,,r
I forces b Y which these imniense. bodies
arc animated, and by which they act recipro
each

cally upon
same time

other at

a

distance,

at the

animate every particle of matter;

and this strong propensity,

which

has towards each oilier, is

the

every part

first

beings, the ground of' consistence and

bond

of

perma

nency in Nature, and the support of harmony
in the universe.

From

these great combina

lions the smaller

relations are derived.

The

earth moving on its own axis haying separated
the portions of duralion into day and night ;
all its animated inhabitants

have their stated

periods of light and darkness, of their times of
waking

and

sleeping.

The

action

of the

senses, awl the motions of the members which
form a great part of the animal economy, are
related
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perpetual

darkness

349
for

in

a

reigned,

would there be senses alive to the enjoyment of
light.
As the inclination of the axis of the earth,
In its annual course round the sun, produces
considerable variations of heat and cold, which
we

call seasons,

all its vegetables

have also,

either %%-holly or partially, their seasons of life
fl(i death.

The fall of the

leaves, and the

decay of fruits, the withering of herbs and the
destruction of insects, depend entirely on this
second combination.
there is not this

In those climates where

variation, by the inclination

not being so material, the life of the vegetable
is not suspended, and every insect completes
Where the
the stated period of its existence.
four seasons, in fact, make but one, as under
the line, the 'surfice of the earth
covered with

is~ constantly

flowers, the trees have a perpe

tual foliage, and Nature seems to enjoy a
con-tin
tial spring.
Both in animals and plants, theft particular
constitution is relatively to the general tempe
rat, ure of tle earth, and whiclitemperature de
its situation and distance from the
pends upon
It' they were removed to a greater dis
sun.
iaiice, neither our animals,nor our plants,coukl
live or vegetate ;

the water, sap, blood, and
all
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all their liquors, would lose their fluid ify ; ifo
the contrary they were more near they would
Ice and fire

and dsspate in vapour.

vanish

are the elements of death, and temperate heat
the first support of life.
so generally

diffused.

The living particles
all

through

organized

bodies are related, not only by their activity
but number, to
strike and
their heat ;

the

particles

penetrate almost
for

can heat the

of light which
with

all matter

every place where the sun

in

earth

with

its

rays,

sur

the

face will be covered with verdure, and peopled
with animals;

even ice is no sooner dissolved

into water than it

inhabitants

with

swarms

Water, indeed, is apparently more fertile than
the earth; from heat it receives motion and life.
In one season the sea produces more animals
than the earth sustains; but its production of
vegetables

is

And

infinitely less.

that the inhabitants

because
not a

of the ocean have

a sufficient and permanent supply of vegeta
bles, they are compelled to
other;

upon each.

feed

and it is to this necessity that

their

immense multiplication may be referred.
As

in

the

beginning

every

species

was

created, the first individual of each has served
for a model to their descendants.
of each

animal or vegetable

is

The body
a

mould, to
which
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which are assimilated indifferently the organic
particles

of all animals or

vegetables which

have been. destroyed by death, or consumed
by time.

The brute particles, of which part

of their composition was formed, returned t
the common

mass

of inanimate matter;

but

the organic particles, whose existence is per,
maneut, are again resumed by organized bo
dies: they

re extracted at first from the earth

by vegetables, and then
ljo feed thereon;
pQrt, growth,

absorbed by animals

and thus serve for the sup

and

expansion

of both.

By

this constant and perpetual circulation from
body to body, they serve -to auiwiite all orga
nized

beings.

These

living

substances

itt

quauity are always the same, and diflèr only
in forni and appearance.

In fertile ages, and

when population is the greatest, the whole sur
face of the eaith seems to be covered with men,
But in.

domestic animals, and useful plants.

the times of famine and depopulation, the fe
rocious animals, poisonous iueets, parasitical
their turL4,
plauts, and ueIess herbs, resume, in
oininion ever the earth. Tomaa thcse changes
are material, but to: Natjire they are perfectly
indifferent.
th

The' silk worm so inestimable to

former, is to the. latter oi.ly a

f the mulberry tree.

Though

aterpilla

this caterpillar,
-which
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which so materially assists in the supply ofour
luxuries, should disappear; thoUgh the plants,
from which our domes! ic animals procure their
nourishment, should be devoured by other ca
terpillars;

though still others should destroy

the substance of our corn before the harvest;
in short, though
should be

maii and the larger animals

starved by the inferior tribes, Na.

titre would not be less abundant. nor less alive;
she never protects one at the expcnce of ano
flier, but especially supports the whole.

As

to individuals she is regardless of number;

she

considers them

only as successive images of

the same impression ;

as passing shadows

of

which the species is the substance.
In earth, air, and water, then, there exists a
certain quantity of organic matter which

can

not be destroyed, but which is constantly assi
milated in a certain number of moulds, that are
perpetually

and
undergoing destruction

re

newal: these moulds, or rather individuals, tho'
varying in number in every species, are never
theless always the same, that is, proportioned to
the quantity of living matter; and this appears
to be absolutely the case, for ifthere were any
redundance of this matter, or if it were not at
all times fully
occupied by the individuals of
the
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the species which exist, it would, most assur
edly, form itself into new species,

for being

alive it would not remain without action; and
once uniting with brute matter is sufficient to
form organized bodies; and it is by this con
stant conibination, and invariable prOportion,
that Nature preserves her form and consistence.
The laws of Nature,

both

with respect to

the number of species and of their support and
equilibrium, being
would invariably

fixed

and

constant, she

have the same

appearance,

and be in. all climes absolutely the same, if her
complexion did
almost every,
each

not so

completely vary

individual form.

species is

in

The figure of

an impression, in which the

as
principal characters are so stronglyengraven
never to be effaced; but the accessory parts and.
shades are so greatly varied that no two indi
have a

viduals

perfect resemblance to each

and in all species there are a number

other ;

of varieties.

The human species,

which has

such superior pretensions, varies from white to
black from small to great, &c. The Laplander,
the Patagonian, the 1-Iottcntot, the

European,

the American) and the Negro, though the off
spring

of the same parents, have by no means

the resemblance of brothers.
VOL. X.

Zz

it
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it jrroc's

it is evdent, therefore, that every species i
subject to lnriiv)dual

hiferences, but that each

o'thein does not equally possess the

constant

varieties which are perpeua fed ihrough succes
more dignified thespecies,
sivegenera HrnS; the
the less changeable is its figure, and the less are
the varieties of it.

The multiplication of ani

mals being inversely

in proportion

to

their

n'agnitude, as the possibility of variation must
be in

exact

proportion

to the numbers they

produce, there consequently must be more va
rieties among the small than the large animals ;
iIl be

for the same reason, there

and also,

seem to

ap

for the unity of the

spe

greater number of species which
proach each other;

a

cies in the large animals is more fixed, and the
nature of

separation more

their

cies

surround

and similar spe

of various

What a number

extended.

those of the squirrel, the rat,

and other small quadrupeds, while the massy
elephant

alone, without

stands

a compeer,

and at the head of the whole.
The
of the

brhte
earh

a substance
alterations,
than

matter, of which the
is

principally composed,

that has not
though

once been

body

The

disturbed

undergone
whole

many
more

has

and put

is

in

motion.
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lion by the hand of Nature.
earth has been penetrated by

SO'5

The globe of the
fire, and after

wards covered and disordered by water.

The

sand; which occupies the interior parts of the
earth, is a vitrified matter; and the layers of
clay, b) which its surface is covered, are no
thing but the same sand having been decom
posed by the operation of the waters
free-stone,

flint,

Granite.,

nay, all metals, are compos

ed of this same vitrified matter, whose parti
cles have been condensed or separated, accord
ing to the laws of
stances

are totally

their affinity.

These sub

destitute of animation ;

They exist, and will continue to do so, mdc
'pendently of animals and vegetables.

There

are, however, many other substances,

which,

although they have the
equally inanimate,
bodies;

and

appearance of being

originate from

of this description

organized
are mnrhk,

lime-stone, chalk, and marl : they being com
posed of the fragments of shells,

and of those

'small animals which by transforming the wa
ter of the sea into stone, produce coral, and all
the madrepores, whose varieties are numberless,
and whose quantity are almost immense.

Pit

coal, turf, and many other substances found in
the upper strata, are also of this nature, they
being only the

residue of vegetables which

have been more or less corrupted or consumed.
Besides
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Besides these, there are other substances which
.lmve been produced by the second action
fire upon original matter; these are but
in number,

consist of such

arid

of

few

as pumice

stones, snlphur,lhe scoria of iron, asbestos, and
To

lava.

one

or

other

of these three great

combinations may be referred all the relations
of brute matter, and all the substances of the
mineral kingdom.
The laws of affinity, by. which the

various

particles of these different substances separate
from

each other, in order to unite among them

selves and form homogeneous masses, are per
fedily

similar to

that general law by which

the celestial bodies act upon each other; in both
cases their exertions are the same.

Globules

of water, of sand, or of metal, have the same
influence, and act upon each other as the earth
acts upon the moon; and if the laws of affinity
have hitherto been deemed different from.
those of gravity, it is because the subject
been considered in a
view.

very

confined

has

point of

The mutual action of celestial bodies is

very little influenced by figure; their distance
from each other is so very great, that

this

is

necessarily the case; but when they are not far
asunder, then Iii e effect of figure is considerable.
For instance, if the earth

and

moon, instead

of spherical figures, were both short cylinders,,
and
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and exactly equal throug'hoiit in their diarie
ters, their reciprocal action ';ou1u be very lit
tle varied from what it is at les11, brcuse
the distances of all their
[I (I

would be very
two

ts

of

their reciprcl action would
inasmuch

parts would

e

if i hse

wt-A

r'xe't,

r t:)"e;'c h otr, the law of

and approached
ferent,

eac.u oi

But.

Cha a.rCd.

sere cvinEers

globes

oii

as

I he

s'

rn to be d if

disa;ccs of their

be grca'Iy

varied ;

whenever figure b"COTUCS a

aid

pritc

hence
in

dis

tance the law will appear to vary, althougti in
fact it is always the s:'tne.
The human
cipie,

intellect

guided by this prin

may advance one step

trating into the

fun-diet in petie-

operations of

nature.

The

figure of the constituent particIs of bodies still
remains unknown ;

we

can rh;t entertain

the

smallest doubt that water, air, eattli, metals,
and all ho in ogenco us pail. i cle, are CC) ii
of elementary paricIe, .hicti are
s e are

similar, although
figure.

By the ai

0 Ccl

perteey

l ilL igin )1 an. of their

of ct1cuIeuon this at pre

sent unknown fi:'L1 of il'de may be dis
triy, ad the ig'

closed by
meuhry

bodies he

precision.

Thy

cert

C O

;nd with

in.y 1ae thp

the ek
tolerable

principle we

1ave established as the basis of their enquiry ;
namely,
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" that all matt'r is attracted h
the
nauiy,
" invcse ratio otthe
square of the distance ;

" and this law seems to idmil of no variation
" in
particular atlractioflSl)U
C

what arises from

the figure of the ctitituenf particles of each
substance,

becadse Oils

figure

nter

as an

" element or
principle tIhO the dit:,nce ;" and
having once

discovered, by repeated

inenis, the law of attrac ion in any

experi

particular

substance, they may then, by the aid of calcu
lation, be able to trace the figure of its consti
tuent particles.

To

render this

more

point

clear, let us suppose, that by placing mercury
on a perfictly polished surface, repeated expe
riments prove that

this fluid rneta.l is

always

attracted in the inverse ratio of the cube of the
distance;

it will then become necessary to in.

vestigate what figure

gives this expression ;

and this figure will be certainly that of the con
stituent parlicles of mercury.

If it should ap

pear, by such experiments, that the attraction
of mercury

was

in the

inverse ratio

of the

square of the distance, it would be clearly de
monstrated that its constituent particles

were

spherical, because a sphere is the only figure
which observes this law, and at whatever
dis-tance
globes are placed the law of their attrac
tion is always the same,
Newton
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Newton had some idea that chcniieil aflini
ties (which are nothing more in fact than these
particular attractions which
tioned) were
laws as

we

have

men

by the same kind of

produced

those of gravitation;

but he does not

appear to have perceived that all tho-e parti
cular laws were merely sinlpi2 modifications
of the general one, and that their
apparent dif
ference arose solely from the circuumtance of
the figure of the atoms, which attract each
other,

having,

greater influence

when

at small

upon the

distances,

a

force of this law

than the mass of mter.
It is, notwithstanding, upon this theory that
the perfect knowledge of brute matter depends
The basis of all matter

is the same,

and its

form throughout would be perfectly similar, if
the figures of its constituent particles were not
different;

and thus it is that one liomogeiicoiis

substance can differ from

another only in pro

of their original par
portion to the difference
ticles. A body composed of spherical particles
than
ought to be one half specifically lighter
that whose particles are cubical, because as the
first only touch each

other by their points,

to what'
they leave intermcda1c spaces equal
they occupy,

whereas the

cubical particles

the smallest interval, and
join without leaving
must cousequeffily form a matter half as heavy
again.
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Although the fi'u res arc considerab1y

again.

af V; riaio. i is by no means so great

yrd,
as W(

flhi:ilt

ne, since Nature has fixed

ima

the limi s of 1i'htnr'ss and gr;vit'
air, with

Gold and

arc the two ex

respect to density,

tremc.

nl I herefore all the figures in Nature

must

comprehended

be

such

those Iwo ;
Levier

as

as

COUiiug between
have

would

or lighter substatices

produced

have been re-

je1ed
In speaking of figures, as employed by Natuic, I (10 not niran to imply-

that they must

be necessanly, or are exactly, similar to those
geoweti ical
irna

fi,rures

nation.

which

we

form

in

our

We f'or;u laws by supposition,

and Then endeavour to render them simple by
abstt'aciun.

It, is very possible that there arc

neither (-xtct cubes nor perfect spheres in the
universe; but. as nothing certainly
y exists with
form,

and

staccs the
ent

as from

the variation of sub

figures of the elements are diflèr

onie of them most uiitoubtedly must -ape

proCatch

to (he sphere,

the cube,

and

all the

other rciIr figures which we have conceived.
Ibe

reCise,

abSOJ ute,

and

abstract

figures

viltich OUt tainds are so
frcqueiiily hd uced to
a(lmuf, cani;t have
any cx islesicc, because
all obccIs arc related, and diffir
only by al
most
It is by the
imperceptible shades.
san e
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same rule that when I speak of one substance
as being entirely full, because corn posed of cu
bical particles, and another as being not more
than half full, because its parts are spherical,
1 mean only comparatively, and not that such
substances

really exist ;

for

experience

has

fully inlorined us, that. in traiiparent bodies,
such as glass, which is bol Ii dense and heavy,
there is but a small qu;iity of ixiatter in pro
portion to the exttnt of the intervals;

nay, as

we have before observed, it might he demon
strated that even gold, which is the most dense
species

of matter,

has more

vacuities

than

substance.
To investigate the powers of Nature is the
object of rational mechanics, while active me
chanics is solely confined to a combination of
and consequently the art of
particular powers,
constructing

machines.

This art has at all

times been certain of cultivation from necessity
and both ancients and mo

and convenience;

derns have equally excelled in it.

But rational

mechanics is a science invented in our days;
for, from the days of Aristotle to those of Des
cartes, even the philosophers have reasoned no
better upon the

nature of motion, than uni

formly to mistake the effect for the cause. Im
force with which they
pulsion was the only
Aaa
were
voix.
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were acquainted;

to it

they

attributed

the

effects of others, and all the phenomena of the
universe.

If this idea of theirs had been pro

bable, or even possible, impulsion, 'which they
cause, must have been a
regarded as the sole
to all
general effect, which equally belonged
matter, and which equally exerted itself in all
times; but every day demon.
places, and at all
trated the contrary to be the fact; for they
must. have perceived that this force had no ex
istence in bodies at rest; that it had but a
short

subsistence in

projected bodies,

being

soon destroyed by resistance; that a fresh im
for its renewal,
pulse was absolutely necessary
and that, consequently, so far from being a
it was only a particular effect
general cause,
others more general.
produced by
It is true, however, that we ought to consi
der a general effect as a

cause, for we cannot

become acquainted with the real cause of this
effect, because all our knowledge
from

comparison;

thing to which

and

we

is derived

as there is

can compare

not any
an effect,

which is supposed general, and equally belong.'
ing to every thing, we
the fact.

can know it only by

According to this view, attraction,

or gravity, being a general effect common to
all matter, and

clearly evinced by the fact,
ought
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and to

which all particular causes should be referred,
nay even that of impulsion, since it is less ge
neral and less constant; and the
principal dif
ficulty is to perceive how impulsion can be an
effect of attraction;

for if we rest on the coin

munication of motion by impulse, we arc then
persuaded that it can-only be transmitted from
one body to another by elasticity, and that all the
hypotheses,

which suppose a communication

of motion in hard bodies, are mere ideal fan
cies, which do not exist in Nature.

A per

fectly hard or a perfectly elastic body is en
tirely imaginary, as neither of them realty ex
ist ;

for it

is certain that

solutely or in extreme;

nothing exists ab

and the idea of per

tion must suppose one or the other.
It is certain that if there were no elasticity
in matter there would be no impulsive force;
for instance, if we throw a stone, the motion it
of
acquires is communicated by the elasticity
the arm.

When motion is communicated by

one body in action encountering another at
rest, how can we possibly suppose it to be done
otherwise than by compressing the spring of
the elastic particles it contains, which recover
after, gives to the
ing itself almost immediately
re
whole mass a force equal to that which it
ceived ?
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ceived? How a perfectly

hard body should

admit this force, or receive motion, is beyond
comprehension ;

and the enquiry

sary, since no such body exists ;
are endowed with elasticity.

is unneces

for, all bodies

The force of elec

tricity is proved by experiments to be elastic,
and to belong to matters in general ; and there.
fore, if no other elasticity exJste(1 in the interior
parts of bodies but that of this electrical mat
ter, that would besuflicient for the communica
tion of motion ;

and consequently to this great

spring, asa general cfict, the particular cause
of impulsion. must be attributed.
A little reflection on the mechanism of elasti
city will convince us that its force depends on
To have a still more clear

that of attraction.
idea of this

subject, let

the most, simple, such as

us suppose a spring
of a sOli(1 angle of

iron, or of any other hard substincc, and then
see what will he the restilf of compressing it.
By compression we

oblige the parts adjacent

to the top of the angle to bend, or to separate
a little from each other; but the pressure being
removed they again approach as near as they
had done before.

Their a(ihesiofl, from which

the cohesion of bodies results, is clearly an ef
fect

of their mutual attraction.

spring being pressc(I this

Upon

the

adhesion is wit (lee
stroye(L
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although the particles

are

not removed beyond the
separated, they are
sphere oftheir mutual altraction; consequently

the moment the
force

pressure

is taken away

renewed, the separated

is

near, and their spring is restored,

parts

the

draw

But lithe

in that case,
pressure be too violent, they will,
be removed beyond the sphere of their attrac
tion, and the spring will break, because the
compressing force will be greater than that of
cohesion,

or that

of

mutual

attraction,

which the particles are kept together.

by

This

itself iii
proves that elasticity can only exert
proportion to the cohesion of the particles of
matter, that is, in proportion as they are united
attraction ; from
by the force of their mutual
which it results, that elasticity in general,
which alone cn

produce hupulsion, and im

are owing to the force of attrac
pulsion itself,
tion, and are only particular effects which de
one.
pend on that general
Notwithstanding that these ideas appear to
be perfectly clear to me, I do not expect to see
them adopted.
People in general reason only
from their sensations, and natural philosophers
(letermine from their preju(liCCS ;
both

as,thercfore,

these must be set aside, very few will re

main to form a proper judgrnciit;

but such
Is
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is the dignity of Truth, that she is

content

a

few admirers, and is always lost in a

crowd;

she is at all times august and majestic,

with

notwithstanding which

she

is

frequently ob

scured by fantastic opinions, and obliterated by
fanciful chimeras.

I, however, view and un

derstand Nature in this manner, and am almost
induced to believe that she is still more simple;
the phenomena

exhibited

by brute

matter is

caused by aingle force, and from this force,
combined

with that of heat.,

originate those

to, and sup.
living particles which gave rise
port

all,

the various effects of organized bo

dies,

FINIS.
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