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IT was long a matter of furpnze to
- , that a Work fo well .known,
and fo juftly efteemed,. over the whole
European Continent, as EvLER’s Letters
20 a German Princefs, thould never have
made it’s way into our Ifland, in the
language of the Country. While Pe-
terfburg, Berlin, Paris, nay the capital
-of every petty German principality, was
profiting by the ingenious-labours of this -
amiable man, and acute philofopher, the
- name of EvrLEr was a found unknown
to the ear of youth in the Britith me-
‘tropolis. 1 was mortified to refleét that
the {pecious and feductive productions
of a Rouffeau, and . the. i)oifonous effu-
fions of .a Voltaire, fhould bhe in the
hands of fo many ‘young . men,. not to
| 2 fay
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fay young women, to the perverfion of
the underﬁandmg, and _the rcorruption
of the moral prmmpfe, while the fimple
and ufeful inftructions of the virtuous
EULER were hardly mentioned.

I frcquently fuggeﬁed the idea of a
tranflation - to' more than'one literary
friend, in whofe -ability for the tafk I
could place greater confidence than in
my 6wn : but not finding it undertaken,
1 determined, at length, to- attempt it
myfelf, with the ability which I had;
and, in dbing this, I confidered myfelf
as rendering a meritorious fervice to my
country. ‘

As foon as Providence had beflowed
on me the blefling of children, I felt it
to be my duty to charge myfelf with
their inftrution. How I have fucceed-
‘ed it becomes not me to fay : but every
day I live, the importance of early and
' proper
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proper culture is more deeply imprefled
on my mind. There feems to be flilla
defideratum towards completing the plan
. of an ufeful education—fomething that
fhall fuggeft to the opening mind, fuit-
able fubje@s of thought, and affift it in
purfuing a fimple train of refleCtion—
fomething that fhall convey knowledge
in the guife of amufement; that fhall
not be impofed as a tafk, but conferred

- as a favour.

- The fubjedts of thefe Letters, and the
‘Author’s method of treating them, feem
to me much adapted to this purpofe.
With the affiftance of a very moderate
apparatus, they might conduét youth of
both fexes, with equal delight and emo-
lument, to a very competent knowledge
of natural philofophy: very little pre-
vious elementary knowledge is necef-
fary to a profitable perufal of them, and
that little may be very eafily acquired.
A con-
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A confiderable part of our common
fchool edycation, it is well known, con-
fifts of the ftudy of the elegant and
amufing poetical fiCtions of Antiquity,
‘Without meaning to decry this, may I
not be permitted to hint, that it might
be: of importance frequently. to recall
young minds from an ideal world, and
1t’s deal inhabitants, to the real world,
of which they are a part, and of which
it is a fhame to be ignorant.. Let yplif -
pupil, by all means, read the poets ; let
him read Ovid, and, after he has amufed
him{elf with the golden age of old Saturn,
lead him out into the open. firmament
of heaven, and fhew him the veperable
planet of that name, coeval with time,
yet fhining with unimpaired luftre, after
fo many revolutions of ages. Having
adminiftered the antidote that may repel
the poifon, which a difplay of the lewd
intrigues of a fabulous Jupiter or Venus
naturally inftill; Jet him view, through

the
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the tefefcbpé, the two beautiful fiirs fo
called; emitting: their chafte and mmodeft
light to the unpollited eye of fober
reafon.  'Whent he has diverted himfelf
with the transformation of a lady iiitd a
bear, and that ‘beat into a conftelldtion,
point out to hiin the heaveénly. notthern
light, which never changes ‘it’s place,
and, with undeviating fidelity, conduéts
the mariner through the feas of a he-
mifphére. Let him accompany Phaeton
- to the palace of the fun, and fmile at
beholding the adventureus boy mount
the flaming chariot; and then check
his mirth by pointing to the glorious
etb of day, travelling in the greatnefs
of his firength; not dragged round the
earth: by fiery-footed: fteeds, but wheel-
g worlds on--worlds, each in his feveral
orbit, aréund him, with irrefiftible force.

. "Why fhould not the boy be- taught
the ptmc;ple~ on which his kite flies
- 1¥or,. 1. b | ‘What
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‘What more pleafant amufement can he
have than to communicate to the needle
the magnetic virtue, .and to fteer his
courfe through the hazel.grove, by a
compafs of his own conftructing? Why
not teach' him to elicit. the electric
{park; and to aftonith and delight his
fifters with the wonders of the- maglc
lantem ? '

. EvuLEer wrote thefe Letters for thein-
firuction of a young and-fenfible female,
and in the fame view that they were -
written, they are tranflated, namely, the
improvement of the female mind; an
obje& of what importance to the world!.
I rejoice to think I have lived to fee fe-

male education conducted on a more

liberal and enlarged plan. 1 am old

enough to remember -the time when
well-born young women, even of the

north, could fpell their own -language
but very mdl.fferentl\ , and. ,fomq hard,ly-
. 6. . -xead
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read it with eomifion detemty; when
the young lady’s hand-writing prefented
a medley of outlandifh charaéters; and
when a column of pounds, {hillings and’
pence. prefenited'a labyrinth’ as inextri-

~ cable as the extraion of the cube root.
While the boys of the family weré con-:
verfing with Virgil, perhaps with old
Homer himfelf, the poer girls were con-~
demned to crofs-ftitch, on a piece of
gauze-canvafs, and te record their own
age at the bottom of a fampler..

‘They are now treated as rational be-
ings, and fociety is already the better
for it. And wherefore thould the terms:

 female and. philofophy feem 2 ridiculous
combination ?# - Wherefore preclude to
a woman any fource of knowledge to-
which her eapaeity, and conditien in
life, -entitle- her to apply? It is cruel
and ungenerous to expofe the frivolity
of the fex, after redycing it to the ne-~
ceflity of being filly and frivolous. Cul-
oL b2 tivate
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tivate a.young ‘woman’s. underftanding,

and her perfon will become, even to ner-:?i

felf, only a feconda.ry com,f:m, st “her

time be filled -up_in-{he -acquifition of
g%tamablg and ufeful knowledge, and,
gl then ﬂxe will ceafe’ to. be.a burden to.
berfelf and to every body about her;
make her a&:quainted with the world of
ature, and the world Qf art will deluuc ’
jjer no 1enger R
— ~The time, I truﬁ is at hand;. when
:he Letters . of BuLer, or fome fuch,

ook, .will be daily on, the. breakfafting
t'%ble, in “the parlour of every female
a/ «ademy i the kmgdom ‘and ‘whena—
= oung woman, while learning the ufeful
~arts of paftry and plain-work, may like- |
wife be. acquainting herfelf with. the

-~ phafes of the :mgon, and the flux and .
reflyx of the tldes A;ld lam. perfyaded;
he may. thram on the. guitar, or touch
the jfe -s of the harpfichord, much more.
greea 5 } y. both. tq herfelf and others, by

. fludying
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fradying 4 litte the theotyof found. 1
‘have - put the ‘nieans ofthis i her
spower; ‘it will be ‘at once her fault and

her foliy if the négie& it. e

* Ty L
Ia t?anﬂatmg thb Work; I have’ fGl-
‘lqwed the laft Paris Editioh, given by
Meflis. "de Condoreetr & de'la Croix, in
1%8%, for the purpofe of mtroducmg the
wufeful hotes of théfe gentlemen; but 1
have taken thé liberty to reftore, from
the original edition, that of Mietan and
Leipfic, in 1770, feveral paffages which
tie Frénch Editor had thought proper
to fupprefs. To fome notes of my own
"1 have added feveral others, furnithed by
o' ingenious friends, whofe names I
‘ami ot at liberty to publith. The courfe
‘of thirty-fonr years of a {cientific age,
muft Kave fupplied abundarice of new
fa%s and experiments, by which the
philofophy of éven a EuLER may: be cor-
re&ed and impfeved. The tranflated
. b3 notes
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notes of the Paris Edition, I have, for
the fake of diftin&ion,-marked with the
charadters F. E. and the original notes
of this Edition, with the initials E. E.
And I think it my duty, in this place,
to vindicate to our ingenious country-
man, Mr. Dollond, the optician, the dif-
covery of achromatic glafles for tele-
{copes, mentioned in the letters on di-
optrics ; for that gentleman is, in truth,
the Author of this valuable improve-
" ment, '

I have had the illuftrative plates en-
graved in a better ftyle and manner than
French artifts generally employ.on ma-
thematical figyres: and to do credit to
myfelf, not to fay EvLER, he appears in
his Englifh drefs with every advantage
which the. ftationer and printer could
beftow. At the fame time, in order to
keep down the price as much as pof-
fible, inftead of dividing the Work into

"~ Three
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Fhree Volumes, b5 in all the forengn
editmns, ¥ have ! réduced mine to Two
ad tHe chvﬂion 18" atltogcther xncﬁfferent
to the fubje&s """ S
It belng generally acceptable to the
Reader' to know férhething about ‘the
man'with whom -he’ is’ COnverﬁng as af
author’s 1o gratxfy this ‘cdriofity, 1 have
likewife given a tranflation of the Els-
gium of ‘BureR, rédd before the Aca-
demy of Sc1ences, and prefixed to M. de
Condorcet's edition, becaufe. it - -contains
fome intereﬁmg traits of the charater
and events of the life of this diftinguifh-
ed perfonage But what is the lif¢ of
a llterary or fcientific man, and where
are we to find the hiftory of it? In his
works Newron'and EvrEr are their
own bcﬁ biographers; and -the library
of every fcholar in Europe exhibits a
never-dying reprefentation of what they
were, and what they atchieved. We'
bgs have
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have hardly a trace of Wren's perfanal
and domeflic habits; .hut every figne
of St. Stephen’s Walbrook, and. of St,.
Paul’s, is infcribed with his name, and
tran{mits a memoir of the Architec,

~ The frequent, tirefome, courtly ad-
drefs of Your HicuNESs, except at the
firft fetting out, I have entirely omitted;
out of no difrefpe tq Princes, buf be-
caufe it feemed to me a mere unpecef~
fary wafte of words, which anly encum-
ber and disfigure a work of fcience. "The
Princefs and her infirutar are bath gone
. to that awful world, in which. the diftinc»
tions of the prefent, thofe of virtue ex- -
cep.te.d, are for_' ever obliteratéd,,« :

As every .book ﬂxou,ld be as completg ‘
in itfelf as poffible, and this being def,
tined to the ufe of the unlearned, | have
fubjoined a gloflary of the foreign and
fcleptxﬁc werds which eccur in the courfe

of
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of thefe Letters.. Some will, perhaps,
think I may have {welled this beyond
the neceflary fize, and given an expla-
nation.of many terms already fufficient-
ly underflood. If this be an error, it is
on the fafe fide. I would rather infert
‘twenty words of this defcription, than
omit one with which an ordinary reader
might be unacquainted, and his progrefs
thereby retarded. And I well know,
that there is often a vague and obfcure
idea of words floating in the brain,
which a fhort defcription or an example
would inftantly render precife and dif-
tin&: and many young perfons would,
without hefitation, confult a glofiary,
who might be afraid, or athamed, or,

perhaps, too proud, to ask a queftion.

H. H,

Hoxtgn, 1802,
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ADVERTISEMENT.

BY THE FRENCH EDITOR.

HE Letters of EULER to a German Princefs
have acquired, over all Europe, a celebrity,
.to which the reputation of the Author, the choice
-and importance of the feveral fubjeéts,.and the
-clearnefs of elucidation, juftly entitle them. . They
" have defervedly been confidered as a treafury of
fcience, adapted to the purpofes of every com-
:mon feminary of learning. They may be ftudied ..
to advantage without much previous elementary
knowledge ; they convey accurate ideas refpect-
ing a variety of objeds, highly interefting in
themfelves, or calculated to excite a laudable
curiofity ; they infpire a proper tafte for the
fciences, and for that found philofophy which,
fupported by fcience, and never lofing fight of
her cautious, 'fteady, methodical advances, runs
no rifk of perplexing, or mifleading the attentive
ftudent. - .
The only cenfure that can be pafled on thefe
Letters is, now and then, a digreflive detail,
fomewhat
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fomewhat too tedious, on queftions rather foreign
to the fciences, and confiderable inaccuracy in
point of ftyle. Without failing in -the refpe&
due to EuLER, I thought myfelf at liberty to
omit fome paflages altogether, and to corre& the
ftyle of others. Few Readers, furely, will be fo
faftidious as to refufe the admiration attached to
the name of this illuftrious man, for the fake of
fome . flight blemifhes, in a work of fuch cori-
fiderable lengih. . A genius, like his, which has
- fignahized 1tfclf by 0 many important difcoveries,
can fuffer no diniinution of greatnefs, from his
not having written a foreign language with claf-
‘fical punity. A man'whofe tranfcendant powers
‘have aftonifhed and confoundod éven thofe whorn
‘habits of profound refle¢tion muft have rendered
hard to pleafe, refpecting prodigies of .this fort,
1s not lefs worthy of veneration, that he did not
apply the whole force of his mind to every obje@
which prefented. itfelf. - It is of the laft indif-
ference to his glory, whether thefe fmall fpecks
are effaced, or fuffered. to remain..

But. the cafc is widely different as to the per-
fons for .whofe ‘ufe the “perufal of this work is
pasticularly . defigned. It is of impottance for
young people, whether of France, or of any other
country, to defer reading till they thoroughly
underftand the language of beoks, in which the
~ rules
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rules of that language may be frequently vio-
lated. And the youth of the French nation
muft be cantioned againft tuming_into ridicule
a few uncouth expreffions which, in the hurmry
of compofition, may have dropped from. the pen
of a man of genius. Refped for. every’ thing
which merits this appeliation is one of the fenti-
ments which education ought moft powerfully:
to inculcate, as it is one of the moft infallible
prefervatives againft prejudice of every kind,
againft the illufions.of - vanity and felf-love, nay,
againft the paflions which degrivc us of the force,
neceffary to our approximation toward thefe ob-
je&s of univerfal admiration. A
* As to other retrenchments, they affed, almoﬁ:
all of them, refle@ions which relate lefs to the:
- {ciences and philofophy, than to theology, and
frequently even to the peculiar do&rines of that
ecclefiaftical communion in-which EvLEr lived.
It i3 unneceflary to aflign a reafon for omiffions:
of this defcrnption.

I have prefixed to this edmon the Elogxum of
.EULER,, read: before the. Academy of Stiences,.
amitting anly fome. {cientific details, which might. -
have appeared tedious to certain Readers.

- As the. I..cytgrs of EvLER contain nothmg, qn:
fevesal. queftions,. capable: of -interefting..the ge-.
m:rahty of,miankind, Lhave madg;fome additions, .

o but

Q
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" ELOGIUM OF EULER.
—Q-eo—)(wa-——-

Y EONARD EULER, Prefident of the Mathemas
A4 tical School, in the Academy of Peterfburg, and
previouily in that of Berlin; Fellow of the Royal
Society in London ; and of the Academies of Turin,
Lifbon and Bilej Foreign Affociate of that of the
Sciences, was born at Bile, April the 15th, 1707,
being the fon of Paul Euler and Margaret Brucker.

His father who, in 1708, undertook the paftoral
charge of the village of Riechen, in the vicinity of
Bile, was his firft inftruftor; and he enjoyed be-
times the pleafure of contemplating the progrefs of
his fon’s expanding faculties, and dawning glory, a
cordial fo reviving to the heart of a parent, advance
under his ‘own eye, and gather firength from his own
affiduities. )

He had ftudied ‘mathematics under Yames Ber-
nouilli. It is well known, that this celebrated fcholar
united t6 a great genius for the {ciences, a profound
philofophy, which is not always.the companion of
this genius, but which ferves to give it a wider range,
and to render it’s exertions more ufeful. In teach-
ing, he endeavoured to imprefs on his pupils, that
geometry is not a detached {cience, but exhibited it
to them as, at once, the bafis and the key-ftone of

Vor. L c all
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all human knowledge; as the fcience in which the
progrefs of thc mind may be the moft diftin&ly ob--
ferved ; the fcience, the cultivation of which exer-
cifes our ficulties to the greateft advantage, as giving
to the underftanding, at one and the fame time,
firength and accuracy ; finally, as a ftudy equally va-
luable, from the number and the variety of it’s ap-
plications, and from it’s tendency to inure the ftu-
dent to a method of reafoning, which may, after-
wards, be fuccefsfully employed, in the inveftigation:
of every fpecics of truth, and as a guide in the con-
duét of life.

Paul Euler, who had fully imbibed the principles
o}; his matfter, inftruted his fon in the elements of
mathematics, though he had deftined him, ultimately,
to the ftudy of theology ; and fuch was young Ev-
LER’s early proficiency, that on being fent to the
univerfity of Bile, he was deemed not unworthy of
the attention and particular inftru&ions of ¥obn Ber-
nouilli.  Such was his application, and fuch his happy
difpofitions, as quickly to fecure to him the friend-
thip of Daniel and Nicolas Bernouilli, the pupils; and,
by this time, the rivals of their father. Nay, he had
the felicity of getting into the good graces of the fe-
vere Fohn Bernouilli him{elf, who carried his conde-
{cenfion fo far as to give him a private leflon, once
a week, in the view of removing any difficulties which - .
might occur in the courfe of reading and ftudy.
EuLrer employed the other days of the week in fuch
a manner as wouid enable him to make the moft of
this diftingnifhed mark of favour,

This
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_ This excellent method of profecuting his ftu-
dies, prefetved opening genius from exhaufting it’y
ftrength, in combating infuperable difficulties, and
from wandering in unknown mazes, which it might
attempt to unravel : it diré&ted and feconded his own
" exertions ; but, at the fame time, laid him under the
neceflity of calling forth all his powers, which, ac:
cordingly, received torftant increafe from an exer-
~ tife proportioned to his age, and to the progrefs in
knowledge which he had already made.

But of this fingular advantage he was foon de:
prived ; for fcarcely had he attained the degree of
Mafter of Arts, when his father, who intended him
for his own fucceflot, enjoined him to exchange the
ftudy of mathematics for that of theology. Happily;
the effeét of this a& of authority was of thort dura:
tion. It proved no difficult matter to perfaade the
father, that his fon was deftined to fupply, to the
learned world, the place of Fobn Bernouilli, and not
to fink into the obfcure parfon of Riechen.

An eflay, compofed by Eurer in his nineteenth
year, oh the mafting of fhips, a fubjet propofed by
the Academy of Sciences, procured him, in 1727, an
addition to his academical honours, fo much the
more refpettable, that the youthful native of the
Alps could have derived no affiftance from practical
knowledge; and that he yielded the palm to Mr. Bou-
guer alone, an able geometrician, then at the zenith of
his reputation, and, for ten years before, profeflor of
hydrography in a maritime city.

Ab@t the fame period, EvLEr ftood candldate
“ c2 for
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for a vacant chair in the univerfit§ of Bale: but it
is fate, or chance, that fettles the difpute between.
competitors for offices of this fort, and, on this oc-
cafion, it was unfavourable, I do not fay to EuLkr,
but to his country, which, a few days afterward,
loft him for ever.

Two years before this, Daniel and Nicolas Berneuilli
had been invited to Ruffia. EuLkr felt the fincereft
regret at parting with the friends of his youth, and
engaged them to promife their utmotft exertions to
procure him a fimilar invitation, which he was eager
to participate. This needs to excite no furprize.
The fplendor of the capital of a vaft empire, the glare
diffufing itfelf over the purfuits of which it is the
theatre, and over the very perfons of it’s inhabitants,
feems to confer a glory on them, capable of eafily fe-
ducing a youthful imagination, and of dazzling the
free, but poor and obfcure, citizen of a petty re-
public.

The brothers, Bernouilli, were confcientioufly faith.-
ful to their promife, and exerted themfelves as fire-
nuoufly, to bring forward a competitor fo formi-
dable, as ordinary men would have done to keep a
rival out of fight.

EuLEr’s journey to Rufliz commenced under
aufpices the moft melancholy and difcouraging. It
was not long before he reccived intelligence; that
Nicolas Bernouilli had fallen a vitim to the feverity
of the climate ; and the very day he fet foot on Ruf-
fian ground, Catharine I. paid the debt of nature.

ent, at firft, feemed to threaten the apgroach-

ing
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ing diflolution of the Academy, whofe ¢ftablithment
that Princefs had juft completed, in compliance with
the will of the deceafed Czar, her hufband.

EuLER, at a prodigious diftance from his native
country, deftitute of the advantage which Daniel
Bernouilli poflefled, that of an illuftrious and refpected
name, to prepare his way, formed the refolution of
entering into the Ruffian marjne fervice. Onc of the
admirals of Peter 1. had already promifed to procure
him a fituation; when, happily for geometry, the
ﬂorm, which lowered over the fciences, fpent itfelf,
Daniel Bernouilli retired to his own country : EULER
was declared Profeflor of Geometry, and fucceflor
to his illuftrious friend, in 1733. The fame year he
married a young lady of the name of G/¢//, a compa-
triot of his own, the daughter of a painter, whom
Peter 1. had brought with him to Ruffia, on return-
ing from his firft voyage..

From this time forward, to ufe Bacon’s expreﬂ’xon,
FuLer felt that he had given hoftages to fortune:
and that the country, in which he could hopeto form
an eftablithment for his family, was neceffarily tranf-
formed into his native country. Born and educated
in the bofom of a nation, all whofe governments
prefervc, at leaft, the appearance and the language of
. a republican conftitution; in which, notwithftand-
ing diftinctions more real, than thofe which feparate
between the higheft flave of a defpot and the loweft
of his fubjects, the forms of equality have always been
fcrupuloufly obferved ; in which the refpet due to
- the laws extends to ufages the moft indifferent, pro-
c3 vided
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L4

and humane. At that period he wen‘t from Peterf-
burg to Berlin, on the earneft folicitation of the
King of Pruffia. He was prefented to the Queen-
mother. This Princefs took great pleafure in the
converfation of enlightened men : fhe received them

~with - that noble familiarity which announces, in
Princes, the fentiment of a perfonal greatnefs, inde-
pendent of rank and title, and which has become one
of the characteriftic marks of that auguft family,
The Queen of Pruflia, however, could extra& from
EuLer monofyllables only : fhe taxed him with a ti-

“midity and referve, which the cordiality of his re-
ception could not poflibly have infpired : Why, then,
will you not talk 1o me, faid the Queen ? Becaufe Ma-
dam, replied he, I have juft come from a country, where
people are hanged, if they talk.

Feeling myfelf now called upon to give fome ac-
count of EuLer’s immenfe {cientific labours, I {hrink
from the impoffibility of following him in detail, of
conveying any thing like an accurate idea of that
multiplicity of difcoveries, of new methods of invef-
tigation, of ingenious views, diffufed over more than
thirty feparate publications, and over near feven hun-
dred memoirs, of which about two hundred, depo-
fited in the Academy of Peterfburg previous to his

_death, are deftined to enrich, in their order, the fu-
ture colle&ions.publithed by that learned body.

. But a particular character feems, to me, to diftin-
guith EvLer from the other illufirious men who, in
purfuing the fame career, have attained a glory which

.his has not eclipfed; that charader is, his having
c4 embraced
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embraced the mathematical {ciences in their univer.
fality ; his having brought to perfection, one after
another, the different parts; and, enriching the
whole by important difcoveries, his having produced
a very beneficial revolution in the manner of treat-
ing them. I imagined, therefore, that in fketching
a methodical reprefentation of the different branches
of thefe {ciences, in pointing out the progrefs of each,
and the happy improvements to be afcribed to the
genius of EuLER, I thould give, at leaft as far as my
ability permits, a jufter idea of this wonderful man,
who, by uniting fo many extraordinary talents, has
prefented 2 phenomenon, if the exprefion may be
allowed, of which the hiftory of fcience has hitherto
furnifhed no example. '

Algebra had long been a {cience of very limited
ufe and application. The mode of confidering the
idea of magnitude, only in the higheft degree of ab-
firaétion of which the human mind is fufceptible ;
it’s rigorouily feparating from that idea every thing
which, by employing imagination, might give fup-
port, or rcpofe, to the underftanding ; finally, the
extreme generality of the figns which this fcience
makes ufe of, render it in fome meafure too foreign
to our nature, too remote from ordinary conception,

* to admit of the mind’s takmg extraordinary pleafure
in it, and of eafily acquiring a habit of tracing it’s
operations.  The algebraic method is apt to difcou-
rage even perfons the moft difpofed to abftrad fpe-
culation. If the objec of purfuit be ever fo little
"mohcatcd we are forced to lofe fight of it entirely,

and



ELOGIUM OF EULER, xli

and to confine our whole attention to dry algebraic
charalters; the road is fafe and fure, but the point
which is aimed at, and that from whence we took
our departure; equally vanifh from the eye of the
geometrician; and it required no flight degree of
courage, to venture out of fight of land, without
any other pilot than a recently difcovered {cience.
Accordingly, on examining the works of the great
geometricians of the laft age, even of thofe to whom
algebra is indebted for the moft important difco-
veries, we fhall fee how little they were accuftomed
to handle this very weapon, which has been brought
to fuch a ftate of perfeftion ; and it is impoffible to
refufe to EuLer the praife of having effeted a re-
volution, which renders algebraic analyfis a mode of
calculation luminous, univerfal, of general applica-
tion and of eafy acquifition.

Thus, at cerfain epochs, when after ftrenuous ex-
ertions the mgathematical {ciences feemed to have
exhaufted all the refources of . genius, and to have
reached the ne plus ultra of their career ; all at once
a new method of calculation is introduced, and the
face of the fcience is totally changed. We find it

.immediately, and with inconceivable rapidity, en-
riching the fphere of knowledge, by a folution of an
incredible number of important problems, which
geometricians had not dared to attempt, intimidated
by the difficulty, not to fay the phyfical impoffibility,
of purfuing calculation to a real iffue. Juftice would,
perhaps, demand, in favour of the man who invented .

‘ and
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ourfelves to fome detached parts, in preference; in
proportion as fucceffive difcoveries multiply, the re-
fations which unite the parts gradually appear ; and
to the illumination refulting from this union, we are
moft frequently indebted for the great difcoveries,
which form an era in the hiftory of the human mind.

I thall conclude this brief reprefentation of EuLER’s
labours, on pure analyfis, with obferving, that it
would be injuft to limit it's influence on the progrefs
of mathematics, to the innumerable difcoveries with
which his works abound. The communications
which he has opened between all the parts of a fcience
fo extenfive ; thofe general views which fometimes
he does not' fo much as indicate, byt which cannot
efcape an attentive obferver; the paths, whofe en-
trance he has fatisfied himfelf with clearing by re-
moving the firft obftacles which oppofed ; thefe are
fo many more benefits conferred on the fp]iere of
fcience, and of which pofterity will undoubtedly
avail itfelf, while perhaps the hand which beftowed
them may be forgotten.

The treatife on mechanics, which EurLer gave to
the world in 1736, is the firft great work in which
analyfis has been applied to the fcience of motion. -
The number of things, entirely new, or exhibited in
a new light, which this book contains, would have
aftonithed geometricians, had not EuLer already
publithed, feparately, the greateft part of it.

" In his endlefs labours on the fame {cience, he was
ever faithful to analyfis, and the happy ufe he made
. of



ELOGIUM OF EVLER. : xlv

He tréated, in all it’s extent, the naval {cience ; in
an elaborate work, to which an intelligent analyfis
ferves as bafis, and in which queftions of the greateft
difficulty are fubjeted to this general and fertile
method, which he underftood fo well to create and
to employ. He publithed, many years afterward, on
the fame fubje&, an elementary abridgment of this
treatife, containing, under the fimpleft form, every
thing ufeful in practice, and neceflary to be known
by perfons who devote themfelves to the marine fer-
vice. This work, though defigned by the Author
merely for the fchools of the Ruffian empire, pro-
cured for him a liberal gratification from the King
of France, who judged, that labours beneficial to
- mankind demanded the grateful acknowledgments
of all Sovereigns, and who wifhed to demonftrate to
Europe, from one extremity to another, that talents
fo rare could neither be overlooked, nor remain un-
rewarded. EuLEr was abundantly fenfible of the ’
value of this mark of refpe@t from a great Princé;
and it derived an additional charm, in his eyes, from
the hand through which it was tranfmitted, that of
Mr. Turgot, a minifter univerfally refpected for his
talents and for his virtues ; a man formed for com-
manding opinion, rather than following it, and
whofe fuffrage, ever ditated by truth, and ncver by
the defire of atirac’ﬁng to himfelf the applaufe of the
public, might be an acceptable piece of flattery, even
to a wife man, too much accuftomed to glory to be
fijll awake to the voice of fame.

In
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In men of a fuperior genius, cxtreme fimplicity of -
chara&ter may eafily confit with thofec qualitics of
mind, which moft forcibly announce ability and de-
licacy of fecling. EuLeRr, accordingly, notwithftand-
ing that fimplicity which never forfook him, knew,
however, to diftinguifh with a fagacity, always in-
dulgent it is true, the homage of enlightened admi-
ration from that which vanity lavithes on great men;
to fecure to itfelf at leaft the merit of enthufiafm.

His dioptrical refearches are founded on an ana-
lyfis lefs profound, and we are tempted to give him
credit for it, as being a kind of facrifice. The dif-
ferent rays of which a folar ray is formed, fubfift in
the fame medium of different refractions ; feparated
thus from adjacent rays, they appear fingle, or lefs
blended, and give the fenfation of the colour proper
to them. This refrangibility varies in different me-
diums for every ray, and in conformity to a law
which is not the fame with that of the mean refrac:
tion in thefe mediums. This obfervation fuggefted
a belief, that two unequal prifms, and of different
fubflances, combined, might divert a ray from it’s
dire&ion, without decompounding it, or rather by
replacing the elementary rays, by refraftion, in a pa:
rallel dire&tion. On the truth of this conjeGure
might depend, in telefcopes, the deftrution of the
iris, which colours objeéts viewed through lenticular
glaffes. Eurer was convinced of the poffibility of
fuccefs, conformably to this mgtaphyfical idea; that,

Ye eye is compofed of different humours, it is only in
the
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the view of deftroying the effect of the aberration of re-
Jfrangibility. ‘The only thing requifite, therefore, was
an attempt to imitate the operation of nature, and
he propofed the means of execution according to 2
theory which he had formed. His firft effays in-
duced naturalifts to attend to an objeét which they
feemed to have negle@ted. Their experiments did
not correfpond to EuLer’s theory, but they con-
firmed the views he entertained refpecting the per.
feGion of telefcopes. And, inftructed by thefe, in
the laws of difperfion, in different mediuins, he
abandoned his firft ideas, fubjected to calculation the
refult of their experiments, and enriched dioptrics
with analytical formules, fimple, commodieus, ge-
neral, and applicable to inftruments of every poffible
conftruétion. . :

We have, befides, fome eflays of EuLER, on the
general theory of light, the phenomena of which he
endeavoured to reconcile with the laws of the ofcil-
lations of a fluid; becaufe the hypothefis of the
emiffion of raysin a ftraight line, appeared to him
to prefent infurmountable difficulties. The theory
of the loadftone, that of the propagation of fire,
the laws of the cohefion of bodies, and thofe of
friction, furnithed him, likewife, with fubjeéts of
ingenious calculations, but, nnfortunately, fupported
by hypothefis, rather than by experiment.

" The calculation of probabilities and political arith-
ametic were farther objefts of his indcfatigable ap-
plication. I fhall here only mention his refcarches

on
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on bills of mortality, and the means of deducing
them from phenomena with greater exatnefs; his
method of ftriking a2 medium from the obfervations
made ; his calculations refpecting the eftablifhment
of a reverfionary fund, in the view of fecuring to
widows, or orphans, either a fixed fum, or an annual
revenue, payable after the death of a hufband or
father ; an ingenious and humane method, devifed
by philefophic geometricians to counterbalance the
moral evil refulting from the fcttlement of life-an<
nuities, and to convert, to the relief of families, the
fmalleft favings from the principal’s daily earnings;
or from the revenue of a commiffion, a place or a
penfion.

'We have feen in the elogium of Daniel Berneuilli,
that he had divided with EuLER alone the glory of
baving carried off thirteen prizes, propofed by the
Academy of Sciences: They often contended for the
fame object, and occupied the fame ground : and the
bonour of triumph over a competitor was likewife
divided between them ; but this rivalfhip never en-

woached on the expreflions of reciprocal efteem,

r cooled the ardor of mutual friendfhip. On ex-

ining the fubjeds for which the one or the other

tained the vicory, we find that fuccefs depended
incipally on the chara&ter of talent peculiar to
cach. When the queftion required addrefs in the
manner of taking it up, a dexterous apphcatlon of
upmm:nt or néw and ingenious phyﬁcal views,
“rnowilli had the advantage: but did it pre.

fent
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fent difficulties, which profound and accurate calcu-
lation could refolve ; was it neceflary to create a
new method of analyfis, vitory declared for EuLkr.
Were any one fo prefumptuous as pretend to judge
between them, he would find that he had to pro-
nounce, not between two men, but between minds
of a different genius, between two methods of. em.
ploying genius. .

I thould have conveyed but a very imperfect idea
of EuLer’s fertility of invention, unlefs I added to
this faint fketch of his labours, that there are very
few fubjects of importance, once treated by him,
that he did not retrace; nay, fo far as to recompofe
his firft work feveral times over. Sometimes he
fubftituted a direct and analytical method, in place
of one more indired: fometimes he extended his
firft folution to cafes which had at firft efcaped him;
adding almoft always new examples, which he knew
how to fele& with fingular {kill among thofe which
prefented, or fome ufeful obfervation, or curious re.
mark. .

The intention merely of giving to one of his pro-
ductions a form more methodical, of rendering it
fomewhat more luminous, of beftowing on it a higher
degree of fimplicity was to him motive fufficient
for engaging in labours incredible. Never did geo-
metrician write fo much, and no one ever carried
his works to fuch a height of perfection. When he
publifhed 2 memoir on a new fubjec, he fimply ex-
plained the track which he purfued; he pointed out

Yor. L, d to
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to his pupils it’s intricacies and aberrations, and haw.
ing, with fcrupulous exaétnefs, made them accom.
pany the progrefs of his own mind, in his firft effays,
he fhewed them afterwards how he had been en.
abled ‘to trace a fimpler path. It is evident, that he
preferred the inftruction of his difciples to the filly
- fatisfaction of dazzling them by his own fuperiority ;
and that he did not believe he had done enough for
fcience, unlefs he added, to the new truths with
which he was enriching it, a candid expofition of the
ideas which led to difcovery.

On reading the life of a great man, whether it be
a convi@tion of the imperfection attached to frail hu-
manity ; whether it be, that the juftice of which we
are capable, does not rife fo high as to induce us to
acknowledge a fuperiority for which nothing can be
an adéquate compenfation ; or, finally, whether it
be, that the idea of perfeétion in another mortifies
or humbles us {til more than that of his greatnefs,
but fome how or another it feems neceflary for us
to find out fome weak part ; we hunt after the dif-
covery of a defe& in him, which may reconcile us to
ourfelves ; and we are involuntarily difpofed to call
in queftion the impartiality of the Biographer, unlefs
he points out the weak part, unlefs he withdraws the
impertinent veil which conceals the defect.

EurLer fometimes appeared to be taken up with
the mere pleéfure of calculation, and to confider the
point of mechanics, or phyfics, which he was examin-
ing, only as an occafion of exercifing his genius, and

: ' N ' of



ELOGIUM OF EULER. i

“of following the bent of his reigning paffion. Some
of the learned have accordingly accufed him of la.
vithing his talent. for calculition on phyfical hypo-
thefes, or even on metaphyfical principles, of which
he had not fufficiently examined either the probabi.
lity or the-folidity. He has likewife been accufed
of depending too much on the refources of calcula-
tion, and of having negle@ted thofe with which he
might have been fupplied, by the examination of the

_very queftions which he propofed to refolve. '

- We muft admit, that the firlt of thefe charges is
not altogether deftitute of foundation. In EvLew,
undoubtedly, the metaphyfician, or even the natu
ralift was not fo great as the geometrician ; and we
are conftrained to regret, that in many parts of his

- works, thofe, for inftance, which he campofed on

the naval fcience, on artillery, have been of little

ufe, except to the progrefs of the fcience of calcula--

" tion.

. But the fecond charge appears by no means fo

well founded. We obferve uniformly, through all
the works of EULER, an unremitting effort to add

to the riches of analyfis, to extend, and to multiply
the applications of it : at the fame time that it appears
to be his only infirument, we fee clearly that it is
his with to make it univerfally fo. The natural pro-
grefs of the mathematical fciences mutft have, in time,

brought about this revolution; but he faw it, if I

may fay fo, completed under his own eye: to his
genius we arc indebted for it ; and it has been the

d2 reward
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sewzrd of all his exertions and diicoveries. Accord.
irgly, cren when he appears to be mifapplying ana-
Jyfin, wnd exhaufting all it’s fecret ftores in refolving
a queftion, of which a few reflecticzs, foreign to cal.
culation, would have given him an eafy and fimple
folution, he was frequently only aiming at a2 demon.
firation of the power and refources of his art; and
he merits forgivencfs at leaft, if fometimes, while he
feemed taken up with another {cience, it was ftill to
the progrefs and propagation of analyfis that his
attention was devoted; and the revolution which
this has effe@ted in the world of fcience, is one of his
firft claims on the gratitude of mankind, and the
faireft title to glory.

I thought myfelf obliged not to interrupt the de-
tail of Iuler’s {cientific purfuits, by a recital of the
tew and fimple events of his lifc.

He fettled at Berlin in 1741, and remained there
till 1766. '

The Princefs & Anbalt Dcffau, niece to Frederick II.
King of Pruflia, was defirous of receiving from him
fome leflons in natural philofophy. Thefe leflons
have been publifhed, undler the title of LETTERS To

GERMAN PRINCESS, 3 work inéftimable for the

larly clear light in which he has difplayed the
Rk important truths of mechanics, of phyfical-aitro-
my, of optics, and of the theory of found; and

* the ingenious views, lefs philofophical but iore

)¢, than thofe which have made Fontencll:’s Plu-

ity ot Worlds outlive the Syftem of Vortices.

The
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The name of EuLER, fo great in the fphere of
fcience; the refpe@ful idea attached to his works,
empldyed in unfolding all that is intricate and ab-’
ftract in analyfis, diffufe a fingular charm over thefe
letters, fo fimple, and fo eafy. Thofe who have not
ftudied mathematics, aftonithed, perhaps flattered, at
being able to underftand 2 work of EuLzr, will feel
grateful to him for having defcended to their level 3
and thefe elementary details of the fciences acquire
a fpecied of greatnefs, from their approzimation to
the glory, and the genius, of the 1lluﬁnous man who
traced them.

The King of Pruffia employed Eurer in “calculas
tions refpecting the coinage; on conftruéting the -
aqueduét of Sans-Soucis ; on the formation of feveral
navigable canals. That great Prince had a mind too
enlarged to believe that extraordinary talents, and
profound knowledge, ever could be ufelefs or dan-
gerous gualities ; and the felicity of being able to do
good, an advantage referved by nature for igno-
rance and mechocrlty

In 1750, EuLEr made a Journey to Frankfort, to
receive his mother, then a widow, and to condu&
her to Berlin. He had the happinefs to preferve her
til 1761. For eleven years, then, the enjoyed the
glory of her highly diftinguithed fon, in the way
that the maternal heart knows how to enjoy, and
was ftill more happy, perhaps, in the tender and af-
fiduous expreflions of filial affeGtion, the value of
which that glory greatly enhanced.

dj During
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During his refidence at Berlin, EULER, united to
Mr. de Maupertuis by the ties of gratitude, thought
himfelf obliged to defend the principle of the leaft ac-
tion, on which the Prefident of the academy of Pruffia
had founded the hope of a reputation fo exalted.
The means which Eurer thought proper to ufe
could hardly have been employed by any other per-
fon but himfelf; it was to refolve, on this principle,
feveral of the principal and moft difficult problems
of mechanics. Thus, in the age of fable, the Gods
vouchfafed to forge, for their favourite warriors, ar-
mour impenetrable by all the blows of their enemies.
It were to have been withed, that Euler’s gratitude
had confined itfelf to a proteétion fo noble, and fo
worthy of himfelf; but it cannot be denied, that
there is an infufion of afperity, rather too ftrong, in
his replies to Kenig ; and with forrow we are con-
firained to recognize a great man, among the enemies
of an unfortunate and perfecuted fcholar. Happily
for EuLER, the whole tenor of his life thelters him
from a more ferious fufpicion. But for that fim-
plicity, that indifference to the voice of fame, which
he uniformly manifefted, it might have been fuf-
pe&ed, that the pleafantries of an illuftrious partifan
of Kenig (pleafantries which Voltaire himfelf has
Juftly configned to oblivion) had fomewhat foured
the temper of the gentle and fage geometrician ; but
if on this occafion he is chargeable with a fault, it
muft be imputed folely to an excefs of gratitude;

nd if once in his life he afted wrong, the motive
leaft is refpe@able.
The
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~ The Ruffian forces having, in 1760, penetrated
into the marches of Brandeburg, plundered a farm
of EuLERr’s, near Charlottenburg: but General 7ot
tleben had not come to make widr on the fciences:
*+Being informed of the lofs which EuLer had fuf-
tained; he haftened to repair i by ordering payment
far beyond the real value of the property, and hav:
ing communicated to the Emprefs Elizabeth, an ac:
count of this involuntary difrefpect, the was pleafed
to.add a gratuity of four thoufand florins to an ina
demnification already more than fufficient. This
aneedote is not fo generally known as it deferves to
be, while we quote, with enthufiaftic admiration;
fimilar actions tranfmitted to us from antiquity. Is
not this difference in the judgments we form, a proof
- of the happy progrefs of the human fpecies, which
certain authors ftill obftinately perfevere in denying,
apparently to thun the imputation of having contri-
buted toit?

The government of Ruffia had never treated Evu.-
LER as a ftranger. Notwithftanding his abfence, part
of his falary was always regularly paid ; and in 1766,
the Enipres having given him an invitation to re-
turn to Peterfburg, he complied.

In 1735, the exertion occafioned by an aftrono-
mical calculation, for which other academicians de-
manded feveral months, but completed by him in a
few days, brought on an indifpofition, which iflued
in the lofs of onc of his eyes. He had reafon to ap-
prehend a total lofs of fight, if he continued to ex-

dg - pule



fvi LLOGIUM CF EULER.

pufe himfclf in a climatc, the influence of which
was unfavourable to his conftitution. The intereft
ot hi» family got the better of this apprehenfion ;
and if we rcfleét that, to EuLer, ftudy was an ex-
clufive paflion, we fhall readily conclude, that few:
examples of paternaf tendernefs have more com-
pletcly demonftrated, that it is the moft powerful,
and the fweeteft of all our affections.

A few years after, he was overtaken by the cala-
mity which he forefaw and dreaded : but happily for
himfelf, and for the fciences, he preferved ftill the
faculty of diftinguifhing large charaéters traced on a
flate with chalk. 1lis fons, his pupils, copied his cal-
culations ; wrote, as he diétated, the reft of his me-
moirs; and if we may form a judgment of thefe
from their number, and frequently from the genius
transfufed through them, it will appear abundantly
credible, that from the abfence ftill more abfolute of
all diftra&tion, and from the new energy which this
conftrained recollection gave to all his faculties, he
gained mor, both as to facility and ‘means of labour,
than he loft by a diminution of fight.

Befides, NuLER, by the nature of his genius and
his habits of life, had even involuntarily laid up for
himftlf extraordinary fupplies. On examining thofe
great analytical formules, fo rare before his time,
but fo frequent in his works, the combination and
difplay of which unite fo much fimplicity and ele-

- gance, whofe very form pleafes the eyve as well as the

", it will be evident, that they are not the re-

fule
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fult of a calcalation traced: on paper, but that, pro
duced entirely in the head, they are the creation of
an imagination equally vigorous and a&ive.

There exift in analyfis, and EuLER greatly muls
tiplied their number, formules of a common and
almoft daily application 5 he had them always prefent
to his mind, knew themn by heart, repeated them in
converfation ; and Mr. &’ 4lembert, when he faw him
at Berlin, was aftonifhed at an effort of memory,
which demeonfirated, that EuLer pofleffled at once
a ftrength and a clearnefs of recolleion almoft in-
credible. At length his facility of calculation by the
head was carried to fuch a degree as would ¢xceed
all belief, had not the hiftory of his labours accuf-
tomed us to prodigies. He has been known, in the
view of exercifing his little grandfon in the extrac.
tion of the {quare and cube roots, to have formed
to himfelf the table of the fix firft powers of all
numbers from 1 to 100, and to have preferved it
exaftly in his memory. Two of his pupils had cal-
culated as far as to the feventeenth term of a conver-
gent feries, abundantly complicated; their refults,
though formed after a written calculation, differed
one unit at the fiftieth figure: they communicated
this difference to their mafter : EuvLer went over the
whole calculation in his head, and kis decifion was
found to be the true one. '

From the time he loft his fight, his chief amufe-
ment was to make artificial magnets, and to give
leflons in the mathematics to onc of his grand-chil-

dren,
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dren, who feemed to have a promifing difpofitiort td
that fcience. , :

He made a point of ftill going occifionally to the
Academy, efpecially if delicate circumftances de-
manded his attendance, or when he deemed his pre:
fence neceflary to the maintenance of liberty. Itis
eafy to conceive how much itis in the power of a
perpetual prefident, appointed by the court, to difs
turb the peace of an Academy, and how much fuch
a feminary has to apprehend from one who, not being
elected from their own number, does not feel hims
felf reftrained even by a fenfe of that fupport which
his reputation needs from the fuffrages of his cok
leagues. How is it poflible for men, employed folely
in calm literary purfuits, and underftanding neo lan.
guage but that of the {ciences, to defend themfelves
in fuch a cafe; efpecially if ftrangers, unconneéted,
far from their country, they derive their whole fup-
port from that government, to which they would ap.
peal for juftice againft an imperious prefident, whom
that very government had placed over them.

But there is a degree of glory, which places a man
beyond the reach of fear: it is, when all Europe
would roufe itfelf to refent a perfonal injury offered
to a great man, that he can without rifk oppofc to
injuftice the authority of his reputation, and elevate,
in fupport of the fciences, a2 voice which will make
jtfelf heard. EULER, gentle, modeft as he was, was
fenfible of his power, and oftener than once made a
very happy ufe of it. .

3 In
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In 1771, the city of Peterfburg fuffered feverely
from a terrible conflagration : the flames had caughs
the houfe of EuLer. One Peter Grimm, a native of
Bile, whofe name well deferves to be tranfmitted to
pofterity, apprized of the danger of his illuftrious
compatriot, now blind and enfeebled, burft through
the midft of the fire, reaches his apartment, places
him on his thoulders, and faves EvLER’s life, at the
hazard of hisown. His library, his furniture was
deftroyed, but the zeal and exertions of Count Origff
-preferved his manufcripts. The attention paid to
this, at the height of a calamity fo dreadful, is the
" moft honourable and flattering homage. which pub-.
lic authority could have offered to {cience. The
houfe of EuLER was one of the Emprefs’s gifts to
him ; a fimilar a& of munificence fpeedily repaired
the lofs. )
- He had by his firft wife thirteen children, eight

of whom died young. His three fons furvived him,
but he had the misfortune to lofe both his daughters,
the laft year of his own life. ~Of thirty-eight grand:
children, twenty-fix were living at the time of his
death. In 1776 he entered a fecond time into the
married ftate, by efpoufing a Mifs G/e//, fifter to his
firlt wife’s father. He had always retained all that
fimplicity of manners, of which his father’s houfe
had fet the example. As long as his fight remained,
he every evening collected, to domeftic devotion, his
grand-children, his domeftics, and fuch of his pupils
as lodged in the houfe; he read to them a portion

' . of
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of Scripture, and fometimes accompanied it with an
expofition.

He was of a very religious turn of mind. He
publithed 2 new demonttration of the exiftence of
God, and of the fpirituality of the foul : this laft
treatife has been admitted as a ftandard book into
feveral colleges of divinity. With fcrupulous exad-
nefs he adhered to the religion of his country, which
is rigid Calvinifm : and it does not appear that, after
the example of moft fcholars of the proteftant per-
fuafion, he ever took the liberty of adopting pecu:
lar ideas, or of forming a fyftem of religion fo¥
himfelf. ‘

His erudition was very extenfive, efpecially in thé
hiftory of mathematics. It is alleged that he had
carried his curiofity fo far as to acquire the know-
ledge of the procefles and rules of aftrology ; and
that he had even made fome applications of them.
However, when in 1740 he was commanded to
calculate the nativity of Prince lvan, he excufed
himfelf, by reprefenting that this was the proper
bufinefs of Mr. Kraaff, in quality of royal aftrono-
mer. Credulity of this fort, which we are afto-
nifhed to find at fo recent a period in the Court of
Ruffia, prevailed, the age before, in all the Courts
of Europe: thofe of -Afia have not yet thaken off
this abfurd yoke, and it muft be acknowledged;
that if we except the common maxims of moras
lity, there is no one truth which can boaft of hav:
ing been fo generally adopted, and through fuch a

fucceflion
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fucceffion of ages, as certain ridiculous or pernicious
errors. ‘

Eurer had fludied almoft every branch of phyfics,
anatomy, chemiftry, botany ; but his fupcnpnty ip
mathematics did not permit him to attach the flighteft
importance to his proficiency in any other branch of
fcience, though it was fuch as might have induced 2
perfon more fufceptible of the flattery of felflove
to afpire to the title of an univerfal fcholar.

The ﬁudy of ancient hteraturc, and of the learned
languages, had formed part of his education : he re-
tained 2 tafte for thefe to the end of life, and never
forgot any thing he had once acquired ; but he had
neither time nor inclination to profecute farther his
attainments in claflic literature. He had not fo
much as read the modern poets, but knew the Eneid
by heart. EuLrer, however, did not lofe fight of
the mathematics, even in reciting the verfes of Virgil.
Every thing concurred to prefent him with this dar-
ling obje& of his thoughts, and we find among his
works, an ingenious memoir on a queftion in me-
chanics, the firft idea of which, he tells us, was fug-
gefted by a line of Virgil.
~ It has been faid that, to men of great talents, the
pleafure of exertion is a reward ftill more gratifying
than glory itfelf : were it neceflary to prove this truth
by examples, that of EvLer would put it beyond a
doubt. )

In his moft profound difcuflions with celebrated
geometricians, he never betrayed the ilighteft fymp-
' - tom
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tom which could excite a fufpicion of his being ac-
tuated by motives of felflove. He difcovered no
cagernefs to aflert his title to the merit of his difco-
veries; and if any thing in his works was claimed
as the difcovery of another, he was at pains to repair
the involuntary offence, even without enquiring too
fcrupuloufly, whether rigid juftice demanded an ab-
folute renunciation. Did any one pretend to have
dete&ted him in error, if the charge was unfounded,
he forgot it ; if juft, he corrected it, without ftop-
ping to obferve that, in many cafes, the merit of
thofe who boafted of having made the detection,
confifted wholly in an eafy application of the me-
thods which he himfelf had taught them, to theories,
the greateft difficulties of which he had before-hand
removed.

Men of middling ability almoft always endeavour
to make themfelves of confequence, by an affected
feverity, proportional to the lofty idea which they
wifh to convey of their underftanding, or of their
genius. Inexorable to all that rifes above them, they
give no quarter even to inferiority ; fo that we are
tempted to fay, a fecret confcioufnefs thews them
the neceflity which they are under of lowering others.
An inftinétive emotion engaged EuLER, on the con-
trary, to celebrate genius the moment that it’s firft
exertions had challenged his attention, and without
waiting till public opinion courted the fanction of
his fuffrage.

He hag been known to employ his time in refolving

problems
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- ‘problems already folved, which was to procure for
‘him, at moft, the inferior praife of greater elegance,
.or exaltnefs of method; and this with the fame
ardor and perfeverance that he could have exerted
in the profecution of a new truth, the difcovery of
which might have brought him an increafe of repue
tation. Befides, had an ardent defire of glory ac-
tually exifted in his breaft, it would have been im-
poffible for him, fuch was the franknefs of  his cha-
ra&er, to conceal it’s emotions. But the glory which
he was {o little folicitous to purfue, fought and found
him out. The fingular fertility of his genius was a
ftriking phenomenon, even to perfons wha were not
in a condition to underftand his works. :

. Though wholly devoted to geometry, his reputa.
tion challenged the attention of men little verfed in
that fcience; and he appeared in the eyes of all
. ‘Europe not only the firlt of geometricians, but 2
great man. It is the cuftom of Ruffia to beftow mi-
litary titles on men wholly unconneéted with the
fervice. This is paying homage to a prejudice which
would reprefent the profeflion of a foldier as the .
only title to nobility, but the pradtice is at the fame
time a diret acknowledgment of it’s- complete fal-
fity. Some of the Literati have even arrived at the
rank of Major-General: EuLer never had, and in-
deed never would have, any diftinétion of this fort ;
but what title in the power of Princes to beftow,
could do honour to the name EuLer? And then,
regard for the prefervation of the natural rights of

' humanity,
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humanity, impofes, in fome meafure, the duty of
fetting the example of a fage indifference to thefe
baubles of human vanity, fo childith and yet fo dan-
gerous. _

Motft of the Princes of the North, to whom he was
perfonally known, gave him marks of their efteem,
or rather of a veneration which they could not
with-hold from the union of a virtue fo fimple with
a genius fo vaft and elevated. When the Prince
Royal of Prufflia travelled to Peterfburg, he did not
wait for a vifit from EvLer, but went firft to his
houfe, and pafled fome hours by the bed-ide of
the venerable old man, holding his hands in his
own, with one of EuLer’s grand.children in his
lap, whom early fymptoms of a genius for geome. -
try had rendered the particular object of paternal
affeGion. ' 4

All the noted mathematicians of the prefent day
are his pupils : there is no one of them who has not
formed himfelf by the ftudy of his works, who has
not received from him the formules, the method
which he employs; who is not direted and fup-
ported by the genius of EuLER in his difcoveries,
This honour- he owes to the revolution efleted in
the mathematical fciences, by fubje&ing all to ana-
Iyfis ; to his indefatigable application, which has en-
abled him to embrace the whole extent of thefe {ci-
ences; tq the order in which he has arranged his
great works ; to the fimplicity, to the elegance, of
his'formules; to the clearnefs of his methods and |

: demonftrations ;
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demonﬁratlons ; and all this greatly enhanced, by
the multiplicity and the choice of his examples. Nei-
ther Newton, nor Defcartes, whofe influence was once
fo powerful, has arrived at this pitch of glory; and
hitherto, EuLER alone, of geometricians, has poflefled
it entirely, and without a rival.

But, as Profeffor, he has formed pupils in a pecu-
Har fenfe his own. Among thefe, we mention his
eldeft fon, whom the Academy of Sciences eletted
to fupply his place, without any apprehenfion that
this honourable fucceflion granted to the name of
EULER, as to that of Bernouilli, could ever become a
dangerous precedent : a fecond fon, now engaged in
the ftudy of medicine, but who, in his youth, ob-
tained from that Academy the prize propofed for
determining the alterations of the mean motion of
the planets; Mr. Lexel/, whofe premature death has
- juit left' a blank in the world of {cience; and, to
mention no more, Mr. Fu/s, the youngeft of his fcho-
lars, and the companion .of his laft labours; who,
fent from Bale to EuLer by Daniel Bernouilli, has,
by his works, done credit to Bernouill’s recommens
dauon, and EuLer’s inftructions, and who, after
having pzud public homage in the Academy of Peterf-
burg, to his illufirious mafter, married. his grand-
daughter

Of fixteen profeflors belongmg to the Academy
of Pcter{burg, eight had been formed by him ; and
all of them, well known from their produéhons, and
decorated with acadexmc honours, value themfelves ‘

Vox.. L € ; on
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on being able to add, to all the reft, that of difciple
to EuLER.

He had retained all his facility of thought, and,
apparently, ail his mental vigour : no decay feemed
to thrcaten the {ciences with the fudden lofs of their
great ornament. On the 7th of September, 1783,
after amufing himfelf with calculating on a flate the
laws of the afcending motion of air-balloons, the
.recent difcovery of which was then making a noife
all over Europe, he dined with Mr. Lexe// and his
family, talked of Ilerfihell’s planet, and of the cal-
culations which determine it’s orbit. A little after
he called his grand-child, and fell a playing with him
as he drank tca, when fuddenlv, the pipe, which he
held in his hand, dropped from it, and he ceafed to
calculate and to breathe.

Such was the end of one of the greateft and moft
extraordinary men ever produced by the hand of
nature : a man whofc genius was equally capable of
the grcateft cfforts, and of the moft unwearied ap-
plication ; who multiplied his produdions far be-
yond what could have been ‘expe@ed from powers
merely human, and was, neverthelefs, original in
every one; whofe head was inceffantly employed,
and his fpirit always tranquil; who, finally, by a de-
ftiny. unfortunately too rare, united, and that de-
fervedly, a felicity hardly ever interrupted, toa glory
which no one ever difputed with him.

His death was confidered as a public lofs, even in
the country “which he mhabncd “The Academy of

2 Pereriberg
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Peterfburg went into deep mourning for him, and
‘voted a marble buft of him, at their own expence,
to be placed in their Aflembly-Hall. An honour
ftill more diftinguithed had already been conferred
on him, by that learned body, in his life-time. In
an allegorical painting, a figure of Geometry is re-
prefented leaning on a tablet, exhibiting mathema-
tical calculations, and the characters infcribed, by
order of the Academy, are the formules of his new
theory of the moon. Thus, a country which, at the
beginning of the prefent century, we confidered as
fcarcely emerged out of barbarifin, is become the
inftructor of the moft enlightened nations of Europe,
in doing honour to the life of great men, and in em-
balming their memory : it is fetting thefe nations an_
example, which fome of them may blufh to refle&,
that they have had the virtue neither to propofe,
nor to imitate.
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L_ETTER L.

or Mag;itude, or Extenfion

Mabawm, z

THE hope of having the honour to communicate,

A in perfon, to your Highnefs, my leflons in Geo-
metry, becoming more and more diftant, which is a
very fenfible mortification to me, I feel myfelf im-
pelled to fupply perfonal inftruétion by writing, as
far as the nature of the obje&ts can permit.

I begin my attempt, by affifting you to form a juft
idea of magnitude ; producing, as examples, the fmall-
eft as well as the greateft extenfions of matter aGtually
difcoverable in the fyftem of the Univerfe. And
firft, it is neceflary to fix on fome one determinate
divifion of meafure, obvious to the fenfes, and of
which we have an exa& idea, that of a foot, for in-
flance. The quantity of this, once eftablithed, and
rendered familiar to the eye, will enable us to form

the idea of every other quantity, as to length, great
- Vor. L, B or
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or finall ; the former, by afcertaining how many feet
it contains ; and the latter, by afcertaining what part
of a foot meafures it. For, having the idea of a foot,
we have that alfo of it’s half, of it’s quarter, of it’s
twelfth part, denominated an inch, of it’s hundredth,
and of it’s thoufandth part; which is fo fmall as al- |
moft to efcape the fight. But it is to be remarked,
that there are animals, not of greater extenfion than
this laft fubdivifion of a foot, which, however, are
compofed of members through which the blood cir-
culates, and which ggain contain other animals, as
diminutive compared to them, as they are compared
to us. Hence it may be cgpcluded that animals
exift, whofe fmallnefs eludes the imagination; and
that thefe again are divifible into parts inconceivably
fmaller. Thus, for example, though the ten thou-
fandth part of a foot be too fmall for fight, and,
compared to us, ceafes to be an object of fenfe, it ne-
verthelefs furpafles in magnitude certain complete
animals ; and muft, to one of thofe animals, were it
endowed with the power of perception, appear ex-
tremely great.

Let us now make the tranfition from thefe minute
quantities, in purfuing which the mind is loft, to
thofe of the greateft magnitude. You have the idea
- of a mile;* the diftance from hence to Magdeburg
is computed to be 18 miles ;} a mile contains 24,000
feet, and we employ it in meafuring the diftance of
the different regions of the globe, in order to avoid

~ *The German mile is equal te 4 3-5ths miles Englith, nearly.
- ¥ About 83 Englifh miles,

-

numbers
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numbers_inconceivably great, in our calculations,
which muft be the cafe if we ufed foot inftead of
mile. A mile then, containg 22,000 feet, when it is
faid that Magdeburg is 18 miles from Berlin, the
idea is much clearer, than if the diftance of thefe two
cities were faid to be 432,000 feet: A number fo-
great almoft overwhelms the underftanding. Again,
we fhall have a tolerably juft idea of the magnitude
of the earth, when we are told that it’s circumference
is about 5,),00 miles. And the diameter being a
firaight line pafling.through the centre, and termis
nating, in oppofite ions, in the furface of the
fphere, which is th wledged figure of the earth,
for which reafon alfo we give it the name of globe,
the diameter of this globe is calculated to be 1720
miles ;* and this is the meafurement which we ems
ploy for determining the greateft diftances difcover-
able in the heavens. Of all the heavenly bodies the
moon is neareft to us, being diftant only about 30
diameters of the earth, which amount to 51,600
mxles,‘r or 1,238,400,000 feet; but the firft compu-
tation of 30 diameters of the earth, is the clgareft
idea. The fun is about 300 times farther from us

-than the moon; and when we fay his diftance is
_ 9,000 diameters of the earth, we have a much clearer
idea, than if it were exprefled in miles, or in feet.

* About 7,920 Englith miles. The diameter of our earth is
really 7,964 Epglith miles, it’s circumference 2§,020. The mean
diftance of the moon is 240,000 miles, which fcarcely exceeds the
4ooth part of the fun’s mean diftance, or 93,720,000 xmles

1 About 237,360 milgs Englith.

Bz \You
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You know that the earth performs a revolution
round the fun in the fpace of a year, but that the
fun remains fixed. Befide the earth, there are five
other fimilar bodies, named planets, which revolve
rourid the fun; two of them at {maller diftances,
Mercury and Venus; and three at greater, namely
. Mars, Jupiter and Saturn. All the other ftars which
we fee, comets excepted, are called fixed; and their
diftance from us is incomparably greater than that of
‘the fun. The diftances are undoubtedly very un-
equal, which is the reafon that fome of thefe bodies
appear greater than others. the neareft of them
is, unqueftionably, above s, times more diftant
than the Sun: it’s diftance from us, accordingly, ex-
ceeds 45,000,000 of timed the earth’s diameter, that
is 77,400,000,000 of miles;* and this again multi-
plied by 24,000 will give that prodigious diftance ex-
prefled in feet. And this, after all, is the diftance
only of thofe fixed ftars which are the neareft to us;
the moft remote which we fee, are perhaps a hundred
times farther off. Tt is probable, at the fame time,
that all thefe ftars taken together, conftitute only a
very {mall part of the whole univerfe, relatively to
which thefe prodigious diftances are not greater than
@ grain of fand compared to the earth. This im-«
menfity is the work of the Almighty, who governs
‘the greateft bodies and the fmalleft.t

Berlin, 19th April, 1760.

"~ * 356,050,000,000 miles Englith.

“ This letter, in the original edition, that of Leipfig, 1770, is

1> Berlin 19th April, 1760, and concludes with thefe words,
(which
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LETTER I

Of Velocity.

Y LATTERING myfelf that your Highnefs may -
be pleafed to accept the continuation of my in-
ftrucions, a fpecimen of which I took the liberty of
prefenting to you in a former letter, I procced to un-
fold the idea of velocity, which is a particular fpecies
of extenfion, and fufceptible of increafe and of di-
minution. When ubftance is tranfported, that
is, when it paflfes fr8&@fone place to another, we af-
cribe to it a velocity. Let two perfons, the one on
horfeback, the other on foot, proceed from Berlin to
Magdeburg, we have, in both cafes, the idea of a
certain velocity ; but it will be immediately affirmed,
“that the velocity of the former exceeds that of the
latter. The queftion then is, Wherein confifts the

{which are with great propriety omitted by the philofophic French
editor of the work, twenty-feven years afterwards) and who is now
crowning with fuccefs the arms in which we are fo deeply interefied.

. This is, no doubt, a dreadful ¢ falling oft”’ from the majefty of
the fubjet. Who cares now about the fuccefs of the Pruilian
arms in 1760? But philofophers, as well as other men, are under
the dominion of local and temporary circumftances. Frederick IL
was then in the zenith of his glory; Euler was living at Berlin,
and giving leffons in philofophy to the niece df that illuftrious
prince. lsit to be wondered, then, that he fhould fink for a mo-
ment into the courtier, and offer a drachm of incenle to a great
lady ; or, that a foul fo uniformly devout, thould acknowledge the
providence of the Almighty in a particular inftance?

Bj difference
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"clty with which I am able to walk. Now it is eafy
to comprchend what is meant by a greater or lefs ve.
locity. For if a courier were to go from hence ta
Magdeburg in 12 hours, his velocity would be the
double of mine: if he went in eight hours, his ves
locity would be triple. 'We remark a very great dif-
ference in the degrees of velocity. The tortoife fur-
nifhes an example of a velocity extremely fmall. I
the advances only one foot in a minute, her velocity
is 300 times lefs than mine, for I advance 300 feet in
the fame time. We are likewife acquainted with ve-
locities much greater,, That of the wind admits of
great variation. A'tgoderate wind goes at the rate
of 10 feet in a fecond, or 6oo feet in 2 minute; its
velocity therefore is the double of mine. A wind
that runs 20 feet in a fecond, or 1200 in a minute, is
rather ftrong ; arid a wind which flies at the rate of
5o feet in 2 feagnd is extremely violent, though its
velocity is only 10 times -greater than mine, and
would take two hours and twenty-four minutes to
blow from hence to Magdeburg.

The velocity of found comes next, which moves
1000 feet* in a fecond, and 60,000 in a minute.
This velocity, therefore, is 200 times greater than
that of my pace; and were a cannon to be fired at
Magdeburg, if the report could be heard at Berlin, it

’_Thé velc;city of found is generally computed at 1,142 feet
cach fecond, but varies with the elafticity and denfity of the air,
The earth travels in her orbit 1,612,000 milesin the fpace of 24
hours, and therefore with a velocity more than 5o times greater
than that of a cannon ball, Light moves about 13 millions of
miles every minute,

Bs  would
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would arrive there in feven minutes. A cannop bafl
moves with nearly the fame velocity ; but when thg
piece is loaded to the utmott, the ball is fuppofed ca-
pable of flying 2,000 feet in a fecond, or 120,000 in
_ aminute. This velocity appears prodigious, though
it is only 400 times greater than that of my pace in
waiking to Lytzow; it is at the fame time the
greateft velocity known upon earth. But there are
in the heavens velodities far greater, though their
motion appears to be extremely deliberate, You
know that the earth turns round on it’s axis in 24
hours: every point of it’s furface, then, under the
equator, moves 5,400 miles* in 24 hours, while §
am able to get through only 18 miles.t It’s velocity
is accordingly 300 times greater than mine, and lefs
notwithftanding than the greateft poffible velocity of
a cannon ball. The earth performs it’s revolution
round the fun in the fpace of a yegr, proceeding at
the rate of 128,250 miles} in 24 hours. It’s velos
city, therefore, is 18 times. more rapid than that of
a cannon ball. The greateft velocity of which we
have any knowledge is, undoubtedly, that of light,
which moves 2,000,000 of miles § every minute, and
exceeds the velocity of a cannon ball 400,000 times,
22d Aprd, 1760, ‘

* 24,840 Englith miles + About 83 Englith.
+ 589,950 Englith, § 9,200,000 miles Englifh,

LETTER
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LETTER IIL

Of Sound, and li I Velom:y

HE elucidations of the different degrees of ve-
locity, which I have had the honour to lay be-
fore your Highnefs, carry me forward to the exami.
- nation of found, or noife in general. It muft be
remarked, that a certain portion of time always in-
tervenes before found can reach our ears, and that
this time is longer in proportion to our diftance from
the place where the found is produced ; a fecond of
time being requifite to convey found 1000 feet.
When a cannon is fired, thofe who are at a dif-
tance do not hear the report for fome time after
they haye feen the flath. Thofe who are a mile, or
24,000 feet diftant, hear not the report till 24 fe-
conds after they faw the flame. You muft no doubt
have frequently remarked, that the noife of thunder
reaches not the ear for fome time after the lightning :
and it is by this we are enabled to calculate our dif-
tance from the place where the thunder is génerated.
If, for example, we obferve that 20 feconds intervene
between the flath and the thunder-clap, we may con-
clude that the feat of the thunder is 20,000 feet
diftant, allowing 1000 feet of diftance for every fe-
cond of time, This primary property leads us to
inquire, In what found confifts? Whether it’s nature
is fimilar to that of fmell, that is, whether found
;ﬂ'ugs from the body which produces it, as fmell is
emitted
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emitted from the flower, by filling the air with fub-
tile exhalations, proper to aflet our fenfe of fmell-
ing. This opinion was formerly entertained, but it
is now demonitrated, that from a bell firuck nothing
proceeds that is conveyed to our ear, and that the
body which produces found lofes no part of it’s fubs
ftance. 'When we look upon a bell that is ftruck, or
the firing of an inftrument when touched, we per-
ceive that thefc bodies are then in a ftate of trem.
bling, or agitation, by which all their parts are af-
feted ; and that all bodies, fufceptible of fuch an
- agitation of their parts, likewife produce found.
Thefe fhakings or vibrations are vifible in the ftring
of an inftrument when it is not too fmall; the tenfe
ftring A C B paflcs alternately into the fituation
AMBand AN B. (Sez plate 1. fig. 1. in which I
. bawve reprefented thefe vibrations much more obvious f
fenfe than they are in fadf.) Tt muft be further ob-
ferved, that thefe vibrations put the adjacent air into
a fimilar vibration, which is fucceflively communi-
cated to the more remote parts of the air, till it come
at length to ftrike our organ of hearing. It is the
air, then, which receives thefe vibrations, and which
tranf{mits the found to our ear, Hence it is evident,
that the perception of found is nothing elfe but the -
imprefiion made on our ear by the concuffion of the
ir, comniunicated to us t]irough the organ of hear-
ing; and when we hear the found of a firing toughe
ed, dur car receives from the air as many firokes?
the firing performs vibrations in the fame time,
Thus, if the ftring perfdrms 100 vibrations in a fes
S cond;

-
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eond, the ear likewife receives 100 ftrokes in the
fame time; and the perception of thefe ftrokes is
what we call found. When thefe firokes fucceed
each other uniformly, or when their intervals are all
equal, the found is regular, and fuch as is requifite to
~ mufic. But when the firokes fucceed unequally, or
when their intervals are unequal among themfelves,
an irregular noife, incompatible with mufic, is the
refult. On confidering fomewhat more attentively
the mufical founds, whofe vibrations take place
equally, I remark firft, that when the vibrations, as
well as the ftrokes impreffed on the ear, are more or
lefs firong, no other difference of ‘found rcfults from
it, but that of ftronger or weaker, which produces
the difin&tion, termed by muficians, forté £ piano.
But there is a difference much more eflential, when
the vibrations are more or lefs rapid, that is, when
more or fewer of them are performed in a fecond.
‘When one ftring makes 100 vibrations in a fecond,
and another ftring makes 200 vibrations in the fame
time, their founds are eflentially different; the for-
mer is lower or more flat, and the other higher or
more fharp. Such is the real difference between the
flat and fharp founds, on which.all mufic hinges, and
- which teaches how to combine founds different in
refpect of flatnefs and fharpnefs, but in fuch a man-
- mer as to produce an agreeable harmony. ' In the
flat founds there are fewer vibrations in the fame
time than in the fharp founds ; and every key of the
harpfichord contains a certain and determinate nums
ber of vibrations, which are completed in a fecond.
‘ ) , o Thuy
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Thus the note marked by the letter C,* makes
nearly 1oo vibrations in a fecond; and the note
marked £ makes 1600 vibrations in the fame fpace’
of time. A ftring which vibrates 100 times in a fe.
cond, will give precifely the note C; and if it vi-
brated only 5o times, the note would be lower or.
more flat. But with regard to our ear, there are
certain limits beyond which found is no longer per-
ceptible. It would appear that we are incapable of
determining either the found of a ftring which makes
lefs than jo vibrations in a fecond, becaufe it is too
low; or that of a firing which would make more
than 7552 in a fecond, becaufe fuch a note would be
too high.

26tk Aprily 1760.

» The note C is that which is produced by touching the thick-
eft ftring of a violoncello; the note i is the fourth o&ave of the
firft; accordingly, thefe two notes, reprefented by the ufual mee
thod of pricking mufic, are

b4
e 04
;1.'_._.__A\__ —
1 S

Mr. Euler marks the progreflion of oftaves thus :

1ft ottave, 2d o&ave, 8d o&ave, 4th oQave,
C, or ut. c. c c g
and in like manner for the other notes of the gamut; D. E. F,
G. A. B. or re, mi, fa, fol, la, f.
In writing the chromatic fcale, he employs the following figns :
C.Cs, D, Ds, E, F, Fs, G, Gs, A, B, H, ¢
uly ul®, re, reX, mi, fa, fax, fol, folR, la, fib, fin, uts

) LETTER
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LETTER_IV.

Of Confonance and Diffonance.

I RESUME my rémark, that on hearing a fimple
mufical found, our ear is ftruck with a feries of
ftrokes equally diftant from each other, the frequency
and number of which, in a given fpace of time, con-
ftitute the difference which fubfifts between low notes
and high : fo that, the fmaller the number of vibra-
tions or ftrokes produced in a given time, fay a fe-
cond, the lower we eftimate that note; and the
greater the number of fuch vibrations, the higher is
the note. The perception of a fimple mufical found
may, therefore, be compared to a feries of dots equi-
diftant from each other, as......... If the in-
tervals between thefe dots be greater or {maller, the
found produced will be lower or higher. It cannot
be doubted, that the perception of a fimple found is
fomewhat fimilar or analogous to the fight of fuch a
feries of dots equidiftant from each other: we are
enabled thus to reprefent to the eye what the ear
perceives on hearing found. If the diftances between
the dots were not equal, or were thefe dots fcattered
about confufedly, they would be a reprefentation of
a confufed noife, inconfiftent with harmony. This
being laid down, let us confider what effe&t two
founds emitted at once muft produce on the ear.
Firft, it is evident, that if two founds are equal, or
if each performs the fame number of vibrations in
.- the
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the fame time, the ear will be affeed in the very-
fame manner as by a fingle note ; and, in mufic, thefe
two notes are faid to be in unifon, which is the
fimpleft accord: we mean by the term accord the
blending of two or more founds heard at once. But
if two founds differ in refpeét of low and high, we
fhall perceive a mixture of two feries of ftrokes, in
each of which the intervals are equal among them.
felves, but greater in the one than in the other; the
greater intervals correfponding to the lower note,
and the fmaller to the higher. This mixture, or this
accord of two notes, may be reprefented to the eyes
by two feries of dots arranged on two lines A B and
CD; _ :
1 2 3 4 5§ 6 7 8 9 1011
A. . . ¢ ¢ e <« B
C v s v e e e e e e e D
I 2 3 456789101112
and in order to form a juft idea of thefe two feries,
we muft have a clear perception of the order which
fubfifts among them, or, in other words, of the rela-
tion between the intervals of the one line and of the
other. Having numbered and marked the dots of
each line, and placed No. 1. under No. 1; thofe
marked with the figure 2, will not exactly corre-
fpond, and ftill lefs thofe marked 3: but we find
No. 11 exaétly over No 12 : from which we difcover -
that the higher note makes 12 vibrations, and the
other only 11. If we had not affixed the figures,
the eye would hardly have perceived this order; it
is the fame with the ear, which would with much
difficulty

LN
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difficulty have traced it in the two notes which I
have reprefented by two rows of dots. But in the
following figure,

you difcover at the firft glance that the upper line
* contains twice as many dots as the under, or that

the intervals in the under line-are twice as great

as thofe of the upper. This is undoubtedly, next

to unifon, the fimpleft of all cafes, in which you can

at once difcover the order which fubfifts between

thefe two feries of dots; and the fame thing holds

with refpe&t to the two notes reprefented by thefe

two lines of dots: the number of vibrations con-
- tained in the one will be precifely the double of the
vibrations contained in the other, and the ear will
eafily perceive the pleafing relation of thefe two
{ounds ; whereas, in the preceding cafe, it was ex-
tremely difficult, if not impoffible, to difcriminate.
When the ear readily difcovers the relation fubfifting
between two notes, their accord is denominated con-
Jonance : and if it be very difficult, or even impoffible
to catch this relation, the accord is termed diffonance. .
The fimpleft confonance, then, is that in which the
high note produces precifely twice as many vibra-
tions as the low note. This confonance, in the lan.
guage of mufic, is called offave: every one knows
what it means ; and two notes which differ precifely
an oékave, harmonize fo perfetly, and poflefs fuch a
complete refemblance, that muficians mark them by
the fame letters. ‘Hence it is that in church-mufic
' the
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the wotrien fing an oftave higher than the men, and
yet imagine they are uttering the fame founds. You
may eafily afcertain the truth of this by touching the
keys of a harpfichord, when you will perceive with
pleafure the delightful accord of all the notes which
are juft an o&ave diftant, whereas any othet two
notes whatever will firike the ear lefs agreeably.

29tk Aprit, 1760,

o0
LETTER V.

Of Unifon and O&awves:

YOUR Highnefs has by this time remtarked, that
' the accord which muficians call an o&ave,
ftrikes the ear in a manner fo decided, that the

flighteft deviation is eafily perceptible. Thus, having

touched the Key marked F, that marked f, which is
an o&ave higher, is eafily attuned to it, by the judg-

ment of the ear only. If the firing which is to pro. .

duce this note be ever fo little too high or too low,
the ear is inftantly offended, and nothing is eafier
than to put the two keys perfeély in tune. Thus
we obferve, that in finging the voice flides eafily from
one note to another, which is juft an o&ave higher
or lower. But were it required to pafs immediately
from the note F to the note d, for example, an ordi-
nary finger might eafily fall into a miftake, unlefs af-
fited by an inftrument Having fixed the note F,
it is almoft impoffible all at once to make the tran-
fition to the note d. What then is the reafon of

this



3

OF UNISON AND OCTAVES, ' 17

this diﬂ'cx:cnce, that it is fo eafy to make note f har.
monize with note F, and fo difficult to make note d
accord with it? The reafon is evident from the re-
marks already made : it is this, that note F and note
make an oftave, and that the number of vibrations
of note f is precifely double that of note F. In or-
der to have the perception of this accord, you have
only to confider the proportion of one to two, which,
as it inftantly ftrikes the eye by the reprefentation of
the dots I forinerly employed, affe@s the ear in a
fimilar manner. You will eafily comprehend, then,
that the more fimple any proportion is, or exprefled
by fnall numbers, the more diftinétly it prefents it-
felf to the underftanding, and conveys to it a fenti-
ment of fatisfaCion.* Architeds likewife garefully
attend to this maxim, as they uniformly employ in
their works proportions as fimple as circumftances
permit. They ufually make the height of doors and
windows double the breadth, and endeavour to em-
ploy throughout proportions capable of being ex-
prefled by fmall numbers, becaufe this is obvious and
grateful to the underftanding. The fame _thing
holds good in mufic: accords are pleafing only in {o
far as the mind perceives the relation fubfifting be-
tween the founds, and this relation is fo much more -

* In order to have a clear conception of what follows, it muf¥
Be recollected, that the terms relation and ratio are fynonimousy
and that the author is here confidering geometrical proportion,
which confifts in the aumber of times that the firft term is con=
tained in the fecond.—F. E.

Vor. L C . . aafily

~
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eafily perceptible, as it is exprefled by fmall numbetsa
Now, next to the relation of equality, which denotes
two founds in unifon, the ratio of two to one is un-
doubtedly the moft fimple, and it is this which fur-
nithes the accord of an oftave: hence it is evident,
that this accord poffefles many advantages above
* every other confonance. Having thus explained the
accord, or interval of two notes denominated by mu-
ficians an oftave, let us confider feveral notes, as F,
f, 1, § § each of which is an octave higher than the
one immediately preceding: fince then the interval
of F from f, of f from f of r from § of f from % is
an o&tave, the interval of F to  will bea double oc-
tave, that of F te [ a triple o&tave, and that of F to §
a quadruple o&tave. Now, while note F makes one
vibration, note f makes two, note f makes four,
note § makes eight, and note § makes fixteen : hence
we fee, that as an o&ave correfponds In the relation
Of 1 to 2z, a double o&ave muft be in the ratio of
I to 4, a triple in that of 1 to 8, and a quadruple in
that of 1 to 16. And the ratio of 1 to 4, not bcing
fo fimple as that of 1 to 2, for it-does not fo rcadily

. ftrike the eye, a double o&ave is not fo eafily per-
- ¢eptible to the ear as a fingle ; a triple is ftill lefs per-
éeptible_, and a quadruple ftill much lefs fo. When,
therefore, in tuning a harpfichord, you have fixed
the note F, it is not fo eafy to attune the double
?&'}Wc 7 as the fingle f; it is ftill more diﬁicult
 attune the triple oftave § and the quadruple ¥
hout rifing through the intermediate oCtaves.
Thefe
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'Thefe accords are likewife comprehended in the term
confonance ; and as that of unifon is moft fimple,
they may be arranged ‘according to the following
gradations:

I. Degree, unifon, indicated by the relation of 1 to 1. -
II. Degree, the immediate o&ave, in the ratio of 1 to 3.
TI1. Degree, the double o&ave, in that of 1 to 4.
" 1V. Degree, the triple o®ave, in that of 1 to 8.
* V. Degree, the quadruple o¢tave, in that of 1 to 16.
- VL. Degree, the quintuple o&ave, in that of 1 to' 33.

And fo on, as long as found is perceptible. Such
are ‘the accords denominated confonances, to the
knowledge of which we have been thus far condu&- .
ed; but hitherto we know nothing of the other
fpecies of confonance, and ftill lefs of the diffonances
employed in. mufic. Before I proceed to the expli-
cation of thefe, I muft.add one’remark refpeting the
name oftave, given to the interval of two notes, the
one of which contains twice the vibrations contained
in the other. You fee the reafon of it in the prin-
cipal ftops of the harpfichord, which rife by feven
degrees before you arrive at the oftave C, D, E, F,
G, A, B, ¢, fo that ftop c is the eighth, reckoning
C the firft. And this divifion depends on a certain
feries of mufical intervals, the nature of which fhall
be unfolded in the following letters.
" 73d May, 1760,

C: ~ LETTER
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LETTER VL

Of other Confonances.

IT’ ‘may be affirmed, that the relations of one to 2,
of 1to 4, of 1 to 8, of 1 to 16, which we have
hitherto confidered, and which contain the progref-
fion of oftaves, are all formed by the number 2 enly;
fince 4 is 2 times 2; 8, 2 times four; 16, two times 8.
Were we to admit, therchre, the number 2 alone
into mufic, we fhould arrive at the knowledge of
only the accords or confonances which muficians call
the fingle, double, or triple oftave ; and as the num.
ber 2, by its reduplication, furnifhes only the num-
bers 4, 8, 16, 33, 64, the one being always double
the preceding, all other numbers wouid remain un-
known. Neow, did an inftrument contain o&aves
only, as the notes marked G, c, ¢, c, 5, and were alt
others excluded, it could not produce an agreeable
mufic, on account of its too great fimplicity. Let
us introduce, then, together with number 2, the
number 3 likewife, and obferve what accords or con-
fonances would be the refult. -The ratio of 1to 3
. prefents at once two founds, the one of which makes
3 times more vibrations than the other in the fame
time. This ratio is undoubtedly the moft eafily to
be comprehended, next to that of 1 to 2; it will,
accordingly, furnith very pleafing confonances, but
of a nature totally different from that of otaves.
Let us fuppofe, then, that in the proportion of 1
T . o ta
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to 3, number 1 correfponds to note C; fince note c is
exprefled by number 2, number 3 gives a found
higher than c, but at the fame time lower than note
¢, which correfponds to number 4. Now, the note
exprefled by 3 is that to which muficians affix the
letter g, and they denominate the interval from c to
&, a fifth, becaufe in the keys of a harpfichord that
of g is the fifth fromc, asc, d, e, f,g. If then
number 1 produces the found C, number 2 will give
c; number 3 gives g, number 4 the note ; ; and
note ; being the o&tave of g, the number correfpond-
ing to it will be 2 times. 3, or 6. Rifing ftill an oc-
tave, the found ; will correfpond to a number twice
greater, that is 12. All the notes with which the
two numbers 2 and 3 furnifh us, indicating note G
by 1, therefore are,

Gogssnii i i

I. 2. 3. 4. 6. 8. 12. 16.

Hence it is clear, that the ratio of 1 to 3. exprcﬂ'es
an interval, compounded of an o&ave and a fifth,
and that this interval, on account of the fimplicity of
" the numbers which reprefent it, muft be, next to the
o&ave, the moft grateful to the ear. Muficians ac.
cordingly affign’ the fecond rank among confonances
to the fifth; and the ear catches'it fo eafily, that
there is no difficulty in tuning a fifth. For this rea.
fon, in violins, the four ftrings rife by.fifths, the
loweft being g, the fecond d, the third 7, and the
fourth Z ;* and every mufician puts them in tune

. ® Thatis, in the language of /ol ﬁnng, Joly rey lay mi, -

C3 , by
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by the ear only. A fifth, however, is not fo eafily
tuned as an oftave ; but the fifth above the o&ave,
as from C to g, being exprefled by the proportion of
1to 3, is more perceptible than a fimple fifth, as
from C to G, or from c to g, which is exprefled by
the proportion of 2 to 3: and it is likewife known
by experience, that having fixed the note C, it is
eafier to attune to it the higher fifth g, than the
fimple G. If urity had marked the note F, num,
ber 3 would mark the notez, fo that, :
F, f,; § £ § 5 would be marked by
2. 3. 4. 6. 8. 12. where, from f to c the inter-
val is a fifth in the relation of 2 to 3; from ftog,
from 7 to Z are alfo fifths, as the ratio of 4 to 6,and
of 8 to 12, is the fame as that of 2 to 3. For if two
ftrings perform, in the fame time, the one 4 vibra,
‘tions, the other 6, the former ftring will make, in a
time equal to half the firft fpace of time, two vibra-
tions, and the fecond, in the fame time, will make
three. Now the founds emitted from thefe {h-ingé_-
are the fame in both cafes; of confequence the re-
‘lation of 4 to 6 exprefles the fame interval as that of
2 to 3,that is,a fifth. Hence we have arrived at the
knowledge of another interval contained in the ratia
of 3to 4, which is that of : to § and confequently
alfoof ¢ to £, or of C to F. Muficianscall it  fourth ;
and being exprefled by greater numbers, it is not fd_
agreeable, by a great deal, as the fifth, and ftill lefs fo
than the oftave. Number 3'having furnifhed us new
_a;ccor‘ds or confonances, namely the fifth and the
- fourth,
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fourth, before we call in any others, let us take it
again three times, in order to have the number g,
which will give a higher note than note 3*, or : one
o&ave and one fifth. Now, % is the o&ave of g, and
g the fifth of ¢, number g then gives the note g, fo
that § ¢ £ & will be marked by .

6. 8. 9. 12; and if thefe notes be taken in the
lower o&taves, the relations remaining the fame, we
thall have ; . ‘ : . ’

C, F,G; o f g5 E:,f’ g3 E’ f; 25 c
6. 8..9; 12, 16.18; 24. 32.36; 48. 64. 72. 96.
which leads us to the knowledge of new intervals.

The firft is that of F to G, contained in the ratio
of §to g, which muficians call a_fzcond or tone. The -
fecond is that of G to f, contained in the ratio of
9 to 16; called a feventh, and which is one fecorid,
or one tone lefs than an o&ave. Thefe proportions,

.being already exprefled by very great numbers, are
not reckoned among the confonances, and muficiang
call them diffonances or difcords.

Again, if we take three times the number 9, or
27, it will mark a tone higher than ; and precifely a
fifth higher than g; it will be accordingly the tone
3 and it’s o&ave § will correfpond to twice the num-
ber 27, or 54; and it’s double octave  to twice the -

¥ Great care muft be taken to gnard ourfelves from affixing to
numbers the idea of a perfect identity with the foupds which they
reprefent. The firft express only the relation of the number of
vibrations performed in the fame time, by the bodies which emit
the founds in queftion, " There is no real analogy between number
and found.—F, E,

Cs | number,
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number, 54, or 108. Let us reprefent thefe tones
fome o&aves lower, in the manner following :

C, D, F, G; ¢, d, f, g€ o d [
24, 27, 32, 36; 48, 54, 64, 72; 96, 108, 128,

.n w

g; © d, f, g;
1443 192, 216, 256, 288; 384.

Hence we fee, that the interval from D to F is
contained in the ratio of 27 to 32, and that of F tod
in the ratio of 32 to gy, the two terms of which
are divifible by 2 ; and then in place of this relation
we have that of 16 to 27. The firft interval is called
a tierce minor, or leffer third, and the other a greater

Jixth.  The number 27 might be ftill farther multi-
plied by 3, but mufic extends not fo far, and we
limit ourfelves to number 27, refulting from 3, mul-
tiplied three times by itfelf: other mufical tones ftill
wanting are introduced by means of number 5, and
fhall be unfolded in my next Lettcr.

3d May, 1760. .

—— 50

. LETTER VIL
Of the twelve Tones of the Harpfichord.

THE prelent fubje& of my correfpondence with
> your Highnefs is {o dry, that I begin to appre-

- hend it may be growing tirefome. That I may not
wafte too much time on it, and be telieved from the
wceflity of recurring frequently to a topic fo dif-
gufting,
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gufting, I fend you by this conveyance three letters
at once. My intention, in undertaking it, was to
render vifible the real origin of mufical notes, with
which muficians themfclves are almoft totally unac-
quainted. It is not to theory they are indebted $or
the knowledge of all thefe founds ; but rather to the
fecret power of genuine harmony, operating fo effi-
cacioufly on their ears, that they have been conftrain-
ed, if I may be allowed to fay it, to receive tones
actually in ufe, though they are not hitherto perfediy
agreed refpe®ing their juft determination. The
principles of harmony -are ultimately reducible to
numbets,* as I have demonftrated ; and it has been
remarked, that the number 2 furnifhes o¢taves only,
{o that having fixed, for example, the note F, we are
conducted to the notes f, ¢ f £ The number j3 after-
wards furnithes C, . - Z 2 whlch differ one fifth

2 ¢y
from the preceding feries ; and the repetition of this
fame number 3, furnifhes again the fifths of the firft,

namely G, , - = 2. and finally, the third repetmon

of this number 3 adds farther thenotes D,y & 7 3. .
The principles of harmony then being attached to
fimplicity, feem to forbid our puthing farther the

* This is true only to a certain degree; for, if we except the
knowledge of the relation of notes, or the numerical expreffion of
intervals, numbers cannot be introduced into mufic,as Mr.d’ Alem-
bert has juftly remarked, but as a.piece of ufelefs parade; and
the fcanty knowledge they furnith is far fhort of the theory of
compofition, which is founded on the pleafure of the ear, and hi-
therto no one has attempted to make this a fubje& of calculation.
hF‘ El

repetition
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thefe founds only, we are in a condition to compofe
harmonies very agreeable and various, the beauty of
which is founded on the fimplicity alone of the num-
bers correfponding to the notes. Finally, upon ap-
plying, a fecond time, the number 5, we fhall be fur-
nifhed with the thirds of the four new tones, A, E,
B, Fs, which we have juft found, we fhall have the
notes Cs Gs Ds and B, fo that now the ofave is
completed of the 12 tones received in mufic, All
thefe tones derive their origin from the three num-
bers 2, 3, and 5, multiplying 2 by itfelf, as often as
the o&taves require ; but we carry the multiplication
of 3 only to the third ftage, and of five to the fe-
cond. All the tones of the firft oftave are contained
in the following table, in which you will fee how the
fundamental numbers- 2, 3, and §, enter into the
-compofition of thofe which exprefs the relation of
" ¢hefe notes. '

ntor C 252529 2525,2,2,3 44 384 Difference.

Nt E Cs 12,2522, 5,5 ¢ 00 0o | 400 | 16
re D |2,2,2,2,33,3 ... 432 32
reX Ds|2,3,3,6,5........ 456 18
mi E f2,2,2,2,2{3,5..... 480| 30

fa F (2,2,2,2,2,2,2,2,2..[512]| 32
fax Fs|2,2,3,3,3, 5 «+0...1540] 28
fol G |2,2,2,2,2,253,3 -../576| 36

1EGs[2,2,2,3,5, 500000 6oo| 24
"la Al2,2,2,2,2,2,2,5.../640]| 40
fib. Bb{3,3,3,5 §¢ ¢ oo ».|675| 35

fin B32,2,2,2,3,3, 5+ ¢+ +(720| 45
ut ¢ 2,2,2,2,2,2,2,3,3..}768 48

While



28 OF THE TWELVE TONES

While note C makes 384 vibrations, the tone Cs
gives 400, and the others as many as are marked by
their correfponding numbers : note ¢ will give then,
in the fame time, double the number of vibrations
marked by 384, thatis 768. And for the following
octaves, you have only to multiply thefe numbers
by 2, by 4, or by 8. Accordingly note ; will give
twice 768, or 1536 vibrations, note ¢ twice 1§36,
or 3072 vibrations, and note g twice 3072, or 6144
vibrations. In order to comprehend the formation
of founds, by means of thefe numbers 2, 3, and g,
it muft be remarked, that the points placed between
the numbers in the preceding table fignify that they
are multiplied into each other ; thus, taking the tone
Fs, for example, the expreflion 2, 2, 3, 3, 3, §, figni-

* fies 2 multiplied by 2, that produd by 3, that again
by 3, that again by 3, and that by 5. Now 2 by 2
make 4, that by 3 make 12, that by 3 make 36, that
by 3 make 108, and that by 5 make 540, Hence it
is feen that the differences between thefe tones are
not equal among themfelves; but that fome are
greater, and others lefs. This is what real harmony
requires. The inequality, however, not being con,
fiderable, we commonly look on all thefe differences
as equal, denominating the interval from one nota
to'another, femitone ; and thus the o&ave is divided
into 12 femitones. Many modern muficians make
them equal, though this be contrary to the principles
of harmony, becaufe no one fifth or third is perfedtly
exat, and the effect is the fame as if thefe tones were

not

&
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not perfe@ly in tune.* They likewife admit, that
we muft give up exactnefs of accord in order to ob-
tain the advantage of equality of femitones, fo that
the tranfpofition from any one tone whatever to’
another may in no refpect injur;e the melody. They
acknowledge, however, that the fame piege played
in the tone C, or a half tone highér, that is Cs, muft
confiderably affet it’s nature. It is evident, there.’
fore, that in fa® all femitones are not equal, what-
ever effarts may be made by muficians to render them
fuch ; becaufe true harmony refifts the execution of .
a defign contradictory to it’s nature. Such, then, is
the real origin of the mufical notes already in ufe;
they are derived from the numbers 2, 3, and s.
Were we farther to introduce number 7, that of the
tones of an oftave would be increafed, and the art of
mufic carried to a higher degree of perfection. But
here the mathematician gives up the mufician to the
direGion of his ear. '
3d May, 1560.

* The alteration thus forced upon the fifths, in order that every
key of the harpfichord may ferve equally for the higher note flat-
tened, and for the lower fharpened, and that, at the end of the -
fubdivifion, the otaves may be exa®, is called temperament, It
has been remarked that fifths may be a little weakened without
burting the ear very much; whereas greater thirds become harth -
and difagreeable when they are flrengthened,—F. E.

—~

- LETTER
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LETTER VIIL

Of the Pleafura derived from fine Mufic.

T is a queftion as important as curious, Whence is
it that a fine piece of mufic excites a fentiment:
of pleafure? The learned differ on this fubject. Some

' pretend that it is mere caprice, and that the pleafure
produced by mufic is net founded on reafon, becaufe
what is grateful to one is difgufting to another.
This, far from deciding the queftion, renders it only
more complicated. The very point to be determined
is, How comes it, that the fame piece of mufic pro-
duces effeéts fo différent, feeing all admit that no-
thing happens without reafon ? Others maintain that .
the pleafure derived from fine mufic confifts in the
perception of the order which pervades it. This
opinion appears at firft fight fufficiently well founded;
and merits a more attentive examination. Mufic
prefents objects of two kinds, in which order is ef-
fential. The one relates to the difference of the tharp
or flat tones; and you will recolle&, that it confifts
in the number of vibrations performed by each note
in the fame time. This difference, which is percep-
tible between the quicknefs of the vibrations of all.
founds, js what is properly called harmony. The
effect of a piece of mufic, of which we feel the rela-
tions of the vibrations of all the notes that compofe
it, is the production of harmony. Thus two notes
which differ an otave, excite a perception of the re-
o ' latioh
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lation of 1 to 2; a fifth, of that of 2to 3; and a
greater third, of that of 4 to 5. We comprehend
then the order which is found in harmony, when we
" know all the relations which pervade the notes of
which it is compofed, and it is the perception of the
car which leads to this knowledge. This perception
more or lefs delicate, determines why the fame har-
mony is felt by one, and not at all by another, efpe-
cially when the relations of the notes are exprefled
by fomewhat greater numbers. Mufic contains, be-
fide harmony, another objeét equally fufceptible of
order, namely the meafure, by which we affign to
every note a certain duration: and the perception
of the meafure confifts in the knowledge of this du-
ration, and of the relations which refult from it.
. The drum and tymbal furnith the example of 2 mu-
fic in which meafure alone takes place, as all the notes
are equal among themfelves, and then there is no
harmony. There is likewife a mufic confifting wholly
in harmony, to the exclufion of meafure. This mu-
fic is the choral, in which all the notes are of the fame
duration; but perfe& mufic unites harmony and
meafure. Thus the connoiffeur who hears a picce
of mufic, and who comprehends, by the acute per-
ception of his ear, all the proportions on which
both the harmony and the meafure are founded, has
certainly the moft perfect knowledge poffible of that
mufi¢; while another, who perceives thefe propor-
tions only in part, or not at all, underftands nothing
of the matter, or poflefles at moft a very flender
knowledge of it. -But the fentiment of pleafure ex-
- cited
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cited by fine mufic muft not be confounded with theé
knowledge of which I have been {peaking, though
it may be confidently affirmed, that a piece of mufic
cannot produce any, unlefs the relations of it are
perceived. For this knowledge alone is not fufficient
to excite the fentiment of pleafure ; fomething more
" is wanting, which no one hitherto has unfolded. In

. order to be convinced that the perception alone of
all the proportions of a piece of mufic is infufficient to
produce pleafure,’ you have only to confider mufic
‘of a very fimple conftru&ion, fuch as goes in o&aves
alone, in which the perception of proportions is un-
doubtedly the caficft. Such mufic would be far from
conveying pleafure, though you might have the mof
perfeét knowledge of it. It will be faid then that
pleafure requires a knowledge not quite {o eafily at-
taited, a knowledge that occafions {fome trouble;
which mutft, it I may ufe the expreflion, coft us fome-
thing. But, in my opinion, neither is this a fatisfac-
tory folution. A diflonance, the relations of which
are exprefled by the higheft numbers, is caught with
more difficulty; a ferics of diffonances, however,
following without choice, and without defign, can-
not pleafe. The compofer muft therefore have pur-
fued in his work, a certain plan, exccuted in real and
perceptible proportions. Then a connoiffeur on hear-
ing fuch a piece, and comprehending, befide the pro-
portions, the very plan and defign which the com»
pofer had in view, will feel that fatisfaction which
conftitutes the pleafure procured by exquifite mufic
%0 an ear accuftomed to- relith the beauties and deli-
cacies
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tacies of that enchanting art. It arifes, then, from
divining in fome meafure the views and feelings of .
the compofer, whofe execution, when fortunate, fills
the foul with an agreeable fenfation. It is a fatisfac-
tion fomewhat fimilar to that which is derived from
the fight of a well acted pantomime, in which you
may conjeture, by the gefture and action, the fenti-
ments and dialogue intended to be exprefled, and
which prefents befides a well digefted plan. The
enigma of ‘the chimney-fweeper,* which was fo di-
verting to your Highnefs, furnithes me with another
excellent comparifon. When you can guefs. the
fenfe, and difcover that it is perfelly exprefled in
the propofition of the enigma, you feel a very fen-
fible pleafure on making the difcovery; but infipid
and incongruous enigmas produce none. Such are,
if I may be permitted to judge, the true principles
on which decifions refpeéting the excellency of mu-
fical compefitions are founded.

6tk May, 1960,

e

-

LETTER IX
Compreffion of the Air.

THE explanation of found, which I have had the
honour to prefent to your Highnefs, leads me
* forward to a more particular confideration of air,
which, being fufceptible of a movement of vibration,

* A celebrated enigma of La Mothe, publithed in his fugitive
picces. :

~ Von. L D fuch
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fuch as that by which mufical ftrings, bells, and other
fonorous bodies are agitated, tranfmits the concuflion
to our cars. It will be immediately afked, What is
air ? For it does not appcear, at firft fight, to be a ma-
terial fubftance.  As we perceive no fenfible body in
it, furrounding fpacc fecms to contain no matter
whatever.  We feel nothing; we can walk, and
move every limb in it, without meeting the flighteft
obftacle. But you have only to move your hand
brifkly, to be fenfible of fome refiftance, and even to
perceive a ftream of wind excited by that rapid
movement.  Now the wind is nothing elfe but air
put in motion ; and fceing it is capablc of producing
cllects o furprifing, how is it poflible to doubt that
air is a material fubftance, and confequently a body *
For the terms body and matter are fynonymous.
Body is divided into two great clafles, folid and
fluid. ‘The air, it is evident, muft be referred to the
clafs of fluids. It has feveral properties in common
with water; but it is much more fubtile and fine.
Fxperiments have afcertained that air is about 8ca
times more fubtile and more rarcfied than water;

® Itis an erroneous principle that the air is diftinguithed from
other fluids by it’s fulceptibility of compreffion. All fluids are
perfedly clattic, only the force required to produce a certain de-
gee of compreffion differs very widely in each. ‘I'hus the fame
se which caufes water to fuffer a contralion of only the thirty
ufindth part of it's bulk, condenfes air into one half. The

A diftin&lon between the acritorm and liquid fluids feems to be,,
st the readtion of the former is proportional to thebr denfity,

,while that of* the latter is proportional to the quantity of com-
Pl‘monu—E- EQ

1L . and
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and that if air were to be rendered 8oo times denfer
than it is, it would have the fame confiftency as the
other fluid. A principal property of air, by which
it is diftinguithed from other fluids, is it’s quality of
being comprefled, or reduced into a fmaller fpace.
This is demonftrated by the following experiment.
Take a tube of metal or glafs A B CD (plate 1. fg.
2.) clofe fhut at the end A B, and open at the other,
into which is introduced a pifton, filling exadly the
cavity of the tube. On puthing the pifton inwards,
when it has arrived at the middle E, the air which
occupied at firft the cavity A B C D will be reduced
one half, and confequently will have become twice
as denfe. If the pifton is puthed ftill farther in, as
far as F, half way between B and E, the air will be
reduced ¢ a fpace four times {fmaller than at firft ; and
if you continue to drive forward the pifton to G, fo
that B G fhall be the half of B F, or the eighth part
of the whole length B D, the fame air which in the
beginning was expanded over the whole cavity of
the tube, will be contrated to a fpace eight times
fmaller. Going on in the fame manner to contract
it into a fpace 800 times fmaller, you will obtain an
air 8oo times denfer than ordinary air. It would then
be as denfe as water, which it would be eafy to prove
by other experiments. Hence it appears, that air is
a fluid fubftance, capable of compreflion, or, in other
words, of being reduced to a fmaller fpace, and in
this refpe& it differs entirely from water. For, let
the tube A B C D be filled with this laft fluid, and
attempt to introduce the pifton, you will find it im-
D2 poffible
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poflible to drive it forward. Employ what force
you may, you will gain nothing ; the tube will burft
fooncr than you can reducc the water to a {pace fen-
fibly {fmaller. This then is the eflential difference
between air and water : the latter is fufceptible of no
compreflion, but air may be comprefled to any de-
gree you pleafe. The more the air is comprefled,
the denfer it bécomes; thus the air which occupied
a certain fpace, when comprefled or reduced to half
that fpace, becomes twice as denfe; if reduced to a
fpace 10 times fmaller, it is rendered 1o times more
denfe; and fo on. I have already rcmarked, that
could it be rendered 8oo times more denfe, it would
then be as denfe as water, and confequently as heavy,
for wcight increafes in the fame proportion as den-
fity. Gold, the heavicft fubftance with which we
are acquainted, is likewife the moft denfe. It is
found by experiment to be 19 times hecavier than
water ; and that a mafs of gold, in form of a cube
of onc foot, would weigh 19 times a mafs of water
of the fame dimenfions. Now fuch a mafs of water
weighs 70 pounds ; the mafs of gold therefore would
weigh 19 times 70, that is 1330 pounds. It follows
that were it poflible to comprefs air till it were re-

" duced to a fpace 19 times 800, that is, 15,200 times
finaller, it would become as denfe and as weighty as
gold. :

But it is very far from being poffible to carry the
compreflion of air to that degree. You may at firft
without difficulty drive forward the pifton, but the
farther you advance, the refiftance becomes more

powerful ;
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powerful; and, before you are able to reduce the air
to a fpace 10 times fmaller, fuch a force muit be em-
ployed as would burft the tube, unlefs it were of un-
common ftrength. And not only would fuch a force
be neceflary to drive the pifton farther, but an equal
force would be requifite to keep it in that ftate, for
on the flighteft relaxation of the power, the com-
prefled air would drive it backward. The more
comprefled the air is, the more violent are it’s efforts
to expand, and to recover it’s natural ftate. This is
what we call the fpring or elafticity of the air, of
which I propofe to treat in my next letter,

10tk May, 1760,

LETTER X,

Rarefaction and Elafticity of the Air.

HAVE remarked, that air is a fluid, about 8oo
times more fubtile than water; fo that could
water, without being reduced to vapour, be expand-
ed over a fpace fo many times greater, and could be-
come of confequence fo many times more fubtile, it

would be of a fimilar confifterice with the air which
we breathe. But air has a property which water has
not, that of fuffering compreflion into a fmaller fpace,
and of being proportionably condenfed, as I demon-
firated in the preceding letter. And we difcover in
air another property no lefs remarkable : it is capable
of being expanded over a greater fpace, and thus
. ' Dj . rendered
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rendered ftill more fubtile. This operation is called
the rarefaction of air.

You have only to take, as before, a tube A B C D,
(plate L. fig. 3.) at the bottom of which A C, let
there be a fmall aperture O, fo that, on introducing
the pifton as far as to F, the air may efcape by that
aperture without being condenfed. The air which
now occupices the cavity A C E F, will then be in it’s
natural ftate; let the aperture O be clofely. ftopped.
On drawing back the pifton, theair will gradually
expand through the greater fpace, fo that when the
pifton is brought back to the point G, the fpace
C G being double the fpace C F, the fame air which
was contained in the fpace A C E F, will fill a {fpace
twice as great; it will be of courfc only half as denfe,
or, which is the fame thing, twice as rare. If you draw
back the pifton to the point H, the fpace C H being
four times as great as the fpace C F, the air will become
four times as rare as it was at firft, as it is then ex-
panded over a fpace four times as great. And could
the pifton be drawn back till the fpace became 1000
times as great, the air would fiill equally expand
through that fpace, and confequently become 1000
times as rare. Here then, likewife, air differs effen~
tially from water : for if the cavity A C E F were
filled with water, to no purpofe would you draw
back the pifton; the water would continue to oce
cupy the fame fpace as at firft, and the reft would
vemain empty. Hence we fee that the air pofleffes
an intrinfic power of expanding itfelf more and
mere, which it exerts not only when it is condenfed,

but
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but alfo when rarefied. In whatever ftate of con-
denfation or rarefaction the air may be, it makes
unremitting efforts to extend itfclf over a larger
fpace, and is continually expanding fo long as it
meets no obftacle. This property is called the elaf
ticity of air ; and it has been demonftrated by expe-
riments which I fhall prefently defcribe, that this
elaftic power is in proportion to the denfity ; in other
words, the more the air is condenfed the greater are
it’s efforts to expand itfelf ; and the more rarefied it
is, the feebler are thofe efforts. It will be demanded,
perhaps, why the air now in my chamber does not
make it’s efcape by the door; being endowed with an
expanfibility continually impelling it to occupy a
greater fpace ? The anfwer is obvious.. This would
infallibly happen, did not the external air make equal
efforts to extend itfelf; but the efforts of the air of
the chamber to get out, and that of the external air
to prefs in, being equal, they balance each other, and
remain in a ftate of reft. Had the external air acci-
dentally acquired a greater degree of denfity, that is,
more elafticity, it would in part force it’s way into
the chamber, where the air being comprefled, would
likewife acquire a greater degree of elafticity; this
current would accordingly laft till the elafticity of
the internal became equal to that of the external air.
And thould the air of the chamber fuddenly become
more denfe, and it’s elafticity greater than that of
the external air, it would force it’s way out, and it’s
denfity gradually diminithing, it’s elafticity too would
diminifh, till it became equal to the external air;

Da the
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the current would then ceafe, and the air in the
chamber would be in equilibrium with the external.
Free air, then, is in a ftate of reft only when it has
the fame degree of elafticity with that which fur-
rounds it ; and as foon as that of the one tra& be-
comes more or lefs elaftic than the adjoining, the
equilibrium can no longer fubfift ;“but if the elafti-
city is greater, the air will expand itfelf and flide
into fpaces where it is fmaller: and from this mo-
tion of the air refults the wind.* Hence it comes
to pafs that the elafticity of the air is fometimes
greater, fometimes lcfs in the fame place; and this
variation is indicated by the barometer, the defcrip-
tion of which merits a particular confideration. I
confine myfelf, at prefent, to thefe qualities of air,
it’s condenfation and rarefaction, intreating you to
recolle&, that the more condenfed it is, the greater
power of expanfion or elafticity it acquires ; and that
on the contrary, the more it is rarefied, the more
this quality is diminifhed. Experimental philofo-
phers have invented one machine for rarefying of
air, and another for condenfing it: the former is
called the air-pump, the latter the condenfer. Thefe
machines ferve to perform many curious experi-
ments, with which you are already well acquainted.
I referve to myfelf, however, the liberty of recapitu-

* The action of the moon upon the atmofphere, and the mo-
tion of the earth's rotation likewife produce regular winds. Chains
of mountains fometimes change the dire&ion of winds. Hence
~ve fee that the known caute of currents of air are of three kinds,

ular, accidental, and local.—F. E.,

lating
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lating fome of them, becaufe they are neceffary to
elucidate and explain the nature and properties of
air, which, as they powerfully contribute tq the pre-
fervation of animals, and the produétion of plants,
.prefs upon us the importance of -formipg 3 jull idea
of them. '

14tk May, 1760.

B L R A= =]

LETTER XL

Gravity of the Air.

HAVE endeavoured to demontftrate, that the air

is a fluid, endowed with the particular property
of fuffering compreffion into a fmaller {pace, and of
expanding into a greater, when no obftacle inter-
pofes. This property of air, known by the name
of fpring, or elafticity, from it’s refemblance to a
fpring, which it requires an effort to unbend, and
which refumes it’s form as foon as the effort ceafes,
is accompanied by another, in common to it with all
bodies in general, namely, gravity or weight, in vir-
tue of which all bodies tend toward the centre of
the earth, and by which they are under the neceffity
of falling down, unlefs fupported. The learned are
very much divided, and very uncertain, refpecting
the primary and mechanical caufe of this power, but
it’s exiftence is indubitable.* Daily experience evinces

* The properties of matter muft ultimately be referred to the
arbitrary appointment of the Author of Nature, There are cer-
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it. We know cven thc quantity of it, and can mca-
fure it cxactly. For the weight of a body is nothing
elfe but the powcr which conftrains it to defcend ;
and as the weight of every body may be exactly
meafured, we know perfectly well the effect of gra-
vity, though the caufe, or that invifible power which
acts upon all bodics, forcing them to defcend, may
be abfolutcly unknown to us. It follows, that the
more matter any body contains, the heavier it is.
Gold and lead arc heavier than wood or a feather,
as they contain more matter in the fame bulk, or in
the fame cxtent. But as air is a very fubtile and thin
fubftance, and it’s gravity of confequence very little,
this property ufualiy efcapes our fenfes. Experi-
ments, however, may be made, capable of producing
tull conviction that it poflefles gravity. You have
fecn how the air may be rarclied in a vellel or a tube ;
and by means of the air-pump, this rarcfaltion may
be carried fo far, as almolt cntirely to exhauft the
air, and to leave the receiver fenfibly a vacuum.  Or
you may take a tube A BC D, (platc L fiz. 4.) into
which you introduce the pifton, fo as perfecily to
touch the bottom, and to leave no air between the
wo furfaces. To perform the experiment with
we advantage, let there be at the bottom of the
A principles at which the prudent philofopher will choole to
% left, by puthing his refcarches too far, he involve himielf in
ter obfcurity. ‘Thole who attempted to account for gravity
mechanical impulfe, commit:ed an ¢gregious ove:tizht; for the
- fill recurs, What produces this :mpulie? No metaphy-
has ever done fo much fervice to philofephy as Mr,

irable eflay on *¢ Neceffary Connexion. I L.

tube
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tube a little aperture G, through which the air may .
elcape, as the pifton is puthed forward. Let the
aperture then be clofely ftopped, that not a particle
of air may be included between the pifton and the
bottom of the tube. Having made this arrangement,
draw back the pifton, and the external air not being
able to force it’s way into the tube, there will remain
between the bottom of the tube and the pifton, a
perfe& vacuum, which may be increafed at pleafure,
by continuing to draw back the pifton. You may
thus exclude the air contained in a veflel; and fuch
veflel, reduced to a vacuum, being tried in accurate
{cales, will be found to weigh lefs than when filled
with air. Hence we deduce this very important con-
clufion, That the air contained in an empty veflel
increafes it’s weight, and that the air itfelf poflefles
gravity. Were the veflel large enough to contain
8oo pounds weight of water, we might difcover by
this experiment, that the body of air which fills it
would weigh nearly one pound. Hence we conclude,
that air is 8oo times lighter than water. I muft be
underftood as fpeaking of the common air which
furrounds us, and which we breathe ; for you know
that with the afliftance of art, air may be comprefled
by forcing it into a fmaller fpace, and it’s gravity
thereby increafed. Were the veflel which I have
mentioned, to be filled with air comprefled to twice
the confiftency of common air, it would weigh two
pounds more than when empty. Were it filled with
air 8oo times more comprefled than common air, it
would weigh 8oo pounds more than when empty,
that
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LETTER XIL

Of the Atmofphere, and the Barometer.

AVING demontftrated that air is a fluid, elaftic,

L & and poflefled of gravity, I proceed to remark,
-that the earth is furrounded on all fides by this fluid,
and that - the fpace which it fills is called the atmo-
fphere. It would be abfolutely impoffible for a per-
fe& vacuum to exift on any part of the earth’s fur-
face ; for the air of the adjoining regions, comprefled
‘by the weight of the fuperior air, and making in-
ceflant efforts to dilate, would force itfelf into the
empty fpace and fill it. The atmofphere, therefore,
occupies the whole region which furrounds the
earth ; the inferior air is continually comprefled by
the weight of the fuperior air, and that until the de-,
gree of elafticity which refults from this compreffion,
is able to form an equilibrium to the comprefling
power. Then, although this air is comprefled only
in a downward diretion, it produces, in virtue of
it’s elafticity, efforts to expand itfelf not only down-
wards, but fideways alfo. For this reafon, the air
in a chamber is as much comprefled as the external,
which appeared a paradox to certain philofophers.
For they reafoned thus: In a chamber, the inferior
air is comprefled only by the fmall quantity of fupe-
rior air included in that chamber, whereas the ex-
ternpal air is comprefled by the weight of the whole
atmofphere, the height of which is immenfe. But
- the
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the difliculty is at once removed, by the property
which air poflefles, of expanding itfelf when com-
prefled in all directions. Now the air in the cham-
ber is at firft reduced, by the external air, to the
fame degrce of compreffion and elafticity with itfelf;
hence, whether I am in my chamber, or in the open
air, I feel the fame compreflion ; being always under-
ftood, that I mean at the fame height, or at the fame

" diftance from the centre of the earth. For I have
already remarked, that on getting to the fummit of
a high tower, or of a lofty mountain, the compref-
fion of the air is lefs, becaufc the weight of the fupe-
rior air is then diminifhed. Various phenomena con-
firm this ftate of the compreflion of the air.

Take, for inftance, (‘plate L. fig. 5.) 2 tube A B, clofe
at the end A, and having filled it with water, or any
other fluid, invert it, {o that the open end B may be
undermoft, and you will find that the fluid does not
run out. The elafticity of the air acting at B, in
oppofition to the fluid, fupports it in the tube. But
if you make an aperture into the tube at A, the fluid

. immediately defcends: the air which is admitted by
the aperture acts then from above, by it’s preflure
upon the water, and forces it downward ; which de-
monftrates, that while the tube was clofe at top, it
was the extcrnal air which fupported the water in it.
And were fuch a tube to be placed in a receiver,
from which the air was extracted by the air-pump,
the fluid would inftantly defcend. The ancients, to
—"hom this property of air was unknown, alleged,
nature fupported the water in the tube, from

the
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the horror which it has of a vacuum. For, faid
they, were the fluid to defcend, there muft be a va.
cuum at the upper end of the tube, as the air could
find no admiffion into it. According to themj there-
fore, it was the horror of a vacuum which kept the
fluid fufpended in the tube. It is now demontftrated,
that it is the force of the air which fupports the
weight of the fluid in the tube; and as this force
has a determinate quantity, the effect cannot exceed -
a certain limit.

It is found by experiment, that if the tube-A Bis
more than 33 feet in length, water will no longer
remain fufpended in it, but will run out till it comes
to the height of 33 feet; the fpace left a-top will, of
courfe, be a real vacuum. The force of the air then
cannot fupport water in the tube at more than the
height of 33 feet; and as the fame force fupports
the whole atmofphere, it is concluded, that a2 column
of the atmofphere is of equal weight, the bafis being
equal with a column of water 33 feet high. If, in-
ftead of water, you were to ufe mercury, which is
.14 times heavier, the force of the air could fupport
it in the tube at the height of only 28 inches; and
if you go beyond that, the mercury defcends, till it’s
height correfponds to the preffure of the atmofphere,
leaving the fpace a-top in the tube a vacuum. Such
a tube clofe above, and open below, being filled with
mercury, forms the inftrument called the Barometer,
by means of which it-has been difcovered, that the
atmofphere is not always of equal gravity. For it’s
zgal gravity is afcertained by the barometer, from the

height

- .\.‘-
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height of the mercury, which, as it rif:s or falls, in-
dicates that the denfity of the air, or the preflure of
the atmofphere, is increafing or diminithing.

zoth jla_y, 1760.

o5

LETTER XIIL

Of Wind-Guns, and the Compreffion of Air in Gun-
Powder.

HAVING explained that remarkable property of
air which is denominated compreffibility, by
means of which it is reducible into a fmaller {pace,
we are enabled to give an account of feveral produc-
tions of both nature and art. I fhall begin with an
explanation of the wind-gun, though I have no doubt
but you are well acquainted with that inftrument. .
It’s conftrution is fimilar to that of the common
fufil ; but inftead of powder, we employ condenfed
air to difcharge the bullet.

In order to comprehend the procefs of this opera-
tion, it muft be obferved, that air can be comprefled
only by a force proportional to the degree of con-
denfation which you with to obtain ; in this ftate, it
firives to extend itfelf, and the efforts which it makes
are precifely equal to the force ‘neceffary to reduce

it to the fize which it aGually occupies. The more,
then,, that the air is condenfed, the more violent are
EO}' ts to dilate ; and if the air is raifed to a den-

'ce as great as when it is free, which is the

cafe
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cafe when we reduce it to half the {pace which it
occupies in it’s natural ftate, the force with which
it endeavours to expand is equal to the preffure of a
- column of water 33 feet high. Figure to yourfelf
a great cafk of this height, filled with water ; this
fluid will, undoubtedly, make a ftrong preflure on
the bottom of the veflel. If you make a hole in it
near the bottom, the water will force itfelf out with
confiderable violence : and on_ftopping the aperture
with your finger, you will be abundantly fenfible of
this preflure of the water. The bottom of the catk
fuftains throughout a fimilar preflure. Now a_ vel-
fel containing air twice as denfe as that of the atmo-
~ fphere, muft undergo precifely fuch a preffure, and
if it were not fufficiently ftrong to fuftain it, would
burft. The fides, then, of this veflel muft be as ftrong
as the bottom of the catk I have mentioned. If in
the fame veffel the air were three times as denfe as
common air, the force with which it would aé upon
the fides muft be increafed in the proportion of one
more, .and_would be the fame which is fuftained by
the bottom of a cafk full of water, of 66 feet in
height: You will eafily conceive that this force muft
be very great, and that it muft go on increafing in
-the fame ratio, according to the different degrees of
condenfation of the air. This being laid down,
there is, at the bottom of the air-gun, a cavity
firongly fortified on all fides, into which the air is
- more and more comprefled, in order to reduce it to
as high a degree of denfity as the force employed for
: Vox. L E that
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that purpofe can admit. The air confined in this
cavity will thereby acquire a prodigious power to
force itfelf out: and if an aperture is made, it will
fly off with a velocity proportional to that power.
Now there is fuch an aperture which terminates in
the cavity of the tube into which the ball is put.
It is clofely ftopped ; but when you wifhi to difcharge
the piece, you open, for an inftant, the valve which
thuts it ; and the air rufhing forth, forces out the
ball with all the velocity which we remark in fhoot-
ing. Every time you difcharge, the valve is kept
open only a fingle moment; a certain quantity of
air, therefore, and no more, can efcape, and enough
ftill will remain for feveral fhot. But on difcharge,
it’s denfity and correfponding elafticity diminifh;
and for this reafon, the latter difcharges are lefs for-
cible than the former, till the force is at length en-
tirely exhaufted. Were the valve to remain open
any confiderable time, more air would make it’s
cfcape, which would all go to wafte; for this force
acts upon the ball only while it is in the barrel of
the gun; as foon as it is thot off, it is ufelefs to leave
a paffage for theair. Hence it appears, that were it
poflible to carry the condenfation of this fluid a great
deal farther, you will produce from the wind-gun
the fame effects as from the guns and cannons in
common ufe. .
The effect of artillery is accordingly founded on
the fame principle. Gunpowder is only a fubftance, °
which contains in it’s pores an air extremely cons
' denfed.
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denfed.* Nature produces here the fame operations
which we employ for comprefling the air, but carries
the condenfation to a much higher degree. All that
is neceflary.is to open the little cavities in which this
denfe air’' is confined, that it may have liberty to
efcape. This is performed by means of fire, which

¢ Recent experiments have fomewhat correéted this explanation.
Gunpowder, it is well known, is a.compofition of fulphur, nitre.
and charcoal. In the detonatlon of this {ubftance, the heat puts
the fulphur and charcoal in a condition to diffolve the acid of the
nitre, and to take from it the dephlogiftic air which enters into it’s
compofition. The atmofpheric mephites, which is another prin-
ciple of this acid, finding itfelf thereby difengaged, begins to ex=
pand, and forms a firft elaftic permanent fluid. The firing of the
charcoal produces fixed air, which is a fecond elaftic permanent
fluid. That of the fulphur produces the vitriolic acid, which is
reduced to vapour by the heat of the inflammation /a). Finally,
the water which enters into the compofition of the powder, is
likewife converted into vapour. Here, then, are four elafticfluids
produced in the progrefs of this operation. To their expanfion
the phenomenon of the explofion is to be afcribed.. The two laft,
brought back to a liquid ftate by being cooled, form the fmoke
we perceive after the difcharge.—F. E. - '

(a) This account of the aeriform fluids, extricated by the inflammation of
gun-powder, feems very embarraffed. Sulphur is not an effential ingredient .
in gun-powder; but as it burns at a low heat, it renders the mafs more fufcepe
tible of catching fire. The inflammation of gunpo{vder is i)recifely the fame
phenomenon with the detonation of charcoal and nitre. That falt is com-
pofed of vegetable alkali and nitrous acid, which confifts of pureand mephitic
airs united in a certain proportion. By means of the heat at firft applied, and
then repidly evolved during the procefs of inflammation, the nitrous acid is de-
compofed ; it's mephitic air is expelled, - while it’s pure air, combining with
the charcoal, forms fixed air, which is alfo difcha.rged It appears from cxperi-
ment, that this aerial compound, at the inftant of it's extrication, has upwards
of five handred times the elafticity of common air.—E. E.

E2 burits
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burfts open thefe little envelopes: the air then fud-
denly flies off, with incredible velocity, and forces
before it bullets and balls in 2 manner entirely fimi-

* lar to that which we have remarked in the cafe of

+ the wind-gun, but with much greater impetuofity.
Here, then, are two very furprifing effeéts produced
from the condenfation of air, with this fingle diffe-
rence, that in the one, it is the work of art; and in
the other, that of nature. We fee therefore in this,
as in every thing elfe, how infinitely the operations
of human fkill are furpaffed by thofe of nature.
24th May, 1760.

————==D § J+ @ Cmmme—e

LETTER XIV.

The Effect produced by the Heat and Cold on all Bodies,
and of the Pyrometer and Thermometer.

BESIDE the properties already mentioned, air has .
~ another very remarkable quality, in common to
it with all bodies, not excepting fuch as are folid; I
niean the change produced on it by heat and cold.
It is obfervable, in general, .that all bodies, being
heated, dilate or increafe in fize. A bar of iron made
very hiot, is fomewhat longer and thicker than when
it is cold. There is an inftrument called the Pyre-
meter, which accurately indicates the flighteft dif-
ferences of length or fhortnefs, that a bar of iron
undergoes, to which it is applied. You know that,

m
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in a watch, fome of the wheels move very flowly,
though they communicate motion to others which
revolve with confiderable rapidity. By a fimilar me-
* chanifm it is poffible, from a change almoft imper-
ceptible, to produce one very confiderable, as is the
cafe of the pyrometer, which I have juft mentioned.
It has an index, which runs over a very confiderable
{pace, on the flighteft change produced in the length
of the body on which the experiment is made. On
applying this inftrument to a bar of iron, or any
other metal, placed over a burning lamp, the index
is immediately put in motion, and fhews that the
bar is becoming longer ; and, as the heat increafes,
the bar likewife increafes in length. But on extin-
guithing the lamp, and the bar growing cold again,
the index moves in a contrary diretion, and thereby
fhews that the bar is growing fhorter. The difference,
however, is fo flight, that, without the help of this
inftrument, it would be difficult to perceive it. Yet
this variation is abundantly perceptible in the motion
of pendulum time-pieces. The ufé of the pendulum
is to regulate the motion. If you lengthen it, the
dock goes flower, and if you thorten it, the clock
"goes fafter. Now it is remarked, that in very hot
weather all docks lofe time, and proportionably gain
it in very cold weather ; which clearly demonftrates,
that the pendulum is lengthened or fhortened, ac-
cording to the temperature of the air. :
All bodies undergo this alteration, but the quan-
tlty differs’ greatly, according to the nature of the
E 3 fubﬁance



54 EFFECT OF HEAT AND COLD

fubftance of which they are compofed. In fluids,
efpecially, this variability is very perceptible.  To afe
certain it, take a glafs tube, B C, (‘plate 1. fig. 6)
joined 2t the end B to a hollow ball A, and let it be
filled with any liquor you pleafec up to M.  On heat-.
ing the ball A, the liquor will rifc from M toward C:
when it becomes cold again, the liquor will fall to-
ward B. This clearly proves that the fame liquid
occupies a greater fpace when it is heated, and a
fmaller when cold. 1t is likewife clear, that this va-
riution muft be more perceptible, when the ball is
large, and the tube narrow. For, if the whole mafs
of liquor increafes or dimirifhes by a thoufandth
part, that thoufandth part will occupy, in the tube,
a fpace great in proportion to it’s narrownefs. Such
an inftrument then is exceedingly proper to indi-
cate to us the diiferent degrees of heat and cold;
for if the liquor rifes or falls, it is s certain indication
that the heat is increafing or diminiiing. This in-
firument is called the 7 rremeior, which points out
the changes that take placc in the temperature of the
air, and of the bodics which furround us. It muft
aot be confounded with the baromncter, whofe ufe is
o indicate the gravity of the air, or rather the force
with which it is comprefed.  This caudon is the
inore neceflary, that the barometer and thermometer
ave a confiderable refemblance: being both glafs
ibes flled with mercury; but their ceniiruction,
.d the prindples on which they are founded are en-
tirely diffcrent.  This quality of body, extenfion by
heat,
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heat, and contradion by cold, belongs likewife, in a
very fuperior degree, to air. I fhall explain it at-
greater length in my next letter.* ' :
27th May, 1760. '

’

PrYIPY

- LETTER XV.
" Changes praducéd in the Atmofphere by Heat and Cold.

EAT and cold produce the fame effe on air, as

on every other body. Air is rarefied by heat,

and condenfed by cold. From what I have faid of
the elafticity of air, you eafily perceive, that a certain
quantity of this fluid is not determined to occupy
only a certain fpace, as all other bodies are ; but by

* There are three kinds of thermometers in ufe at prefent, that
of Reaumur is adopted in France, Switzerland, and ltaly ; that of
Celfius in Sweden and Denmark. In both of thefe, the fcale com-
mences at the freezing point; but the interval, between that and
the boiling point, is divided, in the former, into 8o parts, and the
htm; into 100:' Farenheit's thermometer is ufed in Britain and
Holland ; the freezing point is marked on it 32, and the boiling
212, the interval containing 180 degrees. The freezing point is
very nearly permanent, but the boiling point depends on the pref~
fure of the atmofphere, and near the furface of the earth it varies
one degree and fix-tenths for every inch of variation in the beight
of the barometer. Water has been heated jin a clofe veffel to fuch
a degree, as to melt lead and tia; and in the receiver of an air-
pump, it may be converted into vapour, at the ordinary tempera~
ture of the air. Hence the reafon why water boils fo quickly on
the fammit of lofty mountains. The boiling point would be at
172° on the heights of the Aades.—E. E.

Egq4 . its
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it’s nature, it has a perpetual tendency to dilate, and
actually does cxpand itfelf, as long as it meets no ob-
ftacle.

This property of air is denominated elafticity.
‘When this fluid is confined in a veflel, it makes ef-
forts in every direction to burft it ; and thefe efforts
are greater or lefs in proportion to it’s condenfation.
Hence we come to this conclufion, that the elafticity
of air is in exat proportion to it’s denfity ;, {fo that
when it’s denfity is doubled, it’s elafticity is likewife
doubled; and that, in general, a certain degree of
elafticity correfponds to a proportional degree of den-
fity. It muft be remarked, however, that this takes
place no longer than while the air preferves the fame
degree of heat. Whenever it becomes hotter, it ac-
quires gr::ter power of expanfion than what corre-
fponded to it’s denfity ; and cold produces the oppo-
fite effect, by diminithirg it’s expanfive power. In
order then to determine the elafticity of a mafs of
air, it is not fufficient to know it’s denfity ; you muft
likewife know it’s degree of hcat. In order to fet
this in a clear light. Let us fuppofe two chambers
clofely thut on all fides, but united by a door of com-
munijcation ; and that the heat in both is equal. In
order to this the air in both chambers muft have the
fame degree of denfity. For wecre the air more denfe,
and confequently more claftic, in the one than in the
other, part of it would efcape from the one, and force .
it’s way into the other, till the denfity in both were
the fame, But let us fuppofe that one of the cham-
bers has become hatter than the other, the air thereby

acquiring
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acquiring a greater .elafticity, would of courfe force
itfelf into the other, and reduce that which it found
there into a fmaller fpace, till. the elafticity in both
chambers was br'ought to the fame degree. During
this change there will be a current of air, through the
door, from the chamber which is more, inte that
which is lefs heated ; and when. the equilibrium is
reftored, the air will be moré rarefied in the warm
apartment, and more condenfed in the cold ; and yet
the elafticity of both will be the fame. From this it
dearly follows, that two mafles of air of different
denfity, qmay have the. fame elafticity, when the one
is hotter than the other ; and this circumftance taken
into confideration, it may happen, that with' the
fame degree of denfity, they may be. endowed with
different degrees of elafticity.

What I have faid of two chambers may be applied
to two countries; and hence it may be concluded,
that when one country becomes warmer than the
other, there muft of neceflity be a current of air from
the one to the other : and from this refults the wind.
. Here, then, is one fruitful fource of winds, though
" there are perhaps others, which confift in the. dif-
ferent degrees of heat, which prevail in different re-
gions of the earth; and it is demonftrable, that the
whole air which furrounds the earth could not be in
a ftate of reft, unlefs that, univerfally, at equal heights,
there were found the fame degree, not only of den.
fity, but likewife of heat. And fhould it happen
that there were no wind over the whole furface of
the earth, it might with certainty be concluded, that

' the
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the air would likewife be every where equally denfe
and warm at equal heights. Now as this never hap-
pens, there muft of neceflity always be winds, at leaft
in fome regions. But thefe winds are, for the moft
part, to be met with only on the furface of the earth;
and the higher you rife, the lefs viclent winds are.
‘Winds are hardly perceptible at the fuinmit of very
high mountains ;* there perpetual tranquillity reigns;
from which it is impoffible to doubt, that at con-
fiderable elevations, the air is always in a ftate of reft.
Hence it follows, that in rcgioné remarkably ele-
vated, there univerfally prevails all over the earth,
the fame degree of denfity and heat; for were it
hotter in one place than in another, the air could not
be in a ftate of reft. And, as there 'is no wind in
thefe elevated regions, it muft neceffarily follow, that
the degree of heat there muft be univerfally and al-
ways the fame ; which is a very furprizing paradox,
confidering the great variations of heat and cold
which we feel on the furface of the earth, during the
courie of a year, and even of one day; without tak.
ing into the account the difference of climate, that is,
the intolerable heats felt under the equator, and the

* This does not appear perfe&ly exa®. A perpetual current of
wind, from eaft to weft, muft be produced by the motion of the
earth’s rotation. It refults, likcwife, from M. d’Alembert’s theory
of winds. Befides, the attration of the moon, which is capable
of raifing the waters of the globe, undoubtedly communicates fome -
motion to the atmofphere. Here, then, we have fuperior curreats.

When aéroftation is carried to perfettion, it will, perhaps, pro-

-e us fatisfying information refpe@ing this article of meteorg-

’ -F . E ) .
dreadful
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dreadful cold which ever prevails toward ‘the poles
of the earth. Experience itfelf, however, confirms
the truth of this aftonifhing fat. The fnow and ice
remain equally, fummer and winter, on the moun.
tains of Switzerland, and are equally unchangeable
on the Cordeliers, lofty mountains of Peru, fituated
under the very equatoer, and where there perpetually
- reigns, neverthelefs, a cold as exceflive as that of the
polar regions. The height of thefe mountains is not
a German mile,* or 24,000 feet. From this it may
‘be, with confidence, concluded, that were it poflible
for us to afcend to the height of 24,000 feet, above
the earth, we fhould always and univerfally meet
with the fame degree of cold, and that cold excef-
fively fevere.t We fhould remark there no fenfible
difference during either fummer or winter, under
the equator, or near the poles. At this height, and
ftill higher, the ftate of the atmofphere is univerfally,
and at all feafons, the fame; and the variations of

heat and cold take place near the furface of the earth
~ alone. It is only in thefe inferior regions, that the
effet of the rays of the fun becomes perceptible,
You have, undoubtedly, fome curiofity to know the
reafon of this. It fhall be the fubject of the follow-
ing letter, ‘

31/ May, 1760.

# About 4 3-sthe miles, Englih. ' .

+ M. Charles, in his aérial voyage of the 1t Dec. 1783, felt
this change of temperature in a very fenfible manner; for then, on
the furface of the earth, the fluid in the thermometer ftdod at 7°
above the freezing point, and after about 10 minutes of afcenfion, -

it had &ucn to SQ‘ bdow it.—F. .E- .
. : LETTER

/
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LETTER XVL

The Cold, felt on high Mountains and at great Depths,
accounted for.

IT appears very furprifing, that we fhould feel the
fame degree of cold in all regions, after we have
rifen to a certain height, fay 24,000 feet; confider-
ing that the variations with refpect to heat, on the
earth, not only in different climates, but in the fame
country, at different fe2fons of the year, are {o per-
ceptible. - This variety, which takes place at the fur-
face of the globe, is undoulitedly occafioned by the’
fun. Itappears, at firft fight, that his influence muft
be the fume above and below, efpecially when we re-
flet, that a height of 24,000 feet, or a mile, though
very great with refpet to us, and even far beyond
thc height of the loftieft mountains, is a mere nothing,
comparcd to the diftance of the fun, which is about
thirty millions of miles.* This is, therefore, a very
important difficulty, which we muft endeavour to
folve. For this purpofe I begin with remarking,
that the rays of the fun do not communicate heat to
any bodies, but fuch as do not grant them a free paf-
fage. You know that bodies, through which we
can difcern objeéts, are denominated tranfparent, pel-
Mucid, and diaphonous. Thefe bodies are glafs, cryftal,

* Mr. Euler always means German miles, of 4000 fathoms
each, or fomewhat under 4 3~5ths miles Englith.~—E, E.

diamond,
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diamond, water, and feveral other liquids, though
fome are more or-lefs tranfparent than others. One
of thefe tranfparent bodies being expofed to the fun,
is not heated to fuch a degree as a body not tranfpa-
rent, as wood, iron, &c. Bodies not tranfparent are
denominated opaque. A burning-glafs, for example,
by tranfmitting the rays of the fun, fets on fire opaque
bodies, while the glafs itfelf is not fenfibly heated.
Water expofed to.the fun becomes fomewhat warm,
only becaufe it is not perfe@ly tranfparent ; when
we fee it conﬁderably heated by the fun at the brink
of rivers, it is beciufe the bottom, being an opaque
body, is heated by the rays which ithe water tranf-
mits. Now, every heated body communicates that
Aeat to all adjoining bodies ; the water accordingly
derives heat from the bottom. If the water be very
deep, fo that the rays cannot penetrate to- the bot-
tom, it has no perceptible heat, though the fun bears
upon it.

As air is a very tranfparent body to a much hlgher
degree than glafs or water, it follows that it cannot
be heated by the fun, becaufe the rays are freely
tranfmitted through it. The heat which we fre-
quently feel in the air is communicated to it by
opaque bodies, which the rays of the fun have heat-
ed; and were it poffible to annihilate all thefe bodies,
the air would fcarcely undergo any change in it’s
_ temperature by the rays of the fun: expofed to it or
not it would be equally cold. But the atmofphere
is not perfe@ly tranfparent : it is even fometimes fo
loadcd with vapours, that it lofes almoft entirely it’s

. Iranfparency,
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tranfparency, and prefents only a thick fog. When
the air is in this ftate, the rays of the fun have a
more powerful influence upon it, and heat it imme-
diately.

But thefe vapours rife to no great height ; at the
height of 24,000 fcet, and beyond, the air is {o fub-
tile and fb pure, that it is perfe&tly tranfparent ; and
for this reafon the rays of the fun cannot immediate-
ly produce any effe® upon it. This air is likewife
too remote from terreftrial bodies to receive a com-
munication of heat from them ; they act only upon
fuch as are adjacent. Hence you will eafily perceive
that the rays of the fun cannot produce any effet in
regions of the air very much elevated above the fur-
face of the earth ; and that the fame degree of cold
muft always and univerfally prevail in fuch regions,
as the fun has no influence there, and as the heat of
terreftrial bodies cannot be communicated fo far.

This is nearly the cafe on the fummit of very high
" mountains, where it is always much colder than on
plains and in vallies.*

#® “There are clouds, however, above thefe mountains, and in
almoft as great a quantity as above the plains, which is demon-
firated by the fnows which cover the higheft fummits. There
are few naturalifts who have not been furprifed by clouds in their
excurfions upon the mountains. The heat that is felt when fuch
clouds are formed muft be attributed almoft entirely to the tranf-
miffion of the water which found itielf diffolved in the air, under
the form of elaftic fluid, to a liquid ftate. The heat of the folar
rays, intercepted by the cloud, can produce no change in the in-.

‘emperature, as it would have been tranfmitted from the
-F. E.

The
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The city of Quito, in Peru, is almoft under the
equator,.and were we to form our judgment from
it’s fituation on the globe, we would fuppofe it op-
prefled with intolerable heat; the air, however, is
abundantly temperate, and differs very little from
. that of Paris. Quito is fituated ata great height
above the real furface of the earth. In going to it
from the fea fhore you have to afcend for feveral
days; it is accordingly built in an elevation equal to
that of our higheft mountains, though furrounded
by others fiill much higher, called the Cordeliers.
This laft circumftance would -afford a reafon for
thinking that the air there muft be as hot as at the
furface of the earth, as it is contiguous on-all fides to
opaque bodies, on which the rays of the fun fall.
'The objection is folid ; and no folution can be given
but this. That the air at Quito, being very elevated,
muft be much more fubtile, and of lefs gravity than
with us; and the barometer, which always ftands
confiderably lower, inconteftably proves it.

Air of fuch a quality is not fo fufceptible of heat
as common air, as it muft contain lefs vapour and
other particles which ufually float in the atmofphere;
and we know by ecxperience that air very much
~ loaded is proportionably fufceptible of heat. I muft
here fubjoin another phenomenon no lefs furprifing:
In very deep pits, and lower ftill, if it were ftill pof-
fible to defcend, the fame degree of heat always and
univerfally prevails, and nearly for the fame rcafon.
As the rays of the fun exert their influence only on
the furface of the earth, and as the heat which they

" there
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there excite communicates itfelf up and down, this
effe at very great depths is almoft imperceptible.
The fame thing holds refpecting confiderable heights.
This elucidation will, I flatter myfelf, prove fatisfac-

tory.*

3d Fune, 1760.
e LETTER

® The reafon which Profeflfor Euler affigns for the cold that
prevails in the higher regions of the atmofphere feems plaufible,
but will not ftand an accurate examination. Light is much im-
paired in it's paffage through the atmofphere, and the heat com-
municated is in every cafe proportional to the quantity of abforp-
tion. It appears, from fome ingenious experiments of M. Bou-
guer, that we receive only four-fifths of the rays of a vertical fun;
and when that luminary approaches the horizon, the portion of
his light which reaches the furface of the earth, is much fmaller.
Thus at an elevation of 20 degrees it is one half; at that of 10 de-
grees one third; and at that of five degrees one-eighth. Hence
“the fun-beams are moft powerful on the fummits of lofty moun-
tains, for they fuffer the greateft diminution in paffing through
the denfe air of the lower regions. If the air derived it’s heat
from the furface of the earth, thofe countries would be warmeft
which enjoyed the greateft quantity of fun-thine. The Britith
iflands are fhrouded in clouds nine months of the year; yet our
climate is milder than that of the fame parallel on the Continent,
where the fky is generally ferene. The elevated town of Quito,
efpofed to a brilliant fun, enjoys a temperate air; while ‘the Pe-
ruvian plains, thided wiih_ﬂeecy clouds, are parched with heat.
Were the reafoning in the text to be admitted, we thould conclude
that the tops of mountains are warmer than their bafes. To fay
that air, much rarefied, is not fufceptible of heat, is a very extra-
ordinary affertion, fince we are acquainted with no fubftance what-
ever that may not be heated. Befides, a more intenfe cold may
be artificially produced than what prevails in the lofty regions of
‘e atmofphere. We muft recur to other principles for the true
folution
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LETTER XVIL

Of Light, and the Syftems of Defcartes and Newton.

AVING fpoken of the rays of the fun, which

are the focus of all the heat and light that we
enjoy, you will undoubtedly atk, What are thefe
rays? This is beyond queftion one of the moft im-
portant inquiries in phyfics, as from it an infinite
number

folution of the fa&.” It is indifferent what portion of the air firft
Teceives the heat; the effe@ depends entirely on the nature of it’s
diftribution, If the atmofphere were of an uniform denfity through-
out, the heat would at all heights be likewife the fame. But as
the derfity varies according to the altitude, the diftribution of
heat is affected by that circunftance, and follows a certain corre-
fponding law. Iwould gladly develope the principles from which
this theory is deduced, but the popular nature of the prefent trea~
tife forbids all abftrad difcuffion. T fhall therefore content myfelf
with giving a table of the diminution of heat at different altitudes.

Altitude in feet. Diminution of heat, in degrees, .
: of Farenheit, -
(3000 — = = = 12°
6,000 — — — = 244
9,000 — @ — @ — — 38
12,000 — _— - —_— 23
15,000 —  — = — — 68
18,000 — —_— — — 8
21,000 — —_ —_ — 94

The diminution of heat, on the afcent, is nat quite fo great in
extenfive ‘continents ; for the intercourfe between the rare and the
denfe portions of the atmofphere is, in this cafe, neceffarily flow,
and the heat, which is principally formed at the furface, will only
be partially difperfed. " A

You. L. F - It
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number of phenomena is derived.  Every thing that
refpets light, and that renders objeéts vifible, is
clofely connected with this inquiry. The ancient
philofophers fecm to have taken little intereft in the
folution of it. They contented themfelves with fay-
ing that the fun is endowed with the quality of
thining, of giving heat and light. But is it not
worth while to inquire, Wherein does this quality-
confift ? Do certain portions, inconceivably {fmall, of
the fun himfelf, or of his fubftance, come down to

It is a common miftake to fuppofe, that the fame heat obtains,
at a certain depth, in every part of the globe. The faé is, that
heat, originally derived from the fun, is communicated very flowly
to the matter below the furface, which, therefore, does not feel
the viciffitude of feafons, but retains the average temperature of
the climate for many ages. Hence the utility of examining the
heat of fprings, which is the fame with that of the fubftances
through which they flow. The following table exhibits the aves
rage heat of places on the level of the fea, computed by the csles
brated afironomer, Profeflor Meyer, for every five degrees,of 1»
titude,

Jatityde. Average Temperature. rLatitude. Average Teml‘“‘“‘e'

RS- g:," so — — 353%°

§ — =+~ 8 § — — 49

20 = - 82 go — — 45

- I 66 = — ik
- = 8 70 — — 335
o—— — v-s — — 3
-— = ;t* ‘ 8o — — 53!%

N -

- = 67 85 — - 2>
-_— = 62 ‘ 9 — -—- >
== = 58

comparing this table with the preceding e itis
. for any latitude, the altitude of the curve— "¢ of
re the average tern perature is 32 ~E. ﬁ
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us? Or is the tranfmiffion fimilar to the found of
bell, which the ear receives? though no part of th
fubftance of the bell be feparated from it, as I obferv
ed in explaining the propagation and perception o
found. :

Defeartes, the firft of modern philofophers, main-
tained this laft opinion, and - having filled the whole
univerfe with a fubtile matter compofed of fmall
globules, which he calls the fecond element, he fup-
pofes that the™fun is in a ftate of continual agitation,
which he tranfmits to thefe globules, and pretends
that they again communicate their motion in an in-
ftant to every part of the univerfe. But fince it has
been difcovered that the rays of the fun do not reach
us inftantaneouily, and that they take eight minutes
to fly through that immenfe diftance,* the opinion
of Defcartes, which laboured befide under other dif-
ficulties, has been given up.

The great Newton afterwards embraced the former
yitem, and maintained that the luminous rays are
sally feparated from the body of the fun, and the

wticles of light thence emitted with that inconceiv-

le velocity which brings them down to us in about
ht minutes. This opinion, which is that of moft
dern philofophers, particularly the Englifh, is

This important fa& was difcovered toward the end of the laft
¥ by Roemer, a learned Dane, of the ancient Academy of
es. It was an inequality of the fatellites of Jupiter which

1 to it. The caufe of this aberration, difcovered by Brad-
728, inconteftably demonftrates the fame phenomenon.—

- Fa2 ~ qalled
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called the fyjlem of emanation ; it being imagined that
rays emanate from the fun and other luminous bo-
dies, as water emanates or {prings from a fountain.
This opiniorr appears at firlt fight very bold, and
irrcconcilcable to reafon.  For were the fun emitting
continually, and in all dircctions, fuch floods of lu-
minous matter, with a velocity fo prodigious, he
muft fpeedily be exhaufted, or at leaft fome altera-
tion mutft, after the lapfe of fo many ages, be percep-
tible. This, however, is contradicted by obfervation.
It cannot be a matter of doubt, that a fountain which
fhould emit ftreams of water in all dire&ions, would
be exhaufted in proportion to the velocity of the
emiflion ; much more the fun, whofe rays are emit-
ted with a velocity {o inconceivable. Let the particles
of which rays of light are formed be fuppofed as fub-
tile as you pleafe, nothing will be gained : the fyftem
will ever remain cqually untenable. It cannot be af-
firmed that this emanation is not made in all direc-
tions: for, wherever you are placed, the whole fun
is vifible, which proves inconteftably, that rays from
every point of the fun are emitted toward the fpot
which you occupy. The cafe is very different from
that of a fountain, which fhould emit ftreams of
water in all direGtions. For one point in the foun-
tainz could furnifh only one ftream direéted to a par-
* ticizlar fpot, but every point of the fun’s furface muft
; emdt€ an infinite number, diffufing themf{elves in all
dire=«tions.  This circumftance alone infinitely in-
#_ flles the expenditure of luminous matter, which
would have to make.
' Another
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Another difficulty, and which appears equally in-
fuperable, is, that the fun is not the only body which
emits rays, but that all the ftars have the fame qua-
lity : and as every where the rays of the fun muft be
~ croffing the rays of the ftars, their collifion muft be
violent in the extreme. How muft their direction
be changed by fuch collifion! This collifion muft
take place with refpe@ to all luminous bodies, vifible
at the fame time. Fach, however, appears diftin&tly,
without fuffering the flighteft derangement from any
other: a certain proof that many rays may pafs
through the fame point, without difturbing each
other, which feems irreconcileable to the fyftem of
emanation. Let two fountains be fet a playing upon
each other, and you will immediately perccive their
different ftreams difturbed and confounded : it myft
of confequence be concluded, that the motion of the
rays of light is very effentially different from that of
a jet d’eau,and in general from all fubﬁ:anc::s forcibly
cmitted,

Confidering afterwards tranfparent bodies through
which rays are freely tranfmitted in all dire&ions,
the fupporters of this fyftem are under the neceffity
of affirming that thefe bodies contain pores, difpofed
in ftraight lines, which iffue from every point of the
furface, and proceed in all directions; it being in-
conceivable how there could be any line through
which a ray of the fun might be tranfmitted with
fuch amazing velocity, and even without the flight-
¢ft collifion. Here then are bodies wonderfully po-

F 3 rouys,

4
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rous, which have the appearance, neverthelefs, of
being extremely folid.

Finally, in order to enjoy vifion, the rays muft
enter into the eye, and penetrate it’s fubftance with
the fame velocity. All thefe difticulties, taken toge-
ther, will, I doubt not, fufficiently convince you,
that the fyftem of emanation has in no refpet a
foundation in nature; and you will certainly be af-
tonithed that it could have been conceived by fo
great a man, and embraced by fo many enlightened
philofophers. But it is long fince Cicero remarked,
that nothing fo abfurd can be imagined as to find no
fupporter amony philofophers. For my part, I am
toq little a phllo.fopher to adopt the opinion in quefs
tion.

7tb June, 1760,

LETTER XVIIL

Difficulties attending the Syftem of Emanation,

HOWEVER ftrange the doétrine of the celebrated
Newton may appear, that rays proceed from

the fun by a continual emanation, it has, however,
been fo generally received, that it requires an effort
of courage to call it in queftion. What has chicfly
contributed to this is, no doubt, the high reputation
. "reat Englith philofopher, who firft difcovered
aws of the motions of the heavenly bodies ;

and
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and it is this very difcovery which led him to the
{yftem of emanatjon.
Defeartes, in order to fupport his theory, was
- under the neceflity of filling the whole {pace of the
heavens with a fubtile matter, through which all the
celeftial bodies move at perfe& liberty. But it is
well known that if a body moves in air, it muft
meet with a certain degree of refiftance; from which
Newton concluded, that however fubtile the matter
of the heavens may be fuppofed, the planets muft
encounter fome refiftance in their motions. But,
faid he, this motion is not fubje& to any refiftance :
the immenfe fpace of the heavens, therefore, con.
tains no matter. A perfett vacuum, then, univer-
fally prevails. This is one of the leading doétrines
of the Newtonian philofophy, that the immenfity of
the univerfe contains no matter in the {paces not
occupied by the heavenly bodies. This being laid
down, there is between the fun and us, or at leaft
"from the fun down to the atmofphere of the earth,
an abfolute vacuum. In truth, the farther we af-
cend, the more fubtile we find the air to be; from
whence it would apparently follow, that at length
the air would be entirely left. If the fpace between
the fun and the earth be an abfolute vacuum, it is
imipoffible that the rays fhould reach us in the way
of communication, as the found of a bell is tranf-
mitted by means of the- air. For if the air, inter-
vening between the bell and our ear, were to be an-
nihilated, we fhould abfolutely hear nothing, Iet the
bdl be firuck ever fo violently,
Fy Having
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. v on « tiablifhed, then, a perfect vacuum between

.. s uly bodies, there remains no other opinion
.+« wlopted but that of emanation ; which obliged
\ ....n |0 maintain, that the fun and all other lu-
wunous bodics emit rays which are always particles,
tlinitely fmall, of their mafs, darted from them
v it ancredible force. It muft be fuch to a very
high degrce, in order to imprefs on rays of light
that inconceivalle velocity with which they come
from the fun to us in the fpace of eight minutes.
But let us fee whether this theory be confiftent with
Newtonw’s leading doctrine, which requires an abfo-
lute vacuum in the Leavens, that the planets may
encounter no manner of refiftance to their motions.
You muft conclude, cn a moment’s reflection, that
the fpace in which the heavenly bodies revolve, in.
ftead of remaining a vacuum, muft be filled with
the rays, not only of the fun, but likewife of all the
other ftars which are continually pafling through it
from every quarter, and in all dire&ions, with incre-
dible rapicity. The heavenly bodics which traverfe
thefe fpaces, inftead cf encountering a vacuum, will
mect with the matter of luminous rays in a terrible
agitation, which muft difturb thefec bodies in their
motions much more than if it were in a ftate of reft.
Thus Newion, apprehenfive left a fubtile matter,
fuch as Defcartes imagined, fhould difturb the mo-
tions of the Planets, had recourfe to a very ftrange
sxpedient, and quijte contradictory to his own inten.:
f n his hypothefis, the planets muft be ex.
. 'crangemcnt infinitely more confiderable,
s ] have
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I have already fubmitted to you feveral other infu.
perable obje&tions to the {yftem of emanation; and
we have now feen that the principal and indeed the
only reafon which could induce Newton to adopt it,
is fo felf-contradictory as wholly to overturn it. All
thefe confiderations united, leave us no room to he-
fitate about the rejeftion of this ftrange fyftem of
the emanation of light, however refpe&able the au-
thority of the philofpher who invented it.

. Newton was, without doubt, one of the greateft
geniufes that ever exifted. His profound know-
ledge, and his acute penetration into the moft hid-
den myfteries of nature, will be a juft objett of ad-
miration to the prefent, and to every future age.
But the errors of this great man fhould ferve to ad-
monifh us of the weaknefs of the Human underftand-
ing, which, after having foared to the greateft pof-
fible heights, is in danger of plunging intq manifeft
contradi&ion.* ‘

soth Fune, 1760,
LETTER

# The pious as well as learned and ingenious Author, in the firft .
edition of thefe Letters, fubjoined to this refle@ion on Newton's
do&ripe of emanation a feries of refletions which do equal honour
to his underflanding and his heart. The French Editor, for what
reafon it does not appear, has thought proper to fupprefs them.

-Could he imagine a philofophical work difgraced by a inodeft and
pot unfeafonable infufion of religious fentiment? Be how it will,

. the Englith Editor felt himfelf obliged to reftore the paflage, in
prefenting the top long negle@ed Euler to the Britith nation.
It follows : * '

#¢ If we are Jiable to weaknefles and inconfiftenciey fo humiliate

[} mg'
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LETTER XIX.

A different Syftem refpecting the Nature of Rays and of
Light, propofed.

YOU have feen that the fyftem of the emanation
of the rays of light labours under infuperable
diflicultics, and that the dodtrine of a vacuum for
the heavenly bodies to range in, is equally untenable;
as the rays of light would completely fill it. Two
things, then, muft be admitted: firft, the fpace
through which the heavenly bodies move is filled
with a fubtile matter; fecondly, rays are not an ac-
tual emanation from the fun and other luminous
bodies, in virtue of which part of their fubftance is

¢¢ ing, in our refearches into the phenomena of this vifible world,
¢ which lies open to the examination of our fenfes, how wretched
¢ muft we have been had God left us to ourfelves with refpeé to
#¢ things invifible, and which concern our eternal falvation ? On
$¢ this important article a Revelation was abfalutely neceflary to
4¢ us; and we ought to aval ourfelves of it with the moft pro-
¢ found veneration. When it prefents to us things which may

-#8 gppear inconceivable, we have but to refle on the imperfe@ion

¢¢ of human underftanding, which is fo apt to be mifled, even zs
# to fenfible objets. Whenever I hear a pretended Freethinker
8¢ inveighing aguinft the truths of religion, and even fneering at
# it with the moft arrogant felffufficiency, I fay to myfelf: poor
¢ weak mortal, how inexpretfibly more noble and fublime are the
#¢ fubje@s which you treat fo lightly, than thofe refpe@ing which
“ the great Newfon was {o grofsly miitaken! I could with your
“ighnefs to keep this refle@tion ever in remembrance: occafiona
naking it accur but too frequently.”’—E, E.

violently
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violently emitted from them, according to the doc.
trine of Newton,*

That fubtile matter which fills the whole fpace in
which the heavenly bodies revolve, is called Ether.
Of it’s extreme fubtilty no doubt can be entertained.
In order to form an idea of it, we have only to at«
tend to the.nature of air, which, though extremely
fubtile, even on the furface of the earth, becomes
more and more {0 as we afcend ; and entirely ceafes,
if I may ufe the expreffion, when it comes to be lofk
in the ether. The ether, then, is likewife a fluid as
the air is, but incomparably finer and more fubtile,
as we are affured that the heavenly bodies revolve

¢ The materiality of light is fupported by the moft convincing
proofs that phyfics can afford. The infletion, refradtion, and re-
flection of it’s rays, thew manifeftly that, like other bodies, it is
fubje& to attraction and repulfion; and the fimple application of
the doétrine of forces not only explains fatisfactorily the pheno-
mena, but afligns the precife effeéts with the moft perfe& accuracy.
The difficultics which feem to attend the theory of emanation va-
nith on a clofe inveftigation, So vaft is the tenuity of light, that
it utterly exceeds the powers of conception.® The moft delicate
infitrument has never been certainly put in motion by the impulfe
of the accumulated fun-beams. Even on the moft unfavourable
fuppofition it appears from calculation that, in the fpace of
385,130,000 Egyptian years (of 360 days) the fun would lofe

only the 1,217,420th of his bulk, from the continual eflux of light,
On the fame hypothefis the force impreffed upon the earth by each
emiffion is fuch as would make it recede only the two billionth
part of an inch in an hundred feconds, and it’s effect, during a fe+
ries of ages, would therefore be altogether infenfible.  After fiate
ing numbers of a magnitude fo enormous, it would be fuperfluous
to copfider the quantity of firoke which the eye geocives,

" frecly
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freely through it, without meecting any perceptible
refiftance. It is alfo without doubt poflefled of elaf-
ticity, by means of which it has a tendency to ex-
pand itfelf in all direftions, and to penetrate into
fpaces where there would otherwifc be 2 vacuum
fo that if by fome accident the ether were forced
out of any fpace, the furrounding fluid would in-
ftantly rufh in and fill it again.

In virtue of this elafticity, the ether is to be found
. not only in the regions which arc above our atmo-’
fphere, but it penetrates the atmofphere univerfally,
infinuates itfelf by the pores of all bodies, and paffes
irrefiftibly through them. Were you, by the help
of the air-pump, to exhauft the air from a receiver,
- you muft not imagine that you have produced ap
abfolute vacuum; for the ether, forcing itfelf through
the pores of the receiver, completely fills it in an in-
ftant, Having filled a glafs tube of the proper length
with mercury, and immerged it, when inverted, in
the ciftern, in order to make a barometer, it might
be fuppofed that the part of the tube which is higher
than the mercury is a vacuum, becaufe the air is
completely excluded, as it cannot penetrate the pores
of glafs : but this vacuum which is apparent only,
is undoubtedly fupplied by the ether, infinuating it-
felf without the fmalleft difficulty.

It is by this fubtilty and elafticity of ether that [
fhall by and by explain to you the remarkable phe-
nomena of eledricity. It is even highly probable.

ether has an elafticity much fuperior to that of
ad that many of the phenomena of nature are
' produced
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produced by means of it. For my own part I have
no doubt that the compreflion of the air in gun.
powder is the effect' of the elaftic power of ether,
And as we know by experiment that the air in it is
condenfed almoft rooo times more than common
air, and that in this ftate it’s elafticity is likewife
10bo times greater, the elafticity of the ether muft
in this cafe be fo too, and confequently 1000 times
greater than that of common air. We fhall then have
a juft idea of ether, in confidering it as 2 fluid in
many refpe@s fimilar to air, with this difference,
that ether is incomparably more fubtile and more
elaftic.*

Having feen then that the air, by thefe very qua.
lities, is in a proper ftate for receiving the agitations
or fhakings of fonorous bodies, and to diffufe them
in all diretions, as we find in the propagation of
found, it is very natural to fuppofe that ether may
in the fame circumftances likewife receive agitations
in the fame manner, and tranfmit them to the great-
eft diftances.t As the vibrations of the air produyce

‘ . Jound,

® This, perhaps, is what in modern times they denominate the
matter of heat.—F. E.

+ The hypothef\is of an ether is a clumfy attempt to preclude
the neceflity of admitting aéion at a diffance. It has been a receiv+
ed maxim, that caufe and effe®t muft exift in the fame place; but
the leaft reflection will convince us that, were this principle true,
there could never be any communication of motion, The diffie
culty is really the fame, to conceive action exerted at the diftance
of the thoufandth part of an inch, as at that of a thoufand miles.
The yarﬁclcs of matter are far from being in mutnal contad, other»

< . wife
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Jound, What will be the effe& of thofe of ether? You
will undoubtedly guefs at once /ight. It appears in
truth abundantly certain, that light is with refpe&
to ether, what found is with refpe& to air; and that
the rays of light are nothing elfe but the thakings or
vibrations tranfmitted by the ether, as found confifts
in the fhakings or vibrations tranfmitted by the air.

The fun, then, lofes nothing of his fuhftance in
this cafe, any more than a bell in vibrating ; and, in
adopting this fyftem, there is no reafon to apprehend
that the mafs of this orb fhould ever fuffer any di-
minution. What I have faid of the fun muft alfo be
extended to all luminous bodies, fuch as fire, 2 wax
taper, a candle, &c.

It will, undoubtedly, be objetted, that thefe ter-
refirial luminaries evidently wafte, and that unlefs
they are continually fed and kept up, they will be
fpeedily extinguifhed; that confequently the fun
muft in time be wafted away, and that the parallel
of a bell is not accurate. But it is to be confider-
ed, that thefe fires, befides their light, throw out
{moke, and a great deal of exhalation, which muft
be carefully diftinguifhed from the rays of light.
Now the fmoke and exhalation evidently occafion a
confiderable diminution, which muft not be imputed
wife all bodies would have the fame denfity, and be totally inca=
pable of compreflion. Were the univerfe an abfolute plentwom, mo-
tion and animation would for ever ceafe. To afcribe to ether an
extreme rarity, and at the fame time to affert that it fills all {pace,
and pervades all bodies, is a contradiction in terms. But the l:y-
pothefis is {o big with abfurdity, that it deferves not a particulat

examination. Sce nofe, p. 41.—E. E. N
to
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to the rays of light; for were it poffible to fcparato
them from the fmoke and other exhalations, the hu.
minous guality alone would occafion no expenditure.
Mercury may, by means of art, be rendered lumi.
nous, as you have probably feen, and that without
any diminution of it’s fubftance, which proves that
. light alone produces. no wafte of luminous hodies.
Thus. though the fun illuminates the whole world
by his rays, he lofes nothing of his own fubftance,
his light being only the effedt of a certain agitation,
or violent concuffion of his minute particlés, com-
municated to the adjoining ether, and thence tranf.
mitted in all dire¢tions by means of this fluid to the
remoteft diftances, as a bell when firuck communi.
cates it’s own agitation to the circumambient air.
‘The more we confider this parallel between fonorous
and luminous bodies, the more we fhall find it con-
formable to nature, and juftifiable by experience;
whereas the more we attempt to reconcile the phe-
nomena of nature to the fyftem of emanation, the
more difficulties we encounter.

. 34th June, 1760.

LETTER XX.
Of the Propagation of Light.

THE propagation of light in the ether is produced
in 2 manner fimilar to that of {found in the air;

and juft as the vibrations occafioned in the-particles
of air conflitutes foung; in-like manner the-vibration
’ ‘ of
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of the particles of ether conftitutes light or luminous
vays; fo that light is nothing elfe but an agitation or
soncuffion of the particles of ether, which is every where
to be found on account of it’s extreme fubtilty, in -
virtue of which it penetrates all bodies. '

Thefe bodies, however, modify the rays of light
in many different ways, by tran{mitting or ftopping
the propagation of the concuffions. Of this I fhall
treat at large in the fequel. I confine myfelf at pre-
fent to the propagation of rays in the ether itfelf,
which fills the immenfe fpace in which the heavenly
bodies revolve. There the propagation takes place
in perfe liberty. The firft thing which here pre-
fents itfelf to the mind is the prodigious velocity
of the rays of light, which is about goo,o00 times
more rapid than that of found, though this laft tra«
vels no lefs than 1000 feet in a fecond.

This amazing velocity would be fufficient of itfelf
to overturn the fyftem of emanation; but in that
which I am attempting to eftablifh, it is a natural
confequence, from the principles laid down, as I hope
to demonftrate. They are the fame with thofe on
which is founded the propagation of found in the
air, and this depends at once on it’s denfity and elaf-
ticity. It is evident that if the denfity of air were
diminifhed, found would be accelerated, and if the
elafticity of the air were increafed, the fame thing .
would happen. If the denfity of the air diminifhed,
and it’s elafticity increafed at once, we fhould have
? " " reafon for the increafe of the velocity of

18 conceive, then, the denfity of the air
diminithed,



PROPAGATION OF LIGHT. 81

dirhinifhed, and it’s elafticity increafed, till it’s den-
fity and elafticity became equal to thofe of ether, and
we thould then no longer be furprifed that the velo-
city of found had become many thoufands of times
greater than it afually is. For you will be pleafed
to remember, that, according to the firft ideas we
formed of ether, this fluid muft be inconceivably
rarer, and more elaftic than air. Now both of thefe
qualities equally contribute to accelerate the velocity
of vibrations. From this explanation, the prodigious
velocity of light is {o far from prefenting any thing
irreconcileable to reafon, that it rather perfeily har-
monizes with the principles laid down; and the pa-
rallel between light and found is in this refpe& fo
firmly eftablifhed, thrat we may confidently maintain,
That if air fhould become as fubtile and as elaftic as
ether, the velocity of found would become as rapld
as that of light.

The fubtlity of ether, then, and it’s great elafti-
city, are the reafon which we affign for the prodi-
gious velocity of the motion of light; and fo long as
the ether preferves this fame degree of fubtlity and
elafticity, this velocity muft continue the fame. Now
it cannot be doubted that the ether has, through the
whole- univerfe, the fame fubtlity and the fame elaf-
ticity. For were the ether lefs elaftic in one place
than in anether, it would force itfelf into it till the
equilibrium was perfectly reftored. The light of the
“ftars, therefore, moves with as great velocity as that
-of the fun; and as the flars are at a much greater
dlfhnce from us than the fun, 2 much greater quan-

© Vor. L G . tity
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tity of timhc is requifite to tranfmit their rays to us,
However great the diftance of the fun may appear,
whofe rays, neverthelefs, reach the furface of our
globe in eight minutes, the fixed ftar neareft to us is
at leaft 400,000 times more diftant than the fun: a
ray of light iffuing from that ftar will employ then
400,000 times eight minutes in travelling to us, that
is 53,333 hours, or 2,222 days, or fix years nearly.-

- It is then upwards of fix years fince the rays of
light.iffued from that fixed ftar, the leaft remote and
probably the moft brilliant, in order to render it vi-
fible to us, and thefe rays have employed a period fo
confiderable to fly through the fpace which feparates
us from that ftar. Were God juft now to create a
new fixed ftar, at the fame diftance, it could not be-
come vifible to us till more than fix years had elapfed,
as it’s rays require that length of time to travel this
diftance. Had one been created at the beginning of
the world a thoufand times more diftant than that
which I have mentioned, it could not yet be vifible
to us, however brilliant, as 6500 years are not yet
elapfed fince the Creation. The firft preacher of the
court of Brunfwick, Mr. Jerufalem, has happily in-
troduced this thought in one of his fermons; the
paflage runs thus:

~ ¢ Raife your thoughts from the earth which yon
¢ inhabit to all the bodiés of the vaft univerfe, which
“are fo far above you: launch into the immenfity
“ of {pace which intervenes between the moft re-
 mote which your eyes are able to difcover, and
< thofe whofe light, from the moment jof creatiop

. %dll
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< till now, has not as yet, perhaps, come down to us.
<« The immenfity of the kingdom of God juftifies
¢<.this reprefentation.” (Sermon on the Heavens, and
. Eternal Beatitude.)

I flatter myfelf that thefe reflettions will excite a
defire of further inftruétion refpeéting the fyftem of
light, from which is derived the theory of colours,
and of vifion.

15th Tune, 1760.

et ) @ Giamauncas

LETTER XXI.

Digré_’ﬁon, on the Diftances of the Heavenly Bodies, and
on the Nature of the Sun, and bis Rays.

THE obfervations which I have been making re.
fpe&ting the time which the light of the ftars
employs in making it’s progrefs down to us, convey
a friking idea of the extent and greatnefs of the
univerfe. The velocity of found, which flies through
the fpace of 1000 feet in a fecond, furnithes us with
nearly the firft ftandard of meafurement. It is about
200 times more rapid than the pace of a man who
is a good walker. Now the velocity of the rays of
light is goo,000 times ftill more rapid than that of
found : thefe rays accordingly perform, every fecond,
2 courfe of goo millions of feet, or 37,500 German
miles. *
~ ‘What aftonifhing velocity ! Yet the neareft fixed

*.0 77 % More than 1 70,000 miles Englith.—E. E.
'..' s Ga ftar
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ftar is fo remote, that it’s rays, notwithftanding
this prodigious velocity, would take more than fix
years in defcending to us. And were it poffible for
a great noife, fuch as that of the firing of a cannon,
iffuing from that ftar, to be conveyed to our ears, it
would require a period of §,400,000 years to reach
us. And this is applicable only to thofc ftars which
are the moft brilliant, and are probably neareft to us.
Thofe which appear the fmalleft are, very probably,
1en times {till farther remote, and more. A whole
century then, at leaft, muft elapfe, before the rays of
thefc ftars could poflibly reach us. How prodigious
mutt that diftance be, which cannot be paffed through
in Icfs than 100 years, by a vclocity which flies at
the rate of 37,500 German miles every fecond !

Woere, then, one of thefe ftars to be juft now an-
nihilated, or eclipfed only, we fhould ftill continue
to fee it for 100 years to come, as the laft rays which
it emitted could not reach us in lefs time.

The generality of mankind is very far from hav-
ing any thing like juft ideas refpe@ting the vaft ex-
tent of the univerfe. Many confider it as a work of
little importance, which chance alone might have

_produced. But what muft be the aftonifhment of
“one who reflc@s, on obferving, that all thefe im-
menfe bodies are arranged with the moft confum-
mate wifdom, and that the more knowledge we ac-
-fluire on the fubjed, though it muft ever be very
_xm;.mrfe&, the more we muft be difpofed to admire
heir order and magnificence ?
"¢turn to the great luminous bodies, and parti-
: cularly
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<ularly the fun, which is the principal fource of the
light and heat which we enjoy on the earth. It will
be afked, in the firft place, Wherein confifts the light
which the fun is inceffantly diffufing through the
whole univerfe, without ever fuffering the {fmalleft
diminution ? The anfwer is obvious, according to
the fyftem which I have been endeavouring to eftab-
lifh. - But that of emanation furnifhes no fatisfactory
folution. The whale univerfe being filled with that
extremely fubtile and elaftic fluid, which is called
-ether, we muft fuppofe, in all the parts of the fun,
an inceflant agitation, by which every particle is in
- a conftant motion of vibration, and this, by com-
municating itfelf to the circumambient ether, excites
in that fluid a fimilar agitation, and is thence trani-
smitted to regions the moft remote, with the rapidity
which I have been defcribing.

And, to keep up the parallel between found and
light, the fun would be in a ftate fimjlar to that of a
bell which fhould be ringing continually. The par-

“ticles of the fun muft, confequently, be kept in this
inceflant agitation, to produce in the ether the un-
dulations which we call rays of light. But it is ftill
no eafy matter to explain, by what power this agi- -
tation in the particles of the fun is conftantly kept
up, as we obferve, that a match does not long con-
tinue burning, but prefently goes out, unlefs it be
fupplied with combuftible matter. But it muft be

“ remarked, that as the fun is 2 mafs many thoufand
times greater than our whole globe, if it is once
thoroughly inflamed, it may continue in that ftate
: - G3 : - for
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for feveral ages, without fuffering any fenfible dimi-
nution. Befides, the cafe is not the fame with the
fun and our fires and candles, a confiderable part of
whofe fubftance is diffipated in {moke and exhala-
tions, from which a real wafte refults. Whereas,
though perhaps fome particles may be forced from
the fun in form of fmoke, they cannot remove to a
great diftance, but fpeedily fall back into it’s mafs, fo
that there cannot be any real expenditurc, to occa-
fion a diminution of his fubftance.*

The only thing of which we are ftill ignorant re-
fpe&ting this fubje&, is, the power which inceflantly
maintains all the particles of the fun in this agita-
tion. But as it contains nothing inconfiftent with
good fenfe, and as we are under the neceflity of ac-
knowledging our ignorance of many other things
much lefs remote than the fun, we ought to be fatif-
fied, if our ideas are not involved in contradicion.

2198 Fune, 1760, '

® The Author is evidently embarraffed in his explanation of the
continual inflammation of the fun. And though he has faid above,
that the fyftem of emanation was untenable, on account of the
frequent and unavoidable collifion of rays proceeding from dif-
ferent luminous bodics, which muft difturb, and even obftru& the
vifion of feveral of thefe bodies at once, as he has not explained
how two founds may be heard at the fame time, a fimilar objec-

tion might be made to his {yftem, which is analogous to the phe~
nomena of found.~F, E,

LETTER
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LETTER. XXIL

Elucidations on the Nature of luminous Bodies, and their
Difference from opaque Bodies illumined.

THE fun being 2 luminous body, whofe rays are.
_ univerfally diffufed in all directions, you can
no longer be at a lofs to account for this wonderful
phenomenon, which confifts in the thaking; or vibra.
tion, with which all the particles of the fun are agi-
tated. The parallel of a bell lends confiderable af-.
fiftance toward the explanation of this fa&. But it
is obvious, that the vibrations produced by light,
muft be much more vehement and rapid than thofe
produced by found, ether being incomparably more
fubtile than air. A feeble agitation not being capable
of fhaking the air fo as to produce found in it, that.
of a bell, and of all other fonorous bodies, are too
feeble relatively to ether, to produce in it the vibra-
tion which conftitutes light.
~ You will recolle&, that in order to excite a per-
ceptible found, more than 30, and lefs than 7552 vi-
brations muft be produced in a fecond ; the air being
too fubtile to admit of a fenfible effe® from a found
confifting of lefs than 30 vibrations in a fecond, vut.
not fufficiently {o to receive one of more than 7552.
vibrations in the fecond. ‘ A note higher than this
"could not be at all heard. It is the fame with refpect
to ether; 7552 vibrations, produced in a fecond,
could not poflibly a& upon it, becaufe of it’s greater .
G4 fubtilty,
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fubtilty. It requires vibrations much more fre-
quent. An agitation fo rapid could not take place
but in the minuteft particles of bodies which elude
our fenfes. The light of the fun, then, is produced
by a very violent agitation, which affeés all his in-
finitely minute particles, each of which muft fhake
many thoufands of times every fecond.

It is 2 fimilar agitation which likewife produces.
the light of the fixed ftars, and of all fires, fuch as
candles, tapers, torches, &c. which give us light, and
fupply the place of the fun during the night. On
attentively obferving the flame of a waxlight, you
will eafily perceive that,in the minuteft particles,
there is a conftant and furprizing agitation; and I
do not apprehend that my fyftem is Liable on this
fide to any contradi@tion, while that of Newton re-
quires a moft enormous agitation, capable of launch-
ing the minuteft particles with the velocity of 37,500*
German miles in a fecond.

. This, then, is the explanation of the nature of
bodies luminous of themfelves: for there are lumi-
nous bodies which are not fo immediately, fuch as
the moon and the planets, which are fimilar to our
globe, We fce the moon only when, and in as far
‘as, fhe is illuminated by the fun ; and this is the cafe
of all terrefirial bodies, fires excepted, which have a
light of their own. But other bodies, which are de-
nominated opaque, become vifible to us only when
they are illuminated by fome luminous body.

ln awery-dark night, or in an apartment, fo clofely

‘® Upwards of 170,000 Englith miles,

A

thut
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fthut on every fide, that no light can find admiffion,
to no purpofe will you turn your eyes toward the
objets which furround you in the dark: you per-
ceive nothing. But the moment a taper is intro-
duced, you immediately fee, not the taper only, but
the other bodies which were before invifible. We
have here, then, a very eflential difference between
luminous ‘and opaque bodies. ' I have already em-
ployed the term gpague to denote bodies which are
not tranfparent; but it comes to almoft the fame
thing, and we muft accommodate ourfelves to the
common modes of expreflion, though they are not
perfeitly accurate. Luminous bodies are vifible by
their own light, and never affect our organs of fight
more than when the darknefs is otherwife moft pro-
found. - Thofe which I here denominate apaque, are
rendered vifible to us only by means of a light that
is foreign to them. We perceive them not while
they remain in darknefs ; -but as foon as they are ex.
pofed to a luminous body, whofe rays ftrike upon
them, they become vifible; and they difappear the
moment that foreign light is withdrawn. It isnot
even neceflary, that the rays of a luminous

fhould fall upon them immediately ; another opl:;?
body, when well illuminated, produces nearly the
fame effe@, but in a feebler manner. .

The moon is an excellent inftance. We know that
the moon is an opaque body ; but when fhe is illu-
minated by the fun, and we fee her during the night,
the diffufes a feeble light over all opaque bodies, and
renders vifible to us thofe which we could not have

perceived
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perceived without her afliftance. Placed in the day
time in an apartment, whofc afpect is toward the
north, and into which, of courfe, the rays of the
fun cannot enter, it is, however, perfectly clear, and
I am able to diftinguith every objet. What can be
the caufe of this clearncfs, but that the whole heaven
is illuminated by the fun? What we call the azure
iky, and befides, the walls oppofite to my apartment,
and the other furrounding objedts, are likewife illu-
minated, either immediately by the fun, or mediately
by other opaque bodies, expofed to the ation of that
focus of light ; and the light of all thefe opaque, but
illuminated, bodies, as far as it has admiflion into
my apartment, renders it luminous, and that in pro-
portion as the windows are high, wide, and well
Placed. The glafs is little or no interruption, being,
as I have alrcady remarked, a tranfparent body,
which freely tranfmits the rays of light. :
When I ccanpletely exclude the light from the
apartment, by clofing the window-fhutters, I am re.-
duced to a ftate of darknefs, and difcern no objed,
unlefs I call for a candle. Here, then, is an effential
difference between luminous and opaque bodies ; and
_ likewife a very firiking refemblance, namely, that
opaque bodies, when illuminated, illuminate other
opaque bodics, and produce, in this refpedt, nearly
the fame effe® as bodies luminous of themfelves.
le explanation of this phenomenon has, hitherto,
Jreatly perplexed philofophers, but, I flatter myfelf;
* my folution of it has been clear and fatisfactory.
»'_"..;, 1760. :
LETTER
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LETTER XXIIL

How Opaque Bodies become vifible.  Newton’s Syflem, of
the Reflection of Rays, propofed.

BEFORE I attempt an explanation of the pheno.
menon of opaque bodies becoming vifible when
they are illuminated, it muft be remarked, in gene-
_ral, that we fee nothing but by means of the rays
‘which enter into our eyes. When we look at any
object whatever, rays iffuing from every point of
that objec, and entering into the eye, paint upon it,
if I may ufe the expreflion, the image of the objet.
This is not mere conjecture, but may be demonftrated
by experiment. Take, for example, the eye of an ox,
or of any animal recently killed, and, after having
uncovered the bottom, you find all the objeds which

“were before it painted there. As often then as we
{ee an objed, the image of it is painted on the bot-
tom of our eyes; and this is produced by the rays
which proceed from the objeét to us. I fhall after-
wards take occafion to go into a more minute detail
on the fubjet of vifion, and explain in what manner
the images of objeéts are formed on the bottom of
the eye : let this general remark fuffice for the prefent.

As we fee opaque bodies only when they are illu-

-minated, this is a proof, that there muft proceed
from every point of thefe bodies rays of light which
fubfift only during the illumination. The moment
they are placed in the dark thefe rays difappear.
They arc not proper then to opaque bodjes; their-
. origin.
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origin muft be fought in the manner in which other
bodies illuminate them. And this is the great quefs
tion, How illumination alqne is capable of producing
rays on opaque bodics, or of putting them in nearly
the fame ftate as luminous bodies are, which, by an
agitation in their minuteft particles, produce rays of
light ? :

The great Newton, and other philofophers, who
have examined the fubje, aflign refleition as the
caufe of this phenomenon: it is, therefore; of the
higheft importance, that you fhould form a juft idea
of what is called reflection.

This name is given to the repulfion of one body
firuck againft another, as may be feen in the gamie
of billiards. When the ball is firuck againft the
cuthion or ledge of the billiard table, it recoils again ;
and this retrograde motion is termed refleGtion.. It
is neccflary, here, to attend to a diftinition between
two cafes. Let us fuppofe AB (‘plate 1. fig. 7.) tobe
the ledge of a billiard table. The firft cafe is this:
“When you play the ball D perpendicularly againft
the ledge, in the direction of D C, perpendicular to
‘A B, and, confcquently, the adjacent angles A C D,
and B C D, are right angles: in this cafe, the ball
will be driven back, or refletted, in the fame line

.D C. The other cafe is, when the ball is played
obliquely againtt the ledge, fuppofe in the line E C,
forming, with A B, an acute angle A CE, this is
called the angle of incidence. The ball will, in this
<aie, be repelled from the ledge, in the dire&ion of
the linc CF, fo that this line thall make, on the other

fide,
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fide, with the ledge B C, an angle B C F, exadlly
equal to the angle of incidence A C E. This angle,
B CF, formed by the line in which the ball recoils,
is called the angle of refle@ion. And this law always
takes place when a body in motion meets with an
obftacle.

A cannon ball, fhot againft a wall fufficiently
firong to refift it, is refle@ted conformably to this
law. It extends, in like manner, to founds, which
are frequently refle¢ted from certain bodies; and
you know that this reflettion of found is called
echo. It cannot be doubted, that the fame thing
frequently takes place with refpect to the rays of
light. The objeéts which we fee in mirrors, are re-
prefented to us by the refletion of rays, and every
well polithed furface reflects the rays of light which
fall upon it. It is undoubtedly certain, therefore,
that there are cafes without number in which the
rays that fall on certain bodies are refleted; and
philofophers have thence taken occafion to maintain,
that opaque bodies are rendered vifible by means of
refle¢ted rays. '

I fee juft now houfes, oppofite to my windows,
which are illuminated by the fun. According, then,
to the opinion of thofe philofophers, the rays of the
fun falling on the furface of thefe houfes, are refle&-
ed fromi them; they enter into my apartment, and
render thefe houfes vifible to me. In the fame man-
‘her, if we believe thofe philofophers, the moon and
‘the' planets becemne vifible, and thefe are, unqueftion-
4bly, opaque’ badies. The, rays of the fun which
bEN SV IR , fall
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fall on thefe bodies, and illuminate the parts which
are expofed to them, are refle@ed, and are thence
tranfmitted to us, juft as if the bodies were lumi-
nous of themfelves. According to this opinion, we
fee the moon and the planets only by the rays of the
fun which they refleét; and you muft frequently
have heard it affirmed, that the light of the moon is
a refleGion of the light of the fun. In the fame
manner, fay they, the rays of the fun are reflected
by the firft opaque bodies which are expofed to
them, on other bodies of the fame nature, and un-
dergp a feries of fimilar reflections, till they are en-
tirely weakened.

But, however - plaufible this opinion may at firft
fight appear, it involves {fo many abfurdities, when
dofely examined, that it is abfolutely untenable,
which I hope to demonftrate, as a preparation for
the true folution of this phenomenon.

28th Fune, 1760.

oSS

LETTER XXIV.

Examination and Refutation of Newton’s Syfiem.

AFFIRM, then, that when we fee an opaque bedy

* illuminated by the fun, it is impoflible to main.
tain that it refle@s luminous rays, and that, by
means of fuch rays, it is rendered vifibleto us. The
example of a mirror, which, undoubtedly, reflefs
the rays, and is employed to fupport this opinion,
X  rather
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rather confutes it. The mirror, beyond contradic-
tion, fends back the rays which fall upon it; but
when thefe refletted rays enter into our eyes, What
do they reprefent? You will readily anfwer, that it
is not the mirror, but the objeéts from which they
originally proceeded ; and the refletion does nothing
elfe, but enable us to fee thefe obje@s in another
place. Befides, we fee thofe objects, not on the fur-
face of the mirror, but rather within it, and it may
. be faid with truth, that the mirror itfelf remains in-
vifible to us.

But, on looking at an opaque body illuminated by
the fun, we do not fee in it the image of that glori-
ous orb; we fee only the furface of the bodies, with
all the variations to be found on them. We per-
ceive, then, a very effential difference between the
rays which are refletted from a mirror, and thofe by
means of which opaque bodies are rendered vifible.
But there is, befides, another difference equally pal-
pable in the mirror; for on changing the place of
the obje@ts, or our own fituation, the appearance
will always change, and the rays, refleGted from the
mirror, will continually reprefent to our eyes other
images, correfponding to the nature and pofition of
the objeéts, and to the place where we are ftationed :
but, as I have already faid, thefe refletted rays never
reprefent to'us the mirror itfelf. '

Now, let 2 body be illuminated by the fun, or
‘otlier bodies, whether luminous or opaque, already
"ill_u'rniriggited; in" whatever manner this body may
‘change it’s place, or we change our’s relatively toiit,

: . U L. it’s
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it’s appearance is always the fame ; we fee always the
fame object, and remark in it no change relative to
the different circumftances above mentioned. This
furnifhes a new proof, that we do not fee opaque
bodies by means of the rays refletted from their fur-
face.*

* This can hardly be deemed a fair ftatement. It is true, that
apaque bodies are feen only by refleéted light, but it by no means
follows, that all the incident light is again refle¢ted. Some bo-
dies are, by their confiitution, difpofed to refleét certain kinds of

' i'ays the moft freely, and as the reft are abforbed, the peculiar co-
lour predominates.  This colour will, therefore, not be the fame,
whatever be the quality of the incident light, but will receive an
analogous thade. For the fame reafon, no fubftance refle&s only
one fpecies of rays. The eleétive attraitions and repulfions, be-
tween the particles of light and a body, are moft remarkable at
icry minute diftances; and hence the colour is prominent when
the furface is rough, for the light, fuffering then a partial repul-
fion only, gains a nearer approa'ch. I cannot imagine how Mre
Euler would explain thefc faéts on his own principles.

Itis in a polithed furface only, that the furrounding bodies can
be feen by reflection, for diftin& vifion requires the rays, pro-
ceeding from different points, to be tranfmitted with regularity.
No fubftance is, indeed, perfetly fmooth, but the different re-
pulfions, cxerted by the fuperficial particles, may balance each
other, and produce an uniform effe&, at the diftance where the
refletion takes place. Mr. Euler’s principles would lead to the
conclufion, that polith is not at all neceffary to a mirror. Echo
is formed from furfaces which are very uneven, fince the air is
heaped on the obftacle, and the principal reflux of the undulation
commences at a fenfible diftance from it. ‘I'he fame obtains in
water, though in a lefs degree; and is, in general, more remark-
able, in proportion to the rarefa&ion of the fluid. How wondes=
1 then, in that refpet, muft ether be, which is fuppofed to be

oft fubtle of all fluids? We might expe& the walls of a
=& the moft enchanting piure of the landfcape in
6
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An objeétion will, perhaps, be ftarted, drawn from
the dove’s neck, and certain kinds of ftuff, which
prefent different objects, according as our point of
view changes. But this in no refpe& weakens my
conclufion with regard to .ordinary opaque bodies,
which are not fubje& to this change. The objeion
only proves, that thefe fingular objects are endowed
with certain qualities : as, for example, that their
minuter particles are finely polifhed, and that a real
refleition takes place, befide the ufual and ordinary
manner in which bodies are rendered vifible to us. .

Now, it is eafy to comprehend, that this. reflec-
tion muft be dlearly diftinguithed from the manner
in which ordinary opaque bodies are illuminated.

Finally, the rays refleGted from a mirror always
reprefent to us, likewife, the colours of the bodies
from which they originally proceed, and the mirror,
which refleéts, makes no change in this refpe&. One
opaque body illuminated by any other body, in
whatever manner, always prefents the fame colours ;
and every body may be faid to have it’s proper co-
lour. This circumftance abfolutely overturns the
opinion of all thofe who maintain, that we fee
opaque bodies by means of the rays which their fur-
face refle@ts.

Putting together all the reafons which I have now
{ubmitted to your confideration, there can be no he-
fitation in pronouncing, that this opinion is totally
untenable in philofophy, or rather, in phyfics. I
cannot, however, flatter myfelf with the hope, that
philofophers, wedded to opinions once adopted,

Vor.L. H thould
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fhould yield to thefe reafons. But the naturalift,
who is more nearly related to the mathematician,
will have lefs difficulty in refigning an opinion, over-
thrown by reafons fo convincing. You will again
recollect what Cicero has faid on this fubjet: That
nothing fo abfurd can be conceived, as not to be fup-
ported by fome philofopher. In faét, however ftrange
the fyftem which I have been refuting may appear
to you, it has, hitherto, been propagated and de-
fended with much warmth.

It is impoffible to fay, to what a degree the diffi-

_culties and contradiions which I have been endea-
vouring to expofe, were unknown to, or overlooked
by the partifans of this fyftem. The great Newton
himfelf ftrongly felt their force: but as he refted in
a very untenable idea refpedting the propagation of
light, it is not to be wondered at, that he fhould
overlook thefe great difficulties; and, in general,
depth of underftanding does not always prevent a
man from falling into abfurdity, in fupporting an
opinion once embraced.

But if this fyftem, that opaque bodies are render-
ed vifible by reflected rays, be falfe, fay it’s partifans,
What then is the true one? They even think it im-
pofiible to imagine another explanation of this phe-
nomenon. It is, befides, rather hard and humiliating
for a philofopher to acknowledge ignorance of any
fubject whatever. He would rather maintain the
grofleft abfurdities; efpecially if he poflefes the fe-
cret of i“VOIV'mg ‘them in myfterious terms, which
no one is capable of comprehending. For in this

. : cafe,
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cafe, the vulgar are the more difpofed to admire the
learned ; taking it for granted, that what is obfcu-
rity to others, is perfectly clear to them. We ought
always to exercife a little miftruft, when very fub«
lime knowledge is pretended to, knowledge too
fublime to be rendered intelligible. I hope I fhall
be able to explain the phenomenon in quettion, in.
fuch a way as to remove every difficulty.

1 Fuly, 1760.

LETTER XXV.

A different Explanation of the Manner in which opague
Bodies illuminated become wvifible.

ALL the phenomena of opaque bodies, which I
have unfolded in the preceding letter, incon-
teftably demonfirate, that, when we fee an opaque
body illuminated, it is not by rays refleited from it’s
furface, that it becomes vifible, but becaufe it’s mi-
nuter particles are in an agitation fimilar to that of
the minuter particles of luminous bodies ; with this
difference, however, that the agitation in opaque
bodies is far from being fo firong as in bodies lumi-
nous of themfelves; for an opaque body, however
much illuminated, never makes on the eye an im-
preflion 1o lively as luminous bodies do.
As we fee the opaque bodies themfelves, but by’
R0 means the i nnagcs of the luminous bodies which
: : H2 cnhghtcn
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enlighten them, as muft be the cafe, if we faw them
by the refletion of their furface; it muft follow,
that the rays emitted by opaque bodies are proper
to them, juft as the rays of a luminous body are pe-
culiar to itfclf. As long as an opaque body is illu-
minated, the minuter particles of it’s furface are in
a ftate of agitation proper to produce, in the ether,
a motion of vibration, fuch as is neceflary for form-
ing rays, and for painting in our eyes the image of
the body from which they proceed. For this effed,
rays muft be diffufed, from every point of the fur-
face, in all dircétions; as experience evidently con-
firms. For, from whatever fide we look at an opaque
body, we fee it equally in all it’s points; from which
it follows, that every point emits rays in all direc-
tions. This circumftance eflentially diftinguifhes
thefe rays from fuch as are refleted, whofe dire&tion
is always determined by that of the rays of ind-
dence; fo that if the incident rays proceed from
one fingle quarter, fay the fun, the reflected rays
can follow only one fingle direcion. :
It muft be admitted, then, that when an opaque

body is illuminated, all the particles on it’s furface
are put in a certain agitation, which produces rays,
as is the cafe with bodies luminous of themfelves.
This agitation, likewife, is fironger, in proportion as
the light of the illuminating body is more intenfe.
Thus the fame body, expofed to the fun, is agitated
much more violently, than if, in a room, it were
illuminated only by day-light, or in the night-time,
a taper, or by the moon. In the firft cafe, it’s
image
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image is painted with much greater vivacity og,the
‘bottom of the eye, than in the others, efpecially the
laft; the light of the moon being fcarcely fufficient
to enable us to diftinguith, or to read, writing of a
large fize. And when the opaque body is conveyed
into a clofe room, or into the dark, nothing is then
to be feen ; a certain proof, that the agitation in it’s
parts has entirely ceafed, and that they are now in a
ftate of reft.

.. In this, therefore, conﬁﬁs the nature of opaque
bodies ; their particles are,.of themi¢lves, at reft, or,
at leaft, deftitute of the agitation neceflary to pro-
duce light. But thefe fame particles ‘are fo difpofed,

that when illuminated, or firuck with rays of light,

they are immediately put into a certain agitation, or
motion of vibration, proper to produce rays; and
- the more intenfe the light is, which illuminates thefe
bodigs, the more violent alfo is this agitation. As
long as an opaque body is illuminated, it is in the
fame ftate as luminous bodies ; it’s. particles are agi-
tated in the fame manner, and are capable of excit-
ing, of themfelves, rays in the ether ; with this dif-
ference, that the agitation kept up in luminous bo-
dies by an intrinfic force, fubfifts always of itfelf;
whereas, in opaque bodies, this agitation is only mo-
mentaneous, and produced by the motion of the
light which illuminates them.

This explanation is confiftent with every pheno-
menon, and labours under none of the difficulties
which determined us to abandon the other, namely,
that foyaded on rcﬂc&wn Whoever will take the

H 3 ' trouble
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trouble condidly to weigh all thefe reafons, muft ad-
mit their force. But a very great difficulty ftill re-
mains to be folved : How comes it that illumination,
fimply, can put the particles of an opaque body into
an agitation capable of producing rays; and that .
this agitation thould always continue nearly the fame,
whatever difference there may be in the illumina-
tion ?

I acknowledge, that were it impoffible to anfwer
this queftion, it would be a great defe& in my theory,
though it would not amount to a complete refuta.
tion, for it contains nothing contraditory, . Sup-
pofing I were ignorant, how illumination praduces
an agitation in the particles of opaque bodies, this
would only prove that the theory is incomplete : and
till it is demonfirated to be abfolutely impoflible that
illumination fhould produce this effe®, my fyftem
muft fubfift, ButI fhall endeavour to fupply this
defe&, by fhewing you, how illumination agitates
the minuteft particles of bodies,

§th Fuly, 1760,

LETTER XXVL.

Continuation of the fame Subjec,

HAVE undertaken to thew how the illumination

of an opaque body muft produce in it's minuteft
particles, an agitation proper to excite the rays of
light, which render that fame opaque body vifible.
- The
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The parallel between found and light, which differ
only in refpet of lefs and more, light being the fame
thing relatively to ether that found is relatively to
air, this parallel, I fay, will enable me to fulfil my en-
gagement. Luminous bodies muft be compared to
mufical inftruments actually in a ftate of vibration.
It is a matter of indifference whether this be the ef-
feét of an intrinfic or of a foreign power: it is fuffi-
cient for my purpofe that found is emitted. Opaque
bodies, as long as they are not illuminated, muft be
compared to mufical inftruments not in ufe, or, if

you will, to ftrings which emit no found till they
are touched. -
The queftion, then, being transferred from light
to found, is refolved into this, Whether it be poflible
for the firing of an inftrument, in a ftate of reft,
when brought within the fphere of adivity of the
found of inftruments in a ftate of vibration, to re,
ceive, in certain circumftances, fame agitation, and
emit found, without being touched? Now this. is
confirmed by daily experience, If you take the
trouble, during a concert, to attend to a particular
ftring in proper tune, you will obferve that ftring
fometimes to tremble without having been touched,
and it will emit the fame found as if it had been im.
‘mediately put into vibration. This experiment will
fucceed ftill better, if the inftruments ftrike the fame
note with the firing. Confider attentively the ftrings
of a harpfichord not played upon, while a violin
- ftrikes the note 4, for example, and you will obferve
on the harpfichord the ftring of the fame note begin
Ha . fenfibly
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fenfibly to tremble, and even to emit found, without
having been touched ; fome other chords will like-
wife be agitated, particularly thofe which are diftant
an oQave, a fifth, and even a third, provided the in-
ftrument be perfectly in tune.

This phenomenon is well known to muficians, and
Mr. Rameau, one of the moft celebrated French
compofers, eftablithed his principles of harmony
npon it. He maintains, That o&aves, fifths, and
thirds, muft be confidered as confonances, becaufe
one chord is agitated by the found only of anether
chord, which is in unifon, or 2n oftave, a fifth, or a
third, from the firft. But it muft be admitted that
the principles of harmony are fo well eftablifhed by
the fimplicity of the relations which founds have to
each other, that they have no need of a new confir-
mation. In truth the phenomenon obferved by Mr.
Rameau is a very natural confequence from the prm-
ciples of harmony.

To render this more fenfible, let us attend to two
chords wound up to unifon; on ftriking the one,
the other will begin of itfelf to tremble, and will emit
it’s found. The reafon is abundantly clear; for as
a chord communicates to the air by it’s trembling a
motion of vibration fimilar to it’s own; the air, agi-
tated by this motion of vibration, muft reciprocally
make the chord tremble, provided that by it’s degree
of tenfion, it be fufceptible of this motion. The air
being put into vibration, ftrikes the chord ever fo
little at every reverberation, and the repetition of
firokes foon imprefles on the chord a fenfible mo-

tion ;
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tion ; becaufe the vibrations to which it is difpofed
by it’s tenfion accord with thofe of the air. If the
number of vibrations in the air is the half, or the
third, or any other whofe relation is fufficiently
fimple, the chord does not receive a new impulfe at
every vibration, as in the preceding cafe, but only at.
“the fecond, or the third, or the fourth, which will
continue to increafe it’s tremulous motion, but lcfs
than in the firft cafe.
- But if the vibrations of the air have not any ﬁmplc
relation with that which correfponds to the chord,
the agitation of that fluid will produce no' effe®
whatever upon it; the vibrations of the chord, if
there be any, not correfponding to thofe of the fluid,
" the following impulfions of the air deftroy for the
moft part the effe@t which the firft might have pro-
duced; and this is completely confirmed by expe-
rience. Thus when a chord is fhaken by a found,
that found muft, in order to it’s being perceptible,
be precifely the fame with that of the chord. OQther
founds which have a confonance with that of the
thord, will produce, it is true, a fimilar but lefs fen-
fible effett, and diffonances will produce none at all.
This phenomenon takes place not only in mufical
ftrings, but in all fonorous bodies whatever. One
bell will refound by the noife only of another bell
which is in unifon with it, or at the diftance of an
o&ave, a fifth, or a third. ,
The inftance of a perfon who could break glafles
by bis voice farther confirms what I have advanced.
Wi:en aghfs was prefented to him, by firiking it he
found
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found out the note; "he then began to fquall in uni.
fon, and.the glafs immediately caught the vibration;
proceeding to give to his voice all the force he was
- able, always preferving the unifon, the vibration of
the glafs became at length fo violent, that it broke.
It is confirmed, then, by experience that a chord and
every other fonorous body is put into vibration by
it’s kindred found.. The fame phenomenon muft
take place with regard to opaque bodies, of which
the minuter particles may be put into a ftate of agji-
tation by illumination only : which is the queftion I
propofed to folve. The following letter will contain
a more ample difcuflion of it.

. 8th July, 1760.

et @0 {0 © EP———
LETTER XXVIIL

Conclzg[ on: Clearnefs and Colour of opaque Bodies illu-
mined.

AF’I‘ER what has juft been fubmitted to your
confideration, you will no longer be furprifed

that an opaque body is capable of receiving, from il-
lumination alone, an agitation in it’s particles fimilar
to that of the particles of luminous bodies, and
which gives them the property of producing rays
that render them vifible. Thus the great objetion
to my explanation of the vifibility of opaque bodies
% happily removed; while the other theory, found-
on the refletion of rays, has to .encounter diffi-
cultics
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culties which grow in proportion as you attempt to
make a more dire® application of them to known
phenomena.

- It is then an eftablifhed truth, that the particles of
the furfaces of all bodies which we fee, undergo an
agitation fimilar to that of a chord in vibration, but
their vibrations are much more rapid; whether it be
that this agitation is the effe® of an intrinfic force,
as in bodies luminous of themfelves, or whether it
be produced by the rays of light which fall upon the
bodies, that ‘is to fay by illumination, as is the cafe
in opaque bodies. It is falfe, then, that the moon
being an opaque body, refle@s the rays of the fun,
and that, by means of this refleted light, fhe is ren-
dered vifible to us, as is commonly underftood. But
the rays of the fun, falling on the furface of the
moon, excite in it’s particles.a concuffion, from
which refult the rays of the moon; and thefe, en-
tering into our eyes, paint it’s image there; it is the
fame with the other planets, and with all opzque
bodies. This agitation of opaque bodies, when illu-
mined, lafts only during the illumination which is
the caufe of it: and as foon as an opaque body ceafes
to be illumined, it ceafes to be vifible.

But is it not poffible that this agitation, once im-
prefled on the particles of an opaque body, may be
for fome time kept up, as we fee that a ftring once
firuck, frequently continues to vibrate, though no
new impreflion be made upon it? I do not pretend
to deny the fack: I even belicve that we have ex-
amples of it in thofe fubftances which Mr, Margraff

prefented,
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prefented to you, and which, once illumined, pre-
ferve their light for fome time, though conveyed .
into a dark room. This, however, is an extraor-
dinary cafe; the vibration of the minuter particles
difappearing in all other bodies, with the illumination
which occafioned it. But this explanation, which
thus far is perfeitly felf-confiftent, leads me forward
to refearches of ftill greater importance.

‘It is undoubtedly certain, that we find an infinite
difference between the particles of opaque bodies,
according to the variety of the bodies themiclves.
Some will be more fufceptible of vibrations, and
others lufs, and others finally not at all fo. This dif-
ference in bodics occurs but too evidently. One,
whofe particles eafily receive the impreflion of the
rays which ftrike it, appears to us brilliant; another,
on the contrary, in which the rays fcarcely produce
any agitation, cannot appear luminous. Among fe-
veral bodies, equally illumined, you will always re-
mark a great difference, fome being more brilliant
than others. But there is befides another and a very
remarkable difference between the particles of opaque

lies, refpeting the number of vibrations which
of them, being agitated, will make in a certain

e already obferved, that this number muii al-
wery great, and that the fubtilty of ether is

b require many thoufands in a fecond. But
ence here may be endlefs; if fome particles,
inple, thould make 10,000 vibrations in 2 f&
md others 11,000, 13,000, X 3,030, according
to
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to the fmallnefs, the tenfion, and the elafticity of each,
as in the cafe of mufical chords, in which the num.
ber of vihrations given in a fecond may be varied
without end ; and thence it is I have deduced the
difference of high and low notes. As this difference
is effential in founds, and as the ear is affected by it
in a manner fo particular as to render it the founda-
tion of the whole theory of mufic, it cannot be called
in queftion that a fimilar difference in the frequency
of the vibrations of rays of light muft produce a va-
riation as particular in vifion. If, for example, 2
particle makes 10,000 vibrations in a fecond, and
produces rays of the fame fpecies, the rays which
enter into the eye will ftrike the nerves of that organ
10,c00 times in a fecond ; and this effe&, as well as
the fenfation, muft be totally different from thofe
produced by a different particle which thould make
more or lefs vibrations in a fecond. There will be
.in.vifion a difference fimilar to that which the ear
perceives on hearing tharp or flat notes.

You will no doulit be defirous to know into what
this difference in vifion is to be refolved ; and what
different fenfations correfpond to the number, great-
er or lefs, of the vibrations produced in every body
during a fecond? I have the honour of informing
you, That diverfity of colours is occafioned by this
difference; and that difference of colour is to the or-
gan of vifion what tharp or flat founds are to the ear.
We have refolved, therefore, without going after it,
the ‘important - enquiry refpedting the nature of co-
lours, which has long employed the attention of the

- greateft
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body is red, another blue, and another green, the
philofopher could not diftinguith himfelf better than
by maintaining the contrary; and he accordingly
affirms that there is nothing real in colours, and that
there is nothing in bodies relative to them.

‘The Newtonians make colours to confift in rays
only; which they diftinguifh into red, yellow, green,
blue, and violet; and they tell us that a body appears
of fuch and fuch a colour when it refleéts rays of
that fpecies. Others, to whom this opinion feemed
abfurd, pretend that colours exift only in ourfelves.
This is an admirable way to conceal ignorance; the
vulgar might otherwife believe that the fcholar was
not better acquainted with the nature of colours
than themfelves. But you will readily perceive that
thefe affeted refinements are mere cavil. Every
fimple colour (in order to diftinguith from com-
pound colours) depends on a certain number of vi-
brations, which are performed in a certain time; fo
that this number of vibrations, made in a fecond,
determines the red colour, another the yellow, ano-
ther the green, another the blue, and another the
violet, which are the fimple colours reprefentcd to
us in the rainbow.

If, then, the particles of the furface of certain bo-
dies are difpofed in fuch a manner, that being agi-
tated, they make in a fecond as many vibrations as
are neceflary to produce, for example, the red co-
lour, I call fuch a body red, juft as the clown does;
and I fee nothing like a reafon for deviating from
the common mode of expreflion. And rays which
: ' make
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make fuch 2 number of vibrations in a {fecond, may,
with equal propriety be denominated red rays; and
finally, when the optic nerve is affected by thefe fame
rays, and receives from them 2 number of .impul~
fions, fenfibly equal, in a fecond, we receive the fen-
fation of the red colout. Here every thing is clear;
and I fee no neceflity for introducing dark and myf-
terious phrafes, which really mean nothing,. .

The parallel between found and light is fo perfe&,
that it hits even in the minuteft  circumftances.
When I produced the phenomenon of a mufical
chord, which may be excited into vibration by the
refonance only of certain founds, you will pleafe to
recollet, that the one which gives the unifon of the
chord in queftion is the moft proper to thake it, and
that other founds affeét it only in proportion as they
are in confonance with it. It is exacily.the fame as
to light and colours ; for the different colours cor-
refpond to the different mufical founds.

In order to difplay this phenomenon, which com-
pletely confirms my affertion, let a dark room be
provided ; make a fmall aperture in one of the thut-
ters; before which, at fome diftance, place a body of
a certain colour, fay a piece of red cdoth, fo that,
when it is illumined, it’s rays may enter by the aper-
ture into the darkened room. The rays thus tranf-
mitted into the room will be red, all other light
being excluded : and if you hold on the infide of the
room, oppofite to the aperture, a piece of cloth of
the fame colour, it will be perfe@ly illumined, and -
-dts red colour appear very brilliant ; but if you fub~
I ftitute
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ftitute in it’s place a piece of green cloth, it will re-
main obfcure, and you will hardly fee any thing of
it’s colour. If you place on the outfide, before the
aperture, a piece of green cloth, that within the
chamber will be perfectly illumined by the rays of
the firft, and it’s green colour appear very lively.
‘The fame holds good as to all other colours; and I
do not imagine that a more convincing demontftra-
tion of the truth of my fyftem can be demanded.
We learn from it, that, in order to illuminate a
body of a certain colour, it is neceffary that the rays
which fall upon it thould have the fame colour ; thofe
of a different colour not being capable of agitating
the particles of that body. - This is farther confirmed
by a well known experiment. When the fpirit of
wine is fet. on fire in a room, you know that the
flame of fpirit of wine is blue, that it produces only
blue rays, and that every perfon in the room appears
very pale, their faces, though painted ever fo deep,
have the afpet of death. The reafon is evident;
the blue rays, not being capable of exciting, or put-
ting in motion the red colour of the face, you fee on
it only a feeble and bluifh colour: but if one of the
company is dreffed in blue, fuch drefs will appear
uncommonly brilliant. Now the rays of the fun,
thofe of a wax taper, or of a common candle, illu-
minate all bodies - almoft equally ; from whence it is
concladed, that the rays of the fun contain all co-
lours at once, though he himfelf appears yellowith.
In truth, when you admit into a dark room the
rays of all the ﬁmple colours., red, yellow, green,
¢ Nor. L I _ blue,
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blue, and violet, in nearly equal quantities, and blend
them, they reprefent a whitith colour. The fame
experiment is made with various powders, coloured
in like manner; on being mixed together, a whitifh
colour is the refult. Hence it is concluded that white
is nothing lefs than a fimple colour; but that it is
rather a compound of all the fimple colours ; accord-
ingly we fee that white is adapted to the reception
of all colours. As to black, it is not properly a co-
lour. Ewery body is black whén it’s particles are
fuch that they can receive no motion of vibration,
or when it cannot produce rays. The want of rays,
. therefore, produces the fenfation of that colour ; and
the more particles there are found in any body not
fufceptible of any motion of vibration on it’s furface,
the more blackifh and obfcure it appears.

15¢h July, 1760.
e D G ———

’

LETTER XXXIX.

Tranfparency of _@odie: relative to the Tranfmiffion of

Rays.

HAVE alregly renfgrked, that there are bodies,

fuch as » water, and efpecially air; which
tranfmit the rays of light, and, on account of this -
property, a¥e dggominated pellucid or diaphonous.
The ether, however, is the medium in which the
rays of light are fornied, to which this property moft
intimately appertains ; and other tranfparent bodies

.are
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are endowed with it only by means of the ether
which they contain, and with which they are fo
blended, that the agitations excited by the light may
be communicated farther without being interrupted
in their progrefs. - But this tranfmiffion is never per-
formed {0 freely as in the pure ether, though it al.
ways Jofes. fomething ; and this in proportion as the
tranfparént’ body is more or lefs grofs. - The grofl-
nefs may even become fo confiderable, that the light
fhall be wholly loft in it; and then the body is no
longer tranfparent.” Thus, though glafs be a tranf-
parent body, a great lump of glafs feveral feet thick
is-not fo. - In like manner, however pure the water
of a river may be, you cannot fee the bottom where
it is very deep, though you can very eafily where it
is fhallow.*

Tranfparency, then, is a property of bodies rela-

* The common diftinction of bodies into opaque and tranfpa-
rent is inaccurate, for every body has a certain degree of tranfpa-
rency. All fubftances abforb light in it’s paffage, but in fome this
abforption is ‘prodigioul, and thesquantity of light which pene-
trates through a certain thicknefs is fo exceedingly minute as to
cdude our powers of perception. When the thicknefs is much
diminifhed, the light becomes fenfible," even in the cafe of bodies
that are ufually termed opaque; thus we can fee through a plate
of ivory and a leaf of gold, The different properties of fubftances
with refpe& to the tranfmiffion of light, feems to depend on the
greater or lefs regularity of the difpofition of their elementary par=
ticles, and on their proximity or diftance from each other; as
thefe circumftances augment or diminifh the chance of a ray’s
pafling within the limit of abforption. Whatever be the intenfity
of the incident light, the fame proportion of it is, in a given body,
tmfmmad through the fame thickneGs—E. E.

. 12 : tive
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tive only to their thicknefs ; and when this property
is afcribed to glafs, to water, &c. it muft always be
underftogd with this refirition, that thefe bodies
are not too grofs; and that to every fpecies there is -
a certain meafure of thicknefs beyond which the
body ceafes to be tranfparent.” There ig. not one
opaque body, on the contrary, which may net itfelf
become tranfparent, if reduced to a plate extremely
fine. Thus, though gold is not tranfparent, gold
Jeaf is £0; and on examining the minuter particles
of all bodies with a microfcrope, they are, found to
be tranfparent. It may then be with truth affirmed,
that all bodies are tranfparent when reduced to 2
certain degree of finenefs ; and that no one is fo
when too grofs.

In common language we denominate tranfparent
the bodies which preferve this quality to a certain
degree of thicknefs, though they lofe it when they
go beyond that bound. But with refpet to ether,
it is of it’s own nature perfeQly tranfparent, and it’s.
extent diminifhes not this quality in the {fnalleft de-
- gree. 'The prodigious diftdnce of the fixed ftars
prevents not their rays from being tranfmitted to
us. But though our air appears to be of a perfect -
tranfparency, if it extended as far as the moon, that
tranfparency would be entirely loft, and would pre-
went every ray of the fun, and of the other heavenly
bodies, frem penetrating to us. 'We fhould then be
involved in Egypuan darknefs.

The reafon of it is evident, and we remark the .
fame thing in found, whofe refemblance to light is

| confirmed
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confirmed i every refpett. ~Air is the mioft proper”
medium for the propagation of found ; but the agi-
tations excited in the air aré¢ capable of fhaking alfo
the particles of all bodies ; and thefe again puttingin’
motion the interior particles, ﬁhally tranfmit the vi-
bration through- the fubftanée of all bodies, unlefs
they be too thick. There are bodies; ther, which,
relatively to found, are the fame thing which tranf-
parent bodies are relatively to light ; -and -all bodies
have this property with relation to found, provided-
they are not too thick. When ‘you are in your’
apartment, you can ‘hear almoft every thing that
paffes in the ante-chamber, though the doors are
clofely thut, becaufe the agitation of the air in the:
ante-chamber communicates itfelf to the partitions,
and penetrates through them into the inner apart.’
ment with fome lofs, however. Were the partmon'
removed, you would undoubtedly hear more difs:
tin@ly. Now the thicker the walls are, the more of
it’s force does the found lofe in piercing through’
them: and the walls may be made fo thick that no-
thing could be heard from without, unlefs it were:
fome terrible noife, fuch as a difcharge of cannon. -

This leads me forward to a new remark; that
very powerful founds may be heard through walls
which are impenetrable to founds more feeblc ; and,
confequently, in order to form a judgment whether
awall is capable of tranfmitting founds, it is necef-
fary to take into the account not only the thicknefs
of the wall, but likewife the firengh of the found.
If the found is very feeble, a very thin wall is fuffi-

Ij - O
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cient to ftop it, though a louder could find an eafy
tranfmiffion. ' The fame thing holds as to bodies
which are permeable only to a very ftrong light.
Objetts not very brilliant are invifible through a glafs
blackened with fmoke, but the rays of the fun force
themfelves through it, and it tranfmits perfedly well
the image of that luminary. Aftronomers employ
this method to obferve him; for without fuch pre-
caution he would dazzle the eye. And when you
happen to be in a dark room, with an aperture in
the fhutter expofed to the fun, in vain will you at-
tempt to exclude tlre light by oppofing your hand to
the aperture; the rays of the fun will force -them-
felves through.

It is perceivable at the fame time that the light of
the fun lofes much of it’s luftre in pafling through
a body which, relatively to other objeéts, is not it-
felf tranfparent. But a very firong light may lofe
much of it’s luftre, before it is entirely extinguithed,
while a feebler light is loft at once. A piece of very
thick glafs, then, will not be tranfparent, with re-
fpe& to objetts lefs brilliant, though the fun may be
vifible through it.

Thefe remarks on tranfparent bodies lead me to
the theory of refrattion, of which you have fre-
quently heard, and which I ihall endeavour to place
* in it’s proper light,

. 38eb July, 1760,

- LETTER
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LETTER XXX.

Of the Tranfmiffion of Rays of Light, though tranfparent
- Mediums, and their Refraction.

AS long as light moves in the fame medium,
whether it be ether, air, or any other tranfpa-
rent body, the propagation proceeds in ftraight lines,
denominated rays, as they proceed from the luminous
point, in all directions, as the radii of a circle, or a
globe, iffue from the centre. In the fyftem of ema-
nation, the particles darted from luminous bodies
move in ftraight lines ; the fame thing holds, in that
which I have had the honour of propofing, in which
the agitations are communicated in ftraight lines, as
the found of a bell is tranfmitted in a ftraight line,
" by which alfo we judge from what quarter the found
comes ; the rays in both fyftems, then, are reprefented
by firaight lines, as long as they pafs through the
fame tranfparent medium; but they may undergo
fome infletion, in pafling from one to another; and
this infleGion is called the refraction of the rays
of light, the knowledge of which is neceflary to ac-
count for many phenomena, I proceed, therefore,
"~ to lay down the principles, in conformity to which,
refraction takes place,*

% The quantity of refra&ion is not proporﬁohal to the denfity of
the medium. Sir Ifaagc Newton remarks, that inflammable fube
ftances, though fpecifically lighter than water, produce a much
greater refratipn: "and it was this analogy which fuggefted to
kiim, that diamonds belong to the fame clafs; a conjeture which
has been verified within thefe few ysars,~—E. E,

T4 (8
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It is an invariable law, that, when a ray, fuch as
E C (plate 1. fig 8.) -falls perpendicularly on the fur-
face A B of another medium, it continues it’s pro-
grefs in the fame firaight line extended, as C F; it
will, in this cafe, undergo no infletion or refraction.
If, then, E C is a ray of the fun, falling perpendicu- -
larly on the furface A B of water, or of glafs, it will
enter it in the fame direétion, and continues it’s pro-
grefs in the line C F, which is, likewife, perpendicu-
lar to the furface A B, fo that E F fhall be in one and
the fame ftraight line. This is the only cafe in which
there is no refrattion. But as often as the ray falls
not perpendicularly on the furface of another tranf-
- parent body, it does not purfue it’s progrefs in the
fame ftraight line; it recedes lefs or more from it,
and undergoes a refraction. '

Let P C (‘plate L fig. 9.) be a ray, falling obliquely
on the furface A B, of another tranfparent medium.
On entering into this medium, it will not continue
it’s progrefs in the dire&ion of the ftraight line C Q,
which is the line P C produced ; but will recede from
it, in the dire@ion of the line CR, or CS. It will
undergo, then, at the point C, an infle@tion, which
we call refraction, which depends partly on the dif-
ference of the two mediums, and partly on the ob-
liquity of the direction of the ray P C.

In order to comprehend the laws of this infleion,
it is neceflary to explain certain terms employed in
treating this fubject. o

ift. The furface A B, which feparates the two me-
diums, that from which the ray comes, and that into

8 which
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which it enters, is called the refringent furface. 2dly.
"The ray P C, which falls upon it, is called the inci.
dent ray; and, 3dly, the ray CR, or CS, which
purfues, in the other medium, a courfe different from
C Q, is called, the broken, or refradted ray. And,’
having drawn through the furface A B, the perpen.
dicular line E C F, we call, 4thly, the angle P C E,
formed by the incident ray P C, with the perpendi-
cular E G, the angle of incidence ; and, sthly, the angle
R CF,or S CF, formed by the refralted ray C R,
or C S, with the perpendicular CF, is called the angle
- of refraction.

Therefore, becaufe of the infletion, which the ray
of light undergoes, the angle of refraétion is not equal
to the angle of incidence P C E; for producing the
line P C to Q, the angles PCE and F C Q being
vertical, are equal to each other ;* as you will eafily
recolle. The angle Q C F, then, is equal to the
angle of incidence P CE ; therefore, the angle of re.
fraion R CF or S C F, is greater or lefs. There
are, then, only two cafes which can exift ; the one,
in which the refra&ed ray being C R, the angle of
refraction R C F, is lefs than the angle of incidence
PCE; and the other, in which the refralted ray
being C S, the angle of refraltion is greater than the
angle of incidence P C E. In the former cafe, we
fay, that the ray C R approaches the perpendicular-
CF; and in the other, that the refrated ray C S,
recedes or deviates from the perpendicular.

It is neceflary, then, to enquire, In what cafes the

* Euclid’s Elements, Book I. Prop. 15.
. one
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one or the other of thefe changes will take place?
And we fhall find, that this phenomenon depends on
the difference of the denfity of the two mediums ;
or becaufe the rays are tranfmitted with more or lefs,
difficulty through ecach of them. To prove this, it
muft be recolle@ted, that ether is of all mediums the
moft rare, and that through which rays are tranfs
mttcd, without the flighteft refiftance. After it,
the other common tranfparent mediums are thus ar.
ranged: air, water, glafs; thus glafs is a medium
more denfe than water; water than mr, and air
than ether.

. 'This being laid down, we have only to attend to
thefe two general rules: 1ft. When rays pafs from
2 medium lefs denfe into one which is more fo, the
refracted ray approaches the more to the perpendi-
cular. This is the cafe, in which the incident ray
being P C, the refracted ray is C R. 2dly. When
the rays pafs from a medium more denfe to one lefs
fo, the refracted ray recedes from the perpendicular.
This is the cafe, in which the incident ray being P C,
the refracted ray is C S. Now, this infleétion is
greater or lefs, according as the two mediums differ
in refpect of denfity. Thus, rays, in pafling from
air into glafs, undergo a greater refraition, than
when they pafs from air into water ; in both- cafes,
however, the refrated rays approach the perpendi-
cular. In like manner, rays pafling from glafs into
air, undergo a greater refration than when they pafs
from water into air; but in thefe cafes, the refrated
ray recedes from the perpendicular,
: Finally,
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Finally, it muft likewife be remarked, that the dif-
ference between the angle of incidence and the angle
of refradtion is fo much greater, as the angle of in-
cidence is greater, or, as the incident ray recedes far-
ther from the perpendicular, the greater will be the
infle@tion or refraction of the ray. A relation of all
thefe angles exifts, and is determinable by geometry ;
but it is not now neceflary to enter into the detail.
‘What has been already faid, is fufficient for under-
flanding what I have farther to propofe on the fub-
jeit.

) ”dl’@’ 17600

o
LETTER XXXL

Refraction of Rays of different Colours.

YOU have feen, that when a ray of light pafles
obliquely from one tranfparent medium to an-
other, it undergoes an infleGion, which is called re-
fradtion, and that the refrattion depends on the ob-
Bquity of the incidence, and the denfity of the me-
diums. I muft now call upon you to remark, That
diverfity of colours occafions, likewife, 2 fmall va-
riety in the refrattion. This arifes, undoubtedly,
from hence, that the rays which excite in us the fen~
fations of different colours, perform unequal num.
bers of vibrations in the fame times, and that they
differ among themfelves, in the fame manner as
fharper or flatter founds do. Thus, it is obfervable,

: ‘ that
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that rays-of red undergo the leaft infleftion or re-
fraltion ; after them come the orange; the yellow,

the green, the blue and the violet, follow i order ;
fo that violet-coloured rays undergo the greateft re-
fradtion ; it being always underftood, that the eb-’
liquity of the incidence, and ‘the denfity of the me-

diums are the fame. Henee, it is concluded, that

rays of different colours have not the-fame refrangfi-
bility ; that the red are the leaft refranglblc, and the

violet-coloured the moft fo.

If then, P C (plate 1. fig. 10.) is a ray pafling, for.
example, from air into glafs ; the angle of incidence
being P C E, the refracted ray will approach the per-
pendicular C F; and if the'ray be red, the refratted
ray will be in the diretion G—red; if it be orange,
the refratted ray will be C—orange, and fo of the
reft, as may be feen in the figure. Al thefe rays
deviate from the line C Q, which is P C produced,
toward the perpendicular € F; but the red ray de-
viates the leaft from € Q, or undergoes the leaft in-
fleftion, and the wviolet recedes the farthef ftm
€ Q, and undergoes the greateft infletion. '

Now, if PCis a ray of the fum, it produces, at.
once, all the coloured rays indicated in the ﬁgun ¥
and if a piece of white paper is placed to receive
them, you will, in effed, fee all thefe colowrs; hencey
it is affirmed, that every ray of the fun contains, att
once, all the fimple colours. The fame thing hap-
pens, if P Cis a ray of white, or if it proceeds
from a white body. We fee all the colours pro-
duced from it by refraction, whence it is concluded,

that
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that white is an aflemblage of all the fimple colours,
as we fhewed formerly. In truth, we have only to
colle¢t all thefe coloured raysinto a fingle point, and
the colour of white will be the refult.

It is thus we difcover what are the fimple colours,
Refra&ion determines them inconteftibly. In fol.
lowing the order which it prefents, they are thefe:
1.red, 2. orange, 3.yellow, 4.green, s.blue, 6.vio.
let. But it muft not be imagined, that there are
but fix: for as difference of colours arifes from the
number of vibrations which rays perform in one and
the fame time, or rather the undulations which pro.
duce them: it is clear, that the intermediatc num«
bers equally give fimple colours.* But we want
names, by which to defign thefe colours; for be«

* This remark, that the number of primitive colours much ex«
ceeds fix, is very juft. The colours of the rainbow, or of the
fpe@rum, formed by a prifm, pafs into each other by infenfible
fhades, fo that it is impoffible to define their boundaries. There
is reafon to fufpe@, that, even the great Newfon was, in this ine
flance, mifled, by a predile&ion for the number feven, which
during many ages, has been regarded with a fort of myftical ve- .
neration, The correfpondence, which he obferved, between the
divifions of the fpeérum, and thofe of the monochord, and whicl
fo many authors have fince repeated, is wholly ideal; for the pro-
portions, between the extent of the different colours are, in a great
meafure, determined by the peculiar quality of the refra@ing
mediums. Thus a prifm of glafs, in which alkali predominates,
forms a {pe@rum, extremely unlike that formed by one of glafs,
compofed principally of lead, “Were a perfon to reckon only the
moft confpicuous of the primitive colours, he would, moft pro-
bably, fele&t the number fix, for the indigo can bardly be diftin<
“M"E! Eo

tween
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tween yellow and green, we cvidently perceive in.
termediate colaurs, for which we have no feparate
names.

In conformity to the fame laws, are produced the
colours vifible in the rainbow. The rays of the fun,
in paffing through the drops of water which float
through the air, are, by them, refletted and refrated;
and the refraction decompounds them into the fimple
colours. - You muft, undoubtedly, have remarked,
that thefe colours follow each other, in the fame or-
der, in the rainbow, the red, orange, yellow, green,
blue, and violet ; but we difcover in it, alfo, all the
intermediate colours, as fhades of one colour to ant
other, and had we more names to diftinguifh thefe
degrees, we might find more of them from the one
extremity to the other. - \A more copious language
may, perhaps, enable another nation afually to
reckon up a greater number of different colours;
and another, it may be, cannot reckon up fo many ;
if, for example, it wants a term to exprefs what we
call orange. Some to thefe add purple, which we
perceive at the extremity of the red, but which
others comprehend under the fame name with red.
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Thefe colours may be compared to the notes of
an oltave, as I have done here, becaufe the relations
o | of
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of colours, as well as thofe of founds, may be ex-
prefled by numbers. There is even an appearance,
that by ftraining the violet a little more, you may
come round to a new purple, juft as in rifing from
found to found, on going beyond B, you come round
" to ¢, which is the o&aveabove C. And, as in mufic,
we give to thefe two notes the fame name, becanfe
of their refemblance, the fame thing takes place in
colours, which, after having rifen through the inters
vals of an ofave, refume the fame names: or, if
you will, two colours, like two founds, in which the
number of vibrations in the one, is precifely the
double of the other, pafs for the fame, and bear the
fame name. 4 :
On this principle it- was, that father Caftel, in
France, contrived a fpecies of mufic of colours.
He conftruéted a harpfichord, of which every key -
difplayed a fubftance of a certain colour, and he pre-
tended, that this harpfichord, if fkilfully touched,
would prefent 2 moft agreeable fpectacle to the eye.
‘He gave it the name-of the ocu/ar harpfichord, and
you muft, undoubtedly, have heard it talked of.
For my part, painting rather feems to be that to the
eye, which mufic is to the ear ; and I greatly doubt,
whether the reprefentation of feveral fhreds of cloth,
of different colours, could be very agreeable.
37th Tuly, 1760, '

o)

"LETTER
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LETTER XXXIL

Of the Azure-colour of the Heavens.

t 7OU have juft feen, that the caufe of the vifibis
lity of objeéts, is a motion of vibration ex»
téemely rapid, by which the minuter particles of
their furfaces are agitated, and that the frequency of
thefe vibrations determines the colour.

It is the fame thing, whether thefe particles be
sgitated by an intrinfic force, as in luminous bodies,
or whether they receive their agitation from illumi.
nation, or from foreign rays, by which they are il
limined, as in opaque bodies. The frequency or ras
pidity of the vibrations depends on the groflnefs of
thefe particles, and on their elafticity, as that of the
vibrations of a mufical firing depends on it’s thick»
nefs, and degree of tenfion ; thus, as long as the par
ticles of a body preferve the fame elafticity, they res
prefent the fame colour ; as the leaves of a plant pres
fexve a green colour, as Iong as they are frefh; but
when they begin to dry, the difference of ehafticity,
which then takes place, produces, likewife, a different
colour. This fubje& I have already difcufled. I
now proceed to explain, Why the heavens appear to
us of a blue colour in the day-time. .

On obferving this phenomenon with a vulgar eye,
it would appear, that we are furrounded by a prodi-
gious vault of azure, as painters reprefent the fky
on a ceiling. I have no occafion to undeceive you:

refpeéting
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refpeing ‘this prejudice : a fmall degree of reflec-
tion is fufficient to make you comprehend, that the
heavens are not an azure vault to which the ftars are
affixed, like fo many luminous ftuds. You are per-
fely Convinced, that the ftars are immienfe bodies,
at inconceiveable diftances from us, and which move
freely through a fpace almoft void, or which is filled
only by that fubtile matter called ether. And I will
fhew you, that this phenomenon is to be afcribed to
our atmofphere, which is not perfeitly tranfparent.

" . Were it poffitle to rife higher and higher above
the furface of the earth, the air would become gra-
dually more and more rare; till it ceafed to affift ref-
piration ; and would, at length, entirely ceafe; we

- fhould then have reached the region of pure ether.
Accordingly, in proportion as we afcend on moun-
tains, the mercury in the barometer continues to.
fall, becaufe the atmofphere becomes lighter and
lighter : and then, likewife, it is remarked, that the
azure colour of the heavens becomes fainter; and
were it poffible to mount into pure ether, it would
entirely difappear; on looking upward, we thould
fee nothing at all, and the heavens would appear
black as night ;- for where no ray of light can reach.
us, every- thing wears the appearance of black.

There is good reafon, then, for afking, Why the
heavens appear to be blue? This phenomenon could
not exift, were air a perfetly tranfparent medium,
as ether .is: in" that cafe, we fhould receive from
above no other rays but thofe of the ftars: but the
luftre of day-light is fo great, that thg feeble light

. Vor.I. K of
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thence to be blue, but viewed from Halbeérftadt, they
are green. The great extent of air between Magde-
burg and thefe mountains, is the reafon of it. How-
ever delicate or rare the bluifh particles of the air
may be, there is fuch a prodigious quantity of them
in that interval, the rays of which enter into the eye
at once, that they reprefent a tolerable deep blue.*

® This explanation of the bluenefs of thé fky is firaincd and
unfatisa@ory. The air is, like water, perfectly colourlefs, other~
wife any portion of it might be diftinguithed by the fight. Be-
fides, the bluenefs of the fky, even in clear weather, is not uni-
formly.the fame, but acquires different degrees of intenfity, and
different thades, from a variety of circumftances, the climate, the
feafon, and the elevation of the place. The true explanation of
the phenomenon muft be fought from other principles. The
toft refrangible rays are, at minute diftances, attraled or re-
pelled, by colourlefs fubftances, with the greateft force. A fun-
beam, therefore, in it's paffage through the atmofphere, will firft
lofe it’s violet rays moft profufely, next the indigo, then the blue,
- sid if the track be of fufficient length, perhaps a few of the green.
‘The rays, thus feparated, are either abforbed by the air, or they

are refle@ed, and caufe the blue -appearance. Hence, on the fum«

s, the colour of the heavens feems faint
fomewhat to violet. On the contrary, In
olour is a light milky blue. Hence, alfo,

h paints the fky of the fouthern regions,

of the air, and the fhortnefs of the light’s
reafon, not only the quantity, but even the
vhich we receive from the fun, depends on.

g, and fetting, thofe rays which reach the
lower range of clouds, are chiefly the red-
ation of the fun, the prevailing colour of

___ orange; and when fiill higher, it is a dilute
iples will account for the colour of the ocean,
K2 which

N
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We remark a fimilar phenomenon in a fog, when
the air is loaded with a great quantity of opaque
particles of a whitifh colour. On looking to only
a fmall diftance, you fcarcely perceive the fog; but
when the diftance is confiderable, the whitifh colour
becomes very perceptible ; to fuch a degree, that it
is impoffible to fee through it. The water of the
fea appears green at a certain-depth; but when you
take up a fmall quantity, as much, for inftance, asa
.glafs will contain, it is fufficiently diaphonous, and
has no fenfible colour : but in a great extent, when
you look toward the bottom, fo many greenith rays
colleéted producc a deep colouf.
" 29¢h Fuly, 1560, '

which is dark blue. Itis only in feas, not exceeding one hundred
fathoms in depth, that the reflection from the white bottom di-
Tutes the proper colour, and fornts a glaucous hue, This appear-
ance isan invariable fign of the thallownefs of the water, which
is often a token of the proximity of the land. Dr. Hally relates
an obfervation that he made in a diving-bell, which confirms
thefe reafonings ; after defcending to a great depth in the fea, he
ftretched out his hand, on which the fun fhone through the water;
and painted a beautiful crimfon. The fame obfervation may be
extended, even to {ubftances that are reckoned opaque. Hold an
ivory knife in the focus of a burning glafs, perpendicular 1 the
pencil of light, and a bright yellowith fpot will be perceived on
the back. Incline the knife gradually, and the colour of the fpot
will pafs through all the intermediate fhades, and termingtc ina
‘fine red. It is fcarce neceffary to remark, that this experiment,
muft be performed expeditioufly, left the ivory be fcorched.—E.E.

LETTER
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LETTER XXXIIL

Of Rays iffuing from a diftant {uminot.a Point, andegf
. the vifual Angle.

AS_long as the rays produced by the rapid vibra-
tion of the minuter particles of a body, move
-in the fame tranfparent ‘medium, they preferve the
fame dire&ion, or diffufe themfelves in all dire&ions,
in ftraight lines. Thefe rays may be reprefented by
-the radii of a circle, or rather of a fphere, which, '
‘iffuing {rom a centre, proceed in ftraight lines to the
circumference ; and it is on account of this refem-
" blance, that we employ the fame term radius, or ray,
to exprefs them, though, properly fpeaking, the light
does not confift of lines, but of very rapid vibra-
tions, going continually forward, in the direction of
ftraight lines: and, for this reafon, light may be
confidered as ftraight lines, iffuing from a luminous
.point, in all direttions. .

" Let C (‘plate 1. fig. 11.) be a luminous point, from
which rays iffue in all direcions. Let two fpheres
be defcribed round C, as a centre, of the one.of
which, let the great circlebe a 4 d¢, and of the other
ABDE. The light diffufed over the furface of the
fmaller fphere 2 d e, willlikewife occupy that of the -
greater {phere ABDE. The light, then, muft be
more faint and -weak at the furface of this laft, than
on that of the fmaller fphere abde. Hence it may
be concluded; that the effect of light muft be fipaller,

K3 in
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in proportion to the diftance from the luminous
point.- If we fuppofe, that the radius of the greater
‘fphere is double that of the fmaller, the furface of-
the greater fphere will be four times as great. Since,
therefore, the fame qtantity of light is diffufed over
the furface of the greater fphere, and over that of
-the fmaller, it muft follow, that light, at double the
diftance, is four times more faint ; at thrice the dif-
tance, nine times; at a quadruple diftance, fixteen
times ; and fo on.*

_ On applying this rule to the light of the fun, it
will appear, that if the earth were removed to double
the diftance from the fun, the light derived from
him would be rendered four times more faint; and
if the fun were a hundred times farther from us, his
brightnefs would be a hundred times a hundred, that
is, ten thoufand times lefs. Suppofing, then,a fixed
far to be as great, and as luminous as the fun, but
that itwas 400,000 times farther from us,it’s light will
be 400,000 times 400,000, that is, 160,000,000,000
times more faint than that of the fun. Hence we
fee, that the light of a fixed ftar is nothing, compared
to that of the fun; and this is the reafon that we
do not fee the ftars in the day time ; a fechler light

* As the furfaces of fpheres are to one another as the fquaves
of their radii, it muft be concluded, from what the Author has
just now faid, that the intenfity of light, at different diftances
from the point which produces it, is in the inverfe ratio of the
fquare of thefe diftances. It muft be recolle@ed, that the fquare
of a number is the produ& which refults from the mult:phcatlon
of that number by itklf.~F, E. ;

always
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always difappears in prefence of one much more
bright,’ The fame thing holds good with refpec to
candles, and all other luminous bodies, which admi-
nifter lefs light, in proportion to their diftance from
us; and you muft have frequently remarked, that
however ftrong a light may be, it is infuflicient tq
affift us in reading a printed book, if you remove
from it to any confiderable diftance.

There is ftill another circumftance, clofely con-
ne@ted with what I have juft obferved ; namely, that
" the fame obje& appears fmaller to us, in proportion
to it’s diftance. A giant, at a great diftance, does
not appear taller than a dwarf near us. To form 3
clearer judgment of this, it is neceflary to attend ta.
the-angles at which thefe objeéts are feen by us.

Let us fuppofe, then, (‘platel. fig. 12,) A B to be
an objed, fay a man, and that the ecye looks atit
from the point C. Draw from that point the ftraight
lines, A C and B C, which reprefent the extreme
rays proceeding from the object to the eye ; we call
the angle formed at C, the vifual angle of that ob
je& for the point C. If we look at the fame object
from a fmaller diftance, at D, the vifual angle D
will be, undoubtedly, greater : henceit is clear, that
the more diftant the fame obje& is, the fmaller is it’s
vifual angle; and the nearer it approaches, it’s vifual
angle becomes greater.

Aftronomers meafure very accurately the angles
under which we fee the heavenly bodies, and they
have found, that the vifual angle of the fun is fome-
what more than half a- degree. If the fun were
A T K 4 twicq
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twice farther from us, this angle would bg reduced
to the half; and then it will not feem furprizing
that it thould furnifh us four times lefs light, And
if the fun were 400 times farther off, his vifual angle
would become fo many times lefs, and then that lu.
minary would appear no greater than 3 ftar. * We
_muft, therefore, carefully diftinguith the apparent
greatnefs of any obje from it’s real greatnefs. The
firft is always an angle greater-or lefs, aceording as
the obje& is pearer or more diftant. Thus the ap-
parent greatnefs of the fun, is an angle of about
half 2 degree, whereas his real magnitude far furs
pafles that of the earth; for the fun being a glabe,
his - diameter is eftimated to be 142,000 German
miles,* while the diameter of the earth .is only
3720t miles,} -
29th July, 1760.

¥ 790,000 miles Englith, - ¥ 7,920 miles Englith,

3 Aftronomers likewife call the apparent diameter of a ftar the.
angle under which it isfeen. Thus, they fay, that the mean dia-
meter of the fun is 31° §8”; that of the earth, viewed from the
fun, would be 17”. "Hence it follows, that the diameter of the
¢carth being 2865 leagues, that of the fun is 323,000 leagues.
The German mile contains 4000 fathoms, or 24,009 feet. The
Jeague of France contains 2282 fathoms. Hence it is eafy to 18y
duce the one meafurement into the other—F. E,

LETTER
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LETTER XXXIV.

OF the Supplement which Fudgment lends to Vifion.

‘X 7HAT I have now fubmitted to you on the
¥ - phenomenon of vifion, belongs to optics, .
which is a branch of mixed mathematics, and which,
. likewife,.holds a confiderable rank in phyfics. Be-
fide colours, the nature of which I have endeavoured
to explain, it is the bufinefs of optics to treat of the
"manner in which vifion a&s, and of the different
angles under which objeéts are feen.

You muft have already remarked, that the fame
obje&t may be viewed, fometimes under a greater
vifual angle, fometimes under a fmaller, as it is lefs
or more diftant fromus. I fay farther, That a fimall
objet may be viewed under the fame angle asa great
one,when the former is very near, and the latter very
diftant. A fmall difh may be placed before the eye
in fuch a manner, as to cover the whole body of the
fun; and, in effe®, a plate of half a foot diameter,
at the diftance of g4 fect, exaltly covers the fun, and
is feen under the fame angle: and yet what a pro-
digious difference between the fize of a plate and
. that of the fun: The full moon appears to us under
nearly the fame vifual angle as the fun, and, of con-
fequence, nearly as great, though in reality much
fmaller ; but it is to be confidered, that the-fun is
almoft 400 times more remote from us than the

woon, _
' The
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The vifual angle is a point of fo much the more
importance in optics, that the images of the objeéts,
which paint themfelves on the bottom of the eye,
dcpend upon it.  The greater or lefs the vifual angle
is, the greater or lefs they (the objects) are great or
little. And as we fee objeéts out of ourfelves, only
fo far as their images are painted on the bottom of
the eye, they conftitute the immediate obje& of
vifion or fenfation. One of thefe images; therefore,
Teads us to the knowledge only of three things. -
Firft, it’s figure and it’s colours condué& to the con--
clufion, That there is, out of us, 2 fimilar object, of
fuch a figurc, and fuch a colour. Secondly, it’s mag-
nitude difcovers the vifual angle under which the
object ‘appears to us: and, finally, it’s place on the
bottom of the eye makes us fenfible of the diredion
of the external obje&, relatively to us, or that in
which the rays emitted from it reach our eyes.

In thete three particulars confifts the phenomenon
of vition; and we only perceive, 1ft, the figure and
colours ¢ zdly, the vifual angle, or the apparent mag-
nitude s and, 3dly, the direction. or the place in
which we conclude that the object exifis. Vifion,
then, ditvovegs to us nothing refpeding either the
real magnitede of objeds, or their diftances. Though
we troguently imuging, that we can determine by
the eve the magritude and diftance of an objedt,
this i ot ar act of viten, but of the underfanding.
The other fontexy and hahits of kong fanding, enable
us o calniace 2t wiat Btinee an ojed & trom us.
Bug this facuiy aaands anly to obSads at no great

by duitance.
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diftance. Whenever their diftance becomes confi-
derable, our judgment cannot exercife itfelf with
certainty ; and if fometimes we venture to hazard a
decifion, it is generally very remote from the truth.
Thus, no one can pretend to fay that he fees the
_magnitude or the diftance of the moon; and when
the vulgar imagine they can judge of the firft, by
confidering it as equal to that of the terreftrial bo-
dies which are feen under the fame angle, it is not
by vifion they are deceived, but by their judgment,
which they want to apply to an objeét far beyond
their reach. It is certain, therefore, that the eyes
alone can determine nothing refpecting the diftance
and magnitude of objedts..
" To this fubjet may be referred the very remark-
able cafe of a man born blind, who obtained fight,
by means of an operation, at an advanced period of
life :* This perfon was at firft dazzled : he could dif-
tinguifh nothing as to the magnitude and diftance of
- obje@s. Every thing appeared fo near, that he
wanted to handle them. A confiderable time, and
long pradtice, were requifite to bring him to the reel
ufe of fight. He was under the necefity of ferving
a long apprenticefhip, fuch as we perform during the
term’' of childhood, and of which we afterwards
preferve no recollection.
This it is which inftructed us, that an object ap- -
pears to us fo much the more clear and diftinét as it

# This waethe blind man, on whom ti]e famous Cheffelden per-
formed the operation of the couching catara&.—F. E.
' is
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is nearer ; and reciprocally, that an obje& which ap-
pears clear and diftin& is near ; and when it appears
_ obfcure and indiftin®, that it is at a diftance. ‘It is
thus that painters, by weakening the tints of the ob-
jec@s which they wifh to appear remote, and firength-
ening ‘thofe which they would reprefent as nearer,
are enabled to determine our judgment, conformably
to the effe® which they mean to produce. And they
fucceed fo perfeétly, that we confider fome of the
obje&s reprefented in painting as more diftant than
others: an illufion which could not take place, if
vifion difcovered to us the real dlﬁance and magm-
tude of objedts. :

1 Auguft, 1760.

%
LETTER XXXV.

Explanation of certain Phenomena relative to Optics.

YOU have juft feen, that vifion alone difcovers
to us nothing, refpecting either the real mag-
nitude or the diftance of objedts; and that all we
imagine we fee, whether as to the diftance or mag-
nitude of any obje&, is the effe&t of judgment: We
muft carefully diftinguifh that which the fenfes re-
prefent to us, from what judgment adds, in which
we frequently deceive ourfelves. Many philofophers,
who have declaimed againft the accuracy of the
fenfes, and who meant thence to infer the uncer-
 tainty
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tainty of all human knowledge,* have confounded
the proper reprefentations of our fenfes with judg-
ment. ‘

This is their mode of reafoning: We fee the fun
no bigger than a trencher, though it be infinitely
greater ; therefore the fenfe of feeing deceives us;
therefore all our fenfes deceive us; at leaft, we can-
not depend on them : therefore, all the knowledge
we acquire by means of the fenfes, is. uncertain, and
probably falfe : We, therefore, know nothing. Such
is the reafoning of thefe fceptics, who boaft, fo vain .
gloriouily, of their ingenuity ; though there be no- -
thing fo eafy as to fay, that every thing is uncertain ;
and the greateft dunce may make a thining figure in
this fublime philofophy. But it is abfolutely falfe,
that the fight reprefents to us the fun no bigger
than a pewter plate; it determines nothing what-
ever refpeting his magnitude; it is our judgment
alone that deceives us. When the objects, however,
are not very diftant we can pronounce with toler-
able exadnefs on their dimenfions and diftances ;
and the other fenfes, joined to the degree of clear-
nefs with which we fee thefe fame objets, render
our judgments fufficiently certain. Now, as foon as
weé have the idea of the diftance of an objeét, we
form to ourfelves, likewife, that of it’s real magni-
tude, knowing that it depends on that diftance.

® Such were the Pyrihonifts. We fiill give the name of fecp-
ficifin, or Pyrrhonifm, to this ftate of univerfal doubt or uncer-

tainty.—F. E.
. Hence
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Hence, the more diftant we reckon an obje& t& be,

" the greater we conclude is it’s magnitude ; and reci.
procally, the nearer we conclude it is, the fmaller we
fuppofe it. We, of courfe, frequently take one body
for another of much greater magnitude, when a fufs
penfion of judgment prevents our taking diftance
into the account. The reafon is that a very large
body may be feen at a great diftance, under the fame
angle as a fnall objeét placed neat us.

There is another phenomenon, well known to
every one, and which has givent occifion to miany
difputes amorng the learned, and which it is now
perfeily eafy te explain. The full moon appears
10 every eye at the time of her rifing to be much
greater than when fhe has got to a confiderable height
above the horizon, though the vifual angle of the
apparent magnitude be the fame. The fun, too, at
the time of rifing and fetting, appears to every one
greater than at noon. What then is the foundation
of this judgment, fo univerfal, and fo falfe? It is un.
doubtedly becaufe we judge the fun and the moon
in the horizon to be at a greater diftance from: -us
than when they have got to a confiderable height.

But how come we to form fuch a judgment ? The
common anfwer is, that when the fun and the moon
are in the horizon, we perceive a great many obje®s .
between them and us which feem to increafe theis
diftance; whereas when the fun and moon have
rifen to a great height, we perceive nothing between
them and us, and therefore conclude that they are

nearer.
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nearer. I know not whether this explanation will
be fatisfaftory. L may be objected that an empty
apartment appears greater than one completely fur-
nithed, though the fize be exactly the fame ; feveral
intervening objeéts, therefore, do not always lead us
to imagine that one more relmote is at a greater dif-
tance than is really the cafe. I flatter myfelf that
the following folution will be deemed more natural,
and better founded.

Let the cirde A (plate 1. fig. 13.) reprefent the
earth, and the ‘dotted circle the atmofphere, or air
with which the earth is furrounded ; fuppofe your
felf flationed at the point A, if the moon is in the
horizon, the rays will reach you in the direction of .
the Hne B A ; but in her extreme height, the rays
will defcend in the line C A. In the firft cafe the
rays pafs through the greater fpace B A ; and in the

fecond cafe through the fmaller fpace C A. Now,
you will pleafe to recolleit, that the rays of light
which pafs through a tranfparent medium have their
force diminifhed in proportion to the length of the.
paflage. The atmofphere or air, then, being a tranf-
parent medium, the ray B A muft in it’s paffage lofe’ .
much more of it’s force than the ray-C A. Hence
it follows, in general, that all the celeftial bodies ap-
pear much les brilliant in the horizon than when
fully rifen and elevated. We are able to look direétly
even at the fun, when he is in the horizon; but
when once he has gained a certain height, the eye is
confirained to fhrink from his luftre.
I conclude from this that the moon, too, appears.
' lefs
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lefs brilliant in the horizon than when elevated.*
Now, you will recolle& what I fai{ a little above, in
fpeaking of effet in painting, that the fame obje&t
. ‘appears
# This explanation of the appearance of the hotizontal moon
was offered, in the beginning of the prefent century, by the acute’
Dr. Bcrkclcy, Bithop of Cloyne. It has fince beerf refuted by
that excellent optician, Dr. Smith, who was the firft that com«
pletely inveftigated this curious fubject. The following is an ab<
firact of the theory, from Dr. Prieflley’s ¢ Hifiory of Vifion,
Light, and Colours.”” ' '
~« If the furface of the earth were perfe@ly plane,’ fays Dr.
Smith, ¢ the diftance of the vifible hotizon would fcarce exceed
§ooo times the height of the eye above the ground, or the diftance
of miles (fuppofing the height of the eye to be between five and
fix feet) and all obje@s placed beyond that diftance would appear -
in the vifible horizon. Al obje@s and clouds, likewife, placed at’
any diftance beyond this, muft confequently, if they be vifible at '
all, appear to be in the horizon. ¢ Hence,’’ he fays, * if we
tuppofe a vaft wall to be built at the extremity of the plane, be«
yond the point of vifible diftance, it will not appear ftraight, but
circular, as if built upon the circumference of the ho}izon; and,
if continued infinitely, would make a perfe& femi-circle. If now
this round plane, with.the wall upon it, be imagined to be raifed,
till it come perpendicular to the reft of the plane, on which a per~
fon ftands, the wall will appear like the concave figure of the
clouds over his head. But though the wall in the horizon appear
in the fthape of a femi-circle, yet the cieling will not, but much
flatter; becaufe the horizontal plane was a vifible furface, which
fuggefted the idea of the fame diftances quite round the eye; but
in the vertical plane, extended between the eye and the cieling,
there is nothing that affects the fenfe with an idea of it’s parts,
Confequently the apparent diftances of the higher parts of the
cieling will be gradually diminithed. Now, when the fky is quite
overcaft with clouds of equal gravities, they will all float in the
air at equal heights above the earth, and confequently will com-

pofe
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appears to us more diftant when it’s light is weak-
ened : the moon, then, being in the hOl‘lZOH, muft
appear more diftant than at any point of elevation.

pofe a furface refembling a large cieling, as flat as the vifible fur-
face of the earth. It’s concavity, therefore, is not real, but appa«
rent; and when the heights of the clouds are unequal, fince their
veal thapes and magnitudes are all unknown, the eye can feldom
diftinguith the unequal diftances of thofe clouds which appear in
the fame directions, unlefs when they are very near us, or are
driven by contrary curlents of the air. So that the vifible thape
of the whole furface remains alike in both cafes. And when the
fky is either partly overcaft, or perfectly free from clouds, it is a
fa& that we ftill retain much the fame idea of it’s concavity, as
when it was quite overcat. But if any one thinks that the reflexion
of light from the air is aléne fufficient to fuggeft that idca, he
would not difpute it.”’

¢ The concavity of the heavens appears to the eye, which is
the only judge of an apparent figure, to be a lefs portion of a fphe=-
rical furface than an hemifphere. In other words,”” he fays, ¢ the
center of the concavity is much below the eye; and, by taking a
medium among feveral obfervations, he found the apparent dif-
tance of it’s parts, at the horizon, was generally between three
and four times greatcr thun the apparent diftance of it’s parts over

head.
" ¢ This he determined by meafuring the a&ual height of fome of
the heavenly bodies, when, to his eye, they feemed to be half way
between the horizon and the zenith. In this cafe their real almudc
was-only 23 degrees.’

Ubpon thefe principles Dr, Smith confiructed the following table:

Sun or Moon’'s altitude, Apparent Diameters,
in degrees. or diftances.
oo 100
15 68
30 50
45 40
6o 34
75 31
98 . . 30 E.E.
-Vor. L L - The
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The confequence is obvious; as we judge the dif-
tance of the moon greater in the horizon, we muft
likewife judge her magnitude greater. And in ge-
neral all the ftars, when near the horizon, appear to
us greater, becaufe their apparent diftance is greater.

3d Auguft, 1760, ‘ -

LETTER XXXVL

Of Shade.

I HAVE endeavoured to explain almoft all that is
ufually treated of in optics. All that remains is
to fpeak of thade. You already know too well what
is meant by fthade to render it neceflary for me to
dwell long on the fubject. Shade always fuppofes
two things: a luminous body, and an opaque body,
which does not tranfmit the rays of light. The
opaque body, then, prevents the rays of a luminous
body from getting behind it, and the fpace which
the rays cannot reach, from this interception, is called
the fhade of the opaque body, or, what comes to the
fame thing, fhade includes all that fpacein which the
luminous body is not to be feen, becaufe the opaque
body obftructs it’s rays.

Let A (plate L. fg. 14.) bea lummous point, and
B C D E an opaque body. Draw the extreme rays
A BM, ADN, touching the opaque body. Itis
evident that no ray of light proceeding from A, can
penetrate into the fpace M B E D N; agd in what-

ever
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éver point within that fpace the eye may be placed,
at O for example, it will not fee the luminous body.
This fpace is the thade of the opaque body, and we
fee that it is continually increafing, and may extend -
to infinity. But if the body from which the rays
proceed be itfelf of great magnitude, the determina-
tion of the thade is fomewhat different. There are
three cafes which demand confideration ; the firft is,
~ when the luminous body is lefs than the opaques
the fecond, when they are equal; and the third,
when the luminous body is the greater. The firft
cafe is that which we have now been confidering, in
which the light is fmaller than the opaque body. -

. The fecond is reprefented, (‘plate 1. fig. 15.) in
which the luminous body A is of the fame magnitude
with the opaque body B CE D. If you draw the
extreme rays A BM, A EN, the fpace MBEN -
will be fhaded, and through the whole of that fpace
it will be impoffible to fee the luminous body. You
{ee, likewife, that the lines BM and E N are parallel,
and that the fhade extends to infinity, always pre-
ferving the fame breadth.

The third cafe is exhibited, (plate I. fig. 16.) in
which the luminous body A A is greater than the
opaque body B C ED. The extreme rays, touch-
ing the opaque body in B and E, if produced, will
meet in the point O, and the fpace of the fhade BOE
becomes finite, and terminates in O. The fhade, in
this cafe, is termed conical. It is only into this {pace
that the light has no admiffion, and in which it is

Lz imepoflible
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impoffible to fee the luminous body. To this thizd
cafe belong the fhades of the celeftial bodies, which
are much {maller than the luminous body which en-
Kghtens them, namely the fun.

We have here, then, another difplay of the Cre~
ator’s wifdom. For if the fun were fmaller than the
planets, their fhades would not be terminated, but
extend to infinity, which would deprive immenfe
fpaces of the benefit of the fun’s light. But the
magnitude of that luminary furpafling by fo many
times. that of the planets, their thades are contraGed
to very marrow bounds, from which alone the light
of the fun is excluded. .

It is thus that the earth and the moon projéct
their conical thades ; and the moon may occafionally
plunge into the fhade of the earth either partially or
totally. When this takes place, we fay the moon is
eclipfed, either wholly or in part. In the former
cafe we call it a total eclipfe of the moon; in the
other, a partial eclipfe. The moon, likewife, pro-
je&ts her fhade, but it is fmaller than that of the
carth. It may happen, however, that the fhade of

“the moon fhould extend as far as to the earth; and
. then thofe who are involved in that thade, underge
an eclipfe of the fun. An eclipfe of the fun, then,
takes place when the moon, interpofing, prevents:
our feeing the fun wholly, or in part. We fee not
the fun by night, though there be no eclipfe; but
we are then in the fhade of the earth, which caufes.
our greateft obfcurity.

' Hitherto
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Hitherto we have confidered only the cafes in
which the rays of light are tranfmitted in ftraight
lines, which is the profefled objet of optics. But
it has been already remarked, that the rays of light
are fometimes refleted, and fometimes broken, or
refracted. You will recolle, that when the rays fail
on a well-polithed furface, fuch as a mirror, they are
refle@ted from that furface ; and when they pafs from
one tranfparent medium to another, they undergo
refraction, and are in {fome fenfe broken. Hence
arife two other {ciences. That which confiders vi-
fion in reference to refle¢ted rays is called catoptrics;
and that which has for it’s objeét vifion, in reference
to broken or refraited rays, is termed dioptrics. Op-
tics treat of vifion relatively to dire& rays of light.
I fhall prefent you with a fummary of thefe two
fciences, catoptrics and dioptrics, as they difclofe
phenomena which are every day prefenting them.-
{elves, and of which it is of importance to invefti-
gate the caufes and the properties. Every thing re-
lating to the fubjet of vifion is, beyond contradic-
tion, an objec highly worthy of exciting curiofity,
. and of engaging attention.

rd

sth Augufft, 1760,

L3  1ETTER
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LETTER XXXVIL

or lCatoptrics, and the Reflcction of Rays from plain

Mirrors.

CATOPTRICS treat of vifion relatively to refle.

ed rays. When rays of light fall on a well po-
lithed furface, they are reflected in fuch a manner
that the angles on all fides arc equal among them:
felves.

To fct this in a dlear light, let A B (‘plate . fig.
17.) be the furface of a common mirror, and Pa lu.
minous point, whofe rays P Q, P M, P m, fall upon
the mirror, Of all thefe rays, let P Q be that which
falls perpendicularly on the mirror, and which has:
this particular and remarkable property, that it is re.
flected upon itfclf in the diretion of Q P; juft ason
a billiard table, when the ball is firuck perpendicu-
larly againft the ledge, it is repelled in the felf-famc
direction. But every other ray, as P M, is refletted
in the line M N, in fuch a manner as to make the
angle A M N equal to the angle BM P; in which it
is to be remarked, that the ray P M is named the
incident ray, artd M N the refle@ted ray.. In like
manner, to the incident ray P m, will correfpond the,
" reflected ray m n; and; confzquertly, becaufe of the
refle¢tion, the ray P M is continued in the dire&ion
of the line M N, and the ray P m in the dire@ion of
. m n, {fo that we have the angle A M N, cqual to B
‘M P, and the angle A m #, equal to the angle Bm P

. T
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This property is thus enounced: The angle of reflec-
tion is always equal to the angle of incidence.

I have already taken notice of this ftriking pro-
perty ; but my defign, at prefent, is to fhew what
the phenomema in vifion are which refult from it.
Firtt, it is evident, that an eye, placed at N, will re-
ceive from the luminous point P, the reflected ray
M N; thus the ray which excites in that eye the
f{enfation of the body from whence it proceeded,
comes in the dire@ion M N, juft as if the obje& P
were in fome point of that line; hence it follows
that the eye muft fec the obje& P in the diretion
N M.

In order the more clearly to elucidate this fa&, we
muft have recourfe to geometry; and you will re-

collect with pleafure the propofitions on which the
" following reafoning is founded. Let the perpendi-
cular ray P Q be produced on the other fide the mir-
ror to R, fo that Q R fhall be equal to P Q; I will
fhew you that all the refleted rays, M N, and m »
being produced behind the mirror, muft meet in that -
point. For, taking the two triangles P Q M and
R Q M, they have firft the fide M Q common to
both ; then the fide Q R was made equal to the fide
P Q; and, finally, the angle P Q M being a right
angle, it’s adjacent angle R Q M muft likewife be a
right angle.* Therefore thefe two trmngl* having
cach an equal angle contained bgﬁwo equal fices;
{hall be every way equal,t and confequently thc anglc

* Fuclid’s Elements, book I. Prop 13.
+ Eyclid, book I. Prop. 4. . P
L4 TN
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PM Q equal to the angle R M Q. But the angle
AMN, and the angle R M Q, being vertical, are
equal to each other,* therefore alfo the angle AM N
fhall be equal to the angle P M Q; that is, the angle
of reflection fhail be equal to the angle of incidence.

In the fame manner it is demonftrated that the re.
fleted ray m n being produced, would likewife pafs
through the point R, and confequently produce in
the eye the fame effect as if the object P were aétually
placed behind the miryor at R, this point being in
the perpendicular P Q R, at the fame diftance as I
from the furface of the mirror, but on different fides.
This- will enable you to comprehend clearly why
mirrors reprefent objects as if they were behind
them; and why we judge that thefe objects are
placed as far behind the furface of the mirror as they.
really are before it. It is thus the mirror tranfports
objedts into another place, without changing their
appearance. To diftinguith in the mirror that appa-
rent obje& from the real, we name the apparent ob-
je& the image, and we fay that the images reprcfent-
ed by refletcd rays are behind the mirror. This
denomination ferves to diftinguith real objects from
the images of them reprefented in mirrors; and the
images which we fee in mirrors are perfeitly equal
and figilar to the objedts, with this exception, that

' what objest is on the left appears in the image.
on the > Yeciprocally, Thus a perfon wear-
" ing his fword on'“the 1

left fide, appears with it in the
mirror on his right.. % '
* Euclid, bk 1. Prop. 15.

T From
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From what has been faid, it is always eafy to{cttle
the image of any object whatever behind the mirror.
~ For AB (‘plate 1. fig. 1.) being a mirror, and EF
" an objed, fay an arrow : draw from the points E and
F the perpendiculars E G and F H, to the furface of
the mirror, and produce thefe to e and £, fo that
E G fhall be equal toe G, and F H to fH, ¢ fwill
be the image fought, which will be equal to the ob-
ject E F, becaufe the quadrilateral figure G ¢ fH is
in all refpes equal to the quadrilateral figure G E
F H. It muft be ftill farther remarked, that were
_ you even to cut off from the mirror a part, as C B,
and A C was the mirror, the image ¢ £ would not be
changed. And confequently when the mirror is not
fufficiently large to admit the falling of the perpen-
diculars E.G and F H upon it, we muft fuppofe the
plane of the mirror to be extended, as we produce
lines in geometry when we want to let fall perpendi-
culars upon them. What I have faid refpeéts only
common mirrors, whofe furface is perfeily plain.

Convex and concave mirrors produce diffcrent effeéts.
. 7th Auguft, 1760.

e, 03 O T ————

LETTER XXXVIIL

Reflection of Rays from convex and concave Mirrors.
Burning Mirrors. . -

VERY thing relating to the rei Gior 6f says is

»—4 reduced, as you have feen, t&two things; the
one of which is the place of the image which the re-
flected rays reprefent ; and the other the relation of
' o2 the
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the image to the objet. In ordinary or plain mir-
rors, thc image of the object is behind the mirror, at
a diftance equal to that of thc objeét before the mir-
ror, and it is equal and funilar to the obje&. To
both of thefe circumftances we muft attend when
the mirror is not plain ; but when it’s furface is con-
vex or concave; for in either cafe the image is, for
the moft part, ftrangely disfigured. You muft fre-
quently have remarked that on prefenting any obje&
before a fpoon very highly polithed, you fee it’s
image greatly disfigured, whether reflected from it’s
interior furface, which is concave, or from it’s exte-
rior, which is convex.

A globe of filver, finely polithed, reprefents objects
with fufficient accuracy, but in midiature. If the-
interior furface of the globe is well polithed, objeéts
appear upon it magnified ; provided always that they
are not too diftant. For the fame objefts may like-
wife appear {fmaller 4nd inverted, if they are removed
far from the mirror. There is no occafion to take
a whole globe; any part of it’s furface whatever
produces the fame effect. Thefe mirrors are deno-
minated fpherical ; and there are two forts of them.
The one is convex and the other concave, according
as they are taken on the exterior or interior furface
of the fphere. They arc compounded of various
metals, fufceptible of a finc polith; whereas plain
mirrors dre madg, of a plate of glafs, and covered on
one fide with agcparation of mercury, defigned to
top the pafiage of the rays, and to refle them. I
begin’ with convex mirrors,

Lef
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Let A C B (plate 11. fig. 2.) be a mirror, the feg-
ment of a fphere, whofe centre is G. If you place
before this mirror an object E, at a great diftance,
it’s image will appear behind the mirror, at the point
D, the middle point of the radius of the fphere C G;
and the magnitude of this image.will be to that of
the objed, in the relation of the lines CD and CE:
it will, therefore, be in this cafe much {fmaller than
the obje&, as the line C D is, in effe&t, much fmaller
. than the line CE. If the objec E approaches to the

mirror, fo likewife will it’s image. This is all de-

" monftrable on geometrical principles, by fuppofing
that any incident ray whatever, fay E M, is refleted
in the dire&tion of M N, fo that the angle BM N may
be equal to the angle CM E. Thus, when the eye
is at N, receiving the refletted ray M N, it will fee
the obje& E, according to that direftion, and will
obferve it in the mirror, at the point D: or, in other
words, D will be the image of the objeét placed at E,
but fmaller. It is likewife eafy to fee, that the fmaller
the fphere is, of which the mirror is a fegment, the
more, likewife, is the image diminithed.

I proceed to concave mirrors, the ufe of which is
very common on many occafions. Let A CB (‘plate
IL fig. 3.) be a mirror, forming part of a fphere, .
whofe centre is G, and G C a radius. Let us fup-

' pofe an obje& E, very diftant from the mirror, it’s
image will appear before the mirror at D, the middle
point of the radius C G : for any ray of light what-
ever, E M, from the obje& E, falling on the furface
of the mirror, at the point M, will be refletted

: : thence,
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thence, in fuch a manner, as to pafs through the
point D; and when the eye is placed at N, it will
{ee the object at D; but this image will be to the ob-
je&t in the ratio of CD to CE, and confequently
in this cafe {maller than it. And when you bring
the object nearer to the mirror, the image retires;
the object being placed even at the centre G, the
image is there likewife. If you bring the object ftill
forward to D, the image will retire infinitely beyond
E. But if the object be placed ftill farther forward,
between C and D, the image will fall behind the mir.
yor, and appear greater than the object.

When you look at yourfelf in fuch a mirror, at
fome point between D and C, your face will appear
frightfully large. This is explained by the nature of
reflettion, in virtue of which the angle of incidence,
E M A, is always equal to the angle of reflecion,
CMN. To this fpecics muft be referred burning
mirrors, and every concave mirror may be employed
to burn. This remarkable property merits a more
particular explanation. -

Let A B C (‘plate IL. fg. 4.) be a concave mirror,
whofe centre is G, and inftead of the objed, let the
fun be at E; his refleted rays will reprefent the

, image of the fun at D, the middle point between C
and G. Now, the magnitude of this image will be
determined by the extreme rays S C, S C. This
image of the fun will be, accordingly, very fmall, and
as all the rays of the fun which fall on the mirror
A C B are refleted in this image, they will be col-
leted there, and will have fo much more force, as

the
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the image D is fmaller than the furface of the mir-
ror. But the rays of the fun are endowed with the
property of heating the bodies on which they fall, as
well as that of illuminating them ; hence it follows,
that there muft be at D a great degree of heat; and
when the mirror is fufficiently large, this heat may
become fironger than the meoft ardent fire. In fadt,
by means of fuch a mirror, you may burn in an in-
ftant any combuftible body, and even melt metals of
every kind. It is the image of the fun alone which
produces thefe furprifing effeits. This image is ufu-
ally denominated the focus of the mirror ; it falls al-
ways in the middle point of the radius C G; between
the mirror and it’s centre G.

You muft carefully diftinguith burning mirrors
from burning glafles, of which I fhall give fome ac-
count in my next letter.

oth Auguft, 1760,

| eetagED §olf O GEm——a
LETTER XXXIX.
Of Digptrics.

[ AVING explained the principal phenomena of
catoptrics, which refult from the refle@tion of

the rays of light; I proceed to -treat of dioptrics,
whofe objec is to unfold the phenomena of the re-
fra&ion -of rays, which takes placc when they pafs
through different tranfparent mediums. A ray of
Light does not pusfue the fame ftraight line unlefs it

continucs
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continues it’s progrefs through the fame medium.
As foon as it enters another tranfparent medium, it
changes it’s direction more or lefs, :iccording as it
falls upon it more or lefs obliquely. There is only
one cafe in which it purfues a redilinear courfe;
namely, when it enters the other medium perpendi:
cularly.

The inftruments principally to be confidered in di-
optrics are the glafles employed in the conftru&ion
of telefcopes and microfcopes. - Thefe glafles are of a
circular form, but with two faces. Every thing re-
lating to them is reducible to the figure of thefe two
faces, which may be plain, or convex, or concave.
Their convexity, or concavity, is always equal to
that of a fphere, of which the radius muft be known,
it being confidered as the meafure of the curve of
thofe furfaces. This being laid down, we fhall have
feveral kinds of dioptric glaffes.

The firft fpecies, No. L. (‘plate II. fig. 5.) is that
whofe two faces are plain. By cutting a circular piece
out of a plate of glafs, of equal thicknefs, we fhall
have one of this fpecies, which makes no change on
obje&ts either as to magnitude or diftance. Glafs
No. IL. has one of its furfaces plain, and the other
convex; and fuch are termed planc-convex. Thé
third fpecies, No. IIl. has one face plain, and the
other concave, and thefe are called plans-concave. The
fourth, No. IV. has two convex furfaces, and is called
fouble-convex. No. V. has two concave furfaces, and

called double-concave. The fpecies Nos. VI. and VII.
aave one furface convex and the other concave; and

we
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we give them the name of menifcus.  All thefe lenies
are reducible to two clafies; the one containing
thofe in which convexity prevails, as Nos. II. IV.
VL ; in the other, concavity is predominant, namely,
Nos. IIIl. V. VII. The former clafs is fimply deno-
minated convex, and the latter concave. Thefe two
clafles are diftinguifhed by the following property.

Let AB (plate IL. fig. 6.) be a convex glafs, ex.
pofed to a very diftant objed, E F, whofe rays G A,
G C, G B, fall on the glafs, and, pafling through it,
ur;dcrgo a refraction, which will take place in fuch a
manner, that the rays proceeding from:'the point G
fhall meet on the other fide of the glafs in the point
g- The fame thing will happen to the rays which
proceed from every point of the object. By this
alteration all the refracted rays A /, B m, C n, will
purfue the fame direction as if the object were at
e, g, f> and inverted; and it will appear as many
times {maller as the diftance C g thall be contained
in the diftance C G. We fay, then, that fuch a glafs
reprefents the object E F behind it at ¢ £, and this
reprefentation is called the image, which is confe-
quently inverted, and is, with the cbject itfelf, in the
ratio of the diftances of the glafs from the image,
and of the glafs from the object.

It is clear, then, that if the fun were the objett,
the image reprefented at ¢ f would be that of the
fun; though very fmall, it will be fo brilliant, as to
dazzle the eye, for all the rays which pafs through
the glafs meet in this image, and there exercife their
double power of giving light and heat. The heat

' there
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there is nearly as many times greater, as the furface
of the glafs exceeds in magnitude the image of the
fun, named it’s focus, from which, if the glafs be
very great, you may produce the greateft effedts of
heat. Combuftible fubftances, placed in the focus of
fuch a glafs, are inftantly confumed. Metals are
melted, and even vitrified by it; and other effefts
are produced far beyond the reach of the maft active
. and intenfe fire. :

The reafon is the fame as in the cafe of burning
mirrors. In both the rays of the fun, diffufed over
the whole furface of the mirror, or glafs, are colle&t-
ed in the fmall fpace of the fun’s image. The only
difference is, that in mirrors the rays are colleGted
by reflettion, and in glaffes by refradtion. Such is
the effe® of convex glafles, which are thicker in the
middle than at the extremities, and which I have re-
prefented in Nos. IL IV.and VI. Thofe reprefented
in Nos. III. V. and VIL are thicker at the extremities
than at the middle, and being all comprchended under
the term concave, graduce a contrary effect.

Let A CB (‘plate 1L fig. 7.) be a glafs of this form.
If you expofe to it, at a great diftance, the object
E GF, therays G A, G C, G B, proceeding from
the point G, will undergo a refraction, on leaving
the glafs, in the dire&ion of A /, C 1, and B #, as if .
they had iffued from the point g; and an eye placed
behind the glafs, at m, for example, will {fee the ob-
ject juft as if it were placed at ¢ g f; and in a fituation
fimilar to that in which it is at the point G, but as
many times {inaller as the diftance C G exceeds the

: diftance
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diftance G' g. Convex glaffes, then, reprefent the:
image of a very diftant object behind them ; concave:
glaffes reprefent it before them; the former repre-

fent it inverted, and the latter in it’s real fitnation.

In both, the image is as many times fmaller as the
diftance of the object from the glafs exceeds that of
the glafs from the image. On this property of glafles

is founded the conftru&ion of teld'copw, fpectacles,

and microfcopes.

© 112b Auguft, 1760.

———— T G ——

LETTER XL.

Continuation. Of ‘burning Glaffes and their Focus.

CONVEX glafles furnith fome farther remarks

.which I beg leave to lay before you. I {peak
here of thofe glaffes in general which are thicker in
the middle than at the extremities; whether both
furfaces be convex, or one plane and the other cons
vex ; or, finally, one concave and the other convex,
provided, however, that the convexity exceed the
goncavity, or that the thicknefs be greater at the
middle than at the extremities. It is farther fup.
pofed that the glaffes have a fpherical figure.

They have firft this property, that being expofed
to the fun, they prefent behind them a focus, which
is the image of that luminary, and which is endow.
ed, like it, with the property of illuminating and
burning. The reafon is that all the rays iffuing from
: Vor. L. M the
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the fun, and falling on this furface, are collected by
the refraction of the glafs into a fingle point. The
fame thing happens whatever be the objet expofed
to fuch a glafs ; it always prefents the image of it,
which, you fee inftead of the aobject itfelf. The fal-
lowing figure will render what I have faid more in.
telligible.
- Let A B C D (plate I f. 8.) be a convex glafs,
before which is placed an object E G F, of which it
will be fufficient to confider the three points K, G, F.
'The rays which, from the point E, fall upon the glafs,
are contained in the fpace A E B; and are all col-
le€tea in the fpace A ¢ B by refradtion, fo as to meet
in the point ¢. In the fame manner the rays from
the point G, which fall on the glafs, and which.fill
the fpace A G B, are comprehended, by means of re-
fraction, in the fpace A g B, and meet in the point
g Finally, the rays from the point F, which fall en
the glafs in the angle A F B, are refracted fo as ta
meet in the point £ Thus we fhall have the image
¢ g f in an inverted pofition behind the glafa; and an
eye placed at O, behind the image, will be affeéted in
the fame manner as if the object were at eg f, ine
verted, and 29 many times {maller as the diftance D g
is fmaller than the diftance C G. _
In order to determine the place of the imagee g f;
we muft attend as well to the form of the glafs as to
the diftance of the obje@. As to the firft, it may be
. sernarked, that the more convex the glafs is, in other
wards, the more th}t the thicknefs of the middle
E'D exceeds that of the extremities, the nearer
[ #5) L ~ image
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tmagé will be ‘to it’s furface. With regard to the
diftance, if you bring the objeét E F nearer to the
glafs, it’s image e f retires from it, and reciprocally.
The image cannot be nearer to the glafs than when
the object is at a very great diftance from it; it is
then at the fame diftance as that of the fun would
be, which is denominated the focus of the lens.
When the objed, then, is very diftant, the image
falls in the very focus, and the nearer you bring the
objed to the glafs the farther the image retires from
it,-and that in confermity to a law in dioptrics, by
means of which you can always determine the place
of the image, for every diftance of the obje&, pro-
vided you know the focus of the glafs, that is, the
diftance at which it colle@ts the rays of the fun, in 2
fpace fufficiently fmall to fet on fire a body expofed
to it
The pomt where the rays meet is, as has beetLﬁud
the place of the. image. Now, this point is eafily
. ¥ound by experience. -The different denominations
of glifles are derived fram it, as when we fay, fuch
2 gla(s has it’s focus ag the diftance of an inch, ano-
ther at the diftance of a foot, another at the diftance
of terfeet, and fo on ; or, more concifely, a glafs' of
an inch, 2 foot, or ten feet focus. Long telefcopcs
‘requiré glafles of a very diftant focus, and it is'ex-
tremely difficult to- make them exat. -Ionce paid
350 crowns for one lens, which I fent to the academy
of Peterfburg; it has it’s focus at the diftance of
6ov feet ' I am convinced it was of no great value;
}mt thcy would have it on account of it’s rarity.
M2 y - Te



164 OF BURNING GLASSES.

- To be fatisfied that the reprefentation of the image
¢ g f, in the preceding figure, is real, you have only
to hold at that place a piece of white paper, the par-
ticles of which are fufceptible of the different kinds
of vibrations on which colours depend. - Then all
the rays from the point E of the obje&, on meeting
at the point ¢, will put the particles of the paper into
a movement of vibration fimilar to that which the
point E has, and confequently you will fee the point
¢ of the fame colour as the point E. In like manner
the points g and f will have the fame colours as the.
points G and F of the object; and you will likewife
fee on the paper all the points-of the objec exprefled
in their natural colours; which will reprefent the
moft exact and the moft beautiful piGure of the ob.
ject. This will fucceed perfectly well in a dark room
by applying a convex lens to a hole made in the fhut-
ter. You will then fee on a fheet of white paper,
placed oppofite to the aperture in the fhutter, all
the external objeéts fo exaftly painted, that you may
trace them with a pencil. Painters make ufe of fuch
a machine for defigning landfcapes and other views.®
" 13th Augupt, 1760:

* The hypothefis of light, contained in the preceding letters,
was firft propofed in the middle. of laft century by the ingenious
Mr. Huggens; but after the brilliant difcoveries of Sir Ifaac New-
‘ton, it fell into oblivion, where it ought ever to have remained.
“What induced Mr. Euler to revive it, it is difficult to conceive.
"This hypothefis is not likely to have many abettors in the prefent
Age. Asit appeals wholly to the imagination, it requires not
any formal refutation. I fhall mention a fingle obje&ion, which
feems to be conclufive: If ether were the vehicle of light, as aif
and water are of found, the ear 'would likewife be, in fome degree,
an organ of vifion. .
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LETTER XLL

" . Of Vifien, and the Structure of the Eye. -

I AM now enabled to explain the phenomena of vi--
vifion, which is undoubtedly one of. the greateft:
aperations of nature that the human mind can con.
template, ‘Though we are very far fhort of a perfect-
knowledge of the fubject, the little we do know of
it is more than fufficient to convince us of the power.
aid wifdom of the Creator. We difcover in the
firucture of the eye perfeftions which the moft ex«
alted genius could never have imagined. :
.. I1hall not detain you at prefent with an anatomi..
_ cal defcription of the eye. It is fufficient to remark,:
that the exterior membrane ¢ A b (plate IL. fig. 9.)
is tranfparent, and is called the cornea of the eyes.
behind this, opn the infide, is another membrane 2 m,
& m, circular and coloured, which we call the iris, in
the middle of which is an aperture m m, called the
pupil, which appears to us to be black. We find be-
hind - this aperture, the cryfalline humour & B C g
which is a body forewhat like in form to a fmalk
burning glafs ; it it perfetly tranfparent, and of 2
membranous fubftance. - Behind the cryftalline hu.
mour the cavity of the eye is filled with a tranfpa-
rent jelly, called the witreous humour. The anterior
fpacc between the horny tunicle 2.4 4, and the cryfs
) M3 talling
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can enter into the eye, to form on the retina the
image which appears painted there; thus, the more
the pupil is opened, the more brilliant this image
will be.

On carefully cxammmg the human— eye, we obe.
ferve, that the aperture of the pupil is fometimes
greater and fometimes fmaller. It is generally re-
marked, that the pupil is contraéted when expofed
to a very ftrong light ; and, on the contrary, very
much dilated where the light is faint. This varia-
tion is abfolutely neceflary to the perfe&tion of vifion,
When we are in a very ftrong light, the rays being
more powerful, fewer of them are wanted to agitate
the nerves of the retina; the pupil, accordingly, is
then more contrated. Were it more dilated, and
confequently admitted more rays, their force would
agitate the nerves too violently, and occafion pain.
It is for this reafon we are unable to look upon the
fun without being dazzled, and without fenfible pain
in the bottom of the eye.

Wege it poflible for us to contract the pupil fll
moref*{o as to admit only a very fmall quantity of
rays, we fhould not be very greatly incommoded by
it; but the contraition of the pupil is not in our
own power. Eagles poflefs this advantage, and are
able to look directly at the fun; it is accordingly re-
marked, that their pupil is then fo much contradted,
a8 .to appear reduced to a point. A dear light, re.
wiring a very fmall dilatation of the pupil, in pro-

wtion as the light decreafes, the pupil dilates, and
m the _dark is {0 enlarged, as almoft to occupy the
whole
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whole of the iris. If it remained in the fame ftate
of contra&ion as in the light, the rays which enter
into it would be too weak to agitate the nerves as
much as is neceflary to perception ; the rays muft,
therefore, be then admitted in greater abundance, in
order to produce a fenfible effect.

‘Were it in our power to open the pupil ftill more,
we fhould be able to fee in a greater degree of dark-
nefs. To this purpofe we are told of a perfon, who,
‘having received a blow on his eye, the pupil was fo
dilated by it, that he could read, and diftinguith the
minuteft obje@s in the dark. Cats and feveral other
animals which roam in the dark, have the faculty of
enlarging the pupil much more than the human fpe-
cles ; and owls have theirs at all times too much di-
lated to bear even a moderate degree of light.

Now, when the pupil of the human eye dilates or
contrads, it is not by an a& of the will; man'not
having the power of dilating or contra&ing the pu-
pil at pleafure. As foon as he enters into a lumi-
nous fituation, it fpontaneoully contraéts and dilates
on his return to darknefs.” But this change is not
produced in an inftant; it requires a little time for
this organ to accommodate itfelf to circumitances. .

You mutt, no doubt, have remarked, that as often
as you make a very fudden tranfition from a clear
light to a dark place, as in the theatre of Schuck, you
gould not at firft diftinguith the company. The pu-
pil was flill too narrow to permit the few feeble rays
which it admitted to make a fenfible impreflion ; but
it gradually dilated to receive a fufficiency of rays.

The
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The contrary happens, when you pafs fuddenly from
darknefs to a clcar light. The pupil being then very
much expandcd, the retina is firuck in a lively man-
ner, you are quite dazzled, and under the neceffity
of fhutting your eyes.

It is then a very remarkable circumftance that the
pupil thould dilate and contraé according as vifion
requires, and that this change fhould take place al-
moft fpontaneoully and independently of any a&t of
the will. Philofophers who examine the ftructure
and the functions of the human body, are greatly
divided in opinion as to this fubje&, and there is
little appearance that we fhall ever have a fatisfying
folution of this wonderful phenomenon. The vari-
ability of the pupil is, however, an obje& effentially
neceflary to vifion’; and without which it would be
very imperfect. But various other particulars are
difcoverable, equally entitled to admiration.

1506 Auguft, 1760,

LETTER XLIIL

Fartber Continuation. Aftonifbing Differcnce between
the Eye of an Animal, and the artifical Eye, or ca-
mera obfcura.

'HE principle on which the ftructure of the eye
is founded, is, in general, the fame as that ac-
ing to which I explained the reprefentation of
1s on white paper by means of a convex lens.
Both
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Both of them muft be refolved into this, that all the
rays, proceeding from one point of the objeét, are
again colletted in a fingle point by refraction; and it
{eems of little importance whether this refraltion is
performed by a fingle lens, or by the feveral tranfpa-*
rent fubftances of which the eye is compofed. It
might even be inferred from thence, that a ftructure
more fimple than that of the eye, by employing
one fingle tranfparent fubftance, would have been
produ&tive of the fame advantages; which would
amount to a very powerful objection againft the wif-
dom of the Creator, who has afluredly purfued the
fimpleft road in the formation of all his works.

Perfons have not been wanting who, from not
having attentively examined the advantages refult-
ing from the apparent complication, prefumed to
cenfure this beautiful produétion of the Supreme
Being with a levity worthy of cenfure. They have
pretended it was in their power to produce a plan
more fimple for the firuture of the eye, becaufe they
were ignorant of all the fun&ions which that organ
had to difcharge. Ifhall examine this plan of theirs;
and I hope to convince you, that it would be highly
defective, and altogether unworthy of being put in
competition with that which actually exifts.

Such an eye, therefore, would be reduced to a
fimple convex lens, A B C D, (plate II. fig. 10.)
which colleéts, in a point, all the rays coming from
one and the fame correfponding point in the objec.
But this is only near to the truth. The fpherical
form, given to the furfaces of a lens, is liable to this
. inconvenience,
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ther, they undergo a different refradion; that rays
of a red colour undergo the leaft refraction, and vios
let-coloured rays the greateft. Hence, if the point
O were red, and if it’s rays, in pafling through the
lens A B, were collected at the point R, this would
be the place of the red image. But if the point O
were violet, the rays would be colle(ted nearer to
the lens, at V. Again, as white is an aflemblage of
all the fimple colours, a white object, placed at O,
- woyld form feveral images at once, fituated at dif-
ferent diftances from the point O; the refult of
which would be, on the retina, a coloured fpot that
would greatly difturb the reprefentation.
., It is accordingly obfervable, that when in a dark
room the external objects are reprefented on white
paper, they appear bordered with the colours of the
rainbow, and it is impoffible to remedy this defe&
by employing only one tranfparent body. But it has
been remarked, that this may be done by means of
~ different tranfparent fubftances; but neither theory
nor practice have hitherto been carried to the degree
perfection neceffary to the execution of a ftruéture
* which thould remedy all thefe defets.* The human

" * A fimilar defe has been remarked in the common telefcope.
‘Objefts do not appear in it very clearly. You fee, befides, at the
“circumference-of the field which it encompafles, a mixture of co-
Jours, which is called iris. To remedy this inconveniency, achroe
matic telefGopes have been confiructed, whofe objett-glafs, ‘being
compofed of more than one lens of different denfities, and which
of confequence refract the rays differently, produce an effeét anae
Jogous to that of the tranfparent fubftances of the eye, of which
:mr‘Agthor has been treating.—F. EB.

Yool qc;
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eye, however, labours under none of the impetfecs
tions which I have mentioned, nor many others to
which the hypothetical eye we have been analyzing
would be liable. What a fublime idea muft we form
of Him who has furnithed not only the whole human
fpecies, but every animal, nay even the vileft infeQts,
with an organ of fuch curious conftruiion !*

* The obje& of the Tranflator being not .only'to difplay Euler’s
philofophy, but likewife to exhibit the man as deﬁgnct-l bylns
own pencil, he takes the liberty of prefenting the Englifh Readet
with the conclufion of this letter, in the Author’s own manner and
words, tranfcribed from the original cdition of this work: Though
a French philofopher and ftatefman may feel athamed of the a)-
‘liance of fcience to religion, and endeavour to keep it out of fight,
it would furely ill become us to follow the example. Let the
Author exprefs his own fentiments in his own way, - '
. ¢ But the eye which the Creator has formed is fubject to ne
¢ one of all the imperfeQions under which the imaginary con-
¢ firuction of the freethinker labours, In this we difcover the
¢¢ true reafon why infinite wifdom has employed feveral tranfpa-
¢ rent fubflances in the formation of the eye: it is thereby fe-
v¢ cured againft all the defeéts which characterife every work of
¢ man, What a noble fubje& of contemplation! How pertinent
¢ that queftion of the Pfulmift! He who formed the eye, fhall he not
< fee? and He who planted the ear, fhall He not hear? The eye :l.l_on'O
¢¢ being a mafier-piece that far tranfcends the human underftand-
¢ ing, what an exalted idea muft we form of Him, who has be-
¢¢ fiowed this wonderful gift, and that in the higheft perfetion,
‘¢ not on man only, but on the brute creation, nay, on the vilet
* of infe@ts!”’—E. E.

19th Auguft, 1760.

LETTER
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LETTER XLIV.

| Perfeltions difcoverable in the Structure of the Eye.

' FPHE eye, then, infinitely furpafles every piece of
‘mechanifm which human fkill is capable of pro«
ducing. The different tranfparent fubftances of which
it is compofed, have not only a degree of denfity ca
pable of caufing different refractions, but their figure
s likewife determined in fuch a manner that all the
rays praceeding from one point of the objet are ex.
adly collefted in one and the fame point, whether
that abject be more or lefs diftant, whether it be fitu-
ated direttly or obliquely with refpect to the eye, and
though it’s rays undergo different refractions.

Were the leaft change to be made in the nature
and figure of thefe fubftances, the eye would lofe
all the advantages which we have been admiring.
The firength of our fight is exaétly proportioned to
the extent of our neceffities ; and far from complain-
ing that obje@ts too remote efcape this organ, we
ought, on the contrary, to confider it as one of the
inoft precious gifts of the Supreme Being.* .

c L . . : It
’ "_ Mr. Euler’s idea is ingenious, that the three pellucid fub-
_ﬁn_\"c'cs of which the eye is compofed ferve to correct the unequal
fefrangibility of thé rays of light, and produce a perfe& picture on
the retina. Unfortunately this perfe@ion is merely ideal, nor is
the eye an achromiatic infirument. A very fimple experiment will

evince che truth of this femark. Make tio parallel black firokes
adjacent to each other, on a bit of paper; fhut the one eye, and-

... 1}01\1
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It muft be farther remarked, that in order to fee
objedts diftinétly, it is not fuflicient that the rays
which come from one point fhould be colle@ed in
another.. It is likewife neceffary, that the point of -
re-union thould fall precifely on the retina; if it fell
either fhort of, or beyond it, vifion would becomi¢
confufed. Now, if for a certain diftance of objeéts,
this point of union fall upon the retina, thofe of
more diftant objects would fall in the eye thort of
the retina ; and thofe of necarer objets would falt
beyond the eye. In either cafe there would be a
confufion in the image painted on the retina.

The eyes of every:man, therefore, are conftru@ted
for a certain diftance. Some perfons fee diftinitly
only fuch objects as are very near to their eyes; we
call them Myops, that is, fhort-fighted. Others, on
the contrary, named Prefbytes, fee diftinétly objects
only which are very diftant. And thefe who fee
diftinctly objects at a moderate diftance, are faid to
have good cyes. Both the other two, however, have
the power of contracting or dilating the globe of the
eye to a certain degree, and thereby of bringing

hold the paper about half a foot from the other, ina ﬁrong ligbt;'
and bring it gradually nearer; at a certain diftance the firokes will
appear fringed with rainbow-colours. The Roman charaers
1 or I11I, on the dial-plate of a watch, will.anfwer Rill better.
But though the eye is not confiructed with mathematical accuracy,
that organ is adapted, with fufficient nicety, for all the ordinary )
purpofes of life. They miftake extremely the views of nature,
who look for perfection in her works: fhe is, in general, fparing
in her favours, and referves exquifite fkill for extraordinary occas
ﬁons —E. E,

nearer
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nearer, or of removing, the retina; which enables
them, likewife; to fee elearly, obje@s a little more or
lefs diftant ; this, undoubtedly, greitly contributes
to render the eye more perfe&, and it cannet furely
be afcribed to chanee merely.

Thofe who have goed eyes, derive moft advan-
tage from their ftructure, as they are thus in a con.
dition to fee diftinétly, objecs very diftant, and very
near; but this never exceeds a eertain bound: There
18, perliaps, no one who can fee at the diftance of an
inch, and, confequently, ftill lefs at 2 fmaller diftance.
If you hold a writing clofe to your eyes, you will
fee the charalters but very confufedly. Thisis all
I prefume to offer, on a fubject of fuch hngh ime
portance.

21/ Aug. 1760.

D0 ) O G 7
LETTER XLV. _
Of Gravity, confidered as a general Property of Body,

HAVING now treated of light, I proceed to the
confideration of a property common to all
bodies, that of gravity. We find that all bodies,
folid and fluid, fall downward, when they are not
fuppoited. I hold a ftone in my hand; if I let it go,
it falls-to the ground, and would fa]l ftill farther,
were there an aperture in the earth. While I write,
my paper would fall to the ground; were it not fup-
ported by the table. The fame law applies to every
. Vor. L N body
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body with which we are acquainted. There is not
one that would not fall to the ground, if it were.not
fupported, or ftopped by the way.

The caufe of this phenomenon, or of this pro-
penfity of all bodies, isdenominated gravity. When
it is f2id, that bodies are heavy, or poflefs gravity,
~we mean, that they have a propenfity to fall down-
ward, and aGually would fall, if we remove what
‘before fupported them.

The ancients were little acquainted with this pro-
perty. . They believed that there were bodies which
had, naturally, 2 tendency to rife, fuch as fmoke and
wapours ; and fuch bedies they termed light, to dif-
tinguith them from thofe which have a tendency te
fall. But it has been difcovered, by experiment, that
it is the air which raifes thefe fubftances aloft ; for
in a fpace void of air, it is well known, by means
of the air-pump, that fmoke and vapours defcend as
well as ftone, and that thefe fubftances are, of their
own nature, heavy, like others. When, therefore,
they rife into the air, the fame law aéts upon them
which a&s upon a log of wood plunged into the
‘water. Notmthﬁandmg it’s gravity, it fprings up,
as foon as you leave it to itfelf, and fwims, becaufe
© it is not fo heavy as water; and, in virtue.of a ge-
neral rule, all bodies rife in a fluid of more gravny
than themfelves.

"If you throw a piece of iron, of copper, of filver,
and even of lead, into a veffel full of quickfilver,
- 'they fwim on the furface, and if you force them

- -down; they ve-afcend when left to themfelves. Gold
. = alome
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alone finks, becaufe it is heavier than quickfilver.
And, fince there are bodies which rife in water, and
in other fluids, notwithftanding their gravity, for
this reafon merely, tHat they are'not.fo heavy as
water, or thafe other fluids ; it is not at all furpriz.
ing, that certain bodies, lefs weighty than air, fuch -

as {moke and vapours, thould rife in it
I have already remarked, that air itfelf poffefles
gravity, and that by means of this gravity, it fup-
ports the mercury in the barometer. When, there-
fore, it i8 affirmed, that all bodies are heavy, it is to
be underftood, that all bodies, without a. fingle ex-
ception, would fall downward in a vacuum. I might
venture to add, that they would fall with an equal
degree of rapidity ; for a feather and a piece of gold
defcend with equal velocity in an exhaufted receiver.
It might be objected to this general property of
_body, that a fhell, difcharged from a mortar, does
*mot at once fall to the ground, like a ftone, which I
let drop from my hand, but mounts into the air.
It cannot, however, be inferred, that the fhell has
no gravity ; for it is evident, that the firength of
the powder hurls the bomb aloft, and but for this,
it would, without doubt, immediately fall to the
ground. And we fee, in fad, that it does'not con«
tinue always to afcend, but as foon as the force,
which carries it upward, is exhaufted, down it comes
with a rapidity, that cruthes every thing it meets, a

fufficient proof of it’s gravity.

‘When, therefore, it is affirmed, that all bodies are
lmvy, no one means to deny that they may be
N 3’ ﬁopped,
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fiopped, or that they may be thrown aloft ; but this
is effeted by an external power, and it remains in-
dubitably certain, that all bodies whatever, as foon
as left to themfelves, at reft, ot without motion, will
affuredly fall when no longer fupported. Thercisa
cellar under my apartment, but the floor fupports
me, and preferves me from falling intoit. Were
the floor fuddenly to crumble away, and the arch of
the cellar to tumble in at the fame time, I muft in-
fallibly be precipitated into it, becaufe my body is
heavy, like all other bodies with which we are ac-
quainted. I fay, with which we arc acquainted, for
there may, perhaps, be bodies deftitute of weight ;
fuch as, poflibly, light itfelf, the elementary fire, the
electric fluid, or that of the magnet.*

Except thefe bodies, the gravity of which is not

s I muft once more take the pious Euler out of the hands of
the quondam Marquis, and let him fpeak for himfelf. The in=
ftance which the Author adduces, of bodies that, poffibly, are de~
itute of gravity, is one taken from divine Revelation, that of the
angels. ¢ Such,’’ fays he, ¢¢ as the bodies of angels, which have
¢ formerly appeared to men. A body, like this, would not fall
¢¢ downward, though the floor were fuddenly to be removed from
® under it, but would move as firmly through the air, as on the

“#* "It is amufing to obferve, with what folicitude the Pa-
sotator keeps clear of every thing that favours of religion.
henfive, that a fingle drop of water from Scripture,
te the whole mafs of philefophy. His terror is,

tion, that of Macbeth.

it Neptune’s ocean wath this blood
my hand? No; this my hand will rather
idinous feas incarnadine,

W green one red, SKaxEsPEAR., ! .

yet
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yet confirmed by experiment, gravity may be confi-
dered as a general property of all the bodies which
we know, in virtue of which, they all have a ten-
dency to fall downward, and adually do fo, when

nothing oppofes their defcent.
334 Axg. 1760,
1 -*‘
LETTER XLVL

Continuation.  Of fpecific Gravity.

YOU have juft feen, that gravity is a general pro-
perty of all the bodies with which we are ac-
quainted, and that it confifts in the effet of an in-
vincible force, which prefles them downward.
. Philofophers have warmly difputed, whether there
adually exifts a power, which adts in an invifible
‘manner upon bodies; or whether it be an internal
quality, inherent in- the very nature of the bodies,
and, like a natural inftin&, conftraining them to de-
fcend. The queftion amounts to this: If the caufe
. of gravity is to be found in the very nature of every
‘body; or if it exifts without it, fo that were this
extrinfic power to fail in it’s operation, the body
"would ceafe to be heavy? Before we attempt a folu-
tion of this, it will be neceflary to examine, more
-carefully, all the circumftances conneé&ted with gra-
vity,
T remark, ﬁrﬁ that when you fupport a body to
-Wﬂcnt it’s falling, if it refts on a table, it’s prcﬂ'urc
N3 is
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is equal to the force with which it would tend to
£all ; and if a thread is affixed to it, by which it
may be fufpended, the thread is firetched by that
force ; in other words, by the gravity of that body;
fo that if the thread were not of a certain firength,
it would break. We fee, then, that all bodi¢s exer-
cife a degree of force on the obftacles which fup-
port them, and prevent their falling, and that this
a&ion is precifely the fame as that which would
make the body defcend, if it were at liberty. When
2 ftone is laid upon a table, the table is prefled by it,
You have but to put your hand between the ftone
and thie table, to be fenfible of this force, which m#y
be increafed to fuch a degree as even to crufh the
hand. This force is called the gravity of the bodys
and it is clear, that the weight, or the gravity, of
every body, fignifies the fame thing, both denoting
the force with which that body is prefled down.
ward, whether this force exifts in the body itfelf, or
out of it. '

‘We have an idea too clear of the weight of bodies,
to make it neceflary to dwell longer on the fubjed.
I only remark, that when two bodies are jolned to-

gether, their weight too is added, fo that the weight
- of the compound is equal to the fum of the weight
of the parts, ¥From this we fee, that the weight of
bodies may be very different, We have alfo the cer.
tain means of exallly meafuring and ocomparing
them, by the help of a balance, which has the pro.
perty of refting in equilibrium, when the bodies,
put init’s two fcakes; are of equal gravity. Jnorder

to
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to make this comparifon, we agree on fome fixed
meafyrement, of a certain determinate weight, fuch
as a2 pound, and, by means of a good balance, all
bodies may be weighed, and their gravity afcer-
tained, according to the number of pounds which
they contain. A body too great to be put into the
fcale of a balance may be divided, and the parts be-
ing weighed feparately, you have only to add the
particulars. The weight of a whole houfe, however
- large, may be thus afcertained.
You muft, no doubt, have frcquently remarked,
that 3 finall piece of gold weighs as much as.a piece
+of wood greatly fuperior in fize; a proof that the
gravity of bodies is mot always regulated by their
magnitude; a very fmall body may be of great
weight, while a very large one may be light. Every
body, then, is fufceptible of two meafurements, en-
- tirely different from each other. The one deter-
mines it’s magnitude or extent, called likewife it’s
~ fize; this meafurement belongs to the province of
geometry, which teaches the method of meafuring
the magnitude or extent of bodies. The other mode
of meafurement, by which their weight is deter-
mined, is totally different, and ferves to diftinguifh
the nature of the different fubftances of which bo-
dies are formed.

You can eafily conceive feveral ma.ﬂ'es of different
fubftances, all of the fame magmtude, or extent;
each, for example, of a cubic figure, whofe length,
breadth, and height, fhall be a foot. Such a mafs,
if it be of gold, would weigh 1330 pounds; if of

N4 filver,
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filver, 770 pounds ; if of iron, 500 pounds; and if
of water, only 70 pounds; were it of air, it would
weigh no more than the twelfth part of a pound.
From this you fee, that the different fubftances of
which bodies are compofed, vary conﬁderably in re-
fpe& of gravity,

" To exprefs this difference, we cmploy certain
terms, which might appear equivocal, if they were
mot perfectly underftood. Thus, when it is faid,

that gold is heavier than filver, it is not to be under-
ftood, that a pound of gold is heavier than a pound
of filver; for a pound, of whatever fubftance, is al-
ways a pound, and has always precifely the fame
‘weight ; but the meaning is, that having two mafles
of the fame fize, the one gold and the other filver,
the weight of the mafs of gold will exceed that of
the filver. And when it is faid, that gold is 19 times
‘heavier than water, we mean, that having two equal
mafles, the one of gold, the other of water, that
which is of gold will have 19 times the weight of
that which is of water. When we thus exprefs our-
felves, we fay nothing of the abfolute weight of
bodies, we only {peak by way of comparifon, and
with a reference always to mafles of an equal fize.
Neither is it of importance, whether the fize be great
or fmall, provided they be equal.

’ 25th Aug. 1760, '

LETTER
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LETTER XLVIL

Terms relative to Gravity, and their true Import.

‘GRAVITY, or weight, feems fo eflential to the
nature of bodies, that it is almoft impoffible te
dorm the idea of a body divefted of this quality.
And- it’s influence is fo univerfal, in all our opera-
tions upon body, that we muft, in every inftance;
‘pay attention to it’s gravity, or weight. As to our
-own perfons, whether we ftand, fit, or lie, we con-
-tinually feel the effe@® of the gravity of our own
‘body : we could never fall, if the body were not, as
"well as all it’s parts, endowed with this force. Lan.
-guage itfclf is regulated according to this property
of bodies. ' The place toward which a body tends i
it’s defcent, we term /ow ; and the oppofite dire&tion
from the body, we term bigh. :

. It muft be remarked, that when a body, in falhng\,
is at perfet liberty, it always defcends in a ftraight
line, purfuing which, it’s direttion is faid to be
downward. This line is likewife called vertical, by
which term we always mean a ftraight line, drawn
from high to low ; and if we conceive this line pro~
duced upward, till it reaches heaven, we call that
point in the heavens our zenith, an Arabian word,
denoting that point in the heavens which is dire&ly
over our head. You comprehend, then, that a ver--
tical line, is that ftraight line in which a body falls,

- when no Jonger fupported. When you affixa thread

o ' to
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woeds at the place where we are. - For navigators
who have made the circuit of the globe, oblerve,
shat their head and feet had throughout maintained

the fame pofition rdanvelytothcﬁlrﬁmofthcﬁa'-
reﬁrulglobc.

¢ Some pezfons whom this phenomenon embarrafs
ﬁd,formcrly thought of ex ' by the comta_
parifon of 2 globe, over the of which you ;
fee flies and other infeéts crawl on asvc‘

as the upper part.  But they did not! tonfider that |
.the infeds on the dependent furface.adhere to it by . |
their daws, and, without this aﬂiﬁ:nce,wmldpto- 5
fenty fall off. ‘The antipode, then, 'hlltlll i
f0ce furnifhed with hooks to held hirh Jaf éo the !/
furface of the carth: but.though heh&none,!w'-
£alls siot any more than we'do. Befides, a8 wid il
_ gine ourfelves to be on the uppermott furface of the |
earth, the antipode has the fame idea ofhxsﬁnnum; f
and confiders us as undermott. i
But the whole phenomena are eafily accoume& !
for, on the hypothefis which experience has demons
ftrated, that the direction of gravity is fenfibly pere . |
pendicular to the furface of the earth, at every paink .
of that furface; that it varies at thefe different points; .
and that at thofe which are antipodes to each othet,
it muft be exadtly oppofite. The terms upward and .
downward, therefore, do not exprefs an invariable. |
dire&ion, but the direction of gravity, wherever it - .
is. Our antipodes have their heads downward galy .
with relation to us, but not with relation to thems
felves ; they, as well as we, are in the pofition wllidl
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to any body, holding it faft at the other end, that
thread will be ftretched out into a ftraight line, and
that line will be vertica. Mafons employ a fmall
cord, with a leaden ball at one end, which they call
a plummet, to dire& the perpendicularity of the walls
which they raife ; - for thefe, to be folid, muft be ves-
All the floors of a houfe ought to be fo level,
that the vertical line thall be perpendicular to them ;
the floor, in that cafe, is faid to be horizontal ; and
you will pleafe to remembier, that a horizontal plane
is always that to which the vertical line is perpendi.
cular. When you are in a perfet plane, bounded
by no mountain, it’s extremities are termed the ba- -
«izon, a Greek word, which fignifies the boundary of
fight ; and this ‘plane then reprefents a horizontal
glane, juit as the furface of a lake.

. 'We make ufe of ftill another term to exprefs wha:
is horizontal. We fay that fuch a furface or line is
&ovel. We likewife fay, that two points are on the
level,when a firaight line, pafling through thefe two
points, is horizontal, fo that the vertical, or plumb
tine, fhall be perpendicular to it. But. two points
are not on the level, when the ftraight line, drawn
4hrough thefe points, is not horizontal ; for then one
- of them is more elevated than the other.

- “This is the cafe with rivers; their furface has a
'declivity; for were it horizontal, the river would be
ftagnant, and run down no longer, whereas all rivers,

re continually flowing toward places lefs elevated,

dere are inftruments, by means of which we can -
afcertain,
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alcertain, whether two points are on the fame leved,
or which is the higher, and by how much. This
inflrument is called a /eve/, and the apphcauon of 1t
i3 called the art of levelling,

Were you to draw a ftraight line from any point,
in your apartment at Berlin, to a given point in your
apartment at Magdeburg, you might, by means of
‘fach an infirument, afcertain, whether this line wers
horizontal, or whether one of thefe points were more
or lefs elevated than the other. I believe the point
at Berlin would be more elevated than that at Magde-
burg: and I found this opinion on the courfe of the
rivers Sprée, Havel, and Elbe. As the Sprée runs
into the Havel, it muft, of courfe, be higher; and,
for the fame reafon, the Elbe muft be lower than the
Havel : Berlin, therefore, ftands higher than Migde- -
burg, provided you compare two points at an equal
degree of clevation from the ground; for werca
ftraight lime to be drawn from the fireet pavement
at Berlin to the pinnacle over the dome at Magde.
burg, that line would perhaps be horizontal. -

Hence 'you fee how ufeful the art of taking levels
8, when the conducting of water is concerned. For
88 water can run only from a more to a lefs elevated
fituation, before digging a canal, you muft be well
aflured, that one of the extremities is more clevated

-than the other, and shis is dilcovered by takmg the
level

" In building s city, the freets fhould be 1o dl.fpofed.

as that, by means of a dedlivity on ope fide, the
water may run off. It is etherwile in the conftruc.
. : tion
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tion of houfes, the floors of which fhould be perfe&t-
Ty horizontal, and without the fmalleft declivity, be-
«caunfe there is no water to be difcharged, except in
the floors of ftables, which are conftru@ed with a
gentle declivity, Aftronomers take great pains to
‘have the floors of their obfervatories perfetly level,
“to.correfpond with the real horizon in the heavens.
The vertica) ling, produced upward, marks the zc»
- 27th Auguf, 1960, ‘

! SRSSSpRvpY—

LETTER XLVIL

Reply to certain Objections to the Earth’s [pherical
Figure, derived from Gravity.

?YOU know well that the figure of the earth s
& nearly that of aglobe. It has, indeed, been
“demonttrated, that it’s form is not perfeitly fpheri-
cal, but fomewhat flattened toward the poles. The
‘difference, however, is fo trifling, that it does not at
‘all affet the object I have in view. Neither does the
"difference of mountain and valley excite any folid
“Objetion to it’s globular figure; for it’s diameter
being 1720 German miles,* whereas the higheft
“mountains being fcarcely half a milet in height, fink
into nothing, compared to this prodigious mafs.

"The ancients had a vefy imperfe& notion of the

. ® -900 miles Englith. '

- 4 -About 13,000 feet, or 2 * miles Englith, :
- - real
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real figure of the earth. It was in general confider«

ed as a huge mafly fubftance A B C D (plate IL. figs
11.) flattened above as A B, and covered partly with

earth, partly with water. According to their idea,

the furface A B alone was habitable; and it was im«

poffible to go beyond the points A and B, which

they confidered as the extremities of the world.

When, in the progrefs of difcovery, it was found

that the earth was nearly fpherical, and univerfally

habitable, fo that there were upon the globe fpots

diametrically oppofite to us, the inhabitants of which

are therefore called our antipodes, becaufe their feet

are turned directly toward ours; this opinion met:

with fuch violent contradifion, that certain fathers -
of the church reprefented it as a dreadful herefy, and:

thundered out anathemas againtt all who believed in -

the exiftence of the annpodes. A man, however, .
would now pafs for an idiot, who would call it in.
queftion ; efpecially fince the opinion has been con-
firmed by the experience of navigators, who- have
actually more than once failed round the globe. But
another difficulty here prefents itfelf, the folution of
which muft affift us in difcovering the real direction
of gravity.

If the circle A B (plate 11 ﬁg 12.) fay they, re.
prefents the earth, and we are at A, our antipodes
will be diametrically oppofite, at B. As we, then,
have the head upward, and ‘the feet downward, our
antipodes muft have the feet upward and the head
downward, fuppofing thefe words to indicate the
fame. direction .as when we pronounce the fame

. words
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LETTER L.

Different A&ion of Gravity with refpect to certain Coun-
tries and Diftances from the Centre of the Earth.

— ~OU are now fenfible that all bodies are forced
dire@tly towards the centre of the earth, and
licularly to it’s furface by their gravity : the
icular lines at the furface of our globe are ac-
gly: confidered as the directions of the power

avity.
. . With
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. WWith firiét propriety is the term power applied to
gravity, as every thing. capable of putting a body in
motion is exprefled by that name. Thus we afcribe
power to horfes, becaufe they are able to draw along
achariot; or to the current of a river, or to the
wind, becau{e by their means mills may be put in
motion. There can be no doubt, therefore, that
gravity is a power, as it forces bodies downward :
and we are abundantly fenfible of the effe&® of this
power, by the preflure which we feel when we carry
a load.

Now, in every power two things are to be con-
fidered : firft, the direction in which it ads, or forces
along bodies ; and, fecondly, it’s quantity, which is
eftimated by the effect it produces. As to the direc-
tion of gravity, it is fufficiently known, for we are
fure that it forces all bodies toward the centre of the
earth, or, which amounts to the fame thing, that it
adls perpendicularly to the furface of our globe.

It remains, therefore, that we examine it’s quan-
tity. This power is always determined by the weight
of every body, and as bodies differ greatly with re-

fpe&t

% In order to form an exact idea of the weight of a bedy, it
muft be recolle@ted, that gravity imprefles, or has a tendency to
imprefs, on every particle of bodies, in an inftant, a certain velo-
city, with which they would fall, if they were not fupported; and
that, abftraéting the influence of the air, this velocity would be
the fame for each of the particles of bodies, whatever be their fub-
flance. This being laid down, we muft underftand by the weight
of a body the effort neceffary to prevent it from falling; and it is
evident that, in order to this, it is neceffary to deftroy the velocity

Oa which
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fpe& to weight, thofe which are heavieft are likewife
forced downward with_ the greateft violence. It has
been afked, Whether the fame body, tranfported to
a different place of the globe, preferves ajways the
fame weight ? I fpeak of bodies which lofe nothing
by evaporation. It has been demonfirated, by un-
doubted experiments, that the fame body weighs
fomewhat lefs toward the equator, than toward the
poles of the earth.

It will readily occur to you, that it is impoflible
to afcertain this difference by the exacteft balance,
becaufe the ftandard weights employed for determin-
ing the weight of matter in bodies, undergo the

which gravity has impreffed on every particle. This effort muft,
therefore, be equal to the fum of the velocities of all thefe par-
ticles. "Hence it may be eafily concluded, that bodies the moft
compadt, that is, thofe whofe particles are the clofeft, and which,
confequently, contain a gréater number of them in the fame bulk,
will weigh more than others, becaufe the weight being the fum of
the velocities imprefled on each particle, that fum muft. be fo
much greater, as there are more material particles contained in the
.mafs of the body.

From what I have juft faid, ¢ we fee the neceflity of carefully
¢¢ diftinguithing between the effet of gravity and that of weight :
¢¢ the former is the power of tranfinitting, or a tendency to tran{-
¢ mit into every particle of matter a certain velocity, which is ab-
¢¢ folutely independent on the number of material particles; and
¢ the fecond is the effort which muft be exercifed to prevent a
¢ given mafs from obeying the law of gravity. - eight, accord-
“¢ ingly, depends on the mafs, but gravity has no a'e])cndancc at all upon
6‘ i’

T thought myfelf obliged to enter thus minutely into the fub-

as the notions componly entertained of it are.not very exackt
-

ﬁm&
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fame variation. Thus a mafs, which with u$ might
. weigh roo pounds, being tranfported to the equater,
would ftill nominally be 100 pounds weight, but the
effort will be fomewhat lefs than here. This varia-
tion has been difcovered by the effe¢t itfelf of the
power of gravity, which is the velocity of the de-
{cent, for it is found that the fame body, under the
equator, does not decfcend with fo great velocity as
in high latitudes. It is certain, therefore, that the
fame body, being tranfported to different places of
the earth, undergoes a little change as to weight.

Let us now return to the aperture made in thé
earth through it’s centre; it is clear, that a body at
the very centre muft. entirely lofe it’s gravity, as it .
" could no longer move in any direction whatever,
-all thofe of gravity tending continually toward thé
centre of the earth. Since, then, a body has no
longer gravity at the centre of the earth, it will fol-
low that, in defcending to this centre, it’s gravity
will be gradually diminithed; and we accordingly
conclude, that a body, penetrating into the bowels
of the earth, lofes it’s gravity, in proportion as it ap-
proaches the centre. You muft be fenfible, then,
that feither the intenfity nor the diretion of gravity
is-a confequence from the nature of every body, as
not ohly it’s intenfity is variable, but likewife it’s di-
tection, which, on paffing to the antlpodes, becomes
quite contrary.

Having travelled, in 1dea, to the centre of the
earth, let us return to it’s furface, and afcend to the
fumlmt of the loftieft mountains. We fhall obferve

O3 : there
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there no fenfible change in the gravity of bodies,
though there is very good reafon to believe that the
weight of a body diminithes in proportion as it re-
moves from the earth. You have but to imagine a
‘body gradually removing from our globe, till it
-reached the fun, or one of the fixed ftars, it. would
be ridiculous to think that fuch a bpdy muft fall
back to the earth, as it is almoft a nothing compared
to thefe ftars. Hence, then, it may be cancluded,
that a body in removing from the earth muﬁ un-
dergo a diminution of gravity, which will become.
fmaller and fmaller, till at laft it wholly difappear.
There are reafons, however, which demon{tmte,t
that a body removed to the diftance of the moon,
will ftill have fome weight, though 3600 times lefs
than it had on the earth. Let us conceive fuch a
body to weigh 3600 pounds on the earth, no one, .
furely, is capable of fupporting it here; but convey.
it to the diftance of the moon, and I fhall engage to
fupport it with one of my fingers, for then it will
weigh only one pound ; and farther removed, would
weigh {till lefs. We are certain, therefore, that gra-
vity is a power which forces all bodies toward the
centre of the earth, that this power aéts with thc
greateft force at the furface of the earth, and is di-
minithed in proportion as it removes from thence,
whether by penetrating toward the centre, or rifing
above the furface of the globe. I have ftill much to
fay on this fubjedt. o o

éo.’b Augufty 1760,

JETTER
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LETTER LL°

Gfa'vity of the Moon.

I HAVE faid that a terreftrial body, placed at the
diftance of the moon, would be reduced to the
'3600th part of it’s weight, or, in other words, would
be forced toward the centre of the earth with a power
3600 times lefs than it has at the furface of the globe.
This power, however, would be fufficient to make it
defcend to the earth, if it were no longer fupported.
It is true we are incapable of proving this by any ex-
periment, as no means ¢xift of raifing ourfelves to
- fuch a height. There is, however, a body at that
. height, the moon: fhe mutt, therefore, be fubjet to
this effeét of gravity, and yet we fee fhe does not fall
to the earth.
" To this I anfwer, that ‘if the moon were at reft,
the would certainly fall, but the rapid motion which
tarries her along prevents her falling. There are
experiments which prove the folidity of this anfwer.
A ftone dropped from the hand, without having any
motion imprefled upon it, falls immediately, in the
dire&ion of a ftraight vertical line ; but if you throw
this ftone, imprefling on it a motion which forces it
out of that dire@ion, it does not fall immediately
downward, but moves in a curve line before it
reaches the earth, and this will appear more fenfibly
in proportion to the velocity impreffed upon it.

A cannon ball, difcharged in a horizontal direc-

04 von,
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tion, does not come to the earth till it hag got to 2
confiderable diftance ;.and were it fired from the top
of a high mountain, it might, perhaps, fly feveral
miles before it reached the ground. If the direQion
of the cannon is farther elevated, and the quantity
and firength of the powder increafed, the ball will
be carried much farther. This might be carried fa
far, that the ball fhould not light till it had reached,
the antipodes : nay, farther ftill, till it fhould not fall
at all, but return to the place where it was fhot off,
and thus perform a new tour round the globe. It
would thus be a little moon, making it’s revolutions
round the earth like the real moon.

You will now pleafe to refle on the height of
the moon, and the prodigious velocity with which
fhe moves, and you will no longer be furprifed that
fhe fhould not fall to the earth, though forced by
gravity toward it’s centre. There is another reflec:
tion which will place this in a clearer light. We
have only to confider the path defcribed by a ftone
thrown, or a cannon ball fhot off, in an qblique di-
rection. It is always a curve, fuch as reprefented in
the annexed figure (‘plate 1L /g 3)-

Let A be the fummit of a mountain from which
the cannon ball is fired off, which, after having
moved in the direGtiop A E F B, falls to the ground
at B; and the path which it defcribes is a curve line,
I remark, then, that if the ball were not heavy, that
is, if it were not forced toward the earth by the
power of gravity, it would not fall, though left to
itfelf, as gravuy is the only caufe of it’s “defcent ;

much
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much lefs, being fired off at A, as reprefented in the
fignre, would it ever fall to the ground. Hence we
fee, it is gravity that brings it down to the ground,
after having defcribed the curve A E F B; gravity,
therefore, dire@s it’s path in the curve AEF B;
and if it were deftitute of gravity, the ball would
not defcribe a curve, but proceed forward in the di.
reion of the ftraight line A C, the direftion in
which it was fired off.

This being laid down, let us attend to the moon,
which affuredly does not move in a ftraight line;
her path muft of neceflity be a curve, as the always
preferves nearly the fame diftance from us, and that
curve almoft a circle, fuch as you would defcribe
round the earth, with a radius equal to the moon’s

It is very reafonable to demand, Why the moon
does not move in a ftraight line? But the anfwer is
obvious ; for as gravity occafions the curve direction
of the path purfued by a ftone thrown, or a cannon
hall fired off, there is good ground for maintaining,
that gravity acts likewife upon the moon, forcing
" her toward the earth; and that this gravity occa-

fions alfo the curve direction of her orbit. The moon,
then, has a certain weight, fhe is, of confequence,
forced toward the earth; but this weight is 3600
‘times lefs than it would be at the furface of the earth.
" This is not merely a probable conjeute, but a truth
- demontftrated. For this gravity being fuppofed, we
are enable to determine, on the moft eftablithed ma-

' ' thematical
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thematical principles, the path which the moon muft
purfue; and this is found perfedly to agree with
that in which fhe aétually does move; and this is a
complete demonttration of the truth of the affertion.
1/ September, 1760. ’ : |

——r @O E———

LETTER LIL
- Difeovery of univerfal Gravitation by Newton.

RAVITY, then, or weight, is a property of all

terreftrial bodies, and it extends, likewife, to

the moon. It isin virtue of gravity that the moon

preffes toward the ‘earth; and gravity regulates her

motion juft as it directs that of a ftone thrown, or
of a cannon ball fired off.

To Newton we are indebted for this important dif-
covery. This great Englith philofopher and geome-
trician, happening one day to be lying under an
apple-tree, an apple fell upon his head, and ﬁiggeﬁéd
to him a multitude of refle&tions. He readily con-
ceived that gravity was the caufe of the apple’s fall-
ing, by overcoming the force which attached it to
the branch. Any perfon whatever might have made
the fame reflettion; but the Englith philofopher
purfued it much farther. Would this force have al-
ways acted upon the apple, had the tree been a great
deal higher? He could entertain no doubt of it,

But had the height been equal to that of the moon?

: Here
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‘Here he found himfelf at a lofs to determine whether

. the apple would fall or not. In cafe it thould fall,
which appeared to him, however, highly probable,
fince it is impofible to conceive a bound to the height
of the tree, at which it would ceafe to fall, it muft

&ill have a certain degree of gravity forcing it to-
ward the earth; therefore, if the moon were at the

fame place, the muft be prefled toward the earth by

a power fimilar to that which would at upon the

apple. Neverthelefs as the moon did not fall on his

head, he conjeétured that motion might be the caufe

. Qf this, juft as a bomb frequently flies over us, with-
out falling vertically.

This comparifon of the motion of the moon to
that of a bomb, determined him attentively to ex-
amine this ‘queftion ; and, aided by the moft fublime
geometry, he difcovered, that the moon in her mo-
tion was fubject to the fame laws which regulate
that of a bomb, and that if it were poflible to hurl a
bomb to the height of the moon, and with the fame
velocity, the bomb would have the fame motion as
the moon, with this difference only, that the gravity
of the bomb at fuch a diftance from the earth, would
be much lefs than at it’s furface.

. You will fee, from this detail, that the firft rea-
{onings of the philofopher on this fubject were ver'y
fimple, and fcarcely differed from thofe of the clown;
‘but he foon pufhed them far beyond the level of the
clown. It is, then, a very remarkable property of
the earth, that not only all bodies near it, but thofe
alfo which are remote, even as far as to the diftance _
> of
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- of the moon, have a tendency toward. the cestre of
the earth, in virtue of a2 power which is called gra-
vity, and which diminithes in proportion as bodics
remove from the earth,

The Englith philofopher did hétﬁophere. Ashl
kaew that the other planets are perfely fimilar to
the earth, he concluded, that bodies adjacent to cach
planet poﬂ'db gravity, and . that the direction of this
gravity is toward the centre of fuch planet. This
gravity nught be greater or lefs there than on the
earth ; . in other words, that a body of a certain
weight with us, tranfported to the fyrface of any
" planet, might there weigh more or lefs. ¥

Finally, this power of gravity of each planet ex-
tends, likewife, to great diftances around them ; and
as we fee that Jupiter has four fatellites, and Saturn
five, which move round them juft as the moon does
round the earth, it could not be doubted, that the
motion of the fatellites of Jupiter was regulated by -
their gravity toward the centre of that planet'; and
that of the fatellites of Satyrn by their gravitation
toward the centre of Saturn. Thus, in the fame
manner as the moon moves round the earth, and
their refpeétive fatellites move round Jupiter and
Saturn, all the planets themf¢lves move round the
fun. Hence Newton drew this illuftrious and impor-
tant conclufion: That the fun is endowed with a
fimilar property of attradting all bodies toward it’s
centre, by a power which may be called folar gravity.

"This power extends to a prodigious diftance around
him, and far 'beyond all the planets, for it is this

: 2 ' ‘ pewer
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power which modifies all their motions. The fame
great philofopher difcovered the means of determin-
ing the motion of bodies from the knowledge of the

wer by which they are attraéted to-a centre; and
a5 he had difcovered the powers which act upon the
planets, he was enabled to give an accurate defcrip-
tion of their motion. In truth, before he arofe, the
world was in. a ftate pf profound ignorance refpect-
ing the motion of the heavenly bodies; and to him
aone we are indebted for all the light which we now
enjoy in the fcience of aftronomy.
. It is aftonifhing to think hew much of their pro-
grefs all. the {ciences. owe to an original idea fo very
fimple. Had not Newton accidentally been lying in
an orchard, and had not that apple by chance fallen
an his. head, we might, perhaps, ftill have been in
the fame ftate of i ignorance refpecting the motions of

the heavenly bodies, and a multitude of other phe-
" nomena depending upon them.* This fubje&, un-
doubtedly, is altogether worthy of your attention,
and fhall therefore be refumed in a future letter.

3d September, 1760.

" % Newton was afked one da:y, How he had difcovered the fyf-
tem of the univerfe? By continually thinking upon it, replied he.

This anecdote has a greater air of probability than the ﬁory of the
apple.—F. L.

LETTIR
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LETTER LIL

Continuation. Of the mutual Jmm?mn of the bemy
: - Bodies.”

THE Newtonfan fyftem, you will eafily belicve, -
" made at firft a great noife, and with good rea-
_fon, as no one had hitherto hit upon a difeovery fo
very fortunate, and which diffufed, at once, fuch
clear light over every branch of fcience. It has been:
exprefled by feveral names, of which it is proper you
fhould be mformed,beaufeltuﬁ'equcntlythefub-- _

je& of converfation. = -

‘It has been denominated, thefyﬂ:emof umverle_
gravitation ; for Newton maintained, that not only
the earth, but all the heavenly bodies, in general, are
endowed with this property, of attralting thofe
which furround them, with a power fimilar to that
of weight, or gravity: hence is derived the term
Grawitation. 'This power is, however, totaﬁy invi-
fible; for we fee nothing acting upon bodies, and
prefling them toward the earth, and ftill lefs toward
the heavenly bodies.

The loadftone, by which iron and fteel are attrict-
ed, without our being able to difcern the caufe, pre--
fents a phenomenon fomewhat fimilar. Though it
be now certain, that this is produced by a fubftance
extremely fubtile, which penetrates through the pores |
of the loadftone and of theiron, it may, however, be

affirmed, that the loadftone attraéts iron, and that
iron -
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irom is attra&ted by it, provided this manner of fpeak.
ing does not exclude the true caufe. It may like.
wife be affirmed, then, that the earth attrads all
bodies that are near it, nay thofe which are at very
grcai diftances ; and we may confider the weight, or
gravity, of bodies, as the effe® of the attraction of
the earth, which aéts even upon the moon.*

Again, the fun, and all the planets, are endowed
with a fimilar power of attration, which extends to
all bodies. - In conformity to this manner of fpeak-
ing, we fay, that the fun attraéts the planets, and
that Jupiter and Saturn attract their refpective fatel-
lites ; hence Newton’s {yftem has likewife been deno-
minated, the fyftem of Attraction. As there can be
no doubt that bodies very near the moon muft like-
wife: be prefled to it by a power fimilar to gravity,
it may likewife be affirmed, that the moon, too, at-
tradts adjoining bodies. ‘

It was natural to fuppofe, that this attraGtion of
the moon fhould extend as far as the earth, though
it muft be, undoubtedly, very feeble, as we have feen

* So far is the exiftence of a magnetic fluid from being unde-
niable, that it is highly improbable, if not abfurd. The various
phenomena of magnetifm may clearly be derived from twe laws,
or general faéts; than which a greater fimplicity can hardly be ex-
pected. If we recur to the agency of a fluid, we muft gratuitoufly
beftow on it a number of properties ; and, after all, we fhall find
it extremely difficult, I might fay, impoffible, to preferve confift-
ency in our complicated hypothefis; nor fhall we ever be able,
from our affumptive principles, to account for the fals obferved.
Such, at leaft, has been the fate of the fpeculations hitherto offered
on the fubjeét of magnetifm.—E, E.,

tliat'
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that of the earth upon the moon to be; stow, the
fame philofopher has placed this, alfo, beyond the
reach of doubt, by demonftrating ‘that the flox and
reflux of the waters of the fea, of which I fhalt take
occafion to fpeak afterwards, are caufed by the at-
tra&tion of the moon. It can no longer be doubted,
therefore, that Jupiter and Saturn are reciprocally
attracted by their refpeQive fatellites; and that the
fun itfelf is fubje to the attra&tion of the planets,".
though this attractive power be exceedingly fmall.

This is the origin of the fyftem of univerfal at-
traction, in which it is maintained, and with good
reafon, that not only does the fun attra& the planets,
but is reciprocally attraed by each of them ; nay,
that all the planets exert their attraive power upon'.
each other. The earthy then, is attra&ted, not only
by the fun, but alfo by all the other planets, thougl
their power be almoft imperceptible, compared to
that of the fun. ~

You will eafily comprehend, that the motion of a
planet, which is attracted not only by the fun, but
by the other planets, in however fmall a degree, muft
be fomewhat different from what it would have been,
were it attracted by the fun only; and that, confe-
quently, the attradtions of the other planets muft
caufe fome fmall derangement of that motion. Now
thefe derangements are, likewife, confirmed by ex-
perience ; and this has carried the fyftem of uni-
verfal attra@ion to the higheft poffible degree of cer-
tainty, {o that no one now prefumes to difpute it’s
truth.

L mutft,
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I muft likewife remark, that comets, too, are fub.
je& to this law; that they are principally attracted .
by the fun, whofe action regulates their motion ; but
that they, likewife, feel the attra&tive power of all
the planets, efpecially when they are not very dif-
tant from them. It is 2 general rule, as we fhall fee
afterwards, that the attraction of all the heavenly-
bodies diminifhes in proportion to the diftance, and
increafes in proportion to the nearnefs. Now, co-
mets, likewife, are endowed with a power, by which
other bodies are attra&ed toward them, and fo much
the more fenfibly, as they approach nearer. When,

. therefore, a comet paffes fomewhat more clofely to a
planet, it may derange the motion of that planet by
it’s attrattive power; and it’s own will likewife be
difturbed by that of the planet. Thefe confequences
are verified by real obfervation.

Examples might be adduced to prove, that the
motjon of a comet has been deranged by the attrac-
tion of the planets, near which it happened to pafs,*

® The comet of 1682, which fhould have re-appeared in 1757,
underwent, from the attracive powets of Jupiter and Saturn, near
which it pafled, a confiderable derangement, which retarded it’s
appearance nearly two years. Mr. Clairaut calculated, theoretia
cally, the perturbations which it’s motion muft have fuffered, and
predi¢ted the return of that comet, with a degree of exa&nefs,
which conflitutes a convincing proof in favour of the fyftem of
gravitation. There was, however, an error of two months. But
M. de la Place has fince demonftrated, that it would have been
much lefs, had we then been able to calculate the perturbations of
Jupiter and Saturn, with as much exanefs as it now can be
dOM.-—_'F. E,

Vor. L. P and
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and that the motion of the earth, and of the other
planets, has already undergone fome derangement,
from the attraction of comets.

The fixed ftars being bodies fimilar to the fun, are
likewife endowed, no doubt, with an attractive-
power, but their enormous diftance prevents our-
feeling any fenfible effect from it. '

5tb Sept. 1560.

il 2
LETTER LIV.

Diffcrent Sentiments of Philofophers, refpecting univerfal
Gravitation. The Attrationifts.

IT is eftablithed, then, by reafons which cannot be

controverted, that an univerfal gravitation per-
vades all the heaverly bodies, by which they are at-
tra&ted toward each other; and that this power is.
greater in proportion to their proximity.

This fact is inconteftable, but it has been made a
queltion, Whether we ought to give it the name of
impulfion, or attraction? The name, undoubtedly, is 2
matter of indifference, as the effe&t is the fame. The
aftronomer, accordingly, attentive only to the effet
of this power, gives himfelf litde trouble to deter-
mine, whether the heavenly bodies are impelled to-
ward each other, or whether they mutually attra&t
one another : and the perfon, who examines the phe-
nomena only, is unconcerned, whether the earth at-
tradts

’
-t .
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tralts bodies, or whether they are 1mpelled toward
it, by fome invifible caufe. :

But, in attempting to dive into the myfteries of
nature, it is of importance to know, if the heavenly
bodies act upon, éach other by impulfion, or by at-
tra&ion; if a certain fubtile invifible matter impels
them toward each other, or if they are endowed with
a fecret, or occult, quality, by which they are mu-
tually attra&ed? On this queftion philofophers are
divided. Some are of opinion, that this phenome-
non is analogdus to an impulfion ; others maintain,
with Newton,'and the Englith in general, that it con-
fifts in attra&ion.

It muft be obferved, that the terms atfraf?, and,
draw, are not perfe@ly fynonymous; that, accord-
ingly, it is not to be fuppofed, there is an interme-
diate body between the fun and the earth.

The Englith, and thofe who have adopted the
fame opinion, explain it in this manner. They main-
tain, that the quality of mutual attracion is proper
to all bodies; that it is as natural to them as mag-
nitude, and that it is a fatisfying folution of the quef-
tion, That the Creator willed this mugyal attraction
:of bodies. Had there been but two bodies in the
univerfe, however remote from each other, they
would have had, from the firft, a tendency toward
each other, by means of which they would have, in
time, approached and united. Hence it follows, that
the greater a body is, the more confiderable is the
attraction which it exerts upon others; for, as this

: : P2 , quality
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quality is effential to matter, the more of it any body
contains, the greater is it’s attra&ive force.

As the fun, therefore, confiderably furpafles all thc
planets in magnitude, it’s attractive force muft be
much greater than theirs. They likewife remark,
that the mafs of Jupiter, being much greater than
~ that of the earth, the attra&ive force which he ex-
ercifes over his fatellites, is much more powerful
than that with which the earth a&s upon the moon.

According to this fyftem, the gravity of bodies on
the earth, is the refult of all the attra&ions exercifed
upon them by the particles of our globe; and if it
contained more matter than it actually does, it’s at-
traction would become more powerful, and the gra-
vity of bodies would be increafed. But if, on the
contrary, the mafs of the earth fthould happen, by
fome accident, to be diminifhed, it’s attraé&ive force,
too, would be diminithed, as well as the gravity of
bodies, at it’s furface.

It has been objected to thefe philofophers, that, on
their hypothefis, any two bodies, whatever, at reft,
for inftance, on a table, mutft attraé each other, and,
confequently, approach. They admit the confe-
quence, but they infift, that, in this cafe, the attrac-
tion would be too fmall to produce any fenfible ef-.
fe&; for, if the whole mafs of the earth, by.it’s at- -
tradtive force, produces in every body, only that ef-
fect which we perceive in the weight of a body, a2
mafs many millions of times fmaller than the earth,
will produce an effett as many. times fmaller. .-

- _ It
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. It muft readily be admitted, that if the weight of
a body became many millions of times lefs, the ef-
fect of gravity upon it muft be reduced to almoft
nothing : attration, therefore, cannot be perceptible,
except in bodies of very great magnitude. The par--
tizans of the fyftem of gravitation, therefore, are not
vulnerable on this fide, and they produce, in fupport
of their opinion, an experiment made in Peru, by the
French academicians,* in which they perceived the
effe& of a flight attraétion of a prodigious mountain
on adjacent bodies. In adopting, therefore, the fyl-
tem of attraction, we need to be under no appre-
henfion of it’s leading us to falfe confequences; and
it has hitherto been always confirmed by the new
fa&ts which have been difcovered, :

74b September, 1760,
' ——— D D P e

LETTER LV.

Power by which the Heavenly Bodies are mutually at-
‘ tralted.

YOU are well acquainted with the property of the
loadftone, that of “attradting iron. You have
" feen fmall bits of iron and fteel, fuch as needles, when

*.The academicians fent to Peru, in 1735, to meafure a degree
of. the meridian, obferved a deviation of 8" in the plumb-line of
their quadrant, occafioned by the attraction ot Pickencha, a moun=
tain near the place where they were making their obfervations.
Dr. Mafkelync has more recently made obfervations for afcertaining
the effed of the attration of the mountains of Scotland.—F. E.

P3 ' placed
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placed near the loadftone, move to it with a force
proportioned to their proximity. As you fee no.
thing that impels them toward the loadftone, we
fay that the loadftone attra&ts them, and this pheno-
menon we call attraction. It cannot be doubted, how.
éver, that there is a very fubtile, though invifible,
matter, which produces this effect, by a&ually im.
pelling the iron toward the loadftone; but as modes
of expreflion are regulated by appearances, it has be.
gomé cuftomary to fay, that the loadftone attradls
- Though this phenomenon be peculiar to the load.-
flone and iron, it is perfedtly adapted ta convey an
idea of the fignification of the word attra&ion, which
philofophers fo frequenily employ. They allege,
then, that all bodies, in general, are endowed with a
property fimilar to that of the loadftone, and that
they all mutually attraét ; but that this effet becomes
not perceptible, unlefs they are very great, and ¢an.
not be perceived when they are fmall.

However great, for example, a ftone may be, it
exercifes no fenfible attraction on other bodies adja-
cent to it, becaufe it’s power is too fmall, But if it’s
mafs were to increafe, and to become many thou.
fands of times greater, it’s effet would, at length,
become perceptible. It has already been remarked,
that, from acual obfervation, it was found, that a
lofty mountain in Peru had produced attraction,
though, indeed, in a very fmall degree. A moun.
tain fiill greater, would produce, therefore, a morq
fenfible attraltion ; and 2 body much greater, fuch

- as
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as the whole globe, would attra& others with a force
- proportionably greater; and this force would be,

precifely, the gravity with which we fee that they
- are atually impelled toward the earth.

According to this fyftem, then, the gravity which
obliges all bodies to defcend, is nothing elfe but the
refult of the attraction of the whole mafs of the
earth. If this mafs were greater, or lefs, the gravity,
or weight, of bodies would be proportionably greater
orlefs. Hence it follows, that all the other great
bodies in the univerfe, as the fun, the planets, and
the moon, are endowed with a fimilar attrative
" power, but greater or lefs, in proportion as they
themfelves are fo.

As the fun is many thoufands of times greater
than the earth, his attra@tive power exceeds that of
the earth, fo many thoufand times, The mafs of the
moon is calculated to be forty times lefs than that of
the earth: it will follow, that her attrative force is
fo many times lefs ; and the fame rule apphes to all
the heavenly bodies.

- gth September, 1760.

et D & o} © CBBR——

LETTER LVL

The fame Subject continued.

N virtue of the {yftem of -attraction, or univerfal
gravitatipr, each of the heavenly bodies attraéts

alI the reft, and is reciprocally attraded by them.
P4 In
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In order to form a judgment of the force with
which thefe bodies attraét the others, we have only--
to confider two bodies, whofe attradtion is mutual.
And here we muft attend to three things ; firft, to
the body attradting; fecondly, to the body attracted; - -
and, finally, to their diftance; for on thefe three cir-
cumftances the attrative power depends. -

Let A (plate IIL. fig. 4,) be the attracting body, and
B the body attracted ; both of them fpherical, the
" heavenly bodies being nearly of this figure. * Take
for their diftance that of their centres A and B, that
is, the ftraight line A B, 'Now, with refpeét to the
mafs of the attracing body A, it muft be remarked,
that the greater it is, the greater alfo will be it’s
power to attra@t the body B, Confequently, if A
were twice as great as B, this laft would feel an at.
traction, twice as powerful, exercifed over it, by the
other ; if it were three times as great, the effe®
would be triple, and fo on, always fuppofing the dif-
tance of their centres to be the fame.

If, then, the earth contained more or lefs matter
than it actually does, it would attract all adjacent
bodies, with greater or lefs force, or their weight
would be increafed or diminithed. And, as the earth
itfelf is attracted by the fun, the fame thing might
be affirmed as to it, fhould the maft of that luminary
happen to change. As to the attraéted body B, fup-
pofing the attra&ting body A, and the diftance A B,
to continue the fame, it is to be remrarked, that the
greater or f{maller it’s mafs is, the greater or lefs,
alfo, is the power with which it is attracted tor

= ward
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ward A. Thus, if the body B were twice as great, it
would be attradted toward A, with double the force ;
if three times greater, with triple the force, ard fo
on. .

In order more clearly to elucidate this remark, we

+have only to fubftitute the earth in the place of the
attracting body A; then the force with which the
body B is attraéted, is nothing elfe but the weight of
that body. Now, it is demonftrated, that the greater
or fmaller the -body B is, the greater or lefs, alfo, is
it’s gravity ; hence it follows, that while the attraét-
ing body A, and the diftance, A B continue the fame,
- the attraction which B feels, precifely follows the .
magnitude of that body. To exprefs this circum-
ftance, mathematicians employ the term proportional ;
thus they fay, The body B is atira&ted by the body
A, with a force proportional to it’s mafs ; the mean-
ing of which is, that if the mafs of body B were twice,
thrice, or four times greater, the attraltive power
would be precifely fo many times increafed. Thus,
with refpe@ to the attra&ing body A, they fay, that
the power which it exercifes over the body B, is pro-
portional to it’s mafs, fo long as that of B, and the
diftance A B cortinue the fame,.

I muft farther obferve, that when we {peak of the
quantity of the attralting body A, or of the attracted
body B, we mein the quantity of matter which each
contains, and not their magnitude merely. You will
recolle&, that bodies differ confiderably, in this re-
fpe, and that there are fome, which, in a very fmall |
compafs, contain a great deal of matter, gold, for

‘ example,
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example, while others, fuch as air, contain very little
in a great fpace. When, therefore, we here fpeak of
bodies, we are always to be underftood as referring
to the quantity of matter which they contain: this
s what we mean by their mafs.

All that now remains is, to examine the third cir-
cumftance, namely, the diftance A B of the two
bodies, fuppofing them to continue always the fame.
It muft be obferved, that as the diftance A B in-
creafes, the attraction diminifhes : and that as they
approach nearer, it increafes: but in conformity to
a law, which it is not {o eafy to exprefs. When the
diftance becomes twicc as great, the force with which
the body B is attrated toward the body A, will be
twice two, or four timeslefs ; and for triple the dif-
tance, the attraGtior becomes three times three, that
is nine times lefs. If the diftance becomes four times
greater, the power of attraction becomes four times
four, that is fixteen times lefs, and fo on. Finally,
for a diftance a hundred times greater, the power of
attradtion will be a hundred times a hundred, or ten
thoufand times lefs. From this it follows, that at
very great diftances, it muft become altogether im-
_perceptible.  And reciprocally, when the diftance
A B is'very fmall, the attraltion may be very con-

lerable, though the bodies may be of no great mag-

de. : »

b W"“') IZGO;
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LETTER LVIL

The fame Subjelt continued.

I HAVE now demonftrated, that when a body B
is attracted by a body A, the power of attraltion
is proportional to the mafs of the attraéting body A,
and to that of the attratted body B ; but it depends,
to fuch a degree, on the diftance of thefe bodies,
that if it fhould become twice, thrice, four or five
times greater, the power of attraction would become
}'opr, nine, fixteen, or twenty-five times lefs.

. In order to afcertain the rule of thefe quantities;
we muft multiply, into itfelf, the number which
marks how many times the diftance is increafed, and
the produ& will fhew how many times lefs the power
of attra@ion has, become. To put this rule in it’s
cleareft light, it muft be obferved, that when we mul.
tiply a number into itfelf, the produd, refulting from
it, is called it’s fguare. Thus, to find thefe {quares,
we muft multiply the numbers by themfelves, ag
below, '

] . 9
Multiplied by 1
Square 1 16 ] 25| 36] 49 | 64} 81
N P
Multiplicd by - =~ 1x Multiplied by 12
’ 1t 24.
11 12
Squaere 131 Square 144

It
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It is clear, from this laft example, that the {quare
of number 12 is 144; and if you with to know the
‘fquare of any number whatever, fay 258, you muft
multiply that number by itfelf, as in the following
feparation : .

258
258

2004
1290

- 516
66564

From which we fee, that the fquare of 258 is 665643
and the {quares, of all numbers whatever, may be
calculated in like manner. ° ‘
As the diftance of bodies, then, muft be muluphed
by itfelf, it is evident, that the power of attraction
diminifhes, as much as the fquare of the diftance in-
creafes : or, that the {quare of the diftance becomes
as many times greater, as the power of attraéhon 18
diminithed. -
In treating {fubjeéts of this nature, mathemancmns
employ expreflions, whofe fignification it is proper
vou fhould know, becaufe they fometimes occur in
the courfe of converfation. If the attractive power
increafed in proportion to the fquare of the diftance,
we would call it proportionally to the fquare of the
diftance ; but as the dire& contrary takes place, and
as the attra@ive power diminifhes as the fquare of

the diftance increafes, we employ the term recipro-
‘ cally,
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cally, to exprefs this contrariety, faying, that the
power is reciprocally proportional to the fquare of
the diftance.* It is a geometrical mode of expref-
fion, the meaning of which you perfeftly compre-
hend, and it refers to what I have juft been attcmpt-
ing to explain.

In order to judge aright of the power which one
body exercifes over another, you have only to re.
mark, that this power is, firft of all, proportional to
the mafs of the attracting body : then, to that of the
body attracted ; and finally, reciprocally to the fquare
of their diftance. Hence, it is evident, that though
the earth, and the other planets, are likewife attract-
ed toward the fixed ftars, this power muft be imper-
ceptible, on account of their prodigious diftance.

Suppofing, therefore, the mafs of a fixed ftar to be -
equal to that of the fun, at equal diftances, the earth
would be attracted toward it, with a force as greatas
toward the fun; but as the diftance of the fixed ftar
i3 400,000 times greater than that of the fun, the
fquare of this number being 160,000,000,000, that
is,a hundred and fixty thoufand millions, the power
with which it aéts upon our globe, is a hundred and
fixty thoufand millions of times lefs than. that of the
fun; and, confequently, too feeble to produce any
perceptible effet. For this reafon, the attractive
‘power of the fixed ftars does not at all affe& the
‘earth’s motion, nor that of the planets and the

* It is more cuftomary to fay, that attraion is in the dire@
ratio of the maffes of the attrafting and attradted bodies; and i in
the inverfe ratio of the fquare of their. diftance.—F., E.

)

moon ;
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.moon; but it is that of the fun which chicfly regue
lates their motions, becaufe his mafs exceeds many
thoufands of times the mafs of each planet.

When, however, two planets approach, fo that
their diftance becomes lefs than that of the fun, their
attraltive powcr increafes, and may become fuffi-
dently perceptible to derange their motion.  Such-
derangement has, in fat, been obferved; and con-
flitutes an irrefiftible proof of the fyftem of univerfal
gravitation. Accordingly, when a comet approaches
very near to a planet, the motion of this laft may be
confiderably aficéted by it.

23¢b September, 1760.

G+)p O Cnmm

LETTER LVIIL

Motion of the beavenly Bodies. Method of determining
it by the Laws of univerfal Gravitation.

FROM what has been faid, refpecting the power
by which all the heavenly bodies mutually attract
each other, proportionally to their mafs and diftance,
-t are enabled to comprehend, how their motions
sa3y be determined, and the real place of each body,
t.any given time, accurately affigned.
iJn this aftronomy confifts ; the obje& of which is
W exad knowledge of the motions of the heavenly
bodiés, in order to be able to determine, for every
inftant of time, whether paft or to come, the place
vhich each of them muft be, and in what place of
. . ) the:

’
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the heavens it muft appear, whether viewed from the
earth, or any other point whatever of the univerfe. -

The {cience which treats of motion in general, is
named mechanics, or dynamics. It’s obje&t is to de-
termine the motion of all bodies whatever, animated
by whatever power. This fcience conftitutes one
of the principal branches of mathematics; and thofe
who apply to it, exert all their efforts to carry me- .
chanics to the higheft pofiible degree of perfection.
The fubjelts about which this {cience is converfant,
are, however, f{o intricate, that there is hitherto na
great ground of boafting of our progrefs in the in-
veftigation of them ; and we mutt reft fatisfied with
advancing ftep by flep. Not many years are elapfed
fince we began to make any progrefs at all in this
career, and what has been done is chiefly to be af-
cribed to the academy of {ciences at Paris, which
propofgs annual prizes to the beft proficients in the
profecution of this fcience.

_ The greateft difficulty arifes from the number of
powers which at upon the heavenly bodies. If each
of thefe were attracted toward only one fingle point,
there would be very little difficulty in the way ; and

“the great Newron, who died in 1728, was the firft
who gave a complete demonftration of the motion
of two bodies which have a mutual attradtion, in
conformity to the law which I have laid down. In
virtue of this law, were the earth attracted toward
the fun only, we fthould be able perfettly, without
refearch, to determine it’s motion. The fame thing

would apply to the other planets, Saturn, Jupiter,

RS i : Mars,
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Mars, Venus, and Mercury, if they were attradted
only by the fun. But the earth being attracted, not *
only by him, but by all the other heavenly bodies,
the queftion becomes infinitely more complex and .
difficult; from the great diverfity of powers to which
we muft pay attention.* You may negle@, how-
ever, the powers with which it is attratted toward
the fixed ftars, becaufe, however enormous their
mafles may be, they are {o prodigioufly diftant, that
-the power which they exercife upon the earth, may
be confidered as juft nothing.

The motion of the earth, therefore, and of the
other planets, will always be as perfeitly the fame,
as if the fixed ftars did not exift. Excepting, then,
the power of the fun, we have only to confider the
power with which the planets mutually attra® each
other. Now, thefe powers are extremely fmall, com-
pared to thofe by which each planet is attracted to-
ward the fun, becaufe the mafs of the fun is much
greater than that of each planet.

As, however, thefe powers increafe according as
the diftances diminifh, fo that a power four times
greater correfponds to a diftance twice lefs; and a

* They are ufually combined by three and three; that is, the
effe& refulting from the attra&ion of two bodies upon a third is
fought. This celebrated problem, known by the name of the
problem of three bodies, has been an obje& of the refearches of*
all the great geometricians of our age ; and though it bas hitherto
been refolved only by an approximation to the truth, the moft
fortunate applications have, however, been made, fuck as the,
theory of the moon, that of Jupiter, of Saturn, &c.—F. E.

6 power
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power nine times lefs correfponds to a diftance three
times greater, and fo on, according to the fquares of
the numbers, as I explained the fubject in the pre-
ceding letter, it might be poffible for two planets
to approach fo near, that their attralive power
fhould become equal to that of the fun, nay, greatly
exceed it.

Fortunately, this never takes place in our fyftem,
and the planets always remain at fuch a diftance
from each other, that their attraQive power is ever
incomparably fmaller than that of thefun. For this
reafon, without extending our views beyond what
is thus certainly known, we may confider every

"planet as attracted only by the power of the fun, and
by that it is eafy to determine it’s motion. 'This,
however, can take place, only' when we are difpofed
to reft fatisfied with a refult near the truth; for if
we with to have more exa& information, we muft
attend to thofe feebler powers with which the planets
a& upon each other; powers which really produce
the little .irregularities clearly obferved by aftrono- .
mers ; and to the attainment of the perfect know-
fedge of thefe, is directed all the fagacity of both
aftronomers and geometricians, A

15th Seprember, 176q.

Vou. 1L . Q | LETTER
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#$xom a circle, and which is called the planet’s orbit,
_ fun himfelf is, nearly, in a ftate of reft, as well
as all the fixed ftars ; the motion which they appear
. X0 have, being entirely owing ta that of the earth. .
i I have, accordingly, reprefented on the annexed
fhcct, what is called the folar fyftem, which containg
* all the opaque bodies that move round the fun, and
derive from him all the benefits which he imparts to
* us.. This fign ¢ (plate IV. fig. 1.) reprefents the fun
. at reft. You fee, befides, fix concentric circles, re-
- prefenting the orbits defcribed by the planets in' their
. motion round him.
; That neareft to the fun is Mercury, marked by the
* fign ¥, and the black dot you fee in the orbit repre-
+ {ents the body of Mercury, who performs his revo-
lution round the fun in about 88 days.

Next comes Venus, marked by 2, who completes
a revolution round the fun in feven months nearly.

The third circle is the arbit of the earth, marked
by the fign 3, and which completes a revolution
round the fun in a year, We have no other mean-
‘ing, in truth, to the word year, but the time em-
ployed by the earth in performing a revolution round
the fun ; and the duration of the common year nearly
approaches to this folar year, -

But while the earth is movmg round the fun,
there is another body moving round the earth, and
keeping the dire@ion of it’s orbit ; thisis the moon,
whofe own circle, or orbit, is marked by »,

The two firft planets, Mercury and Venus, have

Q2 ’ no
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no vifible bodies which attend them; neither has
Mars &, which is the fourth, and performs his revo-
lution in about two years.

'The fifth circle is the orbit of Jupiter, marked
by %, who performs his revolution in twelve years
nearly. Round him move four fatellites, reprefented
in the plate, with their orbits, and marked by the
figures 1, 2, 3, 4,

Finally, the fixth and laft circle is the orbit of Sa-
turn, ;parkcd thus, %, who employs almoft thirty
years in performing one revolution round the fun.
This planet is attended, in his courfe, by five fatel-
lites, marked by the figures 1, 2, 3, 4, 5. Thus, then,
the folar fyﬁem confifts of fix pnmary planets, Mer.
cury ¥, Venus ¢, 'the Earth &, Mars ¢, Jupiter %,
Saturn », and ten fecondary plinets or fatellites,
namely, the moon, the four attendants of Jupltt:rg
and the five of Saturn,*

* To this cnumeratnon muft now be added, the plapet difce-
vered at Bath the 1jth of March, 1781, by Mr. Herfehel, and
gaken at firft for a comet. It is more diftant from the fun than'
Saturn, and it’s orbit muft be reprcfcnted by a fcventb circle,
-cnrcumfcnbmg all the others. The period of it’s revolution is
about 83 years. "Fables of it’s motion have been confiruéted,
which reprefent already the obfervations with an exadnefs, that
announces the perfection both of the inftraments, and of the me-
thod of calculation.

It is admitted, that this far was feen in 1756, in the month of
September, by Mr. Mayer, of Gottingen; but that aftronomer
took it for.a fixed fiar, and having obferved it only once, he could
pot afeertain it’s motion: his determination agrees in other re-
fpeﬁs with the pla.ce which the tables affign to the planet of Mr.

Herfihel,
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This fyﬁcm contains, befides, feveral comets, the
“umber of which is unknown. The figure on the
plate reprefents one of them, whofe orbit differs from
that of the planets, bécaufe it is drawn out into ex-
treme length, fo that a comet fometimes approaches
very near to the fun, and fometimes removes to fuch
an immenfe diftance, as entirely to difappear. Of
comets it has been remarked, that one finithes his
revolutions in his orbit, in about fixty years; this
is-the one that was vifible laft year; As to the other
comets, it is certain, that they employ feveral cen-
turies in performing one revolution in their orbits ;
and as, in paft ages, no exa& obfervations were made
of them, we are totally in the dark with refpet to
their return. Of thefe, then, confilts the folar fyf~
tem ; and, moft probably, every fixed ftar has one
fimilar to it.*

17th September, 1560.

Herfchel, for that epoch. It bears the name of the perfon who
difcovered it.

The mean diftances of the planets from the fun, may be thus
-refpe@ively exprefled : that of Mercury by 4, that of Veaus by
7, that of the earth by 10, that of Mars by 15, that of Jupiter by
g2, that of Saturn by g3, and, finally, that of the planet Herfchel
(a) by 191—F. E. .

* Aftronomers expe& about 1790 the comet obferved iu 1 53 1,
‘and in 1661, which they believe to be the fame ftar, and the period
* of which appears to be about 130 years.—F. E.

(a) In compliment to his patron, King George I11. Mr. Herfchel named his
recently difcovered planet Georgium Sidus. The republican Condorcet, in con-
tempt of Kings, gives it the name of the Difcoverer.—E. E.

Q3 LETTER
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LETTER LX.

The fame Subje continued.

IN addition to what I have faid refpecting the folar
fyftem, I muft communicate fome obfervations
for the explanation of the figures. And, firft, it
muft be remarked, that the lines which mark the
paths in which the planets move, have no real exift-
ence in the heavens, as the whole immenfity of fpace
in which they move.is a vacuum, or rather filled
with that fubtile matter which we call the etber, and
which I have already fo often mentioned.

Again, the orbits of the planets are not all in the
fame plane, as the figure prefents them: but if the
orbit which the earth defcribes round the fun, is pro-
perly reprefented on the paper, we muit imagine the
orbits of the five other planets to be partly elevated,
and partly deprefled, with reference to it; or, that
the orbit of each planet bears upon it an oblique di-
rection, making an interfe@tion with the paper, under
a certaih angle, which it is impoffible to reprefent in
a figure drawn upon 2 plane.

Farther, the orbits of the planets are not circles,
as the figure appears to indicate, but rather fome-
what oval, one more, another lefs fo; no one, how-
ever, recedes very confiderably from the circular
form. The orbit of Venusis almoft a perfe& cirdle;
but thofe of the other planets are more or lefs ex-

tended
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tended lengthwife, fo that thefe planets are fometimes
nearer to the fun, fometimes farther off.

" The orbits -of comets are particularly diftinguifh-
able, being greatly extended in length, as } have re-
prefented it in the figure. As to the moon, and the
fatellites Of Jupiter and Saturn, their orbits, too,are
nearly circular. -

- Neither muft we conceive them as moving in one
and the fame dire@ion, as they appear on the plane
of the paper; for they do not remain in the fame
place, but are themfelves carried round the fun along .
with the primary planet to which they belong. It
is thus we muft underftand the lines reprefented in
the figure. Imagination muft fupply what it is im-
- poflible, on a plane furface, accurately to exhibit.

. You are now enabled to comprehend, with eafe,

what the late Mr. de Fontenelle meant to difplay, in
his- book on ‘the plurality of worlds. The.earth, .
with it’s inhabitants, is fometimes denominated a
world ; and every planet, nay, every one of the fa-
tellites, has an equal right to the fame appellation, it
being highly probable, that each of. thefe bodies is
inhabited as well as the earth.
There are fixteen worlds, then,in the folar fyﬂem
* alone. And every fixed ftar being a fun, round
which a certain number, of planets perform their re-
volutions, and of which fome have, undoubtedly,
* their fatellites, we have an almoft infinite number of
worlds, fimilar to our earth, confidering, that the
number of flars, perceptible to the unaffifted eye,
Q4 exceeds
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exceeds fome thoufands, and.that the telefcope dif-
covers to us.an incomparably greater number:

- If it'is meant to comprehend under the name of
aworld the fun, with the planets and their fatellites,
and which derive heat and light from him, we fhall
have as many worlds as there are fixed fars. - But if
by the term world, we underftand the earth, with all
the heavenly bodies, or all the beings which were
<reated at once, it is clear that there can be but one
world, to which we refer every thing that exifts. It
18 in this fenfe the term worid is employed in philo-
{fophy, particularly in metaphyfics ; it is in this fenfe
we fay, that there is but one world, the aflemblage
of all created beings, paft, as well as prefent, and fu.
ture, whofe exiftence is fubject to general laws.

When, therefore, philofophers difpute, whether
our world is the beft or not, they proceed on the
fuppofition of a plurality of worlds ; and fome main-
tain, that the one which exifts, is the beft of all thofe
:‘which could have exifted. They confider the Deity
as an archite@, who, intending to create this world,
traced feveral different plans, of which he felected,
the beft, or that in which the greateft perfetions
were all combined, in the higheft degree, and exe-
cuted it in preference to all the others.

But the great quantity of evil that prevails, and is
diffufed over the furface of our globe, and which
flows from the wickednefs of man, fuggefts an im-
portant enquiry, namely, Whether ‘it would have
been poflible to create a world, wholly exempted
from thefe evils? '

3 In
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In my opinion, a diftintion muft be :carefully
made, between the plans of a world, which. thould
contain corporeal fubftances only, and.thofe of an.
other world, which fhould contain beings intelligent
and free. In the former cafe, the choice of the beft,
would be involved  in very little difheplty; but in
the other, where beings intelligent and free condtitute
the principal part of the-world, the determination
of what is beft is infinjtely beyond our capacitys
and even the wickednefs , of free agents may centri-
bute to the perfeGtion of the world in a manner
which we are unable to comprehend..

It would appear, that philofophers haye not been
fufficiently attentive to this diftin&tion, however ef-
fential it may be. . But I am too feafible of my own
incapacity, to enter any deeper inte this difficult
queftion. . - -

- 3g2h Séptember, 1760.

LETTER LXI

" Small Irregularzize: in the "Motions of the Planef:,
) caz{/éd b_y fbezr m‘ufual Att‘raéhon

N- order todetermm&;tho':motnon of the bodies
_ which compofe, the folar-fyfiem;-it is neceffary to
diftinguifh the primaxy planats, which are Mercury,
Venus, the Earth, Mars,, Jgpiter, and- Saturn, from
their fatellites, namely, the moon, the four fatellites

of Jupiter; and thd five of: Saturn«-i. . «
It
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It has been exphained to you, that thefe fix planets
are principally attrated toward the fun, or, that the
force with which they are impelled toward him, is
incomparably greatér, than the powers which they
exert one upon another, becaufe his inafs is incom:
parably greater than that of the planets, and becauf¢
they nevet fufficiently approach to each - Gther to
render their reciprocal attration very confiderable:
Were they attra&ed only toward the fun, their mo:
tion would be fufficiently regular, and eafily deter:
mined: But the feebler powers of which' I have
been fpeaking, occafion fome flight uregulahues in
their motion, which aftronomers are eager to difco-
ver, and which geometricians endeavour to deters
thine, on the principles of motion,

An important queftion is here agltated namely,
The powers which act upon a body being known, how to

find the motion of that body? Now, upon the princi-
ples above laid down, we are acquainted with the
powers, to the influence of which every planet is
fubjeted: Thus the motion of the earth is fome«
what affe@ted; firft, by the attraction of Venus,
which fometimes pafles very near it} and, fecondly,
by that of Jupiter, which, on account of the prodi-
gious mafs of this planet, becomes confiderable,
though he be always at a great diftances The mafs
of Mars is too fmall to produace any perceptible effe&;
though he is fometimes very near us; and Saturn,
though his mafs be the greateft, next to that of Ju-
piter, is too diftant.

The moon, though her mafs be very fmall, pro-

duces,
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duces, however, fome derangement, from her be.
ing very near the earth. The comet, which appear
ed laft year, was feven times nearer to us than the
fun, when his diftance was fmalleft ; there is a great
degree of probability, therefore, that it may have
deranged the earth’s motion, efpecially if his ‘mafs
was confiderable, a circamftance with which we are
not acquainted. If this comet were as great as the
earth, the effe muft have been very confiderable §
but it’s apparent fmallnefs induces me to believe,
that it’s mafs is much lefs than that of the earth,
and, confequently, it’s effet muft have been propor-
tionally lefs. When we faw this comet, however, it
had got to a great diftance ; at the time when it was
neareft, it was invifible to us, but it muft have ap-
peared very brilliant to our antipodes.

What has been faid, refpe@ing the derangements
occafioned in the earth’s motion, takes place like-
wifé in the other planets, regard being had to their
mafs, and to their proximity. As to the moon, and
the other’ fecondary planets, the principle of their
motion is fomewhat different. The moon is {o near
* 'the éarth, that the attra&ion the feels from hence
greatly exceeds that of the fun, though the mafs of
this luminary be many thoufands of times. greater
than that of the earth. Hence it is, that the motion
of the moon follows that of the earth, and that the
remains, as it were, attached to it, which makes the
moon to be confidered as a fatellite to our planet.

Had the moon been placed much farther from us,
and had fhe.been attracted lefs toward the earth than

toward
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toward the fun, the would have become a primary
planet, and performed her own revolutions round
the fun; but the is joo times nearer to us than fhe
is to the fun ; henece it is evident, that he muft ex:,
ercife a much feebler influeince upon her than the
earth does: The moon being principally attradted
by two bodics, the fun and the earth, it is evident
that the determination of her motion; muft be much
more difficult than that of the primary planets, which
are fubjeét to the attraction of the fun enly, except:
ing the flight derangements which have been men-
tioned. The motion of the moon has, accordingly,
in all ages, greatly embarrafled philofophers; and
nevet have they been able to afcertain, for any fu.
ture given time, the exac place of the moon. in the
heavens.

You perfeitly comprehend, that in order to pre-
diét an eclipfe, whether of the moon or of the fun,
we muft be able accurately to afcertain the moon’s
place: Now, in calculating eclipfes, formerly, there
was frequently a miftake of an hour or more : the
eclipfe actually taking place an hour earlier or later
than the calculation. Whatever pains.the ancient
aftronomers took to determine the moon’s motion,
they were always very wide of the truth. It was
not till the great Newton difcovered the real powers
-which a& upon the moon, that we began to approach
nearer and nearer to truth, after having furmounted
many obftacles which retarded our progrefs.

I too have employed much time and attention on
the fubject; and Mr. Meyer, of Gpttingen, purfuitr]:g

e
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the track which I had opened, has arrived at a de.
gree of precifion, beyond which it is perhaps impofs
fible to go. Not much more, then, than ten years
have elapfed fince we could boaft 'of any thing like
accurate knowledge of the moon’s motion. Since
that time ‘we are able to calculate eclipfes fo exaitly,
as not to make the miftake of a fingle minute,
whereas, before, there was frequently the difference
of eight minutes, and more. To analyfis, then, we
are indebted for this important difcovery, the fource
of unfpeakable advantages, not to the aftronomer.
only, but likewife to the geographer, and the navi.
gator. "

. 23d September, 1760,
LETTER LXIL
Defeription of the Flux and Reflux of the Sea,

THE attra&tive power of the heavenly bodies ex-
4 tends, not only to the mafs of the earth, but
to all the parts of which it is compofed. Thus all
the bodies, which we fee on the furface of the carth,
are attracted, not only toward the earth itfelf, from
which refults their gravity, and the weight of every
one in particular, but, likewife, toward the fun, and
toward all the other heavenly bodies, and that more
or lefs, according to the mafs of thefe bodies and
their diftance.
Now, it is evident, that the force with which a
' body,
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body, fay a ftone, is attracted toward. the earth, muft
be incomparably greater than that with which the
fame body is attracted toward the fun, the other
planets, and the. moon, becaufe of their great dif-
tance. Such a body, being at a diftance from: the
centre of the earth, equal to a radius of this globe,
is 6o times farther from the moon. Though, then,
the mafs of the moon were equal -to that of the
carth, the attration toward the mogn would be 6o
times 6o, that is 3600 times lefs' than the attraftion
toward the earth, or, the gravity of the body. But,
the mafs of the moon is about 70 times lefs than
that of the earth; hence the attradive power of the
,moon becomes fill 70 times 3600, that is, 252,000
times lefs than the gravity of the body.
Again, though the fun be many thoufands of times
- greater than the earth, he is about 24,000 times
more diftant from us, than the centre of the earth;
and far this reafon, the attraction of the fun upon a
ftone is extremely {fmall, compared ta it’s gravity.
Hence you fee, that the gravity of terreftrial bodies,
which is nothnng elfe but the force with which they
are attracted toward the earth, cannot be pcrceptlbly
affe@ted by the attradtion of the heavenly bodies.
Though this attraction, however, be very mconﬁ-
derable, there refults from it a remarkable phenome.
non, which long puzzled phllofophers ; I mean the
flux and the reflux of the fea. It occurs fo fre-
quently, even in common converfation, that it is al-
moft a matter of neceflity to underftand it. For this
reafon, I propofe to explain more mmutely, this fin-

gular
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gixhr phemomenon,.and to unfold ‘the caufes which
produce it.

I begin, then, thh the defcnptxon of the well-
known phenomenon, of the ﬁux and reflux of the fea.
‘Hardly any one is ignorant, that by far the greateﬁ
.part of the furface of our globlc is covered with a
.maf pf water, called the Ses, or the Ocean. 'This
Jmmenfe fluid mafs is very ¢ dxﬂ'erent from riveérs and
lakes, 'wluch, acbordmg to the dﬂfcrent fmfons of
the year, cpntain fometnnes lefs water, fometnnes
more, whereas, in thc fea, the quantity of water, at
-all timeg, continues neaﬂy the fame. Itis, however,
pbferved, that the water of the fea rifes and falls al- A
terpately, with wonderful rcgulmty, twice every
twenty-four hours.

I, for. inftance, in a harbour, the water is now at
lt’S greateft height, it will prefcntly begin to fubfide,
and this decreafe: contmues for fix hours, at the end
of which, it’s depth will be at the loweft. It then
bgns again to rife, and the mcreafe, likewife, lafts
fix hours, when it is agam at it’s greateft depth. It
immediately begins again to fall for fix hours, and
.then rifes as many, fo that in the fpace of about 24
hours, the water rifes and falls twice; and arrives,
-alternately, at it's greateﬁ; and leaft depth.

It is this alternate increafe, and diminution of the
water of the fea, whxch we call it’s flux and reflux, or
,it’s flowing and ebbing : ax;d more particularly, the
flux denotes the time, during which it encreafes or
rifes; and the reflux, the time of it’s decreafe or fall-
_ing. The flux and reflux together, likewife, go by
the
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the name of tide. This alternation, them, is to be
the fubjeét of our prefent difquifition.

It is, firft of all, to-be remarked, that the diffe-
rence between rifing and falling, keeps pace with the
variations of -the -moon. At full, and new moon,
‘the water tifes higher than at the quarters: and
about the time of the vernal, and autumnal equi-
noxes, in the months of March and September, this
alternate motfon of the fea'is moft confiderable. ~ A
great difference is, likéwife, obferved, according to
the fituation of thecoafts. The flux;in fome places,
is never more than a few feet, while; in others, the
rife is 40 feet and up'wayds' Suehare the -tides in
the ports of St. Mal,in Francé, and of Briftel, in
England,

It is farther to be remarked’, that tlns phenomenon
is perceptible, chiefly, in the ocean, where there is 2
vaft extent of water, and that in feas bounded and
confined, fuch as the Baltic, and the Mediterranean,
it is much lefs confiderable. The interval, from the
flux to the fucceeding reflux, is not exaétly fix hours,
but about 11 minutes mere; fo that the fame changes
do not take place, the day after, at the fame hour,
but fall out about three quarters of an hour later:
fo that a revolution of 30 days is requifite, to bring
them round to the fame hour ; now, this is precifely
the period of one revolution of the moon, or the
interval, between one new moon, and that which
immediately follows, ‘

26¢b Septemler, 1760,

LETTER
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“LETTER LXIIL

* .

Different Opinions of Philofophers refpecting the Flust
and Reflux of the Sea.

'WHEN the water of the fed rifes at any place, we

are not to imagine that it {wells from any in-
ternal caufe, as milk does when put in a veflel upon
the fire. The elevation of the fea is produced by a
real increafe of water flowing hither from fome other
place. - It is a real current which is very perceptible
at fea, conveying the waters toward the place where
the flux is.

In order to have a clearer comprehenfion of this,
you muft confider that in the vaft extent of the ocean
there are always places where the water is low, while
it is high at others; and that it is conveyed from
the former to the latter. When the water rifes at
any place, there is always a current, conveying it
from other places, where it is of courfe at that time
low. Itisan error, therefore, to imagine, with fome .
authors, that during the flux of the fea the total mafs
of water becomes greater, and that it diminifhes dur-
ing the reflux. - The entire mafs or bulk of water re-
mains ever the fame; but it is fubject to a perpetual
ofcillation, by which the water is alternately tranf-
ported from certain regions to others ; and when the
water is high at any place, it is of courfe low fome-
where elfe, fo that the increafe at places where it is

Voi. L. R high
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* high is precifely equal to the decreafe at thofe where
it is low. :
Such are the phenomena of the flux and reflux of
the fea, the caufe of which ancient philofophers endea-
voured to difcover, but in vain. Kepler, in other
refpects a great aftronomer, and the ornament of
Gérmany, believed that the earth, as well as all the
heavenly bodies, was a real living animal, and con-
fidered the flux and reflux of the fea as the effect of
it’s refpiration. According to this philofopher, men
and beafts were juft like infects feeding on the back
of the huge animal. You will hardly expect I thould

go into the refutation of an opinion fo ridiculous.
Defcartes, that great French philofopher, endea-
voured to introduce a more rational philofophy;
_ and remarked, that the flux and reflux of the fea
- was principally regulated by the moon’s motion;
which was indeed a very important difcovery, though
the ancients had already fufpe@ted a conneétion be-
tween thefe two phenomena. For if high water or
the top of the flux happen to-day at noon, it will be
low water at 11 minutes after fix in the evening: it
~will rife till 22 minutes after midnight; and the
" next low water will be 33 minutes after fix in the
morning of the day after; and the enfuing high
water, or flux, will be three quarters of an hour
after noon: fo that from one day to another the

fame tides are later by three quarters of an hour.
And as the fame thing precifely takes place in the
moon’s motion, which rifes always three quarters of
an
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an hour later than the preceding day, it was pre-
fumable that the tides followed the courfe of the
moon. If at any given place, for example, on the
day of new moon, high water happen to be at three
of the clock, afternoon, you could reft affured, that
ever after, on the firt day of the moon, the flux
would invariably be at the height at three o’clock af-
ternoon, and that every following day it would fall
later by three quarters of an hour.
. Again, not only the time when every flux and
reflux happen exally follows the moon, but the
firength of the tides, which is variable, appears fill
to depend on the pofition of the moon. They are
every where ftronger after the new and full moon,
that is, at thefe periods the elevation of the water is
greater than at other times; and after the firft and
laft quarters, the elevation of the water, during the
flux, is fmaller. This wonderful harmony between
the tides, and the motion of the moon, was, un-
d‘oubtedly, fufficient ground to conclude, that the
chief caufe of the flux and reflux of the.fea was to
be fought for in the action of the moon.
 Defeartes accordingly believed, that the moon, in
paffing over us, prefled the atmofphere, or the air
which furtounds the earth, and that the air prefling
on the water, in it’s turn, forced it to fubfide. Had
this been the cafe, the water muft have been depref-
fed at the places over which the moon was, and that
the fame effect thould be produced 12 hours after,
in the enfuing tide ; which, however, does not hap-
pen. Befides the moon is too diftant from the earth,
: R2 ‘ and .
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and the atmofphere too low to be imprefled by the
moon ; and admitting that the moon, or any other
great body, were to pafs along the atmofphere, it
would be very far from undergoing any preflure
from it, and ftill lefs would the fca feel this pretended
preflure.

“This attempt of Defcartes to explain the flux and
reflux of the fea, has therefore failed ; but the con- .
nedtion of this phenomenon with the moon’s mo-
tion, which this philofopher has.fo clearly unfolded,
enabled his fucceflfors to employ the application of
their refearches with more fuccefs. This fhall be the
{ubjeét of fome following letters.

30¢h September, 1760,

——— O —
LETTER LXIV.

Explananon of the Flux and Reflux, from the attraﬂme
Power of the Moon.

ESCARTES’s method of explaining the flux
and reflux of the fea, by the preflure of the
moon upon our atmofphere, not having fucceeded,
it was reafonable to look for the cauie of it in the
attraction which the moon exercifes upon the eatth
and confequently alfo upon the fea.
The attractive power of the heavenly bodies hav-
_ing been already fufficiently eftablithed, by fo many
other phenomena, as I have thewn, it could not be
doubted that the flux and reflux of the fea muft be
an
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an effe of it. As foon as it is demonftrated that
the moon, as well as the other heavenly badies, is
‘endowed: with the property of attracting all bodiess
in the dire& ratio of their mafs, and in the inverfe
-ratio of the ‘quare of their diitance, it is eafily com-
prehended that it’s action n.uit extend to the fea;
and the more fo, as you muft frequently have ob-
ferved, that the fmalleft force is capable of agitating
a fluid. All that remains, therefore, is to enquire,
whether the attrative power of the moon, fuch as
we fuppofe it, is capable of producing in the fea the
agitation known to us by the name of flux and re-
flux. v
Let the annexed figure (‘plate IIl. fig. 5.) reprefent
the earth and the moon. A is the place where we
fee the moon over the earth; B that which is di-
re@ly oppofite, or the antipodes of A ; and C is the
centre of the earth. As the point A is nearer the
moon than the point B, a body at A is more power-
fully attrated toward thc moon than a fimilar’ body
at B. - And if we fuppofc'a third fimilar body to be
placed-at the centre of the earth C, it is evident that
the body A will be more powerfully attracted toward
the moon than the body C, and this laft than the
body B, becaufe the body A is nearer to the moon,
and the body B miore remote than the body C.- But
fimilir bodies placed at E and F, are almoft as-much
attraGed by the moon as that-which.is at' the.centre .
of the earth C, as they are all three nha!\}y eqm -difs

tant from the meoms: < sy ol LT T
cho% Nweee:that! bodids plhced on: thl: ﬁltﬁlce af
Rj3 - the



246 FLUX AND REFLUX

the earth are not all equally attracted toward the
moon. This inequality of attrattion depends on the
inequality of their diftance from the centre of the
moon L, fo that a body is fo much the more power-
fully attracted by the moon, as it’s diftance is lefs ;
and the contrary takes place according as the’dif
€ance is greater.

To thefe differences in the a&ion of the moon on
bodies differently fituated, we muft here chiefly pay
attention ; for if all bodies were equally attracted
toward the moon, they would equally obey this
power, and no derangement could take place in their
mutual fituation.

You can eafily form the idea of feveral carriages
drawn along by powers perfeitly equal; they will
proceed on the road, always preferving the fame or-
der, and the fame diftances ; but as foon as fome of
them advance more brifkly, and others more flowly,
the order will be deranged. The fame thing takes
place in the cafe of the different bodies which are at-
tracted by the moon; if they all felt, in the fame
degree, the action of that luminary, they would pte-
ferve the fame relative fituation, and we fhould per-
ceive no change in them: but as foon as the force
with which they are attracted toward the moon va-
ries as to each of them, their order and their relative
fituation neceffarily change, unlefs they are attached
to each other by bands which that power is unable .
. to burft afunder.

But this is not the cafe with the fea, as all the par-

ticles of a fluid are eafily feparated from cach other,
~ and
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and every one may obey the impreflions which it re-

ceives. It is evident, then, that when the powers

. which a& on the different parts of the fea are not
equal to one another, an agitation, or derangement,
muft be the confequence.

‘We have juft feen that the different parts of the
fea are attracted unequally by the moon, according
as they are unequally diftant from her centre; the
fea muft, therefore, be agitated by the force of the
moon, which, continually changing her fituation,

"with refpe& to the earth, and performing a revolu.
tion round it in about twenty-four hours and three
quarters, makes the fea undergo the fame changes,
and prefents the fame phenomena in the fame period
of twenty-four hours and three quarters; the flux
and reflux muft, therefore, be retarded from one day
toanother three quarters of an hour, which is cone
firmed by conftant experience.

It now remains tha: we thew, How the alternate
elevation and depreflion of the fea, which fucceed
each other after an interval of fix hours and eleven
minutes, refult from the inequality of the powers of

- the moon. This I propofe to examine in my nex

letter.

4tb O&dber, 1760,

R4 LETTER
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LETTER LXV.

The fame Subject continued.”

OU have feen that the moon caufes no altera.
. tion in the ftate of the earth, but in fo far as
fhe ats unequally on it’s different parts. The reafon
of it is, that if all it’s parts equally felt the fame'ac- °
tion, they would be equally attrated, and no change
in their relative fituation would refult from it.

But a body being at A’ (plate Ill. fig. 5.) nearer
the moon than the centre of the earth C, is more
powerfully attracted to it than a body at C would
be: it will approach it, then, with greatér velocity
than this laft: from hence it neceflarily follows,
that the bady A retires from the centre C, and ap-
proaches the moon : as if there were two chariots,
the one at A, the other at C, and if the chariot A
were drawn toward L with greater force than the
chariot C, it would remove from C. It is thus that
the power of the moon has a tendency to withdraw
the point A from the centre C.

Now to remove a body from the centre of the
earth is to raife it: and the water at A being now
the thing in queftion, it is certain that the force of
the moon tends to raife the water which is at A, by
a power equal to the excefs of the attraGtion toward
the moon felt at A, above that felt at C. By this
power, then, the moon raifes the witers of the earth
which are immedjately under her,

! Let
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. Let us now, likewife, attend to a body at B, di-
reftly oppofite to the point A; the centre of the
earth -C, more powcrfully attracted by the ‘moon
than the point B, will approach ncarer to it, and
this laft, fo to fpcak, will remain behind, juft as a
chariot, which was drawn more flowly than that
which precedes it. The point B will confequently
remove from the centre C, and rife; for to remove
_ from the centre of the earth, and to rifc, is one and
the fame thing. :

. It is evident, therefore, that the power of the
moon tends to raife the waters, not only at ‘A, but
‘likewife at B, the point diametrically oppofite, and °
. that by a force equal to the difference of the attrac:
tion of the moon at B and at C, which is lefs at B
than at C. Now, thofe who are at A, have the moon
direétly above them, or in their zenith; and thofe
- who are at B fee nothing of the moon, becaufe the
is then.in a point of the heavens diametrically oppo-
fite. to their zenith, called Nadir.

Hence it appears, that at whatever part of the fea
it may be, the water muft rife equally when the moon
is in the zenith of that place, and in it’s nadir, or,,
when the moon is at it’s greateft elevation above the

“horizon, or-at it’s greateft‘depreflion under it. At
the intermediate periods, when the moon is in the
horizon, cither rifing or fetting, the exercifes no
power capable of raifing the feay a fmall ‘contrary_
power tends even to make it fall.

According to this fyftem, at the place of the fea,
where the moon is in the zenith, it’s power has a

tendency
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tendency to raife the waters ; about fix hours after,
when fhe has reached the horizon, her power has a
tendency to make them fall. "Twelve hours and
twenty-two minutes after, the moon being then at
the point moft diftant, under the horizon, the exer-
cifes the fame power to raife the water ; and at the
end of eightecn hours, thirty-three minutes, when
the has got to the oppofite horizon, the waters are
fallen : till at length, twenty-four hours and forty-
five minutes from the firft period, the returns to the
zenith, raifing the water as on the preceding day:
and this is confirmed by uniform experience.

This alternate elevation and depreffion of the fea,
at intervals of fix hours and eleven minutes, having
fuch a perfe& conformity with the moon, leaves us
no room to doubt that the flux and reflux of the fea
are caufed by the attrative power of the moon.

It is a remarkable circumitance that the aéts equally
on the fea, in raifing it, whether fhe is at her greateft
height above the horizon, or at the moft diftant

_point under it. This appeared at firft very ftrange
to philofophers, who imagined that the moon muft
produce, under the horizon, an effe&®* contrary to
that which fhe produces when in the zenith. But
you fee clearly that the moon produces the fame ef-
fect in thefe two diametrically oppofite pofitions, as
I have demontftrated in the figure above referred to,
that the effect of the moon is the fame at A and at B,

7th Odtsber, 1760.

7 LETTER
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LETTER LXVL
The fame Subjet contmued

‘FROM what has been faid rcfpec’hng the flux and
reflux of the fea, you muft be fenfible that the
. fyftem of Newton, which I have adopted, is direly
contrary to that of Defcartes. According to this laft,
‘the moon exercifes a preffure, and the fea muft fub-
fide at places fituated dire@ly under her; but, ac-
cording to Newton, the ats by attradtion, and forces
the water to rife at thefe very places.

Experience, then, muft determine which of thefe
two fyftems is to be received. No more is neceflary
than to confult the obfervations made with refpect
to the ocean, in order to fee whether the water rifes
or falls when the moon is in the zenith. Recourfe
has actually been had to this; but it is found that
when the mooa is at either the zenith, or nadir, of
a given place, the water there is neither high nor
low; and that high water does not take place till
fome hours after the moon has pafled the zenith,

From this circumftance, - perfons who examine
things fuperficially, concluded at once, that neither
of the fyftems was ‘admiffible; and the Cartefians
have taken advantage from it, prefuming, that if
Newton’s was rejefted, that of Defcartes muft necef-
" farily be adopted, though the obfervations referred
to are as contrary to the fyftem of qucarte: as they
appear to be to that of Newron. ‘

But
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But the fyftem of Defcartes is overturned by this
fingle phenomenon, that the fea is always in the fame
ftate after a period of twelve hours and twenty-two
minutes, or that it’s ftate is always the fame, whe-
ther the moon be above or below the harizon ; and
it is impoffible for it’s fupporters to fhew how thé
moon, being over the heads of our antipodes, can
produce the fame effe¢t as when fhe is over ours.
To this purpofe, fee plate II1. fg. 6. -

Experience proves that the ftate of the water at
A is the fame, whether the moon be at M, the ze-
nith of the ‘point A, or at N, it’s nadir, which is
confequently the zenith oi the antipodes at B. The
effect, of the moon, then, on.the,water at A, is the
fame in both cafes. But if the moon a&ed by pref-
fure, according to Defcartes, it would follow, that
when the moon is at M, the water at A mutt fall ;
and if {he were at N, it is impoflible that the water
at A thould undergo the fame preflure.

In the fyftem of attraction, on the contrary, it is
inconteftably certain, that the action of the moon
muft be nearly the fame, whether that luminary be
at Mor at N; and this is demonftrated by actual ob-
fervation. :

I muit here repeat a preceding explanation, becaufe
it is a matter of the utmoft importance.  When the
moon is at M, the point A is nearcr it than the
centre C; it is, thercfore, more powerfully attracted.
than the centre; the point-A will remove from the
centre,. confequentty, it will then rife:. the moon.
being at M, has a tendency to. raife. the water.at A..

Let
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Let us now fee what effect the moon, being at N,
will produce, wherc fhe arrives in twelve hours and
twenty-two minutcs after fhe was at M. As the
‘point A is more diftant. from the moon at N than .
the centre C, it will be more feebly attracted; the
centre’C will advance with greater velocity toward
N, than the point A; the diftance A C will accord-
ii)gly become greater ; the point A will, therefore,
be more diftant from the centre C. But'to be more
diftant from the centre of the earth is to rife, confe-
quently the moon being at N, makes the point A to
afcend, that is, fhe has a tendency to raife the water
at A, as if the moon were at M.
But here experien'ce prefents a very formidable ob-
Je&ion; for it is obferved, that the moon being at
M, or at'N, the water is not then at it’s greateft ele-
vation at A. This does not take place till a confider-
able time after, and thence fome have been induced
to reje this explanation altogether. But you will
eafily fee that their decifion is extremely precipitate.
~ I have not faid, that when the moon is at M or N,
. the water at A is at it’s greateft height ; I'have only .
faid, that the power of the moon has then a tendency
to make the water rife. But the water at A could
not rife, unlefs it’s quantity were increafed ; .and that
increafe can be produced only by the flowing of the
water from other parts, fome of them very diftant. -
A confiderable time, therefore, is requifite to the ac- .
cumulation of a fufficient quantity of water; itis,
then, very natural to fuppofe, that high water at A
thould not take place for fome time after the moon
' has
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has paffed M or N. This obfervation, therefore, is
fo far from overturning our fyftem, that it tends
ftrongly to confirm it.

There is no room to doubt that the power which
has a tendency to raife the fea, muft precede it’s
greateft elevation, nay, that a confiderable time muft
intervene, as the water muft flow thither from places
very remote, that is, from places where the water
mutft be low, while it is high at A. If the water has
to pafs through ftraights, or has it’s current other.
wife obftructed, high water will be flill more retard-
ed;* and if, in the ocean, it is high water at A, two
hours after the moon has pafled M or N, it will not
be at the height, in narrow and bounded feas, for
three hours or more : and this perfectly agrees with
daily obfervation.

11th Offober, 1760,

* It may be proper, in this place, to give 2 popular view of fo
interefting a fubje@ as that of tides. Suppofe, therefore a ciftern
of water communicates with another, alfo of water, and in the
fame ftate ; the furface of both will- conftantly preferve, or endea-
vour to preferve, the fame level. But if one of the cifterns were
filled with oil, or any {uch light fluid, the furface would evidently
rile above the level of the other; and the more fo, the greater was
the depth of the oil. The fame confequence would follow, if, by
any caufe, the {pecific gravity of the water in one of the ciftens
was diminithed. And this is actually the effe which the moon
and fun produce on the waters of the ocean ; thofe particles neareft
thefe luminaries are more attraed by them than the particles at
the centre, or at the extremities of the tranfverfe diameter, which
are more attratted than the particles on the fartheft fide; and
therefore, in both cafes, the tendency to the centre is diminithed.
Hence a protuberance will be formed on the nearer and farthee-

fides



N ©OF THE SEA. ' 255

LETTER LXVIL

The fame Subjet continued.

IT is no longer, then, a matter of doubt, that the
flux and reflux of the fea is caufed by the attrac-
tive power of the moon. But there remains one
difficulty more to.be removed : Why is the motion
of the fea much more confiderable at the time of
new and full moon than at the other quarters? If
‘the moon were nearer the earth when the is new, or
full, than when fhe is in her quarters, there would
be no difficulty in the queftion, as her proximity
would increafe her power. But though the moon
* ‘approaches the earth fometimes more, fometimes lefs,

fides of the globe, proportional to the depth of the ocean. But
this general fwell is never fuffered to attain it’s juft elevation ; for.
the neceflary motions are not fupport‘ed a fufficient length of time,
~and the impreffions foon give a contrary tendency. The flow of
the waters is moft obftruéted in narrow feas, which are remote
from, the great ocean. Hence the latenefs and irregularity of the
tides in fuch feas. When a large river, or an arm of a fea, fre-
quently contracts and widens, it often happens that the tide, in -
puthing up, occafions a great {fwell in the narrows, which produces
a ftrong current, that continuing, after it’s caufe has ceafed to
operate, reduces the water below it's proper level, till a quantity
is again accumulated, and repeats the fame effects; and thus an
ebb and flow may happen feveral times in the courfe of a day.
This is particularly remarked in the river St. Lawrence, in } \orth
America.

A large lake cannot have any fenfible tides, for cvery portxon of
it's waters is almoft equally attracted by the fun or moon.

~
\

the
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the difference is always too fmall to occafion a change
fo confiderable in the flux and rcflux of the fea.
Befides, this diflerence is not regulated by the new
and full moon; and it may happen, that the moon,
in the intermediate quarters, fhould be nearer to us
than when fhe is new or full. We muft have re-
courfe, therefore, to another caufe capable of increaf-
ing the flux and reflux of the fea at the new and
full moon, and of diminifhing it at the intermediate
quarters. :
The fyftem of attration fhews us, at firft, that it
is the acion of the fun which, joined to that of the -
moon, furnifhes a complete folution of all the phe- -
nomena prefented to us by the flux and reflux of
the fea. Indecd, all-that I have faid refpecting the
power which the moon exercifes on the fea, is equally
applicable to the fun, whofe attractive power acts
likewife uncqually on all the parts of the earth, ac-
cording as they arc more or lefs remote from him.
The attraction of the fun is even much more intenfe
than that of the moon, as it chiefly requlates the,
motion of the earth, and carries it rqund it’s orbit.
As to the motion which he communicates to the
fea, it depends on the incquality of that attion, with
relation to the different points of the furface of the
earth, which arc more or lefs attrated toward the
fun than it’s centre, as I have alrcady fhewed you,
in explining the cfiect of the moon. If all the parts
of the carth were attracted cqually, no change in
their mutual fitwation would take place. But though
the power of the fun be much greater than that of

the
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the moon, the inequality, with relation to different
‘parts of the earth is, neverthelefs, fmaller, on account
of the great diftance of the fun, which is 300 times
farther from us than the moon. The difference of -
the power with which the centre of the earth, and
the points of it’s furface, are attracted toward the
fun, is, therefore, very fmall; and from calculations
aftually made, it is found to be three times lefs,
nearly, than that of the moon upon thefe points.
The attractive power of the fun alone, then, would
likewife be capable of cdufing the flux and reflux of
the fea; but it would be about three times lefs than
" that which is the effect of the combined influence of
thefe two luminaries. '
- It is evident, then, that the flux and reflux of the
fea are produced by the power of both the fun and
the moon, or that there are really twao tides, occa.
fioned, the one by the moon, the other by the fun,
and called the /unar tide and the folar tide. That of
the moon, nearly three times greater, follows it’s
motion, and from one day to another is retarded
* three quarters of an hour : that which follows the
action of the fun, would conftantly correfpond to the
{ame hours of the day, if it exifted alone, or if there
were no moon. Thefe two tides, the lunar and the
folar together, produce the flux and reflux of the
fea ; ‘but as the one and the other, feparately, make
the waters of the fea alternately to rife and fall, when
it happens that thefe two caufes, conjointly, make
the fea rife and fall, it’s flux and reflux become much
more confiderable ; but when the one tends to raife
.Vor.L S : the .
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the fea, and the other to lower it, at the fame placé,
when they a& in contrary directions, the one will
then be diminifhed by the other, and the lunar tide
will be weakened by the folar. According as thefe
two tides aflift, or check, each other; the flux and re.
flux will, then, be more or lefs confiderable.

Now, as at the time of new moon, the fun and
moon are in the fame parts of the heavens, their ¢f-
fe@ts being perfectly in urifon, the flux and reflux
mutt then be greateft, being equal to the fum of the
two tides. This will equally take place at thé time
of full moon, when the mcon is oppofite to the fun,
as we know that fhe produces the fame effe&, though
the be in a point of the heavens diametrically oppo-
fite to the firft. The flux and reflux muft, thére-
fore, be greater at new and full imoon, than at the
firft and laft quarters. For then the power of the
fun is exerted to lower the waters, and that of the
moon to raife them. It is evident, therefore, that,
at thefe feafons, the flux and reflux muft be lefs cons
fiderable, and actual obfervation confirns it. -

It might be {till farther demontftrated, by calcula
tion, that the effect of the ‘moon, or of the fun, is
fomewhat greater, when thefe bodies are at the equa-
tor, or cqually diftant from the two poles of the
globe : which happens at the time of the equinoxes,
~ toward the end of the months of March and Sep-
terhber. It is found, too, that then the tides aré
firongeft. It follows beyond all doubt, then, that
the tides, or thie flux and reflux of the fea, are caufed
by the attractive power of the modn and of the fon;

.. - in.
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in"as much as thefe powers at unequally on the difi
ferent parts of the fea.. The happy explanation of
this phcnomenon, which-had-fo dreadfully perplexed
the ancients, is a complete confirmition of the fyﬁ-
tem of attraction, or of univerfal gravitation, on
which is founded the motion of all the heavenly
bodies: : ,
1426 Oober, 1760.

. —D @ 3+ © Crm——
LETTER LXVIIL

More partzcular Account of the Difpute rq/jveé?mg uni.
verfal Gravitation.

: HAVING given you a general, but exa&, idea of
the powers which produce the principal pheno-
amena of the univerfe, and on which are founded the
anetions of all the heavenly bodies, it is of importance
to confider, with more attention, thofe powers which
are the principal points of the fyftem of attra&ion.
It is fuppofed, in this fyftem, that all bodies mu-
tually attra& each other, in the ratio of their mafs,
and relatively to their diftance, in conformity to a
faw slready explained. The fatisfying manner in
which mof of the phenomepa in nature are accounted
for, proves that this fuppofition is founded in truth}
and that the attraGion which different bodies exer-
«ife upon each other, may be confidered as a moft
- undoubted fa&. It now remains, that we enquire
into the caufe .of thefe attra@ive powers; but this
i , Sa2 refearch
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refearch belongs rather to the province of metaphyfics
‘than of mathematics. I dare not, therefore, flatter

* ayfclf with the profpe& of aflured fuccefs in the pro-
fecution of it.

It being certain, that any two bodies whatever are
attracted to each other, the queftion is, What is the
caufe of this attracion? On this point philofophers
are divided. The Englifh maintain, that attra&ion
is a property effential to all the todies in nature, and
that thefe bodies, hurried along by an irrefiftible pro-
penfity, tend mutually to approach, as if they were
impelled by fecling.

Other philofophers confider this opinion as abfurd,
and contrary to the principles of a rational philo-
fophy. They do not deny the fact; they even ad-
mit, that powers exift, which are the caules of the
reciprocal tendency of bodies toward each other;
but they maintain, that they arc foreign to the
bodies ; that they belong to the cther, or the fubtile
matter which furrounds them, and that bodies may
be put in motion by the cther, juft as we fee that a
body, plunged into a fluid, receives feveral impref-

. fions from it. Thus, according to the firft, the caufe
of the attra&ion refides in the.bodies themfelves, and
i$ eflential to their. nature; and, according to the
Iaft, that it is out of the bodies, and in the fluid
which furrounds them. In this cafe, the term at=
.traction' would be improper; and we muft rather

fay, that bodies are impelled toward each other.
But as the effe® is the fame, whether two bodies are
‘rectprocally impelled, or attracted, the word attracs

tion
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tion need not give offence, provided it is not pre-:
tended, by that term, to determme the nature 1tfel£
of the caufe. A

To avoid all confufion which might refult from.
this mode of expreffion, it ought rather to be faid,
that bodies move, as if they mutually attracted each:
other. This would not decide, whether the powers. .
which a& on bodies refide in the bodies themfelves,
or out of them ; and this manner of {peaking might
thus fuit both parties. Let us confine ourfelves to
the bodies which we meet with on the furface of the
earth. - ‘ :

Every one readily admits, that all thefe would fall
downward, unlefs they were fupported. Now, the
queftion turns on the real caufe of this fall. Some
fay, that it is the earth which attraés thefe bodies,
by an inherent power natural to it; others, that
_ it is the ether, or fome other fubtile or invifible mat-

ter, which impels the body downward : fo that the
effe& is, neverthelefs, the fame in both cafes. This
‘laft opinion is moft fatisfattory to thofe who are' .
fond of clear principles in philofophy, as they do not
fee, how iwo bodies at a diftance can aét upon each
other, if there be nothing between them. The others
have recourfe to the divine Omnipotence, and main.
tain, that God has endowed all bodies with a power
of mutual attration. *
Though it be dangerous to venture on difputing
- concerning the limits of divine power, it is, never-
elefs, certain, that if attraCtion were an immediate
'work of that power, without being founded in the
.o S3 nature
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naturc of bodies, this would be the fame thing as
faying, that God immediately impels bodies toward
each other, and this would amount to a perpetual
miracle.

Let us fuppofe, that before the creation of the
world, God had created only two bodies, at a dif-
tance from each other; that nothing abfolutely ex-
ifted out of them, and that they were in a ftate of
reft ; would it be poffible for the one to approach
the other, or that they fhould have a propenfity to
approach? How could the one feel the other at a
diftance ? Whence could arife the defire of approach-
ing?. Thefe are perplexing queftions. But if you
fuppofe that the intermediate fpace is filled with 2
fubtile matter, we can comprehend, at once, that this
matter may act upon the bodies, by impelling them;
the effec would be the fame as if they poffefled a
power of mutual attradion.

Now, as we know, that the whole fpace which
feparates the heaveunly bodies, is filled with a fubtile
matter, called etber, it feems more reafonable to afs
criba the fmutual attradion of bodies to an adion
~ A ‘ether -exercifes upon -them, though it’s

' afting mnay be unknown to us, rather
ecourfe to an unintelligible property.
lofophers fatisfied themfelves with ex-
shenomena *of nature, from qualities

ed accult, faying, for. example, that
ep, from an occult quality, which
sprocure fleep. This was faying juft
;]_:: was an attempt, to conceal igno-
.- rance.
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rance.- We ought, therefore, likewife to confider-
attradtion as an occult quality, in as far as it is given
for a property eflential to bodics. But, as the idea
of all occult qualities is now banithed from philo-
fophy, attraction pught not to be confidered in this
fenfe. -

18¢5 Oftober, 1760,

Ba@®

LETTER LXIX,

Nature and Effence of Bodies : or Extenfion, Mobzlity,
and Impencetrability of Body. -

HE metaphyfical difquifition, Whether bodies
may be endowed with an internal power of at-
tralting each other, without being impelled by an
external force, cannot be terminated, till we have ex.
amined more particularly the nature of bady in ge-
neral.  As this fubjet is of the laft importance, not
only in mathematics and phyfics, but in every branch
of philofophy, you muft permit me to go into a more
particular detail of it.

Firft, it is afked, What is body? However abfurd
this queftion may appear, as no one is ignorant of
the difference between what is body and what is not,
it is, however, difficult to afcertain the real charac.
ters which conftitute the nature of bodies. The
Cartefians fay, it confifts in extenfion, and that what-
ever is extended is a body. They clearly under.
ftand, that.extenfion has, in this cafe, three dimen.
™ _ S4 fions
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flons; and that a fingle dimenfion, or extenfion in
length only, gives only a line ; and that two dimen-,
fions, length and breadth, form only a furface, which
fill is not a body. To conftitute a body, therefore,
we muft have three dimenfions, and every body muft
have length, breadth, and depth, or thicknefs; in.
other words, an extenfion in three dimenfions.

But, it is afked, at the fame time, if every thing
which has extenfion is a body? This muft be the
cafe, if the definition of Defcartes be juft. The idea
which the vulgar form of fpetres contains exten-
fion; it is, however, denied that they are bodies.
Though this idea be purely imaginary, it ferves to
prove, however, that fomething may have extenfion
without. being a body. Befides, the idea which we
have of fpace, contains, undoubtedly, an extenfion
with threce dimenfions. It is admitted, neverthelefs,
that fpace alone is not a body ; it only furnithes the
place which bodies occupy and il

Let us fuppofe, that all thofe which are at prefent
in my apartment, air and every thing, were annihi-
Jated by the divine Omnipotence, there would re-
main ftill in the apartment the fame length, breadth
and height, but without a body in it. Here, then,
3e the poffibility of an extenfion that fhall not be a

ady. Such a fpace, without body in it, is.called a

Rum ; a vacuum then is extenfion without body,
t may likewife be faid, according to the vulgar
perflition, that a fpe@re has extenfion, but that
udy, or corporality, is wanting to it. It is clear,

en, that extenfion is not fufficient to conftitute 2.

body,
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body, that fomething more is neceffary ; hence it
follows, that the definition of the Cartefians is not
exa®. But what more is neceffary, befide extenfion,
to conftitute a body? The anfwer is, mobility, or
the poflibility of being put in motion; for, though .
a body be at reft, whatever may be the caufes which

. preferve it in that flate, it would, however, be pof-
fible to move it, provided the powers applied to it
were fufficient. By this, fpace is excluded from the
clafs of bodies, as we fee that fpace, which only ferves
t0 receive bodies, remains immoveable, whatever
motion the bodies that it contains may have.

It is likewife faid, that, by the help of motion,
bodies are tranfported from one place to another;
by which we are given to underftand, that the places
and fpace remain unchangeable. My apartment,
however, with the vacuum which I have above fup-
pofed, might undoubtedly be moved, and adtually is
fo, as it follows the motion which carries round the
earth itfelf; here, -then, is a vacuum in motion,
without being a body. The vulgar fuperftition, top,”
beftows motion on fpectres; and this is fufficient to
prove, that the power of being moved, and exten-

fion, alone, do not conftitute the nature of bodies.
~ Something more is wanting ; ‘there muft be matter
to conflitute a body, or rather, it is this which dif-
tinguifhes a real body from fimple extenfion, or from
A fpedtre. . ‘

Here, then, we are reduced to explain what is to
. be underftood by the term matter, without which

extenfion cannot be body. Now, the- fignification
o : . of
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of thefe two terms is fo much the fame, that all body’
is matter, and all matter is body ; fo that even now
we have made no great progrefs. We eafily difco-
ver, however, a general character, infeparable from
ail matter, and, confequently, pertaining to all bodies;
it is impenetrability, the impoflibility of being pene-
trated by other bodies, or the impofibility that two
bodics thould occupy the fame place at once. In
truth, impenetrability is what a vacuum wants in
order to be a body.

It will, perhaps, be objected, that the hand may be
eafily moved through air and through water, which
are, neverthelefs, acknowledged bodies ; thefe, then,
mutt be penetrable bodies, and, confequently, impe-
netrability is not an inherent character of all bodies.
But it is worthy of remark, that when you plunge
your hand into water, the particles of the water make
way for your hand, and that there is no water in the
4pace which your hand occupies. If the hand could
move through the water, while that fluid did not
make room for it, but remained in the place which
the hand occupied, then it would be peretrable ; but
-4t is evident this is not the cafe. Bodies, then, are
" -dmponetrable: a body, therefore, always excludes,
. the place which it occupies, every other body ;
% foon as a body enters into any place, it is ab-

y neceflary that the body which occupied it
thould leave it. Thisis the fenfe which we
fix to the term impenetrability.

O8o4,,- 4 1560,

LETTER
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LETTER LXX.
Inmpenetrability of Bodies.

THE inftance of a fpunge will, perhaps, be pro.

duced as an objection to the impenetrability of
bodies ; “which, plunged into water, appears com.
pletely penetrated Iby it. But the particles of the
fpunge are very far from being fo, in fuch manner
as that one particle of the water fhould occupy the
fame place with one particle of the fpunge. We
know that fpunge is a very porous body ; and that
before it is put into the water, it’s pores are filled
with air; as foon as the water enters into the pores
of the fpunge, the air is expelled, and difengages it-
felf under the form of little bubbles ; fo that, in this
cale, no penetration takes place, neither of the air by
the water, nor of the water by the air, as this laft
always makes it’s efcape from the places into which
‘the water enters.

:It-is,-then, a general, and effential property of all
. bodies, to be impenetrable ; and, confequently, the

juftnefs of this definition muft be admitted: 7hat 2
body is an impenetrable extenfion 5 as not only all bodies
are extended and impenetrable, but likewife, reci-
procally, as that which is, at the fame time, extended
~ and impenetrable, is, beyond contradicion, a body.
Vacuum is, accordingly, excluded from the clafs of
bodies ; for, though it has extenfion, it wants impc-
netrability ;. and wherever we meet with a vacuum,
Lo ’ there
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there bodies may be introduced, without thrufting
any thing out of it’s place.

We muft attempt to remove another difficulty,
raifed-againft the impenetrability of bodies. There
are, fay the objetors, bodies, which admit of com-
preflion into a fmaller fpace, as, for example, wool,
and efpecially air, which it is poffible to reduce into
a {pace a thoufand times {fmaller than what it occu.
pies. It appears, then, that the different particles of
air are reduced in the fame placé, and that, copfe.
quently, they mutually penetrate.

There is, however, nothing in this; for thg¢ air,
too, is a body, or a fubftance full of empty pores, or
filled with that fluid, incomparably more fubtile,
which we call ether. In the firft cafe, no penetration
will enfue, as the particles of air only approach nearer
to each other, according as the vacuum is diminifh-
ed; and, in- the other cafe, the ether finds a fuf-
ficiency of {fmall paffages by which to efcape, as the
particles of the air approach each other, but all the
while without any mutual penetration. For this
reafon, it is neceflary to employ a greater force, when
we want to comprefs the air more: and if the air
wwere comprefled to fuch a degree, that it’s minute
particles touched each other, we could not carry the
compreflion farther, becaufe, were it poffible, the mi-

. nute particles of the air muft mutually penetrate.

It is, then, a neceffary and fundamental law in na-
ture, that no two bodies can penetrate each other, or
occupy the fame place at once: and it is in a confor-

mity t © this principle, that we muft look for the real
J .. fource
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Jource™ of all the motions which we obferve in all-
bodies, and of the changes which befal them. As

two bodies cannot continue their motion without

enetrating each other, it is abfolutely neceffary that

the one thould give place to the other. If, then,

two bodies are moving in the fame line, the one to

the left, the other to the right, as it frequently hap-
pens at billiards, if each were to continue it’s motion,

they muft mutually penetrate, but this being impof-

fible, as foon as they come to touch, a fhock. takes

.place, by which the motion of each body is almoft

inftintly changed; and this fhock is produced, in

nature, only to prevent penetration. The motion

of each body is precifely changed no further than is

neceflary. to prevent all penetration ; and in this con-

~ fifts the real caufe of all the changes which happen

" in the world.

~ ‘When all thefe changes are attentively confidered,
they are found always to take place, in order to pre-
vent fome penetration, which, without thefe changes; |
muft have enfued. At the moment I am writing, 1
obferve, that if the paper were penetrable, the pen
would pafs freely into it, without writing: but as
the paper fuftains the preflure of my pen, moiftened
svith ink, it receives from it fome particles which
form thefe letters ; which could not happen if bodies
penetrated each other.

This property of all bodies, known by the term
impenetrability, is, then, not only of the laft impor-
tance, relatively to every branch of human, know-
ledge, but we may confider it as the maﬁer-fprmg

which
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which nature fets a-going, in order to produce all
her wonders. It merits, then, an attentive exami-
nation, in order that we may be enabled to explain
more clearly the nature of bodies, and the principleg
of every {pecies of movement, commonly called low
of motion. :
* a5th Oéiober, 1560.

K
LETTER LXXL

Of the Motion of the Bodies, real and appa}mf..

LL bodies are at reft, or in motion.. However

evident this diftinétion may be, it is almoft im-

poflible to judge whether a body is in the one ftate,

or in the other. The paper which I fee on my table

feems to me really at reft; but when I rcfleét that

‘the whole earth is moving with that aftonithing ve-

locity which I .explained in a former letter,* my

houfe, my table, and the paper, muft abfolutely be

carried along with the fame rapidity. Thus every

thing that fecms to be at reft, has, in reality, the
$ame motion as the earth.

"¢ mruft therefore diftinguith between two kinds

, the one abfolute, the other apparent. . Abfos

t takes place when a body remains conftantly

fame place, wot with relation to the earth,

ghrelation to the aniverfe. If the fixed ftars

ped ahevays in the fame place of the univerfe

A " ® Letter IL, -

they
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they would be at reft, though they feem to move
very rapidly; but as we-are not certain of it, we
muft not pretend to-aflirm, that the fixed ftars are
in-a ftate of abfolute reft.

A body is faid to be in a ftate of apparent reft,
when it preferves the fame fituation on the earth. It
is likewife to be prefumed, that thefe terms, reft and
motion, have been introduced into language to mark
rather appearances than truth; and in this fenfe, I
affirm, without - hefitation, that my table is at reft,
as well as the whole earth ; and that the fun and
the fixed ftars are in motion, and that a very rapid
motion, although they are really at reft. ‘We fhould,
therefore, be afcribing firange and purely metaphy-
fical ideas to thefe expreflions, if we underftood by

them abfolute ref?, or motion ; and it is abfurd to-em-
A ploy, as fome perfons do, paflages of the Holy Serip-
tures to prove that the earth is at reft, and the fun
in motion. .
* Language is formed for general ufe; and phllofo-
phers are under the neceffity of forming a. particular
language for themfelves. As we are incapable to
judge of abfolute reft, it is very natural for us te
confider thofe bodies as at reft which preferve the
fame fituation relatively to the earth; as it is very
‘probable theé inhabitants of other planets, likewife,

form their judgment of reft from the fame fituation
. rélatively to their refpe@ive planet.

‘We obferve, that navigators confider as at reft the
objeéts which preferve the fame fituation relatively
go their veflel, and that the coafts which they dif-
. 7 : cover
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cover appear to them to be in motion; and no one
thinks of finding fault with their ufing the common
modes of expreflion. There is, therefore, a great.
difference between reft and motion, real or abfolute,
and between reft and motion apparent, or relative
to a body, confidered at the time as in a ftate of reft,

_though perhaps it may be in motion. The principles
or laws of motion refer chiefly to the abfolute ftate
of bodies, that is, to their reft or motion, real or abe
folute. In order to difcover thefe laws, we begin
with confidering a body ﬁngly and abftra&tedly from
all others.

This hypothefis, though it never can take place;
is, in reality, very proper to aflift us in diftinguifhing
what is operated by the nature of bedy itfelf, from
that which ether bodies are capable of operating
upon it. )

Let a body, then, be alone, and at reft; it may be
afked, Will it continue at reft, or will it begin to
move? As there is no reafon which fhould incline
it to move to one fide rather than to another, it is

“concluded that it would remain 2}ways at reft. The
{ame thing muft happen, on the fuppofition of the
exiftence of other bodies, provided they do not a&
on the body in queftion; hence refults this funda-
mental law : When a body is once in a flate of reft, and
mathing external adls upon it, it will remain always in
2hat fiate : and if it begin to move, the caufe of motion
xopald be out of it, fo that there is nothing in the body itfelf
-gpwich is capable of putting it in motion. When, there-
ﬁzfe, we fee a body which has been at reft begin to

move,
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move, we may reft affured that this motion has ‘been
.occalioned by an exterior power, as there is nothing
in the kody itfelf capablc of putting it in motion ;
and if it were alone, and. cut off from all communi-
_cation with other bodies, it would remain always at -
Howevcr Well founded- thls law may ke, and how-
cver entitled to rank with geometrical truths, theze
_are pcrfons little' accuftomed to profound inveftiga-
'tlon, who pretend that it is contradifted by expe--
rience. They allege the example of a thread, to
_which a ftone is appended; the ftone is at reft, but
falls the moment that the thread is cut. It is cer-
. tain, fay they, that the a&ion by which the thread
.is cut is not capable of making the fione move; the
ﬁone, thercfore, muft fall by a power which is proper
- to itfelf, and internal.
The fact is certain; but it is evident, at the fame
. time, that gravity is the caufe of the defcent, and
. not an internal power in thé ftone.

They fay farther, that gravity may be an intrinfic
power, attached to the nature of the ftone ; on which
it muft be remarked, that gravity is produced either
by a fubtile matter, or by the attration of the earth.
In the firft cafe it certainly is that fubtile matter
which caufes the defcent of the ftone ; in the fecond,
which appears favourable to our opponents, it can
with no propriety be affirmed, that the ftone de-
fcends by an intrinfic power ;. it is rather the earth
which contains the caufe of it, and which produces
the defcent of the ftone, by it’s attrallive power:

+Vor. L. T _ for

e
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‘for xfthe earth did not exift, or were deprfvidof
‘it’s attraltive power, they admit that the ftotic .
would not defcend.
“ Ttis certain; therefore, that the caufe of the da.
feent does not refide in the flone itfelf: the cauf?,
then, is always extrinfic, whether it be in the fubtile
atter or in the carth, foppofing it to be eidowed
"with an attradive power, as the partifans of attric. -
‘tion pretend. This difficulty being removed, the
“Jaw, which I have laid down, fubfifts in full force;
‘fiamely, That a body, once at reft, will 2lways remain
"o, unlefs it be put in miotion by fome foreign caufe.
This law muft take place, provided the body has
been at reft but a fingle inftant, though it wisin
motion immediately before; and, when once re-
duced to a ftate of reft, it will always preferve that
fate, unlefs fome foreign caufe intervene to put it
again in motion. This principle being the founda.
tion of all mechanics, it was neceffary for me to ¢t
tablifh it with all poffible precifion,
" 284 Oflaber, 1760.
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LETTER LXXIL

- Of uniform, accelerated, and retarded Mation.

I RETURN to the cafe of a body placed in fuch a
manner as to have no conne&ion with any other.
Let us fuppofe it to have received fome motion from
whatever caufe; it remains that we enquire, What
2 : will .

L
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will afterwards happen to it? Will it continue to
wmove? Or will it fuddenly return to a ftate of reft §
or after fome time? You muft be fenfible, that this
is an enquiry of fome importance, and that all our
pefearches refpecting the motion of bodies depend
upon it. Let us examine if, by means of reafoning,
we are alile torefolve it.

A body s at reft, as long as it, and all it’s parts,
Temain in the fame place; and it is in metion whea
#hat body, or fome of it’s parts only, pafs from one
place to another. Now, there are two things to be
donfidered in motion, the dire&ion and the velocitys
The direftion is the place ‘toward which the body is
carried, and 'the velocity is the fpace, 'greater or lefs,
through which it moves.in a certain time. Iam
perfuaded you have already jufter ideas of this than
I could communicate by the moft ample explanation.
I remark only, that as long as a body preferves the
fame dire&ion, it moves in a ftraight line ; and redi-
‘procally, as long as a body moves in a ftraight line,
it preferves the fame direfion ; but when it moves
in a curve, it is continually changing it’s pofition.

If a body, then, (‘plate Il fig. 7.) moves in the
curve A B C; when it is at A, it’s dire&ion is the -
fmall line A 4; when it is at B, it’s dire@ion is the
fmall line B 4; and at C, the fmall line C¢ Let
‘thefe fmall hnes be produced the continuations of
which are marked by the ftraight dotted lines AL,
BM, CN; and it will be aflirmed, that when the
‘body pafles through A, it’s direction is the ftraight
lipe A L, becauife, if the body preferved the fame di-

T 2 ' rection

s
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" reftion which it had at A, it would move in the
ftraight line A L. It is evident, then, that it moves
in the curve only in fo far as it is continually chang-
ing it’s dire®tion. And when it arrives at B and at
C, the direétion from which it deviates is cxprcﬂ'ed
by the ftraight lines B M and C N.*

A body preferves the fame velocity in it’s motion
as long at it moves through equal fpaces in equal

"times. This motion is called wniform. Thus, for
example, if a body moves in fuch a manner as al-
ways to proceed ten feet during every fecond, we
call this motion uniform. If another body proceeds
twenty feet in a fecond, it’s motion too would be
uniform, but it’s velocity would be twice as great as
that of the preceding.

* The argument, caufa fufficicns, ot fufficient reafon, is a fort of
jargon introduced by fome metaphyficians in the beginning of the
prefent century, which has ftill it’s advocates on the continent.
To conclude that a thing is fuch becaufe we fee no fufficient rea-
fon to the contrary, is, indeed, a firange method of reafoning.
What can be more, prepofterous than to employ our ignomncé as
the infirument of difcovering truth? And yet this is the plain
ftatement of the argument. The inftance mentioned in the text,
is a noted one, though the ingenious Father Bofcovick remarks,
that any inference whatever may with equal juftice be drawn from
the fame premifes. Thus, we may fay, that no fufficient reafon
can be given that a moving body A fhould approach a point B,
rather than recede from it; it will, therefore, keep conftantly at
the fame diftance, and, confequently, defcribe a circle about that
point. Hence bodies move not in ftraight lines, but in circles.
In the fame manner we might fay that motion is not uniform, and
indeed prove any thing we pleafe. The fa& is, that we derive no
part of our knowledge from any abftract reafoning on the nature
of things.

. From
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» From what I have juft faid of ‘the uniformity of
motion, it is eafy to comprehend what is not uniform
motion; for when the velocity of a body is not equal,
it’s motion. is not uniform. When the velocity of a
body goes on increafing, it’s motion is faid to be ac-
eelerated, and when it is continually diminithing, we
fay it is retarded. In this laft cafe, the velocity may
come to be retarded to fuch a degree, that the body
fhall at length come to a ftate of reft.

- Having made thefe remarks on the velocity and
direction of moving bodies, I return to the cafe of a
folitary body, which I fuppofe to be put in motion
by any caufe whatever. As foon as it has begun
to move, it muft have acquired a certain dire&ion,
and a certain velocity : and the queftion is, Will it
afterwards preferve the fame direction and the fame
velocity ; or, Will it undergo fome alteration? We
cannot affirm that it will be reduced to a ftate of reft
in an inftant, for, in this cafe, it could not have had
any motion, all motion fuppofing duration, however
thort.” Now, as long as the motion lafts, it is cer-
tainthat the direction will remain the fame.

In truth, it is impoffible to conceive why the body
thould go out of it’s road, to one fide rather than to
another ; and, as-nothing comes to pafs without rea-
fon, it follows, that the body in queftion will always
perfevere in the fame direétion, or, that it’s motion
will proceed in a firaight line, which is a great ftep
made toward the decifion of the queftion. )
- It is likewife maintained, that the velocity of the

T3 body,

L]
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body, of which I fpeak, cannot change: for in tBat
cafe it muft either increafe or diminifh, and no rea
fon can be affigned capable of producing this change.
‘Hence it is concluded, that this body will alwaya
continue to move with the fame velocity, and in the
fame dire&ion, or that it will proceed continually in
the direttion of a ftraight line, without ever deviat.
ing from it, and always with equal fpeed. This mo-.
tion will be performed, then, always in a ftraight
line, and with an equal velocity, without ever being
flackened or retarded; the body, therefore, will
never be reduced to a ftate of reft.

What has been faid of a body, which I have fup- -
pofed falitary, would happen in like manner to our
globe, if no other bodies had any influence upon it,
for then it would be the fame thing as if they did
not exift. The queftion, then, is refolved. A body
in motion will always preferve it in the fame direc-
tion, and with the fame velocity, unlefs fome exter.
nal caufe interpofe, capable of altering it’s mation.
8o long, therefore, as a body is not fubjec to the ac-
tion of fome external caufe, it will remain at reft, if
it has once been in a ftate of reft ; or will be moved
in the diretion of a ftraight line, and always with
the fame velocity, if it has once.been put in motion;
and this is the firft and principal law of nature on
which the whole {cience of motion muft be founded.

From it we deduce at once this conclufion, that as
often as we fee a body which was at reft put in mo-
tion, or a body moving in a curve line, or whofe ve-

' locity
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Yocity changes, it is certain, that an external caufe
- afs upon it. No change can poffibly take place
cither as to dire@ion or velocity, but what is the
operation of a foreign caufe.

12 November, 1760.

e © A © EBmeeee
LETTER LXXIIL

Prinapal Law of Mation and Ref: Difputes of Philoe
" . fophers on the Subject. .

WITH whatever folidity this principle is eftab-
lithed, that every body put in motion conti-
pues to move in the fame direGtion, and with the
fame velocity, unlefs fome exterior caufe interpofe
to derange this motion; it has, neverthelefs, been
.combated by certain philofophers, who have never
made any great progrefs in the fcience of motion;
while thofe to whom we are indebted for all the
great difcoveries which have been made in this
fcience, unanimouily agree, that all their refearches
have proceeded entirely on this principle. It is at-
tacked by two fecs of philofophers, whofe objections
I proceed to propofe, and fhall endeavour to refute.
It is alleged by the one, That all bodies have a
propenfity to reft, which is their natural ftate, and
that motion is to them a ftate of violence; fo that
when a body is put in motion, it has a tendgncy,

from it’s very nature, to return to the ftate of reft;

and that it makes cvery effort to deftroy it’s motion,
T4 indepen- -
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independently of every external or foreign caufe.
They allege, in proof, experience, {o convincing, ac- -
cording to them, that we know of no motion in na-

ture that does not very fenfibly betray this reluc-

tance. Do we not fee, fay they, on the billiard table,

that with whatever force we ftrike a ball, it’s motion

is quickly flackened, and it foon returns to a ftate of -
reft. As foon as the motion of a clock ceafes to be

kept up by the external force which fet it a going,

it ftops. It is remarked of all machines in general,

that their motion lafts no longer than the external

powers by which they arc agitated. Hence they

conclude, that a body put in motion is fo far from

preferving it from any thing in it’s own nature, that, -
on the contrary, an external force muft be employed
to keep it up.: ‘

You mutt be fenfible that, if this conclufion is juft,
our principle is completely fubverted ; as, in virtue
of this principle, the ball and the machines in quef-
tion, once put in motion, muft always preferve the
fame, unlefs external caufes have occafioned fome
change in it. Thus, in the experiments referred to, -
had there been no external caufe which tended to
deﬁroy the motion, we fhould have been under the
neceflity of abandoning our principle.

But, if we attend to every thirg, we fhall find fo
many obftacles oppofed to the motion, that we need
no longer wonder it thould be fo fpeedily extinguith-
€d. In fa, it is firft the frition on the billiard
table which diminiihes the motion of the ball, for it
<Ennot advance without rubbing againft the cloth.

: Again,
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Again, the air'being a fubftance, caufes likewife a re-
fiftance capable-of diminifhing the motion of bodies.’
To be convinced of this, you have only to move
your hand rapidly through the air. It is evident,
* then, that in the cafe of the billiard table, it is the
friction and the refiftance of the air which counterad@
the motion of the ball, and foon reduce it to a ftate
of reft. '
" Now, thefe caufes are external, and it is eafily
comprehenfible that, but for thefe obftacles, the mo- -
tion of the ball muft have always continued. The -
fame reafoning is applicable to machines of all kinds,
in which the frition which a&s on the different
parts is fo confiderable, that it is vifibly a very fuf-
ficient caufe of foon reducing the machine to reft.
- -Having, then, difcovered the real caufes which
produce, in the cafes alleged, the extin@tion of mo-
tion, and that thefe caufes are external, and not re-
fident in the moving body, it is evidently falfe; that
‘bodies have in their nature a propenfity to reft. Our
principle, therefore, fubfifts in full force, and even
.acquires additional firength from the preceding ob-
je&tions. Every body, then, always preferves the
" motion which it has once received, unlefs foreign
caufes interpofe to change the direction or the velo-
city, or both at once. And thus we have got rid of
one-phalanx of the adverfaries who combat our prin-
ciple.
. The other is more formldable, for they are no lefs
than the celebrated Woliian philofophers. They do
not, indeed, openly declare againft our principle, nay
S they
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they even exprefs much refpe@ for it; but they ad-
vance others which dire@ly oppofe it.

They maintain, That all bodies, in virtue of their
pature, are making continual efforts to change theirg
fate ; that is, when they are at reft, they make an,
effort to move ; and, if they are in motion, make
continual efforts to change their velocity and direc.
tion. They allege nothing in proof of this aflertion,
except certain crude reafonings, drawn from their
fyftem of metaphyfics, which I fhall hereafter take
occafion to lay before you. I only remark, at pre-
fent, that "this opinion is contradied by the prin.
ciple which we have fo firmly eftablifhed ; and by
experience, which is in perfet conformity with it.

In fad&, if it be true that a body at reft remaips,
in virtue of it’s nature, in that.ftate, it muft be un-
doubtedly falfe that it thould make, in virtue of it’s
nature, continual efforts to change it’s flate. And
if it be true that a body in motion preferves, in vir-
tue of it’s nature, this motion, in the fame dire&ion,
and with the fame velocity, it is impoflible that the
fame body thould, in virtue of it’s nature, be making
sontinual efforts ta change it’s motion.

Thefe philofophers, in attempting to maintain, at
* the fame time, the true principle of motion, and their
own abfurd opinion, have fallen into felf-contradic-
tion, and thereby fubverted their own fyftem. It is,
therefore, placed beyond the reach of difpute, that
our principle is founded in the very nature of body,
and that whatever is contrary to it ought fo be ba-
nifhed from found philofophy : and this fame prin-

: ciple
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ciple enables us to clear it of certain fubtilties in
which it has been involved.

This principle is commonly exprefled in the two
following propofitions : Firft; 4 body once at reft will
remain eternally at reft, unlefs it be put in’ motion by fome
external or foreign caufe: Secondly; A body once in
mation will preferve it eternally, in the fame direction,
@nd with the fame velocity ; or will proceed with an uni-

Jorm motion, in a firaight line, unlefs it is difturbed by
_fome external, or foreign caufe. In thefe two propofi-
tions confifts the foundation of the whole fcience of
motion, called mechanics.

42b November, 1760.

eGP § o) O QMtece.

LETTER LXXIV.
Of the Inertia of Bodies : Of Powers.

S we fay, that a body, fo long as it is at reft, re.
mains in the fame ftate, fo we likewife fay of a
body in motion, that as long as it moves in the fame
diretion, and with the fame velocity, it remains in
the fame ftate. To continue in the fame ftate, then,
fignifies nothing more than to remain at reft, or to
preferve the fame motion.
This manner of fpeaking has been introduced for
the purpofe of exprefling more fuccin@ly our grand
. principle, that every body, in virtue of it’s nature,
preferves itfelf in the fame ftate, till an extraneous
caufe come to difturb it, that is, to put the body in
motion when at reft, or to derange it’s motion.
: It
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It muft not be imagined that a body, in order to
preferve the fame ftate, muft remain in the fame
place; this, indeed, is the cafe when the body is at
reft ; but when it moves with the fame velocity, and
in the fame dire&ion, we fay, equally, that it conti.
nues in the fame ftate, though it is every inftant
changing it’s place. It was neceflary to make this
remark, to prevent the poffibility of confounding
change of place with that of ftate. If it be now
afked, Why bodies continue in the fame ftate? The -
anfwer muft be, that this is in virtue of their pecu-
liar nature.

All bodies, in as far as they are compofed of mat-
ter, have the property of remaining in the fame
ftate, if they are not drawn out of it by fome exter-
nal caufe. This, then, is a property founded on the
nature of bodies, by which they endeavour to pre-
ferve themfelves in the fame fate, whether of reft or
motion. This quality with which all bodies are én-
dowed, and which is effential to them, is called iner-
tia,* and it enters as neceffarily into their conftitu-
tion as extenfion and impenetrability ; to fuch a de-

* We have already in common ufe, in our own language, the
adje&@ive inert, and the adverb irerfly, and their meaning is gene-
nlly underftood. But hitherto ro author of name, except in works

‘philoﬁ)phy, hLas ventured to introduce the correfpondent fub-

ive noun into general compoiition, much lefs to clothe it with
.nglith form. The Latin term irertia is, theretore, retained in
vanflation. The linguift and the philofapher need no inter-
ion. The unlearned reader is referred to what Mr. Euler
n the context, or to the explanation of foreign and icientific

18 affixed to this work.—E. E.
gree,
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gree, that it would be impoffible for a body to- ¢x1{t,
. divefted of this inertia.
This term Wwas firlt introduced into phllofophy by
. thofe who.maintained that all bodies have a propen-
fity to reft. They confidered bodies as fomewhat re-
fembling. indolent perfons, who- prefer reft to exer-
' tion, and afcribed to bodies an averfion to motion,
~ fimilar to that which {luggards have for labour ; the
term inertia fignifying nearly the fame thing as flug-
. -gifhnefs. But though the falfenefs of this opinion
‘has been fince deteted, and though it is certain that
bodies remain equally in their {tate of motion, as in
that of reft, yet the term inertia has been fiill re-
tained to denote in general the property of all bo-
.dies to continue in the fame ftate, whether of reft or -
of motion.*

Thc exactidea of inertia, therefore, is a repugnance
0 every thing that has a tendency to change the
. ftate of bodies; for as a body, in virtue of it’s na-
ture, preferves the fame ftate of motion, or of reft,
and cannot be drawn out of it but by external caufes,,
it follows that, in order to a body’s changing it’s

* The diftinguithing property of inanimate matter is it’s abfo-

‘lute paffivenefs or want of difpofition to change it’s ftate, whether

. that of reft, or of motion. The term inertia is improper, fince i¢

-conveys an idea of fluggithnefs, or a reluctance to be put in mo-~

. tion; whereas bodies are obedient to the fmalleft impulfe, and the

aion generated is ever proportioned to the force. The expreflion

it inertie, commonly ufed, is really a contradiCtion of terms.

Indeed, it would be no differvice to natural philofophy, if the law

that « aétion and re-action are equal and oppofite,”” were eritircly
omitted.—E. E. ‘

t C -

Mtate,
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flate, it muft be forced out of it by fome external
caufe : without which it would always continue in
the fame ftate. Hence it is, that we give to this ex-
ternal caufe the name of powvr or force. It is a terin
in common ufe, though many by whom it is emx
ployed have but a very imperfe& idea of it.

From what I have juft faid you will fee that the
word force fignifies every thing that is capable of
changing the ftate of bodies. Thus, when a body
which has been at reft is put in motion, it is a foroe
which produces this effect ; and when a body in mo-
tion changes it’s ‘dire&ion, or velocity, it is likewife
2 force which produces this change. Every change
of dire&ion, or of velocity, in the motion of a body,
Tequires either an increafe or a diminution of force.
Such force, therefore, is always out of the body
whofe ftate is changed ; for we have feen that a body
left to itfelf, preferves always the fame ftate, unlefs a
force from without aéts upon it.

Now, the inertia by which a body tends to pre-
ferve itfelf im the fame flate, exifts in the body itfelf,
and is an eflential property of it: when, therefore,
an external force changes the ftate of any body, the
inertia which would maintain it in the fame fate,
oppofes itfelf to the altion of that force; and hence
we comprehend, that the inertia is a quality fufcep-
tible of meafurement, or that the izertia of one body
may be greater or lefs than that of anothér body.

But bodies are endowed with this inertia in as far
as they contain matter. It is even by the inertia, or
the refiftance which they oppofe to every change of

{ftate,
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Rate, that we judge of the quantity of a body ; the
inertia of a hody, accordingly, is greater in propor-
tion to the quantity of matter which it contains.,
Hence we conclude, that it requires a-greater force
to change the ftate of a great body, than that of a
{mall one; and we go on to'conchude, that the gredt
‘body contains more matter than the fmall éne. It
fitay even be affirmed that this- fingle circamftance,
the inertia, renders matter fenfible to us.

- Tt is evident, then, that the inertia is fufceptible of
‘meafarement, and that it is the fame with the quan-
tity of matter which a body contains: das we deno-
-inate, likewife, the quantity of matter in a body,
it’s mafs, the meafure of the inertiais the fame 23
that of the mafs.

To this, then, is reduced our knowledge of bodies
in-general. Firft, we know, that all bedies have an
extenfion of three dimenfions; fecondly, that they
‘ai'e impenetrable; and hence refults their general
i , known by the name of inértia, by which
‘they p\'efcrvc themfelves in their ftate; thatis, when
a'body is at reft, by it’s inertia it remains fo; and
wheén it is in motion, it is likewife by it’s inertia that
it continues to move with the fame velocity, and in
the fame dire@tion; and this -prefervation of the
fame ftatt lafts till fome external caufe interpofe to
produce a change in it. As often as the ftateof a
body chinges, we muft never look. for the caufe of
fuch change in the bedy itfelf; it exifts always out
of the body, and this is the juft idea which' we muft
form of i power or force. _ _

81b November, 17600 '
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LETTER LXXV.
Changes which may take place in the State of Bodies, |

THE fundamental principle of mechanics, with
the idea of inertia, which I have endeavoured
to explain, enables us to reafon on folid: ground re:

fpeting various phenomena prefented to s in na-

ture. On feeing a body in motion, which fhould

-proceed uniformly in a ftraight line, that is, which -
-thould preferve the fame direction, and the fame ve- -
locity, we would fay, that the caufe of this continu.
-ation of motion is not to be found out of the body,
but that it is founded in it’s very nature, and that,
in virtue of it’s fnertia, it remains always in the fame.
ftate; as we would fay, were the body at ref, that
this took place in virtue of it’s inertia.

We would likewife be right in faying that thls
body undergoes no action from any external caufe;
or, if any fuch exifted, that thefe powers reciprocally
deftroyed each other in fuch a manner that the body
is in the ftate in which it would be if no force a&ed
upon it.

If it is afked, then, Why the body contmucs to
move in this manner ? The anfwer is obvious. But
if it is afked, Why this body hLas begun thus.to
move ? The queftion is totally different. It muft be
faid, that this motion has been imprefled upon it by
fome ex ternal force, if it was before at reft; but it
would e impoflible to affirm any thing with cer-

tainty
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‘tainty refpecting the quantity. of that force, becaufe,
perhaps, no traces of it remain. It is, therefore;,
abundantly ridiculous to afk, Who imprefled motion
on every body at the beginning of the world? Or,
Who was the prime mover? Thofe who put the
queftion admit, then, a beginning, and, confequently,
a creation ; but they imagine that God created all
bodies at reft. Now, it may be anfwered, That he
who could create bodies could imprefs motion upon
them. Iafk them, in my turn, If they believe it to
be more eafy to create a body at reft than in motion?
“They both equally require the omnipotence of God,
and this queftion belongs not to the province of phi-
lofophy.
" But when a body has once received motion, it
preferves that motion by it’s own nature, or by it’s -
inertia, in the fame ftate in which it muft conftantly
remain, until a force, or fome foreign caufe, oppofe
an obftacle to it.  As often, then, as we obferve that
a body does not remain in the fame ftate, that a
- body at reft begins to move, or that a bodyin mo-
tion changes it’s direction, or velocity, we tnuft ad-
mit that this change has it’s caufe out of the body,
~ and that it is ocecafioned by a foreign force. Thus,
as a ftone, left to itfelf, defcends, the caufe of that .
defcent is foreign to the body, and it is not from it’s
own nature that the bedy defcends, tut from the ef-
fect of a foreign caufe, to whlch we give the name
of gravity. :
* Gravity, then, is not an intrinfic property of tody;
-Vor. L - U it
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it is rather the effect of a foreign force, the fource of
which muft be fought for out of the body. This is
geometrically true, though we know not the foreign
forces which occafion gravity. It is the fame when
we throw a ftone. We {fee clearly, that it does not
follow, in it’s motion, the direftion of a firaight
line, and that it’s velocity does not always continue
the fame. It is gravity, likewife, which changes the
direction or the velocity of the body; but for it,
the ftone would defcribe a ftraight line in the air,
and proceed forward with the fame velocity ; and
were gravity to be fuddenly annihilated, during the
motion of the ftone, it would continue to move in a.
ftraight line, and would preferve the fame dire&ion,
and the fame velocity, which it had at the inftant.
when gravity ceafed to a& upon it. '

But as gravity ats continually, and upon all bodies,
we need not be furprized, that we meét with no mo-
tion in which the dire&ion and the velocity continue
the fame. The cafe of reft may very well take place;
it is when fomething invincibly oppofes the fall of a
body ; thus the floor of my apartment prevents my
falling into that below it. But the bodies which ap-
pear tous at reft, arc carried along by the motion of
the earth, which is neither redilinear nor uniform:
it cannot be affirmed, thercfore, that thefe bodics re-
main in the fame ftate. Neither is there one of the
heavenly bodies which moves in a ftraight line, and
always with the fame velocity : they are continually.
‘changing their ftate ; and even the forces which pro-

o duce
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duce this continual change are not unknown to us;
they are the attra&tive powers which the heavenly
bodies exercife over one another. ) ,

1 have already remarked, that thefe forces may,
very probably, be caufed by the fubtile matter which
furrounds all the heavenly bodies, and fills the whole'
~ {pace of the heavens; but, according to the opinion

of thofe who confider attraction as a power inherent

in matter, this force is always foreign to the body on
which it a&ts. Thus, when we fay the earth is at-
tracted toward the fun, it-is acknowledged, that the
force which ats upon the earth is not.refident in the

earth itfelf, but in the fun; as in fa&, if the fun did

not exift, there would be no fuch force. .

This opinion, however, that attraction is eflential
to all matter, is fubje& to fo many other inconveni-
ences, that it is hardly poffible to allow it a place ina
rational philofophy. It is certainly much fafer to

- proceed on the idea, that what is called attraction, is

a power contained in the fubtile matter which fills

the whole fpace of the heavens; though we cannot

tell how. We muft accuftom ourfelves to acknow-
‘ledge our ignorance on a variety of other important
fubjedts.

" 11th November, 1760,

Uz ~ LETTER
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LETTER LXXVL
Syftem of the Monads of Wolff. .

EFORE 1 attempt to make you fenfible of the
truth of the principle, that all bodies, of them-
felves, always preferve the fame ftate of reft, or mo-
tion, I muft remark, that if we confult experience
~ enly on the fubjet, without thoroughly inveftigating
it by the powers of reafoning, we would be difpofed
to draw the direétly oppofite conclufion, and to main-
tain, That bodies always have a propenfity to be con-
tinually changing their ftate; as we fee nothing in
the whole univerfe, but- a perpetual change .in the
ftate of bodies. But we have juft fhewn what are
the caufes which produce thefe changes, and we are
aflured, that they are not to be found in the bodies
whofc ftate is changed, but out of them.

The principle, then, which we have eftablifhed, is
fo far from being contradicted by experience, that it
is, on the contrary, confirmed by it. You will eafily
judge from this, how feveral great philofophers,
mifled by an experience not accurately underftood,
have fallen into the error of maintaining, That all
‘bodics are endowed with powers, difpofing them
continually to change their ftate.

Itis thus that FFo/ff has reafoned. He fays: 1. Ex-
perience fhews us all bodies perpetually changing
their ftate; 2. Whatever is capable of changing the
ftate of bodies, is called force; 3. All bodies, there-

fore,
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fore, are endowed with a force capable of changing
their flate; 4. Every body, therefore, is making a -
continual effort to-change; 5. Now, this force be-
longs to body, only fo far as it contains matter ; 6. It
is, therefore, a property of matter to be continually
changing it’s own ftate ; 7. Matter is a compound of
a multitude of parts, denominated the elements of
matter ; therefore, 8. As the compound can have no-.
thing but what is founded in the nature of it’s ele-
ments, every elementary part muft be endowed with
the power of changing it’s own ftate.

Thefe elements are fimple beings ; for if they were
compofed of parts, they would be no longer elements,
but their parts would be fo. Now, a fimple being s
likewife denominated monad; every monad, there-
fore, has the power of continually changing it’s ftate,
Such is the foundation of the fyftem of monads,
which you may have heard mentioned, though it
does not now make fuch a noife as it formerly did.
I have marked by figures the feveral propofitions on
which it is eftablithed, for the purpofe of making a
more diftinét reference, in the refleGtions I mean to
make upon them. '

_ I have nothing to fay refpecting the firft and fe-

cond ; but the third is very equivocal, and altogether .
falfe, in the ‘fenfe in which it is taken. Without
meaning to fay, that the forces which change the
ftate of bodies, proceed from fome fpirit, I readily
agree, that the force, by which the ftate of every body
‘is changed, fubfilts in body, but, it being always un-
derflood, that it fubfifts in another body, and never
' Uj in
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in that which undergoes the change of ftate ; which
" has rather the contrary quality, that of perfever-
ing in the fame ftate. In fo far, then, as thefe forces
- {fubfift in bodies, it ought to be faid, that thefe bodies,
as long as they have certain connedtions with each
other, may be capable of fupplying forces by which
the ftate of another body is changed. It follows,
that the fourth propofition muft be abfolutely falfe ;
and the refult, from all that went before, rather is,
that every body is endowed with the power of re-
maining in the fame ftate, which is directly the op.
pofite of the conclufion which thefe philofophers have
drawn. :

. And I muft here remark, that it is rather abfiird
to give the name of force to that quality of bodies
by which they remain in their ftate; for if we are
to underftand by the term force every thing that is
capable of changing the ftate of bodies, the quality
by which they perfevere in their ftate, is rather the
oppofite of a force. It is, therefore, by an abufe of
language, that certain authors give the name of force
to the inertia, which is that quality, and which they
denominate the inert force.

But, not to wrangle about tcrms, though this abufe
may lead to very grofs crrors, I return to the fyftem
of monads: and as propofition 4, is falfe, thofe that
follow, which are fucceffively founded upon it, muft,
of neceffity, be fo too. It is falfe, then, likewife, that
the elcments of matter, or monads, if fuch there be,
are poflefifed of the power of changing their ftate.
The tryggn is rather to be founded in the oppofite

quality,
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quality, that of perfevering in the fame ftate; and
thereby the whole fyftem of monads is completely
fubverted. : '
Thefe philofophers attempted to reduce the ele-
ments of matter to the clafs of beings, which com.
. prehends fpirits and fouls, endowed, beyond the
power of contradiction, with the faculty of changing
their ftate ; for, while I am writing, my foul conti-
nually reprefents other objes to itfelf, and thefe
changes depend entirely on my will: I am thoroughly
convinced of it, and not the lefs fo, that I am maf-
ter of my own thoughts ; whereas the changes which
take place in bodies, are the effect of an extraneous
force.

Add to this, the infinite difference between the
ftate of body, capable only of one velocity and of ane
dire@ion, and the thoughts of fpirit, and you will

' be entirely convinced of the falfehood of the fenti-
ments of the materialifts, who pretend that fpirit is
only a modification of matter. Thefe gentlemen
have no knowledge of the real nature of bodies.

15th 'Nwemb:r, 1760. :

o ®
>3

LETTER LXXVIL

Origin and Nature of Powers:

T is, undoubtedly, very furprizing, that, if every

L body has a natural difpofition to preferve itfelf
in the fame ftate, and even to oppofe all change, all
the bodies in the univerfe thould, neverthelefs, be
Ug continually



296 ORIGIN AND NATURE OF POWERS.

continually changing their ftate. We are well affured,
that this change can be produced only by a force
not refident in the body whofe ftate is changed.
Where, then, muft we look for thofe powers, which
produce the inceffant changes that take place in all
the bodies of the univerfe ; and which are, neverthe:
lefs, foreign to body?

Muft we then fuppofe, beiides thefe exifting bodies,
particular beings which cortain thofe powers? Or,
are the powers themfelves particular fubftances exift-
ing in the world? We know but of two kinds of
beings in it, the one which comprehends all bodies,
and the other all intellectual beings, namely, the
fpirits and fouls of mexn, and thofe of animals. Muft
we eftablith, then, in the world, befides body and
ipirits, a third fpecics of beings, under the name of
power, or force? Or, are they #pirits which mceﬂmﬂy
change the ftate of bodies ?

Both of thefe labour under too many difficulties
to be haftily adopted. Though it cannot be denied,
that the fouls of men, and of beafts, have the power
of producing changes in their bodies, it were, how-
ever, abfurd to maintain, that the motion of a ball,

nlliard table, was retarded and deftroyed by
"3 or that gravity was produced by a fpirit
1g bodies downward ; and that the
hich, in their motion, change both
ity, were fubjeted to the action
g to the fyftem of certain ancient
affigned to each of the heavenly
lngel, who directed it’s courfe.
Now,
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. Now, on reafoning with folidity, refpecting the
‘phenomena of the univerfe, it muft be admitted,
that, if we except animated bodies, that is, thofe of
" men and beafts, every change of ftate which befalls
other bodies, is produced by merely corporeal caufes,
in which fpirits have no fhare. The whole quef-
tion, then, is reduced to this, Whether the forces
which change the ftate of bodies, exift feparately,
and contftitute a particular fpecies of beings, or whe-
ther they exift in the bodies ?

This laft opinion appears, at firft fight, very unac-
countable ; for if all bodies have the power of pre-
ferving themfelves in the fame ftate, how can it be

poflible they thould ‘contain powers that have a ten-
* - dency to' change it? You will not be furprized to

bear, that the origin of force has, in all ages, been a
ftumbling-block to philofophers. They have all con-
fidered it as the greateft myftery in nature, and as
likely to remain for ever impenetrable. I hope,
however, I fhall be able to prefent you with a folu-
tion, fo clear of this pretended myftery, that all the
difficulties which have hitherto appeared infurmount-
able, thall wholly vanifh.
- I fay, then, that however ftrange it may appear,
this faculty of bodies, by which they are difpofed to
preferve themfelves in the fame ftate, is capable of
fupplymg powers which may change that of others.
I.do not fay, that a body ever changes it’s own itite,
but that it may become capable of changing that of
another. In order to enable you to get to the bot-
“tom of this myﬁcry, refpecting the origin of force,

1\.

~
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it will be fufficient to confider two bodies, as if no
others exifted.

Let the body A ("plate IIL. fig. 4.) be at reft, and let
the body B have received a motion in the dire&ion.
B A, with a certain velocity. This being laid down,
the body A is difpofed to continue always at reft;
and the body B to continue it’s motion along the
ftraight line B A, always with the fame velocity, and
both the one and the other in virtue of it’s inertia.
The body B will, at length, then come to touch the
body A. What will be the confequence? As long as
the body A remains at reft, the body B could not
continue it’s motion, without pafiing through the
body A, that is, without penetrating it; it is im-
pofiible, then, that each body fhould preferve itfelf
in it’s ftate, without the one’s pcnetrating the other.
But this penetration is impoffible ; impenetrability
being 2 property common to all bodies.

It being impofiible, then, that both the one and the
other fhould preferve it’s ftate, the body A muft ab-
folutely begin to move, to make way for the body
B, that it may continue it’s motion; or, that the
body B, having come clofe to the body A, muft have
it’s motion deftroyed ; or, the fiate of both muft be
changed, as much as is neceflary, to put them in a

dition to continue, afterward, each in his proper
- without mutual penetration.

her the one body, therefore, or the other, or

) muft apfolutely undergo a change of their

>and the —aufe of this change, infallitly exifis in

imPeﬂetrab __Slity of the bodies themielves; fince

every
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every caufe, capable of changing the ftate of bodies,
is demonftrated foree, it is then, of neceffity, the im-
penetrability of the bodies themfelves, which pro-
duces the force, by which this change is effected.

In fa&, as impenetrability implies the impoffibility,
that bodies thould mutually penetrate, each of them
oppofes itfelf to all penctration, even in the minuteft
parts ; and to oppofe itfelf to penetration, is nothing
elfe, but to exert the force neceflary to prevent it.
As often, then, as two or more ‘bodies cannot pre-
ferve themfelves in their ftate, without mutual pene-
tration, their impenetrability always exerts the force
neceflary to change it, as far as is requifite, to pre-
vent the flighteft degree of penetration.

The impenetrability of bodies, therefore, contains
the real origin of the forces, which are continually
" changing their ftate in this world: and this is the
true folution of the great myftery, which has per-
plexed philofophers fo grievoully.

181b November, 1760.

LETTER LXXVIL

The fume Subject. Principle of the leaft poffible Afion.

-Y' OU have now made very confiderable progrefs
in the knowledge of nature, from the explana-

tion of the real origin of the powers capable of
changing the ftate of bodies; and you are, at pre-
fent, in a condition eafily to comprehend, why all
thofe
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‘When, therefore, a fmall force fuffices to prevent pe-
netration, impenetrability exerts that, and no more;
but when a great force is neceflary for this purpofe,
impenetrability is ever in a condition to fupply it.

- Thus, though impenetrability fupplies thefe powers,
it is impofiible to fay, that it is endowed with a de~
terminate force; it is rather in a condition to fupply
all kinds of force, great or fmall, according to cir-
. ¢umftances; it is even an inexhauftible fource of
them. - As long as bodies are endowed with impene-
- trability, this is a fource which cannot be dried up;

this force abfolutely muft be exerted, or bodies muit
mutually penetrate, which is contrary to nature.

- It ought, likewife, to be remarked, that this force
is never the effet of the impenetrability of a fingle
body; it refults always from that of all bodies at
once, for if one of the bodies was penectrable, the
penetration would take place, without any need of a
power to effect a change in their ftate. When, there-
fore, two bodies come into contaét, and when they

‘aannot continue in their ftate without penetrating
each other, the impenetrability of both a&s equally ;
and it is by their joint operation, that the force ne-
ceflary to prevent the penetration is fupplied:. we
then fay, that they a& upon each other, and that the

. force, refulting from their impenetrability, produces
this effe®. This force ats upon both of them ; for
as they have a tendency toward mutual penetration,

2t repels both the one and the other, and thus pre- '
vents their penetration.

Ta
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It is certain, then, that bodies may a& upon each
other ; and we fpeak {o frequently of this a&tion, as
when two billiard balls clafh, it is faid, the one a&s
upon the other, that you muft be well acquainted
with this mode of expreflion: But it muft be care-
fully remarked, that, in general, bodies do not a&
upon each other, but in fo far as their ftate becomes
contrary to impenetrability ; from whence refults a
force capable of changing it, precifely fo much as is
neceflary to prevent any penetration ; fo that a fmall
force would not have been fufficient to produce this
effect.

It is very true, that a greater force would, like-
wife, prevent the penetration ; but when the change
produced in the ftate of bodies is fufficient to pre-
vent mutual penetration, the impenetrability a&s no
farther, and there refults from it the leaft force that
is capable of preventing the penetration. Since,
then, the force is the fmalleft, the effe& which it pro-
duces, that is, the change of ftate which it operates,
in order to prevent penetration, will be proportional;
and, confequently, when two or more bodies come
into contad, fo that no one could continue in it’s
ftate without penetrating the others, 2 mutual a&ion

off: take place, which is always the fmalleft that

of preventing penetration.
find here, therefore, beyond all expecta- -
ndation of the fyftem of the late Mr.
» fo much cried up by fome, and fo vio-
«d by others. His principle is, that of
the
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the leaft poffible action; by which he means, that,
in all the changes which happen in nature, the caufe
which produces them, is the leaft that can be.

" From the manner in which I have endeavoured to
unfold this principle to you, it is evident, that it is
perfedly founded in the very nature of body, and
that thofe who deny it, are much in the wrong,
‘though ftill lefs than thofe who would turn it into
ridicule. You will already, perhaps, have remark-
ed, that certain perfons, no great friends to Mr. de
Maupertuis, take every opportunity of laughing at
the principle of the leaft poffible action, as well as at
the hole continued down to the centre of the earth;
but, fortunately, truth fuffers nothing by their plea-
fantry.

~a2d Now. 1560.

LETTER LXXIX.

On the Queftion, Are there any other Species of Powers?

THE origin of powers, founded on the impene.
trability of bodies, which I have been endea-
vouring to explain, is by no means inconfiftent with
the opinion of thofe who maintain, that the fouls of *
men, and thofe of beafts, have the power of acting
on their bodies. There is nothing to hinder the
. exiftence of two kinds of power, which produce all
the changes that take place in the world; the one
corporal which derives it’s origin from the impe-.
netrability



304 SPECIES OF POWERS,

netrabihty of bodies: and the other fpiritual, whicl
the fouls of animals exercife over their bodies : but
this laft power operates only upon animated bodies
and the Creator has fo clearly diftinguithed it from
the other, that it is not perrnitted in philofophy, to
confound them.

But this diftinétion greatly embarraﬁ'es thofe, who
confider attraction as an inherent quality of bodies ;
for, if they a&t upon each other, only to maintain
their impenetrability, attraGtion cannot be referred
to this cafe. -Two diftant bodies may preferve each
it’s ftate, without at all interefting their impenetra-
bility, and without there being any reafon, of con-
fequence, why the one ‘thould aét upon the other,
even by attracting it.

Attraction, therefore, ought to be referred to a
third fpecies of power, which fhould be neither cor-
poreal nor fpiritual. But it is always contrary to
the rules of a rational philofophy to introduce a new
fpecies of powers, before their exiftence is incontef-
tably demonftrated. It would have been neceffary,
therefore, for this effe®, to have proved. beyond
contradiétion, that the power$ by which bodies mu-
tually attra&, could not derive their origin from the

btile matter which furrounds them ; but this im-
flibility is not yet demonftrated. It would appear,
the contrary, that the Creator has exprefsly filled
‘whole fpace of the heavens with a fubtile matter,
give birth 1o thefe powers, which impel bodies to-
td each onther, conformably to the law, before

lﬁed’ r ‘{pe&mg their impenetrability.
=2

In
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In fa@&, the fubtile'matter might very well have a
motion fuch as that a body in it thould not be able
to preferve it’s ftate, without being penetrated by
it ; and then this force muft be derived, as well from
the impenetrability of ‘the fubtile matter, as from
thiat of: the body itfelf. ,

"' Were there a fingle cafe in the world in which

. two bodies attracted each other, while the interme-
diate fpace was not filled with a fubtile matter, the
reality of attration might very well be admitted ;
but as no fuch cafe exifts, we have, confequently,

" reafon to doubt, nay, even to Tejett it. We know,

then, but two fources of all the powers which pro-
duce thefe changes, the 1mpenetrab1hty of body,
and the a&ion of {pirit.

The difciples of Wolff rejed, likewife, this law, and
maintain, That no {pirit, or immaterial fubftance,
can act upon a body ; and they are very much em-
barrafled, when it is alleged, that, according to them,
God himfelf, who is a fpirit, could not have the
power of a&ing upon bodies, which favours firengly .
of. atheifm. They are, accordingly, reduced to this
feeble reply, that it is by infinity God is able to aét
upon body ; but if it be impoffible for a fpirit, as a
fpirit, to a& upon a body, this impotence neceffarily
recoils'on God himfelf. .And who can deny, that
our foul acts upon our body? I am to fuch a degree
mafter of my members, that I can put them in ac-
tion'as I pleafe. The fame thing may be affirmed, |,
likewife, of the brute creation; and as, according
to the fyftem of Defcartes, at which we have good

Vor. L X oo rcafon
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reafon to {mile, beafts are mere machines, without
any feeling, like a2 watch, as the Wolfians Would have
it, men too are merely machines.

Thefe fame philofophers, in their fpeculatmns, g0,
likewife, fo far as to deny the firft fpecies of powers,
of which they know nothing. For, not being able
to comprehend how one body ats upon another,
they boldly deny it’s a&ion, and maintain, that alt
the changes which befall a body, are produced by it’s
own powers.

They are the philofophers whom I formerly men-
tioned, as denying the firft principle of mechanics,
rcfpcéhng the prefervation of the fame ftate, which
is fufficient to fubvert their whole fyftem. The er-
ror into which they have fallen,eas I have already
remarked, arifes from their reafoning inconclufively
refpecting the phenomena which bodies prefent to
us. They concluded precipitately, from obferving
almoft all bodies continually changing their ftate,
that they contained in themfelves the powers, by
which they inceffantly exert themfelves to change it,
whereas they ought to have drawn the direcly op-
pofite conclufion.

It is thus, that, by confidering objeds in a fuper-
ficial manner, we hurry into the grofleft errors. I
have already pointed out the defe@s of this reafon-
ing; but, once fallen into error, they have abandon-
ed themfelves to the moft abfurd ideas. They, firft,
afcribed thefe internal powers to the primary ele-
ments of matter, which, according to them, are con-

tinual efforts to change their ftate, and concluded -
: from
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from it, that all the cha/nges to which every element
is fubjected, are produced by it’s own power, and
that two elements, or fimple Leings, canuct aét upon
each other. This being laid down, it was neceffary .
to diveft fpirits, as fimple beings, of all power of act-
ing upoh body, excepting, however, the Supreme
Being ; and then, as bodies are compofed of fimple
beings, they were under the neceflity of denying, -
alfo, that bodies could a& upon each other.

" It was in vain to objc& to them, the cafe of bodies
which clafh, and the change of their ftate, which re-
fults from it. Obftinately prepoflefied in fuvour of -
the folidity of their reafoning, they fcorned to aban-
don it : they chofe rather to affiim, that every body,
‘from it’s own nature, produces the change which be-
falls it, and that the collifon has nothing to do with
it; that it is a mere illufion which makes us believe
‘the collifon to be the caufe of it ; and they go off in
triumph at the fublimity of a philofophy, fo far be-
.yond the comprehenfion of the vulgar. You are
now in a condition to eftimate it, according to it’s
real importance.

25th November, 1760.

s tnalES) § 30s @ E2Anmarm—

LETTER LXXX

~ Of the Nature of Spirits.

IFLA'ITER myfelf, that you are now convinced
~ & of the folidity of the reafonings, on which I have
eftablifhed the knowledge of bodies, and that of the

N - Xa powers
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powers which change the ftate of them. The whole
is founded on experiments the moft decifive, and ome
principles dictated by reafon. They involve no ab-
fu-dity, nor are they contradicted by other principles,
equally certain. It is not long fince any fuccefsful
progrefs was made in refearches of this kind. ' Such
firange ideas were, formerly, entertained refpefling
the nature of bodies, that all kinds of powers were
afcribed to them,. of which fome muft neceffarily de-
firoy the others.

Certain philofophers have even gone fo far, as to
imagine, that matter itfelf might be endowed with
the faculty of thought. Thefe gentlemen, known
" by the name of materialifts, maintain, that our fouk,
and all fpirits, in general, are material ; or rather,
they deny the exiftence of fouls and fpirits. But
when once we have got into the right road to the
knowledge of bodies ; the inertia, by virtue of which
they continue in their ftate ; and impenetrability, that
quality by which they are fubjefted to powers-ca-
pable of changing it ; all thofc phantoms of pewers,
to which I alluded, vanith away, and nothing appears
a more glaring abfurdity than to aflirm, that matter
is capable of thought.. To think, to judge, to rea-
{on, to poflefs mental fecling, to refle@t and will, are
qualitics incompatible with the nature of bodies ; and
beings invefted with them, muft be of a different na-
ture. Such are fouls and {pirits ; and He who pof- .
fefles thofe qualities in.the higheft degree, is Gop.

‘There is, then, an infinite difference between body

' {pirit. Extenfion, inertia, and impenetrability,

o qualities
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qualities which exclude all thought, are the pro-
. perties of body : but {pirit is endowed with the fa-
culty of thinking, of judging, of reafoning, of feel-
ing, of refleiting, of willing, or of determining, in
favour of one object preferably to another. There
is here neither extenfion, nor inertia, nor impenetra-
bility ; thefe material qualities are infinitely remote .
from f{pirit.

It is afked, What is a fpmt 48 acknowledge my ig-
norance in refpect of this, and [ reply, That we can-
not tell what it is, as we know nothing of the naturc
of fpirit.

But it is not the lefs certain, that this world con-

tains two kinds of beings; beings corporeal or mate-
'rial, and beings immaterial or fpiritual, which are of
a nature entirely different, as they manifeft them-
felves to us by properties which have no relation to
each other. Thefe two fpecies of beings are, never-
thelefs, moft intimately united, and upon their union,
principally, depend all the wonders of the world,
which are the delight of intelligent beings, and lead
them to glorify their CreaTOR. : ‘

It is certain, that fpirits conftitute the principal
pﬁ.rt of the world, and that bodies are introduced

~ into it merely to ferve them. For this reafon it is,
that the fouls of animals are in an union fo intimate
with their bodies. Not only do the fouls perceive
all the impreflions made upon their bodics 3 but they
have the power of acting upon thefe bodies, and of
~ producing in them correfponding changes : and thus
X3 they
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LETTER LXXXIL

Different Syftems, relative to this ASitbje&.

N order to elucidate the twofold union of foul and
body, we may compare the foul to a man, "who
contemplates, in a dark room, the external objeds,
~ and from their images derives the knowledge of what .
is pafling out of the room. The foul viewing, inlike
manner, if I may fo exprefs myfelf, the extremities of
the nerves, which unite in a certain part of the brain,
perceives all the impreflions made upon the nerves,
and arriwes at the knowledge of the external objeéts, -
which have made thefe impreflions on the organs of
fenfe. - Though we do not know wherein confifts
the refemblance of the impreffions made on the ex-
tremities of the nerves, with the objéds themfelves
which occafioned them, they are, however, very
proper to fupply thc foul with a very _]uﬁ idea of
‘them.

The a&tion by which the foul, operating on the
extremitics of the nerves, can put in motion, at plea-
fure, the members of the body, may be compared to
that of a player on puppets, who, by pulling a ftring,
makes them ftrut about, and move their limbs as he
pleafes. This comparifoh is, however, very imper-
fe, for the union of the foul and body is mﬁmtely
more intimate.

~_The foul is not fo indifferent, in refpe& of feeling,
the man placed in the dark room ; it is much mere
decply



'THE SOUL AND BODY. - 315

deeply interefted in what is going on. There are
fenfations highly agreeable to it, and others very dif-
agreeable, and even painful. What more difagree-
able than acute pain, though it proceed but from a
bad tooth? This, however, is no more than a nerve
irritated in a certain manner, and yet it excites, in
the foul, pain intolerable.
In whatever light we confider the ftri& union of
-foul and body, which conftitutes the eflence of a liv- -
ing man, it muft ever remain an inexplicable myf-
tery; and, in all ages, philofophers have taken fruit-
lefs pains, in the hope of arriving at a fatisfa¢tory folu.
tion. Various fyftems have been devifed in this view.
The firft is, that by which a real inflence is ef-
tablifhed of body on foul, and of foul on body ; fo
that the body, by means of the fenfes, fupplies the
foul with it’s firft perceptions of external things ;-
and that the foul, by acting 1mmedmtcly on the
-nerves, in their origin, excites in the body the mo-
tion of it’s members ; though it is, at the fame time,
acknowledged, that the manner of this mutual in-
fluence is abfolutely unknown to us.  'We mutt, un-
doubtedly, have recourfe to the omnipotence of God,
who has given to every foul, a power over the por-
tion of matter containing the ‘extremities of the
nerves of the body, fo that the power of every foul
1s reﬁri&egi to a fmall part of the body, whereas the
power of God extends to all the bodies of the uni-
verfe. This fyftem feems the moft conformable to
truth, though we are very far from pretending to
‘have a particular knowledge of it.

The
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The other two fyftems are the invention of philo-
fophers, who boldly deny the poflibility of a real in-
fluence of fpirit upon bodies ; though they are under
the neceflity of allowing it to the Supreme Being.
According to them, the body cannot fupply the foul
with the firft ideas of external things, nor the foul
produce any motion in the body.

One of thefe two fyftems was the invention of
Defeartes ; it goes by the name of the Jyftem of occa-
fional caufes. According to this philofopher, when
the organs of fenfe are excited by exterior’bodies,
-God immediately imprefles on the foul, at the fame
inftant, the ideas of thefe bodies; and when the foul
wills, that gny member of this body fhould move,
ftill it is God, who immediately imprefles, on that
member, the motion defired, but all the while, the
foul is in no manner of conneétion with it’s body.
It was, therefore, altogcther unneceffary, that the
bocy fhould be a machine of fuch admirable con-
ftruétion, as the dulleft mafs would have anfwered
the purpofe equally well.

This fyftem, accordingly, foon loft much of it’s
credit, when the celebrated Leibnizz fubftituted, in
it’s place, that of the pre-cftablithed harmony, which
you have, no doubt, frequently heard mentioned in
converfation.

According to this fyftem of pre-¢ftablifbed harmony,
-the foul and the body are two fubftances out of all
~ «onnection, and exercifing no manner of influence on

«ach other. "The foul is a fpiritual fubftance, which,
' ff om it’s own nature, receives, or affumes, all it’s
' ideas,
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ideas, it’s thoughts, it’s perceptions, without the
body’s having the leaft fhare in the matter; and
the body is a2 machine moft ingenioufly conftru&-
ed, like a clock, which produces all it’s motions,
in fucceffion, without any manner of influence on
the part of the foul. . But. God, having forefeen,
from the beginning, all the refolutions, which every
feul would at every inftant form, arranged the ma-
chine of the body, fo as that it’s motions thould, at
every inftant, harmonize with the refolutions of the
foul. Thus, when I at this moment raife my hand,
Leibnitz {ays, that God having forefeen my foul would
will, at this moment, my hand to be raifed, difpofed
the machine of my body in fuch a manner, that, in
virtue of it’s proper organization, my hand fhould
neceffarily rife at the fame inftant ; and, in like man-
ner, that all the motions of the members of the body
are performed in virtue of their proper organization,
which has been, from the beginning, fo difpofed, as
to be at all times in harmony with the determma-
tions of the foul. :

61 Deteméer, 1760

el o Xe © Crm———

L ETTER LXXXIIL

Examination qf tbe SMem of pre-efabli /bed Harmony.
An Objection to it.

HERE was a time, when the fyftem of pre-ef-

tablithed harmony had acquired fuch a high
reputatlon over all Germany, that to dare to call it -
. : in
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in queftion was to incur the imputation of ignorance,
or bigotry. The fupporters of this fyftem boafted,
~ that, by means of it, the omnipotence and omni-
{cience of the Supreme Being were fet in their cleareft
light, and that it was impoffible for any one, who
believed in thefe exalted perfections of God, to en-
tertain a doubt of the truth of this fublime fyftem.
In fa&, fay they, we fee, that poor, pitiful mortals,
are capable of conftruting machines fo ingenioutly,
as to fill the vulgar fpeQator with aftonifhment :
how much ftronger reafon, then, have we to admit,
that God having known, from all eternity, all that
my foul would with and defire, at_every inftant,
-fhould have been able to conftru& fuch a machine,"
which, at every inftant, thould produce motions con-
formable to the determinations of my foul? Now,
this machine is precifely my body, which is united
to my foul, only by this harmony ; fo that if the or-
ganization of my body were deranged to fuch a de-
gree, as to be no longer in harmony with my foul,
this body would no more belong to me, than the
body of a rhinoceros in the heart of Africa: and if,
in the cafe of 2 derangement of my body, God thould
adjuft that of a rhinoceros, fo that it’s motions were
in fuch harmony with the determinations of my
foul, as to raife it’s paw at the moment I willed it -
this body would then be mine, and would belong to
my foul, as my prefent body now belongs to it, with-
out having undergone itfelf, on that account, any:
channge whatever.,

NIr. Leibnitz hipnfelf has compared the foul and the
. . body

L4
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body to two clocks, which continually indicate the
fame hour. A cown who fhould fee this beautiful
harmony of thefe two cocks, would undoubtedly
conclude, that they acted upon each other, but he
would be under a miftake, for the ome performs it’s
motions independently of the other. The foul and
- the body are likewife two machines totally indepen-
dent, the one being fpiritual, the other material ; but
" their operations are always in a harmony fo com-
plete, that we are induced to believe them to belong
to each other, and that the one has a real influence
upon the other, which is, however, a mere illufion.
In order to form a judgment of this fyftem, I re-
mark, firft, That it cannot be denied to bé poffible
for God to create a machine which thould be always
in harmony with the operations of my foul; but it
appears to me that my body belongs to me by ether
‘rights than fuch 2 harmony, however beautiful it
may be: arnd, I believe, you will not be difpofed
“haftily to adopt a fyftem which is founded on this
principle alone, that no fpirit can a&t upon a body ;
and that, reciprocally, -a body cannot a& upon, or
" fupply ideas to, a fpirit. This principle is, befides,
deftitute of all proof, the chimeras of it’s partifans,
refpecting fimple beings, having been completely re-
futed. And if God, who is a fpirit, has the power
of aéting upon bodies, it is not abfolutely impoffible
that a {pirit, fuch as the human foul, thould be -able
likewife to aét upon a body. Accordingly, we do
- not pretend to fay, that our foul ats upon all bo.
dies, .but only upon a fmall particle of matter, with
’ 1 refpeét
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refpe& to which it has received the power of God
himfelf, though to exercife it.in a manner which we-
are utterly unable to comprehend.

Farther, the fyftem of pre-eftablifhed harmony la-
bours under other great difficulties. According to
it the-fonl derives all it’s knowledge from it’s-own’
proper fund, without any contribution on the part
of the body and the fenfes. Thus, when I read in
the Gazette that the Pope is dead, and I come to the
knowledge of the Pope’s death, the Gazette and my .
reading have nothing to do with the communication -
of this knowledge, as thefe circumftances refpe& only
my body and my fenfes, which have no manner of
connedtion with my foul. But, conformably to this
fyftem, my foul derives, at the fame time, from it’s
own proper fund, the ideas which it has of this fame
Pope. It concludes, he muft abfolutely be dead, and
this knowledge comes to it with the reading of the
Gazette, fo that [ imagine the reading of the Gazette
furnithed me with this knowledge, though I really
derived it from the proper fund of my foul.

But this idea is perfectly abfurd. How was it pof-
fible for me fo boldly to aflert, that the Pope muft
neceflarily have died at the moment mentioned in
the Gazette, and that, only from the idea which I
had of the Pope’s condition and health, though, per-
haps, I knew nothing about him, while I am infi-
nitely better acquainted with my own fituation,
without knowing, however, what fhall befall me to-
MOITOW. :

In like manner when you do me the honeur to

: ' read
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read thefe letters, and derive the knowlcdgt of fome
truth from them, it is your foul which extra&s that
truth from it’s own proper fund, without my con-
tributing at all to it by my letters. The reading of
them ferves only to maintain the harmony which
the Creator meant to eftablith between the foul and
the body. It is only a formality, altogether fuper-
* fluous, with refpect to the knowledge itfelf. I {hall,
neverthelefs, continue to tender you my m&ruéhons.
oth Dmmkr, 1760.

— @ O

LETTER LXXXIV.

Another Olyec‘ban.

THERE is another objection to be made to the
fyftem of pre-eftablithed harmony; namely,
that It is utterly deftru®ive of human liberty. In
fa&, if the bodies of men are machines, fimilar to 2
watch, all their ations are a neceflary confequence
of their confirn@ion. Thus, when a thief fteals my
" purfe, the motion made by his hands is an effect as
acceflary of the machine of his body, as the motion
of the hand of my clock, now pointing to nine. You
will readily comprehend what muft be the conclu-~
fion. As it would be unjuft, nay, ridiculous, to think
of being angry at the clock, and of chaftifing it, be-
. canfe it poiated to nine, it would be equally {o, with
zefpe@ to the thief, whom it would be abfurd to

- punilli for having flolen my purfe.
. ’Voy. L Y Of
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Of this we had a well-known example in the reign
of his late Majefty, when Mr. Wolff taught at Halle
the fyftem of the pre-eftablifhed harmony. The King
informed himfelf of this doé&rine, which was then
making a prodigious noife; and one of his Court
having fuggefted to him that, according to Mr.
Wolffs dotrines, foldiers were mere machines, and
that when one deferted, it was a neceffary confe-
quence of his particular firuéture, and therefore
ought not to fubje® him to punithment, as would
be the cafe, were a machine an objeét of punifhment,
for having performed fuch and fuch a motion ; the
King was fo pravoked at this reprefentation, that he
gave orders to banith Wolff from Halle, with certi-
fication, that if he was found there at the end of
twenty-four hours, he thould be hanged up. The
philofopher upon this took refuge at Marburg, where
I converfed with him foon after.

But the partifans of this fyftem have always main-
tained that the pre-eftablithed harmony by no means
encroached on human liberty. They admit that the
exterior actions of men are neceffary effects of the
organization of the body, and that, in this refped,
they take place as neceflarily as the motions of a
watch : but that the mental determination enjoyed
perfe& liberty : that thefe may be deferving of pu-
_ nifhment, though the corporeal ation was neceffary:
the criminality of an a&ion confifts lefs in the

motions of the body, than in the refolution

tion of the foul, which remains entirely free.
onceive, fay they, the foul of a thief, deter-
' ' mining
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mining, at a certain time, to commit a robbery:
God having forefeen this intention, has provided it
with a body, organized in fuch a manner as to pro-
duce, precifely at the fame time, the motions requi-
fite for the commiffion of this robbery: the aition,
fay they, is itfelf the neceflary effect of the organiza-
+ tion of the body, but that the intention of the thief
is a free a& of his foul, which is not, on that ac-
count, lefs. culpable and lefs punifhable.
Notwithftanding this reafoning, the fupporters of
the fyftem of pre-eftablithed harmony will always
find themfelves very much embarraflfed to maintain
the liberty of the determinations of the foul. . For,
according to them, the foul is itfelf fimilar to a ma-
chine, though of a nature totally different from that
of the body ; the reprefentations produced in it are
occafioned by thofe which precede, and thefe again
by others anterior to them, and fo on, fo that they
follow each other as neceffarily.as the motions of a
‘machine. In fa&, fay they, men aét always from
certain motives, founded on the reprefentations of
the foul, which fucceed each other, conformably to
it’s ftate. |
" You will recolle@ that, according to this fyftem,
the foul derives no one idea from the body, not
being in any real conne&ion with it; but all from
it’s own proper fund. Prefent ideas flow from thofe
which preceded, and are a neceflary confequence of
them ; fo that the foul is nothing lefs than mafter of .
it’s- own ideas, which generate it’s refolutions, and
which are therefore as little under it’s power : and,
Y2 ~ confe.
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and this is dire@ly oppofite to all that pafles in body.
Would it not, then, be ridiculous to expeét that a
watch thould point to any other hour than what it
actually does, and to think of punithing it on that
account? Would it not be abfurd to fly into a paf-
fion at a puppet, becaufe, after feveral other geftures,
it had turned it’s back to us?

All the changes which take place in bodies, and
which are all reducible to their ftate of reft, or of
motion, are the neceffary confequence of the powers
which a& upon them ; and their a&tion once admit-
ted, no changes in bodies can take place, but pre-
cifely fuch as do take place: what refpeéts body,
therefore, is an obje® of neither praife nor blame.
However ingeniouly a piece of mechanifm may be
confiruéted, the commendation which we beftow
upon it reverts to the zrtift ; the machine itfelf has
no intereft in what pafies; the artift, too, is alone
refponfible for the defe@s of a clumfy and aukward
machine; the machine itfelf is perfectly innocent.
While, therefore, the enquiry is reftricted to bodies,
they are clearly in no refpe& refponfible; no re-
ward, no punithment can poffibly attach to them;

“all the changes and motions produced in them, are
the neceffary confequences of their firucture.

.v Jut fpirits are of a very different nature, and their
>ns depend on principles diredly oppofite. Li-

s entirely excluded from the nature of body, is
Tential portion of fpirit, to fuch a degree, that
mat liberty, a fpirit could not exift ; and this it
:h renders it refponfible for it’s ations. This
property
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property is as eflential to fpirit as extenfion or impe:
netrability is to body; and as it would be impoffible
for the divine Omnipotence itfelf to diveft body of
thefe qualities, it would be equally impoffible for it
to diveft fpirits of liberty, A {pirit without liberty,
would no longer be a fpirit, as a body without ex.
tenfion would no longer be a body. :

It has in all ages been a fubjet of eager enquiry
among philofophers, How God could have permitted
fin to enter into the world? Had they refletted that
the fouls of men are beings neceflarily free, from
their very nature, the controverfy would have been
eafily fettled.

The objeétions commonly made to human liberty
are thefe: A fpirit, it is faid, or a man, is never de-
termined to an a&ion, but from motives ; and after
.having carefully weighed the reafons on both fides,
he finally decides in favour of that which he deems
the preferable. Hence they conclude that motives.
determine the actions of men, juft as the motion of
2 ball on the billiard table is determined by the ftroke
jmprefled upon it, and that the a&tions of men are
no more free than the motion of the ball. But it
muft be confidered that the motives which engage a
man to undertake any enterprize, refer very differ-
ently to the foul, from what the firoke does to the
ball. The ftroke produces it’s effet neceffarily ; but
a motive, however pewerful, prevents not the action
from being voluntary. I had very powerful motives
to undertake a journey to Magdeburg: a regard to
my promifc ; .the profpe& of enjoying the felicity of

Y4 paying .
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paying my refpeéts to your Highnefs; but I am per-
fedtly fenfible, at the fame time, that I was not forced
to it: and that it was entirely in my own power to
take that journey, or te have remained at Berlin.
But a body, impelled by any power, neceflarily obeys,
" and it cannot be afirmed that it was at liberty to
obey, or not, as it pleafed.

“The motive which determines a fpirit to regulate
it’s refolves, is of a nature wholly different from a
canje or firce ating upon body. Here, the effect is
produced neceffarily ; and there, the effie&t remains
always voluntary, and the foul has power over it.
On this is founded the imputability of the aétions of
a ipirit, which makes it refponfible for them, and
which is the true foundation of right and wrong:
As foon as we have fettled this infinite difference be-
tween fpirit and body, the queition refpecting liberty
prefents very little ditiiculty.

1605 Deaméer, 1760.

ste
LETTER LIIXVL

Tbe fame Subjed contiracd.

&ifference which I havwe ol ciablifbed be

tween the metives. mfo:ma“sm“““h fpens
b A o0 bodie
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pocket, and to pick out my watch, without my per-
ceiving it. This action being a neceflary confequence
of the organization of the machine, could not be
confidered as a robbery; and I fhould render my-
felf ridiculous if I got into a paffion at it, and infift-
ed on having the machine hanged. Every one would
fay that the puppet was innocent, and incapable of
committing a blameable ation; it would be, befides, -
equally indifferent to the puppet to be hanged, or
placed on a throne. But if the artift had contrived
this machine on purpofe to fteal, and to enrich him-
felf by fuch means, however much I might admire
the ingenuity difplayed on the mechanifin, I fhould
reckon myfelf obliged to bring him to juftice as a
thief. It follows, then, that even in this cafe the
criminality reverts upon an intelligent being, or a
{pirit, and that fpirits alone are refponfible for their
adtions. :

- Let every man examine his own afions, and he
will always find that he was not forced into them,
though he might be induced by motives. If his ac-
tions are commendztle, he is perfely confcious of
meriting the praifes beftowed upon him. However
he might be deceived in his other judgments, he
cannot in this cafe ; the fentiment of his liberty is fo
intimately conne@ted with that lLiberty itfelf, that
they are infeparable, It is poffitle to entertain a
doubt where the liberty of another is concerned, but
it is impoffible ever to be deceived refpecting one’s
owri. - A down, for example, on feeing the puppet
above defaribed, might eafily tmagine it to be a real
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thief, and that it likewife was a frec agent: in this
he would be miftaken ; but with refped to his own
liberty, it is impoffible for him to miftake; as he
deems himfelf free, he is fo in fa&. It might like-
wife happen, that the clown in queftion, undeceived
as to the puppet, thould afterwards confider a dex-
terous thief as a machine, deftitute of all fentiment,
and of liberty : here he would fall into the oppofite
error, but as to his own a&ions, he will never be
miftaken.

It would, therefore, be ridiculous to affirm, that
it might be pofiible for a watch to imagine that it’s
hand turned freely, and to beli¢ve that it now points
to nine, becaufe it pleafes to do fo, but could point
to any other hour, if it thought proper: the watch
would undoubtedly deceive itfelf. But the whole
fuppofition is marifeftly abfurd. You muft firft af-
cribe to the watch fentiniert and imagination, and
accordingly fuppofe it a fpirit or foul, which necef-
farily implies Literty; and afterwards confider it as
a mere machine, divefted of liberty, which is 2 ma-
" Another objection, however, is flarted againft L.
berty, founded ‘on the divine prefdence. God, it
is fald, forcaw, from all eternity, every refolution
whick $fhould form, and cvery adion which I thould

every inflant of my life. If God forefaw
tt'now continue to write, that I thould,
lay down my pen, and rife to take a
on would be no longer free, for I am
efity of writing, of laying down the
pen,
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pen, and of rifing to walk ; and it would be impof-
fible for me to a& otherwife, as it was impoffible
God fhould be deceived in what he forefees?

- The reply is obvious. Becaufe God forefaw, from
all eternity, that I thould perform, on fuch a day,
fuch an a&ion, it does not follow that I fhall perform
it, becaufe God forefaw it. For it is evident that it
‘ought not to be alleged, in the caufe fuppofed, That
I go on to write, becaufe God forefaw I thould go on
to write ; but, on the contrary, as I judge it proper
to go on to write, God forefaw that I would do fo.
Thus the prefcience of God by no means encroaches
on my liberty; and all my ations remain equally at

" liberty, whether God forefaw them or not.

Some, however, in the view of fupporting liberty,
‘have gone fo far as to deny the divine prefcience;
but you will have little difficulty in deteéting the
falfehood of this opinion. Is it fo furprifing that
the Supreme Being, who is acquainted with all my
propentities, thould be able to forefee the effet which
‘every motive will produce on my foul, and, confe-
quently, all the refolutions which I fhall form, in
conformity to thefe effects, when fimple mortals, fuch
:a8 we are, frequently exercife a fimilar prefcience?

You can eafily imagine to yourfelf a man extremely
covetous, who has a fair opportunity of making a
confiderable advantage. You know, for certain, he
will not fail to avail himfelf of it. Your knowledge
of this, however, has no influence upon the man;
he goes into it with the full determination of his
-own mind; 23 if you had never fpent a thought upon

- him,

1
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-him. . Now, a8 God is- mﬁmtdyhcucraoqumml
‘with guen, and all their difpofitions, it is ot ta te
doubted that he could have farefeen- their aétions, in -
2l fituations. ' The prefcience of God, with refped
to the free aftions of fpirits; is, noverthelefs, foanded
-on another principle:than that of the changes which
mnf take place in the. cafporeal world, where all b
tander the power of neceflity. mmamm
‘be the fabje&k of my next Jetter.

- mpmhr, lTGo : - e

=0 LE'ITER LXXXVIL
‘ Iqﬂueuce qf 1hé Ltberty qf Spirits upon Emt;

IF the world contained bodies only, and if the
changes which take place in it, were neceflary
-confequences of the laws of motion, conformably to
‘the powers with which they aé& upon each other, all
events would be neceffary, and would depend on the
-firft arrangement which the Creator had.eftablithed
of the bodies of the univerfe; fo that this arrange-
ment, once eftablithed, it thould be impoflible for
other events afterwards to take place, than thofe
which happen in the ac&ual order of things. - The
world would, undoubtedly, be in this cafe, 2 mere
machine, fimilar to a watch, which, once wound up,
afterwards producés all:the motwns by which: we
mealure time,
. Imagine to yourfelf a muﬁcal docks fuch 2 dock,
omctthted all _the -motiohs whicksig.performs,

_and
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and the airs which it plays, are produced in virtue
of it’s conftru&ion, without any freth application of
the hand of the mafter, and, in that cafe, we fay it is
done mechanically. If the artift touches it, by chang-
ing the notch, or the cylinder, which regulates the
" airs, or by winding it up, it is an external aGion,
which, not being founded on the organization of
the machine, no longer appertains to it. And if .
Bod, as Lord of the univerfe, {hould change imme-
diately any thing in the courfe of fucceflive events,
this change would no longeér appertain to the ma-
chine: it would then be a miracke.

A miracle, confequently, is an immediate effe@® of
the divine Omnipotence, which could not hawe taken
place, had God left the machine of the univerfe freely
to take it’s courfe. Such would be the ftate of the
- univerle, if it contained bodies only ; in that cafe it

might be faid, that all events take place in it from
an abfolute neceflity, each of them being a neceffary
effet of the ftructure of the univerfe; unlefs it
pleafed God to woerk miracles.
- The fame thing would happen, on admitting the
fyRtem of preseftablithed harmony, though it allows
the exiftence of fpirits; for, according to this fyf-
tem, fpirits do not a& upon bedies, but thefe per-
form all their motions and adions only in virtue of
their firucture, once eftablithed ; fo that when I raife
my arm, this motion is an effe® as neceflary of the
- erganization of my body, as that of the wheels in a
watch. My foul, in no refpe&, contributes to it ; it *
S is
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is God who, from the beginning, arranged the mat-
ter, fo that the ation of my body muft neceffarily
refalt from it, at a certain time, and raife the arm at
the imftant that my foul willed it. Thus, my foul
has o influence upon my body, any more than upon
thete of other men and of animals: and, confequent-
ty, sccording to this fyftem, the univerfe is merely
worporeal, and events are a neceflary effe& of the pri.
wative arganization which God has eftablithed in
the univerfe.

Bat, if we allow to the fouls of men and of ani-
s the power of producing motion in their bodies,
which their organization alone would not have pro-
Jueed, the fyftem of the univerfe is not a mere ma-
ohine, and events do not neceflarily take place as in
the preceding cafe.

‘The univerfe will prefent events of two kinds;
e one, thofe over which fpirits have no manner of
wucnce, which are corporeal, or dependant on the
waxnhine, as the motion and phenomena of the hea-
ety bodies ; thefe take place as neceflarily as thofe
& awatch, and depend entirely on the primitive
oiatlithment of the univerfe. The others depend
&t the foul, united to the body of men and animals,
wnd are no longér neceffary, as the preceding, but
weiuk from the liberty, as from the will, of thefe fpi-
sk beings.

Thefe two kinds of events diftinguith the univerfe
gt 3 mere machine, and raife it to a rank infinitely
wore warthv of the almighty Creator, who formed

' it.
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it. The government of this univerfe will likewife
ever infpire us with the moft fublime idea of the fo-
vereign wifdom and goodnefs of God.

It is certain, therefore, that liberty, which is abfo-
lutely effential to fpirits, has a very great influence
on the events of the world. You have only to con-
fider the fatal ¢confequences of thefe wars, which all
refult from human actions, determined by their will,

or their caprice.
- It is likewife certain, at the fame time, that the
events which take place do not depend only on the
will of men and animals. Their power is very li-
mited, being reftricted to a fmall portion of the brain,
~ in which all the nerves terminate: and this action is
confined to' the communication of an impreflion of
a certain motion on the members, which may after-
wards operate on other bodies, and thefe again on
others, fo that the flighteft motion of my body may
have a very great influence on a multitude of events.
- Man, however, though matfter of the firft motion
of his body, which occafions thefe events, is not fo
. of the confequences of his action. Thefe depend on
fo many circumftances, that the moft fagacious mind
is incapable of forefeeing them: accordingly, we
every day fee the beft concerted projets failing.
But it is here that we muft acknowledge the govern-
ment and providence of God, who, having from all
eternity forefeen all the counfels, the projeéts, and
the voluntary a&ions of men, arranged the corporeal
world in fuch a manner, that it brings about, at all
times, circumftances which caufe thefe enterprizes to
fail
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A ftruture equally marvellous is obfervabie in all
the other parts of our bodies, in thofe of all animals,
and even of the vileft infe@ts. And the firucture of
thefe laft, is fo much the more admirable, on account
of their {mallnefs, that it thould perfeQly fatisfy all
the wants which are peculiar to each fpecies. Let
Us examine only the fenfe of feeing in thefe infeéts,
by which they diftinguifh obje@s fo minute, and fo

_bar, as to efcape our eyes, and this examination
alone will fill us with aftonifhment.

We difcover the fame perfe&ion in plants: every
thing in them concurs to their formation, to their
growth, and to the produéion of their flowers, of

. their fruits, of of their feeds. What a prodigy to
behold 2 plant, a tree, fpring from a finall grain, caft
Iato the earth, by the help of the nutritious juices
. ®ith which the foil fupplies it ? The produions
M in the bowels of the earth are no lefs wonder-
il : every part of nature is capable of exhaufting
¥Ur utmoft powers of refearch, without permitting
P8 t0 penetrate all the wonders of it’s conftru&ion.
> We are utterly loft, while we refleét, how every
raance, earth, water, air, and fire, concur in the
Fodu&ion of all organized bodies ; and, finally, how
Re arragement of all the heavenly bodies is fo ad-
-'"‘b_ly Cantrived, as perfectly to fulfil all thefe par-

Wlar deftinations. :

After having refleted in this manner, it will be
ficule for you to believe, that there fhould have
T men Who maintained, that the univerfe was the
’ Z3 A cffect
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A ftru&ure equally marvellous is obfervabie in all
the other parts of our bodies, in thofe of all animals,
and even of the vileft infe@ts. And the firucture of
thefe laft, is fo much the more admirable, on account
of their fmallnefs, that it fhould perfeély fatisfy all
the wants which are peculiar to each fpecies. Let
us examine only the fenfe of fecing in thefe infects,
by which they diftinguifh objefts fo minute, and {fo
near, as to efcape our eyes, and this examination
~ alone will fill us with aftonifhment.

‘We difcover the fame perfection in plants: every
thing in them concurs to their formation, to their
growth, and to the production of their flowers, of
their fruits, of of their feeds. What a prodigy to
behold a plant, a tree, {pring from a fmall grain, caft
into the earth, by the help of the nutritious juices

~with which the foil fupplies it ? The productions
found in the bowels of the earth are no lefs wonder-
ful: every part of nature is capable of exhaufting
our utmoft powers of refearch, without permitting
us to penetrate all the wonders of it’s conftruion.
Nay, we are utterly loft, while we reflet, how every
fubftance, earth, water, air, and fire, concur in the
produdion of all organized bodies ; and, finally, how
the arragement of all the heavenly bodies is fo ad-
mirably contrived, as perfectly to fulfil all thefe par-
ticular deftinations.

After having reflected in this manner, it will be
difficult for you to believe, that there fhould have
been men who maintained, that the univerfe was the

- L3 . cffet
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effe of mere chance, without any defign. But there
always have been, and there ftill are, perfons of this
defcription ; thofe, however, who have a folid know-
ledge of nature, and whom fear of the juftice of God
does not prevent from acknowledging Him, are con-
vinced, with us, that there is 2 Supreme Being, who
created the whole univerfe, and, from the remarks
which I have juft been fuggefting to you, refpeéting
bodies, every thing has been created in the higheft
perfection. .
As to {pirits, the wickednefs of man feems to be
an infringement of this perfetion, as it is but too
capable of introducing the greateft evils into the
world, and thefe evils have, at all times, appeared
incompatible with the fovereign goodnefs of God.
This is the weapon ufually employed by infidels
againft religion, and the exiftence of God. If God,
fay they, was the author of the world, He muft alfo
be the author of the evil which it contains, and of
the crimes committed in it. o
This queftion, refpedting the origin of evil ; the
difliculty of explaining, How it can confift with the
fovereign goodnefs of God, has always greatly per-
plexcd philofophers and divines. Some have endea-
voured to give a fclution, but it has fatisfied only
themiclves. Others have gone fo far as to maintain,.
that God was, in fa&, the author of moral evil, and
of crimes ; always protefting, at the fame time, that
this opinion cught to bring no imputation on the
»odnefs and holinefs of God.  Others, finally, con-
fider
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fider this queftion as a myftery which we cannot
.ccomprehend ; and thefe laft, undoubtedly, have ems
braced the preferable fentiment,

God is fupremely good and holy ; He is thc au.
thor of the world, and that world fwarms. with
crimes and calamitics. Thefe are three truths which
it is, apparently, difficult to reconcile: but, in my
opinion, a great part of the difficulty vanifhes, as foon
as we have formed a juft idea of {pirit, and of the
liberty fo eflential to it, that God himfelf cannot di-
veft it of this quality.

God having created fpirits, and the fouls of men;
I remark, firft, that fpirits are beings infinitely more
excellent than bodies; and, fecondly, that, at the
moment of creation, {pirits were all good : for time
is requifite to the formation of evil inclinations:
there is, therefore, no dificulty -in affirming, that

God created fpirits. But it being the eflence of "

fpirits to be free, and liberty not being capable of
- fubfifting without a power to-fin, to create a fpirit
poflefled of the power of finning, has nothing in-
confiftent with divine perfetion, becaufe a fpirit
~ could: not be created deftitute of that power.

God has, befides, done every thing to prevent
crimes, by prefcribing to {pirits, precepts, the ob-
fervance of which muft always render them good
‘and happy. There is no other method of treating
{pirits, which cannot be fubjeé to any confiraint ;
and if fome of them have abufed their liberty, and
tranfgrefled thefe commandments, they are refpon-

74 fible
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fible for it, and worthy of punithment, th.hout Any
lmpacbmcnt of the Deity. _

- There remains only one objeion more to be con
fidered : namely, that it would have been better mot
to create fuch fpirits, as God forefaw they muft fink
‘into criminality. But this far furpafles human ug-
derftanding ; for we know not, whether the plan of
the world could fubfift without them. . We know,
on the contrary, by experience, that the wickednefs
of fome men frequently contributes to the correétion
and amendment of others, and thereby conduds
them to happinefs. This confideration, alone, is fuf-
ficient to juftify the exiftence of evil fpirits, And,
as God has all power over the confequences of hu.
man wickednefs, every one may reft affured, that in
conforming to the commandments of Ged, all events -
which come to pafs, however calamitous they may
appear to him, are always under the dire¢tion of Pro-
vidence, and, finally, terminate in his true happinefs.

This providence of God, which extends to every
individual, in particular, thus furnifthes the moft fa.
tisfactory folution of the queftion refpeéting the per-
miflion, and the erigin, of evil.*

30th December, 1760. '

* Mr. Euler concludes this letter, with the following fhort fen-
tence: ¢ This Jikewife is the foundation of all religion, the alone
¢¢ abje@ of which is to promote the falvation of mankind.”” What
reafon could there be for fuppreiling a fentiment fo natural, fo
much in place, and {o inoffenfive ?—E. E,

LETTER
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LETTER XC.

Conneion of the preceding Confiderations with Religion.
‘Reply to the Objections of the philofophic Syftems againft

Prayer. )

_BEFORE I proceed farther in my leflons on phi-
47 Jofophy and phyfics, I think it my duty to point
out to you their conne@ion with religion.*

I begin with confidering an objeftion, which al-
moft all the philofophic fyftems have ftarted, againft
prayer. Religion prefcribes this as our duty, with
an~ affurance, that .God will hear and anfwer our
vows and prayers, provided they are conformable to
the precepts which he has given us. Philofophy, on
the other hand, inftruéts us, that all events take place
in ftri& conformity to the courfe of nature, eftab-

" * 1 take the liberty, likcwilfe, to reftore the following paffage,
which M. de Condorcet, in his philofophic fqueamifhnefs, has
thought unworthy of a place in his edition of the work.
¢« However. extravagant and abfurd the fentiments of certain
¢¢ philofophers may be, they are fo obfiinately prepoffefled in fa~
¢ vour of them, that they reje& every religious opinion and doc-
¢¢ trine, which is not conformable to their {fyftem of philofophy.
¢¢ From this fource are derived moft of the fe&s and herefies in re-
¢¢ ligion. Several philofophic fyftems are really contradi&ory to
* ¢ religion ; but in that cafe, divihe truth ought, furely to be pre-
¢¢ ferred to the reveries of men, if the pride of philofophers knew
¢t what it was to yield. Should found pkLilofophy fometimes feem
"¢ in oppofition to religion, that oppofition is more apparent than
¢« real; and we muft not fuffer ourfelves to be dazzled with the
¢¢ {pecioufnefs of objection.”’—E. E.

lithed
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lithed from the beginning, and that our prayers can
effe@ no change whatcver ; unlefs we pretend to ex-
pe&, that God fhould be continually working mi-
racles, in compliance with our prayers. This objec-
tion has the greater weight, that religion itfclf teaches
the doérine of God’s having eftablithed the courfe
of all events, and that nothing can come to pafs, but
what God forefaw from all eternity. Is it credible,
fay the objectors, that God fhould think of altering
this fettled courfe, in compliance with any praycrs
which men might addrefs to him?

But I remark, firft, that when God eftablithed the
courfe of the univerfe, and arranged all the events
which muft come to pafs in it, he paid attentiomto
all the circumftances which fhould'accompany each
event; and particularly to the difpofitions, to the
defires, and prayers, of every intelligent being ; and
that the arrangement of all events was difpofed, in
perfect harmony, with all thefe circumftances. When,
therefore, a man addrefles to God a prayer worthy
of being heard, it muft not be imagined, that fuch a
prayer camc not to the knowledge of God till the
moment it was formed. That prayer was already
heard from all eternity ; and if the Father of mer-
cies deemed it worthy of being anfwered, He ar-
ranged the world exprefsly in favour of that prayer,
fo that the accomplithment thould be a confequence
of the natural courfe of events. It is thus that God
anfwers the prayers of men, without working a
miracle.

The eftablithment of the courfe of the univerfe,

fixed
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fixed once for all, far from rendering prayer unne-
ceffary, rather increafes our confidence, by convey-
ing to us this confolatory.truth, That all our prayers
have been already, from the beginning, prefented at
the feet of the throne of the Almighty, and that they
have been admitted into the plan of the univerfe, as
motives conformably to which events were to be re-
gulated, in fubferviency to the infinite Wlfdom of
the Creator.:

Can any one believe, that our condmon would be
better, if God had no knowledge of our prayers be-
fore we prefented them, and that He thould then be
difpofed to change, in our favour, the order of the
courfe of nature ? This might well be irreconcileable
to his wifdom, and inconfiftent with his adorable per-
fections. Would there not, then, be reafon to fay, that
the world was ‘a very imperfe& work ? that God
was entirely difpofed to be favourable to the withes
of men ; but, not having forefeen them, was reduced
to the neceflity of, every inftant, interrupting the
courfe of nature, unlefs he were determined totally
to difregard the wants of intelligent beings, which,
neverthelefs, conftitute the principal part of the uni-
verfe? For to what purpofe create this material
world, replenithed with fo many great wonders, if
there were no inteiligent beings, capable of admiring
it, and of being elevated by it, to the adoration of
God, and to the moft intimate union with their Cre-
ator, in which, undoubtedly, their hwheﬁ fehaty
confifts ?

Hence, it muft, abfolutely, be concluded, that in-

. telligent
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telligent beings, and their falvation, muft have been
the principal obje&, in fubordination to which, God
regulated the arrangement of this world; and we
have every reafon to reft affured, that all the events
which take place in it, are in the moft delightfel har.
mony with the wants of all intelligent beings, to
conduét them to their true happinefs; but without
conftraint, becaufe of their liberty, which is as effen-
tial to fpirits, as extenfion is to body. There is,
therefore, no ground for furprize, that there fhould
be intelligent beings, which fhall never reach felicity.
In this conneétion, of fpirits with events, confifts-

the divine Providence, of which every individual has
the confolation of being a partaker ; fo that every
man may reft aflured, that, from all eternity, he en.
tered into the plan of the univerfe. How ought this
confideration to increafe our confidence, and our joy
in the providence of God, on which all religion is
founded! You fee then, that an this fide religion
and philofophy are by no means at variance.

3d January, 1561,

——-‘.*.,—-—-

RF I

b LETTER XCL

“he Liberty of intelligent Beings in Harmony <cith the
Doctrines of the Chriftian Religion.

IBERTY is a quality fo effential to every fpi-
< ritual being, that God himfelf cannot diveft
zm of it, juft as He cannot diveft a body of it’s ex-

teafion,
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genfion, or of it’s inertia, without entirely deftroyingy
or annihilating it: to diveft 2 fpirit of liberty, theres
fore, would be the fame thing as to annihilate it.
This muft be underftood of the fpirit, or foul itfelf,
and not of the a&ions of the body, which the foul
direds, in conformity to it’s will. If you would
prevent me from writing, you have but to bind my
hands; to write is, undoubtedly, an exercife of L-
berty; but then, though you may fay, that you have
deprived me of the liberty of writing, you have only
deprived my body of the faculty of obeying the dic-
tates of my foul. Bind me ever fo hard, you cannot
extiaguifh in my fpirit an inclination to write; all
you can do is to prevent the execution of it. - ‘

- 'We muft always carefully diftinguith between in.
clination, or the a& of willing, and execution, which
is performed by the miniftration of the body. The
aft of willing cannot be refirained by any exterior
power, not even by that of God, for liberty is inde.
" pendent of all exterior force. But there are means
~ of a&ing on fpirits, by motives which have a ten-
~ déncy, not to conftrain, but to perfuade. Let a man
be firmly determined to engage in any enterprize,
and let us fuppofe the execution of it prevented;
‘without making any change in his intention, or
will, it might be poflible to fuggeft motives, which
fhould engage him to abandon his purpofe, without
employing any manner of conftraint: however
powerful thefe motives may be, he is always mafter
of his own will; it never can be faid, that he was
forced, or conftrained, to it, at leaft.the expreffion
‘ 2 : would
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divine Providence over-ruled that circumftance, fo
falutary to him. In fad, without the opportunity,
over which the man had no power, he would have
perfifted in a finful courfe.

Hence, you will eafily comprehend the meaning of
fuch expreflions as thefe: “ Man can do nothing of
< himfelf; all depends on divine grace; it is God
¢ that worketh to will and to do.”> The favourable
«circumftances which Providence fupplies to men, are
fufficient to elucidate thefe expreflions, without hav-
ing recourfe to a fecret force, which aéts by conftraint
.on human liberty ; as thefe circumftances are directed

of God, in conformity to the moft confummate wif-
dom, in the view of conduéting every intelligent
being to happinefs and falvation, unlefs he wilfully

~ rejedts the means by which he might have attained
true fclicity.

6th Fanuary, 1561.

e
LETTER XCIL
Elucidation refpccling the Nature of Spirits.

-IN order more clearly to elucidate what I have juft
L faid refpe@ing the difference between body and
fpirit ; for it is impofiible to be too attentive to what
conftitutes that difference, as it extends fo far, that
-fpirit has nothing in common with body, nor body
with fpirit, I think it neceifary to fubjoin the follow-
-ing refle&jons.

Extcnﬁon,
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Extenfion, inertia and impenetrability, are the pro.
perties of body ; Spirit is without extenfion, without
inertia, without impenetrability. All philofophers
are agreed, that extenfion camnot have place in re-

fpec of fpirit. It is a felf-evident truth, for every

thing extended is divifible, and you can form the
fdea of it’s parts; but a {pirit is fufceptible of no di-
vifion ; you can have no conception of it’s half, or
of it’s third part. Every fpirit is a complete being,
to the exclufion of all parts; it cannot, then, be af-
firmed, that a fpirit has length, breadth, or thick-
nefs. In a word, all that we conceive of extenfion,
fmuft be excluded from the idea of a fpirit.

It would appear, therefore, that as {pirits have no
magnitude, they inuft refemble geometrical points,
the definition of which is, that they have neithér
length, breadth, nor depth. Would it be a very ac-
curate idea to reprefent to ourfelves a fpirit by a ma-
thematical point? The fcholaftic philofophers have
profefled this opinion, ahd confidered fpirits as beings
infinitely fmall, fimilar to the moft fubtile particles
of duft, but endowed with an inconceivable adtivity
and agility, by which they are enabled to tranfport
themfelves, in an inftant, to the greateft diftances.
They maintained, that in virtue of this extreme mi-
nutencfs, millions of fpirits might be inclofed in the
fmalleft {pace ; they even made it a queftion, How
many {pirits could dance on the point of a needle?

The difciples of Wolff are nearly of the fame opi-

nion. According-to them, all bodies are compofed .

“rticles extremely minute, divefted of all magni-
tude,

-\
J
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tude, and they give them the name of monads. A
monad, then, is 2 fubftance deftitute of all extenfion,
and on dividing a body, till you come to particles {fo
minute, as to be fufeeptible of no farther divifion,
. you have got to the Wolfian monad, which differs,
therefore, from the moft fubtile particle of duft, only
in this, that the minuteft particles of duft are not,
perhaps, fufficiently fmall, and that a farther divifion
is ftill neceflary to obtain real monads. ,
Now, according to Mr. Woiff, not only all bodies
are compofed of monads, but every {pirit is merely
a monad ; and the Supreme Being, I tremble as I
write it, is, likewife, a monad. This does not con-
. vey a very magnificent idea of God, of fpirits, and
of the fouls of men. I cannot conceive, that my
foul is nothing more than a being, fimilar to the laft
particles of a body, or that it is reduced almoft to a
point. It appears to me ftill lefs capable of being
maintained, that feveral fouls joined together, might
form a body, a {lip of paper, for example, to light a
pipe of tobacco. But the fupporters of this opinion,
go upon this ground, that as a fpirit has no magni-
tude, it muft, of neceflity, refemble a geometrical
point. Let us examine the folidity of their reafoning.
I remark, firft, that as a {pirit is a being of a na-
ture totally different from that of body, it is abfurd
to apply to it ftandards, which fuppofe magnitude,
and that, confequently, it would be folly to afk, how
many feet, or inches, long, a fpirit is, or how many
pounds, or ounces, it weighs ? Thefe queftions are
applicable only to things which have length, or
. Vor.I. Aa weight :
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weight : and are as abfurd as if, fpeaking of time, it
were to be afked, how many feet long an hotir was,
or how many pounds it weighed ? I can always, con-
fidently, affirm, that an hour is not equal to a line of
100 fect, or of ten fect, or of one foot, or any other
ftandard of meafure; but it by no means follows,
that an hour muft be a geometrical point. An hout
is of a nature entirely different, and it is impoflible
to apply to it any ftandard, which fuppofes a length,
which may be exprefied by feet, or inches.: -
" The faine thing holds good as to fpirit. I can ak
- ways boldly affirm, that a fpirit is not ten feet, nor
100 feet, nor any other number of feet ; but it does
not hence follow, that a fpirit is a point, any more
than that an hour muft be one, becaufe it cannot be
meafured by feet or inches. A fpirit, then, is not a
monad, or in any refpe& fimilar to the ultimate par-
ticles into which bodies may be divided ; and you
arc perfectly able to comprehend, that a fpirit may
have no extenfion, without being, on that account,
a point, or 2 monad. We mutt, therefore, feparate
cvery idea of extenfion from that of fpirit.

To afk, In what place does a fpirit refide ? would
be, for the fame reafon, likewife, an abfurd queftion;
for to conne& fpirit with place, is to afcribe exten-
fion to it. No more can1 fay, in what place an bour
is; though affuredly an hour is fomething ; fome-
thing, therefore, may exift, without being attached
to a certain place. I can,in like manner, affirm,
that my foul does not refide in my head, nor out of
wy head, nor in any particular place ; without it’s

being
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being deduced, as a_confequence, that my foul has,
therefore, no exiftence ; juft as it may be with truth

“affirmed of the hour now pafling, that it exifts nei-
in my head, nor out of my head. A fpirit exifts,
then, though not in a certain place; but if our re-
flection turns on the power which a fpirit has, of
adting upon a body, the a&ion is, moft undoubtedly,
performed in a certain place.

My foul, then, does not exift in a particular place,
but it acts there, and as God poflefles the power of
acting upon all bodies, it is, in this refped, we fay,
He is every where, though his exifterice is attached -
to no place. o

10tb j_ammr)', 1761. ’

-——-40.»)(-36———-
LETTER XCIH

The Subject continued. Reflections on the State of Souls
: after Deatb. '

OU will, probably, be furprized at the fenti-
ment which I" have juft now ventured to ad-
vance, that {pirits, in virtue of their nature, are in
no place. In thus affirming, I fhall, perhaps, be in
- danger of pafling for a man who denies the exift-
ence of {pirits, and, confequently, that of God. But
T have already demonftrated, that fomething may
exift, and have a reality, without being attached to
any_one place. The example drawn from an hour,
though feeble,removes the greateft difficulties,though
Aaz there
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there is an infinite difference between an hour and a
fpirit.

The idea which I form of fpirits, appcars to me
incomparably more noble than that ot thofe who
confider them as gecometrical points, and who reduce
God himfelf to this clafs. What can be more thock-
ing than to confound all fpirits, and the Supreme
Being among the reft, with the minuteft particles
into which a body is divifible, and to rank them in
the fame clafs with thefe particles, which it is not in
the power of the learned term monad to ennoble?

To be in a certain place, is an attribute belonging
only to corporeal things, and, as fpirits are of a to-
tally different nature, it is not a matter of furprize
to fay, that they are not to be found in any place,
and I am under no apprehenfion of reproach, for the
clucidations which I have fubmitted to you on this
fubject. It is thus I exalt the nature of {pirits infi.
nitely above that of bodies.

Every fpirit is a being that thinks, refle@ts, rea-

- I, in one word, that
er qualities but that
f motion, and impe-
1is univerfal quality,
ame ftate, as long as

penetration, or of

and in cafe of the

h other, if they con-
their impenetrability -
fite to change their
ftate,
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ftate, as far as it is neceflary to prevent all penetra-
tion.
In this confift all the changes which take place in
bodies : all is paflive, and neceflarily befalls them in
conformity to the laws of motion. There is, in body,
neither intelligence, nor will, nor liberty : thefe are
the fupereminent qualities of fpirits, while bodies are
not even fufceptible of them,
It is {pirit, likewife, which produces, in the corpo-
real world, the principal events, the illuftrious ac-
tions, of intelligent beings, which are all the effe&
of the influence which the fouls of men exercife
upon their bodies. This.power, which every foul
has over it’s body, cannot but be confidered as a gift
of God, who has eftablithed this wonderful union
between foul and body. And as I find my foul in
" fuch an union with a certain particle of my body,
concealed in the brain, it may be faid, that the feat
of my foul is in that {pot, though, properly fpeak-

“ing, my foul refides no where, and is referable-to
that place of my body, only in virtue of it’s a&wn,
and of it’s power.

It is alfo the influence of the foul upon the body
which conftitutes it’s life, which continues as long as
this unifon fubfifts, or as the organization of the
body remains entire. Death, then, is nothing elfe
but the diffolution of this. union, and the foul has
no need to be tranfported elfewhere; for, as it re-

. fides in no place, all places muft be indifferent to it ;
. -and, confequently, if it thould pleafe God, after my
' dath to effablith a new union between my foul, and
Aag an
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an organized body in the moon, I thould inftantly
be in the moon, without the trouble of a long jour-
ney. And if, even now, God were to grant to my
foul, a power over an organized body in the moon, I
fhould be equally here, and in the moon; and this
involves no manner of contradiction. It is body
only which cannot be in two places at once; but
there is nothing to prevent {pirit, which has no re-
lation to place, in virtue of it’s nature, to act at the
fame time, on feveral bodies, fituated in places very
remote from cach other; and, in this refped, it
might be faid, with truth, that it was in all thefe
places at once, '

. This fupplies us with a clear elucidation of the
omniprefence of God: it is, that his power extends
to the whole univerfe, and to all the badies which it
contains, It appears to me, of confequence, an im-
proper expreflion, to fay, that God exifts every where,
as the exiftence of a fpirit has no relation to place.
It is more confonant with propriety to fay, God is
every where prefent.

Let us now compare this idea with that of the
_ Wolfians, who, reprcfenting Deity under the idea
- of.-ajpoint, attach him to one fixed place, as, in fa&,
a:pbint cannot be in feveral places at once ; and how
poffible to reconcile the divine omnipotence,
the idea of a point?
®b being 2 diffolution of the union fubfifting
sen the foul and body during life, we are en..
to form fome idea of the flate of the foul after
s the foul, during life, derives all it’s know-
_ Jedge
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ledge through the medium of the fenfes, being de-
prived, by death, of the information communicated
through the fenfes, it no longer knows what is paf-
fing in the material world ; this ftate might, in fome
refpets, be compared to that of a man who fhould,
all at once, become blind, deaf, dumb, and deprived
of the ufe of all the other fenfes. Such a man would
retain the knowledge which he had acquired, through
the medium of fenfe, and might continue to refle&
on ideas previoufly formed ; his own actions, efpe-
cially, might fupply an ample ftore, and, finally, the
faculty of reafoning might remain entire, as the body,
. in no refpe& whatever contributes to it’s exercife.

. Sleep, likewife, furnifhes us with fomething like
an example of this ftate, as the union between foul
and body is then, in a great meafure, interrupted ;
though the foul, even in fleep, ceafes not from exert-
ing it’s a&ivity, being employed in the production
of what we call dreams. Thefe dreams are ufually
very much difturbed, by the remains of the influ-
ence which the fenfes ftill exercife over the foul;
and we know, by experience, that the more this in-
fluence is fufpended, which is the cafe in very pro-
found fleep, the more regular and conneéted, like-
wife, our dreams are. Thus, after death, we fhall
find ourfelves in a more perfet ftate of dreaming,
which nothing fhall be able to difcompofe: it fhall
confift of reprefentations, and reafonings, perfeétly
well kept up. And this, in my opinion, is nearly all
we can fay of it, at leaft, with any appearance of
reafon,

. 33t Jan, 1761,
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LETTER XCIV.

Confiderations on the Aftion of the Soul upen the Body,
and of the Body upon the Soul.

S the foul is the principal part of our being, it

is of high importance, thoronghly to invefti-

gate it’s operations. You will pleafe to recalledt,

that the union between the foul and the body, con-

tains a two-fold influence : by the one, the foul per-

ceives and feels all that paffes in a certain part of the

brain ; and by the other, it has the power of a&ing

on that fame portion of the brain, and of producing
certain motions in it.

Anatomifts have taken infinite pains to difcover
this part of the brain, which is juftly called the feat
of the foul ; not that the foul actually refides there,
for it is not confined to any place, but becaufe the
power of afting is attached to that fpot. It may be
faid, that the foul is prefent there, but not that it
exifts there, or that it’s exiftence is limited to it
This part of the brain is, undoubtedly, that in which
all the perves terminate; now, anatomifts’ tell us, -
that this termination is in a certain portion of the

m-wwhich they term the callous body. This, there-
fider.as the feat of the foul, and the

vwed, upon every foul, fuch a power
damembrane * of his body, that it not

*Rave given us a more exa& and particular de-
@, we have been obliged to relinquith this
opinion ;
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only perccives all that pafles there, but is, likewife,
able to produce a reciprocal impreflion. Here, then,
we obferve a two-fold aétion : the one, by which the
body acts upon the foul, and the other, by which the
foul a&s upon the body, but thefe actions are infi-
gitely different from thofe which bodies exercife-
upon other bodies.

The foul, from it’s union with the corpus ca/lofum,
finds itfelf intimately conneéted with the whole body,
By means of the nerves, which are thence univerfally
diffufed. Now, the nerves are fibres fo wonderfully

" conftru@ed, and, to all appearance, filled with a fluid
fo fubtile, that the flighteft change which they un-
dergo, at one extremity, is inftantly communicated

. to the other extremity in the brain, where the feat of
the foul is. And, reciprocally, the flighteft impref.,
fion made by the foul, on the extremities of the
nerves, in the corpus callofum, is immediately tranf--
mitted through the whole extent of every nerve; -
and it is thus, that the mufcles and members of our
bodies are put in motion, and obey the commands
of -the foul. ;o

This wonderful firucture of the body, places it in

:.a very clofe conneftion with all exterior obje&s,

whether near or remote, which may -ac upon it,
either by immediate contad, as in feeling and tafting;

ar by their cxhalations, as in {melling. Bodies, ata

opinion : but their labours may, perhaps, one day inform us, what
- we are to underfland by the origin of the nerves, and even, toa
certain point, in what manner they tranfmit to the brain the iin-
preffions which they receive.~F. E.

great
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" great diftance, aét on the fenfe of hearing, when they
make a noife, and exert in the air vibrations which
ftrike our ears; they a&, likewife, upon the fight,
when they are illumined, and tranfmit into our eyes
the rays of light, which confift, in like manner, ina
certain vibration, caufed in that medium, much
more {ubtile than the air, which we call Etber. It
is thus that bodies, both near and remote, may a&
upon the nerves of our body, and produce certain
impreflions in the corpus callofum, from which the foul
derives it’s perceptions.

. From every thing, therefore, which makes an im-
preflion on our nerves, there refults a certain change
in the brain, of which the foul has a perception,
and, thereby, acquires the idea of the objet which
caufedit. We have here, then, two things to be
examined : the one is corporeal, or material, which is
the impreflion, or the change produced in the corpus
" callofum of the brain; the other fpiritual, namely,
the perception, or the information, which the foul
derives from it. It is, if I may fo exprefs mryfelf,
from the contemplation of what pafles in the corpus
callofum, that all our knowledge is derived.

You muft permit me to enter into 2 more parti-
cular detail, on this important article. Let us, firft,
. confider one fingle fenfe, fay, that of {melling, which
being the leaft complicated, feems the moft proper to
aflift us in our refcarches., Suppofe all the other
fenfes annihilated, and that a rofe was applied to the
~~fe; it’s exhalations would, at once, excite a eer-

agitation in the nerves of the nofe, which, .
thence



ACTION OF THE SOUL AND BODY." 363

thence tranfmitted to the corpus callofum, will occa-
fion there, likewife, fome change, and in this confifts
the material circumiftance, which is the fubjeét of our
inveftigation. This flight change, produced in the
corpas callsfum, is then perceived by the foul, and it
thence acquires the idea of the fmell of a rofe: and
this is the fpiritual operation which takes place ; but
we cannot explain in what manner this is done, as it
dcpends on the incomprehenfible union which the
Creator has eftablithed between the body and the
foul. - -
It is certain, however, that upon this change, in
the corpus callofum, there is excited in the foul the
idea of the fmell of a rofe, or the econtemplation. of
this change furnithes to the foul a certain idea, that
of the fmell of arofe, but nothing more: for, as the
other fenfes are fufpended, the foul can form no judg-
ment of the nature of the object itfelf, which fug-
gefted this idea; the idea of the fmell of a rofe alone,
.was excited in the foul. Hence, we comprehend,
that the foul does not form this idea of itfelf, for it
would have remained unknown, but for the prefence
of arofe. But farther, the foul is not indifferent
with refpe@ to it; the perception of this idea is
agreeable ; the foul itfelf is, fome how, interefted in -
_it. Accordingly, we fay, that the foul feels the odour
of the rofe, and this perception we call /enfation.
. It is the fame with all the other fenfes ; every ob-
je&, by which they are firuck, excites in the corpus
callofum a certain change, which the foul obferves
with a.fenfation, ag;recablc or dlfa.g'recable, and from .
' . which
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which it derives the idea of the objeé& which caufed
it. This idea is accompanicd with a fenfation, fo
much the ftronger, and more intenfe, as the impref-
fion made on the corpus callofum is more lively. It is
thus, that the foul, by contemplating the changes
produced in the corpus callofum of the brain, acquires
ideas, and is affected by them ; and this is what we
underftand by the term fenfation.

15th Jai. 1701.
B s
LETTER XCV.

Of the Faculties of the Soul, and of Fudgment.

HAD we no other fenfe but that of fmelling, our

knowledge would be very limited ; we fhould,
then, have no other fenfation than that of odours,
the diverfity of which, werec it ever fo great, could
not very much intereft our foul ; being reftricted to
this, that agreeable fmells would procure fome degree
of pleafure, and fuch as are difagrecable, would ex-
cite fome difgutt.

But this very circumftance carries us forward to a
moft important inquiry : Whence is it, that one {mell
is agrecable, and another difgufting? It cannot be a
matter of doubt, that agreeable fmells excite, in the

.eqllofum, a different agitation from that which

duced by the dxfagrceablc but how comes it,
me agitation, in the cor—pus callofum, can give

.80 the foul, while an «yher is offenfive, “and
even,
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even, frequently. becomes infupportable? The caufe
of this difference refides no longer in body, and mat-
ter ; we muft look for it, in the nature of the foul
itfelf, which enjoys a certain pleafure in feeling cer-
tain agitations, while others excite uneafinefs: and
the real caufe of this effet we do not know.

Hence we comprehend, that the foul does more
than fimply perceive what paffes in the brain, or cor-
pus callofum ; it fubjoins to fenfation, a judgment re-
{pefting what it finds agreeable, or difgufting, and,
confequently, exercifes, befide the faculty of perceiv-
ing, another, and a different faculty, that of judging:
and this judgment is wholly different from the fimple
idea of a {mell.

The fame confideration, of the fenfe of fmelling
only, difcovers to us ftill other aéts of the foul. When
the fmells are changed, when you apply to the nofe
a carnation after a rofe, the foul has noi only a per-
ception of both fmells, but, likewife, remarks a dif-
ference between them. Hence we conclude, that the
foul ftill retains the preceding idea, to compare it
with that which follows ; in this confifts reminifcence,
or memory, by which we have the power of recall-
ing ideas, antecedent and paft. Now, the real fource
of memory is entirely concealed from us. We know
well, that the body lLas much to do in it; for expe-
rience affures us, that difeafe, and various accidents,
which befall the body, weaken, and frequently de-
firoy, the memory : it is equally certain, at the fame
time, that the recolletion of ideas is the proper -
", work of the foul. A recolleted idea is eflentially
6 ‘ different
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different from an' idea excited by an obje@. I have
a perfect recollection of the fun, which I faw to day,
,but this idea greatly differs from that which I had"
while I was looking at the fun.

Some authors pretend, that when we recall an idea,
there happens in the brain an agitation fimilar to
that which firft produced it; but if this were the
cafe, I fhould actually fee the fun; it would no lon.
ger be a recollected idea. They admit, indeed, that
the agitation which accompanies the recalled idea, is
" much weaker than that from which the original idea
proceeded ; but ftill I am not fatisfied with this, for
it would thence follow, that when I recal the idea of
the fun, it would be much the fame as when I fee
the moon, the light of which, you will pleafe to re-,
member, is about 200,000 times weaker than that
of the fun. But adtually to look at the moon, and
fimply to recollect the fun, are two things abfolutely
different.

We may fay with truth, that the recollected ideas
are the fame with the acual ideas ; but this identity
refpeéts only the foul ; with regard to the body, the
actual idea is accompanied with a certain agitation in
the brain, whereas the recolle@ed one is deftitute of
#. Accordingly, we fay, that the idea which I feel,
or which an objet afting on my fenfes excites in my
foul, is a fenfation ; but it can with no propriety be
faid, that a recolletted idea is a fenfation. To recol
ledt, and to feel, always remain two things, abfolutely
different.

‘When, therefore, the foul compares two different

fmells, .
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fmells, when it has the idea of the one from the pre-
fence of an objett acting on the fenfe of fmelling,
and that of the other from recollettion, it has, in
fa@, two ideas at once, the actual idea, and the recol-
le@ed idea : and in pronouncing, whether of the two
is more or lefs agreeable, or difagreeable, it exerts a
particular faculty, diftinét from that by which it
only contemplates what is prefented to it.

But the foul performs ftill other operations ; when
a fucceflion of feveral different fmells is prefented to
it; for while it is ftruck with each: of thefe, in it’s
turn, the preceding are recolleéted, and a notion is
thereby acquired of paft and prefent, and even of
future, when new {cnfations are propofed, fimilar to
- thofe of which it has already had experience. - It
thence, likewife, derives the idea of fucceflion, in as
much as it undergoes feveral impreflions fucceflively,
and hence réfults the idea of duration, and of time.
Finally, on remarking the diverfity of fenfations,
which fucceed each other; it begins to reckon one,
#wo, three, &c. though this fhould not go farther,
from want of figns, or names, wherewith to mark
numbers. For, fuppofing a man has juft begun to
exift, and who has hitherto expericnced no fenfa-
tions, but thofe of which I have been fpeaking; far
from having created a language for himfelf, he only
knows how to exert his firft faculties, on the fimple
ideas which the fenfe of fmelling prefents to him.

. You fee, then, that the man in queftion, has al-
ready acquired the capacity of forming to himfelf
ideas of diverfity, of the prefent, of the paft, and
: ‘ ' even
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even of the future; afterwards, of {fucceflion, of the
duration of time, and of number, or at leaft of the
elemerts of thefe ideas. Some authors pretend, that
fuch 2 man could not acquire the idea of the dura-
tion of time, without a fucceflion of different fenfa-
tions ; but it appears to me, that the fame fenfation,
the finell of the rofe, for example, being continued
for a confiderable time together, he would be dif-
ferently affected by it, than he would, if it were pre-
{ently withdrawn. A very long duration, of the
fame fenfation, would, at length, become tirefome,
which would, neceffarily, excite in him the idea of
duration. It muft certainly be allowed, that his foul
would be fenfible of a very different effedt, if the
fenfation were continued long, than if it lafted only
for 2 moment : and the foul will clearly perceive
this difference ; it will, accordingly, have fome idea
of duration, and of time, without any variation of
the fenfations.

Thefe reflections which the foul makes, occafioned
by it’s fenfations, are what properly belong to it’s
Jpirituality, the body furnithing only fimple fenfations.
The perception of thefe fenfations is, already, an a&
of the foul’s fpirituality ; for a body can never ac-
quire ideas. '

20tb Jannary, 1761.

LETTER
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LETTER ¥CVL |
Coiviction of the Exiftciice of what we perceive by the
" Serfes. Of the Idealifts, Egotifts,and Materialifts.
:IN all the fenfations which we experience, when

one of our fenfes is firuck by any objedt, it is a
matter of- hlgh importance to remark, that the foul
not only acquires an idea, conformed to the imprefs
fion made on thé nerves, but that it judges, at the
famre time, there muft exift an exterior objec, which
furnithed this idea. Though habit makes us con-
fider this judgment as extremely natural, yet we
have reafon to be aftonithed at it, when we examine,
more attentively, what then pafles in our brain.

An example will place this in a clear light. Ihall
'hgpofe you lookmg at the full moon, by night ; the
rays which enter into your eyes ‘will, at once, paint
~ ‘on the retina, an image fimilar to the moon, for the

minute particles of the retina are, by the rays, put
into a vibration fimilar to. that which agitates thofe
of the moon.” Now, the retina, being only a con-
texture of nerves, extremely fubtile, you eafily com-
prehend, that thefe nerves muft hence undergo a cer-
 tain. agitation, which will be tranfmitted to the ori-
gin of the nerves in the brain.. There will be ex-
cited, therefore, likewife, in that portion of the
brain, a certain agitation, which is the real object that
the foul contemplates, and from which it derives an
article of knowledge, which is the idca of the moon.
VoL, L - Bb . - Confe-
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Confequently, the idea of the moon is nothing elfe,
but the contemplation of this flight agitation, affe&t-
ing the origin of the nerves. ’

The adivity of the foul is fo much attached to
the fpot in"which the nerves terminate, that it abfo-
lutely knows nothing of the images painted on the
bottom of the eye, and ftill lefs of the moon, whafe

- rays have formed thefe images. The foul, however,
does not fatisfy itfelf with the mere fpecubition of
the agitation in the brain, which fupplies it imme-
diately with the idea of the moon, it fubjoins to this,
the judgment, that there really exifts, out of us, a»
.objec, which we call the moon. This judgment is
reduced to the following reafoning.

There has taken place in my brain a certain agita-
tion, a certain impreffion ; I do not abfolutely know
by what caufe it has been produced, as I know no-
-thing even of the images, which are the immediate
.caufe of it upon the retina; neverthelefs, I boldly
-pronounce, that there is a body out of me, the moon,
‘which fupplied me with this fenfation.

What a confequence ? May it not be more pro-
-bable, that this agitation, or this impreflion, is pro-
.duced, in my brain, by fome internal caufe, fuch as
-the motion of the blood, or, perhaps, merely by
.chance ? What right have I, then, to conclude, that
- the moon actually exifts ? If I conclude from it, that
- there is, at the bottom of my eye, a certain image,

- this might pafs; as, in fa&, this image is the imme-
diate caufe of the impreflion made on my brain;
- though it was fufficiently bold to hazard even this
’ conclufion.
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tonclufions But I go much farther, and, becaufe
there is a certain agitation in my brain, I proceed to
conclude, that there exifts, out of my body, nay, in
the heavens, a body which is the firft caufe of fuch
- impreffion, and that this body is the moon.

" In fleep, when we imagine we fee the moon, the
foul acquires the fame idea: and, perhaps, a fimilar
agitation is then produced in the brain, as the foul
imagines that it then really fees the moon. It is, -
undoubtedly, certain, that, in this, we deceive our- -
felves ; but what affurance have we, that our judg-
ment is better founded when we are awake? Philo-
lophers have loft their way, more than once, in ena
deavouring to folve this difficulty.

- What 1 _have juft faid, refpeting the moon, takes
place with regard to all the bodies which we fee.
The confequence is not apparent, that there muft-
exift bodies out of us, becaufe our brain undergoes

- certain agitations, or impreflions. This appliés even
to our own limbs, and to our whole body, of which
we know nothing but by means of the fenfes, and
of the impreflions which they make in the brain :
if, then, thefe impreflions, and the ideas which the
foul derives from them, prove nothing as to the ex-
iftence of body, that of our own body becomes
equally doubtful.

You will not, therefore, be furpnzed that there
thould be philofophers, who have openly denied the
exiftence of bodies; and, in truth, it is not eafy to
refute them. They derive a very firong argument
from dreams, in which we ‘imagine, that we fee {o

. Bba many
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many bodies, which have no exiftence. It is faid;
with truth, that then it is pure illufion; but what
afflurance have we, that we are not under the power
of a fimilar illufion when awake ? According to thefe
philofophers, it is not an illufion : the foul, they ad
mit, perceives a certain impreflion, an idea, but they
boldly deny it to be a confequence, that bodies really
exift, which correfpond to thofe ideas. The fup-
porters of this {yftem are called Idealifts, becaufe they
admit the ideas only of material things, and abfo-
lutely deny their exiftence. They may, likewife, be
denominated Spiritualifts, as they maintain, that no.
beings exift, except fpirits.

And as we do not know other fpirits, but by
means of the fenfes, or of ideas, there are philofo-
phers who go fo far as to deny the exiftence of all
fpirits, their own foul excepted, of the exiftence of
- which every oneis completely convinced. Thefe are.
called Egotiffs, becaufe they pretend that nothing
exifts but their own foul.

To them are oppofed the philofophers, whom we
denominate Materialifts, who deny the exiftence of
{pirits, and maintain, that every thing which exifts
is matter, and that what we call our foul is only
matter, extremely fubtile, and thereby rendered ca-.
pable of thought.

: a4th Famuary, 1761.

€«

-  LETTER
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LETTER XCVIL

Refutation of the Idealifts.

WISH it were in my power to furnith you with

the arms neceflary to combat the Idealifts and the
Egotifts, by demonftrating, that there is a real con:
ne&ion between our fenfations and the objeds them-
{elves, which they reprefent; but the more I think
of it, the more I feel my own incapacity.

It would be ridiculous to think of engaging with -
the Egotifts : for a2 man who imagines he alone exifts,
- and who does not believe in my exiftence, would a&
in contradiftion to his own fyftem, if he paid any
attention to my reafoning, which, according to him,
would be that of an imaginary being. It is, like:
wife, a hard tafk to confute the Idealifts, nay, it i3
impoffible to convince, of the exiftence of bodies, 4
man obftinately determined to deny it. Though no
- fuch philofophers exifted, it would be highly inte-
refting to be able to convince ourfelves, that as often
a8 our foul experiences fenfations, it may be with
certainty concluded, that bodies likewife exift ; and
that, when my foul is affe@ted by the fenfation of
the moon, I may thence boldly infer the exiftencé
of the moon.

. But the union which the Creator has eﬁabhﬂled
between the foul and the brain, is a myftery fo un-
fathomable, that all our knowledge of it amounts

: Bb 3 Onlv
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only to this: Certain impreflions made in the brain,
where the feat of the foul is, excite in it certain ideas,
or fenfations ; but the Aow, of this influence, is abfo-
lutely unknown to us. We ought to fatisfy our-
felves with knowing, that this influence fubfifts,
which experience fufficiently confirms; and it is in
vain to inveftigate bow this is produced. Now, the
fame experience which proves it, informs us, like-
wife, that every fenfation always difpofes the foul to

_believe that there exifts, out of it, fome obje& which
excited fuch fenfation ; and that fepfation difcovers
to us feveral properties of the obje.

It is, then, a moft undoubted fad, that the foul
always concludes, from any fenfation whatever, the
exiftence of a real objed, .out of us. This is fo na-
“tural to us, from our earlieft infancy, and fo univer-
fally the cafe with all men, and even with animals,
that it cannot, with any propriety, be called a preju-
dice. The dog that barks when he fees me, is cer-
tainly convinced that I exift; for my prefence ex-
gites in him the 1da of my perfon. The dog, then,
s not an idealift. Even the meaneft infe@s are af;
fured that bodies exift, out of them, and they could
pot have this convition, but by the fenfations ex-
gited in their fouls. '

1 believe, therefore, that fenfations include much
Bore than thofe philofophers are difpofed to admit.
[hey are not only fimple perceptioris of certain im-

peﬁons made in the brain; they fupply the foul
: p“ with ldm only, but they effeCtively reprefent
t0
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to it objeds externally exifting, though we cannot
comprehend how this is done.

In fa&, what refemblance can “there be between.
the luminous idea of the moon, and the flight im-,
preflion which it’s rays may produce in the brain, by
means of nerves?

_The idea, even in as far as the foul perceives it, .
has nothing material ; it is an a& of the foul, which
s a fpirit : it is not neceffary, therefore, to look for
a real relation between the imprefiions of the brain,
and the ideas of the foul; it is enough for us to
know, that certain impreflions made in the brain,
excite certain ideas in the foul, and that thefe ideag
are reprefentations of objects externally exifting, of -
- whofe exiftence they give us the affurance.

Thus, when my brain excites in my foul the fen.
‘fation of a tree, or of a houfe, I pronounce, without
hefitation, that a tree, or a houfe, really exifts, out
of me, of which 1 know the place, the fize, and
other properties. Accordingly, we find neither man
nor beaft, who calls this truth in queftion. If a
clown thould take it into his head to conceive fuch

. adoubt; and fhould fay, for example, he does not-
believe that his bailiff exifts, though he ftands in his
prefence, he would be taken for a madman, and
with good reafon ; but when a philofopher advances
fuch fentiments, he expeéts we thould admire his
knowledge and fagacity, which infinitely furpa.fs the
apprehenfions of the vulgar.

It appears to me, accordingly, abundantly certain,

Bbg that
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that fuch extravagant fentiments would never have
been maintained, but from pride, and an affetation
of fingularity : and you will readily agree, that the
common people have, in this refpe&, much.more
good fenfe than thofe learned gentlemen, who de,
rive no other advantage from their refearches, but
that of bewildering themfelves in a labyrinth of chi-
meras, unintelligible to the reft of mankind.* .

"Let it be eftablifhed, then, as a certain rule, that
every fenfation not only excites in the foul an idea,
but fhews it, if I may fo exprefs myfelf, an external
objed, of whofe exiftence it gives full affurance, with-
out pradifing a deception. . A very formidable ob-
jettion, however, is ftarted againft this, arifing from
dreams, and the reveries of fick perfons, in which
the foul experiences a great variety of fenfations of
objeéts which no where exift. The only refletion
I thall fuggeft on this fubject is, that it muft be very
natural for us to judge that the objeéts, the fenfa-
tions of which the foul experiences, really exift, as
we judge after this manner-even in fleep, though
then we deceive ourfelves; but it does not thence
follow, that we likewife deceive ourfelves when we -
are awake. In order to folve this obje&ion, it is

* Mr. Evler feems here to be confounding two different quef-
tions, that of the exiftence of exterior obje&s, and that of 4 kind
of real refemblance between thefe objets and the idea which we
have of them. Barclay has, however, carefully diftinguithed them,
and has cleaily pointed out the difference. All we can at prefent
do, is to refer the reader to the article Ezifience, in the Encyclopedia,
the only work in which thefe queftions have been treated with an
exalt analyfis,—F. E. '

neccﬁ'ary
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mceﬁ'a‘ry to know better the difference of the ftate
of the man who is afleep, and of him who wakes;
and none, perhaps, know this lefs than the learned,
which muft furely be a matter of fome furprize to
you. .

27th Fannary, 1761.

—— e} ———
LETTER XCVIIL

The Faculty of Perceiving. Remmy?:ence, Memary, and
/Ittenmn Szmple and compound Ideas.

YOU are by this time fenfible, that obje&s, by
ating upon our fenfes, excite in the foul fenfa.
tions, from which'we judge that they really exift,
-out of us. Though the impreflions which occafion
thefe fenfations are made in the brain, they prefent,
then, to the foul, a fpecies of image fimilar to the
object which the foul perceives, and which is called
the fenfible idea, becaufe it is excited by the fenfes.
Thus, on feeing a dog, the foul acquires the idea of
it, and it is by means of the fenfes that the foul
comes to the knowledge of external objeds, and ac-
quires fenfible ideas of them, which are the founda-
tion of all our attainments in knowledge.

This faculty of the foul, by which it acquires the
knowledge of external things, is denominated the
Jaculty of perception, and depends, no doubt, on the
wonderful union which the Creator has eftablifhed
between the foul and the brain. Now, the foul has



38 EACULTY OF.PERCEIVING.'

- fill another faculty, that of . recalling ideas already:
communicated by the fenfes; and this faculty is.
pamed reminifcence, ox imagination. 'Thus, having
once feen an clephant, you will be able to recolle&
the idea of that animal, though it is no longer be-~
fore you. There is, however, a mighty difference

between actual and recolletted ideas: the former

make an impreflion mueh more lively and intereft~

ing than the latter, but the faculty of recalling ideas

~ is the principal fource of all our knowledge.

Did we lofe the ideas of abjels as foon as they

ceafe to a& ypon our fenfes, we thould never be able
to make any refleion, any comparifon; and our
knowledge would be entirely confined to the things
which we fhould feel at the moment, all preceding
ideas being extinguifhed, as if we had never poflefied
them, ' .
It is, therefore, a faculty effential to reafonable
beings, and with which animals too are endowed,
that of being able to recollect paft ideas. Youw know.
the faculty of which I fpeak is memory. It by na
means follows, however, that we have it always in
our power to recall all our paft ideas, How fre-
quently do we exert ourfelves in vain to recolle&
certain ideas which we formerly had? Sometimes
- we forget them entirely ; but for the moft part only
partially.

If you thould happen, for example, to forget the
demonttration of the Pythagorean theorem; with
all your efforts, perhaps, you fhould not be able to
recollet it, but this would be only a partial forget.

fulnefs ;
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fulnefs; for as foon as I had again drawn the figure,
and put you into the train of the demonftration, you
will prefently recolle&t it, and this fecond demonftra.
tion will make on your mind quite a different im-
_preffion from the firt. We fee, then, that the remi.
nifcence of ideas is not always in our powet, though
they may not be wholly extinguithed ; and a flight
circumftance is frequently capable of reproducing
them,

We mutft, thcrcfore, carefully diftinguith betwem
fenfible and recollected ideas. Senfible ideas are re.
prefented to us by the fenfes; but we ourfelves form
recolleéted ideas, on the maodel of the fenﬁble, as fay
as we remember them. .

The do&rine-of ideas is of the laft importance for
the purpofe of a thorough difquifition of the real
fources of human knowledge. And firft, ideas are
diftinguithed into fimple and complex. A fimple idea
is that in which the foul finds nothing to diftinguith,
and  remarks no parts different from each other,
Such-is, for example, the idea of a fmell, or of a fpot
on a fubftance of one colour; fuch is, likewife, that
of a ftar, in which we perceive only one luminous
point.” A complex idea is a reprefentation in which
the foul is able to diftinguith feveral different things,
When, for inftance, we look attentively at the moon,
we difcover feveral dark fpets, furrounded by con-
tours more luminous; we remark, alfo, her round
figure, when the is full, and her horned figure, when
waxing or waning. On viewing her through the

: telefcope,
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. telefcope, there are many othet pam:uhrs d:ﬂi'n-
guithable.

-How many different things do we not perouve in
‘beholding a noble palace, or a fine garden?: Whea
-you do me the honour to ‘read this letter, you will
" difcover'in it the different traits of the charaers,
‘wliich you can with eafe diftinguith from each othé.
This, then, is'a complex Idea,agit contains a variety
~ of fimple ideas. Not only this letter, taken in whols,
prefents a complex idea, from it’s confifting of a plu-
rality of words ; .but every:word, too, is a complex
idea, being compofed of feveral charalersj. nay,
. ‘every charaer is one, from the fingularity of the
form which diftinguifhes it- from others: but the
‘tlements or points which conftitute every charaéter,
may be confidered as fimple ideas, in as much as you
no longer perceive in them any diverfity. " A greater
degree of attention will likewife difcover fome va-
riety in thefe elements, on v1ew1ng them through a
microfcope.

There is a great difference, thercfore, even in the
manner of contemplating objects. When we obferve
them only flightly and tranfiently, we perceive very
little variety; but, to an attentive confideration,
every particular detail ftands difclofed. A favage,
on throwing his eyes over this letter, will take it for
a piece of paper fcribbled all over, and will diftinguith
only the tlack from the white, whereas an attentivé
reader obferves in it the peculiar form of every cha-

racter. Here, then, we have a new faculty of the
foul,
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foul, denominated attention, by which it acquires the
fimple ideas of the different things that meet in one.
dbjedt. ‘ :
Attention requires addrefs, the refult of long and
frequent exercife, to render it capable of diftinguifh-
ing the different parts of an obje&t: A clown and
an archite@, pafling by a palace, will both receive,
the impreflion of the rays which enter into their.
eyes; but the archite@ will difcover a thoufand mis
nute particulars, of which the clown has no percep+
tion. Attention alone produces this difference.

- 31 January, 1761.

——;QO%QQ————
LETTER XCIX.

- Divifion of Ideas into clear and obfcure, diftinct and cons
Jufed.  Of Diftraction. '

F we confider, in a flight manner only, a reprefen-
tation made to us by the fenfes, the idea which
we acquire from it is very imperfe&, and we fay it
is obfcure : but the more attention that we employ.
to diftinguith all it’s parts, the more perfe? or diftinct
our idea will become. In order to acquire a perfe&t
or diftin¢t idea of an objedt, it is not then fufficient
that it thould be reprefented in the brain, by impref-
fions made upon the fenfes, the foul, too, muft apply
it’s attention, which is properly an a& of the foul,
independent upon the body. .
It is farther neceffary that the reprefentation in,

' 3 the
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different parts and qualities which chara@erize the
objeéh This takes place when the obje&t is prefented
%0 the fehfes in i faitable manrier. When, for ex- -
ainple, I fee a piece of writing, at the diftance of ten
fleet, I am unable t0 fead it, let me employ whatever
degree of attention I may; the diftance of the ehas
falters prevents theit being aécurately exprefled-on
the bottom of the eye, and confequently alfo in the
braint but if the fame writing is brought to a proper*
diftance, I can read it, becaufe then all the characters
are diftin&ly reprefented on the bottom of the eye.
You know that we employ certain' inflruménts in .
order to procure a more perfe& reprefentation in the
organs of fenfe fuch as microfcopes and telefcopes
which are intended as fupplements.to the imperfec
tion of vifion. But, in employing their affiftance,

- we are incapable of attaining a diftin& idea, without
attention ; otherwife we acquire but an obfcure idea,
nearly fuch as we thould have had by taking a glimpfe
of the obje& only.

I have already remarked, that fenfations are by no
means indifferent to the foul, but agreeable or difs
agreeable: and this agreeablenefs, or it’s oppofite,
excites our attention, unlefs the foul is pre-occupied

. by feveral other fenfations which entirely engrofs it :
this laft fate of the foul is termed djfraction.

Exercife, likewife, greatly contributes to firengthen
attention: and there cannot be a2 mode of exercife
more fuitable to children than teaching them to
~ead; for they are thereby laid under the neceffity

' of
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of fixing their attention facceflively on every charac:
ter, and of imprefling- on their minds a clear idea of
the figure of each. It is eafy to fee that this exercife
mutt be at firft extremely painful; but fuch a habit
is fpeedily acquired, that even a child, aftera little ap.
plication,can read with aftonithing quicknefs. In reads
img a piece of writing, we muft have a very diftin&
#dea of every charatter ; thus attention is fufceptible

*of a very high degree of perfettion from exetcife. -
With what amazing rapidity will a proficient in
anufic execute the moft difficult piece, though he
snever faw it before. It is certain that his attention
wmud have run over all the notes, one after another,
and that he remarked the fignification of each. His
attention, however, is not confined only to thefe
motes ; it prefides, likewife, over the motion of the
fingers, not one of which moves but by an exprefs
order of the foul ; he remarks, likewife, at the fame
time, how the other performers execute their parts.

. {tis, upon the whole, altogether furprifing to what
a height the addrefs of the human mind may be care

- ried by application and exercife. Shew the fame
prece of mufic to a beginner ; how much time does
it require to imprefs on his mind the fignification of
every note, and to give him a complete idea of it?
-while the mafter acquires it"by almott a fingle glance.

This ability extends equally to all other kinds of

-objefts, in which one man may infinitely. furpafs
another. There are perfons who, with one glance
-fixed on a perfon pafling before them, acquire a dif-
tm& idea, not only of all the features of the face,

- - but
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but the particulars of his whole drefs, down to thé
minuteft trifles, while others are incapable of re:
marking the moft ftriking circumftinces.

We obferve, in this refpect, an infinite difference
among inen: Some promptly catch all the different
marks of an obje&; and form to themfelves a diftin& -
idea of it; while that formed by others is extremely
obfcuré; This difference depends, not only on men-
tal penetration, but likewife on the nature of the ob--
je@ts: A mufician catches at once the whole piece
of mufic; and acquires a diftinét idea of it : but pre
fent him with a pie¢e of writing in Chinefe charac:
ters, and he will have only very oblcure ideas lndeed
of fuch writing: the Chinefe, on the contrary, will
know, at firft fight, the real import of éach ¢harac
ter, but will, in his turn, underftand nothing of mw
fical notes. The botanift obferves in a plant which
he never faw before,; a thoufand particulars which
efcape the attention of another; and the archite&
difcerns, by a fingle glance, in a building, many
things which another, with a much greater degree
of attention, could not have difcovered.

It is always ufeful to form diftin¢t ideas of the ob-

jets prefented to our fenfes ; in other words to re-
mark all the parts of which they are compofed, and
the marks which diftinguith and characterize them.
" From thefe obfervations you will eafily comprehend
the divifion of ideas into obfcure and clear, into con-
fufed and diftinét. - The more diftinét they are, the
more they contribute to the advancement of know-
ledge.

3d February, 1761,
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LETTER C.

Of the Aé/}ra;?ion of Nutions. Notions general and in-
' dividual. Of Genus and Species.

: THE fenfes reprefent objects only which exift ex-

ternally ; and fenfible ideas all refer to themg
but of thefe fenfible ideas’ the foul forms to itfelf a
variety of other ideas, which are ifideed derived from
thefe, but which no longer reprcfent objedts really
exifting.

‘When, for example, I look at the full moon, .. ad
fix my attention only on it’s contour, I form the
idea of roundnefs ; but I cannot affirm, that round-
nefs exifts of itfelf. The moon is round, but the
round figure does not exift feparately out of the
moon. - It is the fame with refpeét to all other
figures ; and when I fee a triangular, or fquare table,
I may have the idea of a triangle, or of a fquare,
though fuch a figure exifts no where of itfelf, or fe-
parately from an object poflefling that figure.

The ideas of numbers have the fame origin. Hav-
ing feen two or three perfons, the foul forms the idea
of two or three, wighout attaching it any longer to
the perfons. Having already acquired the idea of
three, the foul is able to proceed, and to form the
ideas of greater numbers, of four, five, ten, a hun-
dred, a thoufand, and fo on, without ever having
precifely feen fo many things together. A fingle in-
ftance, therefore, in which we have feen two or three

Vor. L Cc - objeéts,
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" objedts, may carry the foul forward to the formation
of the ideas of other numbers, be they ever fo great.
The fame thing holds as to figures ; and yoh have
.the power of forming to yourfelf the idea of a poly-
gon, with 1761 fides, for example, though you never
have feen an object of that form, and though no one
fuch, perhaps, ever exifted.

" Here the foul exerts a new faculty, which is called
the power of abfraction ; this takes place when the
foul fixes it’s attention on only one quantity er qua-
lity of the object, and confiders it feparately, as if it
were no longer attached to the obje&. When, for
inftance, I put my hand on a heated ftone, and con-
fine my attention to the heat only, I form from it
the idea of heat, which is no Jonger attached to the
ftone. This idea of heat is formed by abftraction, as
it is fcparated from the ftone, and the foul might
have derived the fame idea from touching a piece of
wood hcated, or by plunging the hand into hot
water.

‘Thus, by means of abftraction, the foul forms a
thoufand other ideas of the quantities and properties
of objects, by feparating them afterwards from the
objects themfclves: as, when Ifee a red coat, and fix
my attention only on the colo% I form the idea of
red, feparate from the coat, and it is obvious that a
red flower, or any other fubftance of that colour,
would have cnabled me to form the fame idea.

‘Thefc ideas, acquired by abftraétion, are denomi-
nated notisni, to diftinguifh them from fenfible ideas,
which reprelent to us objeéts really exifting.

It
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It is.alleged that the power of abftradtion is a pre-
rogative of men, and of other rational beings, and -
that the beafts are entirely deftitute of it. A beaft
may experience the fame fenfation of hot water that
we do, but is unable to feparate the idea of heat and
that of the water itfelf: it knows heat only in fo far
as it is connedted with the water, but has not the ab-
ftra& idea of heat which we have. It is faid, that
thefe notions are general ideas, which extend to fe-
veral things at once, as we may find heat in ftone,
wood, water, or any other body; but our idea of
heat is not attached to any one body ; for if my idea
of heat were “attached to a certain ftone, which firft

- fupplied me with that idea, I could not affirm that
wood or -other bodies were hot. Hence it is evident,
that thefe notions, or general.ideas, are not attached -
to certain objedts, as fenfible ideas are; and as they
diftinguith man from the brute creation, they pro-
perly exalt him to a degree of rationality wholly un-
attainable by the beafts.

There is fill farther a fpecies of notions, likewife,
formed by abftra&ion, which fupply the foul with
the moft important fubjeé@s on which to employ it’s
powers: thefe are the ideas of genus and fpecies.
When I fee a pear-tree, a cherry-tree, an apple-tree,
an oak, a fir, &c. all thefe ideas are different ; I, ne-
verthelefs, remark in them feveral things which they
have in common ; as the trunk, the branches, and
the roots ; I ftop fhort only at thofe things which .
the different ideas have in common, and the obje&,

- Cca2 ' in
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in which all fuch qualities meet, I call 2 #ree. Thus
the idea of tree, which I have formed in ‘this man-
ner, is a general notion, and comprehends the fenfible
ideas of the pear-tree, the apple-ti‘ee, and, in general,
of every tree that exifts.

Now, the tree which correfponds to myidea of
tree, no where exifts; it is not the pear-tree, for
then the apple would not be comprehended under
it ; for the fame reafon, it is not the cherry-tree, nor
the plumb, nor the oak, &c.; in a word, it exifts

- only in my foul; it is only an idea, but which is re-
alized in an infinite number of objects. In like man-
ner, when I {fpeak of a cherry-tree, it too is a general
notion, which comprehends all the cherry-trees that
exift: this notion is not reftrited to a particular
cherry-tree in my garden: for then every other
cherry-tree would be excluded.

With refpet to general notions, every exifting
object, comprehended under one, is denominated
an individual, and the general idea, fay that of the
cherry-tree, is denominated fpecies or genus. Thefe -
two words fignify nearly the fame thing, but genus
is the morc comprehenfive, including in it a variety
of fpecies.  Thus the notion of a tree may be confi-
dered as a genus, as it includes the notions of pear-
trees, apple-trees, oaks, firs, and fo on, which are
ipecics ; and of fo many others, each of which con-
tains a great number of exifting individuals.

"This manner of forming general ideas is, therefore,
likewife, performed by abftraction, and it is here,

chiefly, -
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chiefly, that the foul exerts the adtivity and performs
the operations from which all our knowledge is de-
rived. Without thefe- general notions, we ﬂlould
differ nothing from the brutes.

7¢h February, 1761.

LETTER CL

Of Language ; it’s Nature, Advantages, and Necejfitpy
in order to the Communication of Thought, and the
Cultivation of Knowledge.

HATEVER aptitude 2 man may have to ex-

ercife the power of abftraction, and to fur«

nith himfelf with general ideas, he can make no con-

fiderable progrefs without the aid of language, fpoken

or written. Both the one and the other contains a

variety of words, which are only certain figns, cor-

refponding to our ideas, and whofe fignification is

fettled by cuftom, or the tacit confent of feveral men
who live together.

It would appear, from this; that the only purpofe
of language to mankind is mutually to communicate .
their fentiments, and that a folitary man might do
very well without it ; but.a little refletion only is
neceflary to be convinced, that men ftand in need of
language, as much to purfue and cultivate their own
- thoughts, as to keep up a communication with others.
To prove this, I remark, firft, that we have fcarcely

Cc3 a word
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a word in any language whote fignification is attach-
ed to one individual obje@. If each cherry-treec in
a whole country had it’s proper name, as well as
every pear-tree, and, in general, every individual
tree; what an enormous complication, in language,
would refult from it? Were I under the neceffity of
employing a particular term to denote every fheet
of paper in my bureau, or if I fhould, from caprice,
think fit to give each a particular name, this would
be as ufelefs to myfelf as to’ others.
» It is, then, a very imperfe& defcription of language
to fay, that men have, from the firft, impofed on all
individual objedts, certain names to ferve them for
figns. The words of a language exprefs general no-
tions, and you will rarely find one which marks only
a fingle individual. The name, Alexander the Great,
is applicable to one particular perfon; but thenitisa
compound name. There may have been many thou-
fands of Alexanders, and the epithet great, extends
to an infinite number of things. It is thus, that all
men bear names, to diftinguith them from others,
though thefe names may be frequently common to
many. :
The efience of a language confifts, rather, in it’s
containing words to denote general notions; as that
of tree correfponds to a prodigious number of indi-
vidual beings. Thefe words ferve not only to con-
vey to others, who underfiand the fame language,
the fame idea which | affix to the words; but they
are, likewife, a great affiftance to me, in reprefenting
this idea to myfelf, Without the word tree, which
- reprefents
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reprefents to me the general notion of a tree, I muft
imagine to myfelf at once a cherry-tree, a pear-tree,
an apple-tree, a fir, &c. and thence extract what they
have in common. This would neceflarily opprefs
the mind, and fpeedily involve it in the greateft per-
plexity. But having, once for all, determined to
exprefs, by the term tree, the general notion formed
by abftraction, this term always éxcites in my foul
 the fame notion, without my having occafion to re-
colle& it’s origin ; and, accordingly, the word #ree
alone, for the moft part, conftitutes the object of the
foul, without the reprefentation of any real tree.

The word man is, in like manner, a fign to denote
the general notion of what all men have in com-
mon, and it would be very diflicult to tell or to
make the enumeration of all that this notion con-
tains. Would you fay that he is a living two-legged
being? A cock would likewife be induded in this
dcfcri_Ptibn. Would you fay, in the words of Plato’s
definition, that he is a two-legged animal without
feathers? You have only to firip the cock of his fea-
" thers, in order to obtain the Platonic man.

I do not know whether thofe who fay that man is
an animal endowed with reafon, exprefs themfelves
more accurately : for how often do we take for men
certain beings of whofe ratibnality we have no affur-
ance. On viewing an army, I have not the leaft
doubt that every foldier is a man, though I have not

.the fmalleft proof that they are all endowed with
reafon. If I were to make an enumeration of all the
members neceffary to conftitute a man, fome men

' Ccy would
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would always be found defeétive in one, perhaps in
feveral of thefe, or we might find fome beaft who
had them all. On inveftigating, therefore, the origin
of the general notion of man, it is a]moﬂ: impoffible
to fay wherein it confifts.

No one, however, has any doubt refpeting the
figniscation of the word; becaufe every one, wifh-
ing to excite this notion in his foul, has only to
think on the word man, as if he faw it written on
paper, or Heard it pronounced, according as the re-
fpective language of any one may be.

Hence we fee that, for the moft part, the objedts
of our thoughts are not 1o much the things them-
felves, as the words by which thefe things are de-
noted in language ; which greatly facilitates the ex-
ercife of thought. What idea, in fa&, do we aflo-
ciate with the terms wirtue, liberty, goodncfs, &c.? Not
furely a fenfible image; but the foul having once
formed the abftra&t notions which correfpond to
thefe terms, afterwards fubftitutes them, in it’s
thoughts, in place of the things which they denote.

You may eafily conceive how many abftraQions it

" was neceffary to make, in order to arrive at the no-
tion of virtue. The alions of men were firft to be
confidered ; they were, then, to be compared with

‘the dyties impofed on them ; in confequence of this,
we give the name of wirfue to the difpofition which

‘s, man has to regulate his actions conformably to his
duties. But, on hearing the word-wvirfue rapidly
pronounced in converfation, do we always connect

_with it this complex notion? And what idea is ex-
: cited
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cited in the mind, on hearing the particle aad or alfo
pronounced ? It is readily feen, that thefe words im-
port a {pecies of connedtion, but take what pains you
pleafe to defcribe this conneétion, you will find your-
felf under the neceflity of employing other words,
whofe fignification it would be equally.difficult to
explain ; and if I were to attempt an explanation of
the import of the particle and, I muft make frequent
ufe of that very particle.

You are now enabled to judge of what advantage
language is to dire& our thoughts; and that, with-
out language, we thould hardly be in a condition to
think at all.

10th February, 1560.

e-xX-0
LETTER CIL -

Of the Perfettions of a Language. Fudgments and Na-
ture of Propofitions, affirmative and negative ; uni-
verfal, or particular. ) :

I HAVE been endeavouring to fhew you, how ne-

ceflary language is to man, not only for the mu-
tual commpnication of fentiment and thought, but,
likewife, for the improvement of the mind, and the
extenfion of knowledge.

Thefe figns, or words, reprefent, then, general no-
tions, cach of which is applicable to an infinite num-
-ber of obje@s: as, for inftance, the idea of hot, and
-of heat, to every individual obje¢t which is hot; and

: the
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the idea, or general notion of tree, is applicable to

every individual trce in a garden, or a foreft, whe-
ther cherries, pears, oaks, or firs, &c.

" Hence you muft. be fenfible how one language may
be more perfet than another. A language always
is fo, in proportion as it is in a condition to exprefs
a greater number of general notions, formed by ab-
ftraction. It is with refpet to thefe notions that we
muft eftimate the perfection of a language.

Formerly there was no word in the Ruflian lan.
guage to exprefs what we call jufice. This was cer-
tainly a very great defect; as the idea of juftice is of
very great importance in a great number of our
judgments and reafonings, .and as it is fcarcely pof-
fible to think of the thing itfelf without a term ex-
preiive of it. They have, accordingly, fupplied this
defect, by introducing into that language a word
-which conveys the notion of juftice.

Thefc general notions, formed by abftraction, are
the fource of all our judgments and of all our rea-
fonings. A judgment is nothing elfe but the affirma- .
tion, or negation, that a notion is applicable, or in-
applicable ; and when fuch judgment is exprefled in
-words, we call it a propofition. To give an example:
Al men are mortal, is a propofition which contains
Two notions ; the firft, that of men in general ; and

_ #he fecond, that of mortality, which comprehends

-awhatever is mortal. The judgment confifts in pro-
-souncing and affirming, that the notion of mortality is
‘Mpplicable to all men. This is a judgment, and, being

;i’axpl:.eﬂ'ed in words, it is a propofition ; and, becaufe -

. it
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it affirms, we call it an an affirmative propofition. ¥
it denied, we would call it negative, fuch as this, #a
man is righteous. 'Thefe two propofitions, which I have
introduced as examples, are univer/al, becaufe the
one affirms of a// men, that they are mortal, and the
ather denies that they are righteous.

There are likewife particular propefitions, both nega.
tive and affirmative ; as, fome men are learned, and fome
* men are not wife. What is here affirmed, and denied,
is not applicable to all men, but to fome of them.

Hence we derive four fpecies of propofitions.” The
firft is that of afirmative and univerfal propefitions, the
form of which in general is:

Every A is B,

The fecond fpecies contains negative and univerfal

propofitions, the form of which in general is:-
No A is B. ‘

The third is, that of afirmative propefitions, but

particular, contained in this form :
Some Ais B. .

And, finally, the fourth is that of negative and par-

ticular propofitions, of which the form is:
' Some A is not B.

All thefe propofitions contain, eflentially, two no<
tions, A and B, which are called the terms of the pro-
pofition : the firft of which affirms or denies fome
thing; and this we call the fubjec?; and the fecond,
which we fay is applicable, or inapplicable, to the
firft, is the attribute. Thus, in the propofition, A/
men are mortal, the word man, or men, is the fubje&,
" and the word mortal the attribute: thefe words are

. ' much
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much ufed in logic, which teaches the rules of juft
reafoning.

Thefe four fpecies of propoﬁtlons may likewife be
reprefented by figures, fo as to exhibit their nature
to the eye. This muft be a great afliftance toward

comprchending more diftinétly wherein the accuracy

of a chain of reafoning confifts.

- As a general notion contains an infinite number

of .individual objeéts, we may confider it as a fpace
in which they are all contained. Thus for the no-
tion of. man we form a fpace (‘plate 1. fig. 1.) in which
we conceive all men to be comprehended. For the
notion of mortal, we form another, (#g. 2.) in which
we conceive every thing mortal to be comprehended.
And when I affirm, e/l men are mortal, it is the fame
thing with affirming, that the firft figure is contain-
ed in the fecond.

" 1. Hence it follows, that the reprefentation of an
affirmative univerfal propofition is that in which the
fpace A, (fig. 3.) which reprefents the fubjec? of the
propoﬁtxon, is wholly contained in the fpace B, whxch
is the attribute.

IL. As to negative univerfal propofitions, the two
~ fpaces A and B, of which A always denotes the fub-
ject, and B the attribute, will be reprefented thus,
(fig- 4-) the one feparated from the other; becaufe
we fay, 70 4 is B, or that nothing comprehendcd in
the notion A, is in the notion B.

III. In affirmative particular propofitions, as, jbma
4 is B, a part of the fpace A will be comprehended
in the fpace B: (ﬁg 5.) as we fec here, .that fome-
T thing
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thing comprehended in the notion A, is likewife
in B.

IV. For negative particular propofitions, as, /bme
.4 is not B; a part of the fpace A muft be out of the
{pace B, (fig. 6.) This figure refembles the preced-
ing; but we here remark, principally, that there is
. fomething in the notion A, which is not compre-
hended in the notion B, or which is out of it.

14:h Febraary, 1761.

LETTER CIIL

Of Syllogifins, and their different Forms, when the firft
- Prapq/itwn is univerfal.

HESE circles, or rather thefe fpaces, for it is of
.no_importance of what figure they are of, are
cxtremcly commodious for facilitating our refleitions
on this fubje&, and for unfolding all the boafted
myfteries of logic, which that art finds it fo difficult
to explain ; whereas, by means of thefe figns, the
whole is rendered fenfible to the eye. We may ems
ploy, then, fpaces formed at pleafure to reprefent
pvery.general notion, and mark the fubjeé of a pro-
" pofition, by a fpace containing A, and the attribute,
" by another which contains B. The nature of the
propofition itfclf always imports either that the fpace
‘of A is wholly contained in the fpace B, or that it is
' ,partly containcd in that fpace; or that a part, at

‘ o leaft,
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leatt, is out of the fpace B; or, finally, that the fpace
A 18 wholly out of B.*

The two laft cafes, which reprefent particular pro-
pofitions, feem to contain a doubt, as it is not de-
cided, whether it be a great part of A which is con-
tained, or not contained, in B. It is even poffible,

& Mr. Eu!er, who is ever minutely exact in all his details, {ub-
joins here the following diagram, with this fhort introdu&ion:
¢¢ I fhall once more give you a vifible reprefentation of thefe figures
¢ or emblems of the four fpecies of propofitions.””

Emblems of the foyr Species of Propofitions.

Affirmative univerfal, Negative univerfal.
',"' it ’
o" “..‘ —-ace, ermee,
o et “ - ~ Vas -
'.':‘ / .“ “ "' s\‘ ; / \
] ) % T 0
{431 |{ A }{ B }
. . ] 1
5 / S kY r 'Y
‘\“‘. \a\__,o /' /’ \.‘..-.." 4 \."-...’"’.
‘~.~..--'o "
Every A is B. - No AisB.
{4 Affirmative particular. Negative particular,
r. =,
{ A ZS B\
\ \ S /
il
Some A is B. Some A is not B.

The omiffion of this fcheme, in the Paris edition, is the more un-
accountable, that the very next paragraph immediately refers to it,
and is lame and inconclufive without it.—E. E.

m
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in the cafe of a particular propofition, that the no-
tion A may contain the notion B entirely, as in plate
L fg. 7; and that, at the fame time, as is clear from
the figure, a part of the fpace A may be in the fpace
B, and that a part of A may no tbein B. Now, if A
were, for example, the idea of #ree in general, and B
that of oak, which is contained wholly in the. firft,
the following propofitions might be formed :

I. All oaks are trees.
II. Some trees are oaks.
II. Some trees are not oaks.

In like manner, if of two {paces one is entirely out
of the other, as in plate 1. fig. 4. I can as well fay, no
Ais B,as no Bis A; as if I were to fay: no man is
a tree, and no tree is 2 man. '

In the‘third cafe, where the two notions have a
part in common, as in plase L. fg. 5. it may be faid

L ‘Some A is B.

IL. Some B is A.

IL Some A is not B.

IV. Some Bis not A. -

This may fuffice to fhew you how all propofitions
may be reprefented by figures: but their greateft
utility is manifeft in reafonings which, when ex-
prefled in words, are called fjllogifms, and of which

“the obje& is to draw a juft conclufion from certain
- given propofitions. This method will difcover to
us the true forms of all fyllogifms.

. Let us begin by an afirmative univerfal propofi-
tion: Every A is B, (plate L fig. 3.) where the fpace
A is wholly in the fpace B, and let us fee how a third
- : - notion
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notion C, muft be referred to each of the other two
notions A and B, in order to draw a fair conclufion.
It is evident in the following cafes. .

L. If the notion C is entirely contained in the
notion A, it will be fo, likewife, in the notion B:
( plate L. fig. 8.) hence refults this form of fyllogifm :

Every Ais B:
But Every Cis A:
Therefore Every C is B.
Which is the conclufion.
- Let the notion A, for example, comprehend all
trees ; the notion B every thing that has roots, and
the notion C all oaks, and then our fyllogifm will
run thus:
Every tree has roots :
But Every oak is a tree:
Therefore Every oak has roots.

II. If the notion C has a part contained in A, that
part will likewife be fo in B, becaufe the notion A
is wholly included in the notion B, (plate I. fg. 9

and 10.)
Hence refults the fecond form of fyllogifm :
Every Ais B:
But Some Cis A:
re Some C is B.

the notion C were entirely out of the notion A,
g would follow with refpeét to the notion B:
t happen that notion C fhould be entirely out -
{fig. 11.) or wholly in B, (fg. 12.) or partly
: B, (ig. 13.) fo that no conclufion could be -
b
: II. Bug
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III. But if notion C were wholly out of notion B,
it would likewife be wholly out of notion A, as we
fee in fig. 11. Hence refults this form of {yllogifm :

Every Ais B: _
But No Cis B, orno Bis C:

- Therefore No, C is A.

IV. If the notion C has a part out of the uotion
B, that fame part will certainly likewife be out of the
notion A, becaufe this laft is wholly in the notion B,
(fg 14.) Hence this form of fyllogi{m :

' Every A is B:
But Some C is not B:
Therefore Some C is not A.

V. If the notion C contains the whole of notion
B, part of notion C will certainly fall into notion A:
(fg- 15.) Hence this form of fyllogxfm

: Every A is B:
But Every Bis C:
Therefore Some C is A.

No other form is poffible, while the firft propofi-
tion is affirmative and univerfal.

Let us now fuppofe the firft propoﬁtxon to be ne-
gative and univerfal ; mamely,

No A is B.

It is reprefented in fg. 4. where the notion A is
entirely out of notion B; and the following cafes
will furnifh contlufions.

L If notion C is entirely in notion B, it mutft like-
wife be entirely out of notion A, (//g. 16) Hence
this form of fyllogifm :

VoL, L. Dd No
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-No Ais B:
But Every Cis B:
Therefore No C is A. .

1. If notion C is entirely comprehended in notion
A, it muft alfo be entirely excluded from notion B,
(fg- 17.) Hence a fyllogi{fin of this form :

No Ais B!
But Every Cis A:
Therefore NoCis B. .

III. If notion G has a part contained in notion A,
that part muft certainly be out of notion B; asin
fig- 18. or in fig. 19. and 20. Hence 2 fylloglfm of
this form: ~
No AisB:

. But Some Cis A,or fome Ais C:
Therefore Some C is not B. ‘ o

IV. In like manner, if notion C has a part con-
tained in B, that part will certainly be out of A: as
in fig. 21. as alfo fig. 32. and 23. Hence the follow-
ing fyllogifm : .

NoAisB:
But Some C is B, or fome Bis C:
Therefore Some C is not A.
As to the other forms, in which the firft propofition
is particular, affirmative, or negative; I fhall {hew,
in another letter, how they may be reprefented by-
figures.

1yth February, 15061.

. | LETTER
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LETTER CIV.

Differsnt Forms of Syllogifms, whofe firt Propofition is

particular.

_ IN the preceding letter I have prefented you with
the different forms of fyllogifms, or fimple rea-
fonings, which derive their origin from the firft pro-
pofition, when it is univerfal, affirmative, or nega-
‘tive. It ftill remains that I lay before you thofe fyl-
logifins, whofe firft propofition is particular, affir-
mative, or negative, in order to have all poflible
_forms of fyllogifim that lead to a fair conclufion.
Let, then, the firlt propofition, affirmative, and
particular, be exprefled in this general form.
Some A is B. (Plate L. fig. 5.)
in which a part of the notion A is contained in the
notion B. ' ~
Let us introduce a third notion ‘C, which, being
referred to notion A, will either be contained in no-
tion A, as in fig. 24, 25, and 26; or will havea part
in the notion A, as in fig. 27, 28, and 29; or will
be entirely out of notion A, as in fig. 1, 2,2and 3, of
plate . No conclufion can be drawn in any of thefe
cifes ; as it might be poflible for notion C to be en-
* tirely within notion B, or in part, or not at all. |
But if notion C contains, in itfelf, notion A, it is .
certain, that it will likewife contain a part of notion
B: asin fig. 4 and §, of plate Il. Hence refults this
form of fyllogifm : .
: ‘Dda2 : Some
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Some A is B: But Every Ais C:
Therefore Some C is B.

It is the fame when we compare notion C with no-

tion B: we can draw no conclufion unlefs notion C

comtains notion B entirely ; (fee fig. 6 and 7.) for in

that cafe, as notion A has a part contained in notion

B, the fame part will then certainly be contained,

likewife, in C: hence we obtain this form of fyllo-
gilm : Some A is B:
. But Every Bis C:
Therefore Some C is A.

Let us finally fuppofe, that the firft propoﬁtlon is -

negative and particular, namely, '
Some A is not B.

It is reprefented in plate IL fig. 8. in which part of '

notion A is out of notion B.

In this cafe, if the third notion C contains notion
A entirely, it will certainly alfo have a part out of
notion B, as in fig. 9 and 10: which gives this fyl-

logifm : Some A is not B:
' But Every Ais C:
Therefore Some C is not B.

Again, if notion C is wholly included in notien
B, as A has a part out of B, that fame part will like-
wife certainly be out of C, (fee fig. 11 and 12.) Hence
this form of fyllogifm :

Some A is not B:
But Every Cis B:
Therefore Some A is not C.

It may be of ufe to collect all thefe forms of fyllo-
gifin into one table, in order to confider them ata
fingle glance.
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L Every A is B:

XI. No Ais B:
ButEveryCisA: But Some C is B:;
Therefore Every C is B. Therefore Some C is not A.
11. Every AisB: XI1I. No Ais B:
But Some Cis A: But Some Bis C:

Therefore Some C is not A.

Therefore Some C is B.

III, Every A is B: XIII. Some A is B:
: But NoCisB: But Every Ais C:
T'Therefore No Cis A. Therefore Some C is B.

IV.  Every AisB: | XIV., Some A is B:

ButNoBisC:
Therefore No C is A.

But Every Bis C:
Therefore Some C is A.

V. Every Ais B:
But Some Cisnot B:
Therefore Some C isnot A,

XV,

Some A is not B:
B“t_ Every Ais C:
Therefore Some C is not B.

VI. Every AisB:
But Every Bis C:

Therefore Some C is A.

Some A isnot B:
But Every Cis B:
Therefore Some A is not C.

XVL

VI No AisB:
ButEvery Cis A:

Therefore No C is B.

XVI1I, Every Ais B:
But Some AisC:

Therefore Some C is B.

VIIL No A is B: XVIIL NoAisB:
But Every Cis B: But Every A isC:
" Therefore No C is A. Therefore Same C is not B.
IX. .. NoAisB: XIX. NoAisB:'
But Some Cis A: ’ But Every Bis C:
Therefore Some C is not B. Therefore' Some C is riot A.
X. No AisB: XX. Every AisB:

But Some'Ais C:
Therefore Some Cisnot B.

But Every Ais C:
Therefore Some C is B.

Ddgs

Of
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Of thefe twenty forms, I remark, that XVI. is the
fame with V. the latter changing into the former, if
you write C for A, and A for C, and begin with the
fecond propofition : there are, accordingly, but nine-
teen different forms.

The foundation of all thefe forms is rcduced to

_two principles, refpecting the nature of mttammg and
contained. :

L. Whatever is in the thing contained, muft likewife be
in the thing containing.

L. Whatever is out of the containing, mup likewife be
out of the contained.

Thus, in the laft form, where the notion'A is con- -
tained entirely in notion B, it is evident, that if A is
contained in the notion C, or makes a part of it,
that {ame part of notior. C will certainly be conta.med
in notion B, fo that fome C is B.

Every fyllogifr., then, confifts of three propoﬁtions,
the two firft cr which are called the premifes, and
the third the conclufion. Now, the advantage of all
thefe forms, to direct our reafonings, is this, that if
the premifes are both true, the conclufion, infallibly,
is fo.

This is, likewife, the only method of difcovering
unknown truths. Every truth muft always be the
conclufion of a fyllogifm, whofe premifes are indu-
bitably true. Permit me only to add, that the for-
mer of the premifes is called the major propofition,
and the other the minor.

21/ February, 1761,

LETTER
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LETTER CV.

Analyfes of fome Syllogifis.

F you have paid attention to all the forms of fyl-

logifm, which I have propofed, you muft fee, that
every fyllogifm neceflarily confifts of three propo-
fitions: the two firft are called premifes, and the
‘third, the conclufion. Now the force of the nineteen
forms, laid down, coniifts in this property common
to them all, that if the two firft propofitions, or the
premifes, are true, you may reft, confidently affured
of the truth of the conclufion.

Let us confider, for example, the following fyl.
logifm. ‘

: NO VIRTUOUS MAN IS A SLANDERER

But SOME SLANDERERS ARE LEARNED

MEN :

Therefore SOME LEARNED MEN ARE NOT VIR~

TUOUS. . v

Whenever you allow me the two firft propofitions,

you are obliged to allow the third, which neceffarily
follows from it.

This fyllogifin belongs to form XII. The fame
thing holds with regard to all the others, which I
have laid down, and which tle figures, whereby I
have reprefented them, render fenfible. Here we
are prefented with three notions: (‘plate IL fig. 13.)
that of virtuous men, that of flanderers, and that of
learned men. :

T Ddg4 Let
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Let the fpace A reprefent the firft, {fpace B the fe-
cond, and fpace C the third. It being faid, in the
firft propofition, That no virtuous man is a flanderer ;-
we maintain, that nothing contained in the notion
of the virtuous man, that is, in the fpace A, is com-
prehended in the notion of the flanderer: that is,
fpace B+ therefore fpace A is wholly out of fpace B,
(fee plate 1L, fig. 14.)

* But it is faid, in the fecond propofition, that fomc
men comprehended in notion B, are, likewife, con-
tained in that of learned, that is, in fpace C: or ele,
you may fay, that part of fpace B is within {fpace C;
(plate 11. fig. 15.) where the part of fpace B, included
in C, is marked with a *; which will be, likewife,
part of {fpace C. Since, therefore, fome part of fpace
C is in B, and that the whole fpace B is out of fpace
A, it is evident, that the fame part of fpace C muft,
likewife, be out of fpace A, that is, fome learned men
are not virtuous.

It muft be carefully remarked, that this conclufion
refpecs only the part * of notion C, which is com-
prehended in notion B: for as to the reft, it is un-
certain, whether it be likewife excluded from notion
A, as in plate 1. fig. 16, or wholly contained in it, as
in plate 11. fig. 17,0r only in part, as in plate 11 fig. 18.

Now, this being left uncertain, the remainder of
fpace C falls not at all under confideration ; the con-
clufion is limited to that only which is certain, that
is to fay, the fame part of fpace C, contained in fpace
B, is certainly out of fpace A, for this laft is wholly
out of fpace B.

The
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The juftnefs of all the other forms of fyllogifm may.
be demonftrated in like manner; but all thofe which
deviate from the nineteen forms laid down, or which
are not comprehended under them, are deftitute of
foundation, and lead to error and falfhood.

You will clearly difcern the fault of fuch a fyllo.
gifm, by an example, not reducible to any of the
nineteen forms : . S

SOME LEARNED MEN ARE MISERS:
But No MISER IS VIRTUOUS :
Therefore soME VIRTUOUS MEN ARE NOT LEARNED,

This third propofition, may, perhaps, be true; but
it-does not follow from the premifes. They too (the
premifes) may very well be true, and, in the prefent
inftance, they actually are {o, but the third is not, for
that, a fair conclufion : becaufe it is contrary to the
nature of juft {fyllogifm, in which the conclufion al-
ways muft be true, when the premifes are fo. Ac-
cordingly, the fault of the form, above prepofed, is
immediately difcovered, by cafting your eyes on

fig. 13. of plate II. Let fpace A contain all the learned ;

fpace B all the avaricious ; and fpace C all the vir-
tuous. Now, the firft propofition is reprefented by
Jig- 19. in which part * of fpace A, (the learned) is
contained in fpace B, (the avaricious).

Again, in the fecond propofition, the whole fpace
C, (the virtuous) is out of {pace B, (the avaricious) :
but it by no means follows, (fg. 20.) that part of
fpace C mutft be out of fpace A.

“ It is even poffible for fpace C, to be entirely within
o , ' fpace
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IL.. You mutt carefully diftinguifh thefe three terms -
of every fyllogifm. Two of them, namely, B and C,
enter into the conclufion, the one of which, C, is the

Jfubject, and the other, B, the attribute, or predicate.
In logick, the fubject of the conclufion, C, is called
the minor term, and the predicate of the conclufion, B,
the major term. But the third notion, or the term
A,is found in both premifes, and it is combined
with both the other terms, in the conclufion. This
term, A, is called the mean or medium term. Thus,
in the following example.

. NO MISER IS VIRTUOUS :
But SOME LEARNED MEN ARE MISERS

Therefore SOME LEARNED MEN ARE NOT VIRTUOUS. '

The notion Jearned is the minor term, that of vir-
tuous is the major, and the notion of mifer, is the
mean term.

III. As to the order of the propofitions, it is a mat-
ter of indifference, whether of the premifes is in the’
firft or fecond place, provided the conclufion holds
the laft, it being the confequence from the premifes.
Logicians have, how- cvcr, thought proper to lay down
this rule :

The firft propefition is akways that which contains the
predicate of the conclufion, or the major term ; for this

“isthe.raafen that we give to this propq/' ition the name of
the major. propofition.
~The fecond propofition contains the minar term, or the:
M of the.conclufion, and hence it bas the name of the:
inor propofition. :

"‘hus, the major propofition of a fyllogifn contains _

the
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the mean term, with the major term, or predicate
of the conclufion; and the minor propofition contains
the mean term, with the minor term, or fubje&, of
the conclufion.

IV. Syllogifins are dxihngudhed under different
Jigures, according as the.mean term occupies the
- place of fubject, or attribute, in the premifes. *

Logicians have eftablifhed four figures of fyllo-
gifms, which are thus defined :

The fir/? figure is that in which the mean term is
the fubjc& in the major propofition, and the predi-
cate, in the minor.

The fecond ﬁgure, that in which the mean term is
the predicate, in both the major propofition, and the
minor.

- The third figure, that in which the mean term ig
the fubje, in both the major and minor propo-
fitions. Finally,

. The fourth figure, is that in which the mean term
is .the predicate, in the major propoﬁtxon, ‘and the
fubje, in the minor.

Let P be the minor term, or fubje& of the con-
clufion : Q the major term, or predicate, of the con-
clufion, and M the mean term; the four figures of
fyllagifm will be reprefented in the manner follow-
ing:

Figure Firft.
Major Propofition | M — — Q

Minor Propofition | P — — M
Conclufion P — =0

Figure
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Figure Second.
Major Propofition | Q — — M
Miillor Propofition | P — ' — M
Conclufion P — = Q

Figure Third.
Major Propofition | M — — Q
Minor Propofiion | M — — P
Conclufion P — — Q

_ Figure Fourth.

Major Propofition | Q — — M .

Minor Propofition | M — — P
Conclufion P — —Q

V. Again, according as the propofitions themfelves
are univerfal, or particular, affirmative, or negative,
¢ach figure contains feveral forms, called Modes. In
order, the more clearly, to reprefent thefe modes of
each figure, we mark by the letter A, univerfal affir.
mative propofitions ; by theletter E, univerfal nega-
tive propofitions ; by the letter I, particular affirma-
tive propofitions : and, finally, by the letter O, par-
ticular negative propofitions: or elfe,

A reprefents an univerfal affirmative propofition.
E reprefents an univerfal negative propofition.

I reprefents a particular aflirmative propofition.
O reprefents a particular negative propofition.

V1. Hence, our nineteen forms of fyllogifin, above
defcribed, are reducible to the four figures, which I
have juft laid down, as in the following tables ;

L. Modes
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1. Modes of the Firft Figure.
1ft Mode. 2d Mode.
A. A A. . ALL
Every Mis Q; | Every MisQ;
But Every Pis M: But Some P is’ M :
{Therefore Every Pis Q. |Therefore Some P is Q.
l \- P -
| 3d Mode. | 4th Mode.
' E A.E. E. L O.
NoMisQ; NoMisQ; |
But Every Pis M : But Some P is M :
[Therefore no Pis Q.  |Therefore Some PisnotQ.

II. Modes of the Second Figure. -

1ft Mode. 2d Mode.
. ALE A. 0. 0.
Every Q is M; Every Qis M;
But NoPisM: - | - ButSomePisnotM:
Therefore No Pis Q. ©  [Therefore Some Pis not Q.
3 Mode. . 4th Mode.
E. A L. E.LO.
NoQisM; NoQisM; -
" But Every Pis M: But Some Pis M: |
‘Therefore No P is Q. Therefore Some Pis not Q.

I, Modes
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III. Modes of the Third Figure.

1t Mode."

2d Mode.
A AL LAL
Every Mis Q; Some M is Q;
But Every M is P: But Every M is P:
Therefore Some P is Q.  [Therefore Some P is Q.
38 Mode. 4th Mode.
A LL E. A. O.
Every M is Q; NoMis Q;
But Some M is P: But Every M is P:
Therefore Some P is Q. | Therefore Some P is not Q.
sth Mode. 6th Mode.
E.L O. 0. A. O.
NoMis Q; SomeMis not Q;
But Some M is P: But EveryMis P: |
Therefore Some P is not Q.| Therefore Some P is not Q.

IV. Modes of the Fourth Figure.

1ft Mode.
" AA L
Every Q is M;
But Every M is P:
Therefore Some P is Q.

2d Mode.
LAL
Some Q is M;
But every M is P:
Therefore Some P is Q.

3d Mode.
A.E. E.
Every Q is M;
But No M is P:
Therefore No P is Q.

4th Mode.
E. A. O.
No Qis M;
But Every M is P:
Therefore Some P is not Q-

sth Mode.

E. L

O.

No Qis M:
But Some Mis P:

Therefore Some P is not Q.

You
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You fee, then, that the firft figure has four modes ;
the fecond four ; the third fix; the fourth five; fo
that the whole of thefe modes, together, is nineteen,
being precifely the fame forms which I have above
explained, and have juft now difpofed in the four
figures. In other refpects, the juftnefs of each of
thefe modes has been already demonfirated, by the
fpaces which I employed, to mark the notions. The
only difference confifts in this, that here I make ufe
of the letters, P, Q, M, inftead of A, B, C.

281th February, 1761.

LETTER CVIL
Obﬁ’rfvatzom and Reflections, on the different Modes qf -
Syllogifin.

I FLATTER myfclf, that the followingA refle@tions
will contribute, not a little, to place the nature of
fyllogifins in a clearer light. You muft pay particu-
lar attention to the fpecies of the propofitions which
compofe the fyllogifms, of each of our four ﬁgures,
that is to fay, whether they are,

1. Univerfal affirmative, the fign of which is A; or

2. Univerfal negative, the fign of which is E; or:

3. Particular affirmative, the fign of which is I3
or, finally,

4. Particular negative, the fign of whichis O} and
you will readily admxt the ]uﬁneié of the followmg
refleétions : _ L

Vou. L. Ee I.In
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L In no one inftance are both premifes negative
propofitions. Logicians have hence formed this
rule : A .

From two negative propofitions, no conclufion can be
drown.

The reafon is evident, for laying down P and Q,
as the terms of ‘the conclufion, and M as the mean
term, if both premifes are negative, the affirmation
is, that the notions P and Q, are cither wholly, or
in part, out of M: it is, accordingly, impoffible to
conclude any thing, refpecting the conformity, or
difconformity, of the notions P and Q. ThoughI
knew from hiftory, that the Gauls were not Romans,
and that neither were the Celtz Romans, this would
not contribute in the leaft to inform me whether the
Celtx were Gauls or not. Two negative premifes,
therefore, lead to no conclufion.

II. Both premifes are, in no one inftance, particu-
lar propofitions ; hence this rule is logic: '

From two particular propofitions, no conclufion can be
drawn. :

Thus, for example, becaufe fome learned men are
poor, and fome others malevolent, it is impoffible to
conclude, that thofe who are poor are malevolent,
or that they are not fo. If you refle& ever fo little
on the nature of a confequence, you muft immedi-
ately perceive, that two particular premifes lead to
no conclufion whatever. }

L. If cither of the premifes is negative, the conclufion
200 muft be negative.

This is the third rule which logic prefcribes. When

S ‘ fomething -
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fomething is denied in the premifes, it is impoffible
to affirm any thing in the conclufion; we muft ab- -
folutely deny there likewife. This rule is perfedtly
confirmed by all the laws of fyllogifm, whofe juftice
has been above demonttrated.

IV. If one of the premifes is parttcular, the conclufion
tov muft be particular.
: This is the fourth rule prefcribed in logic. The
charater of particular propofitions being the word
Jfome, if we Ipeak only of fome in one of the premifes,
it is impoffible to fpeak generally, in the conclufion ;
it muft be reftrited te fome. This rule, likewife, is
confirmed by all the laws of fyllogifn, whofe juftnefs
is indubitable. -

V. When bath premifes are affirmative, the conclufion
is fo likewife. But though peth premifes may be univerfal,
" the conclufion is not alwdys univerfal, fometimes it is par-
ticular anly, as in the fir/2 mode of figures third and
fourth, : .

V1. Befide univerfal and particular propofitions,
we, fometimes, make ufe of fingular propofitions, the
fubje& of which is an individual ; as when 1fay:

Virgil was a great Poet., '

The name of Virgi} is.not a general notion, contain.
ing feveral beings in itfelf: it is the proper name of
" a real individual, who lived a great many years ago.
This propofition is called fagular ; and when it is ine
troduced into a fyllogifm, it is of importance to de-
termine, whether we are to confider it as holding the
rapk of an univerfal, or particular, propofition, . .
Ee2 VII. Certain
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Sitions. "The following is, accordingly, a very good
{fyllogifm :
s VOLTAIRE IS A PHILosdPHER H
But VOLTAIRE IS A POET :

Therefore SOME FOETS ARE PHILOSOPHERS.
And, it would be faulty, if the two premifes were
particular propofitions, but being confidered as uni-
verfal, this {yllogifm belongs to figure third, and the
firft mode of the form A. A. L. The individual idea
of Voltaire is the mean term, which is the fubject
of both major and minor; ard this is the chara&er
of figure third. .
;  X. Finally, I muft remark, that hitherto I have
fpoken only of fimple propsfitions, which contain only
two notions, the one of which is affirmed or denied,
yaiverfally, or particularly. With refpeét to compound
propafitions, logic prefcnbes pecuhar rules..
- 34 March, 1761. :

: N '
LETTER CVIIL

Hypotbemal Propq/ itions, and Syl[ag fms corgﬁ: uﬂed 0f
them. -

E have, hitherto, . confidered ﬁmple prdpo-
fitions enly, of Hiich ‘as contain but two no-

tions, the one of whick' is ‘the fubjeét, the other the
predicate. Thefe -propofitions can form no other
fyllogifms, éxcept thofe which I have laid before you,
'and which are contairted ‘in the four figures above
explained.. But we, likewife, frequently -employ
e Eegs compound

f
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It is, undoubtedly, true, that the Gazette 'may ndt
fpeak truth; neverthelefs, it is very poﬂiblc that
peace may be approachmg
The other form is equally erroneous ; :
If THE GAZETTE 1. TRUE, PEACE AP :
PROACHES j
But PEACE APPROACHES: '
Therefore THE GAZETTE 1S TRUE. |
Let us fuppofe, that this confalatory truth, peace ap-
proaches, were revealed to us, fo as to be put beyond
the poflibility of doubt, it would by no means fol-
low that Gazettes are true, or that they never con-
tain untruths. 1.hope, at leaft, that peace is at Hand,
.though Iam very far from puttmg confidence in ‘the
truth of Gazettes. :
Thefc two laft forms of fyllognfms, therefore, are
fallacious ; but the two preceding are certainly good,
and never lcad into error, provided that the firft
conditional propofition is true, or that the laft pnrt
be a neceflary confequence of the firft.
Of this conditional propofition :
Jf Ais B, C will be D.
'lhc firft part, A is B, is called the antecedent, and
the other, C will be D, the confequent. Logic pre-
.{cribes the two following rules to dire& us in th.ls
-ftyle of reafoning : :
L Whoever admits the antccedent, muft likescife admit
. the confequent.
Il Whoever denics, or regecls, the tor_:/?gdmt muft
-likescife deny, or reject, the antecedent. .
But you may very well deny the antecedent with-
- out
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out denying the confequent; and likewife admit the
confequent without admitting the antecedent.
- There are ftill other compound propofitions, of
which alfo fyllogifms may be formed. It will, per-
haps, be fufficient to produce a fingle example. Hav-
ing this propofition :
Every fubftance is body or fpirit:

the conclufion will run in the following manner :
- L. But Such a fubftance is not body ;
Therefore It is fpirit.
.- 1L But Such a fubftance is body ;-
Therefore It is not fpirit.

But it is entirely unneceffary to detain you longer
on this fubje&.
. 7th March, 1761,

et L) (I Gttt e
LETTER CIX
Of the Impreffion of Senfations on the Soul.

,HAVING endeavoured to unfold the principles of
_ logic, whofe object it is to lay down infallible
-rules for right reafoning, I muft fill detain you a
little longer on the fubject of ideas. -

We, undoubtedly, derive them, in the firft in-
.ftance, from real objects, which firike our fenfcs;
-and as far as they are firuck with any objed, a fenfa-
_.tion correfponding is thereby_ excited in the foul.
.Not only do the fenfes reprefent to the foul the idey
-of that objeét, but they give it full affurance of 'it’s
: ' exiftence-
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impreflion, or receiving it afreth? And, though it bé
very certain, that the a&ion of objeds, on the fenfes,
produces fome change in the brain; this change is
very different from the idea which is occafioned by
it; and the fentiment of pleafure, or difguft, as well -
as the judgment refpeiting the obje& itfelf, which
caufed this impreffion, equally require a being wholly
.different from matter, and endowed with qualities of
quite a different nature.

Our advances in knowledge are not limited to:
ideas perceived : the fame ideas, récolle@ed in the
.memory, form for us, by abftradion, general ideas
of them, which contain, at once, a great numbes
of individual ideas ; and how many abftra& ideas do
.we form, refpeting the qualities and accidents of
objetts, which have no relation to any thing corpo-
rcal, fuch as the notions of virtue, of wifdom, &c.?

This, - after ‘all, refers only to the under/?anding,
which comprehends but a part of the faculties of
the foul ; the other part is not lefs extenfive, namely,
the will and liberty, on which depend all our refolu-
tions and actions. There is nothing in the body re-
lative to this quality, by which the foul freely de-
termines itfelf to certain altions, even after mature
deliberation. It pays regard to motives, without
being forced to fubmit to their influence; and k-
‘berty is fo effential to it, as well as to all fpirits, that
it would be as impofiible to imaginea fpirit without
liberty, as 2 body without extenfion. God himfelf

.could not diveft a fpirit: of this effential property.

It.is by this, accordingly, ™t We are enabled to

' folve
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folve all the perplexing queftions refpecting the origin’
of evil, the permiffion of fin, and the exiftence of
all the calamities by which the world is opprefied ;
their great and only fource is human liberty.

1oth March, 1761.

LETTER CX.
Of the Origin and Permiffion of Evil ; and of Sin.

THE origin and permiffion of evil in the world,
is an article which has, in all ages, greatly per-
plcxed theologians and philofophers. To believe that
God, a Being fupremely good, fhould have created
this world, and to fee it overwhelmed with fuch va-
riety of evil, appears fo contradictory, that fome
found themfelves reduced to the neceflity of ad-
mitting two principles, the one fupremely good, the
other fupremely evil. . This was the opinion enter-
taided by the ancient heretics, known in hiftory by
the name of Manicheans ; who, feeing no other way
of accounting for the origin of evil, were reduced to
this extremity. Though the queftion be extremely
complicated, this fingle remark, that liberty is a qua-
lity effential to fpirits, difpels, at once, a great part
of the difficulties, which would otherwife be infur.
mountable.

In truth, when God had created man, it was too
late to prevent fin, his liberty being fufceptible of
no conftraint. But, I fhall be told, it would have "

been
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been better not to crecate fuch and fuch men, or
Ipirits, who, as God mutft have forefeen, would abufe
their liberty, and plunge into fin. 1Ifhould deem it
rather rafh to enter upon this difcuffion, and to pre-
“tend to jadge of the choice which God might have
been able to make, in creating fpirits ; and, perhaps,
the plan of the univerfe required the exiftence of
fpirits of every poffible defcription. And, in fa&,
when we refledt, that not only our earth, but all the
. Planets, are the habitations of rational beings ; and
that even all the fixed ftars are funs, each of which
may have around it a fyftem of planets, likewife ka
bitable, it is clear, that the number of all the beings
endowed with reafon, which have exifted, which da
exift, and which fhall exift, in the whole univerfe;
muft be infinite.

It is, therefore, unpardonable prefumption to in.
finuate, that God ought not to have granted exift-
ence to a great number of {pirits ; and the very per-
fons, who thus reproach their Maker, would cer-
tainly not wifh to be of the number of thofe to
whom exiftence was denied. This firft objection,
then, is fufficiently done away ; and it is no way in-
confiftent with the Divine perfections, that exiftence
has been beftowed on all fpirits, good and bad.

It is next alleged, that the mifchievoufnefs of fpirits,
or reafonable beings, ought to have been reprefled
by the divine Omnipotence. '‘On this I remark, that
liberty is fo effential to all fpirits, as to be beyand
all power of conftraint ; the only method of govern-

foirits confifts in the ufe of motives, to difpofe
them
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them to what is\gOOd, and to diffuade’ them from
evil; but, in this refpe@, we find not the flighteft
ground of complaint. The moft powerful motives
have, undoubtedly, been propofed to all fpirits, to
incline them to good, thefe motives being founded
on their own falvation; but they by no means em-
ploy conftraint, for this would be contrary to their
nature, and in all refpeéts impofiible.

However wicked men may be, it never can be in
their power to excufe themfelves, from ignorance of _
the motives which would have prompted them to
good : the divine law, which conftantly aims at their
everlafting happinefs, is engraven on their heart, and

.it muft always be their own fault if they plunge into
evih Religion. difcovers to us, likewife, fo many
other means which God employs to reclaim us from
our wanderings, that, on this fide, we may reft confi-
dently affured, that God has omitted nothing which
could have prevented the malignant explofions of
men, and of other reafenable beings.

But thofe who bewilder them{elves in fuch doubts
refpecting the origin and the permiffion of evil in
the world, perpetually confound the corporeal with
the fpiritual world ; they imagine that fpirits are, as
bodies, fufceptible of conftraint. = Severe difcipline is,
frequently, capable of preventing, among the chil-
dren of a family, the foldiers of an army, or the in-
habitants of a city, the open eruption of perverfe
difpofitions ; but it muft be carefully remarked, that
this conftraint extends only to what is corporeal;
it, in no refped, reftrains the fpirit from being as

7 ' vicious,

.
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vicious, and as malignant, as if it enjoyed the moft
unbounded licence. ‘

Human governments muft reft contented with
this exterior, or apparent tranquillity, and give them-
fclves little trouble about the real difpofitions of
men’s minds ; but, before God, the thoughts all lie
open, and perverfe inclinations, however concealed
from men, are as abominable in his fight, as if they
had broke out into the moft atrocious actions. Men
fuffer themfelves to.be dazzled by falfe appearances ;
but God has refpect to the real difpofitions of every
fpirit, according as they are virtuous, or vicious, in«
. dependently of the actions which flow from them.

The Holy Scriptures contain, to this purpofe, the
moft peintcd dcclarations, and inform us, that he
who meditates only the deftruction of his neighbour,
fufiering himfelf to be hurried away by a fpirit of
hatred, is as criminal in the fizht of God, as the ac-
tval murdercer ; and that he who indulges a covetous
deofire of another’s property is, in his eftimation, as
much a thiet as he who really fteals.

in this refpect, therefore, the government of God
ovcr {pirits, or rational beings, is infinitely different
from that which men exercife over men like them-
felves; and we greatly err, if we imagine that a go.
vernment, which appears the beft in the eyes of men,
is really fo in the judgment of God. Thisisa re-
fection of which we ought never to lofe fight.

Harch, 1561.

LETTER
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LETTER CXL

'Of moral and phyfical Evil.

WHEN complaint is made of the evil which pre.
vails in the world, a diftribution of them into

two clafles takes place: moral evils and phyfical evils. -

The clafs of moral evils contains the perverfe or vi--
cious inclinations, the difpofitions of fpirits to what
is evil or criminal, which is undoubtedly the moft
grievous calamity and the greateft imperfetion which
can exift. '
In truth, with regard to fpirits, it is impoffible to
conceive a more deplorable irregularity, than when
they deviate from the eternal laws of virtue, and
abandon themfelves to the commiffion of vice. Vir-
tue is the only means of rendeting a fpirit happy ;
to beftow felicity on a vicious fpirit is beyond the.
power of God himfelf. Every fpirit addied to
‘vice is neceflarily miferable, and, unlefs it return to
virtue, it’s mifery cannot come to an end: fuch is
the idea I form of demons, of wicked and infernal
fpirits ; ant idea which, to me, appears confonant to
" what Scripture Tuggefts on the fubject.
Infidels make a jeft- of this; but as men cannot
pretend to be the beft of all. rational beings, neither
‘can they boaft of being the moft wicked ; there are,
. undoubtedly, beings much more depraved than the
moft malignant of mankind, fuch as devils. But 1
have already made it appear, that the exiftence of o
- VeL.L -~ Ff - - many
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many corrupted men and {pirits, ought not to form
any objection againft the perfetion of this world,
much lefs be confidered as an imputation of the Su-.
preme Being.

A fpirit, the devil not.excepted, is always a being,
excellent, and infinitely fuperior to every thing that
can be conceived in the corporeal world ; and this
world, as far as it contains an infinite number of
fpirits, of all orders, is always a work of the higheft
perfedtion. Now, all fpirits being eflentially free, .
criminality was poffible from the commencement of
their exiftence, and could not be prevented even by
the divine Omnipotence. Befides, fpirits are the
authors of the evils which neceffarily refult from fin,
every free agent being always the only author of the
evil which he commits; and, confequently, thefe
evils cannot be imputed to the Creator ; as among
men, the workman who makes the fword is not re-
fponfible for the mifchief that is done with it. Thus,
with refpec to the moral evils which prevail in the
world, the fovereign goodnefs of God is fufficiently
juftified.

The other clafs, that of phyfical evils, contains all
the calamities and miferies to which men are expofed
in this world. It is admitted, that moft of thefe are
a neceflary confequence of the malice, and other
vicious propenfities with which men, as well as other
{pirits, are infected; but as thefe confequences are
communicated by means of bodies, it is aflked, Why
God fhould permit to wicked fpirits, the power of
acting {o efficacioufly on bodies, and of employing
| them
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them as inftruments to execute their pernicious pur-
poles? A father, who faw his fon on the point of
committing a murder, would fnatch the fivord out
of his hand, and prevent the perpetration of a crime
1o heinous. I have already obferved, that this aban-
doned fon is equally guilty before God, whether he
has actually accomplithed his defign, or only made
ineffectual efforts to execute it, and the father, who
prevented him, does not thereby rerider him-better.

‘We may, neverthelefs, confidently maintain, that
“God does not permit a free courfe to the wickednefs -
of man.. Did nothing refift the execution of all the
pernicious purpofes of the human heart, how mifer-
able thould we be! We frequently fee, that the
wicked have great difficulties to encounter, and
- though they fhould fucceed, they have no power over
the confequences of their ations, which always de-
pend on fo many other circumftarices, that, in the

iffue, they produce the directly oppofite effet from
" what was intended. It cannot be denied, at the
'fame time, that there may refult from thefe, calami-
ties and miferies to torment mankind ; and it is ima-
gined, that the world would be infinitely better. go-
verned, were God to interpofe an effe¢tual reftraint
to the wickednefs and audacity of men.

It would, undoubtedly, be very eafy for God to
cruth to death a tyrant, before he could realize his
cruel and oppreflive defigns, or to firike dumb an
unjuft judge, who was going to pronounce an ini-
quitous fentence. We might then live quietly, and -
enjoy all the comforts of life, fuppoﬁng God were

Ffa -to
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to grant us the bleflings of health, and all the good
things we could wifh for : our happinefs would thus
be perfe&t. On this plan they would have the world
governed, in order to render us all happy: the
wicked difabled to perpetrate their criminal pur-
pofes, and the good in pofleflion of the peaceful en-
joyment of all the bleflings which they can defire.
It is believed, and with good reafon, that God
withes the happinefs of men, and it is matter of fur-
prize, that this world thould be fo different from the
plan which is imagined the moft proper for the at-
tainment of this end. We rather fec ‘the wicked
frequently enjoying, not only all the advantages of
this life, but put in a condition to execute their ma-
chinations, to the confufion and diftrefs of perfons
of worth , while the good are opprefled and over-
whelmed by the moft fenfible evils, pains, difeafes,
moxtifications, lofs of goods, and, in general, by
every fpecies of calamity ; and that, at laft, the good
as well as the bad, muft infallibly die, which appears
to be the greateft of all evils.
. Looking on the world in this point of view, one
is tempted to call in queftion the fupreme wifdom
and goodnefs of the Creator; but it is a hazard
which we muft take great care to fhun.
\ 17tb March, 1761, ‘

AXTTER
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LETTER CXIL

Reply to Con@laint; of the Exiftence éf plyfical Enil.

SUPPOSING our exiftence limited to the préfent

life, the pofleflion of the good thirgs of this
world, and the enjoyment of every delight, would
be very far from filling up the meafure of our hap.
pinefs; All are agreed, that true felicity confifts in
" mental tranquillity and fatisfation, which are fel.
-dom, if ever, accompanied with that brilliancy of
condition, which is confidered as fuch an ineftimable
blefling, by thofe who judge only from appearances.

The infufliciency of temporal good things to ren:
der us happy, becomes ftill more manifeft, when we
" come to refle on our real deftination. Death does
not put a period to our exiftence, it rather tranf-
mits us into another life, which is to endure for
ever. The faculties of our foul, and our attainments .
in knowledge, will then, no doubt, be carried to the
higheft perfetion; and it is on this new ftate that
our real happinefs depends, and this ﬁatc cannot be
happy without virtue.

The infinite perfetions of the Supreme Bemg,
which we now perceive only as through a thick
cloud, fhall then fhine in the brighteft luftre, and
fhall become the principal objeét of our contempla.
tion, admiration, adoration. There, not only fhall
our. underftanding find the moft inexhauftible ftores
of pure and pcrfe& knowledge, but we {hallbe get.

‘ Ffq otk
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mitted to hope for admiffion' into favour with the
Supreme Being, and to afpire after the moft endear-
. ing expreflions of his love. How happy do we
reckon the peculiar favourites of a great prince, efpe-
cially if he is really great, though the favours which
he beftows are marred by many infufions of bitter-
nefs ? What will it then be, in the life to come, when
God himfclf thall fhed abroad his love in our bearts,
a love the effe@s of which fhall never be interrupted
nor deftroyed ! This fhall, thenceforward, conftitute
a felicity infinitely furpafling all that we can conceive,

In order to a participation of thefe inexpreflible
favours, flowing from the love of the Supreme Being,
it is natural that, on our part, we fhould be pene:
trated with fentiments of the moft lively affection
to him. This blefled union abfolutely requires, in
us, a certain difpofition, without which we fhould be
incapable of participating in it; and this difpofition
confifts in virtye, the bafis of which is the love of
God, and that of our neighbour. The attainment
of virtue, then, thould be our chief, our only objett
in this life, where we exift but for this end, to pre-
pare for, and to render ourfelves worthy of partaking
in fupreme and eternal felicity.

In this point of view, we muft form a Judgmcnt
of the cvents which befall us in this life. It is not
the poficflion of the good things of this world that
renders us happy; it is rather, a fituation which
moft effectually condudts to virtue. If profperity
were the certain means of rendering us happy, we

ight be fyffered to complain of adverfity ; but ad-
verfity
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verfity may rather have the effett of confirming our :
virtue, and, in this view, all the complaints of men,
refpeting the phyfical evils of hfe, are, likewife,
completely done away. '

You have no difficulty, then, in comprehending, :
that God had the moft folid reafons for admitting -
into the world fo many calamities and miferies, as -
the: whole obvioufly contributes to our: falvation.
It is unqueftionably true, that thefe calamities are,:
for the moft part, natural confequences of human-
corruption ; but it is in this very thing,. that we’
mutft principally admire the wif{dom of the Supreme :
Being, who knows how to over-rule the moft vxcious
aftions, for our final happinefs.

Many good people would not have reachcd fuch
a fublimity of virtue, had they not been opprefled,
and tormented, by cruelty and injuftice. -

I have already remarked, that bad aétions are fuch,
only with regard to thofe who commit them: the
determination of their foul alone is criminal, the
-aftion itfelf being a thing purely corporeal, in as
much as, confidered independently of the perfon
who commits it, there is nothing, either good or ,
evil, in'the cafe. A mafon falling from the roof of.
a houfe upon a man, as certainly kills him -as the
moft determined affaffin. The a&ion is abfolutely
the fame; but the mafon is not guilty in the flighteft
degree; whereas the aflaffin deferves the fevereft
punithment; Thus, however criminal aétions may
" be, with regard to thofe who commit them, we
muft conﬁder them in quite a different light as they

. Ffg © . affedt
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affe&t ourfelves, or produce an influence on our fitua--
tion. '

. We ought, therefore, to refle&, that nothing can
befall us, but what is perfectly confonant to the fove-
- reign wifdom of God. The wicked may be guilty of
injuftice towards us, but we cannot upon the whole.
fuffer from it; mo one can ever injure us, though he
may greatly hurt himfelf; and in every thing that
comes to pafs, we ought always to acknowledge
God, as if it befell us immediately by his exprefs ap-
pointment. We may, moreover, reft affured, that
it is not from caprice, or merely to vex us, that God
difpofes the events in which we are concerned, but
that they muft infallibly terminate in our true hap-
pines. Thofe who confider all events in this light,
will foon have the fatisfaGtion .of being convinced,
that God exercifes a peculiar care over them.

318 March, 1761.

LETTER CXIL

Tbe real Deftination of Man; Ufefulnefs and Neceffity
of Adwverfity. -

I HOPE you have no doubts remaining, with re-.
fpe&t to this great queftion: How the evils of
this world can be reconciled to the fupreme wifdom
and goodnefs of the Creator? The folution of it is
mteftably founded on the real deftination of man,.

. o and
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and of other intelligent beings, whofe exiftence is
not limited to this life. The moment that we lofe
fight of this important truth, we find ourfelves in-
volved in the greateft perplexity, and if fman were
created only for this life, it would affuredly be im-
poflible to eftablith a confiftency between the perfec-
tions of God and the diftrefles and miferies with
,which this world is opprefled. Thofe miferies would
be but too rea] ; and it were abfolutely impoffible to
explain, How the profperity of the wicked, and the
mifery of fo many good people, could confift with
the divine juftice.

But no fooner do we refle& that this life is but
the commencement of our exiftence, and that it is
ferving as a preparation for one that fhall endure
eternally, the face of things is entirely changed, and
we are obliged to form a very different judgment of
the evils with  which this life appears to be over-
fpread. I have already remarked, that the profpe-
rity which we enjoy in this world is the reverfe of 2
fuitable preparation for a future life, and for render-’
ing us worthy of the felicity which there awaits us.
However important to our happinefs the pofleflion
of the good things of this world may appear, this

- quality pertains to them only in fo far as they are
imprefled with the fignatures of divine goodnefs, in-
dependent of which no earthly poﬂ‘eﬁions could con-
ftitute our felicity.

Real happinefs is to be found only in God him.
felf ; all other delights are but an empty fhade, and
are capable of yielding only a momentary fatisface

V9N,
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tion. Amdhgly we fee that thofe whoehjoy thim
in the greateft abundance, are quickly fatfted ; and.
this apparent fielicity ferves only to inflamié'their de-.
fires, and to diforder- their paflions, by eftranging
them from the Supreme Good, inftead of bringing-
them nearer to Him. - But true felicity confifts i s
perfolt union with God, which cannot fubfift with-:
utalovemdaconﬁdcnuinhugoodneﬁ,m
foending all things : -and' this love requires 2'certiin
‘difpafition d' fonl, for‘wllichwe muﬁ ‘be: miﬁng'
" This difpofition is virtue, the foundatwn pf wluch
is contaified in thefe two great precepts: .- -
Thow fhalt love the Lord thy God with aII thy bearty
© with all thy /bul wztb all tby ﬁrmg?b and 'witﬁ’
all thy mind ;
and the other, wluch is like unto it :
Thou fbalt love thy neighbour as tbxﬁlf
Every other difpofition of foul which deviates'
from thefe two precepts, is vicious, and abfclutely:
unworthy to partake of-true happinefs. It is‘as im--
poflible for a vicious man to enjoy happinefs in the '
life to come, as for a deaf man to relifh the pleafure
of an exquifite piece of mufic. He muft be for ever
" exclyded from:-it, not by an arbitrary decree of God,
but by the very nature of the thing; a vicious man
not being, from his own nature, fufceptible of fu-
preme felicity. . .
If we confider the order and economy of the
~-world, in this point of view, nothing can be more
ofeétly difpofed for the attainment of this great
: end.

7
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end. All events, the calamities themfelves which we
undergo, are the moft fuitable means for conduéting
us to true happinefs: and in this refpet, it may be
with truth affirmed, that this is, indeed, the beft
world poffible, as every thing in it concurs to pro-
mote our eternal falvation. When I refle&®, that no-
thing befalls me by chance; but that every event is
directed by Providence, in the view of rendering me
truly and everlaftingly happy, how ought this con.
fideration to raife my thoughts to God, and to re-
plenifth my foul with the pureft affeition !

But, however efficacious thefe means may be in
themfelves, they exercife no force upon our minds,
to which liberty is fo effential, that no degree of -
conftraint can poflibly take place. Experience, ac-
cordingly, frequently demonftrates that our attach-
ment to the objeéts of fenfe renders us too vicious
to liften to thefe falutary admonitions. Abufe of
the means which would have improved our virtue,
plunges us deeper and deeper into vice, and hurries - -
us afide from the only path that leads to happinefs.

24th March, 1761,
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LETTER CXIV.

Of true Happincfs. Convwerfron of Sinners. Reply ta
© Objections or: tize Subjcdl.

THE holy life of the apoftles, and of the other
primitive Chriftians, appears to me an irrefif-
tible proof of the truth of the Chriftian Religion. If
true happinefs confifts in union with the Supreme
Being, which it is impoffible for a moment to doubt, -
the enjoyment of this happinefs neceffarily requires,
on our part, a certain difpofition, founded on fu-
preme love to God, and the moft perfect charity to-
ward our ncighbour, fo that all thofe who are def-
titute of this difpofition, deftroy their own preten-
fions to celefuial felicity ; and wicked men are, from
their very nature, neceflarily excluded from it, it
being impoflible for God himfelf to render them
happy. For the Divine Omnipotence extends only -
to things which are in their nature poflible, and li-
berty is fo effential to ipirits, that o degree of con-
ftraint can take place with retpect to them.
It is only by motives, therefore, that f{pirits can
be determined to thzt which is good: now what
10tives could be propoicd to the apoiiles and other
fples of Jefus Chrift, to embrace a virtuous life,
¢ powertul than the infirudtions of their divine
i, his miracles, his fuflerings, his death and re.
ion, of which they were witneffes. All thefe
eveats, united to a dociriste the mott {u-
' blime,
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blime, muft have excited, in their hearts, the moft -
fervent love and the moft profound veneration for
God, whom they could not but confider and adore
- as at once their heavenly Father, and the abfolute
“Lord of the whole univerfe. Thefe lively impref-
fions muft neceffarily have ftifled in their breafts
every vicious propenfity, and have confirmed them,
more and more, in the pradtice of virtue.

This falutary effe¢t on the minds of the apoftles,

“has nothing in it, of itfelf, miraculous, or which en-
croaches, in the fmalleft' degree, on their liberty,
though the events be fupernatural. The great re.
quifite was, fimply, a heart docile and uncorrupted
by vice and paflion. The miffion, then, of Jefus
Chrift into. the world, produced, in the minds of the
apoftles, this difpofition, fo neceflary to the attain-
ment and the, enjoyment of fupreme happinefs ; and

" that miffion ftill fupplies the fame motives to purfue .

- the fame end. We have only to read attentively,
and without prejudice, the hiftory of it, and feri-
ouily to meditate on all the events.

I confine myfelf to the falutary effes of our Sa-
viour’s miffion, without prefuming to dive into the
myfteries' of the work of our redemption, which in.
finitely tranfcend the powers of -human underftand-
ing. Ionly remark, that thefe effecs, of the truth-
of which we are convinced by experience, could not

“be produced by illufion, or human impofture; they
are too falutary not to be divine. They are likewife
perfe@ly in harmony with the inconteftable principles

- which
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which we have laid down, that {pirits can be govern-
ed only by motives.

"Theologians have maintained, and fome ftill main-
tain, that converfion is the immediate operation of
God, without any co-operation on the part of man.
‘I'hey imagine that an a& of the Divine will is fuf-
ficient to transform, in an inftant, the greateft mif-
creant into a virtuous man. Thefe good gentlemen
may mean extremely well, and confider ‘themfelves -
as thus exalting the divine Omnipotence ; but this
fentiment feems to me incorififtent with the juftice
and goodnefs of God, even though it were not fub- .
verfive of human liberty.. How, it will with reafon
be faid, if a fimple exertion of the divine Ommipo-
tence is fufficient for the inftantaneous converfion of
. every finner, can it be poffible that the decree thould
not aftually pafs, rather than leave fo many thou-
fands to perifh, or employ the work of redemption,
by which a part only of mankind is faved? Iac-
knowledge that this objection appears to me much
more formidable than all thofe which infidelity raifes
againft our holy religion, and which are founded en-
tirely in ignorance of the true deftination of man;
but, bleffed be God, it can have no place in the fyf-
tem which I have taken the liberty to propofe.

Some divines will perhaps accufe me of herefy, as
if I were maintaining that the power of man is fuf-
ficient for his converfion; but this reproach affects

' not, as [ am confcious of intending to place the

Incfs of Ged in it’s cleareft light. In the work
6 of
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_of converfion, man makes perfe&t ufe of his liberty,
which is unfufceptible of conftraint, but man is al-
ways determined by motives. Now, thefe motives
are fuggefted by the circumftances and conjunétures
of his condition. They depend entirely on divine
Providence, which regulates all events, conformably
to the laws of fovereign wifdom. It is God, there--
fore, who places men every inftant in circumftances
the moft favourable, and from which they may de-
rivé motives the moft powerful, to produce their
converfion; fo that men are always iindebted to
God for the means which promote their falvation,

I have already remarked, that however wicked the
altions of men may be, they have no power over
their confequences, and that God, when he created
the world, arranged the courfe of all events, fo that
every man fhould be every inftant placed in circum. -
ftances to him the moft falutary. Happy the man
who has wifdom to turn them to good account !

This convidtion muft operate in us the happieft
effe@s : unbounded love to God, with'a firm reliance
on his providence, and the pureft charity toward our
neighbour. This idea of the Supreme Being, as
éxalted as it is confolatory, ought to replenifh our
hearts with virtue the moft fublime, and effc@ually
prepare us for the enjoyment of life eternal.

28th. March, 1561.

LETTER
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LETTER CXV.

The true Foundation of buman Knowledge. Sources of
Truth, and Claffes of Information derived from it.

HAVING taken the liberty to lay before you my
opinion refpedting the moft important article
of human knowledge, I flatter myfelf it will be fuf-
ficient to diflipate the doubts which naturally arife
out of the fubje, from want of exac ideas of the
liberty of fpirits.

I fhall now have the honour of fubmitting to your
confideration the true foundation of all our know-
Jedge, and the means we have of being affured of the
truth and certainty of what we know. We are very
far from being always certain of the truth of all our
featiments ; for we are but too frequently dazzled

wances, fometimes exceedingly flight, and
hood we afterwards difcover. As we are,
» continually in danger of deceiving our-
eafonable man is bound to ufe every effort
or, though he may not always be fo
facceed.
to be here chiefly confidered is the fo-
~proofs on which we-found our perfua-
ruth whatever, and it is abfolutely ne-
wre thould be in a condition to judge if
ficient to convince us or not. For this
jark, firft, that aI\ truths within our reach
' are
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are referable to three claffes, effentially diftinguifhed
from each other.

The firft contains the truths of the fenfes; the fe-
cond, thofe of the underftanding; and the third,
thofe of belief. Each of thefe clafes requires pecu-
liar proofs of the truths included in it, and in thefe-
three clafles all human knowledge is comprehended.
_ Proofs of the firft clafs are reducible to the fenfes,
and are thus exprefled : A

This is true, for I faw it, or am convinced of it by the
evidence of my fenfes.

It is thus I know that the magnet attralls iron;
becaufe I fee it, and experience. furnifhes me with
Inconteftable proofs of the fat. Truths of this clafs
are called /enfible, becaufe they arc founded on the
fenfes, or on experience.”

" Proofs of the fecond clafs are founded in ratioci-
hatioh ; thus _

This is true, Jor Lam able to demotg/lrate it on prin-
aple: of juft reafoning, or by fair [yllogifis.

To this clafs, principally, logic is to be referred,
which prefcribes rules for reafoning confequentially.
It is thus, we know, that the three angles of a recti-
lineal triangle are together equal to two right angles.
In this cafe I do not fay I fee it, or that my fenfes
convince me of it; but I am affured of it’s truth by
a procefs of reafoning. Truths of this clafs are called
intelletual, and here we muft rank all the truths of
geometry, and of the other {ciences, in as much as
they are fupported by demontftration. You muft be
fenfible, that fuch truths are wholly different from

Vor. L. Ff thofe
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thofe of the firft dlafs, in fupport of which we adduce
no other proofs but the fenfes, or expericnce, which
affurc us that the fat is fo, though we may not
know the caufe of it. In the cxample of the magnet,
we do not know how the attraction of iron is a ne-
«ceceffary cffect of . the nature of the magnet, and of
iron; but we are not the lefs convinced of the truth
of the fact. Truths of the firft clafs are as certain as
thofe of the fecond, though the proofs- whxch we
have of them are entirely different.

I proceed to the third clafs of truths, that of faith,
which we believe, becaufe perfons worthy of credit
rclate them ; or when we fay:

‘This is true, for feveral creditable perfons bave qﬁlred
us of it.

This clafs, accordingly, includes all bifforical truths.
You believe, no doubt, that there was formerly a
king of Macedon, called Alexander the Great, wha
made himfclf mafter of the kingdom of Perfia,
though you never faw him, and are unable to de-
monftrate, geometrically, that fuch a perfon ever
exifted. But we believe it on the authority of the
authors, who have written his hiftory, and we en-
tertain no doubt of their fidelity. But may it not
be pofiible that thefe authors have concerted to de-
ceive us? We have every reafon to reject fuch an
infinuation, and we are as much convinced of the
truth of thefe faéts, at leaft of a great part of them,
as of truths of the firft and fecond clafles.

The proofs of thefc three clafles of truths are ex-
tremely different ; but if they are folid, each in it’s

kind,
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ind, they muft equally produce convittion: You
annot poffibly doubt that Ruffians and Auftrians
ave been at Berlin, though you did not fee them:
his, then, is to you a truth of the third clafs, as you
relieve it' on the report of others; but to me it is
me of the firft clafs, becaufe I faw them, and con-
rerfed with them, and as many others were affured
f their prefence’ by means of other fenfes. You

1ave, neverthelefs, as complete convi&tion of the fact
1s we have.

" 312 March, 1761. : .

END OF THE FIRST VOQLUME, '

T. Gillet, Printer, Salifbury-fquare.
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