
.t'AAVe.* 'X.

L E T T E R S
OF

E U LE R
ON DIFFERENT SUBJECTS

IN

PfîYSÏCS AND PHILOSOPHY.

ADPHE8SED TO "^У~}¥<

ЧА GERMAN PRINCESS. <£)

e.w /7/
TRAVCLATXD ШОЯ THt FRENCH ВТ

HENRY HUNTE R, D. D. , fnt n u

WITH .

ORIGINAL NOTES, V ' l

And & Gioßary of Foreign and Scientific Terms.

IN TWO VOLUMES

VOÍ. I.

» :5f- xl \
PRINTED POR MURRAY AND HIOUttEY i J. CUTHELL; VtRNOU* ' '

•'áèND HOOD í J.ONGMAN AND REES ; WYNN ANp SCHOLEY ',

c, CAWTHORN; j. HARDING; AND j. MAWMÍ

J 802.



National Oceanic and Atmospheric Administration

Rare Books from 1600-1800

ERRATA NOTICE

One or more conditions of the original document may affect the quality of the
image, such as:image, such as:

Discolored pages
Faded or light ink
Biding intrudes into text

This has been a co-operative project between NOAA central library, the Climate
Database Modernization Program, National Climate Data Center (NCDC) and the
NOAA 200th Celebration. To view the original document, please contact the
NOAA Central Library in Silver Spring, MD at (301) 713-2607 x 124 or at
Library.Reference(a>noaa.gov

HOV Services
Imaging Contractor
12200 Kiln Court
Beltsville, MD 20704-1387
April 8, 2009





/y-(sVl*-íЛ- 'I~V\



«, Printer j silUbury-iqu«.



C O N T EN Т S

OF THE

FIRST VOLUME.

Page

r/JpRANSLATOR's Preface - xiii
A French Editor's Advertifement xxvil

Eloglum of Enler. - - 'xxxiiî
Letter I. :-;Of Magnitude/br.Extenfion1 - r
«II. - Of Velocity ' - -' - 5
IlL'i .Of&wnd.ismdifsTfelocity - 9
»IVr•• - Of Confonance and Diffonance ; - 13
V. : •J'îQMJniforitand Q<äaVps . - ï6
VI. O£ other .Conforiances - - 20

"VII. - Of the Twelve Tones of the Harpfichord 24
VIII.- Of dfe Pleafuiie derived-from fine Mufic 36
IX; CompreffioQ of "the Air. - - 33
X. • Raréfaction and Elafticity of the Air -. 37

rXl. Gravity of,the. Air - * 41
Xlt:, Of the Atmofphere, and the Barometer . 45
XIII. Of Wind-Guns, and the Comprcffion of Air

... in Gun-powder .'-..' - 48
XIV. The Effeft produced by :the Heat and Cold

on all Bodies, and of the Pyrometer and
Thermometer - - 52

XV. Changes produced ац the Atmofphere j»y. Heat
•and Cold - -ч - 55

XVI. The Cold felt on High Mountains and at,
great Depths, accounted for - 60

a 3 XVII. Of



vi CONTENTS.
Letter - Page

XVII. Of Light, and the Syftems of JDefcartcs and
Newton - - 65

XVIII. Difficulties attending-the Syftehvbf Emanation 70
XIX. A different Syftem rcfpefting the Nature of

Rays and of'Light,'propofed - 74
XX. Of the Propagaticn of Light - - 79
XXI. Digfeffion on the Diftänces of the Heavenly

Bodies, and on the Nature of the Sun, and
h i s Rays - - " 8 3

XXII. Elucidations on the Nature of luminous Bo-
dies, and their Difference' from opaque Bo-
dies illumined - . - 87

ХХШ. - How opaque Bodies .become vifible7 New-
ten's fyftern of 'the Reflection of Rays,, pro--
pofed- • •- - . 91

XXIV. - Examination and Réfutation of Newton's Syfc '
tern - .- - . 94

XXV. A different Explanation of the Manner in
tvhich opaque Bodies illuminated become
yifible .-.. - ' " 9 9

XXVI. Continuation of the fame Subjeft. -. toz
XXVII. Conclufion : Clearneis and Colour of opaque

Bodies illumined - - 106
XXVIII. Nature of-Colours in particular - .no
XXIX. Tranfparency of Bodies relative to the Tranf.

miffion of Rays • - 114
XXX. Of the Tranfmiffion of Rays of Light, through

tranfparent Mediums, and their Refraction l ig
XXXI. Rarefaction of Rays of diffèrent Colours 123
XXXII. Of the azure-colour of the Heavens 128
XXXIII. Of Rays ifluing from a diftant luminous

Point, and of the vifual Angle - 133
XXXIV. Of the Supplement which Judgment lend*

to Vifion - -
XXXV. Ex-



CONTENTS.
Letter

XXXV.

XXXVI.
XXXVII.

XXXVIII,

XXXIX.
XL.

XLI.
XLII.

XLIIÎ.

XLIV

XLV.

XLVI.
XLVII;

XLVIII.

XLIXY

L.

LT.
LU.
LUI.

v

Pag?

43
'57

167

170

Explanation, of certain Phenomena relative
to Optics - - 14°

Of Shade - -
Of Catoptrics, and the Reflexion of Rays

from plain Mirrors
,, Reflection of Rays, from convex and con-

cave Mirrors. « Burning Mirrors
,Of Dioptrics., - -
Continuation of burning GlaiTes, and their

Focus .. - , - i6r
Of Vifion, and. the Structure of the Eye 1 65
Continuation. Bonders difcoverable in the

.the Structure, of the Eye
.Farther continuation. Aftonifhing Diffe-

rence between, the Eye of an Animal, and
.the artificial ̂ Eye, or camera obfcura

Perfections difcoverable in the J5trufture of
.the Eye - - . .

Of Gravity, conûdered as a general Pro-
perty of Body

Continuation. Of fpecific Gravity
Terms relative to Gravity, and their true

Import

Reply to certain Objections to the Earth's
fpherical Figure derived from Gravity , 188

True Direction and Aólion of Gravity rela-
tively to the Earth

.Different A£tion of Gravity with refpeót to
certain Countries and Diftances from the
Centre of the Earth

Gravity of the Moon
Difcoyery of univ.erfal Gravitation by Newton 202
Continuation. Of the mutual Attraction"

of the Heavenly Bodies - 206

34 LIV. Different

177
181

185

191

i99



viu

Letter
LI V.

LV.

LVf.

-DliFeré'wf Sentiments of Philofophers геГреЙ*
'ing univerfal Gravitation^ The Attrac-

" tionifts - J- 2ГО

Power by which -the Heavenly Bodies'are tiiu-
" tually attracled-' i - 213
Thé fáiííe SubjeEbicontinued

LIX.
LX.

LXlb
LXIII.

LXIV.

LXV.
LXVI.
LXVIT.
LXVJII

LXIX.

LXX.
LXXI.
LXXII.

LXXIII

LXXIV.

222

248

Motion of the Heavenly ^ Bodies.. Methoü of
dete^iÀu£^Bf Mi'ïatfs pf'-Gravita-

" tioil ~ f • -' -

Syilem o'fthe Univferre' - - -
The fame SubjtíQr&ntfnued ' - ' '230
Small Irregularities' in fihe Motions of the

' "Planets, caufed- by- the't'r 'tnii'tttal-Attraâlon' 23 3
Defcriptioh of the EWkaiid Reflux bf the Sea 237
Different öpiniohs'öf^PhlhjiTophers refpeuing

the Flux and Reffuirpf the Sea 241
. Explanation of the Flux and Reflux, from

the Attraftive Power 'of the Mo'oh 244
The fame Subjeit' continued
The fame Subject continued '
Trie fame Subject continued
More particular Account of the Difpute re-

fpecting univerfal Gravitation » 259
Nature and Effence of Bodies : or Exten-

йоп, Mobility, and Impenetrability of
Body .

Impenetrability of Bodies
Of the Motion of Bodies, real and apparent
Of uniform, accelerated, and retarded Mo-

tion ' 274
. Principal Law of Motion and Reft. Difputes

of .Philofophers on the Subject
Of the Inertia of Bodies: Of Powers

LXXV. Changes

2SS

263
267
270

279

283



CONTENTS/ IX

Letter
LXXV. Changes which may take place in the State

of Bodies - - 288
LXXVI. Syftèm of the Monads of Wolff '292'
LXXVI I. Origin and Nature of Powers - 295
LXXVJII. The fame Subject. Principle of the leaft

poffible Action - - 299
LXXIX. On the Queftiòn, Are there any other Spe-

'ciés df'PoiVè'fs ? - ->.'. •- 363
LXXX. Of the-Nátuíè of Spirits - 307
LXXXI. Of the Union between the Soul and the

Body - - - - 310
I.XXXII. 'Different Syftemsrelative to this Subject 314
LXXXIII. Examination of the Syftemof pre-eftabliih-

ed Hsrmony. An objection to it 317
LXXXIV. Another Objection - ' 321
LXXX V. Of the Liberty of Spirits ; and a Reply to

Objections againft Liberty - 325
LXXXVI. The fame Subject-continued - 328
LXXXVII. Influence of the Liberty of Spirits upon

Events - - 332
LXXXVIII.Of Events natural, fupernatural, and moral 336
LXXXIX. Of the Queftion refpecting the beft World

poffible ; and of the origin of Evil 34.0
Connection of the preceding Confiderations

with Religion. Reply to the Objec-
tions of the Philofophic Syftems againft
Prayer - - 345

The Liberty of intelligent Beings in Har-
mony with the Doctrines of the Chrif-

. tian Religion - - 348
Elucidation refpecting the Nature of Spirits 351
The Subject continued. Reflections on the

State of Souls after Death - 355
XCIV. Confi-

XC.

XCI.

XCII.
хеш



x CONTENTS.

Letter , . Page
XCIV. Confiderations on the Action of the Soul upon

the Body, and of the Body upon the Soul 360

XCV. Of the Faculties of the Soul, and of Judgment 364
XCVI. Conviction of the Exiftence of v?hat we per-

ceive by the Senfes. Of the Idealifts, Ego-

tifts and Materialifts - 369

XCVII. Refutation of the Idealifts - 373

XCVIII. The Faculty of Perceiving, Reminifcence,

Memory and Attention. Simple and com-
pound Ideas - - 377

XCIX. Divifion of Ideas into clear and obfcure, dif-

tii\ct and confufed. Of Diftraction 381

C. Of the Abftraction of Notions. Notions ge-

neral and Individual : of Genus and Species 385

CI. Of Language ; it's Nature, Advantages, and

Neceflity, in order to the Communication

of Thought, and the Cultivation of Know-

ledge - - 389

CI I. Of the Perfections of a Language. Judg-
ment and Nature of Propoutions, .affirma-

tive and negative ; univerfal or particular 393

CI 11. Of Syllogifms, and their different Forms, when

the firft Propoution is univerfal - 397

CIV. Different Forms of Syllogifms, whofe firft Pro-

pofition it particular - 403

CV. Analyfis of fome Syllogifms - 407

CVI. Different Figures and Modes of Syllogifms 411

CVII, Obfervations and Reflections on the differentт •»
Modes of Syllogifm - - 417

CVIII. Hypothetical Propofitione, and Syllogifms con-

ftructed of them - - 421

CIX. Of the Impreffion of Senfations on the Soul 425

CX Of the Origin and Permiffion of Evil ; and of

Sin ' - - 429
CXI. Of



CONTENTS. xi
Letter Page
CXI. Of moral and phyfical Evil - 433
CXII. Reply to Complaints of the Exiftence of phy-

fical Evil - - - 437
CXIII. The Real Deftination of Man : Ufefulnefs and

s Neceffity of Adverftty - 440
CXIV. Of true Happinefs. Converuon of Sinners.

Reply to Objections on the Subject - 444
CXV. The true Foundation of Human Knowledge.

Sources of Truth, and Clafles of Informa-
tion derived from it - - 448



DIRECTIONS FOR PLACING THE PLATES.

VOL.1.
Plate Page

I. to front - - - 150
II. - - - - 190
m / . . . . '210 •
IV. '•••' - ' >. ' 226
I. fécond feries T 404
II. fécond feries - . - 409

VOL. II.

Continuation of the Figures of Plate II. fécond feries 104
III. - - - - 122

â V Í . . . . 1-28
I. - - 184
II. - - - . - 246

411. - - - - 272
iv. - - - - 2^o
V . - - - - 3 0 6
VI. (outlines) - - - 330
VII. - - - - 356
VIII. - - - 374
IX. - - - . - 420
X. - - - - 460
XI. - - - - ' 480

In confequence of the three Volumes of Eu IE R in French being comprized
in two, in the Tranflation, a few inaccuracies have occurred in the number-
ing of the I'fcues, which however will be remedied by the Plates being placed
oppofile the Pages, as above.



x

PR E 'F AC E.

T T was long a matter of furprize to
me, that a Work fo well known,

and fo juftly efteemed, .over the whole
European Continent, as EULER'S Letters
to a German Princefs, ihould never have
made it's way into our liland, in the
language of the Country. While Per
teriburg,; 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 EULER was a found unknown
to the ear of youth in the Britifh me-
tropolis. I was. mortified to reflectthat
thevfpecious and feduótive productions
of a Rmiffeau, and, the ..poifonous efTu-
fions of a Voltaire^, ihould be in the
hands 'of io many, young men, .not to

2, fay
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fay young women, to the perveriion of
the understanding, and the corruption
of the moral principle, while the iimple
and ufeful inftructions of the virtuous
EULER were hardly mentioned.

I frequently fuggefted the» idea of a
tranflation to more than one literary
friend,' in whofe ability for the taik I
could place greater confidence than in
my own : but not finding it undertaken,
I determined, at length, to attempt it
myfelf, with the ability which I had ;
and, in doing this, I cóníidered myfelf
as rendering a meritorious fervice to my
country.

As foon as Providence had beflowed
on me the blefling of children, .1 felt it
to be my duty to charge myfelf with
their inftrucUon. 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 ftill a
deßderatum towards completing the plan
of an ufeful education—fomething that
ihall fuggeft to the opening mind, fuit-
able fubjeéb of thought, and aflift it in

' purfuing a iimple train of reflection—
fomething that ihall convey knowledge
in the guife of amufement ; that ihall
not be impofed as a taik, but conferred
as a favour.

The fubjects of thefe Letters, and the
Author's method of treating them, feem
to me much adapted to this purpofe.
With the afliftance of a very moderate
apparatus, they might conduct 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-
&ry to a profitable perufal of them, and
that little may be very eaiily acquired.

A con-
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Avcpriíiclerable part of оцт; common
jfchopl éducation, it is welHcnpwn? ppnr
iifts of Úte ftudy' of the elegant and

J • - - •• О - \ - - . - . • * .

amuíing poetical fictions of Antiquity.
.Without meaning to decryJ:his, may'I
fiotbe permitted to hint, that it might
-be ; of impprjtaneenfrequejitly. to ; тесаЦ
^pyng minds .from ;an ideal world, and
it's' ideal inhabitants, to ,the : real world,
jpf.which they,are a -paît, and;tof which
it is a ihame to be ignorant. Let уоцг
pupil, by all means, read the poets ; let
Jiirn read Ovid, and, after he/has amufed
Iwrofclf with the golden age of olä Saturn,
Jead him out into the open firmament
p£heaven,, and ihew him the venerable

'planet of that, name, coeval with time,
.yet: ihining with unimpaired luftre, after
fp; many revolutions of ages. Having
^dminjftered the. antidote that may repej
tlie poifon, which.a difplay of tlie lewd
'intrigues of a fabulous Jupiter or Venus
naturallyânílill; let him view, through

the
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the tele/cope, the two beautiful ftafs fo
called/ emitting their chafte and mpdeft
%ht to the unpolluted eye of fobei1.
teafon. ' When he has diverted hiiiifelf
^ith the transformation of a lady into a
bear> and that bear into a conftellation,
folnt out to him the heavenly northern
%ht, -which never changes k's place,
and, with undeviating fidelity, conducts
the mariner through the feas of a he-
mi^here. Let him accompany Phaeton
to the palace of the fun, and fmile at
beholding the adventurous boy mount

' (flaming chariot; and then check
mirth by pointing to the glorious

orb of day, travelling in the greatnefs
°f his ftrength ; not dragged round the
eartfoby fiery-footed ifteeds, but wheel-
ing worlds on worlds, each in his feveral

around him, with irrefiftible 4вгсе.>

ihould not the boy be taught-
principle. on which his kite flies ?:

I. b What
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"YSfbatr more pleafant amufement can he
have than to communicate to the needle
the magnetic virtue, and to, ileer his
cpmie through the hazel grove, by a
compaf^; of his own conftrucliing ? ;Why
not: teach him to elicit the electric
fpark ;^and to aftonhjh and delight his
íiílefs with the wonders of the.-magic
lantern ?

EULER wrote thefe Letters for the iii-
fíruclion of a young and feniible female,
and, in the fame view that they were
Bitten, they are tranilated, namely-, the
improvement of the female mind; an
objea of what importance to the world 1
I rejoice to think I hay« lived to fee fe-
male education conducted on a more
liberal and enlarged plan. I am old
ep QJägh to remember the time when
well-born young women, even of the
north, could fpell their own language
but very indifferently, and fome hardly

б read
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with common decency; when
the young lady's hand-writing prefented
a medley of outlandiih characters ; and
when a column of pounds, Shillings and
pence prefented a labyrinth as inextri-
cable, às the extraction of the cube root.
While the boys of the family were con-
verímg with Virgil, perhaps with old
Homer himfelf, the poor girls were con-
demned to crofs-fiitch, on a piece of
gauze-cànvafs, and to record their own
age at the bottom of a fampler.

They are now treated as rational be-
Jflgs, and fociety is already the better
for. it . And wherefore íhould the terms
female and philofophy feem a ridiculous_
Combination ? Wherefore preclude to

woman any fource of knowledge to
her capacity,. and condition in

-. entitle her to apply ? It is cruel
ungenerous toLexpofe the frivolity

°f the fex, after reducing it to the ne-
ceffity of being filly and frivolous. Cul-

b 2, tivate
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tivate a young woman's underílanding,
and .her perfon will become, even to her-
felf, only a fecondary concern ; let her
time be filled up in the acquiiition of
attainable and ufeful. knowledge,, and
then ihe will ceafe to be a burden to
herfelf and to every body about her;
make her acquainted with the world-of
nature, and ..the-.world,of'art will delude
her no longer.

The time, I truft, is:at hand,-when,
the Letters of EULER, or fome fuçli
book, will be daily on the breakfafting
table, in the parlour of every female
academy in the kingdom^ and when a
young woman, while learning the ufeful
arts of paftry and plain- work, may like-
wife be acquainting herfelf -with -the
phafes of the moon,, and. the flux.and
reflux of the tides. Aiid I am perfuaded
ihe, may thrum on the guitar, or touch
the keys of the harpfichord,-much more
agreeably both, to herielf and others, by

fiudying
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Äudying a little .the theory of found, í
have put the means of, this, in her
power; it will be at once her fault and
her folly if ihe neglecT: it.

In tranilating the Work, I have fol-
lowed the laft Paris Edition, giv.en by
Meiirs. de Condor cet öf de la Croix^ in
1787, for the purpofe of introducing the
ufeful notes of thefe gentlemen; but I
have taken the liberty to reflore, from
the original edition, that of Mietau and
Leipiic, in 1770, feveral paiîàgës which
the French Editor had thought proper
to fupprefs. To fome notes of my own
I have added feveral others, furniihed by
two ingenious friends, whofe names I
am not at liberty to publifli. The courfe
•of thirty-four years of a fcientific age,

have fupplied abundance of new
and experiments, by ' which the

of even a Eu L EH may be cor-
recbd:;and improved. The tranflated

b 3 . notes
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-notes of. the Paris Edition, I have, for
the fake ofdiftin&ion,:marked with the
characters 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 di£-

. covery of achromatic glaiTes for tele-
feopes, 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 figures : and to do credit to
myfelf, not to fay EULER, he appears in
his Engliih 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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Three Volumes, as in all the7 foreign1

editions, I have reduced mine to 7Ъо ;;

as the diviiion is altogether indifferent'
to the fubjects.

It being generally acceptable to the
Reader to know fomething about the
man with whom he is converting as an-
author• ; to gratify this curiofity, I have
likewife given a tranflation of the Elo-
gium of EULER, read before the Aca-
demy of Sciences, and prefixed to M. de
Condor ce f s edition, becaufe it contains
fome ínterefting traits of the character
and events of the life of this difímguim-
ed perfonage. But what is the life of
a literary or fcientific man, and where
are we to find the hiflory 'of it ? , In his
works. NEWTON and EULER are their
°wn beft biographers ; and the library
of every fcholar in Europe exhibits a
never-dying reprefentation of what they
were, and what they atchievëd. We

b 4 have
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have hardly a trace of Wrerís perform!
and domeftic habits ; but every ftone
of St. Stephen's Wajbrpok, and of St.
Paul's, is infcribed with his name, and
tranfmits a memoir of the Architect,

The frequent, tirefome, courtly ad-
drefs of YOUR HIGHNESS, except at the
firft fetting out, I have entirely omitted;
out of no difrefpea: to Princes, but be-
caufe it feemed to me a mere unnecef"
fary wafte of words, which only епсипь

^ber and disfigure a work of fciçnce. ' The
Princefs and her inftniAor are both gone
to that awful world, in which the diftine-.
tions of the prefect, thofe of virtue e#»
pepted, are for ever obliterated,

As every book ihould be as complete
in itfelf as poffible, and this being defn
tined to the ufe of the unlearned, I have
fubjoined a gloiTary of the foreign and
fcicntific words which occur in the cputfe

of
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of thefe Letters. Some will, perhaps,
think I may have fwelled this beyond
the neceíTary íize, and given an expla-
nation of many terms already fufficient-
ly understood. 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 ihort defcription or an example
Would inftantly render precife and dif-
tinéfc : and many young perfons would,
"without hefitation, .confult a gloflary,
who might be afraid, or alhamed, or,
perhaps, too proud, to ask a queftion.

H.H.
fîoxton, 1802.
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{ KXVÜ )

A D V E R T I S E M E N T ,

BY THE FRENCH EDITOR.

'"ГШЕ Letters of EULER to a German Princeß
•*• have acquired, over all Europe, a celebrity,

to which the reputation of the Author, the choice
and importance -of the feveral fubjecb, and the
clearneis of elucidation, juftly entitle them. They
have defervedly been coniidered as a treaiury of
icience, adapted to the purpofes of every com-
men feminary of learning. They may be ftudied.
to advantage without much previous elementary
knowledge; they convey accurate ideas refpecl;-
ing a. variety of objecb, highly intereiling in
themfelves, or calculated to excite a laudable
eurioiity ; they infpire a proper taft'e for the
fciences, and for that found philoibphy which,
fupported by fcience, and never lofing fight of
her cautious, fteady, methodical advances, runs
no riik of perplexing, or miileading the attentive
ftudent.

The only.cenfure that can be pafled on thefe
Letters is,'"now and then, a digreffive détail,

fomewhat
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fomewhat too tedious, on queftions rather foreign
to the fciences, and conftderable inaccuracy in

point of ftyle. Without failing in the reipecl
due to EULER, I thought myfelf at liberty to
omit ibme paiTages altogether, and to соггей the
ilyle of others. Few Readers, furely, will be fo
failidious as to refuib the admiration attached to
the name of this illuftrious man, for the fake of
ibme flight blemiüies, in a work of fuch con-
.fiderable length. A genius, like his, which has
iignalized itfelf by fo many important difcov cries,
can fuffer no diminution of greatnefs, from his
not having written a foreign language with claf-
fical purity. A man \\hpfe tranfcendant powers
have aftoniihed and confounded even thofe whonn
habits of profound .reflection muft have renderefl
hard to p)eafe,. refpeéling prodigies of this fort,
is not lefs worthy of veneration, that he did not
apply the whole force of his mijid to every object
which prefented itfelf. It is of the laft indif-
ference to his glory, whether thöfe.frnall fpecks

.ere effaced, or fuffered to remain,
But the cafe is widely different ag to the per-

fp.ns for whofe u/e the pe.rufal of this work is
particuUrly defigned. It is of importance for
young people, whether -of France, or of any other
country,! to defer-reading till they thoroughly
underftafld the language of books, 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 cautioned againft turning into ridicule
a few uncouth expreffions which, in the hurry
of compofition, may have dropped from the pen
of a man of .genius. Refpeft for every thing
which merits this appellation is one of the fenti-
ments which education ought moft powerfully
to inculcate, as it is one of the moil infallible
prefervatives againft prejudice of every kind,
againft the illufiorts of vanity and felf-love, nay,
againft the paffions which deprive us of the force,
neceflary to our approximation toward thefe ob-
jects of univerfal admiration. .

As to other retrenchments, they affect, almoft
all of them, reflections which relate lefs to the-
Sciences and philofophy, than to theology, and
frequently even to the peculiar doctrines of that
ecclefiaftical communion in which EULER lived..
It is unneceflary to afïîgn a rcafon for omiffions
of this defcription.

I have prefixed to this edition the Elogium of
EITLER, read before the Academy of Sciences,
omitting only fome fcientifíc details, which might
bave appeared tedious to certain Readers. :

As the Letters of Eu L ER Contain nothing, on
Several queftions, capable of interefting the ge~
nerality of nlankind^ I have naade fome,additions,

but
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but,--without throwing them into the form bfl
letters. Thofe publiihed at the fame time with
this edition, have for their only objeft the calcu-;
lation of probabilities. I took for granted that
perfons diipofed to give them a perufal, mufb
have already made a conii der able progrefs in ma-'
tbematical knowledge. This branch of know-
ledge occupies at preient, and ever muil, a dif-:
tinguiihed place in a courfe of liberal education;
If it is not abfolutely impdffible to do without
it, in order to the attainment of accurate ideas
in phyfics, and refpefting the laws of the uni-
verfe, and the calculations of probability, we
ihall, at leaft, by the iludy of mathematics, fave
much time and trouble, and acquire a habit of
thinking and reafoning on other fubjecb with-
greater exactnefs.

The idea which ibrne have formed of the dif-
ficulty of this fcience, obftrucb the progrefs of
knowledge, and is not founded in truth. There
are few minds, unlefs a previous education has
already imprefled falfe ideas, and a factitious de-
licacy, but what are capable of receiving the
ideas neceflary to mathematical combination, of
acquiring the habit of purfuing them, and a
relifh for the fimple truths which they prefent.
As to the extraordinary powers which are deemed
requifite, I venture to affirm, that there are few.

perfons,
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períòns, even of moderate capacity, who may
not, by employing a little more time, and pur-
fuing a courie fomewhat more deliberate, by en-
tering more attentively into detail, and from fre-
quently repeated applications, attain a degree of
mathematical knowledge, far beyond what is
really ufeful, nay, I add, neceflary, to all men of
liberal education.

ELOGIUM
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ËUOGIUM C)F ËULER,

T EONARD EULER, Preíident of the Mathema>
~~* tical School, in the Academy of Peteriburg, and
fcrevioufly in that of Berlin ; Fellow of the Royal
Society in London ; arid of the Academies of Turin.,
Liibon and Bale; Foreign Affociate of that of the
Sciences, was born at Bale, April the i5th, 1707,
being the fòn of Paul Euler and Margaret Brncker.

His father who, in 1708, undertook ehe paftoral
Charge of the village of Riechen, in the vicinity of
»Me, was his firft inftruftor ; and he enjoyed be-
tftïies the pleafure of contemplating the progrefs of
"is fon's expanding faculties, and dawning glory, a
c°rdialvfo reviving to the heart of a parent, advance
^nder his own eye, and gather ftrength from his own
affiduities.

He had ftudied mathematics tinder "James Ser-
ЪолИП. It is well known, that this celebrated icholar
United to a great genius for the fciences, a profound
Philofophy, which is not always the companion of
^is genius, but which ferves to give it a wider range,
and to render it's exertions more ufeful. In teach-
aiig, he endeavoured to imprefs on his pupils, that
§eometry is not a detached fcience, but exhibited it

0 them as, at once, the bafis and the key-ftonc of
. с all



XXXIV ELOOIUM OF EULER.

all human knowledge ; as the fcience in which the
progrefs of the mind may be the moft diftinauy ob-
ferved ; the icience, the cultivation of which exer-
cifes our faculties to the greateft advantage, as giving
to the underftanding, at one and the fame time,
ftrength 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 fiu-
dent to a method of reafoning, which may, after-
wards, be fuccefsfully employed, in the inveftigation
of every fpecies of truth, and as a guide in the con-
duel of life. . '

Paid Euler, who had fully imbibed the principles
of his mafter, inftrucled his fon in the elements of
mathematics, though he had deftined him, ultimately,
to the ftudy of theology ; and fuch was young EU-
LE R'S early proficiency, that on being fent to the
univeriity of Bale, he was deemed not unworthy of
the attention and particular inftru&ions of John Ber-
noulli. . Such was his application, and fuch his happy
difpofitions, as quickly to fecure to him the friend-
fliip of Daniel •and Nicolas Bernoulli, 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 John Bcrnouilli himfelf, who carried his coride-
•fcenfion fo far as to give him a private leflbn, once
a week, in the view of removing any difficulties which
'might occur in the courfe of reading and ftudy.
EULER employed the other days of the week in fuch
a manner as would enable him to make the moft of
this diftinguiihed mark of favour.

This
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This excellent method of profecutiiíg hîs ftu-
, preferred opening genius from exhaufting it's

ftrength, in combating infuperable difficulties, and
from wandering in unknown mazes, which it might
attempt to unravel : it directed and fecohded his own
exertions ; 'but, at the fame time, laid him under the
neceffity of calling forth all his powers, which, ac-
cordingly, received confiant ihcréaíe from ah exer-
cife proportioned to his age, and to the prbgrefs in
knowledge which he had already made.
. But of this fingular advantage he was fbon de-
prived • for fcarcely had he attained the degree of
Mafter of Arts, When his father, who intended him
lor his own fucceffor, enjoined him to exchange the
ftudy of mathematics for that of theology. Happily,
the effect of this act of authority waá of íhòrt dura-
tion. It proved jio difficult matter to perfuade the
ftther, that his ion was deftined to fupply, to the
fcarned world, the place of John Bernoulli!, and not
to fink into the obfcure parfon of Riechen;

An eflay, compofed by EULER in his nineteenth
Уеаг, on the mafting of ihips, a fubjecT: propofed by
the Academy of Sciences, procured him, in 1727, an
addition to his academical honours, fo much the
more refpeitable, that the youthful native of the
Alps could have derived no affiftance from practical
knowledge, and that he yielded the palm to Mr. Bou-
&цег alone, an able geometrician, then at the zenith of

s reputation, and, for ten years before, profeflbr of
hydrography in a maritime city.

•About the fame period, EULER flood candidate
с 2 for
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for a vacant chair in the univerfity of Bale í 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, J do not fay to EULER-,
but to his country, which, a few days afterward,
loft him for ever.

Two years before this, Daniel and Nicolas. BernouiHl
had been invited to Ruffia. EULER felt the fincereft
regret at parting with the friends of his youth, and
engaged them to promife their utmoft exertions to
procure him a imiilar invitation, which he was eager
to participate. This needs to excite no furprize.
The fplendqr of the capital of a vail 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 á youthful imagination, and of dazzling the
free, but poor and obfcure, citizen of a petty re-
public. - .

The brothers, Bernoutlli, were confcientioufly faith-
ful to their promife, and exerted themfelves as ftre-
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 Ruffia commenced under
áufpices the moft melancholy and difcouraging. It
was not long before he received intelligence, that
Nicolas Bernûuilli had fallen a victim to the feverity
of the climate ; arid the very day he fet foot on Ruf-
iian ground, Catharine I. paid the debt of nature.
This event, at jfirft, feemed to threaten the approach-

ing
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ing diffolution of- the Academyj whofe eftabliihmenl:
that Princefs had juft completed^ in compliance with
the will of the deceafed Czar, her huiband,

EULER, at a prodigious diftance from his native
country, deftitute of the advantage which Daniel
Bernouilli poflefied, that of an illuftrious and refpefted
name, to prepare his way, formed the refolution of
entering into the Ruffian marine fervice. One of the
admirals of Peter I. had already promifed to procure
him a fituation ; when, happily for geometry, the
uorm, which lowered over the fciences, fpent itfelf.
Qaniel Bernoulli retired to his own country : EULÉR.
was declared Profeflbr of Geometry, and fucceffor
to his Uluftrious friend, in 1733. The fame.year he
Carried a young lady of the name of Gfell, à compa-
triot of his own, the daughter of a painter, whom.
*eter I. had brought with him to Ruffia, on return-
ing from, his firft voyage.

From this time forward, to ufe Bacon's expreffion,
EULER felt that he had given hoftages to. fortune :
and that-the country, in which he could hope to form
an eftabliihment for his family, was neceflanly tranfr
formed into his native country. Born and educated
ш the bofom of a nation, all whofe governments
preferve, at leaft, the appearance and the language of
a republican cpnftitution ; in which, notwithiland*
nig diftiactions more real, than thofe which feparate
between the higheft ilave-of a defpot and the loweft
°f his fubjecls, the forûis of equality have always been
fcrupuloufly obferved ; in which the refpeft due to
the laws extends to ufages the moft indifterent, pro-

c 3 • ,vided.
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vided they have the fanftion of antiquity, and q£
vulgar opinion : EULER found himfelf in a country,
where the Prince exercifes unlimited authority;
where the moft facred law of abfolute governments,
that which regulates the fucceflîon to the throne^
was at that time uncertain, or treated with con-
tempt ; where grandees, enflaved to the fovereign,
fuie with a defpotic fway over an enflayed people ;
where, at the very moment, à vaft empire, under the
government of an ambitious, jealous and cruel fo-
ïeigri defpot, was enduring all the tyranny of the un-
relenting Biren, and prefenting a fpeftacle as terrify-
ing as inftructiye to men of letters, who had been
enticed to feek in it's bofom, glory, fortune, and the
power of enjoying, in perfect fecurity, the calm de-
lights of literary refearch.

It is eaiier to conceive, than to defcribe, what muft
have been the feelings of EULER, bound to remain
in fuch a fituatiori, by chains which it was impoffible
for him to burft afunder. To this circumftance,
however, we are, perhaps, indebted for that unre-
mitted application to literary purfuits, of which he
then acquired the habit, and which became his only
refource, in a capital, filled with the parafites, or the
enemies, of a violent Minifter ; the former intent
on feeding and flattering his uifoicious temper ; the
latter employed in fecuring^^ofelves from it's fan-
guinary efiecls. This had*made fo deep an impref-
lion on the mind of EULER, that we find the traces
of it fo late as 1741, the year after Siren's fall, when
tyranny had given place to a government more mild

and
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and humane. At that period he went from Peterf-
burg to Berlin, on the earneft felicitation of the
King of Pruffia. He was prefented to the Queen,-
mother. This Princefs took great pleafüre in the
converfation of enlightened men : fhe received1 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 charafteriftic marks of that auguft family.
The Queen of Pruffia, however, could extract from
EULER monofyllables only : £he 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 io me, faid the Queen ? Becaufe Ma-
dam, replied he, I have jvß come from a country, where,
•people arejianged) if they talk.

Feeling myfelf now called upon to give fome ac7

count of EULER'S immenfe fcientific labours, I flirink
from the impoflibility of following him in detail, of
conveying any thing like an accurate idea of that
^multiplicity of difcoveries, of new methods of inve£
tigation, of ingenious views, diffufed over more than
thirty feparate publications, and over near feven hun-
dred memoirs, of which about two hundred, depo-
&ted in the Academy of Peteriburg previous to his
death, are deftined to enrich, in their order, the fu-
ture collections publiíhed by that learned body.

But a particular character feems, to me, to diftin-
guifh EULER from the other illuftrious men who, in
purfuing the fame career, have attained a glory which
his has not eclipfed ; that character is, his having

с 4 embraced
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embraced the mathematical fciences in their uniyer-
fality ; his having brought tp 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 iketching
a methodical reprefentation of the different branches
of thefe fciences, in pointing put the progreis of each,
and the happy improvements to be afcribed to the
genius of EULER, I mould 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 a phenomenon, if the expreffion may be
allowed, of which the hiilory of fcience has hitherto
furniihed no example.-

Algebra had long been a fcience of very limited
ufe and application. The mode of confidering the
idea of magnitude, only in the higheft degree of ab-
ftraftion of which the human mind is fufceptible ;
it's rigoreufly feparating from that idea every thing
which, by employing imagination,'might give fup-
port, or repofe, to the underftariding ; finally, the
extreme generality of the iigns 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 taking extraordinary pleafure
in it, and of eaffly acquiring a habit of tracing it's
operations. " The algebraic method is apt to difcou>
rage even perfons the moft difpofed to abfiracl fpe-
culation. If the object of purfuit be ever fo little
complicated, we are forced to lofe fight of it entirely,

and
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and to confine our whole attention to dry algebraic
characters ; the road is fafe and fure, but the point
which is aimed at, and that from whence we took
pur departure, equally vaniih 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 fcience.
Accordingly, on examining the works of the great
geometricians of the laft age, even of thofe to whom
algebra is indebted for the moil important difco-
yeries, we fliall fee how little they were accuftomed
to handle this very weapon, which has been brought
to fuch a fta'te of perfection ; and it is impofiible to
refufe to EULE R the praife of having effected a re-
volution, which renders algebraic analylis a mode of
calculation luminous, univerial, of general applica-
tion and of eafy acquifition.

Thus, at certain epochs, when after ftrenuous ex-
ertions the mathematical fciences 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 iflue. Juftice would,
perhaps, demand, in favour of the man who invented

and
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and introduced thefe methods, and who firft taught
their ufe and application, a ihare in the glory of аП
thofe who have praftifed them with fuccefs ; he has,
at leaft, claims upon their gratitude, which cannot
be contefted without a crime.

EULER had neglected no part of analyfis : he has
demonftrated fome of the theorems of Fermât, on in-
determinate analyfis, and has difcovered many others,
no lefs curious, and of no lefs difficult inveftigation.
The knight's movement, in th,e game of chefs, and
different other problems of fituation, have likewife
excited his curiofityj and exercifed his genius. He
blended with refearches the moft important, amufe-
ments, of this fort, frequently more difficult, but of
little ufe either to the progrefs of the fcience itfelf,
or to the applications hitherto attempted. EULER
was too difcreet, not to be fenfibîe of the impro-
priety of devoting much of his attention to re-
fearches of mere curiofity ; but at the fame time of
a mind too enlarged not to difcern, that their inuti-
lity could only be momentaneous, and that the only
means of expoiing their inutility, was to attempt to
unfold and generalize them.

The particular queftions which uo not ftriclly be-
long to the regular body of mathematical fcience,
which do not enter into the applications of which it
is fufceptible, ought not to be coniidcred merely as.
the means of cxercifmg the powers, and displaying,
the genius of the geometrician : in cultivating the
fciences, \ve almoft always fet out with attaching

3 ' ourfelvcs
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purfelves to fome detached parts, in.preference; in
proportion as fucceffive difcoveries multiply, the re-
lations 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 ihall conclude this brief reprefentation of EULER'S
labours, on pure analyfis, with obferving, that it
would be injúft to limit it's influence on the progreis
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 exteniive ; thofe general views which fometimes
he does not fo much as indicate, but which cannot
efcape an attentive obferver ; the paths, whofe en-
trance he has fatisfied himfelf with clearing by те-
moving the firft obftacles which oppofed ; thefe are
fo many more benefits conferred on the fphere 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 EULER 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
aftonimed geometricians, had not EULER already
publiflied, fcparatcly, the greateft part of it..

In his endlefs labours on the fame fcience, he was.
ever faithful to analyfis, and the happy ufe he made

of
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of itrha5 at laft procured for the analytical method
»preference to. every other.

The problem of vibrating chords, and all thofe
which belong to jhe theory pf found, or the laws of
the pfcfflation of the air, have been fubjecled to ana-
iyfis, by the new methods with which he enriched
the calculation of partial differences. A theory of
the motions of fluids,^founded on the fame calcula-
tion, aftoniihed every one by the clearnefs which he
has diffiifed over queftions fo intricate, and the fa-
cility which he has communicated to modes of ope-
ration, founded on an analyfis fo profound.

All the problems of phyfical-aftronomy, treated in
(he prefent age, have been refolved, by the analytical
method peculiar to EULER, lus calculation of the
perturbations of the earth's orbit,, and efpecially his
theory of the moon, may be held up as models of
the fimplicity, of the precifion, to which this me-
thod may be carried ; and in reading this laft work,
we fee, with no lefs aftoniflament, how far a man of
great genius, animated with a delire of omitting no-
thing eflential on an important queftion, has been
able to carry the patience and perfeverance of appli*
cation.

Aftronomy employed only the geometric method :
EULER was fenfible of every thing which that fcience
had to expect from the aid of analyfis, and he de-
monftrated it by examples which, imitated fince by
men of ability and reputation, may in time beftow
a new form on aiironomy.

He
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He treated, in аП it's extent, the naval ïcience ; in
an elaborate work, to which an intelligent analyfiS
ferves asJbafis, and in which qnefiions of the greateft
difficulty are fiibjected to this general and fertile
method, which he underftood fo well to create and
to employ. He publHhed, many years afterward, oft
the fame iubjeft, an -elementary- abridgment of this
treatife, containing, under the fimpleft form, every
thing ufeful in praâice, and neceflary to be knowtf
by-perfons who devote thenifelves to the marine fei'-
vice. This work, though deiigned 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 wiihed to deinonftrate to
Europe, from one extremity to another, that talents!
fo rare could neither be overlooked, nor remain un-«
rewarded. EULER was abundantly fenfible of thé
Value of this mark of reípeít from a great Prince j
and it derived an additional charm, in his eyes, from
the hand through which it was tranfmitted, that of
Mr. Turgot, a minifter univcrfally refpefted for his
talents and for his virtues ; a man formed for com-
ttianding opinion, rather than following it, and
"whofe fuflrage, ever dictated by truth, and never by
the defire of attracting to himfclf the applaufe of the
public, might be an acceptable piece of flattery, everi
to a wife man, too much accufto'med to glory to be

awake to the voice of fame;
In
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In men of a fuperior genius, extrerhc'fimplicity of
character may eafily confift with thofe qualities of
mind, which moil forcibly announce ability and de-
licacy of feeling. EULER, accordingly, notwithftánd-
ing that fimplicity whieh never forfoók him, knew;
however, to diftinguifli with a fagacity, always in-
dulgent it is true^ the homage of enlightened admi-
ration from that which vanity laviflies 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 difíerefit refraftiòns ; 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
fubftances, combined, might divert a ray from it's
dircftion, without decompounding it, or rather by
replacing the elementary rays, by refraction, in a pa-
rallel direction. On the truth of this conjefture
might depend, in telefcopes, the deftruftion of the
iris, which colours objefts viewed through lenticular
glaffeSi EULER was convinced of the poflibility of
fuccefs, conformably to this metaphyíical idéa^ that^
if the eye is compofed of different humours, it is only in

the
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tbe view of deßroying the cffeä of the aberration of re-
frangibility. The only thing requifite, therefore, was
an attempt to imitate the operation of nature, and
he pròpofed the means of execution according to a
theory which he had formed. His firft eflays in-
duced naturalifts to attend to an object which they
feemed to - have neglected. Their experiments did
not correfpond to EUJLER'S theory, but tliey con*
firmed the views he entertained refpecting the per-
fection of telefcopes. And, inftructed by thefe, in
the laws of difperiion, in different mediums, he
abandoned his firft ideas, fubjefted to calculation the
refult of their experiments, and enriched dioptrics
with analytical formules, fmiple, commodious, ge-
neral, and applicable to inftruments of every poffible
conftruction.

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 rays in a ftraight line, appeared to him
to prefent infunnountable difficulties. . The theory
°f the loadilorie, that of the propagation of fire,
the laws of the coheiion of bodies, and thofe .of
friction, furniihed him, likcAvife, with fubjects of
Jngenious calculations, but, unfortunately, fupported,
"У hypotlieiis, rather than by experiment.

•i he calculation of probabilities and political arith-
metic were farther objects of his indefatigable ap-
plication. I fliall here only mention his r'e&arches

on
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on bills of mortality, and the means of deducing
them from phenomena with greater exaclnefs ; his
method of ftriking a medium from the obfervations
made ; his calculations refpefting the eftablifliment
of a reveriionary fund, in the view of fecuring to
widows, or orphans, either a fixed fum, or an annual
revenue, payable after the death of a huiband or
father ; an ingenious and humane method, devifed
by philofophic geometricians to counterbalance the
moral evil refulting from the fettlement of life-an-
nuities, and to convert, to the relief of families, the
fmalleft iavings from the principal's daily earnings,
or from the revenue of a commiflion, a place or a
penfion.

We have feen in the elogium of Daniel Bernoulli'^
that he had divided with EULER alone the glory of
having carried off thirteen prizes, propofed by the
Academy of Sciences : They often contended for the
fame object, and occupied the fame ground : and the
honour of triumph over a competitor was likewife
divided between them ; but this rivalfliip never en-
croached on thé expreflions of reciprocal efteem,
nor cooled the ardor of mutual friencMhip. On ex-
amining the fubjecb for which the one or the other
obtained the victory, we find that fucceis depended
principally on the character of talent peculiar to
each. When the queftiön required addrefs in the
manner of taking it up, a dexterous application ot
experiment, or new and ingenious phyfical views,
Daniel Bernouilli had the advantage : but did it pre-

fent
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unt difficulties, which profound and accurate calcu-
lation could refolve ; was it neceuary to create a
new'method of analyiis, victory declared for EULER.
Were agy 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 Ihould have conveyed but a very imperfect, idea
of EULER'S fertility of invention, unlefs I added to
this faint iketch of his labours, that there are very
few fubjecls 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 indirect : fometimes he extended his
firft folution to cafes which had at firft efcaped him ;
adding almoft always new examples, which he knew
how to felecl with fingular Ikill among thofe which
prefented, or fome ufeful obfervation, or curious re-
mark.

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

VOL. L d to
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to his pupils it's intricacies and aberrations, and hav-;
ing, with fcrupulous exactnefs, made them accomr

pany the progrefs of his own mind, in his firu éflays,
he {hewed them afterwards how he had Jjeen en-
abled to trace a fimpler path. It is evident, that he
preferred the inftruction of his difciples to the filly
iatisfaction 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 expofiiion of the
ideas which led to difcovery.

On reading the life of a great man, whether it be
a conviction 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 adequate compenfation ; or, finally, whether it
be, that the idea of perfection in another mortifies
or humbles us ftill 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 defect 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.

EULE.R ibmetimes appeared to be taken up with
the mere pleafure of calculation, and to confider the
point of mechanics, or phyfics, which he was examin-
ing, only as an occafion of exercifing his genius, an$

of
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of following the bent of his reigning paffion. Some
of the learned have accordingly accufed him of la-
vifliing his talent for calculation on phyfical hypo-,
thefes, or even on metaphyiical principles, of which
he had not fufficiently examined either the probabi-
lity or the folidity. He has like\vife been accufed
of depending too much on the refources of calcula-
tion, and of having neglecïed 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 ßrft of thefe charges is
not altogether deftitute of foundation. In EULER,
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 compofed on
the naval fcience, on artillery, have been of little
ufe, except to the progrefs of the fcience of calcula-
tion.

But the fécond 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 analyiis, to extend, and to multiply
the applications of it : at the fame time that it appears
to be his only inflrument, we fee clearly that it is
his wifh to make it univerfally fo. The natural pro-
grefs of the mathematical fciences muft have, in time,
brought about this revolution ; but he faw it, if I
may fay f0j completed under his own eye : to his
|;enius we are indebted for it ; and it has been the

d 2 reward



li! ELOGIUM OF EULER.

reward of all his exertions and difcoveries. Accord-
ingly, even when he appears to be misapplying ana-
lyfis, and exhaufting all it's {ecret ftores in refolving
a queftion, of which a few reflections, foreign tp cal:
culation, would have given him an eafy and fimple
folution, he was frequently only aiming at a demon-
ftration of the power and refources of his art ; and
he merits forgivenefs at leaft, if fometimes, while he.
feemed taken up with another fcience, it was ftill to
the progrefs and propagation of analyfis that his
attention was devoted ; and the revolution which
this has effected 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-
U«l of Eitlcr's fcientific purfuits, by a recital of thq
few and limple events of his life.

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

The Princefs d1 Anhalt De/àu, niece to Frederick II.
King of Pruffia, was defirous of receiving from him
fome leíTpns in natural philofophy. Thefe leffons
have been publiilied, under the title of LETTERS TQ
л GERMAN PRINCESS, a work incftimable for the.
fmgularly clear light in which he has difplayed the
moft important truths of rnechanics, of phyiical-aftro-
nomy, of optics, and of the theory of found ; and
for the ingenious views, lefs philofophical but more
fage, than thofe which have made Fontenel/e's Plu-
rality of Worlds outlive the Syftem of Vortices.

The.
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The name of EULER, fo great in the fphere of
Science ; the refpectful idea attached to his works,
employed in unfolding all that is intricate and ab-
ftract in analyfis, diffufe a fmgular charm over thefe
letters, fo iimple, and fo eafy. Thofe who have not
ftudied mathematics, aftoniflied, perhaps flattered, at
being able to ùnderftahd a work of EULER, will feel
grateful to him for having defcended to their level ;
and thefe elementary details of the fciences acquire
a fpecies of greatnefs, from their approximation to
the glory, and the genius, of the illuftrious man who
traced them.

The King of Pruffia employed EULER in calcula-
tions refpecting the coinage ; on conftnifting the
aqueduft 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 qualities ; and the felicity of being able to do
good, an advantage referved by nature for igno-
rance and mediocrity.

In 1750, EULER made a journey to Frankfort;, to
receive his mother, then a widow, and to conduct
her to Berlin» He had the h appineïs to. preferve her
till 1761. For eleven years, then, £he enjoyed the
glory of her highly diftinguifhed fon, in the way
that the maternal heart knows how to enjoy, and
was ftill more happy, perhaps, in the tender and af-
fiduous expreffions of filial affection, the value of

that glory greatly enhanced.
d 3 During
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During his refidence at Berlin, EULER, united IQ
Mr. de Maupertuis by the ties of gratitude, thought
himfelf obliged to defend the principle of the haß ac-
tion, on which the Prefident of the academy of Pruffia
had founded the hope of a reputation fo exalted.
The means which EULER 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 mecharics. Thus, in the age of fable, the Gods
vouchfafed to forge, for their favourite warriors, ar-
iv.our impenetrable by all the blows of their enemies.
It were to have been wiflied, that Euler's gratitude
had confined itfelf to a protection 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 Kœnig ; and with forrow we are con-
ilrained to recognize a great man, among the enemies
of an unfortunate and perfecuted fcholar. Happily
for EuLuR, the whole tenor of his life flickers him
from a more ferious fufpicion. But for that iim-
plicity, that indifference to the voice of fame, which
he uniformly manifefted, it might have been fuf-
pecled, that the pleafantries of an illuftrious partifan
of Kœnig (pleafantries which Voltaire himfelf has
jxiftly conligned to oblivion) had fomewhat foured
the -temper of the gentle and fage geometrician ; but
if on this occaiion he is chargeable with a fault, it
muil be imputed folely to an excefs of gratitude ;
and if once in his life he acted wrong, the motive
at kail is rcfpecbble.

The
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The Ruffiati forces having^ in 1760, penetrated
Into the marches of Brandeburg, plundered a farm,
of EULER'S, near Charlottenburg: but General Tot-
tleben had not come tp make war on the fciences.
Being informed of the lofs which EULER had fuf-
tained, he haftened to repair it, 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 difrefpecl, flie was pleafed
to add a gratuity of four thoufand florins to an in-
demnification already more than fufficient. This
anecdote is not fo generally known as it deferves to
be, while we quote, with enthuiiaftic admiration^
fimilar aftions tranfmitted to us from antiquity. Is
not this difference in the judgments we form, a proof
°f the happy progrefs of the human fpecies, which
certain authors ftill obftinately perfevere in denying,
apparently to fliun the imputation of having contri-
buted to it ?

The government of Ruffia had never treated Eu-
as a ftranger. Notwithftanding his abfence, part

his falary was .always regularly paid ; and in 1766,
Emprefs having given him an invitation to re-

turn to Peteriburg, he complied*
- In 1735, the exertion occafioned by an aftrono-
*nical calculation, for which other academicians de-
handed feveral months, but completed by him in a
*ew days, brought on an indifpofition, which iiTued
ln the lois of one of his eyes. He had reafon to ap-

a total lofe of fight, if he continued to ex-
d 4 pole
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pofe himfelf in a dimate, the influence of which
was unfavourable to his conftitution. The intcreft
of his family got the better of this apprehenfion ;
and if we reflect that, to EULER, ftudy was an ex-
clufive paflion, we lhall readily conclude, that few
examples of paternal tendernefs have more com-
pletely demonftrated, that it is the moil 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 characters traced on a
Hate with chalk. His fons, his pupils, copied his cal-
culations ; wrote, as he dictated, 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 diftraction, and from the new energy which this
conftrained recollection gave to all his faculties, he
gained more, both as to facility and means of labour,
than he loft by a diminution of fight.

Befides, EULER, by the nature of his genius and
his habits of life, had even involuntarily laid up for
himfelf 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*eye as well as the-
mind, it will be evident, that they are not the re-

fuit
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fuit of a calcalation traced on paper, but that, pro-
duced entirely hi the head, they are the creation of
an imagination equally vigorous and aclive.

There exift in analyfis, and EULER greatly mul-
tiplied their number, formules of a common and
almoft daily application j he had them always prefent
to his mind, knew them by heart, repeated them in
converfation ; and Mr. d'Alembert, when he law him
at Berlin, was aftoniflied at an effort of memory,
which demonftrated, that EULE R pofíèfled at once
a ftrength and a dearnefs of recollection almoft in-
credible. At length his facility of calculation by the
head was carried to fuch a degree as would exceed
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 fquare and cube roots, to have formed
to himielf the table of the fix firft powers of all
numbers from ï to 100, and to have preferred it
exactly in his memory. Two of his pupils had cal-
culated as far as to the feventeenth term of я conver-
gent feries, abundantly complicated ; their refults,
though formed after a written calculation, differed
°n.e unit at the fiftieth figure : they communicated
this difference to their mailer : EULER went over the
whole calculation in his head, and his decifion was
found to be the true one.

From the time he loft his fight, his chief amufe-
was to make artificial magnets, and to give

in the mathematics to one of his grand-chil-
dren.
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dren, who feemed to have a prtímiíing dïfpofitîon ta
that fcience.

He made a point of ftffl going occafionally to the
Academy, efpecially if delicate circumftances de-
manded his attendance, or when he deemed his pre-
fence necefíary to the maintenance of liberty. It is
eafy to conceive how much it is in the power of a
perpetual prefident, appointed by the court, to dif-
turb the peace of an Academy, and how touch fucli
a feminary has to apprehend from one who, not being
elected from their own number, does not feel him-
felf reftrained even by a fenfe of that fupport which
his reputation needs from the fuffrages of his colJ
leagues. How is it poffible for men, employed folely
in calm literary purfuits, and underftanding ner lan-
guage but that of the fciencesj to defend thefflfelves7

in fuch a cafe ; efpecially if ftrangers, unconnected,'
far from their country, they derive their whole fup-
port from that government, to which they would ap-
peal for juftice againft an imperious preiident, whom
that very government had placed over therm

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 rifle oppofe to
inmftice the authority of his reputation, and elevate,
in fupport of the fciences,-a voice which will make
itfelf heard. EULER, gentle, modeft as he was, was
fenfible of his power, and oftener than once made a
very happy ufe of it.

ï In
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In 1771, the city of Peteriburg fuffered1 leverely.

from a terrible conflagration : the flames had caught
the houfe of EULER. One Peter Grimm., a native of
ßale, 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 moulders, and faves EULER's life, at the
hazard of his own. His library, his furniture was:

deftroyed, but the zeal and exertions of Count Qrloff'
preferved his manufcripts. The attention paid to
this, at the height of a calamity fo dreadful, is die
moft honourable and flattering homage which pub-
lic authority could have offered to fcience. The
houfe of EULER was one of the Emprefs's gifts to
him ; a fimilar acl of munificence fpeedily repaired
the lofs.

He had by his firft wife thirteen children, eight
of whom died young. His three ions 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 fécond time into the
married ftate, by efpoufing a Mils Gfel/, filter to his
firft 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
publiíhed a ijéw demonftratioh of the exiftence of
God, and of the fpiritua\ity of the foul : this laft
treatife has been admitted as a ftandard book into
feveral colleges of divinity. With fcrupulous exaót-
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-
liar ideas, or of forming a fyftem of religion for
himfelf.

His erudition was very extenfive, efpecially in the
hiftory of mathematics. It is alleged that he had
carried his-curiofity fo far as to acquire the know-
ledge of the proceffes and rules of aftrolögy ; and
that he had even made fome applications of them.
However, when in 1740 he was commanded to
calculate the nativity of Prince Ivan, he excufed
himfelf, by reprefenting that this was the proper
bufincfs of Mr. Kraaff, in quality of royal aftrono-
mer. Credulity of this fort, which we are afto-
niflied 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 fliaken off
this abfurd yoke, and it mùft be acknowledged,
that if we except the common maxims of mora-
lity, there is no one truth which can boaft of hav-
ing been fo generally adopted, and through fuch a

fucceiïïoh
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of ages, as certain ridiculous or pernicious
.errors.

EULER had ftudied almoft every branch of phyfi,cs,
anatomy, chemiftry, botany ; but his fuperiority iu
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 mduced я
perfon moreTufceptible of the flattery of felf-love
to aipire to the title of an univerfal fcholar.

The ftudy of ancient literature, and of the learned
languages, had formed part of his education : he re-
tained a tafte for theie to the end of life, and never
forgot any thing he had once acquired ; but he had
neither time nor inclination to p'rofecute farther his
attainments in claflic literature. He had not fer
much as read the modern poets, but knew the Eneid
by heart. EULER, 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 object 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 full more gratifying
than glory itfelf : were it neceflary to prove this truth
by examples, that of EULER would put it beyond a
doubt.

In his moil profound difcuffions with celebrated
geometricians, he never betrayed the flighteft fymp-

tom
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tom which could excite a fufpicion of his being ac-
tuated by motives of felf-love. He difcovered no
eagernefs to afíert 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
detected him in error, if the charge was unfounded,
he forgot it -, if juft, he corrected it, without Hop-
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 affe&ed
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 ihews them
the neceflity which they are under of lowering others.
An inftinitive 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 has been known to employ his time in refolving
problems
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problems already folved, which was to procure for
him, at moil, the inferior praife of greater elegance,
or exactnefs 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 repur

tation. Befides, had an ardent defire of glory аст
tually exifted in his breaft, it would have been im-
poffible for him, fuch was the franknefs of his cha-
rafter, to conceal it's emotions. But the glory which
he was fo little folicitous to purfue, fought and found
him out. The fingular fertility of his genius was a
ftriking phenomenon, even to perfons who 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 firft of geometricians, but a
great man. It is the cuftom of Ruffia to beftow mi-
litary titles on men wholly unconnected with the
fervice. This is paying homage to a prejudice which
would reprefent the profeffion of a foldier as the
only title to nobility, but the practice is at the fame
time a direct acknowledgment of it's complete fal-
flty. Some of the Literati have even arrived at the
rank of Major-General: EULER never had, and in-
deed never would have, any diftmotion 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 cluldifli and yet fo dan-
gerous.

Moft 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 Pruffia travelled to Peteriburg, he did not
wait for a vifit from EULER, but went firft to his
houfe, and pafled fome hours by the bed-fide 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 objecl: of paternal

affection.
АИ 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 wprks, who has
not received from him the formules, the method

which he employs ; who is not directed and fup-
ported by the genius of EULER in his difcoveries.
This honour he owes to the revolution effected in
the mathematical fciences, by fubjecling all to ana-
lyfis ; to his indefatigable application, which has en-
abled him to embrace the whole extent of thefe fci-
ences ; to the order in which he has arranged his
great works ; to the iimplicity, to the elegance, of
his formules ; to the clearnefs of his methods and

demqnftrations j



ELOGIUM OF EULER.

démohftrations ; and all this greatly enhanced, by
the multiplicity and the choice of his examples. Nei-
ther Newton, nor DefEarteS) whofe influence was- once
fo powerful, has arrived at this pitch of glory ; and
hitherto, EUJLER alone, of geometricians, has poflefled
*t entirely, and without a rival.

But, as Profeflor, he has formed pupils in a pecu-
liar fenfe his own. Among thefe, we mention his
Deleft fon, whom the Academy of Sciences elecbd
to fupply his place, without any apprehenfion that
this honourable fucceffion granted to the name of
•EuLER, as to that of Bernouilli, could ever become a
dangerous precedent : a fécond 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. Lexell, whofe premature death has
juft left a blank in the world of fcience ; and, to
Mention no more, Mr, Fiefs., the youngeft of his fcho-
krs, amd the companion of his laft labours ; who,
fent from Bale to EULER by Daniel Bernouil/i, has,
"yhis works, done credit to Bemouilli's recommen-
dation, and EULER'S inftru citions,, and who, after
having paid public homage in the Academy of Peterf-
^Urgj to his illuilrious mailer, married his grand-
daughter.

Of fixteen profeffors belonging to the Academy
°f Peteriburg, eight had been formed by him ; and
•"1 of them, well known, from their productions, and
decorated with academic honours, value themfelves

. I. e 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 o£ thought, and,
apparently, all his mental vigour : no decay feemed
to threaten the fciences with the fudden lofs of their
great ornament. On the yth of September, 1783,
after amuiing 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. Lexell and his
family, talked of HerfchslPs 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 tea, when fuddenly, 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 whofe genius was equally capable of
the greateft efforts, and of the moft unwearied ap-
plication ; who multiplied his productions far be-
yond U'hat could have been expefted from powers
merely human, and was, neverthelefs, original in
every one ; whofe head was inceflantly 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, to a glory
which no one ever difputed with him.

His death was coniidcred as a public lofs, even in
the country winch he inhabited. The Academy of

a Peîeriburg
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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 Affernbly-Hall. An honour
ftill more diftinguiihed had already been conferred
°n 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
Scarcely emerged out of barbarifm, is become the
ttiftruclor of the moil enlightened nations of Europe,
111 doing honour to the life of great men, and in em-
balming their memory : it is fetting thefe nations an
Cample, which fome of them may blufli to reflect,

' that they have had the virtue neither to propofe,
nQr to imitate.

LETTERS
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PHYSICS AND PHILOSOPHY.

LETTER I.

Of Magnitude, or

MADAM*

Е hope of having the honour to communicate,
in perfön, to your Highnefs, my leflons in Creo-

ttietry, becoming more and more diftant, which is a
very fenfible mortification to me, I feel myfelf im-
pelled to fupply perfonal inftrucHon by writing, as
fer as the nature of the objefts 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 exteniions of matter aftually
difcoverable in the fyftem of the Univerfe. And
"rft, it is neceflary to fix on fome one determinate

of meafure, obvious to the fenfes, and of
we have an exaft idea, that of a foot, for in-

The quantity of this, once eftabliflied, and
tendered familiar to the eye, will enable us to form

idea of every other quantity, as to length, great
VOL. I, B or
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or íinall ; 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 iight. But it is to be remarked,
that there are animals, not of greater extenfion than
this laft fubdiviiion of a foot, which, however, are
compofed of members through which the blood cir-
culates, and which again contain other animals, дз
diminutive compared to them, as they are compared
to us. Hence it may be concluded that animals
exift, whofe fmaïlnefs eludes the imagination ; and
that thefe again are divifible into parts inconceivably
imaller. 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 obje£t of fenfe, it ne-
vcrthelefs 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 traniition from thefe minuta
quantities, in purfuing which the mind is loft, to
thofe of the greateft magnitude. You have the idea
of a mile j * the diftance from hence to Magdeburg
is computed to be 18 miles ;t 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 to 4 3-5 ths miles Englifh, nearly.
t About 83 Euglilh miles.

, numbers
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numbers inconceivably great, in our calculations, '
muft be the cafe if we ufed foot inftead of

* A mile then^ containg £4,000 feet, when it is
that Magdeburg is 18 miles from Berlin, the

idea is much clearer, than if tfîe diftance of thefe two
cities were faid to be 432,000 feet : A number fo
great almoft overwhelms the underftanding. Again,
we fliall have a tolerably juft idea of the magnitude
of the earth, when we are told that it's circumference
!s about 5,400 miles. And the diameter being a
ftraight line palling through the centre, and termi-
nating, in oppofite directions, in v the furface of the
Iphere, which is the acknowledged figure of the earth,
for which reafon alfo we give it the name of globet

the diameter of this globe is calculated to be 1720
*niles ;* and this is the meafurement which we em-
ploy for determining the greateil diftances difcover-
able in the heavens. Of all the heavenly bodies the
Шооп is neareft to us, being diftant only about 30
diameters of the earth, which amount to 51,600
miles,! or 1,238,400,000 feet; but the firft compu-
tation of 30 diameters of 'the earth, is the cleareft
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 dearer
lclea, than if it were exprefled in miles, or in feet.

* About 7,920 Englifli miles. The diameter of our earth is
'eally 7,^64 Engliih miles, it's circumference 25,020. Themean

oiftance of the moon is 240,000 miles, which fcarcely exceeds the

4°oth part of the fun's mean diftance, or 93,720,000 miles.
T About 237,360 miles Engliih.

В 2 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-
round the'fun; two of them at fmaller 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. But the neareft of them,
is, unqueftionably, above 5,000 times more diftant
than the Sun : it's diftance from us, accordingly, ex»
ceeds 45,000,000 of times the earth's diameter, that
is 77,400,000,000 of miles ;* and this again multi-
njied by 24,000 will give that prodigious diftance ex-
prcflcd in feet. And this, after all, is the diftance
only of thofe fixed ftars which are the neareft to us ;
the moil remote which we fee, are perhaps a hundred
times farther off. It is probable, at the fame time,
that all thefe ftars taken together, conftitute. only a
very fmall part of the whole univerfe, relatively to
which thefe prodigious diftances are not greater than
a 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, igth'April, 1760.

* 556,050,000,000 miles Engliih.
f This letter, in the original edition, that of Leipfig, 1770, i*

dated, Berlin ijth^April, i76o/and concludes with thefe words,
(which
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L E T T E R I I .

Of Velocity.

T^LATTERING myfelf that your Highnefs may
be pleafed to accept the continuation of my in-

s, a fpecimen of which I took the liberty of
preferring to you in a former letter, I proceed to un-
fold the idea of velocity, which is a particular fpecies
of extenfion, and fufceptible of increafe and of di-
minution. When any fubftance is tranfported, that
is, when it pafies from one 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 cjueilion then is, Wherein coniifts the

{which are with great propriety omitted by the philofophicJFrench

Editor of the -work, twenty-feven years afterwards) and'^lwis nota
crcraniiig with ßicccj's the arms in tohiclt час are fa deeply intercjicd.

•This is, no doubt, a dreadful " falling oft'" from the majefty of
the fubjeft. Who cares n<n> about the fuccefs of the Prulfian
artns in 1760 ? But philofophers, as well us other men, are under
*he dominion of local and temporary circumftances. Frederick II.

*as then in the zenith of his glory; Ealer was living at Berlin,

and giving leflbns in philofophy to the niece of that illuftrious

Prmce. Is it to be wondered, then, that he ihould fink for a mo-
'Dent imo the courtier, and öfter a drachm of incenfe to a great
lady ; or> tnat a fou] f0 uniformly devout, ihould acknowledge the

providence of the Almighty in a particular inftuuce ?

В 3 difference
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difference which we obferye between thefe feveral
degrees of velocity ? The road is the fame to him
who rides and to him who walks,: but the difference
evidently lies in the time which each employs in per-
forming the fame courfe. The velocity of the horfe-
man is the greater of the two, as he employs lefs
time on the road from Berlin to Magdeburg ; and
the velocity of the other is lefs, becaufe he employs
more time in travelling the fame diftance. Hence it
is clear, that in order to form an accurate idea of veT

locity, we muft attend at once to two kinds of quanr

tity, namely, to the length of the road, and to the
time employed. A body, therefore, which in the
fame time paifes through double the fpace which an-
other body does, has double its velocity ; if, in the
fame time, it pafles through thrice the diilance, it is
laid to have thrice the velocity, and fo on. We fliall
comprehend, then, the velocity of a body, when we
are informed of the fpace through which it pafles in
a certain quantity of time. In order to know the
velocity of my pace, when I walk to Lytzow,* I have
obfervcd that I make 120 fteps in a minute, and one
of my fteps is equal to two feet and a half. My ve-
locity, then, is fuch, as to carry me 300 feet in a
minute, and a fpace fixty times greater, or 18,000
feet in an hour, which however does not amount to,
a mile, for this, being 24,000 feet, would require an
hour and 20 minutes. Were I, therefore, to walk
from hence to Magdeburg, it would take exactly 24
hours. This conveys an accurate idea of the velo-

* A village about a league from Berlin.
city
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city with which ï am able to walk. Now it is eafy
to comprehend what is meant by a greater or lefs ve-
locity. For if a courier were to go from hence to
Magdeburg in 12 hours, his velocity would be the
double of mine : if he went in eight hours, his ve-
locity would be triple. We remark a very great dif-
ference in the degrees of velocity. The tortoife fur-
niflies an example of a velocity extremely ftnall. If
ihe advances only one foot in a minute, her velocity
Js 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 moderate wind goes at the rate
of i o feet in a fécond, or 600 feet in a minute; its
velocity therefore is the double of mine. A wind
that runs 20 feet in a fécond, or 1200 in a minute, is
Father ftrong ; and a wind which flies at the rate of
50 feet in a fécond is extremely violent, though its
velocity is only ю times greater than mine, and
^ould take two hours and twenty-four minutes to
blow from hence to Magdeburg.

The velocity of found comes next, which moves
•Jooo feet* in a fécond, 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

The velocity of found is generally computed at 1,141 feet
each fécond, but varies with the elafticity and denfity of the air.

lle earth travels in her orbit 1,612,000 miles in the fpace of 24.
°urs, and therefore with a velocity more than 50 times greater
an that of a cannon ball. Light moves about 13 millions of

every minute.
В 4 would
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would arrive there in feven minutes. A cannon ball
moves with nearly the fame velocity ; but when the
piece is loaded to the utmoft, the ball is fuppofed ca-
pable of flying 2,000 feet in a fécond, or 120,000 in
a minute. This velocity appears prodigious, though
jt is only 400 times greater than that of my pace in
walking to Lytzowj it is at the fame time the
greateft velocity known upon earth. But there are
in the heavens velocities 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 I
am able to get through only 18 miles.f It's velocity •
is accordingly 300 times greater than mine, and lefs
notwithftanding than the greateft poflible velocity of
a cannon ball. The earth performs it's revolution
round the fun in the fpaçe of a year, proceeding at
the rate of 128,250 milesf in 24 houçs. It's velo-
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 pf a cannon ball 400,000 times.

Z2d April, 1760,

* 24,840 Engliih miles f About 83 Engliih,
J 589,950 Englifh. § jjZO

LETTER
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LETTER Ш.

Of Sound, ana it's Velocity.

elucidations of the different degrees of ve-
locity, which I have had the honour to lay be-

fore your Highneis, 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 fécond 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 have feen the flafh. Thofe who are a mile, or
24jQoo feet diftant, hear not the report till 24 fé-
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 generated.
К, for example, we obferve that 20 féconds intervene
between the fiaih and the thunder-clap, we may con-
clude that the' feat of the thunder is 20,000 feet
diftant, allowing ï ooo feet of diftance for every fé-
cond of time. This primary property leads us to
inquire, In what found conflits ? .Whether it's nature
ís íimilar to that of fmell, that is, whether found
«Tues 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 aftecT: our fenfe of fmell-
ing. This opinion was formerly entertained, but it
is now demonftrated, that from a bell ftruck nothing
proceeds that is conveyed to our ear, and that the
body which produces found lofcs no part of it's fub-
ftance. When we look upon a bell that is ftruck, or
the ftring of an infiniment when touched, we per*
ceive that thcfe bodies are then in a ftatc of trem-
bling, or agitation," by which all their parts are af-
fected ; and that all bodies, fufceptible of fuch an
agitation of their parts, likewife produce found.
Thefe fliakings or vibrations are vifible in the ftring
of art infiniment when it is not too fmall ; the tenfe
ftring А С В paffes alternately into the fituation
AM В and A N B. f See f laie I. ßg, ï. In which I
have reprefented thcfe -vibrations much more obvious to

fenfe than they are in fa£l.) It muft be further obt
ferved, that thefe vibrations put the adjacent air into
a fimilar vibration, which is fucceffively 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
tranfmits the found to our ear. -Hence it is evident,
that the perception of found is nothing elfe but the
impreiîion made on our ear by the concuffion of the
air, communicated to us through the organ of hear*
insr ; and when we hear the found of a ftring touch"'

-cd, our ear receives from the air as many ftrokes as
f he ftring performs vibrations in the fame time.
Thus, if the ftring performs iqo vibrations in a fe*

condi
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<ond, the car likewife receives 100 ftrokes in the
time ; and the perception of thefe ftrokes is
we call found. When thefe ftrokes fucceed

each other uniformly, or when their intervals are all
C(iual, the found is regular, and fuch as is requifite to
ïfruiic. But when the ftrokes fucceed unequally, or
When their intervals are unequal among theipfelves,
an irregular noife, incompatible with mufic, is the
refult. On confidering fomewhat more attentively
the mufical founds, whofe vibrations take place
equally, I remai'k firft, that when the vibrations, as
^ell as the ftrokes impreffed on the ear, are more or
kis ftrong, no other difference of found refults from
*t, but that of 'ftronger or weaker, which produces
•the diftinfflon, termed by muficianSj/or/i & piano.
•But there is a difference much more effcntial, when
the vibrations are more or lefs .rapid, that is, when

or fewer of them are performed in a fécond.
ï one firing makes 100 vibrations in a fécond,

another firing makes 200 vibrations in the fame
time, their founds are effentially different; the for-

is lower or more flat, and the other higher1 or
iharp. Such is the real difference between the

•Hat and iharp founds, on which all mufic hinges, and
teaches how to combine founds different in
of flatnefs and fharpnefs, but in fuch a man-

as to produce an agreeable harmony. In the
founds there are fewer vibrations in the fame

time than in the iharp founds ; and every key of the
lcU"pfichord contains a certain and determinate num/-
?ei- of vibrations, which are completed in a fécond.

Thus
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Thus the note marked by the letter C,* makes
nearly ï oo vibrations in a fécond ; and the note
marked f makes 1600 vibrations in the fame fpace
of time. A firing which vibrates ï oo times in a fe-
,cond, will give precifely the note С ; and if it vi-
brated only 50 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 firing which makes
leis than 30 vibrations in a fécond, becaufe it is too
low ; or that of a firing which would make more
than 7552 in a fécond, becaufe fuch a note would be
too high.

z6th April, 1760.

• The note С is that which is produced by touching the thick-

eft firing of a violoncello ; the note с is the fourth oftave of the
firft; accordingly, thefe two notes, reprefentcd by the ufual me-
thod of pricking muflc, arc

Mr. Euler marks the progrcffion of oftaves thus :
1ft ottave, 2d oihvc, Sd oflave, 4th oftave.

C, or uf. с. с ' с с

and in like manner for the other notes of the gamut; D. E. F«

G. A. B. or re, mi,fa,ful, la,fl.

In writing the chromatic fcale, he employs the following figns :
C. Cs, D, Ds, E, F, Fs, G, Gs, A, B, H, c
ut, vis., re, re$, mi, fa, fa2, ßl, ßl%., la, fib, /4, ut.

LETTER
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LETTER IV.

Of Confonance and Dtffonance.

T RESUME my remark, that on hearing a fimple
muiical 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-
stitute the difference which fubiifts between low notes
and high : fo that, the fmaller the number of vibra-
tions or ftrokes produced in a given time, fay a fe-
C0nd, the lower we eftimate that note ; and the
greater the number of fuch vibrations, the higher is
the note. The perception of a iimple mufical found

, therefore, be compared to a feries of dots equi-
from each other, as If the in-

tervals between thefe dots be greater or fmaller, the
found produced will be lower or higher. It cannot
"ë doubted, that the perception of a fimple found is
*°mewhat iimilar or analogous to the. fight of fuch a
feries of dots equidiftant from each other: we are
Cabled 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 effect two

emitted at once muft produce on the ear,
it is evident, that if two founds are equal, or

each performs the fame number of vibrations in
the
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the fame time, the ear will be affecïed in the very*
ilime manner as by a fingle note ; and, in mufic, thefe
two notes are faid to be in unifon, which is thd
iimpleft accord: we mean by the term accord the
blending of two or more founds heard at once. But
if two founds differ in refpect of low and high, we
fliall 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 frnaller 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;

ï 2 3 4 5 6 7 8 9 l o i i
A . . . . . . . . . . .В

С D
1 2 3 4 5 6 7 8 9 1 0 1 1 1 2

and in order to form a juft idea of thefe two feries,
we muit 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. ï. under No. ï ; thofe
marked with the figure 2, will not exactly corre-
ipond, and ftill lefs thofe marked 3 : but we find
No. 11 exaftly over No 12 : from which we difcovef
that the higher note makes 12 vibrations, and the
other only ii. 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 mucb

difficulty
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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,

Vou 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 iimpleft 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 refpect to the two notes reprefented by thefe
t4yo lines of dots : the number of vibrations con-
tained in the one will be precifely the double of the
^bratiöns contained in the other, and the ear will
eafily perceive the pleafing relation of thefe two
founds ; whereas, in the preceding cafe, it was ex-
tremely difficult, if not impoffible, to difcriminate.

the ear readily difcovers the relation fubiifting •
two notes, their accord is denominated con-

ßnance : and if it be very difficult, or even impoffible
to catch this relation, the accord is termed diffbnance*

fimpleft confonarice, then, is that in which the
note produces precifely twice as many vibra-

tions as the low note. This confonance, in the Ian-'
of mufic, is called оfîave : every one knows

it means ; and two notes which differ precifely.
aa otaave, harmonize fo perfectly, and poflefs fuch a
Empiète refemblance, that muficians mark them by
^e fame letters. Hence it is that in church-mufic

the
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the women fing an octave 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 octave diftant, whereas any other two
notes whatever will ftrike the ear lefs agreeably.

zgia April, ï 760.

LETTER V.

Of Unifon and Oftaves.

Higlmefs has by this time remarked, that
-*- the accord -which muiicians call an

ftrikes the ear in a manner fo decided, that the
flighteft deviation is eafily perceptible. Thus, having
touched -the Key marked E, that marked f, which is
an octave 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 top low,
the ear is inftantly offended, and nothing is eafier
than to put the two keys perfectly in tune. Thus
we obferve, that in finging the voice flides eafily from
one note to another, which is juft an octave 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 at-
fifted by an infirument. Having fixed the note F,
it is almoft impofllble all at once to make the tran-
fition to the note d. What then is the reafon of

this
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this difference, that it is fo eafy to make note f har-
ïftonize with note F, and fo difficult to make note d
accord with it ? The reafon is evident from the re-
toarks already made : it is this, that note F and note f
ttïake an ocïave, and that the number of vibrations
°f note f is precifely double that of note F. In or-

to have the perception of this accord, you have
to confidèr the proportion of one to two, which,

it inftantly ftrikes the eye by the reprefentation of
dots I formerly employed, affects the ear in a

manner. You will eafily comprehend,, then,
the more fimple any proportion is, or expreffed

finall numbers, the more diftirictly it prefents it-
lelf to the underftanding, and conveys to it a fenti-

of fatisfaclion.* Architects likewife carefully
to this maxim, as they uniformly employ in

works proportions as fimple as circumftances
?ermit. They ufually make the height of doors and
Windows double the breadth, and endeavour to em-
Р*°У throughout proportions capable of being ex-
Puffed by fmall numbers, becaufe this is obvious and '
fateful to the underftanding. The fame thing
°lds good In mufic : accords are pleafing only in fo

^ as the mind perceives the relation fubfifting be-
the founds, and this relation is fo much more

Jn order to have a clear conception of what follows, it muft
recolle(aed, that . the terms relation and ratio are fynonimojiSf

l^at l^e author is here coufidering geometrical proportion,
lch confifts in the number of times that .the firft term is con-

in the fecond.—K £.

. ï.
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eafily perceptible, as it is exprefled by fmall numbersi
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-
niflies the accord of an ocbve : hence it is evident,
that this accord poiTefles many advantages above
every other confonance. Having thus explained the
accord, or interval of two notes denominated by mu-
ficians an octave, let us confider feveral notes, as Fy
f, f, f, | each of which is an octave higher than the
one immediately preceding : iince then the interval
of F from f, of f from г of г from f. of f from f is

f>
an octave, the interval of F to г will be a double oc-
tave, that of F to f, a triple ocbve, and that of F to jj
a quadruple octave. Now, while note F makes one
vibration, note f makes two, note ? makes four,
note f makes eight, and note f makes fixteen : hence
we fee, that as an octave correfponds in the relation
of ï to 2, a double octave muft be in the ratio of
ï to 4, a triple in that of ï to 8, and a quadruple in
that of ï to 16. And the ratio of í to 4, not being
fo fimple as that of ï to 2, for it does not fo readily
ftrike the eye, a double octave is not fo eafily per-
ceptible to the ear as a fingle j a triple is ftill lefs per-
ceptible, and a quadruple ftill much lefs fo. When,
therefore, in tuning a hnrpiichord, you have fixed
the note F, it is not fo eafy to attune the double
octave 7 as the fingle f ; it is ftill more difficult.

to attune the triple oftave f and the quadruple Í.
without rifing through the "intermediate octaves-
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Thefe accords are likewife comprehended in the term
c°nfonance ; and as that of unifon is moft fimple,
"*ey may be arranged according to the following
gradations :

I. Degree, unifon, indicated by the relation of ï to ï.
II. Degree, the immediate oâave, in the ratio of ï to г.

III. Degree, the doublé oftavé, in that of ï to 4.
IV. Degree, the triple oftave, in that of ï to 8.
V. Degree, the quadruple oftave, in that of ï to 16.
* !• .Degree, the quintuple oftave, in that of ï to yt,

fo on, as long as found is perceptible. Such
Зде the accords denominated confonances, to the
knowledge of which we have been thus far conduft-
ed > but hitherto we know nothing of the other
*pecies of confonance, and ftill lefs of the diffonances
e*nployed in mufic. Before I proceed to the expli-
Catipn of thefe, I muft add one remark refpefting the

oftave, given to the interval of two notes^ the
of which contains twice the vibrations contained

11 the other. You fee the reafon of it in the prin-
Clpal ftops of the harpfichord, which rife by feven
Agrees before you arrive at the oftave C, D, E, F,

» A, B, c, fo that ftop с is the eighth, reckoning
^ the firft. And. this divifion depends on a certain
leries of mufical intervals, the nature of which ihall

e unfolded in the following letters.

С 2 LETTER
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LETTER VI.

Of other Confonances.

"ÍT may be affirmed, that the relations of one to 2>
-•• of ï to 4, of ï to 8, of i to 16, which we have
hitherto confidered, and which contain the progref-
Hon of octaves, are all formed by the number 2 only ;
fmce 4 is 2 times 2 ; 8,2 times four ; 16, two times 8.
Were we to admit, therefore, the number 2 alone
into mufic, we ihould arrive at the knowledge o"t
only the accords or confonances which muficians catt
the fingle, double, or triple octave ; and as the num*
ber 2, by its reduplication, furmihes only the num*
bers 4, 8, 16, 32, 64, the one being always doublé
the preceding, all other numbers would remain un*
known. Now, did an inftrument contain ocbveS
only, as the notes marked C, c, <T, c, ? and were all
others excluded, it could not produce an agreeable
mufic, on account of its too great limplicity.
us introduce, then, together with- number 2,
number 3 Kkewife, and obferve what accords or con'
fonances would be the refuk. The ratio of ï to 3
prefentsat once two founds, the one of which make*
3 times more vibrations than the other in the
time. This ratio is undoubtedly the moft eafily
be comprehended, next to that of ï to í ; it
accordingly, furnifli very pleafing confonances, b»1

of a nature totally different from that of oftaveS»
Let us fuppofe, then, that .in the proportion of *

to
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*° 3> number ï correfponds to note С ; fmce note с is
cxprefled by number 2, number 3 gives a found
higher -than c, but at the fame time lower than note
<ь which correfponds to number 4. Now, the note
Cxpreffed by 3 is that to which muiicians affix the
letter g, and they denominate the interval from с to
& aßfth, becaufe in the keys of a harpfichord that
Qf g is the fifth from c, as c, d, e, f, g. If then
Dumber ï produces the found C, number 2 will give
c » number 3 gives g, number 4 the note с ; and

g being the octave of g, the number correfpond-
o it win be 2 times 3, or 6. Riling ftill an-oc-

ave, the found g will correfpond to a number twice
§feater, that is 12. All the notes with which the

numbers 2 and 3 furniih us, indicating note С
ï, therefore are,

/ - . „ _ = = a
^> c» a» c» g. c> e» c
ï. 2, 3. 4. 6. 8. 12- 16.

Hence it is clear, that the ratio of ï to 3 expreflès
interval, compounded of an octave and a fifth,
that this interval, on account of the fimplicity of

^е numbers which reprefent it, muft be, next to the
°<lave, the moft grateful to the ear. Muficians ac-
°rdingly affign the fécond rank among confonances

to the fifth; and the ear catches it fo eafily, that
here is no difficulty in tuning a fifth. For this rea,
•°n> in violins, the four fixings rife by fifths, the
oweft being g, the fécond 3, the third ã, and the
°Urth ; ;* and every mufician puts them in tune

That is, in the langqage offnl~fa\ng, fol, rc, la, щ.

C s " by
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by the ear only. A fifth, however, is not fo eafiiy
tuned as an oftave ; but the fifth above the oftave,
as from С to g, being exprefled by the proportion or
ï to 3, is more perceptible than a fimple fifth, as
from С to G, or from с to g, which is exprefied by
t A proportion of 2 to 3 : and it is likewife known
bw experience, that having fixed the note C, it is,
eafier to attune to it the higher fifth g, than the
fimple G. If unity had marked the note F, num?
ber 3 would mark the notée, fo that,

F, f, ë ? ? ? с would be marked by
ï. 2. 3. 4. 6. 8. 12. where, from f to с the inter-

val is a fifth in the relation of 2 to 3 ; from 7 to ?,
from 7 to = 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
firings 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 fécond, in the fame time, will make
three. Now the founds emitted from thefe firings
are the fame in both cafes ; of confequence the re;
lation of 4 to б 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 ratio,
of 3 to 4, which is that of ë to ij and confequently
alfo of с to f, or of С to F. Muficians call it a fourth ;
and being exprefled by greater numbers, it is not fo
agreeable, by a great deal, as the fifth, and ftul lefs fo
than the oftave. Number 3 having furniihed us neW
accords or confonances, namely the fifth and the

fourth»
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, before we call in any others, let us take it
three times, in order to have the number 9,

which will give a higher note than note 3*, or ë one
^ctave and one fifth. Now, с is the octave of ë, and
s the fifth of с-, number 9 then gives the note £ fo

* e, F, g c wül be marked by
6. 8. 9. ia ; and if thefe notes be taken in. the

lower oftaves, the relations remaining the fame, we
frail have;

C, F, G ; c, f, g ; c, f, g ; c, f, g ; с.

б. 8. g; i2. ï б. 1 8 ; 24- З2' 3^ > 48- 64. 72' 9^-
^hiçh leads us to the knowledge of new intervals.

The firft is that of F to G, contained in the ratio
°f 8 to 9, which muficians call a. fécond or tone. The
Découd is that of G to f, contained in the ratio o£
9 to 1 6 ; called zfeventb, and which is one fécond,
Or one tone lefs than ад o&ave. Thefe proportions,
being already exprefljed by very great numbers, are
ftot reckoned ampng the confonances, and muficians
call them at/finances or dij "cords.

Again, if we take three times the number 9, or
27> it will mark a tone higher than ë, and precifely a
ufth higher than g ; it will be accordingly the tone
<b and it's octave I will correfpond to twice the num-

er 27> pr 545 and it's double octave f to twice the

care muft be takerç to g;iard ourfelves from affixing to
numbers the idea of a perfect identity with the founds which they
reprelent. The firft express only the relation of the number of
Vlbrations performed in the fame time, by the bodies which emit

e Bounds in queftion. There is no real analogy between number
^ í.

Ç 4 number,
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number, 54, or 108. Let us reprefent thefe tones
fome octaves lower, in the manner following :
C, D, F, G; c, d, f, g, ë, 3, 7,
24, 27, 32, 36; 48, 54, 64, 72 ; 96, 108, 128,

g; c, á, f, g; c.
I44J I92> 2l6í 2565.288; 384.

Hence we fee, that the interval from D to F is
contained in the ratio of 27 to 32, and that of F to d
in- the ratio of 32 to 54, the two terms of which
'are diviiible by 2 ; and then in place of this relation
we have that of ï б to 27. The firft interval is called
a tierce minor, or lejjer third, and the other a^ greater
ßxtb. The number 27 might be ilill farther multi-
plied by 3, but muiic extends not fo far, and we
limit ourfelves to number 27, refulting from 3, mul-
tiplied three times by itfelf : other muiical tones ftill
wanting are introduced by means of number 5, and
fliall be unfolded in my next Letter.

1760.

LETTER VII.

of the twelve Tones of the Harpjîcbord,

ГТЛНЕ prefent fubject of my correfpondence with
-*• your Highnefs is fo dry, that I begin to appre-

hend it may be growing tirefome. That I may not
wafte too much time on it, and be relieved from the
neceffity of recurring frequently to a topic fo dif-

gufting,
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tufting, 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
^rhich muiicians themfelves are aimoft totally Unac-
4uainted. It is not to theory they are indebted for
the knowledge of all thefe founds ; but rather to the
*ecret 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
a&ually in ufe, though they are not hitherto perfectly
agreed refpefting their juft determination. The
Principles of harmony are ultimately reducible to
Cumbers,* as I have demonftrated ; and it has been
remarked, that the number 2 furniflies oftaves огЛу,
*° that having fixed, for example, the note F, we are
conducbd to the notes f, 7 f f. The number 3 after-

furniihes C, „ - = f which differ one fifth*
J C, C, C, L,

the prece'ding feries ; and the repetition of this
number 3, furniihes again the fifths of the firft,

G, g< - ^ |. and finally, the third repetition

°f this number 3 adds-farther the notes D, d ^ | ^

^ "e principles of harmony then being attached to
Duplicity, feem to forbid our puihing farther the

This is true only to a certain degree ; for, if we except the
n°wledge of the relation of notes, or the numerical expreffion of

ci'vals, numbers cannot be introduced into mufic, as Mr.d'Alem-
ert has j n f t l y remarked, but as a piece of ufelefs parade; and

he fcanty knowledge they furnifli is far ihort of the theory of
compofuion, which is founded on the pleaiure of the ear, and Ы-

erto no one has attempted, to make this a fubjcil of calculation.
~-*\ £.

repetition
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repetition of number 3 -, hitherto, accordingly, we.
bave only the following notes for each octave :
F. G. c. d. £
16. 18. 24. 27. 32. which certainly would not fur-
Tiiih a very copious mufic. But let us introduce, in
addition to thefe, number 5, and obferve the tone
which ihall emit five vibrations while F emits only
one. Now, f makes two vibrations in the fame time ',
f makes four ; and с fix. The note in queftion then,
is between ? and с. It is that which nraficians indi-
cate by letter ï, the accord of which, with note {, is
denominated a greater third, and is found to produce
a very agreeable concord, being exprefled by the very
iimple ratio of 4 to 5. Farther, note S with note í
produces an accord contained in the ratio of 5 to 6,
which- is almoft as agreeable as the former, and which,
is denominated bleffer third, reprefented by the ratio
of 27 to 32, and it's difference from the firft is almoft
imperceptible to the ear., This fame number 5 being
applied to the other notes G, c, d, will give us, in
like manner, their greater thirds, taken in the fécond

octave below, that is to fay, the notes G, e, and f, which,
-being tranfpofed, will give the following notes, with,
their correfponding numbers.

F. Fs. G. A. B. c. d, e, f,
128. 135. 144. 160. 180. 192. 216. 240. 256,
Take away the notes Fs, and you will have the

principal touches of the harpiichord, which, according
to the ancients, conftitute the genus denominated
diatonic, refulting from number 2, from number 3,
thrice repeated, and from number 5. Admitting

theft
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«lefe founds only, we are in a condition to compofe
"armonies very agreeable and various, the beauty of
which is founded on the iimplicity alone of the num-
bers correfponding to the notes. Finally, upon ap-
plying, a fécond time, the number 5, we ihall be fur-

with the thirds of the four new tones, A, E,
Fs, which we have juft found, we ihall have the

Cs Gs Ds and B, fo that now the octave is
completed of the 112 tones received in mufic. All
thefe tones derive their origin from the three num-'
"ers г, 3, and 5, multiplying z by itfelf, as often as
the ocbves require ; but we carry the multiplication
°f 3 only to the third ftage, and of five to the fe-
co.nd. All the tones of the firft octave are contained
1Ji the following table, in which you will fee how the
fundamental numbers 2, 3, and 5, enter into the
compofition of thofe which exprefs the relation of
fhefe notes.

oit or С
üt s 'Cs
re D
res Ds
mi E
fa F
fas Fs
fol G
fol s Gs
la A
fi b. Bb
fi n B*
ut с

2, 2, 2, 2, 2, 2, Ъ,

2. 2. 2. 2. 7 ' 7 7 .4î 4y *í -"5 j j 4)' О

2, 2, 2, 2, 2. 7. С.

2, 2, 2, 2, 2, 2, 2,

2> 2, 3» 3» 3» 5 ' •
2, 2, 2, 2, 2, 2, 35

2, 2, 2, 2, 2, 2, 2,

2, 2, 2, 2. 7.7. С .-4, -6, ^ .6, _J, j, ^ .

з • . •

2, 2 . .

3 • • •

S V • •

з » з - •

3«4

t со
480

540

боо
640
б7С/ J
72О/ ^
768

Difference,

l6

l8

28

2zL

40

лс
T"J

4»

While
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Wliile note С makes 384 vibrations, the tone Cs
gives 400, and the others as many as are marked by
their correfponding numbers'-, note с will give then,
in the fame time, double the number of vibrations
marked by 384, that is 768. And for the following
octaves, you have only to multiply thefe numbers
by 2, by 4, or by 8. Accordingly note õ will give
twice 768, or 1536 vibrations, note ? twice* 1536,
or 3072 vibrations, and note f twice 3072, or 6144
vibrations. In order to comprehend the formation
of founds, by means of thefe numbers 2, 3, and 5,
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 exprefiion 2, 2, 3, 3, 3, 5, iigni-
fies 2 multiplied by 2, that product 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 note
to another, femitone ; and thus the ocbve is divided,
into is femltones. Many modern muficians make
them equal, though this be contrary Co the principles
of harmony, becaufe no one fifth or third is perfectly
ехай, and the effect is the fame as if thefe tones were

not
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Hot perfedly in tune.* They likewife admit, that
Mre muft give up exaftnefs of accord in order to ob-
tain the advantage of equality of femitones, fo that
*"е tranfpofttion from any one tone whatever to
another may in no refpect injure the melody. They
Acknowledge, however» that the fame piece played
10 the tone C, or a half tone higher, that is Cs, muft
confiderably affeft it's nature. It is evident, there-
fore, that in fact all femitones are not equal, what*
ever efforts may be made by muficians to render them
"*uch ; becaufe true harmony refifts the execution of
* 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 5.
•Were we farther to introduce number 7, that of the
tones of an octave would be increafed, and the art of
ttiuiic carried to a higher degree of perfecUon. But
Jiere the mathematician gives up the muücian to the
direction of his ear.

3d May, 1760.

* The alteration thus forced upon the fifths, in order that every
«ey of the harpfichord may ferve equally for the higher note flat-
tened, and for the lower .fhaipened, and that, at the end of the
fubdivifion, the oftaves may be exaft, is called temperament. It
bas been remarked that fifths may be a little weakened without
hurting the ear very much ; whereas greater thirds become harih
and difugreeable when they are, ftrengthencd.—F. E.

LETTER
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LETTER VIU.'

Of the Pleqfure derived from ßne Muße.

TT is a queftion as important as curious, Whence &
.-*• it that a fine piece of muïic 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 not 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 determineu
is, How comes it, that the fame piece of mufic pro-
duces effects fo different, 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 objeéts of two kinds, in which order is ef-
fential. The one relates to the difference of the fliarp
or flat tones ; and you will recollect, 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, is 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 ootave, excite a perception of the re-

lation
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of ï to 2 ; Ъ fifth, of that of 2 to 3 J and a
Sreater third, of that of 4 to 5. We comprehend
"ег1 the order which is found in harmony, when we

know all the relations which pervade the notes of
it is compofed, and it is the perception of the

which leads to this knowledge. This perception
e or leis delicate, determines why the fame har-

is felt by one, and not at all by another, eipe-
cially when the relations of the notes are exprefled
by fomewhat greater numbers. Mufic contains, be-
hde harmony, another object equally fufceptible of
^rder, namely the meafure, by which we affign to
every note a certain duration : and the perception
*°f the meafure conflits in the knowledge of this du-
i^tion, and of the relations which refult from it.
'The drum and tymbal furnifli the example of a mu-
ßc 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 wliolly
Jn harmony, to the exclufion of meafure. This mu-
^с is the choral, in which all the notes are of the fame
duration ; but perfect mufic unites harmony and
Meafure. Thus the connoifleur who hears a piece,
°f mufic, and who comprehends, by the acute perr

Option of his ear, all the proportions on which
both the harmony and the meafure are founded, has.
certainly the moit perfect knowledge poflible of that
^ufic ; while another, who perceives thefe propor-
tions only in part, or not at all, underftands nothing
òf the matter, or poffefles 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 the
knowledge of which I have been fpeaking, 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 mfufficient to
produce .pleafure, you have only to confider mufic
of a very fimple conftrucïion, fuch as goes in octaves
alone, in which the perception of proportions is un*
doubtedly the.-eafieft. Such mufic would be far from
conveying pleafure, though you might have the moft
perfect knowledge of it. It will be faid then that
pleafure requires a knowledge not quite fo eafily at-
tained, a knowledge that occafions fome trouble ;
which muft, if I may ufe the expreffion, coil us fome-
thing. But, in my opinion, neither is this a fatisfac-
tory folution. !A. diffonance, the relations of which ï
are exprefíed by the higheft numbers, is caught with
more difficulty ; a feries of diflonances, however,
following without choice, and without defign, can-
not pleaie. The compofer muft therefore have pur-
ítied in his work, a certain plan, executed in real and
perceptible proportions. Then a connouTeur 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
to an ear accuftomed to relifli the beauties and deli-

cacies
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of that enchanting art. Ït arifes, then, from
ng in fome méafure the views and feelings of

e compofer, whofe execution, when fortunate, filla
^е foul with an agreeable fenfation. It is á fatisfac-
l°n fomewhat iimilar to that which is derived from
AC fight of a well afted pantomime, in which you

conjecture, by the gefture and aftion, the fenti-
and dialogue intended to bé expreffed, and
prefents befides a well digefted plan», The

eillgma of the chimney-fweeper,* which was fo di-
Verting to your Highnefs, furniihes me with'another
Scellent cömparifon. When you can guefs the
Ieoie, and difcover that it is perfectly expreffed in

propofition of the enigma, you feel a very fen-
pleafure on making the difcovery ; but infipid
incongruous enigmas produce none. Such are,
may be permitted to judge, the true principles

1011 which dédiions refpefting the excellency of mu-
compofitions are founded.

Д%, i76o.

L E T T E R 'IX.

Compreffton of the Air.

[РНЕ explanation of found, which I have had the
honour to prefent to your Highneis, leads me

ard to a more particular confideration of air,
, being fufceptible of a movement of vibration,

A celebrated enigma of La Mothe, publiihed in his fugitive
Pieces.

•TT L..L D
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fuch as that by which mufical ftrings, bells» and other
(onovflus bodies are agitated, tranfmits the concuffiort
to our ears. It will be immediately aiked, What is
air ?; For it does not appear, at firft fight, to be a ma-
feriftl fubftance. As we perceive no fenfible body in
it., furrounding fpace feems to contain no matter
whatever. We feel nothing; we can walk, and
move every limb in it, without meeting the flighteft
pbftacle. But you have only to move youv hand
brifely, to be fenfitjle 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 feeing it is capable of producing
effects fo furprifing, how is it poffible to doubt that
air is a material fubilance, and confequently a body?*
For the terms body and matter are fynonymous.

Body is divided into two great claffes, folid and
fluid. The air, it is evident, muft be referred to the
dafs of fluids. It has feveral properties in common
with water ; but it is much more fubtile and fine-
Experiments have afcertained that air is about 800
times more fubtile and more rarefied than water ;

* It is an erroneous principle that the air is diftinguiihed frorn
other fluids by it's fufceptibility of comprelfion. All fluids are

perfectly claftic, only the force required to produce a certain de*
grée of compreffion differs very widely in each. -.Thus.the fame
force which caufes water to fuftfer a contraction of only the thirty
thoufandth part of it's bulk! condenles air into one half. Tl'e

real diftinftion between the aeriform and liquid fluids feems to be»
that the reaftion of the former is proportional to their denfity»
while that of the latter is proportional to the quantity of com-
preffion.—E, E.
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^d that if air were to be rendered 800 tirties denfer
^*an it is, it would have the fame confiftency as the
other .fluid. A principal property of air, by which
lt W diftinguiíhed from other fluids, is it's quality of

eing comprefled, or reduced into a fmaller fpace.
A his is demonftrated by the following experiment.
Take a tube of metal or glafs А В CD f plate I./g.
*•) dofe fliut at the end A B, and open at the other,
lnto which is introduced a pifton, filling exa£Uy the
cavity of the tube. On puihing the pifton inwards,
^hen it has arrived at the middle E, the air which
°Ccupied at firft the cavity A B C D will be reduced

Пе half, and confequently will have become twice
58 denfe. If the pifton is puflied ftill farther in, as
^r as F, half way between В and E, the air will be
Deduced to a fpace four times fmaller than at firft -, and

you continue to drive forward the pifton to G, fo
tbat B G {hall be the half of B F, or the eighth part

the whole length B D, the fame air which in the
ing was expanded over the whole cavity of

tube, will be contracted to a fpace eight times
. Going on in the fame manner to contract

_ *ftto a fpace 800 times fmaller, you will obtain an
r 800 times denier than ordinary air. It would then

e as denfe as water, which it would be eafy to prove
У other experiments. Hence it appears, that air is
uuid fubftance, capable of compreffion, or, in other
°rds, of being reduced to a fmaller fpace, and in

^ refpecT: it differs entirely from water. For, let
^Q tube A B CD be filled with this laft fluid, and
ai;tempt to4ntrodwe thé pifton, you wUl find it im-

D 2 poffible
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poffible to drive it forward. Employ what" force
you may, you will gain nothing ; the tube will burft
iooner than you can reduce the water to a fpace fen-
iibly {"mailer. This then is the eflential difference
between air and water : the latter is fufceptible of no
compreffion, but air may be cotnpreffed to any de-
gree you pleafe. The more the air is comprefled,
the denfer it becomes ; thus the air which occupied
a certain fpace, when comprefled or reduced to half
that fpace, becomes twice as denfe $ if reduced to г
fpace 10 times fmaller, it is rendered ю times more
denfe; and fo on. I have already remarked, that
could it be rendered 800 times more denfe, it would
then be as denfe as water, and confequently as heavy»
for weight increafes in the fame proportion as den-
fity. Gold, the heavieft fubftance with which we
arc acquainted, is likewife the moft denfe. It is
found by experiment to be 19 times heavier thafl
water; and that a mafs of gold, in form of a cube
of one foot, would weigh i g 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 poffible to comprefs air till it were re-
duced to a fpace 19 times 800, that is, 15,200 times
fmaller, it would become as denfe and as weighty as
gold.

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

powerful?
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Powerful ; and, .before you are able to reduce the air
to a fpace i o times fmaller, fuch a force muft be em-

as would burft the tube, unlefs it were of un-
ftrength. And not only would fuch a force

e neceffary to drive the pifton farther, but an equal
*°rce would be requinte to keep it in that ftate, for
011 the flighteft relaxation of the power, the com-
pelled air would drive it backward. The more
cornpreffed the air is, the more violent are it's efforts
0 expand, and to recover it's natural ftate. This is

we call the fpring or elafticity of the air, p£
I propofe to treat in my next letter,

, 1760.

LETTER X,

Rarefaftion and Elafticity of the Air.

Г HAVE remarked, that air is a fluid, about 800
times more fubtile than water ; fo that could

^ater, without being reduced to vapour, be expand-
ed over a fpace fo many times greater, and could be-
c°itie of confequence fo many times more fubtile, it

be of a íimilar coníiftence with the air which
breathe. But air has a property which water has
that of fuffering compreflion into a fmaller fpace,
of being proportionably condenfed, as I demon-

in the preceding letter. And we difcover in
r another property no lefs remarkable : it is capable

Q* being expanded over a greater fpace, and thus
D ,3 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 I. ßg. 3.) at the bottom of which A C, let
there be a final! aperture O, fa that, on introducing
the pifton as far as to F, the air may efcape by that
aperture without being condenfed. The air which
now occupies the cavity A C E F, will then be in it's
natural fiate ; let the aperture О be clofely flopped.
On drawing back the pifton, the air will gradually
espand 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 courfe 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 iirft, as it is then ex-
panded over a fpace four times as great. And could
the pifton be drawn back till the fpace became ï ooo
times as great, the air would ftill 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 oc-
cupy the fame fpace as at firft, and the reft would-
remain empty. Hence we fee that the air poffefles
an intrinfk power of expanding itfelf more and
more, which it exerts not only when it is condenfed,

but
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alib when rarefied. In whatever ftate of con-
of rafefa&ion the air may be, it makes

^remitting efforts to extend itfelf over a larger
P^Cj and is continually expanding fo long as it
^ets no obftàcíé. This property is called the ela£
1Clty of air ; and it has been demonftrated by ёхрё-

r"ttents which I fliall pfefently defc-fibe, that this
^aftic power is in proportion to the denfity -, in other
^ords, the more the air is coridenfed the greater are
Jt s efforts to expand itfelf j and the more rarefied it
IS5 the feebler are thofe efforts. It will be demanded,

^ why the air now in my chamber does not
it's efcape by the door, being endowed with an

e3cpanfibility continually impelling it to occupy a
Sreater fpace ? The anfwer is obvious. This would
lnfallibly 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
t° prefs in, being equal, they balance each other, arid
Гешат in a ftate of reft. Had the external air acci-
dentally acquired a greater degree of denfity^ that isy

ttïore elafticity, it would in part force it's way into
the chamber, where the air being comprefled, would
"kewife acquire a greater degree of elafticity ; this
^rrent would accordingly laft till the elafticity of
the internal became equal to that of the external air,-
•"•nd ihould 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

gradually diminifhmg, it's elafticity too would
, till it became equal to the external air ;

D 4 • 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 traft 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 Hide
into fpaces where it is fmaller : and from this mor-
tion of the air refults the wind.* Hence it comes
to país that the elafticity of the air is fometimes
greater, fometimes lefs in the fame place ; and this
variation is indicated by the barometer, the defcripr
tion of which merits a particular cqnfideration. I
confine myfelf, at prefent, to thefe qualities of air,
it's condenfation and rarefaftion, intreating you to
recollée!:, that the more cqndenfed 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 dmiiniflied. Experimental philofo-
phers have invented one machine for rarefying of
air, and another for condeniing it : the former is
called the air-pump, the latter the condenfer. Thefe
machines ferve to perform many curious expert
ments, with which you are already well acquainted.
I referve to myfelf, however, the liberty of recapitu-

* The aftion of the moon upon the atmofphere, and the mo-
tion of fhe earth's rotation likewife produce regular winds. Chains
of mountains fometimes change the direction of winds. Ilenee
we fee that the known caufe of currents of air are of three kinds,
regulafj accidental, and local.—E, E.

lating
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**fog fome of them, becaufe •• they are neceflary to

?tocidate and explain the nature and properties of
which, as they powerfully contribute to the pre-,

n of animals, and the produftion of plants,
Preis ироц us the importance of forming a juft idea
ofthem.

ay, 1760.

L E T T E R X L

Gravity of the Air.

T HAVE endeavoured to demonftrate, that the air
' !s a fluid, endowed with the particular property
°* fuffering compreffion into a fmaller fpace, and of
expanding into a greater, ' when no obftacle inter-
P°fes. This property of air, known by the name

°* Spring, or elafticity, from it's refemblance to a
r^ing, which it requires an effort to unbend, and

. "lch refumes it's form as foon as the effort ceafes,
s accompanied by another, in common to it with all
°dies in general, namely, gravity or weight, in vir-

e of which all bodies tend toward the centre of
le earth, and by which they are under the neceffity

falling down, unlefs fupported. The learned are
егУ much divided, and very uncertain, refpefting

. e primary and mechanical caufe of this power, but
s exiftence is indubitable.* Daily experience evinces

* тч1 "e properties of matter muft ultimately be referred to the
;ar .«rary appointment of the Author of Nature. There are cef-

tain
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it. We know even the quantity of it, and can mea-
fure it exactly. For the weight of a body is nothing
elfe but the power 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
afts upon all bodies, forcing them to defcend, may
be abfolutely unknown to us. It follows, that the
more matter any body contains, the heavier it is.
Gold and lead are heavier than wood or a feather,
as they contain more matter in the fame bulk, or in
the fame extent. But as air is a very fubtile and thin
fubftance, and it's gravity of conséquence very little,
this property ufually efcapes our feufes. Experi-
ments, however, may be made, capable of producing
full conviftion that it pofíefles gravity. You have
iben how the air may be rarefied in a vefíel or a tube ;
and by means of the air-pump, this rarefaction may
be carried fo far, as almoft entirely to exhauft the
air, and to leave the receiver fenfibly a vacuum. Or
you may take a tube A B C D, (plaie I.ßg. 4.} into
which you introduce the pifton, fo as perfectly to
touch the bottom, and to leave no air between the
two furfaces. To perform the experiment with
more advantage, let there be at the bottom of the

tain principles at which the prudent philofopher will choofe to

ftop, left, by pu(hing his rcfearches too far, he involve himfelf in

greater obfcurity. Thofe who attempted to account for gravity

Ъу mechanical impulfe, committed an egregious overfi^ht ; for the

queftion ftill recurs, What produces this impuife? No metaphy

iical work has ever done fo much fervice to philoibphy as Mr>

Hume's admirable eflay on " Ncceflary Connexion.''—F. E.

tube
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°e a little aperture G, through' which the air 'may
as the pifton is puihed forward. -Let the

then be clofely flopped, that not a particle
ar may be included between the pifton and the

°ttom of the tube. Having made this arrangement,
aw back the pifton, and the external air not being

"k to force it's way into the tube, there will remain
between the bottom of the tube and the pifron, a
P^feft vacuum, which may be increafed at pleafure,

^ continuing to draw back the pifton. You may
exclude the air contained in a veiTel ; and fuch.

reduced to a vacuum, being tried in accurate-
will be found to weigh lefs ..than when fijfled

air. Hence we deduce this very important con>-
ufion, That the air contained in an empty veflel

it's weight, and that the air itfetf pofiefles
Were the veffel large enough to contain.

°° pounds weight of water, we might difcover by
.^s experiment, that the body of -air which fills it

Quid weigh nearly one pound. Hence we conclude,
air is 800 times lighter than water. I muft be

as fpeakmg of the common air which
us, and which we breathe ; for you know

with the aflrftance of art, air may be compreffed
У forcing it into a fmaller fpace, and it's gravity
hereby increafed. Were the veflel which I have

to be filled with air comprefled to twice
confiftency of common air, it would weigh two

more than when empty. Were it filled with
air 800 times more compreiied than common air, it

ould weigh 800 pounds more than when empty,
that
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that is, as much as if it were filled with water. The
air, then, poflefling a certain degree of gravity,
though in the natural ftate of this fluid it's gravity is
extremely fmall, it muft, however, as well as all other
bodies, tend toward the centre of the earth, andcon-
fequently prefles on every thing which oppofes this
tendency. For this reafon the fuperior air prefles
downward on the inferior, and this laft undergoes a
compreffion from the weight of the whole mafs of
air which is above it. Hence it comes to pafs, that in
thefe regions, the air has a certain degree of com-
preffion or denfity, which is the eiFeft of the gravity
of the fuperior air ; and that if the fuperior air had
more or lefs gravity, the air which furrounds us
would likewife become more or leis denfe. It is
thus that the air below fupports the weight of the
fuperior air, and that the more we afcend, the more
it lofes it's deniity and rarefies ; fo that were it pof-
fible to continue to afcend, the air would at length
be totally loft, or would become fo fubtile and fo ra-
refied, äs to be no longer perceptible. Were you to
defcend, on the contrary, into a very deep pit, you
would find the denfity of the air continually increa£
ing, from the increafe of the mafs of air preflmg
dpwnward upon it.

l-jth May, 1760.

LETTER
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LETTER ХП.

Of the Atmofphere, and the Barometer.

AVING demonftrated that air is a fluid, elaftic,
and poffeffed of gravity, I proceed to remark,

the earth is furrounded on all fides by this fluid,
that the fpace which it fills is called the atmo-

phere. It would be abfolutely impoflible for a per-
e& vacuum to exift on any part of the earth's fur-
ace > for the air of the adjoining regions, comprefled
У the weight of the fuperior air, and making in-

fant efforts to dilate, would force itfelf into the
etnPty fpace and fill it. The atmofphere, therefore,

Ccupies the whole region which furrourids the
; the inferior air is continually comprefled by

weight of the fuperior air, and that until the de-
of elafticity which refults from this compreffion,

s able to form an equilibrium to the comprefling
power. Then, although this air is comprefled only
^ à downward direction, it produces, in virtue of
• s elafticity, efforts to expand itfelf not only down-
^ards, but iideways alfo. For this reafon, the air

a chamber is as much compreffed as the external,
"ich appeared a paradox to certain philofophers.
^ they reafoned thus : In a chamber, the inferior
)r is comprefled only by the fmall quantity of fup'e-
,10r air included in that chamber, whereas the ex-
erQal air is comprefled by the weight of the whole

, the height of which is immenfe.' But
the
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the difficulty is at once removed, by the property
which air pofiefles, 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 degree of compreffion and elailicity with itfelf»
hence, whether I am in my chamber, or in the open
air, I feel the fame compreffion ; being always under-
ftood, that I mean at the fame height, or at the fame
diilance 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, becaufe the weight of the fupe-
rior air is then dimmiflied. Various phenomena con-
firm this ftate of the compreflion of the air.

Take, for inftance, (plate l. flg. 5.) a tube A B, clofe
at the end A, and having filled it with water, or any
other fluid, invert it, fo that the open end В may be
undermoft, and you will find that the fluid does not
run out. The elafticity of the air afting 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 j which de'
monftrates, that while the tube was clofe at top, it
was the external air which fuppprted 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
whom this property of air was unknown, alleged*
that nature fupported die water in the tube, fron?

' the
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**е horror which 'it has of a vacuum. For, faid
they, were the fluid to defcend, there muft be a va-

at the upper end of the tube, as the air could.
no admiffion into it. According to them, there-

re, it Vas the horror of a vacuum which kept the
Uld fufpended in the tube. It is now demonftrated,
^at it is the force of the air which fupports the
Veight of the fluid in the tube ; and as this force

38 a determinate quantity, the effecl cannot exceed
3 Certain limit.

*t is found by experiment, that if the tube А В is
**Qre than 33 feet in length, water will no longer
^ain fufpended in it, but will run out till it comes
0 the height of 33 feet ; the fpace left a-top will, of
°urfe, be a real vacuum. The force of the air then
aiHiot fupport water in the tube at more than the
eight of 33 feet ; and as the fame force fupports

e "whole atmofpherc, it is concluded, that a column
the atmofphere is of equal weight, the bafis being

^al with a column of water 33 feet high. If, in-
ead of water, you were to ufe mercury, which is

.4 times heavier, the force of the air could fupport

. ll* the tube at the height of only 2 8 inches ; and
You g0 beyond that, the mercury defcends, till it's

• eight correfponds to the preffure of the atmofphere,
aving the fpace a-top in the tube a vacuum. Such
tu'be dofg above, and open below, being filled with
ercury5 forms the inftrument called the Barometer,

У ^eans of which it ,has been difcovered, that the

e is not always of equal gravity. For it's
gravity^ afcertamed by the barometer, from the

height
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height of the mercury, which, as it rifes or falls, in^
dicates that the denfity of the air, or the preffure of
the atmofphere, is increafing or dimimihing<

ZOlà May, ï 760. -

LETTER

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

TYAVING explained that remarkable property of
•*•-*- air which is denominated compreffibility, by
means of which it is reducible into a fmaller fpace»
we are enabled to give an account of feveral produc-
tions of both nature and art. I ihall begin with art
explanation of the wind-gun, though I have no doubt
but you are well acquainted with that inftrument.
It's conftruftion is fimilar to that of the commort
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 ohferved, that air can be compreffed
only by a force proportional to the degree of con-
denfation which you wiih to obtain ; in this ftate, ft
ftrives to extend itfelf, and the efforts which it makes-
are precifcly equal to the force neceflary to reduce
it to the iize which it actually occupies. The more»
then, that the air is condenfed, the more violent are
it's efforts to dilate ; and if the air is raifed to a den'
fity twice as great as when it is free, which is the

cafe
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^ when we reduce it to half the fpace which it
pccupies in it's natural ftate, the force with which

endeavours to expand is equal to the preffure of a
lumn of water 33 feet high. Figure to yourfelf
ipeat caik of this height, filled with water j this

Uld will, undoubtedly^ make a ftrong preffure on
^e bottom of the veffel., If you make a hole in it
^ the bottom, the water will force itfelf put with
Qlluderable violence : and on flopping the aperture

your finger, you will be abundantly fenfible of
Preffure of the water. The bottom of the calk
ns throughout a fimilar preffure. Now a vef-

• Containing air twice as denfe as that of the atmo-

v ,ere> muft undergo precifely > fuch a preffure, and
it Were not -fufficiently ftrong to fuftain it, would
w. The fides, then, of this veffel muft be as ftrong
he bottom of the caik I have mentioned. If in

. e ume veffel the air were three times as denfe as
Шоп air, the force with which it would aft upon
ttdes müft be increafed in the proportion of one

r^> and would'be the fame which is fuftained by
ï . Bottom of a calk full of water, of 66 £$a"t in
. §ht. You win eafily conceive that this force muft
о егУ Agréât, and that it muft go on increafing in
.e aiue ratio, according to the different degrees of

nderuation of the air. This being laid down,
л е гз, at the bottom of the air-gun, a cavity

ngb/ fortified on all fides, into which the air is
Of л ,

as к- roore compreffed, in order to reduce it to
. g« a degree of denfity as the force employed for
Voi"I. E that
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that purpofe can admit. The air confined in
cavity will thereby acquire a prodigious power t0
force itfelf out : and if an aperture is made, it vn»
fly off with a velocity proportional to that power-
Now there is fuch an aperture which terminates &
the cavity of the tube into which the ball is put-
It is clofely ftopped ; but when you wifli to difcharg6

the piece, you open, for an inftant, the valve whicv
Ihuts it ; and the air ruflúng forth, forces out tbc

ball with all the velocity which we remark in flioqt'
ing. Every time you diicharge, the valve is kepl

open only a angle moment ; a certain quantity 0*
air, therefore, and no more, can efcape, and enough
{till will remain for feyeral fliot. But on difchargu
it's denfity and correfponding elafticity diminiib!
and for this reafon, the latter difcharges are lefs fa?
cible than the former, till the force is at length eu'
tirely exhaufted. Were the valve to remain opeJ)

any confiderable time, more air would make ft*
efcape, which would all go to wafte ; *for this
afts upon the ball only while it is in the barrel
the gun j as foon as it is fhot off, It is ufelefs to
a paflage for the air. Hence it appears, that were ^
poflible to carry the condenfation of this fluid.a grß*
deal farther, you will produce from the wind-g0

the fame effefts as from the guns and cannons ^
common ufe.

The eiFea: of artillery is accordingly founded °ft

the fame principle. Gunpowder is only a fub1&nC^
which contains in it's pores an air extremely-co1*

dénie*
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Nature produces here tbe fame operations
. we employ for compreffing the air, but carries

. e condenfation to a much higher degree. All that
песеЛагу is to open the little cavities in which this

air is confined,- that it may have liberty to
This is performed by means of fire, which

Recent experiments have fomewhat corrected this explanation.
Unpowder, it is well known, is a compofition of fulphur, nitre

"tf Charcoal. In the detonation of this fubftance, the heat puts

% fulphur and charcoal in a condition to diffolve the acid of the
Ге» and to take from it the dephlogiftic air which enters into it's

. P°fition. The atmofpheric mepfiltes, which is another prin-
Pfcof this acid, finding itfelf thereby difengageü, begins to ex-

Y*1"» and4 forms a firft elaftic permanent fluid. The firing of the
rcoal produces fixed air, which is a fécond elaftic permanent
"• That of the fulphur produces the vitriolic acid, which is
uced to vapo'ur by the heat of the inflammation (a) . Finally,

e "Water which enters into the compofition of the powder, Is
e*ife converted into vapour. Here, then, are four elafticfluids

,.• duced in the progrefs of this operation. To their expanfion
. Phenomenon of the explofion is to be afcribed. The two laft,

tight back to a liquid ftate by being cooled, form the frooke
* Perceive after the difcharge.— F. £.

,„• ^ This account of the aeriform fluids, extricated by the inflammation of
СЦЦл. ' J •

i'uwder, feems very embarraffed. Sulphur is not an eflential ingredient

tibl P°w^er j but as it burns, at a low heat, it renders the mafs more fufcep.
bh catching fire. The inflammation of gunpowder is precifely the fame

oroe 'with the detonation of charcoal and nitre.' That fait is com-

»irs '°* TeSetaMc alkali and nitrous acid, which confifts of pure and mcphitic
'ц ' ; " W a certain proportion. By means of the heat at firft applied, auJ

com ^" ^ol'ved during the procefs of inflammation, the nitrous acid is Je-

I h e ' i '' 'l's mephitic nir is expelled, while it's pure air, combining with
'uei rcoa'> forms fixed air, which is alfo discharged. It appears from experi-

tif с • 7^* this. aerial compound, at the inftant of it's extrication, has upwards
uhdred times the elaflicity of common air. — E. K.

E 2 burfts
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burfts open thefe little envelopes : the air then lud-
dehly-flies off, with incredible velocity, and force*

.before it bullets and balls in a manner entirely iimi'
lar .to that which we have remarked in the cafe of
the wind-gun, but with much. greater impetuofity«
Here, then, are two very furpriling effefts produced
«from the condenfation. of air, with this iingle diffë'
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 operation5

of human ikill are furpafled by thofe of nature.
24.1^ May, 1760.

»e-sc-e«

LETTER XIV.

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

T3 ESIDE the properties already mentioned, air has

-*--* another very remarkable quality, in common to
it with all bodies, not excepting fuch as are folid ; *
mean the change produced on it by heat and cola'
It is obfervable, in general, that all bodies,
heated, dilate or increafe in fize. A bar of iron
very hot, is fomewhat longer and thicker than
it is cold. There is an inftrument called the
meter, which accurately indicates the flighteft о*'•
ferences of length or ihortnefs, that a bar of iroîl

undergoes, to which it is applied. You know tb*
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a watch, fome of the wheels move very flowly,
. °ugh they communicate motion to others which
^volve with confiderable rapidity. By a fimilar me-

niirn it is poffible, from a change almoft imper-
Puble, to produce one very confiderable, as is the

e of the pyrometer, which I have juft mentioned.
°as an index, which runs over a very confiderable

тасе, on the flighteft change produced in the length
tfte body on which the experiment is made. On.

Pplybg this inftrument to "a bar of iron, or any
. *|ег metal, placed over a burning lamp, the index

^mediately put in motion, and. ihews that the
!s becoming longer ; and, as the heat increafes, ,

^bar likewife increafes in length. But on extin-
fc^lning the lamp, and the bar growing cold again,

e index moves in a contrary direction, and thereby
1 that the bar is growing fliorter. The difference,

r, is fo flight, that, without the help of this

t, it would be difficult to perceive it. Yet
' Variation is abundantly perceptible in the motion

, P?ndulum time-pieces. The ufe of the pendulum
to regulate the motion. If you lengthen it, the

Ock goes flower, and if you ihorten it, the clock
S°es fafter. NOW jt is remarked, that in very hot

. ^шег all clocks lofe time, and proportionably gain
.ln very cold weather ; which clearly demonftrates,
Wt the pendulum is lengthened or {hortened, ac-

Corr]:_
 r ° .uing to the temperature of the air.

. -^bodies undergo this alteration, but the quan-
v differs greatly, according to the nature of the

E 3 fubftance
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fubftance of which they are compofed. In fluids,
efpecially, this variability is very perceptible. To af-
certain it, take a glafs tube, В С, (plate I. ßg. 6)
joined at the end В to a hollow ball A, and let it be
filled with any liquor you pleafe up to M. On heat-
ing the ball A, the liquor will rife from M toward С '•
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. It is likewife dear, that this va«
'riaüon muft be more perceptible, when the ball is
large, and the tube narrow. For, if the whole maß
of iiquor increafes or diminiihes 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 Co indi*
cate to us the différent degrees of heat and cold;
for if the liquor rifes or falls, it is a certain indication
that the heat is increafing or diminiihing. This in-
ftrument is called the Thermometer, which points ouï
the changes that take place in the temperature of the
air, and of the bodies which furround us. It muft
not be confounded with the barometer, whofe ufe i*
to indicate the gravity of the air, or rather the force
with which it is compreffed. This caution is the
more necefiary, that the barometer and thermometer
have a coniiderable refemblance : being both glaé
tubes - filled with mercury ; but their conftrucHon»
and the principles on which they are founded are епч
tireiy different. This quality of body, extenfion by

heat»
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eaí> and contra&ion by cold, belongs likewife, in a
егУ fuperior degree, to air. I fliall explain it at

greater length in my next letter.*
'f e y, 1760.

LETTER XV,

es produced in the Atmofpbere by Heat and Cold.

and cold produce the fame effeft on air, as
on every other body. Air is rarefied by heat,

còndenfed by cold. From what I have faid of
e elafticity of air, you-eaffly perceive, that a certain

of this fluid is not determined to occupy
a. certain fpace, as all other bodies are ; but by

There are three kinds of thermometers in ufe at prefent, that

Reaumur- is adopted in France, Switzerland, and Italy; that of
cl«us in Sweden and Denmark. In both of thefe, the leak com-
ences at the freezing point; but the interval, between that and
e Boiling point, is divided, in the former, into 80 parts, and the

P tr> into 100. Farenheit's thermometer is ufed in Britain and

• °Hahd ; the freezing poipt is marked on it 31, and the boiling

ï the interval containing 180 degrees. The freezing point \6

У Dearly permanent, but the boiling point depends on the pref-
Ге of the atmofphere, and near the furface of the earth it varies

* degree and fix-tenths for every inch of variation in the height

"« barometer. Water has been heated in a clofe veflel to fuch
C6rec, as to melt lead and t in; and in the receiver of an air-

P» it may be converted'into vapour, at the ordinary tempera-

°f the air. Hence the reafon why water boils fo quickly on

4mmit of lofty mountaihs. The boiling point would be at

V?" on the heights of the Andes.— E. £'.

E-4 'it's
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it's nature, it has a perpetual tendency to dilate, and
actually does expand itfelf, as long as it meets no ob-
ftacle.

This property of air is denominated dafticity. •
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 condufion, that the elafticity
of air is in éxaft proportion to it's deniity ; 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 greater power of expanfion than what corre-
fponded to it's denfity ; and cold produces the oppo-
fite effe&, by dimmubing 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 heat. In order to fet
this in a clear light. Let us fuppofe two chambers
dofely ihut on all fides, but united by a door of com-
munication ; 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 were the air more denfe»
and consequently more elaftic, 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 chai*1'1

bers has become hotter than the other, the air thereby
acquiring
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a greater elafticity, would of courfe force
into the other, and reduce that which it found

there into a fmaller fpace, till the elafticity in both
Ambers was brought to the fame degree. During

ls change there will be a current of air, through the
°°гз from the chamber which is more, into that
hich is lefs heated ; and when the equilibrium is

reftored, the air will be more rarefied in the warm
Piment, and more condenfed in the cold ; and yet
^e elafticity of both will be the fame. From this it

£arly follows, that two maffes of air of different
. etluty, -may have the fame elafticity, when the one
. Cotter than the other ; and this circumftance taken

to confideration, it may happen, that with the
*ue degree of deniity, they may be endowed with

degrees of elafticity.
I have faid of two chambers may be applied

0 t-wo countries ; and hence it may be concluded,»ï ' ' '
^*t when one country becomes warmer than the

her, there muft of neceffity be a current of air from
c one to the other : and from this remits the wind,
"ere, then, is one fruitful fource of winds, though

ere are perhaps others, which coníiíl in the dif-
degrees of heat, which prevail in different re.
of the earth ; and it is demonftrable, that the

hole air which furrounds the earth could not be щ
a %te of reft, unlefs that, univerfally, at equal heights,

ere were found the fame degree, not only of den-
ty> but likewife of heat. And ihould it happen

. at there were no wind over the whole furface of
e earth, it might with certainty be concluded, that

the
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the air would, likewife be every where equally denfc"
and warm at equal heights. Now as this never hap*
pens, there muft of fteceffity always be winds, at lêaft
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 violent winds arc.
Winds are hardly perceptible at the fummit 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 regions 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 ifl
thefe elevated regions, it muft necelíarily follow, that
the degree of heat there muft be univerfally and al"
ways the fame ; which is a very furprizing paradox»
conudering the great variations of heat and cold
which we feel on the furface of the earth, during the
courfe of a year, and even of one day ; without tab*
ing into the account the difference of climate, that is»
the intolerable heats felt under the equator, and the

* This docs not appear perfeftly exaét. A perpetual current of
wind, from eaft to weft, muft be produced by the motion of the
earth's rotation. It refaits, likewife, from M. d'Alembert's theory
of winds. Befides, the attraction of the moon, which is capable
of railing the waters of the globe, undoubtedly communicates fome

motion to the atmofphere. Here, then, we have fuperior currents-
When aeroftation is carried to perfection, it will, perhaps, pr°"

cure us fatisfying information refpefting this article of meteoro*
logy.—К £. , ,
' dreadful
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cadful cold which ever prevails toward the poles
«le earth. Experience itielf, however, confirms

the truth of this aftoniihmg facb The fnow and ice
. ^ain equally, fummer and winter, on the moun*

^s of Switzerland, and are equally unchangeable
the 'Cordeliers, lofty mountains of Peru, fituated

ttder the very equator, and where there perpetually
ei§ns, neverthelefs, a cold as exceffive as that of the

Polar regions. The height of thefe mountains is not
^erman mile,* or 24,000 -feet. From this it may
» with confidence, concluded, that were it poffible
r us to afcend to the height of 24,000 feet, above
e earth, we fiiould always and univerfally meet;
*Ь the fame4degree of cold, and that cold excef-

* Vety fevere.f We ihould remark there no fenfible
difr
^aerence durmg either fummer or winter, under
~Te equator, or near the poles. At this height, and
^'higher, the ftate of the atmofphere is univerfally,

n^ at all feafons, the fame ; and the variations of
' -eat and cold take place near the fin-face of the earth

Olle- It is only in thefe inferior regions, that the
e& of the rays of the fun becomes perceptible.
°u have, undoubtedly, fome curiofity to know the

feafon of this. It flxall be the fubjeft of the foUow,
^8 letter. .

î'^Afoj), 1760.

About 4 3-jthe miles, Engllfli.
J M. Charles, in.his aerial voyage of the ift Dec. 1783, felt

, c"ange of temperature in a v.ery fenfible manner ; for then, оц
e furface of the earth, the fluid in the thermometer ftood at 7°

Ve tbe freezing point, and after about 10 minutes of afcenfion,
fallen to 5° bejow it.—F. E.

LETTER
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LETTER. XVI.

The Cold, felt on high'Mountains and at gréai Depths ï
accounted for.

-TT appears very furpriiing, that we ihould feel the
•*- fame degree of cold in all regions, after we have
rifen to a certain height, fay 24,000 feet ; confider-
mg.that the variations with refpect to heat, on the
earth,, not only in different climates, but in the fame
country, at different feafons of the year, are fo per-
ceptible. This variety, which takes place at the fur-
face of the globe, is undoubtedly occafioned by the
fun. It appears, at firft fight, that his influence muft
be the fame above and below, efpecially when we re-
fleft, that a height of 24,000 feet, or a mile, though
Very great with refpedl to us, and even far beyond
the height of the loftieft mountains, is a mere nothing»
compared 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 vfC
can difcern objects, are denominated tranfparent, pel'
lucid, and diaphanous. Thefe bodies are glafs, cryftal»

* Mr. Euler always means German miles, of 4000 fathoip5

each, or fomewhat under 4 j-^ths miles Englifli.—E. E;
diamond»
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, water, and feveral other liquids, though
e are more br leis tranfparent than others. One

tranfparent bodies being expofed to the fun,
ri°t heated to fuch a degree as a body not tranfpa-

entj as wood, iron, &c. Bodies not tranfparent are
eil°nimated opaque. A burning-glais, for example,
У tranfmitting the rays of the fun, fets on fire opaque

•bodies,, whüe. the glafs itfélf is not' fenfibly heated.
Water expofed to the fun becomes fomewhat warm,
Ql% becaufe it is not perfeftly tranfparent ; when
^ fee it confiderably heated by. the fun at the brink
t rivers, it is becaufe the bottom, being an opaque

'•°чу, is heated, by the rays which the water tranf-
• lts- Now, every heated body communicates that
cat to all adjoining bodies ; the water accordingly

Derives heat from the bottpm. ' If the water be very
^ePa fo that the rays cannot penetrate to the bot-

^Iïl» it has no perceptible heat, though the fun bears
uPon it.

'^s air is a very tranfparent body to a much higher
egree than glafs or water, it follows that it cannot
e heated by the fun, becaufe the rays are freely1

tanftnitted through it. The heat which we fre-
"uently fee] in the air is communicated to it by
• P^que bodies, which the rays of the fun have heat-
e<1 > and were it poffible to annihilate all théfe bodies,

. e air would fcarcely undergo any change in it's
einperature by the rays of the fun : expofed to it or

-. ot it would be equally cold. But the atmofphere
not perfecüy tranfparent : it is even fometimes fo

°aded with vapours, that it lofes almoft entirely it's
tr;infparency,
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tranfparency, and prefents only a thick fog. Who*
the air is in this ftate, the rays of the fun have *
jmore powerful influence upon it, and heat it imme*
diately.

But thefe vapours rife to no great height ; at the
height of 24,000 feet, and beyond, the air is fo fub*
tile and fo pure, that it is perfectly tranfparent ; and
for this reafon the rays of the fun cannot immediate-
ly produce any effect upon it. This air is likewitë
too remote from terreftrial bodies to receive a com-
munication of heat from them j they aft only upofl
fuch as are adjacent. Hence you will eafily perceive
that the rays of the fun cannot produce any effect iO
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 o»
terreftrial bodies cannot be communicated fo far-
This is nearly the cafe on the fummit of very higb
mountains, where it is always much colder than ofl
plains and in values.*

- * There are clouds, however, above thefe mountains, and >°
almoft as great a quantity as above the plains,, which is demon*
ftrated by the fnows which cover the higheft fummits. Ther?
are few naturalifte who have not been furprifed by clouds in tbe»r

excurfions upon the mountains. The heat that is felt when fuc"
clouds are formed muft be attributed almoft entirely to the trau**
miffion of the water which found itfelf diflblved in the air, undef
the form of elaftic fluid, to a liquid ftate. The heat of the foi«1'
rays, intercepted by the cloud, can produce no change in the i°*
ferior temperature, as it would have been tranfmitted from tW
ground.—F. E.

The
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The city of Quito, in Peru, is almoft under the
• 4Uator,- and were .we to •. form our judgment from

s fituation on the globe, we would fuppofe it op-
Pooled with intolerable heat ; the air, however, is
abundantly temperate, and differs very little from
hat of Paris. Quito is fituated at a great height
k°-ve the real furface of the earth. In going to it

Oln the fea fliore you have to afcend for feveral
aVs ; it is accordingly built in an elevation equal to

^at of our higheft mountains, though furrounded
0У Others ftill much higher, called the Cordeliers.
•Til . О '

" «is laft circumftance would afford a reafon for
g that the air there muft be as hot as at the
of the earth, as it is contiguous on all fides to
bodies, on which the rays of the fun falL

• - ДС objection is folid ; and no folution can be given
' ut this. That the air at Quito, being very elevated,
"Ml be much 'more fubtile, and of lefs gravity than

; and the barometer, which always ftands
lower, incònteftably proves it.

Air of fuch a quality is not fo fufceptible of heat
8 с°Щтоп air, as it muft contain leis vapour and

other particles which ufually float in the atmofphere;
n°- we know by experience that air very much

•,°aded is proportionably fufceptible of heat., I muft

т

 ei'e fiabjoin another phenomenon no lefs furprifmg:
7х very deep pits, and lower ftill, if it were ftill pof-

^ to defcend, the fame decree of heat always and
ton"niverfally prevails, and nearly for the fame reafon.

the rays of the fun exert their influence only on
^е furface of the earth, and as the heat which they

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

3</ June, 1760.
LETTER

• Tbc reafon which ProfefTorEuler affigns for the cold that
prevails in the higher regions of the atmofphere feems plaußbl«»
but will not ftand an accurate examination. Light is much im*
paired in it's paflage through the atmofphere, and the heat coifl'
rounicated 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 i is much fmaller«
Thus at an elevation of ao degrees it is one<half ; at that of ю de*
.grées one third; and at that of five degrees one-eighth. HenC*
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 warmcß
•which enjoyed the greateft quantity offun-fliine. The Britifl1

jflands are ihrouded in clouds nine months of the year ; yet our

climate is milder than that of the fame parallel on the Continent!
where the Iky is generally ferene. The elevated town of Quito»
expofed toa brilliant'fun, enjoys a temperate air; while the Pe*
ruvian plains, (haded with fleecy clouds, are parched with heat»
Were th/reafoning in the text to be admitted, we fliould conclu^6

that thé tops of mountains are warmer than their bafes. To fitf
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 inten'fe cold т»У
Ъе. artificially produced than what prevails in the lofty regions °»
*he atmofphere. We muft recur to other principles for the tru"

folutio"
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LETTER ХУД.

f Light, and the Syßems ofDefcartes and Newton.

fpoken of the rays of the fun, which
"are the focus of all the heat and light that we

you will undoubtedly aflc, What are theie
^S' This is beyond, queftion one of the moft im-
rtant. inquiries in phyfics, as from it an infinite

number

"îlon of the faft. It ie indifferent what portion of the air firft
„ l^*s the heat ; the eflfeft depends entirely on the nature of it's

0
 utl°n. If the atmofphere were of an uniform denfity through-

> the heat would at all heights be likewife the fame. But as
j— «enfity, -varies according to the altitude, the diftributipn of
л. ls affefted by that circumftance, and follows a certain corre-
«. ^nglaw. I would gladly develope the principles from which
lif 'Ьвогу ;8 deduced, but the popular nature of the prefent trea-

v

 f°rbide all abftrad difcuffion. I (hall therefore content myfelf

Slv>ng a table of the diminution of heat at different altitudes.

Altitude in feet. Diminution of heat, in degrees,

of Parenheit,

' 3,000 — — — — 12°
6,000 — — — —
9,000 — — — —

12,000 — — — —
15,000 — — — —
18,000 — — — —
* 1,000 — — — —

>,
**t C ra'nut'l°n of heat, on the afcent, is not quite fo great in

- Ve continents ; for the intercourfe between the rare and the

* of the atmofphere is, in this cafe, neceflarily flow,

bt D

 C ***»' which is principally formed at the furface, will only

F It
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number of phenomena is derived. Every thing tha£

refpefts light,s and that renders objeûs vifible, ^
clofely connected with this inquiry. The ancien1

philofophers feem to have taken little intereft in tb^
folution of it. They contented themfelves with Гау*
ing that the fun is endowed with the quality
ihining, of giving heat arid light. But is it h
worth while to inquire, "Wherein does this quality
conflit ? Do fce'rtam portions-, inconceivably finàll* <& <
the fun himíèlf, or 'of his Mrftance, come down Ф

It is a common miftake to foppofe, that the fame heat obtain*'
at a certain depth, in every part of the globe. The faft is, tb^

heat, originally derived frotn the fun, is cornmunicated very ílovíJy
to the matter below the furface, which, therefore, does not Ú&
'tlie viciffitude of feàfons, but retains the average température °*
'the 'climate for many ages. Hence the utility oï examining №
heat of fprings, \vhich is the fame with that of the fubfta'nc4*

'•ftirough vVhich they flow. The following table exhrrbib the â *'

rage heat of places on the level of the fca', compoied by the eel"'

TjTated aftróhòrnèr, 'Prófeflbr Meyer, for every five degree» of Ia*
fitùdè.

Latitude. Average Temperature.
О

Ю —
JS —
20

•30

35
40
45

Latitude. Average Temperatur8'

50

li65
.7°
75
8o
85
90

49
45

{J;
35l

Hl
3a

,.
By comparing this table with the .-preceding, it. is eafy to °

cover, for any latitude, the altitude of the curve of .cengela*1 "•'

or where the average temperature b 32°.—E- iE. \



DESCARTES AND NEWTON. 67

s • Of is the tranfmiffion fimilar to the found of a
u> which the ear receives ? though no part of the

ubftance of the bell be feparated from it, as I obferv-
m explaining the propagation and perception of

, the firft of modern philofophers, main-
|*ed this laft opinion, and having filled the whole

^verfe with a fubtile matter compofed of fmall
lobules, which he calls the fécond element, he fup-.

Cs that the fun is in a ftate of continual agitation,
ch he tranfmits to thefe globules, and pretends

th.a f *г . . . , . . . .
. 4l tney again communicate their motion in an m-
/^t to every part of the univerfe. But fince it has

7* difcovered that the rays of the fun do not reach
^ftantaneoufly, and that they take eight minutes
% through that immenfe diftance,* the opinion

„ Qtfcartes, which laboured befide under other dif-
tties, has been given up.

great Newton afterwards embraced the former
eQlj and maintained that the luminous rays are

h У feparated from the body of the fun, and the

ак? ̂ ^ °^ %nt tnence emitted with that inconceiv-
velocity which brings them down to us in about
t minutes. This opinion, which is that of moft

defn philofophers, particularly the Englifh, is

* Тк-
% irhportant faift was difcovered toward the end of the laft

U 'c: ^oemer» a learned Dane, of the ancient Academy of
lc|j , .̂

Cs> It was an inequality of the fatellites of Jupiter which

lev- "? to-.".r Jhe caufe of this aberration,. difcovered by Brad-
í1, t. l^l^j iíicontéíbbly demonftrates the farne phenomenon. —

F 2 called
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called the-fyßem.cf emanation ; it being imagined thai
rays emanate from the fun and other luminous bo*
dies, as water emanates or fprings from a fountain'

This opinion appears at firft fight very bold,
irreconcileable to reafon. For were the fun emitting
continually, and in all directions, -fuch floods of lu'
minous matter, with a velocity fo prodigious, b?
muft fpeedily be exhaufted, or at leaft fome altera*
tion muft, after the lapfe of fo many ages, be percep"
tible. This, however, is contradicted by obfervatioH-
It cannot be a matter of doubt, that a fountain which
Ihould emit ftreams of water in all directions, woulP
be exhaufted in proportion to the velocity of th^
emiffion ; much more the fun, whofe rays are enu£
ted with a velocity fo inconceivable. Let the particlef
of which rays of light are formed be fuppofed as fub'
tile as you pleafe, nothing will be gained: thefyfte*11

will ever remain equally untenable. It cannot be v-'
firmed that this emanation is not made in all
tions : for, wherever you are placed, the whole
isfvifible, which proves inconteftably, that rays
every point of the fun are emitted toward the fpot

which you occupy. The cafe is very different frort,
that of a fountain, which mould emit ftreams °'
water in all directions. For one point in the
tain could furniih only one ftream directed tu a
ticular fpot, but every point of the fun's furface t
emit an infinite number, diffuiing themfelves in
diredlions. This circumftance alone infinitely
creafeis the expenditure of luminous matter,
the fun would have to make.
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Another difficulty, and which appears equally in-
upcrable, is, that the fun is not the only body which

CQiits rays, but that all the ftárs have the farne qüa-
v : and as every where the rays of the fun muft be

Doffing tlle ravs 0£,tlie ftarSj their. coiiifion muft be

°l6nt in the extreme. How muft their direction
be changed by fuch collifion!' This colUfion^ rnuft
.^ place with refpect to all luminous bodies^ viiible
, (*Ье fame time. Each, however, appears diftmctiy;

«tout fuffering the flighteft derangement from any
/j16*1 a certain proof that-many-rays may pafs
^r°Ugh the fame point, without diftui'bingr each

1er, which feems irreconcileable^ to the fyftem of
^^ation. Let two fountains be.fet a playing upon
^ other, and you will immediately perceive their

erent ftreams difturbed and confounded: irmuft
c°nfequence be concluded, that the motion of the

Vs of light is very eflentially different from that of
Jft d'eau, and in general from all fubilances forcibly

Bitted, *

, °nfidering afterwards tranfparent bodies through
ich rays are freely tranfmitted in all directions,

? Apport ers of this fyftem are under the neceffity
. Arming that thefe bodies contain pores, difpofed

waight lines, which iffue from every point of the
^e, and proceed in all directions ; it being in-

XfrU- ClVa^e how there could be any line through

ib г. а ГаУ °^ ^e ^un m'S^lt be tranfmitted with
tfi- aiftazmS velocity, and even without the flight-

Here then are bodies wonderfully po-
F 3 rous,
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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 thëfe difficulties, taken toge-
ther, will, I doubt not, fufficiently convince you,
that the fyilem of emanation has in no reipecT: &
foundation in nature ; and you will certainly be at
tonifhed that it could have been conceived by fa
great a man, and embraced by fo many enlightened
philofophers. But it is long fince Cicero remarked,
that nothing fo abfurd can be imagiaed as to find n°
fupporter among philofophers. For my part, I аи1

too little a philofopher to adopt the opinion in quet
tion.

•jib June, 1760.

LETTER XVin.

Difficulties attending the Syßem of Emanation.

-*- •*• Newton may appear, that rays proceed frP^
the fun by a continual emanation, it has, howeve1"»
been fo generally received, that it requires an effbf'
of courage to call it in queftion. What has chie**?
contributed to this is, no doubt, the high reputati0

of the great Engliih philofopher, who firft difcovefe

the true laws of the motions of the heavenly bodißS '
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U is this very difcovery which led him to the
emanation.

in order to fupport his theory, was
the neceflity of filling the whole fpace of ,|:he._

with a fubtile matter, through which all the
bodies move at perfect liberty., Cut -it is

known that if a body moves in air-, it muft
With a certain degree of refiftance ; from which
on -occluded, that however fubcile the matter

1 ^e heavens . may ;b,e fupppfed, the planets muft
Counter. ; fome refiftance ia their motions. But,

^ • be, this, motion i$-pot,íubjeíl to any refiftance:
•f iînmenfe fpace pf the/ heavens, therefore, con-

^^no matter. A pejfecT: vacuum, then, univer-
адУ prevails. This is pne of the leading doctrines
;* the Newtonian philoiephy, that the iinmenfity of

Univerfe contains no .matter in the fpaces not
by the heavenly bodies. This being laid

п, there is between the fun and us, or at leaft
Oln the fun down to the atmofphere of the earth,

^ abfolute' vacuum. In truth, the farther we af-
M> .the mpre fubtile we find the air to be ; from
«ence it would apparently follow, that at length
e air would be entirely loft. If the fpace between
e fim and the earth be an abfolute vacuum, it is
poffible that the rays mould reach us in the way
Communication, as the found of a bell is tranf-

by means of the air. For if the air, inter-
between the bell and our ear, were to be an-

"ated, we ihould abfplutely hear nothing, let the
^ be ftruck ever fo violently.

F 4 Having



72 DIFFICULTIES АТТЙИВШо THE

Having eftabliflied, then, a perfeft vacuum between
the heavenly bodies, there remains no other opinion
to be adopted but that of eftianation ; which obliged
Newton to maintain, that the fun and all other lu-
minous .bodies emit rays which are always particles»
infinitely fmall, of their mais, darted from thefl1

with incredible force. It muft be fuch to a verf
high degree, in order to imprefs on rays of ligW
that inconceivable velocity with which they come

from the fun to us in the fpace of eight minutes-
But let us fee whether this theory be confluent with
Newton's leading docbine, which requires an abfo-
lute vacuum in the heavens, that the planets matf
encounter no manner of refinance to their motions-
You muft conclude, on a moment's reflection, tha^
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 tft?
other ftars which are continually paffing through i£

from every quarter, and in all directions, with incr6"
dible rapidity. The heavenly bodies which traverie

thefe fpaces, inftead of encountering a vacuum, w$
meet with the matter of luminous rays in a terriblß

agitation, which muft difturb thefe bodies in their

motions much more than if it were in a ftate of reft'
Thus Newton, apprehenfive left a fubtile matter»

fuch as Defcartes imagined, mould difturb the №°"
tions pf the planets, had rccourfe to a very ftrang6

expedient, and quite contradictory to his own intefl'
tion, as, on his hypothefis, the planets muft be &*
pofed to a derangement infinitely more confiderabl6'

I have
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have already fubmitted to you feveral other mfu-
Perable objections to the fyftem of emanation ; and
We lic flave now feen that the principal and indeed the
„^У reafon which could induce Newton to adopt it,

0 felf-contradiftpry as wholly to overturn it. All
confiderations united, leave us no room to he-
about the rejection of this ftrange fyftem of

émanation of light, however refpeftable the au-
of the philofpher who invented it.

Newton was, without doubt, one of the greateft
that ever exifted. His profound know-

,§ej and his acute penetration into the moil hid-
n myfteries of natures wUl be a juft objeft of ad-
lration to 'the prefent, and to every future age.
u* the errors of this great man íhould ferve to ad-

. °nilh us of the weaknefs of the human underftand-
nS> which, after having foared to the greateft pof-
b'e heights, is in danger of plunging into manifeft,

en

, 1760.
LETTER

Intp^ous as well ae learned and ingenious Author, in the firft
'°n of thefe Letters, fubjoinccl to this refleaion on Nevton's
"Чne of emanation a íèries of reflections which do equal honour
'* Underftanding and his heart. The French Editor, for what

p, °n it does not appear, has thought proper to fupprefs them.
-b

 (1 be imagine a philofophical work di(graced by a. modell and
th ea^onable infufion of religious fentiment? Be how it will,

ngliih Editor felt hinifelf obliged to reftore the paflage, in
j Cnt'ng the too long negleded Euler to the Britiih nation. .

'OllQ^g ,

"If

í we are liable to weaknefíès and inconfiftencies fo humiliât-
<f ins,
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LETTER XIX.

A different Syftem refpefiing the Nature of Rays and <>j
Light., propofed.

"XT" OU have feen that the íyítem of the emanation
Д- of the rays of light labours under jnfuperable

difficulties, and that the doctrine of a vacuum f<#
the heavenly bodies to range m3 is equally untenable;

as the rays of light would completely fill it. T#0

things, then, muft be admitted: firft, the fpac?
through which the heavenly bodies move is fille"
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 fc

" ing, in our refearches into the phenomena of this vifible world'

" which lies open to the examination of our fcnfes, how wretch*?

" muft we have been had God left us to ourfelves with refpcát '"

" things invifible, and which concern our eternal falvadon ? O*

" this important article a Revelation was abfolutelj1- neceflary to

" us ; and we ought to avail ourfelves of it with the moil pr°'

" found veneration. When it prefents to us things which m8?
« appear inconceivable, we have but to reflect on the imperfe<ftioíl

" of human undei-ftanding, which is fo apt to be mifled, eveO .
f ' to fenfible objefts. Whenever ï hear a pretended Freethftk«'
" inveighing againil the truths of religion, and even fneering '

" it with the moil arrogant felf-fufficiency, I fay to myfelf : f°°
*' weak mortal, how inexpreifibly more noble and fublime are'"

" fubjeâs which you treat fo lightly, than thofe refpefting w^11-
" the great Netaton was fo grofsly miftaken ! I could wiih y°

" Highnefs to keep this refleftion ever in remembrance : occafi°r!

ff for making it occur but too frequently."—E, E.

violently



AND OF LIGHT. 75

olently emitted from them, according to the doc-
tr*ne of Ne-wton*

_aat fubtile matter which fills the whole fpace in
^ch the heavenly bodies revolve, is called Ether.

* л U s, extreme fubtilty no doubt can be entertained.
Prder to form an idea of it, we have only to at-

Q<1 to the nature of air, which, though extremely
otue, even on the furface of the earth, beco.çaç§

_ °re and more fo as we afcend ; and entirely ceafes,
. i ttîay ufe the expreflion, when it comes to be lofl;

_ 'the ether. The ether, then, iß likewife a fluid as
e a*r is, but incomparably finer and more fubtile,
^e are allured that the heavenly bodies revolve

^ The materiality of light is fupported by the moft convincing

fl °«s that phyfics can afford. The infleôion, refraclion, and re-
'ion of it's rays, íhew manifeítly that, like other bodies, it is
J«ft to attradtion and repullion ; and the fimple application of

e
 Of forces not only explains íutisfaótorily the pheno-

Y,eila> but affigns the preciie eff'eots with the moft perfeet accuracy.
. e ^ifiiculties wliich feem to attend the theory of emanation va-

, °n a clofe inveftigation. So vaft is the tenuity of light, that
terly exceeds the powers of conception. The moft delicate

fument has never been certainly put in motion by the impulfo
oe accumulated fun-beams. Even on the tmoft unfavourable

^pofition it appears from calculation that, in the fpace of
^''30,000 Egyptian years (of 360 days), the fun would lofe

o
 У tlle"i7ai7;4ioth of his bulk, from the continual efflux of light.

the fame hypothefis the force impreflèd upon the earth by each
'«on is fuch as would make it recede only the two billionth
n °f an inch in an hundred féconds, and it's efteft, during a fe-

oi »ges, would therefore be altogether infenfible. After flat-
Б nitrnbers of a magnitude fo enormous, it would be fuperfluous
c°nfíder the quantity of ftroke which фе eye receives.

freely
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freely through it, without meeting any perceptible
reiiftance. It is alfo without doubt poflefled of elaf-
ticity, by means of which it has a tendency to ex-
pand itfelf in all directions, and to penetrate into
Ipaces where there would otherwife be a vacuum»,
fo that if by fome accident the ether were forced
out of any fpace, the furrounding fluid would in-
ftantly ruih in and fill it again.
: In virtue of this elafticity, the ether is,tobefouri<í
not only in the regions which are above our atmö*
fphere, but it penetrates the atmofphere univerfallyi
infinuates itfelf by the pores of all bodies, and pafle^
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 an
abfolute vacuum ; for the ether, forcing itfelf througft"
the pores of the receiver, completely fills it in an in*
fiant. Having filled a glafs tube of the proper length
with mercury, and immerged it, when inverted, ifl
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 &
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 elaiticity of ether that I
fliaU by and by explain to you the remarkable phe-
nomena of electricity. It is even highly probable
that ether has an elaiticity much fuperior to that P*

and that many of the phenomena of nature are
product
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Produced by means of it. For my own, part Г have
° doubt that the compreffion of the air in gun-

f °Wder is the effeft of the elaftic power of ether,
W as -we know by experiment that the air in, it is

almoíl 1000 times more than common
that in this ftate it's elafticity is likewife

times greater, the elafticity of the ether muft
^ this cafe be fo too, and confequently 1000 times

than that of common air. We fliall then have
idea of ether, in confidering it as a fluid in
refpefts fimilar to air, with this difference,

-at ether is incomparably more fubtile and more

feen then that the air, by thefe very quar

> is in a" proper ftate for receiving the agitations
'. bakings of fonorous bodies, and to diffufe Лещ
- ,;aU. directions, as we find in the propagation, of
. ^d, it is very natural to fuppofe that ether may
•.••'the fame circumftances likewife receive agitations

*"e fame manner, and tranfinit them to the great-
ûïftances.f As the vibrations of the air produce

found,

* TVL "'s, perliaps, is what in modern times they denominate the

-'ru
, l be hypothecs of an ether is л clumfy attempt to preclude
. "«Ceffity Of admitting aítíán at a. d/Jlance. It has been a receiv-
•ítnax;tt,i tjlat cauí-e ^j effeft muft exift ;„ the fame place; but

о Са" reflection will convince us that, were this principle true,

CD'I ?°11^ never be any communication of motion. The diffi-

of L ls Геа"у the lame, to conceive aftion 'exerted at the diftance-
7., e t"°ufandth part of an inch, as at that of a thoufand miles.

^artlcles of matter are far from being in mutual contac\, other-
wife
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found, What will be the efte<a of thofe of ether ? You
will undoubtedly guefs at once light. It appears i»
truth abundantly certain, that light is with refpeil
to ether, what found is with refpeft to air; and that
the rays of light are nothing elfe but the makings of
vibrations tranfmitted by the ether, as found confifts
in the makings or vibrations tranfmitted by the air*

The fuft, then, lofes nothing of his fubftance 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 ihould ever fufter any di-
minution« What I have faid of the fun muft alfo be
extended to all luminous bodies, fuch as fire, a wa*
taper, a candle, &c.

It will, undoubtedly, be objected, that thefe ter-
reftrial luminaries evidently wafte, and that unlefs
they are continually fed and kept up, they will b£
fpeedily extinguiihed ; that confequently the furi
muft in time be wafted away, and that the parallel
of a bell is not accurate. But it is tQ be confidef-
ed, that thefe fires, befides their light, throw
fmoke, and a great deal of exhalation, which
be carefully diftinguiihed from the rays of light-
Now the fmoke and exhalation evidently occafion a

confiderable diminution, which muft not be imputed

\vife all bodies would have the fame denfity, and be totally incS* v

pable of compreffion. Were the univerfe an abfolute plenum, m^
tion and animation would for ever ceafe. To afcribe to ether &
extreme rarity, and at the fame time to afiert'that it fills all fpa^'
and pervades all bodies, is a contrudiftion in terms. But the by
pothefis is fo big with abfurdity, that it deierves not a particu'a

examination. Seenöte,p. 41.-—E. E,
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to the rays t>f light; for were it poffible to feparaté
^em from the fmoke and other exhalations, the lu-
"unous quality alone would occafion no expenditure.
"Cr may, by meahs of art, be rendered lumi-
°us, as you have probably feen, and that without
^У diminution of it's fùbftancè, which proves that

^§ht alone produces no wafte of luminous bodiefe,
tjn , r

AIlus though the fun ilîummates the whole world
У bis ràys, hê lofes nothing of his own fubftahce-,

^is light being only the effect of a certain agitation-,
r Dolent concuflkm of his minute particles, cóin-

ated to the adjoining ether, and thence trahi-
in all direftions by meahs of this fluid to the

dïftahces, as a bell when ftruck communiv
it's own agitation to the circumambient air.

*te more we cònfider this parallel between fonòròus
Qd luminous bodies, the more wie ïhall find it con-

e to nature, and juftifiable by experience ;
the more we attempt to reconcile the phe-
of nature to the fyftemof emanation, the

Olie difficulties we encounter.
^WJunc, 1760.

LETTER XX.

Of the Propagation of Light.

ЙЕ propagation -of light in the ether is produced
m ä-mariner fimilar to that of found in the air ;

Juft ars 'thé vibrations occafioned in the particles
; found, in like mariner the vibration

of
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of the particles of ether conftitutes light or luminous
rays j fo that light is nothing elfe but an agitation or
concuffton of the particles of ether, which is everywhere
to be found on account of it's extreme fubtilty, io
virtue of which it penetrates all bodies.

Thefe bodies, however, modify the rays of light
in many different ways, by tranfmitting or flopping
the propagation of the concuffions. Of this I fliaH
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
inperfeft liberty. The.firft thing which here pre-
fents itfelf to the mind is the prodigious velocity
of the rays of light, which is about 900,000 times
more rapid than that of found, though this laft tra-
vels no lefs than 1000 feet in a fécond. -

This amazing velocity would be fufficient of it
to overturn the fyftem of emanation ; but in
which I am attempting to eftablifh, it is a natural
confequence, from the principles laid down, as I hop6

to demonftrate. They are the fame with thofe 0°
which is founded the propagation of found in tb^
air, and this depends at once on it's denfity and ela**
ticity. It is evident that if the denfity of air
diminhbed, found would be accelerated, and i
elafticity of the air were increafed, the fame
would happen. If the denfity of the air
and it's elafticity increafed at once, we ihould
a two-fold reafon for the increafe of the velocity °
found. Let us conceive, then, the denfity of the
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, and it's elafticity increafed, till it's den-
and elafticity became equal to thofe of ether, and

^e Uiould then no longer be furprifed that the velo-
Clty of found had become many thoufands of times
Beater than it actually is. For you will be pleafed
0 remember, that, according to the firft ideas we
°rnied of ether, this fluid muft be inconceivably
arerj and more elaftic than air. Now both of thefe

T^alitieg equally contribute to accelerate the velocity
vibrations. From this explanation, the prodigious

4
eiQcity of light is fo far from prefenting any thing

reconcileable to reafon, that it rather perfectly har-
0tUzes with the principles laid down ; and the pa-
^el between light and found is in this refpecl fo
riïily eftabliflied, that we may confidently maintain,

at if air mould become as fubtile and as elaftic as
er> the velocity of found would become as rapid

of light.
e fubtlity of ether, then, and it's great elafti-
are the reafon which we affign for the prodi-
velocity of the motion of light; and fq long as

e ether preferves this fame degree of fubtlity and
a«icity9 this velocity muft continue the fame. Now
Cannot be doubted that the ether has, through the

%*|ole univerfe, the fame fubtlity and the fame elaf-
For were the ether lefs elaftic in one place

^ m another, it would force itfelf into it till the
was perfectly reftored. The light of the

rs> therefore, moves with as great velocity as that
ihe fun. ancj as t^g ftars are at a much greater
ance from i\s than the fun, a much greater quan-

V°i-.I. G tity
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tity of time is requilite 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 oi
light iffued from that fixed ftar, the leaft remote and
probably the moft brilliant, in order to render it vi-
iible to us, and thefe rays have employed a period fa
considerable to fly through the fpace which feparates
us from that ftar. Were God juft now to create »
new fixed ftar, at the fame diftance, it could not be-
come vifiblc 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 o»
the world .a thoufand times more diftant than that
v.'hich I have mentioned, it could not yet be vifitíe

to us, however brilliant, as 6000 years' are not yet

claplcd fmce the Creation. The firft preacher of th6

court of Brunfwick, Mr. Jerufalem, has happily i*1*
troduced this thought in one of his fermons ; the

paflage runs thus:
" Raife your thoughts from the earth which y01)

." inhabit to all the bodies of the vaft univerfe,
" are fo far above you: launch into the i
" of fpace which intervenes between the moft те'
" mote which your eyes are able to difcover, afl
." thofe whofe light, from the moment of creatioJj

t< til»
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till now, has not as yet, perhaps, come down to us.
'The immeniity of the kingdom of God juftifies

reprefentatiom" (Sermon on the Heavens, and
Beatitude J

flatter myfelf that thefe reflections will excite a
re of further inftruction refpefting the fyftem of

l£ht, from which is derived the theory of colours,
an<i of vifion.

1760.

LETTER XXI.

l&reffion, on the Dißances of the Heavenly Bodies, and

on the Nature of the 8гт, and his Rays.

I^HE obfervations which I have been making re.
fpefting the time which the light of the ftars

in making it's progrefs down to us, convey
g idea of the extent and greatnefs of the

Ulverfe. The velocity of found, which flies through
e фасе of looo feet in a fécond, furnifhes us with
arty the firft ftandard of meafurement. It is about

. °° times more rapid than the pace of a man who

.? a good walker. Now the velocity of the rays of
S«t is poojooo times ftill more rapid than that of
Ul*d: thefe rays accordingly perform,.every fécond,
c°urfe of 900 millions of feet, or 37,500 German

miles,*

^bat aftoniihing velocity ! Yet the neareft fixed

* More than 170,000 miles Engliih.—E. E.

G 2 ftar
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ftar is fo remote, that it's rays, notwithftanding
this prodigious velocity, would take more than fa
years in defcending to us. And were it poffible for
a great noife, fuch as that of the firing of a cannon,
iiluing from that ftar, to be conveyed to our ears, it
would require a period of 5,400,000 years to reach
us. And this is applicable only to thofe ftars which
are the moft brilliant, and are probably neareft to us.
Thofe which appear the fmalleft are, very probably»
ten times ftill farther remote, and more. A whole
century then, at leaft, muft elapfe, before the rays of
thefe ftars could poffibly reach us. How prodigious
muft that diftance be, which cannot be pafled through
in leis than 100 years, by a velocity which flies at
the rate of 3755°° German miles every fécond!

Were, then, one of thefe ftars to be juft now an-
nihilated, or eclipfed only, we ihould ftill continue
to fee it for loo 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 refpecting the vaft ex-
tent of the univerfe. Many coniider it as a work of
little importance, which chance alone might have
produced. But what muft be the aftoniihment o*
one who reflects, on obferving, that all thefe ifli'
menfe bodies are arranged with the moft confufl1*
mate wifdom, and that the more knowledge we ac-
quire on the fubject, though it muft ever be very
imperfect, the more we muft be difpofed to admire

their order and magnificence ?
1 return to the great luminous bodies, and
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cularly the fun, which is the principal fourçe of the
Jlght and heat which we enjoy on the earth. It will
be aiked, in the iirft place, Wherein confifts the light
which the fun is inceflantly diffufmg through the
'whole univerfe, without ever fuffering the fmalleft
Diminution? The anfwer is obvious, according to
*"C fyftem which I have been endeavouring to eftab-
*ifti. But that of emanation furniüies no fatisfactory
f°fotion. The whole 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 confiant motion of vibration, and this, by com-
l^unicating itfelf to the circumambient ether, excites
111 that fluid a iimilar agitation, and is thence tranf-

to regions the moft remote, with the rapidity
I have been defcribing.
, to keep up the parallel between found and

l§ht, the fun would be in a ftate iimilar to that of a
^еи which ihould be ringing continually. The par-
^des of the fun muft, confequently, be kept in this

nceflant agitation, to produce in the ether the un-
^lations which we call rays of light. But it is ftill
n° eafy matter to explain, by what power this agi-
tation in the particles of the fun is conftantly kept

P> as we obferve, that a match does not long con-
1I1Ue burning, but prefently goes out, unlefs it be
uPplied with combuftible matter. But it muft be

, that as the fun is a mafs many thou&nd
greater than our whole globe, if it is once

inflamed, it may continue in that ftate
G 3 for
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for feveral ages, without fuffering any feniible dimi-
nution. Befides, the cafe is not the fame with the
fun and our fires and candles, a considerable part Qi
whofe fubftance is diffipated in fmoke and exhala-
tions, from which a real wafte remits. Whereas,
though perhaps fome particles may be forced froiT1

the fun in form of fmoke, they cannot remove to a
great diftance, but fpeedily fall back into it's mafs, fp
that there cannot be any real expenditure, to occa-
fion a diminution of his fubftance.*

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

Zï/? June, 1760.

* The Author is evidently embarrafled in his explanation of tbe

continual inflammation of (he fun. And though he has faid above»
that the fyftem of emanation was untenable, on account of №
frequent and unavoidable colliflon of rays proceeding from di»'
ferent luminous bodies, which muft diiluvb, and even obftruct t^e

yifion of feveral of thefe bodies at once, as he has not explain6.*
how two founds may be heard at the fame time, a fimilar objeC*
tion might be made to his fyftem, which is analogous to the
nomena of foupd.—F, E,
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LETTER XXII.

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

| HE fun being a luminous body, whofe rays are
univerfally diffufed in all directions, you can

n° longer be at a lofs to account for this wonderful
Phenomenon, which confab in the ihaking, or vibra-
l°n, with which all the jparticles of the fun are agi-
ated. The parallel of a bell lends confiderable af-

^itance toward the explanation of this facb But it
s obvious, that the vibrations produced by light,

- °^ift be much more vehement and rapid than thofe
Produced by found, ether being incomparably more
lubtile than air. A feeble agitation not being capable
oí: ihalqng the air fo as to produce found in it, that
of a bell, and of all other fonorous bodies, are too
^ble relatively to ether, to produce in it the vibra-

tl°n which conftitutes light.
* ou will' recollée!:, that in order to excite a per-

Ptible found,.more than 30, and lefs than 7552 vi-
rations muft be produced in a fécond ; the air being
°° fubtile to admit of a fenfible effeft from a found

c°Qfifting of lefs than 30 vibrations in a fécond, but
Qt Sufficiently fo to receive one of more than 7552
Cations in the fécond. A note higher than this

°UU not be at all heard. It is the fame with refpecl
ether; 7552 vibrations, produced in a fécond,

C°uld not poflibiy aft Upon it, beçaufe of it's greater
G 4 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 affeéls all his in-
finitely minute particles, each of which muft fliake
many thoufands of times every fécond.

It is a 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 wax-light, you
win eafily perceive that, in the rninuteft particles,
there is a confiant and furprizing agitation ; and I
do not apprehend that my fyftem is liable on this
fide to any contradiction, while that of Newton re-
quires a moft enormous agitation, capable of launch-
ing the rninuteft particles with the velocity of 37,500*
German miles in a fécond.

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 fee the moon only when, and in as for
as, fixe is illuminated by the fun ; and this is the cafe
of all terreftrial bodies, fires excepted, which have a

light of their own. But other bodies, which are der

nominated «paque, become vifible to us only w
they are illuminated by fome luminous body.

In a very dark night, or in an apartment, fq

* Vpwards of 170,000 Englifli
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on every fide, that no light can find admiffion,
*° no purpofe will you turn your eyes toward the
°RJecb which furround you in the dark : you per-
Ceive nothing. But the moment a taper is intro-
^ced, you immediately fee, not the taper only, but
"e other bodies which were before invifible. We
ave here, then, a very eflential difference between

Iuinirious and opaque bodies. I have already em-
P*°yed the term opaque to denote bodies which are

tranfparent ; but it comes to almoft the fame
g, and we muft accommodate ourfelves to the

modes of expreflion, though they are not
Peïfectly accurate. Luminous bodies are vifible by
tVi • . •neir own light, and never affect our organs of fight
^Ore than when the darknefs is othenvife moil pro-
°und. Thofe which I here denominate opaque, are

^endered vifible to us only by means of a light that
ls foreign to them. We perceive them not while
^еУ remain in darknefs ; but as foon as they are ex«

P°fed to a1 luminous body, whofe rays flrike upon
hei they become vifible ; and they difappear the.

nt that foreign light is withdrawn. It is not
neceffary, that the rays of a luminous body

Quid fall upon them immediately ; another opaque
°^У> when well illuminated, produces nearly the

a°ie effect, but in a feebler manner.
The moon is an excellent inftance. We know that

^e Шооп is an opaque body ; but when {he is illu-
m*tedby the fun, and we fee her during the night,
e diffufes a feeble light over all opaque bodies, and
nders vifible to us thofe which we could not have

perceived
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perceived without her affiftance. Placed in the day
time in an apartment, whofe 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 diftinguiih every object. What an be
the caufe of this clearnefs, but that thé 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 objects, are likewife illu-
minated, either immediately by the fun, or mediately
by other opaque bodies, expofed to the action 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 already remarked, a tranfparent bodyj
which freely tranfmits the rays of light.
• When 1 completely exclude the light from the
apartment, by clofing the window-ihuttcrs, I am re*
duced to a ftate of darknefi, and difcern no object»
unlefs I call for a candle. ' Here, then, is an eifential
difference between luminous and opaque bodies ; аяо
likewife a very finking refemblance, namely, that
opaque bodies, when illuminated, illuminate other
opaque bodies, and produce, in this refpecl, nearly
the fame effect as bodies luminous of themfelves-
The explanation of this phenomenon has, hitherto»
greatly perplexed philofophers, but, I flatter my№
that my folution of it has been clear and fatisfa&ory-

une, 1760.
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LETTER ХХШ.

**°Ы Opaque Bodies become vifible. Neivion's Sv/?m, of

the Reßeftion of Rays, propofed.

VJEFORE I attempt an explanation ,of the pheno-
menon of opaque bodies becoming viiibler.when

1еУ are illuminated, it muft be remarked, in gene-
-that we fee nothing but by means of the rays

enter into our eyes. When we look at any
whatever, rays iffuing from every point of

objeft, and entering into the eye, paint upon it,
^ I may ufe the expreffion, the image of the objeft.

his is not mere conjecture, but may be demonftratcd
У experiment. Take, for example, the eye of an ox,

°r of any animal recently killed, and, after having
Uncovered the bottom, you find all the objects which
^еге before it painted there. As often then as we

ee an objeft, the image of it is painted on the bot-
Orti of our eyes ; and this is produced by the rays
ûich proceed from the objeft to us. I fliall after-
ards take occaiion to go into a more minute detail

11 the fubjeél of vifion, and explain in what manner
^e images of objects are formed on the bottom of
^е eye : let this general remark fuffice for the prefent.

As \ve fee opaque bodies only when they are fflu-
^lnated, this is a proof, that there muft proceed
„roiïl every point of thefe bodies rays of light which
^b«« only during the illumination. The moment

еУ are placed in the dark thefe rays difappear.
*«ey are not proper then to opaque bodies; their

origin
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origin muft be fought in the manner in which other
bodies illuminate them. And this is the great quef-
tion, How illumination akme is capable of producing
rays on opaque bodies, or of putting them in nearly
the fame ftate as luminous bodies are, which, by an
agitation in their minuteft particles, produce rays pf
light?

The great Newton, and other philofophers, who
have examined the fubjecl:, affign reßefttoii as the
caufe of this phenomenon : it is, therefore, of the
higheft importance, that you mould form a juft idea
of what is called reflection.

This name is given to the repulfion of one body
ftruck againft another, as may be feen in the game

of" billiards. When the ball is ftruck againft the
cuihion or ledge of the billiard table, it recoils again >
and this retrograde motion is termed reflection. Ie

is neceflary, here, to attend to a diftinclion betweefl
two cafes. Let us fuppofe AB ("plate \-fig, 7.) tobe
the ledge of a billiard table. The firft cafe is this :
'When you play the ball D perpendicularly agaifl#
the ledge, in the direction of D C, perpendicular to
A B, and, confequently, the adjacent angles А С
and B C D , are right angles : in this cafe, the
will be driven back, or reflected, in the fame li
D C. The other cafe is, when the ball is play^
obliquely againft the ledge, fuppofe in the line E С»
forming, with A B, an acute angle A C E, this ^
called the angle of incidence. The ball will, ilTtb»5

cafe, be repelled from the ledge, in the direction °*
the lino С F,fo that this line ihaUmake, on the ot'
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with the ledge В С, an angle B C F, ехаШу
to the angle of incidence A C E . This angle,

^ С F} formed by the line in which the ball recoils,
ls called the angle of reflection. And this law always
^kes place when a body in motion meets with an

°bftacle.
A cannon ball, ihot againft a wall fufficiently

HOng to refift it, is reflected conformably to this
• ^ It extends, in like manner, to founds, which

Ге frequently reflected from certain bodies ; and
^°u know that this reflection of found is called
Ccuo. it cannot be doubted, that the fame thing

^equently takes place with refpecb to the rays of
'ght. The objecb which we fee in mirrors, are re-

Prefented to us by the reflection of rays, and every
poliflied furface reflefts the rays of light which

upon it. It is undoubtedly certain, therefore,
there are cafes without number in which the

that fall on certain bodies are reflected ; and
fophers have thence taken occaiion to maintain,

at opaque bodie's are rendered vifible by means of
rays. .

* fee juft now houfes, oppoiite to my windows,
ftlch are illuminated by the fun. According, then,
the opinion of thofe philofophers, the rays of the

n falling on the furface of thefe houfes, are reflect-
irom them ; they enter into my apartment, and

nckr thefe houfes vifible to me. In the fame man-
, г» ̂  we believe thofe philofophers, the moon and

e Pbnets become vifible, and thefe are, unqueftion-
У> opaque bodies. The rays of the fun which

fall
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fall on tliefe bodies, and illuminate the parts whicft
are expofed to them, are reflected, 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 reflect ; and you muft frequently
have heard it affirmed, that the light of the moon is
a refkclion 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-
dergo a feries of iimilar reflections, till they are en-
tirely weakened.

But, however plaufible this opinion may at iirft
íí^ht appear, it involves fo many abfurdities, whefl
cloícly examined, that it is abfolutely untenable»
which I hope to demonftrate, as a preparation for

the true folution of this phenomenon.
Z%tf j June, 1760.

LETTER XXIV.

Examination and Refutation of Newton's Syßem.

T AFFIRM, then, that when we fee an opaque
-*• illuminated by the fun, it is impoffible to mail1'
tain that it reflecb luminous rays, and that, ЬУ
means of fuch rays, it is rendered viable to us. Tbe

example of a mirror, which, undoubtedly,
the rays, and is employed to fupport this

rath«*
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«her confutes it. The mirror, beyond contradic-
l°n) fends back the rays which fall upon it ; but

ken thefe reflected rays enter into our eyes, What

% ° they reprefent ? You will readily anfwer, that it
not the mirror, but the objects from which they

riginally proceeded ; and the reflection does nothing

but enable us, to fee thefe objects in another
• Beiides, we fee thofe objects, not on the fur-

~ace of the mirror, but rather within it, and it may
e ftid with truth, that the mirror itfelf remains in-

Vifible to us.

•°ut, on looking at an opaque body illuminated by
ue fun, we do not fee in it the image of that glori-
118 orb ; we fee only the furface of the bodies, with

the variations to be found on them. We per-
ClVe> then, a very eflential difference between the
аУ8 which are reflected from a mirror, and thofe by

/^ans of which opaque bodies are rendered viiible.
Ut there is, befidcs, another difference equally pal-

"able in tne mirror ; for on changing the place of

objects, or our own fituation, the appearance
always change, and the rays, reflected from the

. lrror, will continually reprefent to our eyes other
ages, correfponding to the nature and pofition of

e objects, and to the place where we are ftationed :
ut> as I have already faid, thefe reflected rays never
ePrefent to us the mirror itfelf.

Now, let a body be illuminated by the fun, or

. er bodies, whether luminous or opaque, already
Abated; in whatever manner this body may

• nge it's place, or we change our's relatively to it,
it's

the



дб EXAMINATION AND REFUTATION

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
furniihes a new proof, that .we do not fee opaque
bodies by means of the rays reflected from their fur-
face.*

* This can hardty be deemed a fair ftatement. It is true, that
opaque bodies are feen only-by reflected light, but it by no mean^
follows, that all the incident light is again reflected. Some bo-
dies are, by their conftitution, difpofed to reflect certain kinds of

rays the moil freely, and as the reft are abforbed, the peculiar co-

lour predominates. This colour will, therefore, not be the farne>
whatever be the quality of the incident light, but will receive at»
analogous (hade. For the fame reafon, no fubftance reflects only"

one fpecies of rays. The elective attractions and répudiions, be-
tween the particles of light-and a body, are moft remarkable at

very minute diftances ; and hence the colour is prominent wheJ*
the furface is rough, for the light, fuffering then a partial repul-

iion only, gains a nearer approach. I cannot imagine how Mr'
Euler would explain thefe facts on his own principles.

It is in a poliihed furface only, that the furrounding bodies ca"
be ieen by reflection, for diftinft vifion requires the rays, prO"
ceeding from different points, to be tranfmitted with regularity»

No fubftance is, indeed, perfectly fmooth, but the different &'
pullîons, exerted by the fuperScial particles, may balance eaC"

other, and produce an uniform effect, at the diftance where.tb*

reflection takes pluce. Mr. liuler's principles would lead to №

conclufion, that poliih is not at all neceflary to a mirror. Ecb"
is formed from furfaces which are very uneven, fince the air lS

heaped on the obftacle, and the principal reflux of the undulati«"1

commences at a fenlible diftancc from it. The fame obtains"*

•water, though in a lefs degree ; and is, in general, more rema1"*''
able, in proportion to the rarefaction of the fluid. How wonder'

ful, then, in that refpect, muft ether be, which is fuppofed to Ъе

the moft fubtle of all fluids ? We might expect the walls of 9

houfe to reflect the moil enchanting picture of the landfcape.&

iront.—£. £, 6
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objeâion "will, perhaps, be ftarted, drawn from
dove's neck, and certain; kinds of ftuff, which

different objects, according as our point of
But this in no refpeet weakens my
regard to ordinary opaque bodies,

are^aot fubjeft to this change. The objecuon
proves, that thefe iingiilar objects are endowed
certain qualities : as, for example, that their

particles are finely poliflied, and that a real
n takes place, bèfide the ulual and ordinary

anner in which bodies are rendered vifible to us.
. .^owyitis eafy to comprehend, that this reflec-
.^ft Tnuft be clearly diftinguiflied from tlie manner

^hich ordinary opaque bodies are illuminated.
*Ща11у, the rays reflected from a mirror always

ĵ ^ t̂ to us, Ukewife, the colours of the bodies
°ift !\vhich they originally proceed, and the mirror,
^ch reflects, makes no change in this refpect. One
P^ue body illuminated by any other body, in
Aatever manner, always prefents the fame colours ;
<1 every body may be faid to have it's proper co-
** This circumftance abfolutely overturns the

• PuUon of all thofe who maintain, that we fee
„Bque bodies by means of the rays which their fur-
ас

tting together all the reafons which I have now
.j, fitted to your çonfideration, there can be no he-

atton jn pronouncing, that this opinion is totally
tenable in philofophy, or rather, in .phyfics. I

л, .
notí however, flatter myfelf with the hope, that
°ibphers, wedded to opinions once adopted,

?°t" I. H Üiould
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ihould 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 agafr
recoiled! what Cicero has faid on this fubjecl:: Thai
nothing fo ábfurd can be conceived, as not to. be fup'
ported by fome philofopher. In faft, however ftrang6

the fyftem which I have been refuting may appeaf
to you, it has, hitherto, been propagated and de*
fended with much warmth.

It is impoffible to fay, to what a degree the difß'
culties and contradictions which I have been ende»'
vouring to expofe, were unknown to, or overlook^
by, the partifans of this fyftem. The great Newtot
himfelf ftrongly felt their force : but as he refted &
a very untenable idea refpecling the propagation o*
light, it is not to be wondered at, that he ihould
overlook thefe great difficulties ; and, in general»
depth.of underilanding does not always prevent3

man from falling into abfurdity, in fupporting a#
opinion once embraced.

But if this fyftem, that opaque bodies are rende1"'
cd vifible by reflected rays, be falfe, fay it's partifan5'
What then is the true one ? They even think it ii*1'
poffible to imagine another explanation of this phe'
nomenon. It is, beiides, rather hard and humiliatiflp
for a philofopher to acknowledge ignorance of aw
fubjeft whatever. He would rather maintain №
grofleft abfurdities ; efpecially if he poffeffes the #'
cret of involving them in myfterious terms, wbi^
no one is capable of comprehending. For in to1.
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the vulgar are the more difpofed to admire the
taking it for granted, that what is obfcu-

v Co others, is perfectly clear to them. We ought
Ways to exercife a little miftruft, when very fub-

;IIle knowledge is pretended to, knowledge too
ublime to be rendered intelligible. I hope 1 lhall
e able to explain the phenomenon in queftion, in

uch a way as to remove every difficulty.

W July, 1 760.

LETTER XXV.

different Explanation of the Manner in which opaque

Bodies illuminated become -vifible.

A LL the phenomena of opaque bodies, which I

have unfolded in the preceding letter, incon-
•ЭДаЫу demonftrate, that, when we fee an opaque
°dy illuminated, it is not by rays reflected from it's

rface, that it becomes vifible, but becaufe it's mi-
lter particles are in an agitation fimilar to that of
^e minuter particles of luminous bodies ; with this

^Serence, however, that the agitation in opaque
°dies is far from being fo ftrong as in bodies lumi-
°Us of themfelves ; for an opaque body, however
^ch illuminated, never makes on the eye an im-
^on fo lively as luminous bodies do.
•^ we fee the opaque bodies themfelves, but by

° the images of the luminous bodies which
H 2 enlighten
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enlighten them, as muft be the cafe, if we íaw then1

by the reflection of their furface ; it muft follow»
that the rays emitted by opaque bodies are propei
to them, juft as the rays of a luminous body are pe-
culiar to itfelf. As long as an opaque body is illu-
minated, the minuter particles of it's furface are itt
a ftate of agitation proper to produce, in the ether»
a motion of Vibration, fuch as is neceffary for foriri-
ing rays, and for painting in our eyes the image of
the body from which they proceed. For this effect
rays muft be diffufed, from every point of the fur-
face, in all directions ; as experience evidently con-
firms. For, from whatever fide we look at an opaque
body, we fee it equally in all it's points j from which
it follows, that every point emits rays in all direc-
tions. This circumftance eflentially diftinguifhes
thefe rays from fuch as are reflected, whofe direction
is always determined by that of the rays of inci-
dence ; fo that if the incident rays proceed frotí1

one fmgle quarter, fay the fun, the reflected f s&
can follow only one fmgle direction.

It muft be admitted, then, that when an opaque
body is illuminated, all the particles on it's furfac«
are put in a certain agitation, which produces rays*
as is the cafe with bodies luminous of themfelveS«
This agitation, likewife, is ftronger-, in proportion &
the light of the illuminating body is more mtfenfe'
Thus the fame body, expofed to the fun, is, agitate**
much more violently, than if, in a room, it wei^
illuminated only by day-light, or in the night-tini6'
by a taper, or by the moon.. In the firft cafe, ft"

imag?
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is painted with rhuch greater vivacity on the
of the eye, than in the others, efpedally the

** i the light of the moon being fcarcely fufficient
0 enable us to difiinguifh, or to read, writing of a

,arge fize. Ana! when the opaque body is conveyed
^to a dofe room, or into the dark, nothing is then
^ be feen ; a certain proof, that the agitation in it's

has entirely ceafed, and that they are now in a
of reft.

is, therefore, conufts the nature of opaque
; their particles are, of themfelves, at reft, or,

^ kaft, deítitute of the agitation neceflary to pro-
^Uce light. But thefe fame particles are fo difpofed,
"at when illuminated, or ftruck with rays of light,

are immediately put into a certain agitation, or
of vibration, proper to produce rays ; and

more intenfe the light is, which illuminates thefe
ies, the more violent alfo is this agitation. As

°ng as an opaque body is illuminated, it is in the
ftate as luminous bodies ; it's particles are -agi-
in the fame manner, and are capable of excit-

n&» of themfelves, rays in the ether j with this dif-
c^ence, üxa't the agitation kept up in luminous bo-

es by an intrinfic force, íubíius always of itfelf ;
^reas^ in opaque bodies, this agitation is only w.o-

, entaneous; and produced by the motion of the
Sht which illuminates them.
•*his explanation is confiftent with every pheno-
e^Qn, and labours under none of the difficulties
^ch determined us .to abandon the other, namely,
at founded on reiledion. Whoever will take the

H т 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,
iimply, can put the particles of an opaque body into
an agitation capable of producing rays ; and that
this agitation mould always continue nearly the fame»
whatever difference there may be in the illumina'
tion ?

I acknowledge, that were it impoffible to anfwef
this queftion, it would be a great defeat in my theory»
though it would not amount to a complete refuta-
tion, for it contains nothing contradictory. Sup-
pofmg I were ignorant, how illumination produces
an agitation in the particles of opaque bodies, this
would only prove that the theory is incomplete : and
till it is demonftrated to be abfolutely impoffible that
illumination mould produce this effect, my fyftetf1

muft fubfift. But I mail endeavour to fupply this
defeft, by mewing you, how illumination agitate*
the minuteft particles of bodies.

, 1760,

LETTER XXVI.

Continuation of the fame Subjefï.

T HAVE undertaken to ihew how the illumination
•*- of an opaque body muft produce in it's minutei1

particles, an agitation proper to excite the rays o*
light, which render that iame opaque body л
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*V parallel, between found and light, which; differ;
Onty in refpeft of lefs and more, light being the fame
«ling relatively to ether that found is relatively to

this parallel, I fay, will enable me tp fulfil my en-:
t. Luminous bodies muft be compared to
inftruments aftually in a ftate of vibration,

* is a matter of indifference whether this be the ef-
^t of an intrinfic or of a foreign power: it is fuffi-

Clent for my purpofe that found is emitted. Opaque
b°dies, as long as they are not illuminated, muft be
c°tnpared to mufical inftruments not in ufe, or, if
y°U -will, to firings which emit no found till they
are touched.

The queftion, then, being transferred from light
0 found, is refolved into this, Whether it be poffible
°r the firing of an inftrument, in a ftate of reft,

^hen brought within the fphere of activity of the
l°und of inftruments in a ftate of vibration, to rè-
Ceive, in certain circumftances, fome agitation, and
Cl*ut found, without being touched ? Now this is
c°nfirmed by daily experience. If you take the
Double, during a concert, to attend to a particular

lng in proper tune, you will obferve that firing
to tremble without having been touched,

if will emit the fame found as if it had been im-
put into vibration. This experiment will

Ucceed ftill better, if the inftruments ftrike the fame
n°te with the firing. Confider attentively the firings

a harpfichord not played upon, while a violin
rutes the note 0, for example, and you will obferve

• n the harpfichord the firing of the fame note begin
H 4 fenfibly
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fenfibly to tremble, and even to emit found!, without
having been touched ; fome other chords -«011 liké-
wife be agitated, particularly thõfe which are diftaitf
an oetave^ a fifth, and even a third, provided thé in-
ftrument be perfectly in tune.

• This phenomenon is well known to muiicians, and
Mr. Rameau, one of the moft celebrated French
compofers, eftabliihed his principles of harmony
upon it. He maintains, That ocbves, fifths, ana
thirds, muft be confidered as confonances, becaufe
one chord is agitated by the found only of another
chord, which is in unifon, or an oftave, a fifth, or í
third, from the firft. But it rnuft be admitted that'
the principles of harmony are fo well eíbabliíhed by
the limplicity 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 conference from the prin-
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 enú*
it's found, The reafon is abundantly clear j for a*
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 feciprocaliy
make the chord tremble, provided that by it's degré*
of tenfion, it be fufceptible of this motion. The &
being put into vibration, firikes the chord ever &
little at every reverberation, and the repetition °*
ftrokes foon impreffes on the chord a fenfible
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; becaufe the vibrations to which it is difpofed
it's tenfion accord with thofe of the air. If the

of vibrations in the air is the half, or the
"lrd, or any other whofe relation is fufficiently
^ple, the chord does not receive a new impulfe at
6very vibration, as in the preceding cafe, but only at
^e fécond, or the third, or the fourth, which will

nue to increafe it's tremulous motion, but leis
in the firft cafe.

if the vibrations of the air have not any iimple
n with that which correfponds to the chord,

^e agitation of that fluid will produce no effect
Whatever upon it ; the vibrations of the chord, if
^ere be any, not correfponding to thofe of the fluid,

e following impulfions of the air deftroy for the
^oft part the effect which the firft might have pro-

uced; and this is completely confirmed by expe-
tlence. Thus when a chord is fliaken by a found,
^at found muft, in order to it's being perceptible,
e precifely the fame with that of the chord. Other
°unds which have a confonance with that of the

, хуЩ produce, it is true, a fimilar but leis fen-
effect, and diflbnances will produce none at all,

^iis pnenomenon takes place not only in mufical
n> but in all fonorous bodies whatever. One,

611 will refound by the noife only of another bell
^ch is in unifon with it, or at the diftance of an

, a fifth, or a third.
inilance of a perfon who could break glafles
voice' farther confirms what I have advanced,
a glais was prefented to him, by ftriking it ho

found
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found out the note ; he then began to fquaïï in uni-
fon, and the glafs immediately caught the vibration;
proceeding to give to his voice all the force he was
able, always preferring 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 agi-
tation by illumination only : which is the queftion I
propofed to folve. The following letter will contain
a more ample difcuflion of it.
' Sibjtily, 1760.

L E T T E R XXVII.

Condition : Clearnefs and Colour of opaque Bodies Ufa'

mined.

A FTER what has juft been fubmitted to you*
-*"*• confideration, you will no longer be furprifc^
that an opaque body is capable of receiving, from У'
lumination alone, an agitation in it's particles iimil^
to that of the particles of luminous bodies, afl^
which gives them the property of producing ray5

that render them viable. Thus the great objecti011

to my explanation of the vifibility of opaque bodi65

is happily removed; while the other theory, found-
ed on the reflection. of rays, has to encounter
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which grow in proportion as you attempt to
a more direft application of them to known

Phenomena.
k is then an eftabliíhed truth, that the particles of

^e furfaces of all bodies which we fee, undergo an
Station fimilar to that of a chord in vibration, but

4.1 •
4eir vibrations are much more rapid; whether it be
kat this agitation is the effeft of an intrinfic force,
s Jn bodies luminous of themfelves, or whether it
e Produced by the cays of light which fall upon the

. °dies, that is to fay by illumination, as is the cafe
11 opaque bodies. It is falfe, then, that the moori
eing an opaque body, reflects the rays of the fun,
^d that, by means of this reflected light, ihe is ren-
ered vifible to us, as is commonly underftood. But
e rays of the fun, falling on the furface of the

n, excite in it's particles a concuffion, from
refult the rays of the moon ; and thefe, en-

er'ng into our eyes, paint it's image there ; it is the
^e \vjth the other planets, and with all opaque
°dies. This agitation of opaque bodies, when Ulu'
Ined, lafts only during the illumination which is
e caufe of it : and as foon as an opaque body ceafes

0 °e illumined, it ceafes to be vifible.
"ut is it not poulble that this agitation, once im-

r^eiTed on the particles of an opaque body, may be
°r fome time kept up, as we fee that a ftring once
^k, frequently continues to vibrate, though no
ew inipreffion be made upon it ? I do not pretend

deny the faél : I even believe that we have ex>
of it in thofe fubftances which Mr. Margraff

prefented



Io8 CLEARNESS AND COLOUR OF

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

It is undoubtedly certain, that we find an infinit*?
difference between the particles of opaque bodies»
according to the variety of the bodies themfelveSf
Some will be more fufceptible of vibrations, an"
others lefs, and others finally not at all fo. This dif-
ference in bodies occurs but too evidently. Onfr
whofe particles eafify receive the impreffion 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 &
veral bodies, equally illumined, you will always W
mark a great difference, fome being more
than others. But there is befides another and a
remarkable difference between the particles of
bodies, refpecling the number of vibrations
each of them, being agitated, will make in a certa*1*
time.

I have already obferved, that this number muft ^*
ways be very great, and that the fubtilty of ether lS

iiich as to require many thoufands in a fécond. Bu-
the difference here may betendlefs; if fome particïeg>
for example, fhould make 10,000 vibrations in a &
çond, and others 11,000, 12,000, 13,000,
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0 the fmallnefs3 the tenfiqn, and the elxfticity of each,
s Ш the cafe of mufical chords, in which the num-
ï of vibrations given in a fécond may be varied
ithout end ; and thence it is I have deduced the

. "erence of high and low notes. As this difference
, eflential in founds, and as the ear is affected by it

a rnanner fo particular as to render it the founda-
of the whok theoiy of mufic, it cannot be called

11 ЧиеШоп that a fimilar difference in the frequency
_ tbe vibrations of rays of light muft produce a va-
*Uon as particular in vifion. If, for example, a

" fticle makes 10,000 vibrations in. a fécond, and
" °<auces rays of the fame fpecies, the rays which

ter into the eye will ftrike the nerves of that organ
°>coo times in a fécond ; and this effect, as well as
e fenfation, muft be totally different from thofe

" °duced by a different particle which fliould make .
. Ofe or lefs vibrations in a fécond. There will be

yifion a difference fimilar to that which the ear
Perceives on hearing iliarp or flat notes.

* ou will no doubt be defirous to know into what
18 difference in vifion is to be refolved ; and what

daft* *•erent Tenfations correfpond to the number, great-
^ lefs, of the vibrations produced in every, body
^ng a fécond? I have the honour of informing;

That divcrfity of colours is occafioned by this,.
and that difference of colour is to the or-

vifion what fliarp or flat founds are to the ear.
„ C Ve refolved, therefore, without going after it,
, ltnportant enquiry refpefting the nature of со-

Л \vhich has long employed the attention of the
greateft
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greateft philofophers. Some of them have called &
a modification of light abfolutely unknown to us-
Defcartes maintains, that colours are only a certain
mixture of light and {hade. Newton accounts fof

difference of colour by tracing it up to the rays o*
the fun; which, according to him, are a real emana-
tion, whofe matter may be more or lefs fubtile -, and
thence fettles the rays of'all the colours, as red, yd'
low, green, blue, violet, &c.

But as this fyftem falls to pieces of itfelf, all that
has been faid refpefting colours conveys no inform**
tion j and you are now clearly fenfible, that the n3'
ture of each colour conlifts in the number of vibra'
tions produced in a certain time by the particle3

which prefent them to the eye.
iztb Juh> 1760.

LETTER XXXVIII.

Nature of Colours in particular.

'~P*HE ignorance which prevailed refpefting
•*- true nature of colours, has occafioned

and violent difputes among philofophers ; each oi

whom made an attempt to mine, by maintaining *
peculiar opinion on the fubjeft. The fyftem whic"
made colours to refide in the bodies themfelves, aP'
peared to them too vulgar and too little worthy °
a philofopher, who ought always to foar above t»
multitude. Becaufe the down imagines that
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is red, another blue, and another green, the
her could not diftinguiih himfelf better than

Maintaining the contrary; and he accordingly
that there is nothing real in colours, and that

ere is nothing in bodies relative to them.
*he Newtonians make colours to confift in rays

ЭДу; which they diftinguiih into red, yellow, green,
Ue» and violet ; and they tell us that á body appears

* *Uch and fuch a colour when it reflects rays of
fpecies. Others, to whom this opinion feeme'd

urd, pretend that colours exift only in ourfelves.
Ц is an admirable way to conceal ignorance; the
*gar might otherwife believe that the fcholar was

ot better acquainted with the nature of colours
ari themfelves. But you will readily perceive that
efe affeéted refinements are mere cavil. Every

colour (in order to diftinguiih from com-
colours) depends on a certain number of vi-

tations, which are performed in a certain time; fo
, at this number of vibrations, made in à fécond,

UP4- , *mmes tbe red colour, another the yellow, ano-
er the green, another the blue, and another the
°kt» which are the fimple colours reprefented;to
ln the rainbow.1 It

л,
 и> then, the particles of the furface of certain bo-
es are difpoied in fuch a manner, that being, agi-
^j.they make in a fécond as many vibrations as

. " ^eceffary to produce, for example, the red co-
r> I call fuch a body red, juft as the clown does ;

., * fee nothing like a reafon for deviating from
mode of expreflion.. And rays wh'ich

make
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make fuch a number of vibrations in a fécond,
with equal propriety be denominated red rays;
finally, when the optic nerve is afiefted by thefe
rays, and receives from them a number of
fions, fenfibly equal, in a fécond, we receive the
fation of the red colour. Here every thing is cleaf ï
and I fee no neceffity for introducing dark and my*'
terious phrafes, which really mean nothing.

The parallel between found and light is fo perfe&
that it hits even in the minuteft circumftance*
When I produced the phenomenon of a mufics»
îchord, which may be excited into vibration by $&
refonance only of certain founds, you will pleafe f
recollect, that the one which gives the unifon o
chord in queftion is the moft proper to ihake it,
that other founds affect it only in proportion as
are in confonance with it. It is ехаШу the fame &
to light and colours ; for the different colours cof
refpond to the different mufical founds.

In order to difplay this -phenomenon, which coo*'
pletely confirms my affertion, let a dark room &
provided ; make a fmall aperture in one of the fli^
ters ; before which, at fome diftance, place a body °^
a certain colour, fay a piece of red cloth, fo th*V
when it is illumined, it's rays may enter by the apef'
ture into the darkened room. The rays thus
mitted into the room will be red, all other
being excluded : and if you hold on the infide o
room, oppofite to the aperture, a piece of dotb
the fame colour, it will be perfectly illumined
Its red colpur appear very brilliant} but if you '
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"vite in it's place a piece of green cloth, it will re-
, air* obfcure, and you will hardly fee any thing of

s colour. If you place on the outfide, before the
Pâture, a piece of green cloth, that within the
ainber will be perfectly illumined by the rays of
e Srft, and it's green colour appear very lively.
^e fame holds good as to all other colours ; and I

,° not imagine that a more convincing demonftra-
011 of the truth of my fyftem can be demanded.

. We learn from it, that, in order to illuminate a
^У of a certain colour, it is necefíary that the rays
Qlch fall upon it mould have the fame colour ; thofe

, ^ different colour not being capable of agitating
e particles of that body. This is farther confirmed

í a -v^ell known experiment. When the fpirit of

fl ^е is fet on fire in a room, you know that the
arue of fpirit of wine is blue, that it produces only
ue rays, and that every perfon in the room appears

ï ГУ pale, their faces, though painted ever fo deep,
, Ve the afpecl of death. The reafon is evident ;

blue rays, not being capable of exciting, or put-
« S *n motion the red colour of the face, you fee on

°% a feeble and bluiih colour : but if one of the
^Pany is dreifed in blue, fuch dreis will appear

о coinmonly briUiant. Now the rays of the fun,
. e of a wax taper, or of a common candle, illu-
nate all bodies almoft equally ; from whence it is

ï cmded, that the rays of the fun contain all co-
rs at once, though he himfelf appears yellowifli.

j. truth, \vhen you admit into a dark room the
°f all the fimple colours, red, yellow, green,

Voi-I. I blue,
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blue, and violet, in nearly equal quantities, and blend
them, they reprefent a whitifli colour. The ГаЮ6

experiment is made with various powders, coloure£*
in like manner ; on being mixed together, a whitiö1

colour -is the refult. Hence it is concluded that wbite

is nothing lefs than a iimple colour ; but that itla

rather a compound of all the fimple colours ; accor^'
ingly we fee that white is adapted to the recepti011

of all colours. As to black, it is not properly a c°'
lour. Every body is black when it's particles ^
fuch that they can receive no motion of vibration»
or when it cannot produce rays. The want of ray3'
therefore, produces the fenfation of that colour ; з$°
the more particles there are found in any body fl°
fufceptible of any motion of vibration on it's f
the more blackiih and obfcure it appears.

iily, 1760.

L E T T E R XXXIX.

Tranfparency of Bodies relative to ibe TranfmiJJi^ '

Rays.

Т HAVE already remarked, that there are
-*- fuch as glafs, water, and efpecially air, ,
tranimit the rays of light, and, on account of ^
property, are denominated pellucid or diaphon°u

The ether, however, is the medium in which *
rays of light are formed, to which this property
intimately appertains \ and other tranfparent

tf
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e endowed with it only by means of the ether
"ich they contain, and with which they are fo
ended, that the agitations excited by the light may

. c°mmunicated farther without being interrupte'd
their progrefs. But this tranfmiffion is never per-

°roied fo freely as in the pure ether, though it al-
аУз lofes fomething ; and this in- proportion as the
anfparent body is more or lefs grofs. The groffi-

e& may even become fo confiderable, that the light

^ be wholly loft in it ; and then the body is no

^Ser tranfparent. Thus, though glafs be a tranf-

. rent body, a great lump of glafs feveral feet thick
n°t fo. In like manner, however pure the water

. * river may be, you cannot fee the bottom where

. ls very deep, though you can very eafily where it
Callow.*

^ranfparency, then, is a property of bodies rela-

*he common diftinelion of bodies into opaque and tranfpa-
15 innccurate, for every body has a certain degree of tranfpa-

, СУ- АИ fubftances abforb light in it's paffage, but in fome this

°rption is prodigious, and the quantity of light which pene-

. s through a certain thicknefs is fo exceedingly minute as to

- ,, e Our powers of perception. When the thicknefs is much.
mit|iihed, the light becomes fenfible, even in the cafe of bodies

are ufually termed opaque; thus we can fee through a plate

'V°ry and a leaf of gold. The different properties of fubftances

. refpe<a to the tranfmiffion of light, feems to depend on the

ti г'СГ °г 'efs rcgularity ot the difpolition of their elementary par-

tt f' an<^ on tueir proximity or diftance from each other ; as

U -, Clrcumftances augment or diminiih the chance of a ray's

of J1** ^''hin the limit of abforption. Whatever be the intenfity

tf» e mcident light, the lame proportion of it is, in a given body,

' ""tinted through the fame uiicknefs.—£. £.

I г 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
underftood with this reftridlion, 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 is not one

opaque body, on the contrary, which may not itfetf
become traniparent, if reduced to a plate extremely
fine. Thus, though gold is not tranfparent, goW
leaf is fo ; and on examining the minuter particle*
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 *
certain degree of finenefsj and that no one is &
when too grofs.

In common language we denominate tranfparefl*
the bodies which preferve this quality to a certai11

degree of thicknefs, though they lofe it when they
go beyond that bound. But with refpeft to ethef»
it is of it's own nature perfectly tranfparent, and its

extent diminifhes not this quality in the fmalleft &'
gree. The prodigious diftance of the fixed ft*1*
prevents not their rays from being tranfmitted t0

us. But though our air appears to be of a perfe*-
tranfparency, if it extended as far as the moon, tba

tranfparency would be entirely loft, and would pre'
vent every ray of the fun, and of the other heavelw
bodies, from penetrating to us. We ihould then ^
involved in Egyptian darkneis.

The reafon of it is evident, and we remark 1*|
fame thing in found, whofe refemblance to ligh' '

confim»6*
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Confirmed in every refped. Air is the moil proper
Iïledium for the propagation of found ; but the agi-
tons excited in the air are capable of making alfo
"e particles of all bodies ; and thefe again putting in

Motion the interior particles, finally tranfmit the vî-
ration through the fubftance of all bodies, unlefs

«ley be too thick. There are bodies, then, which,
Datively to found, are the fame thing which tranf-

Parent bodies are relatively to light ; and all bodies
ave this property with relation to found, provided
^У are not too thick. When you are in your
Partaient, you can hear almou every thing that

Pafies in the ante-chamber, though the doors are
cfofely ihut, becaufe the agitation of the air in the

er communicates itfelf to the partitions,
penetrates through them into the inner apart-

with fome lofs, however. Were the partition
, you would undoubtedly hear more dif-

. Now the thicker the walls are, the more of
s force does the found lofe in piercing through
^m : and the walls may be made fo thick that no-
^g could be heard from without, unlefs it were
1)16 terrible noife, fuch as a difcharge of cannon.

•Ws leads me forward to a new remark; that
*У powerful founds may be heard through walls
*4ch are impenetrable to founds more feeble ; and j

Ojifequently, in order to form a judgment whether
all is capable of transmitting founds, it is necef-

5^ to take into the account not only the thicknefs
° the wall, but likewife the ftrengh of the found,

he found is very feeble, a very thin wall is fuffi-
I dent



Il8 TRANSPARENCY OF BODIES.

dent to ftop it, though a louder could find an eafy
tranfmiflion. The fame thing holds as to bodies
which are permeable only to a very ftrong light.
Objefts not very brilliant are invifible through a glafs
blackened with fmoke, but the rays of the fun force,
themfelves through it, and it tranfmits perfectly 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 yoV
happen to be in a dark room, with an aperture in
the ihutter expofed to the fun, in vain will you at-
tempt to exclude the light by oppofmg 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 paffing through
a body which, relatively to other objedts, is not it'
felf tranfparent. But a very ftrong light may lof6

much of it's luftre, before it is entirely extingui&ed»
while a feebler light is loft at once. A piece of ver/
thick glafs, then, will not be tranfparent, with t&'
fped to objects lefs brilliant, though the fun may be
vifible through it.

Thefe remarks on tranfparent bodies lead me to

the theory of refraction, of which you have fre'
quently heard, and which I mall endeavour to
in it's proper light.

\4,tb July, 1760.

LETTED
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LETTER XXX.

J thé TranfnúJJion of Rays of Light, though tranfparent
Mediums, and their Refraflion.

A S long as light moves in the fame medium,
whether it be ether, air, or any other tranfpa-

reilt body, the propagation proceeds in ilraight lines,
et*ominated rays, as they proceed from the luminous

P°litt, in all directions, as the radii of a circle, or a
°lobe, iiTue from the centre. In the fyftem of ema-

atlOQ, the particles darted from luminous bodies
°ve in ftraight lines ; the fame thing holds, in that
^ch I have had the honour of propofmg, in which
e Agitations are communicated in ilraight lines, as
e found of a bell is tranfmitted in a ilraight line,

У ^hich alfo we judge from what quarter the found
£0tlies ; the rays in both fyilems, then, are reprefented

У ftraight lines, as long as they pafs through the
arile tranfparent medium ; but they may undergo
^e inflection, in paffing from one to another ; and
18 inflection is called the refraflion of the rays

§ht, the knowledge of which is neceffary to ac-
^nt for many phenomena. I proceed, therefore,
*аУ down the principles, in conformity to which,

efraftion takes place.*
* TM

., quantity of refraction is not proportional to the denfity of

„ ^cdium. Sir Ifaac Newton remarks, that inflammable iul>
Cfs> though fpecifically lighter than water, produce a muck

L. er refraftion: and it was this analogy which fuggefted to

. ' that diamonds belong to tl ie iàme clafs; a conjecture which
been verified within thefe few years,—E. L\

I 4 It
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It is an invariable law, that, when a ray, fuch as
E C (plate I.ßg S.) falls perpendicularly on the fur-
face A B of another medium, it continues it's pro-
grefs in the fame ftraight line extended, as C F ; и
will, in this cafe, undergo no inflection 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 direction, 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 uiall be in one and
the fame ftraight line. This is the only cafe in which
there is no refraction. 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

íàme ftraight line ; it recedes lefs or more from &
and undergoes a refraction.

Let P C (plate l-ßg- 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 direction of the ftraight line С ß»
which is the line P C produced ; but will recede frofl1

it, in the direction of the line C R, or C S. It wíH
undergo, then, at the point C, an inflection, whid1

we call refraction, which depends partly on the du"
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 inßeftio*1'
it is neceflary to explain certain terms employed &
treating this fubject.

ï ft. The furface A B, which feparates the two
diums, that from which the ray comes, and that i

8
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it enters, is called the réfringent furj"ace. adly.
^Qe ray p c, which falls upon it, is called the inci-

ent ray ; and, 3%, the ray C R, or C S, which
Afiles, in the other medium, a courfe different from
. Q? is called, the broken, or refrafted ray. And,

drawn through the furface A B, the perpen»
line E C F, we call, 4thly, the angle P C E,

the incident ray P C, with the perpendi.
Щаг Е с, the angle of incidence ; and, 5thly, the angle

C P, or S C F, formed by the refracted ray C R
C S, with the perpendicular C F, is called the angle

°frefraflion.
therefore, becaufe of the inflection, which the ray
*lght undergoes, the angle of refraäion is not equal

,. the angle of incidence P C E ; for producing the
1Це P C to Q, the .angles P C E and F C Q being

rAcal, are equal to each other ;* as you will ealily
Collect. The angle Q C F, then, is equal to the

gle of incidence P C E ; therefore, the angle of re-

a

a$ion R c F or S C F, is greater or Ids. There
. ». then, only two cafes which can exift ; the one,

^hich the refra&ed ray being C R, the angle of
v, a£tion R C F, is .lefs than the angle of incidence
ï . E -, anci the other, in which the refracted ray

ng С S, the angle of refraftion is greater than the

f

 gle of incidence P C E. In the former cafe, we
У> that the ray C R approaches the perpendicular
' ' and in the other, that the refracted ray C S,

1 or deviates from the perpendicular.
15 neceffary, 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 fliall find, that this phenomenon depends ofl

the difference of the denfity of the two mediums '•>

or becaufe the rays are tranfmitted with more or №*
difiiculty through each of them. To prove this, '$
muil be recollected, that ether is of all mediums the

• fmoft rare, and that through which rays are trafli'

mitted, without the flighteft refiftance. After &
the other common tranfparent mediums are thus af

ranged : air, water, glafs ; thus glafs is a mediu111

more denfe than water ; water than air ; and ^
than ether.

This being laid down, we have only to attend i0

thefe two general rules : ift. When rays pafs frotf1

a medium lefs denfe into one which is more fo, tbe

refrafted ray approaches the more to the perpend1'

cular. This is the cafe, in which the incident ra/

being P C, the refrafted ray is C R. adly. Wh^
the rays pafs from a medium more denfe to one \&
fo, the refrafted ray recedes from the perpendicul^'

This is the cafe, in which the incident ray being P ^'
the refracted ray is C S. Now, this inflection jS

greater or lefs, according as the two mediums difte

in refpeft of denftty. Thus, rays, in -paffing fro1"

air into glafs, undergo a greater refraction,

when they pais from air into water ; in both

however, the refrafted rays approach the
cular. In like manner, rays paffing from glafs '^

air, undergo a greater refraction than when they P ^
from water into air ; but in thefe cafes, the refra#e

ray recedes from the perpendicular.



REFRACTION OF RAYS, &C. 123

Finally, it muft likewife be remarked, that the dif-
ence between the angle of incidence and the angle

ч

 refracTion is fo much greater, as the angle of in-
ence is greater, or, as the incident ray recedes far-

. er from the perpendicular, the greater will be the
^fcftion or refraclion of the ray. A relation of all
ï angles exifts, and is determinable by geometry ;
ъ>! lt ifi not now neceflary to enter into the detail.
,, **at has been already faid, is fufficient for under-

; j? nS what I have farther to propofe on the fub-
"

S2d -4,1760.

LETTER XXXI.

Refraftion of Rays of different Colours,

y OU have feen, that when a ray of light pafles
obliquely from one tranfparent medium to an-

t ers it undergoes an inflection, which is called re-
j. 4

l°n, and that the refraction depends on the ob-
j. *У of the incidence, and the denfity of the me-
j. ^s- I muft now call upon you to remark, That

erfity of colours occafions, likewife, a fmall va-
t ^ Ь the refraftion. This arifes, undoubtedly,
f m hence, that the rays which excite in- u s the fen-
, 10jis of different colours, perform unequal num.
^j. s °f vibrations in the fame times, and that they
л er among themfelves, in the fame manner аз

or flatter founds do. Thus, it is obfervable,
that
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that rays of red undergo the leaft infleftion or &'
fraction ; after them come the orange ; the yello^»
the green, the blue and the violet, follow in ord£r *
fo that violet-coloured rays undergo the greateft *е'
fraction ; it being always underftood, that the
liquky of the incidence, and the denfity of the
diums are the lame. Hence, it is concluded,
rays of different colours have not the feme refrang1'
bility ; that the red are the leaft refrangible, and &6

viokt-coloured the moft fo.
If then, P C (plate I, fig, 10.) is a ray paffing, №

example, from air into glafs ; the angle of incideft^
being P C E, the refracted ray will approach the реГ'
pendicular С F ; and if the ray be red, the refraâe^
ray wiH be in the direction С — red; if it be orange>

the refracted ray will be С — orange, and fo of &e

reft, as may.be feen in the figure. All thefe гаУ*
deviate from the line C Q, which is P C produced'
toward the perpendicular C F ; but the red ray &'
viates the leaft from C -Q, or undergoes the leaft **'
flection, and the violet recedes the far-theft &$*
C Q, and undergoes the greateft inflection.

Now., if P C is a ray of the fun, it produces, a

once, all the coloured rays indicated in the ugure>

and if a piece of white paper is placed to recdv

them, you will, in eiFedt, fee all thefe colours ; Ье&се'
it is affirmed, that every ray of the fun contain8»
ence, all the firnple colours. The fame thing
pens, if P C is a ray of white, or if it proce6

from a white body. We fee aü the colours pr

duced from it by refta&ion, whence it i
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^t White is an affemblage of all the fimple colours,
^e fliewed formerly. In truth, we have only to
«ecr. all thefe coloured rays into a iingle point, and

416 colour of white will be the refult.
is thus we difcover what are the fimple colours«

determines them inconteftibly. In fol-
the order which it prefents, they are thefe :

<Ted, 2, orange, 3. yellow, 4. green, 5. blue, 6. vio-
* But it muft not be imagined, that there, are
1 : for as difference of colours arifes from the

of vibrations which rays perform in one and
e lame time, or rather the undulations which pro-

, Ce them : it is clear, that the intermediate num-
rs equally give fimple colours.* But we want
^es, by which to defign thefe colours j for be-

* his remark, that the number of primitive colours much ex-.
. e"* fix, is very juft. The colours of the rainbow, or of the

л "^n», formed by a prifm, pafs into each other by infenfible

? esj fo that it is impoffible to define their boundaries. There

j, a«>n to fufpect, that, even the great Newton was, in this in-

л _Ce> mifled, by a prédilection for the number feven, -which

й S many ages, has been regarded with a fort of myftical vc-
llon. The correfpondence, which he obferved, between the

f l l°ns of the fpedlrum, and thofe of the monochord, and which
йаУ authors have fince repeated, is wholly ideal ; for the pro-

'Ons, between the extent of the différent colours are, in a great
'• ;Ure» determined by the peculiar quality of the refrafting

. 'Urns. Thus a prifm of glafs, in which alkali predominates,
8a fpeftrum, extremely unlike that formed by one of gltifs,
oea principally of lead. Were a perfon to reckon only the
C°nfP'cuous of the primitive colours, he would, moft pro-

tlle number fix, for the indigo can kardly be diftin-

tween.
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tween yellow and green, we evidently perceive id*
termediate colours, for which we have no feparat6

names.
In conformity to the fame laws, are produced tbe

colours viiible in the rainbow. The rays of the fufl»
in paffing through the drops of water which float
through the air, are, by them, reflected and refra£te&
and the refraction decompounds them into the iimplß

colours. You muft, undoubtedly, have remarked»
that thefe colours follow each other, in the fame of'
der, in the rainbow, the red, orange, yellow, greetb
blue, and violet ; but we difcover in it, alfo, all the

intermediate colours, as lhades of one colour to аи'
other, and had we more names to diitinguiih the*6

degrees, we might find more of them from the ofle

extremity to the other. A more copious language

may, perhaps, enable another nation actually i0

reckon up a greater number of different colours»
and another, it may be, cannot reckon up fo тапУ '
if, for example, it wants a term to exprefs what ^
call orange. Some to thefe add purple, which
perceive at the extremity of the red, but
others comprehend under the fame name with red«

C. D. E. F. G. A. B-

^d £3 O ^ O W $.
P n >-t (T^ "ï 5" ö

"T3 . p o* n £° Q
o" 04 ^ ? •

Thefe colours may be compared to the notes °
я» octave, as I have done here, becaufe ,the
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* colours, as well as thofe of founds, may be ex-
Prefled by numbers. There is even an appearance,

at by {training the violet a little more, you may
^e round to a new purple, juft as in rifing from,
und to found, on going beyond B, you come round

0 c> which is the ocbve above C. And, as in mufic,
e give to thefe two notes the fame name, becaufe
their refemblance, the fame thing takes place in

°lours, which, after having rifen through the inter-
s of an octave, refume the fame names : or, if

will, two colours, like two founds, in which the
of vibrations in the one, is precifely the

of the other, pafs for the fame, and bear the
name.

v, ^n this principle it was, that father Caßelt in
ГаПсе, contrived a fpecies of mulic of colours.
e conftructed a harpíichord, of which every key

a fubftance of a certain colour, and he pre-
eilded, that this harpfichord, if ikilfully touched,
°ul(i prefent a moft agreeable fpectacle to the eye.
e gave it the name of the ocular harpfichord, and

;,°u muft, undoubtedly, have heard it talked of.
r ^y part, painting rather feems to be that to the

^> Which, muiic is to the ear ; and I greatly doubt,
Aether the reprefentation of feveral flireds of cloth,

Afferent colours, could be very agreeable.

LETTER
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LETTER XXXII.

Of the Azure-colour of the Heavens.

•ir 7-OU have juit feen, that the caufe of the vifibi*
JL lity of objecb, is a motion of vibration e**

tremely rapid,, by which the minuter particles o*
their furfaces are agitated, and that the frequency °*
thefe vibrations determines the colour.

It is the fame thing, whether thefe particles №
agitated by an intrinfic force, as in luminous bodies»
or whether they receive their agitation from ilium1'
nation, or from foreign rays, by which they are #'
lumined, as in opaque bodies. The frequency or ï**
pidity of the vibrations depends on the groffnefs °*
thefe particles, and on their elafticity, as that of tbc

vibrations of a mufical ftring depends on it's thick'
nefs, and degree of teniion ; thus, as long as the рзГ'
tides of a body preferve the fame elafticity, they ^
prefent the fame colour ; as the leaves of a plant pre'
ferve a green colour, as long as they are frefli ; bu

when they begin to dry, the difference of elafticity»
which then takes place, produces, likewife, a diffère*1

colour. This fubjeft I have already difcuffed.
now proceed to explain, Why the heavens appear *
us of a blue colour in the day-time.

On obferving this phenomenon with a vulgar
it would appear, that we are furrounded by a
gious vault of azure, as painters reprefent the
on a ceiling. I have no occaiion to undeceive У0



OF THE HEAVENS. ' 129

this prejudice : a fmall degree of reflec-
is fufficient to make you comprehend, that the

are not an azure vault to which the ftars are
, like fo many luminous ftuds. You are per-

% convinced, that the ftars are immense bodies,
lnconceiveable diftances from us, and which move

^ly through a fpace almpft void, or which is filled
by that fubtile matter called ether. And I will

v you, that this phenomenon is to be afcribed to
atmofphere, which is not perfectly tranfparent.

• Were it poffible to rife higher and higher above
че furface of the earth, the.air would become gra-
üally more and more rare, till it ceafed to affift ref-

P^ation ; and would, at length, entirely ceafe ; we
Quid then have reached the region of pure ether.
Ccordingly, in proportion as we afcend on moun-

the mercury in the barometer continues to
becaufe the atmofphere becomes lighter and

and then, likewife, it is remarked, that the
colour of the heavens becomes fainter ; and

ere it poffible to mount into pure ether, it would
tirdy difappear ; on looking upward, we fliould

•^ nothing at. all, and the heavens would appear
ack as night ; for where no ray of light can reach

s> every thing wears the appearance of black.
There is good reafon, then, for aiking, Why the

eavens appear to be blue ? This phenomenon could
ot exift, were air a perfectly tranfparent medium,
^her is : in that cafe, we ihould receive from

. Ove no other rays but thofe of the ftars : but the
uftre of day-light is fo great, that the feeble light

Л, К of
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ef the oars is àbforbed by it» You could not
ceive the flame of a taper in the day-time, at
coniiderable diftance; but that fame flame, in tb<*
night,-would, appear very brilliant at much, greater
diílanccs. This'dearly proves, that we rauft loo*
for tie cau£e of the azure4:olour of the heavens, i°
the want of traniparency in the air* The air #
loaded with agréât quantity of uaall particles,, whicJ*
ire not perfectly traniparent, but which, being Ш^'
initiated by die rays of the fim, receive from them *
motion of vibration, which produces new rays pr°"
per to theíè particles ; or elfe they are opaque, ao"
become vifible to us from being illumined.

Npw, the colour of thefe particles is blue ; afld
this explains the phenomenon: the air contains г

great quantity of fmall blue particles : or k may ^
laid, that it's minuter particles are bluiih, but
colour extremely delicate, and which becomes
lible to us only in an enormous mais of air.
in a room, we perceive nothing of this blue; bu*
when the -bluiih rays of the whole atmofphere peOe'
trate our eyes at once, however delicate the eolouf

of each fmgly, their totality may produce a vetf
deep colour.

• \\
This is confirmed by another phenomenon, vfl^

which you muft be well acquainted. If you look ä

a foreft, from a moderate diftance, it appears <р&6

green ; but in proportion as your diftance increafeS>

it acquires a bluifli caft, and this gradually becontf
deeper :and deeper. The forefts-on the mountains
Hartz, which may be feen from Magdeburg,
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to be blue,,but viewed from Halberftadt, they
green. The great extent of air between Magde-

Urg and thefe mountains, is the reafon of it. How-
delicate or rare the bluifli particles of the air

, there is fuch a prodigious quantity of them
interval, the rays of which enter into the eye

at °Дсе, that they reprefent a tolerable deep blue.*

This expjanation of the bluenefs of the iky is flrained and

a t y . The air i s , like water, perfeftly colourlefs, other-
; any portion of it might be diftinguiflied by the fight. Be-

*! the bluenefs of the iky, even in clear weather, is not uni-

• "% the fame, but acquires different degrees of intenfity, and
crent ihades, from a variety of circumftances, the climate, the

' °n, and the elevation of the place. The true explanation of
C Phenomenon muft be fought from other principles. The

. 't refrangible ra}'S are, at minute diftances, attracted or re-
Wd, by colourlefs fubftances, with the greateft force. A fun-

.'" °*» therefore, in it's paffage through the atmofphere, will firft
•-' it's violet rays molt profufely, next the indigo, then the blue,

.v, *f the track be of fufficient length, perhaps a few of the green.
e raysj thus feparated, are either abforbed by the air, or they
reflefted, and caufe the blue appearance. Hence, on the fum-

s ,S °^ 'ofty mountains, the colour of the heavens feems faint
, °ark, and inclined fome what to viplet. On the contrary, In

, e humid air, the colour is a light milky blue. Hence, alfo,

o bright azure which paints the flcy of the fouthern regions,

. .lqS to, the drynefs of the air, and the íhortneís of the light's
**• For the fame reafon, not only the quantity, but even the

ï. ^1У> of the light which we receive from the fun, depends on

fiipf •̂•t r'^lng' an^ ftttbg, thofe rays which reach the
j.. -Ce> and even the lower range of clouds, are chiefly the red-
^. ' »t a greater elevation of the fun, the prevailing colour of

ïeli earns 's ^omewhat orange; and when ftill higher, it is a dilute

e « principles will account for the colour of the ocean,
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We remark a fimilar phenomenon in a fog, whet1

the air is loaded with a great quantity of opaquc

particles of a whitifh colour. On looking to only
л fmall difb.nce, you fcarcely perceive the fog ; but
when the diftance is confidçrable, the whitifli colour
becomes very perceptible ; to fuch a degree, that *£

is impoffible to fee through it. The water of tbe

fea appears green at a certain depth ; but when yo1*
take up a fmall quantity, as much, for mftance, as *
slafs will contain, it is fufficiently diaphonous, and
has no fenfible colour : but in a great extent, whefl
you look toward the bottom, fo many greeniih ray*
collected produce a deep colour.

ZJtb July, 1760.

•which is dark blue. It is only in feas, not exceeding one
fathoms in depth, that the reflection from the white bottom *'
lutes the proper colour, and forms a glaucous hue. This appe*r'
ance is an invariable fign of the fliallownefs of the water, wh'icl1

is often a token of the proximity of the land. Dr. Hally rela'**
an obfervation that he made in a diving-bell, which
thefe reafonings; after defcending to a great depth in the fea,
ftretched out his hand, on which the fun flione through the
and painted a beautiful crimibn. The fame obfervation may
extended, even to fubftances that are reckoned opaque. Hold *°
ivory knife in the focus of a burning glafs, perpendicular to ™
pencil of light, and a bright yellowiih fpot will be perceived °
the back. Incline the knife gradually, and the colour of the fp°
•will pafs through all the intermediate ftades, and terminate «" •

: fine red. It is fcarce neceflaiy to remark, that this experi"1^
muft be performed expeditioufly, left the ivory be fcorched. — •»•
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LETTER ХХХШ.

j iffuingfrom a dißant luminous Point, and of
the vifual Angle.

A S long as the rays produced by the rapid vibra.-
, tion of the minuter particles of a body, move

the fame tranfparent medium, they preferve the
. ^e direction, or diffufe themfelves in all directions,
n «raight lines. Thefe rays may be reprefented by
^ radii of a circle, or rather of a fphere, which,
^Uig from a centre, proceed in ftraight lines to the
rQirnference j and it is on account of this refem-
'*Псе, that we employ the fame term radius, or ray,

0 ejtprefs them, though, properly fpeaking, the light
,°es not confift of lines, but of very rapid vibra-

ns> going continually forward, in the direction of
a%ht lines: and, for this reafon, light may be

°nfidered as ftraight lines, iffùing from a luminous
Poil"> in all directions.

^et G (plate I.fíg. 11.) be a luminous point, from
"ich rays iffue in all directions. Let two fpheres

e [kfcribed round C, as a centre, of the one of
hlcb, let the great circle be a ò de, and of the other

J;B D E. The light diflufed over the furface of the
*"er fphere a l) de, willUkewife occupy that of the

8teat*r fphere AB DE. The light, then, muft be
°re faint and weak at the furface of this laft, than

, that of the fmaller fphere a bde. Hence it may
06 concluded, that the effect of light muft be fmaller,

К 3 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 ot
the greater fphere will be four times as great. Since»
therefore, the fame quantity of light is difrufed ove*
the furface of the greater fphere, and over that ot

the fmaller, it muft follow, that light, at double the

diftance, is four times more faint ; at thrice the
tance, nine times ; at a quadruple diftahee,
times ; and fo on.*

On applying this rule to the light of the fun,1<:

will appear, that if the earth were removed
the diftance from the fun, the light derived
him would be rendered four times more faint ;
if the fun were a hundred times farther from us,
brightneis would be a hundred times a hundred,
is, ten thoufand times lefs. Suppoiing, then^ a
ftar to be as great, and as luminous as the fun,
that it was 400,000 times farther from us, it's light
be 400,000 times 400,000, that is, 160,000,00o',o0<>

times more faint than that of the fun. Hence ^
iee, that the light of a fixed ftar is nothing, comp&e

to that of the iun ; and this is the reafon that ^
do not fee the ftars in the day time ; a feebler tfg".

* As the furfaces of fpberes are to one another as the fqu!ir

of their radii, it mult be concluded, from what the Author »
just,now faid, that the intenfity of light, at different <3iftan

from the point which produces it, is in the inverfe ratio o\
fquare of thefe alliances. It mutt be recolleded, that the ftu*>
of a number is the produft which refults from the multiplica •
of that number by itfel£.~F. E.
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ways 'difappears in prefence of one much moro
bl%ht. The fame thing holds good with refpecl to
*ndles, and all other luminous bodies, which admi-
"ter lefs light, in proportion to their diftance from
s > and you muft have frequently remarked, that

• °^ever ftrong a light may be, it is inefficient to
kft us in reading a printed book, if you remove
Olt* it to any coniiderable diftance.
•There is ftill another circumftançe, clofely con-

with what I have juft obferved ; namely, that
^e fame object appears fmaller to us, in proportion
0 lt's diftance. A giant, at a great diftance, does
ot Appear taller than a dwarf near us. To form a,

judgment of this, it is necefiary to attend to
angles at which thefe objects are feen by us.

us fuppofe, then, (plate l,ßg. 12,) А В to be
„Q Obje£t, fay a man, and that the eye looks at it
•50lî* the point C. Draw from that point the ftraight
.^Ч А С and В С, which reprefent the extreme

aVs proceeding from the objeft to the eye ; we саЦ
,fte angle formed at C, the vifual angle of that ob»
^ for the point C. If we look at the fame objecl:

a fmaller diftance, at D, the vifual angle D
be, undoubtedly, greater : hence it is clear, that

eftiore diftant the fame obieft is, the fmaller is it's
vïr 'Ц4а1 angle ; and the nearer it арргодсЬез, it's vHual

S*e becomes greater.
onomers meafure very accurately the angles

r which'we fee the heavenly bodies, and they
found, that the vifual angle of the fun is fome.,
more than half a degree. If the fun were

К 4 twice
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twice farther from us, this angle would be reduced
"to the half; and then it will not feem furprizing
that it fliould furniih us four times lefs light.
if the fun were 400 times farther off, his vifual
would become fo many times lefs, and then that
minary would appear no greater than a ftar.
muft, therefore, carefully diftinguifli the apparent
greatnefs of any objeil from it's real greatnefs. The
firft is always an angle greater or lefs, according &
the object is nearer or more diftant. Thus the ap-
parent greatneis of the fun, is an angle of about
half a degree, whereas his real magnitude far fur-
pafles that of the earth ; for the fun being a globe»
his diameter is eftimated to be 172,000 Germa*1

miles,* while the diameter of the earth is onty

1720! miles. J
2<)tA July, 1760.

• * 750,000 miles Englifli. "f 7,920 miles Englifli.

* Aftronomers likewife call the apparent diameter of a ftar tbe

angle under which it is feen. Thus, they fay, that the mean dia-

meter of the fun is 31' 58"; that of the earth, viewed from №

fun, would he 17". Hence it follows, that the diameter of №
earth being 286$ leagues, that of the fun is 323,000 league"'

The German mile contains 4000 fathoms, or 24,000 feet. Т»
league of France contains 2282 fathoms. Hence it is eafy to ***

duce the one meafureraent into the other.—í1. E.
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LETTER XXXIV.

4f the Supplement which Judgment lends to Vifwn.

1ДТНАТ I have now fubmitted to you on tbe
phenomenon of vifion, belongs to optics,

is a branch of mixed mathematics, and which,
, holds a confiderable rank in phyfics. Be?.

^colours, the nature of which I have endeavoured
explain, it is the buiinefs of optics to treat of the

anner in which vifion a<Ets, and of the different
&les under which objects are fcen.

muft have already remarked, that the fame
may be viewed, fometimes under a greater
angle, fometimes under a finaller, as it is leis

r ttiore diftant from us. I fay farther, That a fmall
щау be viewed under the fame angle as a great

when the former is very near, and the latter very
. knt. A fmall difli may be placed before the eye

tocli a manner, as to cover the whole body of the
11 > and, in effect, a plate of half a foot diameter,

. • «e diftance of 54 feet, exactly covers the fun, and
ken under the fame angle: and yet what a pro-
Sious difference between the fize of a plate and-

• at of the fun : The full moon appears to us under
_ аг*У the fame vifual angle as the fun, and, of con-

i^ence, nearly as great, though in reality much
, ^er ; but it is to be confidered, that the fun is

°ft 400 times more remote from us than the

The
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The vifual angle is a point of fo much the
'importance in optics, that the images of the object
which paint themfelves on the bottom of the eye»
depend upon it. The greater or lefs the vifual ang'e

is, the greater or lefs they (the objecb) are great °{

little. And as we fee objecb out of ourfelves, onty
fo far as their images are painted on the bottom °
the eye, they conftitute the immediate object °
viiion or fenfation. One of thefe images, therefor?»
leads us to the knowledge only of three thinf?4

Firft, it's figure and it's colours conduft to the coo"
clufion, That there is, out of us, a fimilar objecb °
fuch a figure, and fuch a colour. Secondly, it's ffia$'
nitude difcovers the vifual angle under which №
objeft appears to us : and, finally, it's place on t*1

bottom of the eye makes us fenfible of the
of the external objeft, relatively to us, or that
which the rays emitted from it reach our eyes

In thefe three particulars confifts the
of vifion ; and we only perceive, ï ft, the figure
colours ; adly, the vifual angle, or the apparent
nitude ; and, ßdly, the direction, or the place lP

which we conclude that the objecT: exifts. VifioJl>

then, difcovers to us nothing refpefting either &
real magnitude of objecb, or their diftances. ThoU#
we frequently imagine, that we catfg deter mine "'
the eye the. magnitude and diftance of an obje '
this is not an aft of vifion, but of the underftandi11»'

• t \G
The other fenfes, and habits of long ftanding, aD

us to calculate at what diftance an objeft is froio ^ '
But this faculty extends only to objefts at no 1"6
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Stance. "Whenever their diftance becomes confi-
erable, our judgment cannot exercife itfelf with
ertainty ; and if fometimes we venture to' hazard a
eUfion, it is generally very remote from the truth.

Thus, no one can pretend to fay that he fees the
agnitude or the diftance of the moon; and when

. e vulgar imagine-they can judge of the firft, by
^Hidering it as equal to that of the terreftrial bo-

es which are feen under the fame angle, it is not
У vifion they are deceived, but by their judgment,
. ^ch they want to apply to an object far beyond

eir reach. It is certain, therefore, that the eyes
°ne can determine nothing refpecting thé diftanee

^d magnitude of objects.
To this fubject may be referred the very remark«
*e cafe of a man born blind," who obtained fight,

У Cleans of an operation, at an advanced period of
.e :* This perfon was at firft dazzled : he could dif-
^guifli nothing as4o the magnitude and diftance of

Jefts. Every thing appeared fo near, that he
anted to handle them. A conliderable time, and
n&-practice, were requííite to bring him to the reel

. e °î %ht.' Hé was under the necefity of ferving
. °ng apprenticeihip, fuch as we perform during the

^ of childhood, and of which we afterwards
pteferve no recollection.
ï ' • •"pi .lftls: it is which inftructed us, that an object ap-

ars to us fo much the more clear and diftinct as it

*TV,: *nis was the blind man, on whom the famous CAcffelden ner-
ed the operation of the couching cataraft F. E.

is
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is nearer ; and reciprocally, that an object which ap-,
pears clear and diftinft is near ; and when it appear*
obfcure and indiftmft, that it is at a diftance. It1S

thus that painters, by weakening the tints of the ob-
jects which they wiih to appear remote, and ftrength*
ening thofe which they would reprefent as nearer»
are enabled to determine our judgment, conformably
to the effect which they mean to produce. And they
fucceed fo perfectly, that we coníider fome of thc

objects reprefented in painting as more diftant thW
others : an Ulufion which could not take place, V
yifion difcovered to us the real diftance and mago**
tude of objedls.

iß Augußt 1760.

LETTER XXXV.

Explanation of certain. Phenotiiena relative to Optics-

have juft' feen, that vifion alone
to us nothing, refpeffing either the real

nitude or the diftance of objects ; and that all
imagine we fee, whether as to the diftance or
nitude of any objeet, is the effeft of judgment.
muft carefully diftinguifh that which the fenfes
prcfent to us, from what judgment adds, in
we frequently deceive ourfelves. Many philofophers>

who have declaimed againft the accuracy of
fenfes, and who meant thence to infer the ц
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amty of all hurnaa knowledge,* have confounded

proper reprefentations of our fenfes with judg-

This is their mode of reafoning : We fee the fun
0 Digger than a trencher, though it be infinitely

j therefore the fenfe of feeing deceives us ;
all our fenfes deceive us ; at leaft, we can-

Ot depend on them : therefore, all the knowledge
, e acquire by means of the fenfes, is uncertain, and
f r°bably falfe : We, therefore, know nothing. Such

*he reafoning of thefe fceptics, who boaft, fo vain
<vOrioufly5 Of their ingenuity j though there be no-

lng fo eafy as to fay, that every thing is uncertain ;
ï . *^е greift dunce may make a mining figure in

ls fublime philofophy. But it is abfolutely falfe,
at the fight reprefents to us the fun no bigger
atl a pewter plate ; it determines nothing what-
•et refpe&jng his magnitude -, it is our judgment
Ol*e that deceives us. When the objects, however,
e Hot very diftant we can pronounce with toler-
e exaftnefs on their dimeniions and diftances ;

d tbe other fenfes, joined to the degree of clear-
efs \vith which we fee thefe fame objects, render

r Judgments fufficiently certain. Now, as foon as
e have the idea of the diftance of an objeft, we
°rin to ourfelves, likewife, that of it's real magni-

e> knowing that it depends on that diftance.

f,- •/, uck were the Pyrrhonifts. We itill give the name of fcep-
.. > or Pyrrhonifm, to this ftate of univetfal doubt or uncer-
^-P.£,

'Hence
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Hence,1 the more diuant we reckon an object to
. the greater we conclude is it's magnitude ; and
procally, the nearer we conclude it is, the fmaller
.fuppofe it. We, of courfe, frequently take one
for another of much greater magnitude, when a
.penfion of judgment prevents our taking
. into the account. The reafon is that a yery
body may be feen at a great diftance, under the iarte

angle as a fmall object placed near us.
There is another phenomenon, well known

every one, and which has given occafion to
.difputes among the .learned, and which it is
.perfectly eafy to explain. The full moon a
.to every eye at the time of her riiîng to be
greater than when flie has got to a confiderable heig'1

-above the horizon, though the vifual angle of **
apparent magnitude be the fame. The fun, too, a

the time of rifmg and fetting, appears to every 0Д
greater than at noon. What then is the foundati0^
.of this judgment, fo univerfal, and fo falfe ? It is ^'
.doubtedly becauie we judge the fun and the mO°"
in the horizon to be at a greater diftance from $
-than when they have got to a confiderable height-

But how come we to formfuch a judgment ? ™
•common anfwer is, that when the fun and the i°P^
.are in the horizon, we perceive a great many objc _
between them and us which feem to increafe &
diftance ; whereas when the fun and moon "^
'rifen to a great height, we perceive nothing bet^e

them and us, and therefore conclude that they
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I know not whether this explanation will
It may be objeded that an empty

nt appears greater than one completely fur-
though the fize be exadly the fame ; feveral

,,ervening objects, therefore, do not always lead us
:? Pagine that one more remote is at a greater dif-
^Ç than is really the cafe. I flatter myfelf that
,e following folution will be deemed more natural,

^d better founded.
^et the circle A (plate I. ßg. 13.) reprefent the

•" and the dotted circle the atmofphere, or air
- Which the earth is furrounded; fuppofe your»
, * Rationed at the point A, if the moon is m the
.. tlzon, the rays will reach you in the direction of

; - «ne В A; but in her extreme height, the rays
/^ defcend in the line С A. In the firft cafe the

-'s país through the greater fpace В А ; and in the
cafe through the fmaller fpace С A» Now,

pleafe to recollect, that the rays of light
f pafs through a tranfparent medium have their
' 5e diminiflied in proportion to the length of the

^ge. The atmofphere or air, then,- being a tranf-
^t medium, the ray В A muft in it's paflage lofe

• ck more of it's force than the ray С A. Hence
•• °uows, in general, that all the celeftial bodies ap-
e r ^uch leis brilliant in the horizon than when

У rifen and elevated. Л¥е are able to look directly
V11 '*t the 'fun, when he is in the horizon; but

D л1 °Пее ̂ ie ^vas §ашес* а certain height, the eye is
- gained to flirinkfrom his luftre.

c.onclude from this that the moon, too, appears
leu
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lefe brilliant in the horizon than when elevated-
Now, you wiH recolleit what Î faid a little above, Ilff

fpeakiftg of effect in painting, that the fame obje^
appear*

* This explanation of the appearance of the horizontal
•was offered, in the beginning of the prefent century, by the adJ
Dr. Berkeley, Biihop of Cloyne. It has fmce been refuted V
that excellent optician, Dr. Smith, who was the firft that со*'
pletely invcftigated this .curious fubjeft. . The following is an ™
fíraét of - tue. theory, from Dr. Prieftley's " Hiftory of
Light, and Colours."

" If the furface of the earth were perfectly plane," fays &'
Smith, " the diftance of the vifible horizon would fcarce c.***̂
5000 times the height of the eye above the ground, or the dift*"- .
of miles (fuppofing the height of the eye to be between five •"•
fix feet) and all objefts placed beyond that diftance would app**
in the vifible horizon. All objeáh and clouds, likewife, place"
any diftance beyond this, muft confequently, if they be vifible

all, appear to he in the horizon. " Hence," he fays, •' "
luppole avail wall to be built at the extremity of the plane» Di

yond-the point of vifible diftance, it will not appear ftraigbt» "
circular, as if built upon the circumference of the horizon ; *" •
if continued infinitely, would make a perfcft femi-circle. <
this round plane, with the wall upon it, be imagined to be ï*1

till it come perpendicular to the reft of the plane, on which » P
fön ftands, the wall will appear like the concave figure of
clouds over his head. But though the wall in the horizon aP* h

in the fliape of a femi-circle, yet the cieling will not, but &° ,
flatter ; becaufe the horizontal plane was a vifible furface,
fuggefted the idea of the lame diftances quite round the eye'. л

in the vertical plane, extended between the eye and the ci c

there is nothing that aft'efts the fenfe with an idea of it's P" (

Confequently the apparent diftances of the higher parts °* &

cieling will be gradually diminimed. Now, when the iky i5 Ч <е

overcaft with clouds of equal gravities, they will all й°а1 ^
air at equal heights above the earth, and confeqaently wil' л
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PPears to us more diftant when it's light is weak-
e<* • the moon, then, being in the horizon, muft

t'Pear more diftant than at any point of elevation.
e a furface refembling a large cieling, as flat as the vifible fur-

e°f the earth. It's concavity, therefore, is not real, but appa-
l; and when the heights of the clouds are unequal, fince their

»napes and magnitudes are all unknown, the eye can feldoin
Inguiih the unequal diftances of thofe clouds which appear in

larn directions, unlcfs when they arc very near us, or are
ven by contrary currents of the air. So that the vifible fliape

., "c whole furface remains alike in both cafes. And when the

,^ls either partly overcaft, or perfectly free from clouds, it is a

'hat we Ш11 retain much the fame idea of it's concavity, as

of ï'*1 'l ^as ^u'te overca^p But »f 1ШУ one thinks that the reflexion
. '§ht from the air is alone fufficient to fu^geft that idea, he

Q

c

uld not difpute it."
., The concavity of the heavens appears to the eye, which is

9oly judge of an apparent figure, to be a lefs portion of a fphe-
furface than an hemifphere. In other words," he fays, " the

er of the concavity is much below the eye ; and, by taking a

b

 lUln among feveral obfervations, he found the apparent dif-

. e of it's parts, at the horizon, was generally between three

L °Ur times greater than the apparent diftance of it's' parts over

•'« 'p, .
a l "is Ъс determined by meafuring the айиа! height of fome of

v cavenly bodies, when, to his eye, they fccmed to be halfway
• *e« the horizon and the zenith. In this cafe their real altitude

а3 degrees."

efe principles Dr. Smith conftrufted the following table :
1 °1' Moon's altitude,

in degrees.
oo

30
45
oo
75
90

Apparent Diameters,
or diftanccs.

IOO
68
5°
40
34
31
30 E. E.

Ot- L L The
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The confeqücnce is obvious ; as we judge the <$'
tance of the moon greater in the horizon, we rnu*
likewife judge her magnitude greater. And in ge'
neral all. the ftars, when near the horizon, appear t0

us greater, becaufe their apparent diftance is great«?1"'

, 1760.

L E T T E R XXXVI.

Of Shade.

T HAVE endeavoured to explain almoft all that |s

-*- ufually treated of in optics. All that remainsJ

to fpeak of ihade. You already know too well ^J

is meant'by {hade to render it neceflary for me *
dwell long on the fubjecl:. Shade always fupp°*
two things : a luminous body, and an opaque bow'
which does not tranfmit the rays of light. * _
opaque, body, then, prevents the rays of a luminÇ
body from getting behind it, and the fpace wb1

the rays cannot reach, from this interception, is ca*1

the ihade of the opaque body, or, what comes to
•{ame thing, {hade includes all that fpace in which
luminous body is not to be feen, becaufe the opa<*
boay^obftrucb it's rays. t ï

Let A fylate I. y%. 14.) be a luminous point, a

B C D E an opaque body. Draw the extreme ï-1'
A B MV A D N, touching the opaque body.
evident that no ray of light proceeding from A»
penetrate into the fpace M B E D N ; and in ^.'
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point, within, that fpace the eye may be placed,
1 О for example, it will not fee the luminous body.
í1*8 fpace is the made of the opaque body, and we

ee that it is continually increaling, and may extend
••.^Mifinity. But if the body from which the rays
Wpceed be itfelf of great magnitude, the determina-

l°n of the made is fomewhat difTerent. There are
Гее cafes which demand confederation ; the firftds,
hen the luminous body is lefs than the opaque ;

fécond, when they are equal; and the third,
the luminous body is the greater. The firit

is that which we have now been considering, in
^ch the light is fmaller than the opaque body.
•^he fécond is reprefented, (plate I- fig. 15.) in

• lch the luminous body A is of the fame magnitude
the opaque body B C E D. If you draw the

rays A B M, A E N, the fpace M B E N
be ihaded, and through the whole of that fpace

ltvvill be impoffible to fee the luminous body. You
e» Ukewife, that the lines B M and E N are parallel,

„ ~ that the ihade extends to infinity, always pre-
erving the; fame breadth.

^he third cafe is exhibited, (plate I. ßg. 1 6.) in
lch the luminous body A A is greater than the

?раЧие body B C E D. The extreme rays, touch-
S the opaque body in В and E, if produced, will

, eet in the point O, and the fpace of the made B O E
. orn finite, and terminates in O. The made, in.

s cafe, is termed conical. It is only into this fpace
at the light has no admiifion, and in which it is

L 2 hnpoffible
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impolfible to fee the luminous body. To this third
cafe belong the ihades of the celeftiaí bodies, which
are much fmaller than the luminous body which eo-

'lightens them, namely the fun.
We have here, then, another difplay of the Cre-

ator's wifdom. For if the fun were fmaller thanJthe

planets, their ihades would not be terminated, bu£

extend to infinity, which would deprive immen^
fpaces of the benefit of the fun's light. But tbe

magnitude of that luminary furpaffing by fo тапУ
times that of the planets, their {hades are contract^
to very narrow bounds, from which alone the lig^
of the fun is excluded.

It is thus that the earth and the moon
their conical ihades ; and the moon ma
plunge into the fliade of the earth either partially °*
totally. When this takes place, we fay the moofl \
eclipfed, either wholly or in part. In the forßl£

cafe we call it a total eclipfe of the moon ; in ^
other, a partial eclipfe. The moon, likewife, -pr°'
jecb her ihade, but it is fmaller than that o£ ^
earth. It may happen, however, that the ihade °
the moon ihould extend as far as to the earth ; atl.
then thofe who are involved in that ihade, un
an eclipfe of the fun. An eclipfe of the fun,
takes place when the moon, interpofmg, preve*1

our feeing the fun wholly, or in part. We fee ̂
the fun by night, though there be no eclipfe > "
we are then in the fliade of the earth, which &^
our greateft obfcurity.
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Hitherto we have confidered only the cafes in

'̂hich the rays of light are tranfinitted in ilraight

.llles, which is the profeiTed object of optics. But

^as been already remarked, that the rays of light

. e Sometimes reflected, and fometimes broken, or

Rafted. You will recollect, that when the rays fall
11 a well-poliflied furface, fuch as a mirror, they arc

from that furface ; and when they pafs from
Пе tranfparent medium to another, they undergo

faction, -and are in fome fenfe broken. Hence

tfe two other fciences. That which confiders VL-.

°n in reference to reflected rays is called catoptrics;
d that which has for it's object viiion, in reference

u broken or refracted rays, is termed dioptrics. Op-
Cs treat of viiion relatively to direct rays of light,

г. ^ prefejit you with a fummary of thefe two
Ieiices, catoptrics and dioptrics, as they difclofe

^ епощепа which are every day prefenting them-
Ves, and of which it is of importance to invefti-

? *e the caufes and the properties. Every thing re-

. ng to the fubject of vifion is, beyond contradic-
n> an objecl: highly worthy of exciting curiofity,

^ °f engaging attention.

;«/?, 1760.

LETTER
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LETTER XXXVII.

Of Catoptrics, and the Reßeftion of Rays from plain
Mirrors.

/CATOPTRICS treat of-vifion relatively to refle#'
^-^ ed rays. When rays of light fall on a well p0i

liflied furface, they are reflected in fuch a
that the angles on all fides are equal among
felves.

To fet this in a clear light, let А В (plate l.
17.) be the furface of a common mirror, and P a
minous point, whofe rays P Q, P M, P m, fall u
the mirror. Of all thefe rays, let P Q be that
falls perpendicularly on the mirror, and which h.a •
this particular and remarkable property, that it is &'
fleeted upon itfelf in the direction of Q'P ; juft as °n

a billiard table, when the ball is ftruck perpendicl1'
larly againft the ledge, it is repelled in the felf-fa11^
direction. But every other ray, as P M, is refle#e

in the line M N, in fuch a manner as to make tbe

angle A M N equal to the angle B M P ; in .which ^
is to be remarked, that the ray P M is named
incident ray, and M N the reflected ray. In
manner, to the incident ray P m, will correfpond tb
reflected ray m n ; and, confequently, becaufe of ^
reflection, the ray P M is continued in the direct0 .^
of the line M N, and the ray P m in the direction °>
m n, fo that we have the angle A M N, equal í°
M P, and the angle A m n, equal to the angle 5J!1 '

'
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property is thus enounced : The angle of reßec-
°n is a/ways equal to the angle of incidence,
I bave already taken notice of this ftriking pro-

^erty ; but my defign, at prefent, is to (hew what
e phenomema in vifion are which refult from it.

lrft> it is evident, that an eye, placed at N, will re-
**lve from the luminous point P, the reflected ray
^ ^ ; thus the ray which excites in that eye the
Cation of the body from whence it proceeded,

C0lnes in the direction M N, juft as if the object P
ere in fome point of that line ; hence it follows

ftat the eye muft fee the object P in the direction
^M.

*ft order the more clearly to elucidate this fact, we
uft have recourfe to geometry ; and you will re.

°Ue£t with pleafure the proportions on which the
"Bo reafoning is founded. Let the perpendi-

*ar ray P Q be produced on the other iide the mir-
J^r to R, fo that Q R íhall be equal to P Q ; I will
j^ew you that all the reflected rays, M N, and m n

eing produced behind the mirror, muft meet in that
l«t. For, taking the two triangles P Q M and
Q M, they have firft the fide M Q common to

; then the fide Q R was made equal to the fide
5 and, finally, the angle P Q M being a right
, it's adjacent angle R Q M muft likewife be a
angle.* Therefore thefe two triangles, having

„ cil an equal angle contained by two equal fides,
all be every way equal,f and confequently the angle

* Euclid's Elements, book I. Prop. ?з,
t Euclid, book I. Prop. 4,

L 4 P M O
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P M Q equal to the angle R M Q. But the angle
A M N, and the angle R M Q, being vertical, are
equal to each other,* therefore alfo the angle A M N
fliall be equal to the angle P M Q ; that is, the angl6

of reflection fhall be equal to the angle of incidence-
In the fame manner it is demonftratcd that the re«

fleeted ray m n being produced, would likewife ра&
through the -point R, and confequently produce tf1

the eye the fame effect as if the object P were actually
placed behind the mirror at R, this point being in

the perpendicular P Q R, at the fame diftance as "
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 tranfpoi'ts

objects into another place, \vithout changing th#r

appearance. To diftinguifli in the mirror that appa'
rent object from the real, we name the apparent o°'
ject the image, and we fay that the images reprcfefl*-'
ed by reflected rays are behind the mirror.
denomination ferves to diftinguifli real objects
the images of them reprefented in mirrors ; and
images which we fee' in mirrors are perfectly
and fimilar to the objects, with this exception
what in the object is on the left appears in the i
on .the right, and reciprocally.- Thusaperfon
ing -his fword on the left fide, appears with it in
mirror on his right.

» Euclid, book I. Prop. 15. fl
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From what has been faid, it is always eafy to fettle
ke image of any object whatever behind the mirror.

Por A B (plate II. _/%. ï.) being a mtrror, and E F
ал object, fay an arrow : draw from the points E and

the perpendiculars E G and F H, to the furface of
he mirror, and produce thefe to e and f, fo that

È G lhall be equal to e G, and F H to/H, <?/will
te image fought, which will be equal to the ob-
E F, becaufe the quadrilateral figure G e /H is

^ all refpe&s equal to the quadrilateral figure G E
"t Jt muft be ftill farther remarked, that were

Vou even to cut off from the mirror a part, as С В,
nd А С was the mirror, the image e f would not be
Banged. And confequently when the mirror is not

iently large to admit the falling of the perpen-
E G and F H upon it, we muft fuppofe the

of the mirror to be extended, as we produce
llles in geometry when we want to let fall perpendi-

upon them. What I have faid refpects only
Olïlnion mirrors, whofe furface is perfectly plain.
°e : i and concave mirrors produce different effects.

L E T T E R XXXVIII.

of Rays from convex ana concave Mirrors.
Burning Mirrors.

JH 'VERY thing relating to the refledion of rays is
reduced, as you have feen, to two things ; the

fl
 e of which is the place of the image which the re-

ec' rays reprcient 5 and the other the relation of
2 the
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the image to the objecb In ordinary or plain mii>
rors, the image of the object is behind the mirror, at
a diftance equal to that of the object before the mir-
ror; and it is equal and fimilar to the object. 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 fi'e'
quently have remarked that on prefenting any obje#
before a fpoon very highly polHhed, 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 polifhed, reprefents object3

with iufficien.t accuracy, but in miniature. If th6

interior furface of the globe is well poliflied, obje#s

appear upon it magnified ; provided always that
are not too diftant. For the fame objects may
wife appear fmaller and inverted, if they are
far from the mirror. There is no occaiion to
a whole globe ; any part of it's furface whate^ef

produces the fame effect. Thefe mirrors are den°"
minated fpherical ; and there are two forts of thejll>

The one is convex and thç other concave, accordi*1^
as they are taken on the exterior or interior furftc

i. '"'í ~• • '~* ! ití

of the fphere. They ai;e compounded*', of van°y
metals, fufceptible of a fine polHh ; whereas p'*1!
mirrors are made of a plate of glafs, and covered Ф
one fide with a preparation of mercury, defigned
ftòp the pafiage of the rays, and to reflect them-
be<nn with convex mirrors.
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А С В (plate II. /£. 2.) be a mirror, the feg-.
of a fphere, whofe centre is G. If you place

^tore this mirror an object E, at a great diftance,
^ s image will appear behind the mirror, at the point

» the middle point of the radius of the fphere CG;
atld the magnitude of this image will be to that of
|be object, in the relation of the lines C D and CE:

^Ш, therefore, be in this cafe much fmaller than
he object, as the line C D is, in effect, much fmaller

tllan the line CE. If the objed E approaches to the
^rror, fo likewife will it's image. This is all de-

°nftrable on geometrical principles, by fuppofmg
. at any incident ray whatever, fay E M, is reflected
^ the direction of M N, fo that the angle B M N may
.e equal to the angle С M E. Thus, when the eye
S at N, receiving the reflected ray M N, it will fee

e objecl: E, according to that direction, and will
°bferye it in the mirror, at the point D : or, in other
^°rds, D will be the image of the object placed at E,
^t fmaller. It is likewife eafy to fee, that the fmaller

e fphere is, of which the mirror is a fegment, the
Ol:e, likewife, is the image diminiihed.

Proceed to concave mirrors, the ufe of which is
common on many occafions. Let А С В (plate

' "£' 3-) be a mirror, forming part of a fphere,
-°fc centre is G, and G C a radius. Let us fup-

;ofe an object E, very diftant from the mirror, it's

t
a§e will appear before the mirror at D, the middle

1 Int of the radius С G ; for any ray of light what-
er5 E M, from the objecl: E, falling on the furface

1"е mirror, at the point M, will be reflected
thence
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thence, in fuch a manner, as to país through
point D ; and when the eye is placed at N, it
fee the object at D ; but this image will be to the ob-
ject in the ratio of C D to C E, and confequeiitty
in this cafe fmaller 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 ftiU
forward to D, the image will retire infinitely beyon^
E. But if "the object be placed ftill farther forward»
between С and D, the image will fall behind the mif*
ror, and appear greater than the object.

"When you look at yourfelf in fuch a mirror, af
fome point between D and C, your face will appe^
frightfully large. This is explained by the nature o»
reflection, in virtue of which the angle of incident-6'
E M A, is always equal to the angle of reflection»
C M N. To this fpecies muft be referred burnu1!?
mirrors, and every concave mirror may be employe£l

to burn. This remarkable'property merits a mo*6

particular explanation.
Let ABC (plate II. ßg. 4.) be a concave mirror»

whofe centre is G, and inftead of the object-, let tbc

fun be at E ; his reflected rays will reprefent ^'
image of the fun at D, the middle point between
and G. Now, the magnitude of this image will D
determined by the extreme rays S C, S C. Tb1

image of the fun will be, accordingly, very fmall» з#
as all the rays of the fun which fall on the ffli.r.r°
А С В are reflected in • this image, they will be c°
Iccted there, and will have fo much more force, .•



OF DIOPTRICS. 157

^e image D is fmaller than the furface of the mir-
°r> But the rays of the fun are endowed with the

Property of heating the bodies on which they fall, as
. eu as that of illuminating them ; hence it follows,
flat there muft be at D a great degree of heat ; and
"en the mirror is fufficiently large, this heat may

ecome ftronger than the moft ardent fire. In fact,
У" ̂ eans of fuch a mirror, you may burn in an in-
^t any combuftible body, and even melt metals of

^ry kind. It is the image of the fun alone which
Produces thefe furprifmg effects. This image is ufu-

У denominated the focus of the mirror ; it falls al-
,. Vays in the middle point of the radius C G j between
. e mirror and it's centre G.

muft carefully cliftinguiih burning mirrors
°ni burning glafles, of which I ihall give fome ac-

in my next letter.
,tß, 1760.

fJT

L E T T E R

Of Dioptrics.

AVlNG explained the principal phenomena of
* catoptrics, which rcfult from the reflection of

light ; I proceed to treat of dioptrics,
is to unfold the phenomena of the re-

. of rays, which takes place when they pafs
r°Ugh different tranfparent mediums. A ray of

t does not purfue the fame ftraight line unlefs it
continues
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continues it's progrefs through the fame
As foon as it enters another tranfparent medium,l£

changes it's direction more or lefs, according as l£

falls upon it more or lefs obliquely. There is onty
one cafe in which it purfues a rectilinear coui'fe
namely, when it enters the other medium perpend1'
cularly.

The inftruments principally to be coniidered in df
optrics are the glafles employed in the conftrucli0*1

of telefcopes and microfcopes.. Thefe glafles are o( *
circular form, but with two faces. Every thing re'
lating to them is reducible to the figure of thefe t^°
faces, which may be plain, or convex, or concaVe'
Their convexity, or concavity, is always equal *?
that of a fphere, of which the radius muft be kno^*1»
it being coniidered as the meafure of the curve
thofe furfaces. ( This being laid down, we ihall
feveral kinds of dioptric glafles.

The firft fpecies, No. I. (f late II. fig. 5.) is
whofe two faces are plain. By cutting a circular pieC

out of a plate of glafs, of equal thickneis, we №
have one of this fpecies, which makes no change °ft

objects either as to magnitude or diftance. G№
No. II. has one of its furfaces plain, and the otbe

convex ; and fuch are termed plano-convex. >•
\\f

third fpecies, No. III. has one face plain, aiw №

other concave, and thefe are called plano-concave. >•
fourth, No. IV. has two convex furfaces, and is caUe.
double-convex. No. V. has two concave furfaces, <* •
is called double-concave. The fpecies Nos. VI. and *•
have one furface convex and the other concave ; •?
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Ve give them the name of menifcus. All thefe lenfes
Ге reducible to two clafles ; the one containing
hofe in which convexity prevails, as Nos. II. IV.

*• > in the other, concavity is predominant, namely,
s. III. V. VII. The former clafs is fimply deno-

convex, and the latter concave. Thefe two
are diftinguiflied by the following property.
А В (plate II. fg. 6.) be a convex glais, ex-
to a very diftant objeft, E F, whofe rays G A,

C, G B, fall on the glafs, and, paffing through it,
^dergo a réfraction, which will take place in fuch a

• anner, that the rays proceeding from the point G
tall meet on the other fide of the glafs in the point

*' The fame thing will happen to the rays which
Pr°ceed from every point of the objedt. By this
Cation all the refracted rays A /, B m, C n, will
"üdue |.ne fame direction as if the object were at
| £> /*, and inverted ; and it will appear as many

.lQies fmaller as the diftance C g íliall be contained
ln the diftance C G. We fay, then, that fuch a glafs

ePrefents the object E F behind it at e /, and this
ePrefentation is called the image, which is confe-

inverted, and is, with the object itfelf, in the
lo of the diftances of the glafs from the image,

of the dafs from the object. .
т . ö •> **''>lt:"is clear, then, that if the fun were the objeft,

le-image reprefented at e /would be that of the
n > though very fmall, it will be fo brilliant, as to
ЭДе the eye, for all the rays which pafs through
e glafs meet in this image, and there exercife their

power of giving light and heat. The heat
there
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there is nearly as many times greater, as the furfa<#
of the glafs exceeds in magnitude the image of the

fun, named it's focus, from which, if the glafs t>e

very great, you may produce the greateft effects o*
heat. Combuftible fubftances, placed in the focus of
fuch a glafs, are inftantly confumed. Metals arc

melted, and even vitrified by it ; and other effect
are produced far beyond the reach of the moil aclivß

and intenfe fire.
The reafon is the fame as in the cafe of burning

mirrors. In both the rays of the fun, diffufed ovef
the whole furface of the mirror, or glafs^ are colle#'
ed in the fmall fpace of the fun's image. The
difference is, that in mirrors the rays are
by reflection, and in glaffes -by refraction. Such lS

the effeft of convex glaffes, which are thicker in tb6

middle than at the extremities, and which I have re'
prefented in Nos. IL IV. and VI. Thofe reprefent^
in Nos. III. V. and VII. are thicker at the extremit»eS

than at the middle, and being all comprehended un^e

the term concave, produce a contrary effect.
Let A C B Ç plate II. fig. 7.) be a glafs of this for*1'

If you expofe to it, at a great diftance, the objeC

EOF, the rays G A, G C, G B, proceeding fro01

the point G, will undergo a refraction, on leaVi11^
the glafs, -in the direction of A /, С т, and В н>-а5Л
they had iffued from the point g ; and an eye p}aC

behind the glafs, at m, for example, will fee the °
jeft juft as if it were placed at e g f, and in a
fimibr to that in which it is at the point G, but a
many times fmaller as the diftance C G exceeds t
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G g. Convex glafies,, then, reprefent the
of a very diftant object behind them ; concave

«es reprefent it before them ; the former repre-
nt it inverted, and the latter in it's real fltuation.

. bothi, the image is as many times fmaller as the'
^knce of the objecYfrom the glafs exceeds that of
. e glafs from the image. On this property of glafles

• °Unded the conftruftion of telefcopes, fpecbcles,
microfcopes.

LETTER XL.

Л"

^°nîinuation. Of burning Glaffes and their Focus.

glafles furnifli fome farther remarks,
ï ^hjch I beg leave to lay before you. I fpeak
a e °f thofe glafles in general which are thicker in
j. Diddle than at the extremities ; whether both
y Ces ^e convexj or one plane and the other con»
w >_ or, finally, one concave and the other convex,
ç ec^> however, that the convexity exceed the

ty, or that the thicknefs b,e greater at the
than at tbe extremities. It is farther fup-

the glafles have a fpherical figure.
t0 bave firft this property, that being expofed
is о e^n, they prefent behind them a focus, which
ei ,? 1Itlage ofthat luminary, and which is endow-
Ьцг . e it, with the property of illuminating and

v

 lng. The reafon is that all the rays ifluing fron»
Voî« l M th«
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the fun, and falling on this furface, arc collected ЬУ
the refradion of the glafs into a fingle point.
lame thing happens whatever be the objeft
to fuch a glafs ; it always prefents the image of ltf

which you fee inftead of the object itfelf. The &
lowing figure will render what 1 have faid more 1°'
telligible.

Let A B C D (plate IL /£. 8.) be a convex gk&
before which is placed an object E G F, of which J

will be fuflicient to confider the three points E, Gj *'
The rays which, from the point E, fall upon the gl3*5'
are contained in the fpace A E B ; and are all c°.'
lefted in the fpace A í B by refraction, fo as to iflee

in the point e. In the fame manner the rays frolJ:
the point G, which fall on the glafs, and which P
the fpace A G B, are comprehended, by means of f.
fraction, in the fpace A g B, and meet in the p°JIV
g. Finally, the rays from the point F, which fall °
the glafs in the angle A F B, are refracted fo & £

meet in the point/. Thus we fliall have the \ff№>
t£/in an inverted pofition behind the glafs ; an",
eye placed at O, behind the image, will be afiecte»
the fame manner as if the object were at e gf> '
verted, and as many tirnes fmaller as the diftance V°
is fmaller than the diftance CG. /

In order to determine the place of the image e% n

we muft attend as well to the form of the glafs & •
the diftance of the object. As to the firft, it ,
remarked, that the more convex the glafs is, in ° ^
words, the more that the thickneß of the &* &
Ç D exceeds that of the extremities, the nearer
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ï will be to it's furface. With regard to the
ce, if you bring the objeft E F nearer to the
it's image e f retires from it, and reciprocally.

*Be image cannot be nearer to the glais than when
^ °bjeft is at a very great diftance from it ; it is

^en at the fame diftance as that of the fun would
^J which is denominated the focus of the lens,

^en" the objeft, then, is very diftant, the image
_ in the very focus, and the nearer you bring the

ii- to ^е §k^s ̂ е £arther ^е image retires from
' ^d that in conformity to a kw in dioptrics, by
QJ\S of which you can always determine the place
**№ image, for every diftance of the objeft, pro-

J^d you know the focus of the glafs, that is, the
^ а а с е at which it collefts the rays of the fun, in a
^e fufficiently fmall to fet on fire a body expofed
°it. '

к point where the rays meet is, as has been faid,
« P^ace of the image. Now, this point is eafily

• ^d by experience. The different denominations
affes are derived from it, as when we fay, fuch

J&is has it's focus at the diftance of an inch, ano-

0/
r at the diftance of a foot, another at the diftance

feet, and fo on ; or, more çoncifely, a glafs of
a fopt, or ten feet focus. Long telefcopes
glafles of a very diftant focus, and it is ex-

*difficuit to make tliem exad. I once paid
Of 'cr°^ns for one lens, which I fent to the academy
c^ ..^teriburg ; it has it's focus at the diftance of
'Ьы ^et: I am convinced it was of no great value j

- oey would have it on account of it's rarity.
M 2 . TQ
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To be fatisfiedrthat the reprefentation of the i
e g f, in the preceding figure, is real, you have оп*У
to hold at that place a piece of white paper, the
tides of which are fufceptible of the different
of vibrations on which colours depend. Then
the rays from the point E of the object, on ï
at the point e, will put the partides of the paper i
a movement of vibration iimilar to that which №
point E has, and confequently you will fee the pojil

с of the fame colour as the point E. In like manfl6

the points g and /will have the fame colours as &
points G and F of the object ; and you will likev^
fee on the paper all the points of the object expreß6

in their natural colours ; which will reprefent t*1

moil exact and the moft beautiful picture of the of
ject. This will fucceed perfectly well in a dark roo^
by applying a convex lens to a hole made in the №
ter. You will then fee on a íheet of white pa?ej
placed oppofite to the aperture in the flmtter, **
the 'external objects fp exactly painted, that you ^
trace them with a pencil. Painters make ufe of ** ,
a machine for defigning landfcapes and other vie^8'

iyb Âugufl, 1760.

* The hypothefis of light, contained in the preceding 'e . ^
was firft propofed in the middle of laft century by the ing0* „,
Mr. Huggens ; but after the brilliant difcoveries of Sir IfaaC N j,
ton, it fell into obli-vion, where it ought ever, to have rem8* ,j.
What induced Mr. Eulcr to revive it, it is difficult to con ^
This hypothefis is not likely to have many abettors in the P pi
age. As it'appeals wholly to the imagination, it req«l(^ . fi
any formal refutation. I fliall mention a fingle objedi»11» jif
feems to be conchifive : li ether were the vehicle of ligb'' -^
and water are of found, the ear would Ukewife be, г-г"те

«щ organ of yifioa.



OF VISION, &C. »65

L E T T E R XLI,

, and the Struflure of tie Eye*

I AM now enabled to explain the phenomena of vi-
vifion, which is undoubtedly one of the greateft

°Perations of nature that the human mind can con.
. Though we are very far fliort of a perfect

of the fubjeft, the little we do know of
ls more than fufficient to convince us of the power

wifdom of the Creator. We difcover in the
of the eye perfections which the moft ex.

ed genius could never have imagined.
J íhall not detain you at prefent with an anatomb

^ defcription of the eye. It is fufficient to remark,
7*at the exterior membrane a A b (plate H./g, 9.)
* tranfparent, and is called the cornea of the eye ;
.еЩц<1 this, on the infide, is another membrane а тл

"Ь circular and coloured, which we call the iris, in
-e middle of which is an aperture m m, called the

•A which appears to us to be black. We find be-
^d this aperture, the cryßalline humour b B C a,

, '"kh. is a body fomewhat like in form to a fmall
'̂Jiing glais; it it perfeftly tranfparent, and of a

^eijibranous fubftance. Behind the cryftalline hu-,
°ur the cavity of the eye is filled with a tranfpa-

. nt jelly, called the vitreous humour. The anterior
* Ce between the horny tunicle a A e, and the cryf-

M 3 talJine
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talline a b contains a liquor fluid as water, which»
for that reafon, is called the aqueous humour.

Here, then, are four tranfparent fubftances, through
which the rays of light, that enter into the eye, muft
pafs : ï. the horny tunicle, or cornea ; 2. the Aqueous
humour, between A and В ; 3. the cryílalline b &
C < z ; 4. the vitreous humour. Thefe four fubftance»
differ as to denfity ; and the rays paffing from one
to another, undergo a particular refraction ; an»
they are fo arranged, that the rays coming from a

point of any object, are ftill collected witliin the eyC
in a point, and there prefent an image.

The bottom of the eye at E G F, or the retina, '&
furnimed with a whitiih tiffue, adapted to the recep'
tion of images ; and it is thus, you will pleafe to re'
collect, that the images of objects may be reprefente^
pn a white ground. Conformably to the fame pri*1'
ciple, аЦ the objects, whofe rays enter into the eye»
are found painted on the retina. Take the eye of ^
ox, and having removed the exterior parts whi^
cover the retina, you will fee all thé objects painte*
there fo exactly, that no artift could exceed it, 9r

even arrive at fuch a degree of perfection. And Jl1

order to fee any objecl whatever, the objeft muft ^'
mays be painted on the retina ; and when, unf°r*
tunately, any of the parts of the eye are injured, ^
lofe their tranfparency, the perfon becomes blind.

But it is not fufficient, in order to our feeing °^
jefts, that their images ihould be painted on the r '
tina ; fome are blind, though this takes place.
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e fee that images painted on the retina are not,
^ег all, the immediate objeft of vifion, and that the
inception of the foul is communicated fome other

аУ« The retina is a reticulated contexture of nerves
e tooft fubtile, communicating with a great nerve,

coming from the brain, -enters the eye at O,
is denominated the optic nerve. Thefe finall
es of the retina are agitated by the rays of light

hich form the image at the bottom of the eye ; and
^ls agitation is tranfmitted by the optic nerve to
- e brain. It is there, undoubtedly, that mental per-
,eption is formed: but the moft dextrous anatomift

^nable to purfue thefe nerves to their fource : the
nion of the foul with the body muft for ever remain

, 1760.

L E T T E R ХШ.

Wnuation. Wonders' difcoverable in the Strufiure of:.
the Eye,

not be difagreeable to you, I hope, to con-
ate with me, fomewhat more attentively,

c Bonders difcoverable in the ftrufture of the eye.
And firft thé pupil prefents an object highly wor-

. ^ °f admiration. It is that aperture which we find
. lbe middle of the iris or ftar, by which the rays

into the infide of the eye, and which appears
The larger it is, the greater quantity of rays

M 4 саач
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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 examining the human eye, we ob»
ferve, that the aperture of the pupil is fometimes
greater and fometimes fmaller. It is generally ï£*
marked, that the pupil is contracted when expofe»
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 perfection 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, '$
then more contracted. Were it more dilated, an<>
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 feníible pai*1

in the bottom of the eye.
Were it poffible for us to contrait the pupil ft$

more, fo as to admit only a very fmall quantity o*
rays, we mould not be very greatly incommoded by
it ; but the contraction of 'the pupil is not in ouf
own power. Eagles poflefs this advantage, and a*c

able to look directly at the fun ; it is accordingly re*
marked, that their pupil is then fo much contracted»
as to appear reduced to a point., A clear light, re-
quiring a very-fmall dilatation of the pupil, in pr°'
portion as the light decreafes, the pupil dilates
in the dark is fo enlarged, as almoft to
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of the iris. If it remained in the fame ftate
contraction as in the light, the rays which enter
it would be too weak to agitate the nerves as

as is neceflary to perception ; the rays muft,
kerefore, be then admitted in greater abundance, in

Order to produce a fenfible efíecb '
^ere it in our power to open the pupil ftill more,
flxould be able to fee in a greater degree of dark-

То this purpofe we are told of a perfon, who,
received a blow on his eye, the pupil was fo
by it, that he could read, and diftinguiih the

obiecb in the dark. Cats and feveral otherJ

which roam in the dark, have the faculty of
the pupil much more than the human fpe-

es > and owls have theirs at all times too much di-
a to bear even a moderate degree of light. -

, when the pupil of the human eye dilates or
s, it is not by an aft of the will ; man not

^ving the power of dilating or contracting the pu-
™ at pleafure. As foon as he enters into a lumi-
°us fituation, it fpontaneoufly contrails and dilates
n bis return to darknefs. But this change is not

(in an inftant ; it. requires a little time for
°tgan to accommodate itfelf to circumftances.

^°^ muft, no doubt, have remarked, that as often
,.S V°u make a very fudden tranfition from a clear
^ to a dark place, as in the theatre of Scbuck, you
°uld not at firft diftinguiih the company. The pu.

^as ftill too narrow to permit the few feeble rays
.^cliit admitted to make a fenfible impreffion ; but

dilated to receive a fufficiency of rays,
The
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The contrary happens, when you país fuddenly fro'Jfl
darkneis to a clear light. The pupil being then
much expanded, the retina is ftruck in a lively
ner, you are quite dazzled, and under the n
of fliutting your eyes.

It is then a very remarkable circumftance that tb*
pupil ihould dilate and contrait according as vifi°n

requires, and that this change fliould take place al"
moft fpontaneoufly and independently of any act °*
the will. Philofophers who examine the ftructure

and the functions of the .human body, are greaw
divided in opinion as to this fubjeft, and there lS

little appearance that we ihall ever have a fatisfyiflíí
foîution of this wonderful phenomenon. The v^r1'
ability of the pupil is, however, an objeft eflentiaW
neceflary to vifion ; and without which it would b6

very imperfecb But various other particulars &6

difcoverable, equally entitled to admiration,
í j/A Augvß, 1760.

LETTER ХЬШ.

Farther Continuation. Aßonifoing Difference betiüee

the Eye of an Animal^ and the artifical Eye, or c

mera obfcura.

'T^HE principle on which the firucbire of the <$
-*• is founded, is, in general, the fame as that 3 /

cording to which I explained the reprefentatioP
objects on white paper by means of a convex
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of them irmft be refolved into this, that all the
TSJ proceeding from one point of the object, are

collected in a fingle point by refraction ; and it
of little importance whether this refraction is

a fingle lens, or by the feveral tranipa-
fubftances of which the eye is compofed. It
t even be inferred from thence, that a ftructure

°re fimple than that of the eye, by employing
fingle tranfparent fubftance, would have been

ve of the fame advantages ; which would
to a very powerful objection againft the wit

°Qi of ^е creator3 who has afluredly purfued the

^pleft road in,-the formation of-all his works.
"erfons have not been wanting who, from not

. av^g attentively examined the advantages refult-
& from the apparent complication, .premmed to

eHfure j-hjg beautiful production of the Supreme

^g with a levity worthy of cenfure. They have
"tetended it was in their power to produce a plan

^e fimple for the ftruclure of the eye, becaufe they
, et£ ignorant of all the functions which that organ
^ to difcharge. l íhall examine this plan of theirs;

^ I hope to convince you, that it would be highly
^kôive, and altogether unworthy of being put in

^Petition with that which acbially exifts.
an eve^ tnerefore) would be reduced to a

convex lens, AB CD, (plate II. ßg. ю.)
collects, in a point, all the ,rays coming from

e and the fame correfponding point in the objecb
f this is only near to the truth. The fpherical

^ given to the furfaces of a lens, is liable to this
inconvenience,
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inconvenience, that it does not completely collect &
one and the fame point the rays which pafs through
it's centre, and thofe which pafs through the extre'
inities. There is always a fmall difference, thoug*1

almóft imperceptible, in the experiments, by
of which we receive the image on a piece of
paper ; but if this happened in the eye itfelf, it
render vifion very confufed.

The perfons to-whom-I have been alluding, allege»
that it may be poflible to find another figure for tl^'
furfaces of the lens, ."which ihall have the property °*
collecting anew all the rays iifuing from the poifl*
O, in a point R, whether they pafs through th^
centre, or through the extremities. I admit tbaf

this may be poflible ; but fuppofing the lens to pofl*5*5

this property, with reipeft to the point O, at tbe

fixed diftance С О, it would not poflefs it at poio15

at a greater or lefs diftance from the lens ; or^eve11

admitting this to be poffible, which it is not, the 1^
would moft certainly lofe that property with rega**-*
to objects placed on one fide, at T, for inftance. №'
cordingly we fee that when objects are reprefenW1

on white paper, though fuch as are directly bef°r

the lens, fay at O, may be fuificiently well e
thofe which are obliquely fituated, as at T, are
ways much disfigured, and very confufedly ex
and this is a defect which the moft ingenious аГ°
is incapable of rectifying.

But there is another and one not lefs confiderab* *
In fpeaking of rays of different colours, I remark .*
that in paffing from one tranfparent medium to
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* r̂, they undergo a different refraction ; that rays
p a red colour undergo the leaft refraction, and vio-
et"Coloured rays the greateft. Hence, if the point'
~ ^vere red, and if it's rays, in paffing through the '
ens A B, were collected at the point R, this would
e the place of the red image. But if the point О
ere violet, the rays would be collected nearer to

"e lens, at V. Again, as white is an aflemblage of
the fimple colours, a white object, placed, at O,
uld form feveral images at once, _£tuated at dif-

^ent diftances from the point O; the refult of
would be, on the retina, a coloured fpot that
greatly difturb the reprefentation.

is accordingly obfervable, that when in a dark
the external objects are reprefented on white

, they appear bordered with the colours of the
owj and it is impoffible to remedy this defect

w employing only one tranfparent body. But it has
"een remarked, that this may be < done by means of

rent tranfparent fubftances ; but neither theory
practice have hitherto been carried to the degree

* perfection neceflary to the execution of a ftrufture
Vbich fliould remedy all thefe defeds.* The human

* Л fitnilar defeilbas been remarked in tbe common tdefcopc.

44*ib do not appear in it very clearly. You fee, btfides, at thç
C4rcutnference of the field which it encompafles, a mixture of со-
^"í which is called iris. To remedy this inconveniency, achro-

atic telefcopes have been confiruiled, whofe objeft-glafs, being
^pofed of more than one lens of different denfities, and which
^»{equence refrait the rays differently, produce an effed anajj

8°^s to that of the tranfparent fubftances of the eye, of which
°Ur Author has been treating.—К £.

eye,
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eye, however, labours under none of the
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 fori*1

of Him who has iurniflied not only the whole
fpecies, but every animal, nay even the vileft i
with an organ of fuch curious conftruftion !*

* The objeft of the Tranflator being not only to difplay Euler s

philofophy, but Ijkewife to exhibit the man as defigned by b»*'
own pencil, he tajpes the liberty of prefenting the Engliih Read*r

•with the conclufion of this letter, in the Authors own manner and
•wordsi tranfcribed from the original edition of this work. Thoug"
a French philofopher and ftatefman may feel aihamed of the al-
liance of fcience to religion, and endeavour to keep it out of figW»
h 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 fubjeft to n*
" one of all the imperfections under which the imaginary coo*
" ftruftion of the freethinker labours. In this we diicoveç the
" true reafon why infinite wifdom has employed feveral tranfpa"
*' rent fubftances in the formation of the eye : it is thereby ***
'" cured againft all the defects which charafterife every work °*
" man. What a noble fubjeft of contemplation I How pertin«11*
•' that queftion of the Pfulmift ! He vho formed the eye,ßall he №
"fee? and Pie who planted the ear, ßall He not hear? The eye alofle

" being a mafter-piece that far tranfcends the human underftafl**
" ing, what an exalted idea muft we form of Him, who has be*
V flowed this wonderful gift, and that in the higheft perfefti"11'
" not on man only, but on the brute creation, nay, on the v»*1^
» of mfefts !"—£.£.

igth Auguß, 1760.
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LETTER XLlV.

ions dlf cover able In the Struflure of the Eye.

eye, then, infinitely furpafles every piece of
mechanifm which human ikffi is capable of pro-»

. The different tranibarent fubftances of which
it *ls compqíèd, have not only a degree of denfity ca-
pble of caufmg different refractions, but their figure

«kewife determined in fiich a manner that all the
ays proceeding from one point of the object are ex-
Щ' collected in one and the fame point, whether

• 5* object be more or leis diftant, whether it be fitu-
ed directly or obliquely with refpect to the eye, and

it's rays undergo different refractions.
the leaft change to be made in the nature

figure of thefe fubftances, the eye would lofe
^ the advantages which we have been admiring.

^ ftrength of our fight is exactly proportioned to
^ extent of our neceflities ; and far from complain-

о that objects too remote efcape this organ, we
8ftt, on the contrary, to confider it as one of the
°ft precious gifts of the Supreme Being.*

It
* 1L-.

« °Ьт. Evkr's idea i« Ingenious, that the three pellucid fub-
ces of which the eye is compofed ferve to correâ the unequal

. ngibility of the rays of light, and produce a perfeil picture oa

t'h etltla> Unfortunately this perfection is merely ideal, nor i*
ç . ^e an achromatic inilrument. A very fimple experiment will

»d1 Ce *^е trut*1 °^ * '̂s remark. Make two parallel black ftrokee
• Ceot to each other, on a bit of paper; Ihut the one eye, and

hold



176 PEkEECTIONS IN THE EYE.

. It muft be farther remarked, that in order to fefc
objects diftmctly, it is not fufficient that the raya
which come from one point fliould be collected &
another. It is likewife neceflary, that the point of
re-union Ihould fall precifely on the retina ; if it fel*
either íhort of, or beyond it, vifion would
confufed. . Now, if for a certain diftance of obj
this point of union fall upon the retina, thofe °*
more diftant objecb would fall in the eye flvort of
the retina; and thofe of nearer objecb would fall-
beyond the eye. In either cafe there would be »
confufion in the image painted on the retina.

The eyes of every man, therefore, are conftrufte»
for a certain diftance. Some perfons fee diftmcW
only fuch objecb as are very near to their eyes ; ^e

call them Myofs, that is, fhort-fighted. Others, oi».
the contrary, named Preßytes^ fee diftinftly obje<£is

only which are very diftant. And thofe who fee

diftinftly objects at a moderate diftance, are faid &
have good eyes. Both the other two, however, haVe

the power of contracting or dilating the globe of &e

eye to a certain degree, and thereby of bringi*

hold the paper about half a foot from the other, in a iirong Hg" '
and bring it gradually nearer ; at a certain diftance the ftrokes
appear 'fringed with rainbow-colours. The Roman
111 or IIII, on the dial-plate of a watch, will anfwer {till
But thoii'rh the eye is not conftrufted with mathematical accur80'*
that organ is adapted, with fufficient nicety, for all the ordip8™
purpoics of life. They miilakc extremely the views of »atu
who look for perfection in her works : {he ig, in general, fpar^&

in her favours, and referves exquifite ikill for extraordinary °c

lions. — E, E.
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Bearer, or of removing, the retina^ which enables
them, likewife, to fee clearly, objeds a little more or
<*efs diftant ; this, undoubtedly, greatly contributes
*D render the eye more perfect j and it cannot furely
be afcribed to chance merely.

Thofe who have good eyes, derive moil advan-
*age from their ftrufturej as they are thus in a con*
^tion to fee diftinftly, objefts very diftant, and very
^r; but this never exceeds a certain bound* There

perhaps, no one who can fee at the diftance of an
and, confequently, ftill lefs at ã fmaller diftancet

УОЦ hold a writing clofe to your eyes, you will
ee the characters but very confufedly. This is all

to.-, offer, on a fubjeét of fuch high im-

e

ug. 1760.

L E T T E R XLV.

'ЧЛ Gravity ь conßdered as à gene f al Property ofJBody.

tJ now treated of light* I proceed to the.
confideration of a property comrnon to all
, that of gravity.. We find that all bodies,

fluid,, fall downward, when they are not
I hold а йоде in my hand ; if I let it go,

-falls to the ground, and would fall ftill farther,
'. ere there an aperture in the earth* While I write,
'^ У paper would, fall to the ground, were it not fup-

by the table. The fame law applies to every
. N body



íy8 GRAVITY CONSIDERED AS A

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 pr°'
penfity of all bodies, is-denominated gravity. Whe0

it is laid, that bodies are heavy, or poffefs gravity»
we mean, that they have a propenfity to fall
ward, and actually would fall, if we remove
before fupported them^

The ancients were little acquainted with this
perty. They believed that there were bodies
had, naturally, a tendency to rife, fuch as fmoke an'*
vapours \ and fuch bodies they termed light, to di*'
tinguiih them from thoie^ which have a tendency i0

fall. But it has been difcovered, by experiment, thai
it is the air which raifes thefe fubftances aloft ; £°l

in a fpace void of air, it is well known, by meai>s

of the air-pump, that fmoke and vapours defcend aS

well as ftone, and that thefe fubftances are, of thelf

own nature, heavy, like others. When, therefor^
they rife into- the air, the iame law acts upon the111

which afts upon á log of wood plunged into ^îf
Water. Notwithstanding it's gravity, it fpringa, UF'
as foon as you leave it to kfelf, and fwims,
it is not fo heavy as water ; and, in virtuerdf
neral rule, all bodies rife in a fluid of more g
than themfelves.

If you throw a piece of iron, of copper, of
and even of lead, into a veflel full of q
they fwim on the furface, and if you force
down, they re-afcend when left to thcmfdves. ^
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fmks, hecaufe it is heavier- than quickiilven
, fînce there are bodies which rife in water, and

Bother fluids, notwithftamding their gravity, for
^s reafon merely, that they are not fo heavy as
. ater, or thoJê other fluids ; it is not at all furpriz-

§> that certain bodies, lefs weighty than air, fuch
^ fiîioke and vapours, flaould rife in it.

* bave already remarked, that air itfelf poflefles
and that by means of this gravity, it fup-

•ts the mercury in the barometer. When, there-
Ге> it is affirmed, that all bodies are heavy, it is to

underftood, that all bodies, without a fingle ex-
, would fall downward in a vacuum. I might

to add, that they would fall with an equal
of rapidity ; for a feather and a piece of gold

^cend with equal velocity in an exhaufted receiver.
, *t might be objected to this general property of

fyj that a íhell, difcharged from a mortar, does
I t at once fall to the ground, like a ftone, which I
» drop from my hand, but mounts into the air.

t, however, be inferred, that the fhell has
gravity ; for it is evident, that the ftrength of

ç powder hurls the bomb aloft, and but for this,
without doubt, immediately fall to the

. And we fee, in fad, that it does not con-
^e always to afcend, but as foon as the force,
Ich carries it upward, is exhaufted, down it comes

• rapidity, that cruihes every thing it meets, a
of ^t>

en> tlierefore» 'lt is affirmed, that all bodies are
no one means to deny that they may be

N a flopped,
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ftopped, or that they may be thrown aloft ; but tin*
is effected by an external power, and it remains in-
dubitably certain, that all bodies whatever, as föo°
as left to themfelves, at reft, or without motion, wu*
äffuredly fall when no longer fupported. There is *
cellar under my apartment, but the floor fuppoi't*
me, and preferves me from falling into it. "Wefe

the floor fuddenly to crumble away, and the arch of
the cellar to tumble in at the fame time, I muft &'
fallibly be precipitated into it, becaufe my body l9

heavy, like all other bodies with which we are ac-
quainted. I fay, -with which -we are acquainted, i°r

there may, perhaps, be bodies deftitute of weigh4 '
fuch as, poflibly, light itfelf, the elementary fire, &>&
electric fluid, orthat of the magnet.*
. Except thefe bodies, the gravity of which is v°*

* 1 muft once more take the pious Eider out of the hands
the quondam Marquis, and let him fpeak for himfelf. The ll1

fiance which the Author adduces, of bodies thut, poffibly, are "e

iiitutc of gravity, is one taken from divine Revelation, that of ""
angels. " Such," fay в he, " as the bodies of angels, which №
" Formerly appeared to men. A body, like this, would not »*

" downward, though the floor were fuddenly to be removed fr°
" under it, buf would move as firmly through the air, as »n

" earth.'' It is amufing to obferve, with what foHcitude the *
rifian Annotator keeps clear of every thing that favours of relijí10

He feeme apprehenfive, that a finale drop of water from Scrip"1,.'1

would contaminate the whole mafs of philofophy. His terror

with a little variation, that of Macbeth.

W ill all great Neptune's ocean waihthis blood
Clean from my hand ? ' No ; this my hand will rather
The multitudinous feas incarnadine,,
Making the green one red. • ,SiiAKEsr£\&> f



OF SPECIFIC GRAVITY. I 8 I

t confirmed by experiment, gravity may be confi-
as a general property of all the bodies which

^? kn,ow, in virtue of which, they all have a ten-
dency to fall downward, and actually do fo, when
n°thing oppofes their defcent,

i;6p,

LETTER XLVI.

Continuation. Offpccific Gravity.

y'OU have juft feen, that gravity is a general pro-
perty of all the bodies with which we are ac-

1uainted, and that it confifts in the effect: of an in-
VltVcible force, which preffes them downward,

^hilofophers have warmly difputed, whether there
exifts a power, which acts in an invifible
upon bodies ; or whether it be an internal

, inherent in the very nature of the bodies,
> like a natural inftincl, ,conftraining them to de-

Cend. The queftion amounts to this ; If the caufe
° gravity is to be found in the very nature of every
°dy ; or if it exifts without it, fo that were this

power to fail in it's operation, the body
ceafe to be heavy ? Before we attempt a folu-

of this, it will be neceflary to examine, more
^efully, all the circumftances connected with gra-

vity.

* remark, firft, that when you fupport a body to
it's falling, if it refts on a table, it's preffure

N3 is
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is equal to the force with which it would
fall ; and if a thread is affixed to it, by which
may be fufpended, the thread is irretched by
force ; in other words, by the gravity of that body î
fo that if the thread were not of a certain
it would break. We fee, then, that all bodies •
cife a degree of force on the obftacles which fup*
port them, and prevent their falling, and that this

aftion is precifely the fame as that which would
make the body defcend, if it were at liberty. When
a ftone is laid upon a table, the table is prefled by lt<

You have but to put your hand between the ftofle

sand the table, to be fenfible of this force, which m*7
be increafed to fuch a degree as even to crufli &e

hand. This force is called the gravity of the bodf »
and it is clear, that the weight, or the gravity, &
every body, lignifies the fame thing, both denoti^
the force with which that body is preáed do '̂
ward, whether this force ejfifts in the body itfelfj °
out of it.

We have an idea too clear of the weight of
to make it neeeflary to dwell longer on the
I only remark, that when two bodies are joinedt0*
•gether, their weight too is added, fo thai the weiir
of the compound is equal to the fum of the "Ф^'е
of the parts. From this we fee, that the weig^
:bodies may be very different. W-e have alfo the Cr
tain means of exaaly meafuring and ссяпрл*
them, by the help of a balance, which has the P
perty of refting m equilibricim, when the bo & .
put in ifs tiPo -fcales, -are of equal gravity. Ifl &
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to make this comparifon, we agree on ferae fixed
^eafuriement, of a certain determinate weight, fuch
^ a pound, and, by means of a good balance, all
°°dies may be weighed, and their gravity afcer-

according to the number of pounds which
contain. A body too great to be put into the

e of a balance may be divided, and the parts be-
"weighed feparately, you have only to add the

Particulars. The weight jof a whole houfc, however
may be thus afcertained.

muft, no doubt, have frequently remarked,
a ûnaïï piece of gold weighs as much as a piece

wood greatly iuperior in fize ; .a -proof that the
xjf bodies is not always ^regulated by their

a very finall body may be 'of great
, while a very large one даау be light. Every

Qdy, then, is fufceptable of two »leafurenaents, en-
different irom each other. The one dcter-
it's magnitude or extent, called likewife it's

2e; this measurement belongs to the province of
ßeoinetry, which teaches thje method of meafuring
416 magnitude or extent of bodies. The other mode

meaiurenient, by which their weight is deter-
is totally different, and jbrves -to diftinguifli

nature of the different fubftances of which bo-
are formed.

You, can eafily conceive feveral maflbs of different
ubftances, all of the fame magnitude, or extent •,
achj for example, of a cubic figure, whofe length,
readth, and height, ihall be a foot. Such a mafs,

lt be of gold, would weigh 1330 pounds; if of
N4
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filver, 770 pounds ; if of iron, 500 pounds ; and «
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 ot
which bodies are compofed, vary confiderably in rß*
fpeft of gravity.

To expreß this difference, we employ certaJo
terms, which might appear çquivocal, if they wefe

not 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 hás always precifely the faiOe

weight ; but the meaning is, that having two
of the fame fize, the one gold and the other
the weight of the mafs of gold will exceed that o*
the filver. And when it is faid, that gold is 19 time5

heavier than water, we mean, that having two
mafles, the one of gold, the other of water,
which is of gold will have 19 times the weight
that which is of water. When we thus exprefs
felves, we fay nothing of the abfolute weight
bodies, we only fpeak by way of companion, a

with a reference always to maffes of an equal №'
Nekher is it of importance, whether the fize be gfea

pr fmall, provided they be equal.
zyb Aug. 1760,

of
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LETTER XLVII.

Terms relative tu Gravity, and their true Import.

P"! RAVITY, or weight, feems fo effential to the
nature of bodies, that it is almoft impoflible to
the idea of a body divefted of this quality,
it's influence is fo imiverfal, in all our opera-
upon body, that we muft, in every inftance,

attention to> it's gravity, or weight. As to our
perfons, whether we ftand, fit, or lie, we con-
lly feel the effect of the gravity of our own

0с*У : we could never fall, if the body were not, as
as all it's parts, endowed with this force. Lan-
e itfelf is regulated according to this property

. Bodies. The place toward which a body tends in
8 defcent, we term low ; and the oppoiite direction
Olti the body, we term high.

. lt: muft be remarked, that when a body, in falling,
ï. ^ Perfecî liberty, it always defcends in a ftraight

e> purfuing which, it's direction is faid to be
J^rxward. This line is likewife called vertical, by
,, lcb term we always mean a ftraight line, drawn

Orii high to low ; and if we conceive this line pro-

t
ced upward, till it reaches heaven, we call that

°lnt in the heavens, our zenil/}, an Arabian word,
u°ting that point in the heavens which is directly

". er our head. You comprehend, then, that a ver-
^ ^ine, is that ftraight line in which a body falls.,

en no longer fupported. When you affix a, thread
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to any body, holding it fail at the other end, that
thread will be ftretched out into a ftraight line
that line will be vertical. Maions employ a
cord, with a leaden ball at one end, which they
a plummet, to direcl: the perpendicularity of the
•which they raife ; for thefe, to be folid/muft be
tical.

All the floors of a boufe ought to Ъе fo
that the vertical line fhall be perpendicular to
the floor, in that cafe, is íàid to be horizontal ; **
you will pleafe to remember, that a horizontal pb'f
is always that to which the vertical line is perpP0^
cular. When you are in a perfect plane, boufl^
by no mountain, it's extremities are termed the w
rizon, a Greek word, which fignifies the boundary "j
fight,; and this plane then reprefents a
plane, juft as the furface of a lake.

We make ufe of ftffl another term to exprefs
is horizontal. ' We iiiy that fuch a furface or Uoe

level. . We likewile fay, that two points are on ^
leveljwhen a ftraight line, pa-fling through thefe
points^, is horizontal, fo that the vertical, or -$$®
Jine, mall be perpendicular to it. But two p°)0

-are not on the level, when the ftraight line, «^
-through thefe points, is not horizontal ; for then0

•of them is more elevated than the other.
This, is the cafe with rivers ; their furface h*s,

.1/1 tX'
declivity ; for were it horizontal, the river \vou|a

ftagnant, and run down no longer, whereas all Г1Л ,
are continually flowing toward places lefs eleva*
There are inftruments, by means -of whic 'e- :'
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, whether two points are on the ume levd,
Which is the higher, and by how much, This

t is caled a level, and the application -of it
1s tailed the art of levelling.

Were you to draw a ftraight íine ÍTOTÍJ any point,
your apartment at Berlin, to a given point io у-оздг

at Magdeburg, you might, by means of
an inftrunient, aicertain, whether this line were

°rizontal, or whether one of thefe points were more
r kfs elevated than the other. I believe the point
1 Berlin would be more elevated than that at Magde-

%

Urg : and I found this opinion on the courfe of the
^vers Spree, Havel, and Elbe. As the Spre'e runs

nto the Havel, it mult, of courfe, Ъе higher ; and,
01 the jTame reafon, the Elbe muft be lower than the

navel : Berlin, therefore, ftands higher than Magde-
provided you compare two points at an equal

of -elevation from the ground ; for were a
ght line to be 'drawn from the ftreet pavement

«erlin to the pinnacle over the dome at Magde-
^gi that lioe would perhaps be horizontal.

. **enoe you fee how ideful the art of taking levels
' ' ^hen the conducing of water is concerned. For
' can run only from a more to a lefs elevated

, before diggkig a camal, you muft be well
. Ured, that one of tire extremities is more elevated

,^4 the other, and this is difeovered by taking the
level.

• n building a city, the ftreets mould be fo difpofed,
^at, by means of a declivity on one fide, the

aier may run oft, Jt is -other wife in the conftruc.
tion
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tion of houfes, the floors of which ihould be perfect*
ly horizontal, and without the fmalleft declivity, be*
caufe there is no water to be difcharged, exceptlJ1

the floors of fiables, which are conftructed with *
gentle declivity. Aftronomers take great pains l°
have the floors of their obfervatories. perfectly lev»»
to correfpond with the real horizon in the heavens*

The vertical line, produced upward, marks the %&'
nith.

•u-jtb Auguflt 1760.

»e-x-e«

L E T T E R XLVIII.

Reply to certain Objections to the Earth's fpherical

Figure, derived from Gravity.

'XT'OU know well that the figure of the earth

-*• nearly that of a globe. It has, indeed,
demonftratedj that it's form is not perfectly fphef1'
cal, but fomewhat flattened toward the poles. ^
difference, however, is fo trifling, that it does not *
ali affeft the objecl: I have ih view. Neither does №
difference of fountain and valley excite any &
objection to it's globular figure ; for it's diaifle
being 1720 German miles,* whereas the hig^
mountains being fcarcely half a milef in height,"
into nothing, compared to this prodigious

The ancients had a very imperfect notion or

* 7900 miles Englifh.
t About ia,ooo feet, or z a miles Englifli. ï
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figure of the earth. It was in general confides
as a huge maffy fubftance A B C D (plate П./£.

*•) flattened above as A B, and covered partly with
rth, partly with water. According to their idea,

furface A B alone was habitable ; and it was im-
to go beyond the points A and B, which

/*еУ coniidered as the extremities of the world.
"en in the progrefs of difcovery, it was found

the earth was nearly fpherical, and univerfally
abitable, fo that there were upon the globe fpots
•Metrically oppofite to us, the inhabitants of which.
re therefore called our antipodes, becaufe their feet
r_e turned direclly toward ours ; this opinion met
^b inch violent contradiction, that certain fathers
the church reprefented it as a dreadful herefy, and

^ndered out anathemas againft all who believed in
e exiftence of the antipodes. A man, however,
°uld now pafs for an idiot, who would call it in

jpeftion ; efpecially fmce the opinion has been con-
ked by the experience of navigators, who have

Dually more than once failed round the globe. But
n°ther difficulty here prefents itfelf, the folution of
^ich muft affift us in difcovering the real direction,

°f gravity.
^ the circle A B (plate II. /£. 1 2.) fay they, re-

irefents the earth, and we are at A, our antipodes
, ^ be diametrically oppofite, at B. As we, then,

ave the head upward, and the feet downward, our
Apodes muft have the feet upward and the head
^ward, fuppofmg thefe words to indicate the

^e direction as when we pronounce the fame
words



190 'REPLY то CERTAIN OBJECTIONS, &c.

vrords at the place where we are. For navigator*
•who have made the circuit of the globe, obferve*
that their head and feet had throughout maintained
the feme pofition relatively to the furface of the ter*
reftrial globe.

Some perions whom this phenomenon embarrai*
fed, formerly thought of explaining it, by the сой»'
parifon of a globe, over the fbrface of which y00

fee flies -and other infects crawl on the under as «rc**
as the upper part. But they did not confider that
the infects on the dependent furfacé adhere to it ЬУ
their claws, and, without this affiftance, would fte'
fently fall off. The antipode, then, muft have Ь#
flioes furniihed with hooks to hold him faft to tbe

furface of the earth : but tliough he has none, he

falls not any more than we do. Befides, as we iff1*"
gine ourielves to be on the uppermoft furface of ^
earth,. the antipode has the fame idea of his
and confíders us as undermoft.

But (the -whole phenomena are eafily
for, on the hypothefis which experience has
-ftrated, that the direction of gravity is feniibly p^
jpendicular to the furface of the earth, at every po111

ofthat furface; that it varies at thefe different points'
and that at thofe wjiich are antipodes to each otber»
it muft be exactly oppofite. The terms upward ali

, therefore, do not exprefs an
direction, but the direftion of gravity, whereve1"
is. Our antipodes have their heads downward oil '
•with relation to us, but not with relation to
íelves j they, as well as we, are in the pofition w
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116 power of gravity conftrains them to preferve;
d that pofition is fimilar relatively to the furface
the earth. You had, undoubtedly, no need of

^ explanation -, but there was a time, and it is not
§ elapfed, when it would have been necefiary even

' Perfons who were then honoured with the appel-
^ion of the learned.

>»•№««

L E T T E R XLIX.

2"
** Direãion and Aólion of Gravity relatively to the

Earth.

HOUGH the furface of the earth is unequal,
becaufe of the mountains and valleys which

enpread it, it is, however, perfectly level wherever
- te is fea ; the furface of water being always hori-

ï _a4 and the vertical line, in the direction of which
r?^es fall, being perpendicular to it. If, then, the
r *e globe were covered with water, at whatever
^ °f the furface a perfon was, the vertical line

^ be perpendicular to the furface of the water.
Thus, the figure A B C D E F G H I (plateIIL
' 1ф) reprefenting the earth, it's furface being every

3 кГе horizontal ; at A the line a A will be vertical;
ji the Une b B ; at С the line с С ; at D the'line

tv * at P the line/ F ; and fo of the reft. Now, at
<J« ' ^ace tbe vertical line determines what is to be

Olninated upward or downward ; to perfons at A,
then,



TRUE DIRECTION AND

then, the point A is downward, and the point «
upward: and to perfons at F, the point F will
downward, and the point/upward, and fo for
other fpot on the furface of the earth. AH
vertical Hues a A, b B, c C, d D> &o are
named the directions of gravity, or weight,
bodies univerfally defcend in the direction of tbe

lines; thus a body left to itfelf at g, would faH1

the direction of the line g G. Hence it is evident
that bodies, univerfally, muft fall toward the ear**1'
and'that perpendicularly to the furface of the еаГ$'
or rather of the water, if it were water.

At whatever place of the earth, therefore, У°.
may happen to be, as bodies fall there toward jt

furface, we cajl down-ward that which is directed t

ward the earth, or is neareft to it; and upward ?№
is placed in the oppofite direction, or is fartheft fr°
the earth : and, univerfally, men having their №
preflèd to the earth, their feet will be downwaf '
and their heads upward. If the earth were a per*6

globe, all the vertical lines a A, b B, c C, being Pr

duced inwardly, would meet at the centre of ^
globe, which is likewife that of the earth ; and *°
this reafon we fay that bodies. univerfally tend
ward the centre of the earth. Thus, wherever У
are placed, when aiked, what is downward ? the.
fwer muft be, what approaches neareft to the cd1

of the earth. In fact, were you to dig a hole in .
earth at whatever place, and to continue У ï
labour inceffahtly, digging always downward
downward perpendicularly, you would at
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the centre of the earth. You will remember
Voltaire ufed to laugh at the idea of a hole
ng to the centre of the earth, mentioned by

iaupertuis. It is true fuch a project could never be
Xecuted, as it would be neceflary to dig to the depth
* 8бо German miles ;* but there is no harm in fup-

"°ting jts щ order to difcover what would be the

. us fuppofe, then, fuch a hole (plate IH./g. 2.)
be dug at A, and continued beyond the centre of

^e earth O, the whole length of the diameter, as far
to our antipodes B, and that we were to defcend
ng this aperture. Before arriving at the centre

' aid having reached, for example, to point E, the
^pe of the earth O will there appear downward,

^- the point A upward ; and, unlefs fomething
UPported us,. we ihould fall toward O. But having
. ed beyond the centre to F, ÍQT example, our gra-

Y Would then have a tendency toward О ; this
, Int) and much more the point A, would appear

^nward, and the point В upward. Thus the
a . s upward and downward would fuddenly change

л Ir %nification, though we ihould have paffed from
0 ßj in the direction of a ftraight line.

j. s fong-'as we are on the paflage from A to O, we
_f defcending ; but in going from О to B, we are

of *% rifing, for we are removing from the centre
to eartn ; our own gravity being always directed
« ^d.that point ; fo that, if we were to fall, whe-

or from F, we fhould always fall toward

miles Englifh.
о the
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the centre of the earth. Our antipode at B, if "s

wanted to pafs from В to A, would be in j
the fame iituation. From В to the centre О
would have to defcend ; but from О to A it wo
be all an afcent. Thefe confiderations lead us
to define gravity or weight. It is a power by \vhic11

all bodies are forced toward the centre of the eartf1'
The fame body which, being at A, is forced in №
direction A O, if tranfported to B, will be forced»
by the power of gravity, in the direction B O, whící*
is direftly oppoüte to the other. By the direction °
gravity, then, we every where regulate the figniß^'
tion of the terms upward and downward, rife and
fcend, as gravity or weight has a very eflential i
ence on all our operations and enterprifes, and a

even our own bodies are animated by it to
degree, as univerfally to feel it's efíeâs.

" 2$th Augußt 1760.

LETTER L.

Different Aclion of Gravity with refpefl to certain '
•tries and Dißances from the Centre of the Earth'

1 í
"XT'OU are now feniible that all bodies are f°iC ,
•*• directly towards the centre of the earth, г

perpendicularly to it's furface by their gravity:

perpendicular lines at the furface of our globe ai'e

cordingly confidered as the directions of the p°
of gravity. " ь
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ftrift propriety is the term power applied to
as every thing capable of putting a body in

is exprefled by that name. Thus we afcribe
Power to horfes, becaufe they are able to draw along

chariot ; or to the current of a river, or to the
lnd, becaufe by their means mills may be put in

There can be no doubt, therefore, that
ig a power, as it forces bodies downward :

we are abundantly fenfible of the effeft of this
Power, by the preflure which we feel when we carry
a bad.

Now, in every power two things are to be con-
^red : firii, the direction in which it acts, or forces
Olig bodies ; and, .fecondly, it's quantity, which is

"tiiriated by the efleft it produces. As to the direc-
Ioh of gravity, it is fufficiently known, for we are
Ufe that it forces all bodies toward the centre of the
arth, or, which amounts to the fame thing, that it

"•s perpendicularly to the furface of our globe.
. k remains, therefore, that we examine it's quan-

. , У- This power is always determined by the weight
every body,* and as bodies differ greatly with re-

fped

In order to form an exaft idea of the weight of a body, it

. u{t be recollected, that gravity impreflès, or has a tendency to
Prefii, on every particle of bodies, in an inftant, a certain velo-

' y> 'With which they would fall, if they were not fupported ; and
at. abftraeting the influence of the air, this velocity would be
ef»trte for each of the particles of bodies, whatever be their fub-
nce. This being laid down, we muft underftand by the weight

"°dy the effort neceffary to prevent it from falling; and it is
Qet>t that, in order to this, it is neceffary to deftroy.tke velocity

O z which



196 ACTION OF GRAVITY.

fpect to weight, thofe which are heavieft are likewife
forced downward with the greateft violence. It has
been aiked, Whether the fame body, tranfported to

a different place of the globe, preferves ahvays the
fame weight ? I fpeak of bodies which lofé nothing
by evaporation. It has been demonftrated, by ufl*
doubted experiments, that the fame body weigbs

fomewhat lefs toward the equator, than toward the
poles of the earth.

It will readily occur to you, that it is í
to afcertain this difference by the exacbft balance»
becaufe the ftandard weights employed for detern*1*1*
ing the weight of matter in bodies,'.undergo the

л
which gravity has imprefled on every particle. This effort mu1"
therefore, be equal to the fum of the velocities of all thefe pa^
ticlcs. Hence it may be eafily concluded, that bodies the И10

compaft, that is, thofe -whofe particles are the clofeft, and whicB'
confequently, contain a greater number of them in the fame Ъ^""'
•will weigh more than others, becaufe the weight being the fui"
the velocities impreiTed on each particle, tlxat fum muft be

much greater, as there are more material particles contained in '
mafs of the body.

From what 1 have juft faid, " we fee'the neceffity of caref""*
" djftinguiihing between the eff'eft of gravity and that of weig" '
<l the former is the jiower of tranfrnitting, or a tendency to tr^11

" mit into every particle of matter a certain velocity, which is a

" folutely independent on the number of material particles; a

" the fécond is the effort which muft be exercifed to prevfi"1

" given mafs from obeying the law of gravity. Weight, &cc°f

" ingly, depends on the mafs, tut gravity lias no dépendance at ail Ч
" it."

I thought myfelf obliged to enter thus minutely into the »u

jeft, as the notions commonly entertained of it are not very e*a

-ï'. E.
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Variation. Thus a mafs, which with us might
ï oo pounds, being tranfported to the equator,
ftill nominally be 100 pounds weight, but the

f t will be fomewhat lefs than here. This varia-
tl°n has been difcovered by the eiTed itfelf of the
Power of gravity, which is the velocity of the de-
Ceilt, for it is found that the -fame body, under the

д Stator, does hot defcend with fo great velocity as
ln high latitudes. It is certain, therefore, that the

- attie body, being tranfported to different places of
ue earth, undergoes a little change as to weight.

-Let us now return to the aperture made in the
arth through it's centre ; it is clear, that a body at
"e very centre muft entirely lofe it's gravity, as it

no longer move in any direction whatever,
thöfe of gravity tending continually toward the

ntre of the earth. Since, then, a body has no
°nger gravity at the centre of the earth, it will fol-
°^ that, in defcending to this centre, it's gravity
^ be gradually dimimihed -, and we accordingly

Delude, that a body, penetrating into, the bowels
the earth, lofes it's gravity, in proportion as it ap-

the centre. You muft be fenfible, theiij
. at neither the intenfity nor the direction of gravity
S a confequence from the nature of every body, as

only it's intenfity is variable, but likewife it's'di-
n, which, on paffmg to the antipodes, becomes
contrary.

Caving travelled, in idea, to the centre of the
rtb, let us return to it's furface, and afcend to the

ÍUIIi«Ut of the loftieft mountains, We ihall obferve
О ? 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 diminiihes in proportion as it re"
moves .from the earth. You have but to imagine a

body gradually removing from our globe, till jt

reached the fun, or one of the fixed ftars, it would
be ridiculous to think that fuch a. body muft &•
back to-the earth, as it is almoft a nothing compared
to thefe ftars. Hence, then, it may be concluded»
that a body in removing from the earth muft un-
dergo a diminution of gravity, which will become

fmaller and fmaller, till at laft it wholly difappear.
There are reafons, however, which demonfiratß»

that a body removed to the diftance of the moOib
will ftill have fome weight, though 3600 times №
than it had on the earth. Let us conceive fuch ^
body to weigh 3600 pounds on the earth, no ofl^'
furely, is capable of fupporting it here ; but conve;
it to the diftance of the moon, and I ihall engage t0

fupport it with one of my fingers, for then it ^
weigh only one pound ; and farther removed, wW .
weigh ftill lefs. We are certain-, therefore, that gf*'
vity is a power which forces all bodies toward t*1

centre of the earth, that this power a£ts with tb
greateft force at the furface of the earth, and is &'
minifhed in proportion as it removes from theflce'
whether by penetrating toward the centre, or гШ11»
above the furface of the globe. I have ftill much l

fay on this fubject.

, 1760.
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LETTER LI.

Gravity of the Moon.

HAVE faid that a terreftrial body, placed at the':

diftance of the moon, would be reduced -to- the
part of it's weight, or, in other words, would

e ^orced toward the centre of the earth with a power
. .-1 . .

T

. . . .

á°oo times lefs than it has at the furface of the globe.
*4s power, however, would be fufficierit to make it
|cend to the earth, if it were no longer fupported.
ls true we, are incapable of proving this by any ex-

enç, as no means exift of raifing ourfelves to
a height. There is, however, a body at "that

e|ght, the moon : flie muft, therefore, be fubject to
ls effect of gravity, and yet we fee lhe does not fall

t0 the earth.
*o this I anfwer, that if the moon were at reft,

e ^ould certainly fall, but the rapid motion which
ries her along prevents her falling. There are
Piments which prove the folidity of this anfwer.
ft°ne dropped from the hand, without having any
°tion imprefled upon it, falls immediately, in the

_^eftion of a ftraight vertical line ; but if you throw
ls ftone, impreffing on it a motion which forces it
* ofthat direction, it does not fall immediately

°^n\vard, but moves in a curve line before it
*cnes the earth, and this will appear more feniibly
Proportion to the velocity impreiTed upon it.
^ cannon ball, difcharged in a horizontal direc-

O 4
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tion, does not come to the earth till it has got to a

confiderable diftance ; and were it fired from the top
of a high mountain, it might, perhaps, fly fever*"
miles before it reached the ground. If the direct^
of the cannon is farther elevated, and the quantit/
and ftrength of the powder increafed, the ball ^
be carried much farther. This might be carried #
fer, that the ball ihould not light till it had reached
the antipodes : nay, farther ftill, till it mould not &"
at all, but return to the place where it was {hot OP>
and thus perform a new tour round the globe,
would thus be a little moon, making it's revolution*
round the earth like the real moon. #

You will now pleafe to reflect on the height °\
the moon, and the prodigious velocity with
lhe moves, and you will no longer be furprifed
(he ihould not fall to the earth, though forced W.
gravity toward it's centre. There is another re&eC'
tion which will place this in a clearer light. ™
have only to confider the path defcribed by a ft011,
thrown, or a cannon ball fliot off, in an oblique &
rcction.. It is always a curve, fuch as reprefentedJ '

the annexed figure (plate HI._/%. 3).
Let A be the fummit of a mountain from ч№-

the cannon ball is fired'off, which, after
moved in the direction A E F B, falls to the
at В ; and the path which it defcribes is a curve
I remark, then,-that if the ball were not heavy* ^
is, if it were not forced toward the earth by t

power of gravity, it would not fall, though I*»1

itfelf, аз gravity is -the only caufe of it's defc£jl '
l
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üch leis, being fired off at A, as reprefented in the
Sure, would it ever fall to the ground. Hence we
e> it is gravity that brings it down to the ground,

^^ having defcribed the curve A E F B ; gravity,
Before, directs it's path in the curve A E F B ;
^d if it were deftitute of gravity, the ball1 would
°t defcribe a curve, but proceed forward in the di-

teftion of the ftraight line A C, the direction 41
^lch it was fired off.
* bis being laid down, let us attend to the moon,

"ich afluredly does not move in a ftraight line ;
-er path miift of neceflity be a curve, as ihe always

nearly the fame diftance from us, and that
almoit a circle, ruch as you would deicribe
the earth, with a radius equal to the moon's

ft is very reafonable to demand, Why the moon
°es not move in a ftraight line ? But the anfwer is

' bvious ; for as gravity occafions the curve direction
, the path purfued by a fto'ne thrown, or a cannon
• «« fired ой, there is good ground for maintaining,"

gravity acts likewife upon the moon, forcing
„er toward the earth ; and that this gravity occa-

' ^ ahb the curve direction of her orbit. The moon,
enj has a certain weight, fhe is, of confequence,

7ced toward the earth; but this weight is 3600
•T̂ s lefs than it would be at the furface of the earth.
• ls is not merely a probable conjecture, but a truth

^ooftrated. For this gravity being fuppofed, we
' -e enable to determine, on the moft eftabliuied ma-

thematical
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thematical principles, the path which the moon
purfue ; and this is found perfectly to agree
£hat in which {he actually does move ; • and this is *'
complete demonftration of the truth of the affertiofl'

iß September, 1760.

LETTER LU.

Difcovery of nn'merfal Gravitation by Newton.

/"Ч RAVITY, then, or weight, is a property of ^
^J terreftrial bodies, and it extends, likewife,to

the moon. It is in virtue of gravity that the moOfl

prefles toward the earth ; and gravity regulates hef

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

To Newton we are indebted for this important о*'
covery. This great Englifli philofopher and georfe'
trician, happening one day to be lying under ^
apple,-tree, an apple fell upon his head, and fugge#e

to him a multitude of reflections. He readily con'
ceived that gravity was the caufe of the apple's №*"
ing, by overcoming the force which attached it *
'the branch. Any perfon whatever might have ^г

the fame reflection; but the Engliih philofopbef

purfued it much farther. Would this force have ^'
ways acted upon the apple, had the tree been a grea

deal higher ? He could entertain no doubt of it-
But had the height been equal to that of the :
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he found himfelf at a lofs to determine whether
apple would fall or not. In cafe it ihould fall,

'ch appeared to him, however, highly probable,
Ce it is impoflible to conceive a bound to the height
the tree, at which it would ceafe to fall, it muft

™ have a certain degree of gravity forcing it to-
ard the earth ; therefore, if the moon were at the
^e place, ihe muft be preflfed toward the earth by
Power iimilar to that which would aft upon the

"Pie. Neverthelefs as the moon did not fall on his
fd> he conjectured that motion might be the caufe
this, juft as a bomb frequently flies over us, with-
t falling vertically.
Ahis comparifon of the motion of the moon to

at °f a bomb, determined him attentively to ex-
this queftion ; and, aided by the moft fublime

~ °*netry, he difcovered, that the moon in her mo-
, ** Was fubjeci to the fame laws which regulate

, at of a bomb, and that if it were poffible 'to hurl a
^b to the height of the moon, and with the fame
°Clty> *^e bomb would have the fame motion as
^oon, with this difference only, that the .gravity

ï tlle bomb at fuch a diftance from the earth, would
e JUich lefs than at it's furface.

*0ц wul fee, from this detail, that the firft rea-
g nings of the philofopher on this fubjecl were very
k РЧ and fcarcely differed from thofe of the clown;
, he foon puihed them far beyond the level of the

« n> It is, then, a very remarkable property of
. . earth, that not only all bodies near it, but thofe

Xvhich are remote, even as far as to the diftance
of
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nf.of the moon, have a tendency toward the centre °*
the earth, in virtue of a power which is called gra"
vity, and which diminilhes in proportion as Ъо<№
remove from the earth,

The Englifli philofopher did not ftop here. AS ̂ e

knew that the other planets are perfectly itmilar r

the earth, he concluded, that bodies adjacent to ea(^
planet poflefs gravity, and that the direction of ^
gravity is toward the centre of fuch planet. T£J

gravity might be greater or lefs there than on t^
earth; in other words, that a body of a certa1

weight with us, tranfported to the furface of ^
planet, might there weigh more or lefs.

Finally, this power, of gravity of each planet Б*'

tends, likewife, to great diftances around them ; al1

as we fee that Jupiter has four iatellites, and Satuf

five, which move round them juft as the moon d°e

round the earth, it could not be doubted, that. tJl

motion of the fatellites of Jupiter was regulated ™
,their gravity toward the centre of that planet ; aíl

that of the fatellites of Saturn by their gravit»410

toward the centre of Saturn. Thus, in the &&
manner as the moon moves round the earth, ^ .

ЛП0
their refpeftive fatellites move round Jupiter *
Saturn, all the planets themfelves move rouod
fun. Hence Newton drew this illuftrious and i111?
tant conclufion: That the fun is endowed wlt

> ,
iimilar property of attracting all bodies toward
centre, by a power which may be calledyoAjr gra>i' ',

This power extends to a prodigious diftance »r°u ..
him, and far beyond all the planets, for it 1S

'
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which modifies all their motions. The fame
philofopher discovered the means of determin-

S the motion of bodies from the knowledge of the
P°Wer by which they are attracted to a centre ; and

he had difcovered the powers which ad upon the-
"anets, he was enabled to .give an accurate defcrip-

0 of their motion. In truth, before he arofe, the
, °fld was in a ftate of profound ignorance rèfpect-
^ the motion of the heavenly bodies; and to him

®ne we are indebted for all the light which we now
J°y in the fcîence of aftronomy.
4t is aftoniihing to think how much of their pro

^ e*s all the feienees owe to an original idea fo very
P*e. Had not Newton accidentally beenv lying in
Otchard, and had not that apple by ehanee fallen

f1 his head, we might, perhaps, flail have been in
€ fame ftate of ignorance reipefting the motions of
e heavenly bodies, and a multitude of other phe-

Oluena depending upon them.* This fubject, un-
°ufetedly, is altogether worthy of your attention,
* ihali therefore be refumed in a future letter.
îrf September, 1760;

, сг"'0'г wa£ aikud one clay, How he had difcovered the fyf~

-° univerfe ? By contimiaHy thinking upon it, replied he«
ls anecdote has a greater air of probability than the ftory of the

•*'. E.

LETTER
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LETTER ЫП.

Continuation. Of the mutual Attraction of the

Bodies.

Newtonian fyftem, you will eaiily
made at firft a great noife, and with .good

fon, as no one had hitherto hit upon a difcovery *
very fortunate, and which diftufed, at once,
dear light over every branch of fcience. It has
exprefled by feveral names, of which it is proper y°
flxould be informed, becaufe it is frequently the W*
jeft of cpnverfation.

It has been denominated, the fyftem of univer»**
• IVgravitation ; for Newton maintained, that not ofl1/

the earth, but all the heavenly bodies, in genera
endowed with this property, of attracting t
which furround them, with a power fimilar to
of weight, or gravity : hence is derived the
Gravitation. This power is, however, tptally inVl'
fible; for we fee nothing acting upon bodies, *** .
preffing them toward the earth, and ftill lefs tafftf*
the heavenly bodies.

The loadftone, by which iron and fteel are attr»
ed, without our being able to difcern the caufe, P
fents a phenomenon fomewhat fimilar. Thong*1

be now certain, that this is produced by a fubft?11

extremely fubtile, which penetrates through the p°
of the loadftone and of the iron, it may, however

j
affirmed, that the loadftone attracts iron, and
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,1011 is attracted by it, provided this manner of fpeak*
^S does not exclude the true caufe. It may like*
^ fe be affirmed, then, that the earth attraits all

°<iies that are near it, nay thofe which are at very
diftances ; and we may confider the weight, or
y, of bodies, as the effect of the attraction pf

e earth} which acts even upon the moon.*
^gain, the fun, and all the planets, are endowed
^ a fimilar power of attraction, which extends to

. bodies. In conformity to this manner of fpeak-
S> we fay, that the fun attracts the planets, and'

^ Jupiter and Saturn attract their refpective fatel-
^ j hence Newton'?, fyitem has likewife been deno-
^ated, the fyftem of Attraction. As there can be

doubt that bodies very near the moon muft like-
,^e be prefled to it by a power fimilar to gravity,

^ay likewife be affirmed, that the moon, too, at-
adjoining bodies.

• ^ was natural to fuppofe, that this attraction of
, e moon mould extend as far as the earth, though

^uft be, undoubtedly, very feeble, as we have feen,

• . ^o far is the exiftence of a magnetic fluid from being unde-

, le> that it is highly improbable, if not abfurd. The various

lornena of magnctifm may clearly be derived from two laws,
fa<^s ' l^an which a greater fimplicity can hardly be e'jc-

i ес"- If we recur to the agency of a fluid, we muft gratuitoufly

. °W on it a number of propsrties ; and, after all, we {hall find

«n *'ч
Гегпе!у difficult, I might fay, impoffible, to preferve confift-

tr0 " °"r complicated hypothells; nor fliall we ever be able,

Sn v °Ul afl"uniptive principles, to account for the facb obferved.

0 ' At baft, has been the fate of the fpeculations hitherto offered
the fubjca of niasnctifm.—E. E.

that
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that of the earth upon the moon to be ; now, №
famé philofopher has placed this, alib, beyond &
reach of doubt, by demonftrating that the flux afl
reflux of the waters of the fea, of which I {hall t3**
occaiion-to fpeak afterwards, are caufed by the a"
traéHon of the moon. It can no longer be doubt^*»
therefore, that Jupiter and Saturn are reciprocal1?
attracted by their refpective fatellites ; and that $е

fun itfelf is fubjeft to the attraction of the planetS)

though this attractive power be exceedingly fmafl-
This is the origin of the fyftem of univerfal a

tracrion, in which it, is maintained, and with g°°
reafon, that not only does the fun attrait the plane*8'-
but is reciprocally attracted by each of them ; П»У'
that all the planets exert their attractive power up°n

each other. The earth, then, is attracted, not of»;
by the fun, but alfo by all the other planets, thong1*
their power be almoft imperceptible, compared *
that of the fun;

You will eaiily comprehend, that the motion o»
planet,, which is attracted not only by the fun, bu

by the other planets, in however fmall a degree, ul

be fomewhat différent from what it would have
Л"'were it attracted by the fun only ; and that, cofl *

quently, the attractions of the other planets u

caufe fome fmall derangement of that motion.
thefe derangements are, likewiic, confirmed by c _
perience ; and this has carried the fyftem of -ul1

verfal attraftion to the higheft poffible degree of &'
tainty, fo that no one now prefumes to difpute г

truth.
I fíivtt*
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. * touft likewife remark, that comets, too, are fub-
** to this law; that they are principally attracted
/ ^un» whofe action regulates their motion ; but

at they, likewife, feel the attractive power of all
planets, efpecially when they are not very dif*

t from them. It is a general rule, as we ihall fee
envards, that the attraction of all the heavenly

j * e s diminiihes in proportion to the.diftance, and
reafes in proportion to the nearnefs. Now, co-
tsj Hkewife, are endowed with a power, by which,

a er bodies are attracted toward them, and fo much
« ^ore fenfibly, as they approach nearer. . When,

•. . efore, a comet paffes fomewhat more clofely to a
j , nèt» it may derange the motion of that planet by
j. attraâive power ; and it's own will likewife be
. ^rbed by that of the planet. Thefe confequences

Verified by real obfervation.
might be adduced to prove, that the

v 1°П of a comet has been deranged by the attrac-
°f the planets, near which it happened to pafs,*

* TV Cotnet of 1682, which ihould have re-appeared in 1757»

Vib ,-гот the attractive powers of Jupiter and Saturn, near

îp ll pafled, a confiderable derangement, which retarded it's

су. arance nearly two years. Mr. Clairaut calculated, theoreti-

Pte ,.'
 l"e perturbations which it's motion muft have fuffered, and

Hi L Ct* l^e return of that comet, with a degree of exaftnefs,

&V C,°nit'tutes a convincing proof in favour of the fyftem of

\i atlon. There was, however, an error of two months. But

.Hta , e l(l Place has fince demonilrated, that it would have been

•1цк- e'sj had we then been able to calculate the perturbations of
ancl Saturn, with as much exadnefs as it now can be

цк-

I. and
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and that the motion of the earth, and of the
planets, has already undergone fome derangement*
from the attraction of comets.

The fixed ftars being bodies fimilar to the fun, ^
'likewife endowed, no doubt, with an attra#lVC

power, but their enormous diftance prevents 0й*
feeling any fenfible effect from it.

$tb Sept. i;6o.

LETTER LIV.

Different Sentiments of Pbilofophers, refpefling
.. Gravitation. The Aiiraäionißs.

TT is eftabliihed, then, by reafons which cannot Ь
-^controverted, that an univerfal gravitation pc

vades all the heavenly bodies, by which they are ̂
tracked toward each other ; and that this po\vef

greater~în proportion to their proximity.
This fad is inconteftable, but it has been m^ ,

xjueuion, Whether we ought to give it the паШе

impulßon, or attraction ? The name, undoubtedly? lS

matter of indifference, as the efFecl is the fame. * л
aftronomer, accordingly, attentive only to the &
of this power, gives -himfelf little trouble to

dmine, whether the heavenly bodies are impelled
ward each other, or whether they mutually f

one another : and the perfon, who examines the p

nomena only, is unconcerned, whether the
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bodies, or whether they are impelled toward
lt> by fome inviíible caufe.

, in attempting to dive into the myfteries of
, it is of importance to know, if the heavenly

Bodies aft upon each other by impulfion, or by at-
vaftion ; if a certain fubtile inviíible matter impels
^em toward each other, or if they are endowed with
* fecret, or occult, quality, by which they are rmu-
<ually attracted ? On this queftion philofophers are

Some are of opinion, that this; phenome-
is analogous to an impulfion ; others maintain,
Newien, and the Englifli in general, that it con-

in attraction. . .
It muft be obferved» that the ternis jittrafí, and
w, are not perfeftly fyaonymous; that, àecord-

atlSty, it is not tobe fuppofed, there is an interme-
body between the fun and the earth,

The Eriglilh, and thofe who have adopted the
opinion, explain it in this manner. They main-

n> that the quality of mutual attra&ion is proper-
^ all bodies ; that it is as natural to them as mag-

and that it is a fatisfying folution of the quef-
nv That the Creator willed this mutual attraction
bodies. Had there been but two bodies in the

however remote from each other, they
have had, from the firft, a tendency toward

mher, by means of which they would have, in
es approached and united. Hence it follows, that

. e greater a body is, the more confiderable is the
ra<^ips which it exerts upon others ; for, as this

P 2 quality
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quality ,is effential to matter, the more of it any body
contains, the greater is it's attractive force.

As the fun, therefore, confiderably furpafles all the
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 attractive force which he &•'
ercifes over his fatellites, is much tnore powerfa*
than that with which the earth aits upon the

According to this fyftem, the gravity of bodies
the earth, is the refult of all the attractions e
upon them by the particles of our globe ; and if 1<;

contained more matter than it actually does, it's &
traction would become more powerful, and the gïa"
vity of bodies would be increafed. But if, on the

contrary, the mafs of the earth ihould happen, b/
fome accident, to be diminiihed, it's attractive force»
too, would be diminiihed, as well as the gravity °
bodies, at it's furface.

It has been objected to thefe philofophers, that, ^
their hypothefis, any two bodies, whatever, at re»*'
for inftance, on a table, muft attraCt each other, a° •
cönfequently, approach. They admit the con*5'
quence, but they infift, that, in this cafe, the attr*^
tion would be too fmall to produce any fenfible e '
fed ; for, if the whole mafs of the earth, by it's &
tractive force, produces in every body, only that e

feet which we perceive in the weight of a body»
mafs many millions of times fmaller than the eaTtJJ>

will produce an effect as many times fmaller. ft
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ït inuft. readily- be admitted, that if the weight of
Jbeeame many-millions of times lefs^theef-

of gravity upon it muft be reduced to almoft
attraction, therefore, cannot be perceptible,

in bodies of very great magnitude. The par-
of the fyftem of gravitation, therefore, are not

^foerable on this fide, and they produce, in fupport
cf. their opinion,, an experiment made in Peru, by the
*rench academicians,*^ in which they perceived the

of a flight attraction of a prodigious mountain
adjacent bodies. In adopting, therefore, the fyf-
i, of attraction, we need to be under no appre-

*cnfion-:of it's leading us to falfe confequences ; and
^ has hitherto been always confirmed by the new
•$s which have been difcovered,

"1'b September, 1760, ,

LETTER LV.

by which the Heavenly Bodies are mutually at-
trafled.

y" OU are well acquainted with the property of the
j. badftone, that of attracting iron. You have

en ftnall bits of iron and fteel, fuch as needles, when

4>f *?e>academicians fent to Peru, in 17.35»to niea^4re a degree
tj,' , e Meridian, obferved a deviation of 8" in the plumb-line of
Ць ^rant» occafioncd by the attraction of Pichtncha, a moun-
bj , ear ^e place where they weie making their obfervations.
ft. Wdytie has more recently made obf. > valions for afcertaining

Ç eft-of the attraiaion of the mountains of Scotland,—í1. E,

P 3 placed
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placed near the loadftóne, Ttíove to it with a force
proportioned to their proximity. As you fee n°*
thing "that impels them toward the löadftone, ^e

% that the loadftone attraits1 them, an'd
menon we cafa'atfrotfu«. it cannot be doubted,
ever, that there is- a very fubtüej though in
matter, which produces this effect, by adually if*1"
pelling the iron toward the loadftone ; but as modes?
of ехргеЙюй are regulated by appearances, it has b6*
come cuftomàfy to fay, that the loadftone attra#5

iron.
Though this phenomenon be peculiar to the

ftofte arid iron, it is perfeâly adapted to convey
idea of the. lignification of the word attradion,
philofophers fo frequently employ. They
then, that all bodies, in general, are endowed with**
property fimilar to that of the loadftone, and tba

they all mutually attraa ; but that this effed becomeS

not perceptible, uníeis they; are very great, and caP'
not be perceived when they are fmall.

However great, for example, a ftone may Ье>г

exercifes no fenfible attraéiidft on other bodies зчР*
cent to it, becaufe it's power is too ûnail. But if j t '
mafs were to increafe, and to become many th°
fands of times greater, it's efíecl: would, at leflg1- *
become perceptible. It has already been remark6 '
that, from acbial öbfervätiofi, it was found,
Tofty mountain in Peru had produced att
though, indeed, in a very finall degree. A
tain ftil greater, would produce, therefore, a W '
fenûble ättradion ; and » body much greater,iu
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as the whole globe, would attraft others with a force
Proportionably greater ; and this force would be ;
Precifely, the gravity with which we fee that they
^e actually impelled toward the earth.
' According to this fyftem, then, the gravity which
obliges all bodies to defcend, is nothing elfe but the
reftilt of the attraction of the whole mafs of the
earth. If this mau were greater, or lefe, the gravity,
°r Weight, of bodies would be proportionally greater
°r lefs. Hence it follows, that all the other great
Bodies in the univerfe, as the fun, the planets, and
*ta moon, are endowed with a fimilar attractive
P°Mrer, but greater or lefsj in proportion as they
^mfelves are fo.

As the fun is many thouiands of times greater
the earth, his attractive power exceeds that of

earth, fo many thoufand times. The mafs of the
n is calculated to be forty times lefs than that of

*be earth : it will follow, that her attractive force is
0 many times lefs ; and the fame rule applies to all
^e heavenly bodies.

9'6 September, 1760.

LETTER LVI.

'The fame Subject continued.

of the fyftem of attraction, or univerfal
§ravitation, each of the heavenly bodies attracts

. *be reft} an(j jjg reciprocally attracted by them.'•-
P4 In
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In order to form a judgment of the force with'
which thefe bodies attrad the others, we have only
to confider two bodies, whofe attraction is mutual-
And here we muft attend to three things ; firft, to

the body attracting; fecondly, to the body attracted»
and, finally, to their diftance -, for on thefe three cii'"
cumftances the attractive power depends.

Let A (plate Ш./£. 4,) be the attracting body, and
Б 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, tha*
is, the ftraight line A B,. Now, with refpect to the

mafs of the attracting body A, it rnuit be remarked»
that "the greater it is, the greater alfo will be it>s

power to attract the body B. Confequently, if -^
were twice as great as B, .this lait would feel an at*
tracîion, twice as powerful, exercifed over it, by fbe

other ; if it were three times as great, the e£fe"
would be triple, and fo on, always fupppfing the o-i*-'
tancé of their centres to be the fame,

If, then, the earth contained more or lefs matte*
than,4t actually does, it would attrait all
bodies, with greater or lefs force, or their weig*1

would be incrcafed or dimimihed. And, as the
itfelf is attracted by the fun, the fame thing
be affirmed as to it, ihould the mais of that
happen to change, As. to the attracted body B
pofmg the attracting body A, and the diftance A >•*
to continue the fame, it is to be remarked, that P
greater or fmaller it's mais is, the greater or *e- '
alfo, is the power with which it is attr.aÇte^ . t0"' ..... ' ..... '
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A. Thus, if the body В were twice as great, it
attracted toward A, with double the force ;

4 three times greater, with triple the force, and fo
on.

In order more clearly to elucidate this remark, 'we
only to fubftitute the earth in the place of the

body A ; then the force with which the
В is attracted, is nothing elfe but the weight of

kat body. Now, it is demonftrated, that the greater

%°r finaller the body В is, the greater or lefs, alfo, is
. s gravity ; hence it follows, that while the attracb
^g body A, and the diftance, A B continue the fame,
^e attraction which В feels, precifely follows the
**fcgnitude of that body. To expreis this drcum-

ance, mathematicians.employ the term proportional ;
%s they fay, The body В is attracted by the body
/•' With a force proportional to it's mafs ; the mean-
^S of which is, that if the mafs of body В were twice,
^ice, or four times greater, the attractive power
°uld be precifely fo many times increafed. Thus,

refpeet to the attracting body A, they fay, that
power which it exercifes over the body B, is pro-

to it's mafs, fo long as that of B, and the
A B continue the fame.

1 muft farther obferve, that when we fpeak of the
•jüamity of the attrading body A, or of the attracted
°dy B, we mean the quantity of matter which each

,. and not their magnitude merely. You. will
hat bodies differ confiderably, in this re-

and that there are fome, which, in a very fmall
c°mpafSj contain a great deal of matter, gold, for

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

AH that now remains is, to examine the third
cumftarice, namely, the diftance A -B of the
bodies; fuppofing them to continue always the
It muft be obferved, that as the diftance А В
creafes, the attraction diminiihes : and that as
approach nearer, it increafes : but in conformityto

a law, which it is not fo eafy to exprefs. When &
diftance becomes twice as great, the force with wb1^
.the body В is attracted toward the body A, wifl ^e

twice two, or four times lefs ; and for triple the
tance, the attraction becomes three times three,
is nine times leis. If the diftance becomes four ti
greater, the power of attraction becomes four tii°e

four, that is fixteen times lefs, and fo on. Fin3**;1

for a diftance a hundred times greater, the power °
attraction will, be a hundred times a hundred, or te

thoufand times lefs. From this it follows, that a

very great diftances, it muft become altogether

perceptible. And reciprocally, when the <
А В is very finall, the attraction may be very- c°fl'

. Aderable, though the bodies may be of no great

. nitudc.

1.11 í September, 1760.
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LETTER LVH.

The fame Subjefl continued*

I HAVE now demonftrated., that when a body В
. « attracted by a body A, the power of attraction

Proportional to the mafs of the attracting body A,
nu to that of the attracted body В ; but it depends,
° "ich a degree, on the diftance of thefe bodies,

if it fliould become twice, thrice, four or five
-s greater, the power of attraction would become
» nine, fixteen, or twenty-five times leis.
1 order to afcertain the rule of thefe quantities,
,muft multiply, into itfelf, the number which

how many times the diftance is increafed, and
product will fliew how many times lefs the power
attraction has become. To put this rule in it's

°^arcft light^ it muft be obferved, that when we mul-
pply a number into itfelf, the product, refulting from
*Vis called it'sfquare. Thus, to find thefe fquares,

e muft multiply the numbers by themfelv.es, as
below.

10

10

the
of.

Multiplied by ï

Square ï

2
a

4

3
3

9

4
4

i6

S
S

'S

6
6

36

7
7

49

8
8

64

9
9

81

Vt II 1Z

Multiplied by л Multiplied by i z

i r 24
ÏI 12

IOO

Square i z r Square 144
It
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It is dear, from this laft example, that the fquaï«
of number 12 is 144; and if you wifli to know the
fquare of any number whatever, fay 258, you muß
multiply that number by itfelf, as in the
reparation ;

258
258

66564

From which we fee, that the fquare of 258 is 66564»
and the fquares, of all numbers whatever, may be
calculated in like manner.

As the diftance of bodies, then, muft be multiplié
by itfelf, it is evident, that the power of attraction
diminiflies, as much as the fquare of the diftance in'
creafes : or, that the fquare of the diftance becomes
as many'times greater, as the power of attraction 'i5

diminiihed.
In. treating fubjecb of this nature, mathematician9

employ expreflions, whofe fignification it is
you mould know, becaufe they fometimes occur
the courfe of converfation. If the attractive
increafed in proportion to the fquare of the diftance»
we would call it.proportionally to the fquare of the

diftance ; but as the direft contrary takes place, and
as the attractive power diminiflies as the fquare ot
the diftance increafqs, we employ the term récif0'
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to expr-efs this contrariety, faying, that the
is reciprocally proportional to the fquare o£

^ diftance.* It is a geometrical mode of expref-
°nj the meaning of which you perfectly co'mpre-

^end, and it refers to what I have juft been attempt-
lng to explain.

order to judge aright of the power which one
exercifes over another, you have only to re-
, that this power is, firft of all, proportional to

he mafs of the attracting body : then, to that of the
°dy attracted ; and finally, reciprocally to the fquare
* their diftance. Hence, it is evident, that though
"e earth, and the other planets, are likéwife attracl-
** toward the fixed ftars, this power muft be imper-
Ptible, on account of their prodigious diftance.
Suppofing, therefore, the mafs of a fixed ftar to be

еЯиа1 to that of the fun, at equal diftances, the earth
; °uld be attracted toward it, with a force as great as

the fun ; but as the diftance of the fixed ftar
s 4oo,ooo times greater than that of the fun, the

number being 160,000,000,000, that
hundred and fixty thoufand millions, the power
which it ads upon our globe, is a hundred and

. thoufand millions of times leis than that of the

к

 n > and, confequently, too feeble to produce any
eífeét. For this reafon, the attractive

of the fixed ftars does not at all afTea: -the
motion, nor that of the planets and the

* if. lt is more cuftomary to fay, that attraftion is in the tUrcu
• ° of the mafles of the attrnfting and attracted bodies; and in

• ' '"verfe ratio of the fquare of their diftance.—F. E. ' '"'
moon}
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mpon ; -but it is that of the fun which chieEy fegu
lates their motions, becaufe his mafs exceeds
tboufands of times the mafs of each planet.

When, however, two planets approach4, fo
their diftance becomes lefs than that of the fun,
jrttractive power increafes, and may become
ciently perceptible to derange their motion.
(derangement has, in fait, been . obíèrved ; and
ftitutes дп irrefiftible proof of the fyftem of
gravitation. Accordingly, when a comet
дгегу near to a planet, the motion of this laft may
confiderably affected by it.

lyb Seftcmier, 1760.

»eoi.ee

L E T T E R LVin.

Motion of the heavenly Bodies. Method of determif"*1*
it by the Laws of univerfal Gravitation.

ROM what has been faid, refpecling the
by which all the heavenly bodies mutually atti?F

each other, proportionally to their mafs and
you are enabled to comprehend, how their motiO

may be determined, and the real place of each bow0

at any given time, accurately afligned.
In this aftronomy coniifts ; the object of wbi& .

an exact knowledge of the motions of the
bodies, in order to be able to determine, for
inftant of time, whether paft or to come, the V r
in which each of them muft be, and in what P^ace.
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heavens it muft appear, whether viewed from the
or any other point whatever of the univerfe.
fcience which treats of motion in general, is
mechanics, or dynamics. It's objeft is to de-

ertaine the motion of all bodies whatever, animated
У 'Whatever power. This fcience conftitutes one

°* the principal branches of mathematics ; and thöfe
• *U> apply to it, exert all their efforts to carry me-

ics to the higheft poffible degree of perfection.
e fubjecb about which this fcience is converfant,
j however, fo intricate, that there is hitherto no

ground of boafting of our progrefs in the in-
of them ; and we muft reft fatisfied with
ftep by ftep. Not many years are elapfed

^ce 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 fciences at Paris, which
^ropofes annual prizes to the beft proficients in the
^ofecution of this fcience.

The greateft difficulty arifes from the number of
&°M'ers which act upon the heavenly bodies. If each
°* thefe were attracted toward only one fmgle point,
*here would be very little difficulty in the way ; and

116 great Newton, who died in 1728, was the firft
40 gave .a complete demonstration of the motion

of two bodies which have a mutual attraction, in
^formity to the law which I have laid down. In

lrtue of this law, were the earth attracbd toward
Ч fyn only, we mould be able perfectly, without
^arch, to determine it's motion. The farne..thmg
°uld apply to the -other, planets, Saturn, Jupiter,

Mars,
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Marsj Venus, and Mercury, if they were attracted
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
difficult, from the great diverfity of powers to w
we muft pay attention.* You may negleclj
ever, the powers with which it is attracted toward
the fixed ftars, becaufe, however enormous thd1"
maflès may be, they are fo prodigioufly diftant, that
the power which they exercife upon the earth, ma/
be confidered as juft nothing.

The motion of the earth, therefore, and of thß
other planets, will always be as perfectly the faff16'
as if the iixed ftars did not exift. Excepting, then»
the power of the fun, we have only to confider the

power with which the planets mutually attract eacb
other. Now, thefe powers are extremely fmall,
pared to thofe by which each planet is attracted
ward the fun, becaufe the mafs of the fun is m
greater than that of each planet.

As, however, thefe powers increafe according a*
the diftances diminiih, fo that a power four timeS

greater correfponds to a diftance twice lefs ; and *

* They are ufually combined by three and three ; that is, t"
effèft reiultint;.from the attraction of two bodies upon a third '
fought. This celebrated problem, known by the name of l •
problem of ihi-cc bodies, has been an objeft of the, refearches °
all the great geometricians of our age ; and though it has hither
been refolved only by an approximation to the truth, the n>°

•fortunate applications have, however, been made, fuch as tft

theory of the moon, that of Jupiter, of Saturn, &c.—-F. E'

б
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Power nine times lefs correfponds to a diftance three
«tries greater, and fo on, according to the fquares of
W numbers, as I explained the fubject in the pre-
ceding letter, it might be poffible for two planets

0 approach fo near, that their attractive power
^outd become equal to that of the fun, nay, greatly
c*ceed it.

Fortunately, this never takes place in our fyftem,
the planets always remain at fuch a diftance

om each other, that their attractive power is ever
^comparably fmaller than that of the fun. For this
reafon, without extending our views beyond what
s thus certainly known, we may confider every

Pknet as attracted only by the power ,of the fun, and
~У that it is eafy to determine it's motion. This,
^QWever, can take place, only when we are dilpofed
to reft fatisfied with a refult near the truth j for if

tp have more exacl: information, we muft
to thofe feebler powers with which the planets

upon each other ; powers which really produce
little irregularities clearly obferved by aftrono-.
s ; and to the attainment of the perfecT: know-

edge of thefe, is direded aU the fagacity of

Monomers and geometricians.

September, 176(3.

. L BETTER.
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LETTER LIX.

Syßem of the Un'rietfi.

TN order the more clearly to elucidate what Г
-*- been advancing, refpecting the motion of 1
heavenly bodies, and the powers which produce
permit me to prefent to you, (plate IV.ßg. ï.)
fyftem of the univerfej, or a defcription of the
venly bodies which compofe it.

We muft, firft of all, obferve, that the fixed
are bodies entirely fimilar to the fun, and
of themfelves ; that they are at a very great
from that luminary ; and alfó very diftant fr
other, and that every one of them is, perhaps, о
equal magnitude with the fun. You are already 1J1'
formed, that the fixed ftar near eft to us, is at le3*.
400,000 times more diftant than the fun. Each °
the fixed ftars feèms defigned to communicate H|P.
and heat;, to a certain number of opaque bodi£i)

limilar to our earth, and, undoubtedly, inhabit60

likewife, placed near them, but which we cannot fl^'
on account of their prodigious diftance.

Though it is impoiïible to afcertain this, by a
pbfervations, we muft conclude it, from their
logy to the fun, who ferves to warm and to i
nate the earth and the other planets. We
particularly, fix of thefe bodies ; they are not
ftate of reft, but each of them moves round the
in the direction of a curve line, fomewhat
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/°ni a circle, and which is called the planet's orbit.
Ц fun himfelf is, nearly, in a ftate of reft, as well
ЗД the fixed ftars ; the motion which they appear

0 bave, being entirely owing to that of the earth.
I have, accordingly, reprefented on the annexed

eetj. what is caUed the folar fyftem, which contains
^ the opaque bodies that move round the fun, and

eHve from him all the benefits which he imparts to
1181 This fign ф (plate IV./£. ï.) reprefents the fun
at reft. You fee, befides, fix concentric circles, re?

ing the orbits defcribed by the planets in their
round him.

That neareft to the fun is Mercury, marked by the
и $ , and the black dot you fee in the orbit repré- '

ents the body, of Mercury, who performs his revo-
Ution round the fun in about 88 days.
^ext comes Venus, marked by S ,'who completes

a revolution round the fun in feven months nearly.
The third circle is the orbit of the earth, marked

У the figii 5, and which completes a revolution
J°Und the fun in a year. We have no other mean-
ltl&5 in truth, to the word year, but the time em-
^°yed by the earth in performing a revolution round
^e fun ; and the duration of the common year nearly

Approaches to this folar year.
while the earth is moving round the fun,

is another body moving round the earth, and
eeping the direaion of irt orbit ; this is the moon,

own circle, or orbit, is marked by D .
two firft plants, Mercury and 'Venus, have

Q 2 ПО
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no vifible bodies which attend them ; neither
Mars ã , which is the fourth, and performs his revOr
lution in about two years.

The fifth circle is the orbit of Jupiter,
by Ч ,. who performs his revolution in twelve y^3

nearly. Round him move four fatellites, reprefente«
in the plate, with their orbits, and -marked by №
figures ï, 2, 3, 4.

Finally, the fixth and laft circle is the orbit of
turn, marked thus, •? , who employs alrnoft
years in performing one revolution round the
This planet is attended, in his courfe, by five
lites, marked by the figures ï, 2, 3, 4, 5. Thus, the11»
the folar fyftem confifts of fix primary planets, М^Г'
cury £ , Venus 2 , the Earth à", Mars s , Jupiter #?.
Saturn T?, and ten fecondary planets or fatellit^î
namely, the moon, the four attendants of Jupiter»
and the five of Saturn.*

* To „this enum-ration mufy полу he added, the planet
veredat Bath the 1 7th of March, 1781, by Mr! Hcrfcàcl, an<í

taken at firft for a comet. It is more diftant from thé fun
Saturn, and it's orbit muft be .reprefented by a feventh circ'e'
circumfcribing all the others. The period of it's revolutio'1 J

about 83 years. Tables of it's motion have been cpnflrufted>

which reprefent already the obfervations with an exaftnefs, "'
announces the perfeftion both of the inftruments, and of the m
thod of calculation.

It is admitted, that this ilar was feen in 1756, in the mont" °
September, by Mr. Mayer, of Gotfingen ; but that aftronoi"6

took it for a fixed (lar, and having obferved it only once, he соц.
riot nicertain it's motion : his determination agrees in other r

ifpefts with the place which the tables affign to the planet ot J V - "
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This fyftem contains, befides, feveral comets, the
of which is unknown. The figure on the

plate rcprefents one of them, whofe orbit differs from
*hat of the planets, becaufc it is drawn out into ex-
terne length, fo that a comet fometimes approaches
Very near to the fun, and fometimes removes to fuch
an irnrheníè diftance, as entirely tp difappear. Of
c°rnets it has been remarked, that one finiihes his
Evolutions in his orbit, in about fixty years ; this
ls the one that was vifible laft year; As to the other
c°iïiets, it is certain, that they employ feveral cen-
tül'ies in performing one revolution in their orbits j
^d as, in pail ages, no exacl obiervations were made
"* them, we are totally in the dark with refpect to
their return. Of thefe,, then, confifts the fplar fyf-

; and, moil probably, every fixed ftar has one
to it.*

September, 1760.

ffffhelt for that epoch. It bears the name of the pcrfon who
it.

mean diftances of the planets from the fun, may be thus
vely etpreffed : that of Mercury by 4, that of Venus by

7> that of the earth by 10, that of Mars by 15, that of Jupiter by
S i >that of Saturn by 95, and, finally, that of the planet Her/did
foj by ,9i— p. E.

* Aftronomers expedi about 1790 the comet obferml 144531,
atlti >n 1661 , which they believe to be the fame ftar, and the period

which appears to bt about 130 years. — F. E.

'a) In compliment to his patron, King George HI- Mr. Hcifclicl named hi»
Ce'Hly difcovui-ed planet Gcorgium 5'iifns. The republican Cmdarcet, in con-
n'Pt of Kings, gives it the name of the Difcoverer. — E. E,

Q3 LETTER
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LETTER LX.

The fame Subjecl continued-

N addition to what I have faid refpefting the
fyftem, I muft communicate fome obfervatiofl*

for the explanation of the figures. And, firft, li

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 ipac*
in which- they move is a vacuum, or rather filled
with that fabtile matter which we call the ether, з&®
which I have already fo often mentioned.'

Again, the orbits of the planets are not all in t'ie

fame plane, as the figure prefents them : but if tbe

orbit which the earth defcribes round the fun, is pi'0'
perly reprefented on the paper, we muft imagine №
orbits of the five other planets to be partly elevated»
and partly deprefled, with reference to it ; or, tbat

the orbit of each planet bears upon it an oblique
reftion, making an interfeffion with the paper,
a certain angle, which it is impoflible to reprefent1J

a figure drawn upon a plane.
Farther, the orbits of the planets are not cirdes>

as the figure appears to indicate, but rather fotof'
what oval, one more, another lefs fo ; no one, ho^'
ever, recedes very confiderably from the circula
form. The orbit of Venus is almoft a perfect circle t

but thofe of the other planets are more or lefs
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ed lengthwife, fo that thefe planets are fometimes
nearer to the fun, fometimes farther off.

The orbits of comets are particularly diftinguifh-
being greatly extended in length, as I have re-

it in the figure. As to the moon, and the
Suites of Jupiter and Saturn, their orbits, too, are

Dearly circular.
Neither muft we conceive them as moving in one

arid the fame direction, as they appear on the plane
ö* the paper ; for they do not remain in the fame
Pkce, but are themfelves carried round the fun along
^th the primary planet to which they belong. It
ls thus we muft underftand the lines reprefented in
^e figure. Imagination muft fupply what it is im-
Poffible, on a plane furface, accurately to exhibit.

You are now enabled to comprehend, with eafe,
the late Mr. de Fonlcnelle meant to difplay, in

^ls book on the plurality of worlds. The earth,
^lth it's inhabitants, is fometimes denominated a
^°rld ; and every planet, nay, every one of the fa-
ites, has an equal right to the fame appellation, it

7eing highly probable, that each of thefe bodies is
Habited as well as the earth.

There are fixteen worlds, then, in the folar fyftem
^onc. And every fixed ftar -being a fun, round
which a certain number of planets perform their re-
^°fotions, and of which fome have, undoubtedly,

fatellites, we have an almoft infinité number of
, fimilar to our earth, confidering, that the

of ftars, perceptible to the unaffifted eye,
Q 4 exceeds
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exceeds fome thoufands, and that the telefcope tW»
covers to us an incomparably greater number.

If it is meant to comprehend under the name °
•world the fun, with the planets and their f
and which derive heat and light from him, we
have as many worlds as there are fixed ftars. But tf
by the term world, we underftand the earth, with &*
the heavenly bodies, or all the beings which were

created at once, it is clear that there can be but ofle

world, to which we refer every thing that exifts. ^
is iii this fenfe the term world is employed in philo*
fophy, particularly in metaphyfics ; it is in this feniß

we lay, that there is but one world, the afíemblag6

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
fuppoikion of a plurality of worlds ; and fome maio'
tain, that the one which exifts, is the beft of all
which could have exifted. They conlider the
as an architect, who, intending to create this
traced feveral different plans, of which he
the beft, or that in which the greateft perfection8

were all combined, in the higheft degree, and e#e"
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 whi'c*1

flows from the wickednefs of man, fuggefts an io1"
portant enquiry, namely, Whether it would
been poffible to create a world, wholly
from thefe evils ?
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ïny opinion, a diftinâion muft be carefully
, between the plans of a world, which íhould

Olttain corporeal fubftances only, and thofe of an-
otfler world, which fliould contain beings intelligent
and free. In the former cafe, the'choice of the beft,
^Ould be involved in very little difficulty ; but in
416 other, where beings intelligent and free conftitute

e principal part of the world, the determination
°* what is beft is infinitely beyond our capacity ;
^ even the wickednefs of free agents may contri-
te to the perfection of the world in à manner

we are unable to comprehend,
ft would appear, that philofophers have not been

ndy attentive to this diftinction, however ef-
it may be. But I am too fenfible of my own

Capacity, to enter any deeper into this difficult

LETTER LXI.

S'iiall Irregularities in the Motions of the Planets,

caufed by their rimtml Aitraaion.

I ̂  order to determine the motion of the bodies
,. J^ich compofe the folar fyftem, it is neceflary to

«Hguiflx the primary planets, which are Mercury,
^s, the Earth, Mars, Jupiter, and Saturn, from

eir fatellites, namely, the moon, the four fatellites
r, and the five of Saturn.

It



434 IRREGULARITIES IN THE

ït has been explained to you, that thefe fix
are principally attracted toward the fun, or, that tAe

force with which they are impelled toward him
incomparably greater, than the powers which
exert one upon another, becaufe his mais is i
parably greater than that of the plançts, and
they never Efficiently approach to each other t°
render their reciprocal attraction very çonûderabte«
Were they attracted only toward the fun, their Ш0<

tion would be fufficiently regular, and eafily deter-
mined. But the feebler powers of which I hav*
been fpeaking, occafion fome flight irregularities &
their motion, which aftronomers are eager to difco*
ver, and which geometricians endeavour to deter*
mine, on the principles of motion;

An important queftion is here agitated, namely»
The poiüers which a£l upon a body being known, honV ^

find the motion of that body ? Now, upon the prin-c1'
pies above laid down, we are acquainted with lhe

powers, to the influence of which every planet &
fubjecled. Thus the motion of the earth is fotf16'
what "affefted; firft, by the attraction of Vem15»
which fometimcs pafles very near it j and, fecondiy«
by that of Jupiter, which, on account of the prodi-
gious mafs of this planet, becomes confiderab'e>
though he be always at a great diftance. The m*15

of Mars is too fmall to produce any perceptible tvsv*
though he is fometimes very near us ; and Satur*1»
though his mafs be the greateft, next to that of Ju'
piter, is too diftant. -

The moon, though her mau be very unall, pr°'
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 Uces, however, fome derangement» from her'be-
ng very near the earth. The comet, which appear-
Q laft year, was feven times nearer to us than the
uns when his diftance was fmalleft ; there is a great
egi"ee of probability, therefore, that it may have
Banged the earth's motion, efpecially if his mafs
as confiderable, a circumftance with which we ara

^°t acquainted. If this comet were as great as the
^tthj lhe effect nuift have been very confiderable ;

ut it's apparent fmallnefs induces me to believe,
it's mafs is. much lefs than that of the earth,
confequently, it's eiFecl mufc have been propor-

lefs. When we faw this comet, however, it
to a great diftance ; at the time when it was

, it was inviüble to us, but it muft have ap-
very brilliant to our antipodes,
t has been faid, refpecling the derangements

Ccafioned in the earth's-motion, takes place like-
^ in the other planets, regard being had to their
afs, and to their proximity. As to the moon, and

fte other fecondary planets, the principle of their
^otion is fomewhat different. The moon is fo near
^e earth, that the attraction lhe feels from hence

Neatly exceeds that of the fun, though the mafs of
^ls luminary be many thoufands of thv.es greater

^ап that of the earth. Hence it is, that the motion
the moon follows that of the earth, and that flie

s, as it were, attached to it, which make; the
to be confidered as a fateliite to our planet,
the moon been placed much farther from us,

bud lhe been attrailed lefs toward the earth than
toward
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toward the fun, (he would have become a primary
planet, and performed her own revolutions, roun
the fun ; but flie is 300 times nearer to us than Ö16

is to the fun ; heiice it is evident, that he ormft e)£"
ercife a much feebler influence upon her than
earth does» The moon being principally
by two bodies, the fun and the earth, it is e
that the determination of her motion, muft be
more difficult than that of the primary planets,
are fubject to the attraction of the fun only,
ing the flight derangements which have been
tionedi The motion of the moon has, according^'
in all ages, greatly embarrafied philofophers ; ^
never have they been able to afcertain, for any &'
ture given time, the exact place of the moon in tbc

heavens.
You perfectly comprehend, that in order to pfC'

diet an eclipfe, whether of the moon or of the ft*11'
we muft be able accurately to afcertain the
place» Now, \t\ calculating edipfes, formerly,
was frequently a miftake of an hour or more :
eclipfe actually taking place an hour earlier or
than the calculation. Whatever pains the
iiftronomers took to determine the moon's
they were always very wide of the truth. It
not till the great Newton difcovered the real
•which act upon the moon, that we began to appro»0

nearer, and hearer to truth, after having ftirmounte
many obftacles which retarded our progrefsi

I too have employed much time and attention OI

the fubject ; and Mr, Meyert of Gottingen,
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fte track which I had opened, has arrived at a de?
«pee pf precifipn, beyond which it is perhaps impôt
lbfe tp gp. Not much more, then, than ten years
ave elapfed fince we could boaft 'of any thing like

knowledge of the moon's motion. Since
time we are able to calculate eclipfes fo exaftly,

not to make the miftake of a fingle minute,
, before, there was frequently the difference

eight munîtes, and more. To analyiis, then, we
indebted for this important difcovery, the fource

ünfpeakable advantages, not to the aftronomer
Ol%, but likewife tp the geographer, and the nayi-' '

*ld September, 1760.

LETTER LXn.

Defcripiion of the Flux and Reßitx of the Sea.

, | HE attraftive power of the heavenly bodies ex-
tends, not only to the mafs of the earth, but

*° all the parts of which it is compofed. Thus all
^ bodies, which we fee on the furface of the earth,

^ attracted, not only toward the earth itfelf, from
Nvhich refults their gravity, and the weight of every
Dile in particular, but, likewife, toward the fun, and

all the other heavenly bodies, and that more
s, according to the mais of thefe bodies and
diftance.
w, it is evident, that the force with which a

body,
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body, fay a ftone, is attracted toward the frth, m^it:

be incomparably greater than that with which tflS
fame, body is attracted toward the fun, the other
planets, and the moon, becaufe of their great d"-*
tance. -Such a body, being at a diftance from t^6

centre of the earth, equal to a radius of this globe»
is 60 times farther from the -moon. Though,
the mafs of the moon were equal to that of
earth, the attraction toward the 'moon would be
times 60, that is 3600 times lefs than the attract011

to\yard the earth, or, the gravity of the body.
the mafs of the moon is about 70 times lefs
that of the earth ; hence the attractive power of &*
moon becomes ftill 70 times 3600., that is, 252,00°
times lefs than the gravity of the body.

Again, though the fun be many thoufands of tiifle

greater than the earth, he is about 24,000 timeS

more diftant from us, than ihe centre of the ear.1*1''
and for this r.eafon, the. attraction of the fun upon a

ftone is extremely fmall, compared to, it's gr
Hence you fee, that the gravity of terreftrial b
which is nothing elfe but the force with which
are attracted toward the earth, cannot be percept-W
affected by the attraction of the heavenly

Though this attraction, however, be very i
derable, there remits from it a remarkable phenol11

non, which long puzzled philofophers ; I mean *
flux and the ,reflux of the fea. It occurs fo "*"'
quently, even in common converfation, that it & t

moft -a matt:er of necefiity to underPand it. For t"
reafon, I propoíè to explain more minutely, this •

'
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Sukr phenomenon, and to unfold the caufes which
Produce it.

I begin, then, with the defcription of the well-
phenomenon, of the/«« and reßux of the fea.

ly any one is ignorant, that by far the greateft
of the furface of pur globle is covered with a,
of water, called the Sea, or the Ocean. This

fluid mafs is very "different from rivers and
which, according to the different feafons of

year, contain fometimes lefs water, fometimesj
whereas j in the fea, the quantity of water, at

^ times, continues nearly the fame. It is,-however,
0|)ferved, that the water of the fea rifes and falls al-
ernately, with wonderful regularity, twice every
^enty-four hours.

, *f, for inftance, in a harbour, the water is now at.
8 greateft height, it will prefently begin to fubfide,

this decreafe continues for fix hours, at the end
which, it's depth wiil be at the loweft. It then

tis again to rife, and the increafe, Hkewife, lafts
. «ours, when it is again at it's greateft depth. It
Immediately begins again to fall for fix hours, and.
, en rifes as many, fo that in the fpace of about 24

öürs, the water rifes and falls twice ; and arrives,
lately, at it's greateft and leaft depth.
^ is this alternate increafe, and diminution of the

. ^er of the feu, which we call it's/«* and reßux, or .
s flowing,and ebbing : and more particularly, the

u* denotes the time, during which it encreafes or
Л es} and the reflux, the time of it's decreafe or fall-

^' The flux and reflux together, Hkewife, go by
the
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the name of tide. This alternation, then, is to
..the fubjeft of our, prefent difquifition.
. It is, firft of all, to be remarked, that the
.jrence between rlfing and falling, keeps pace with tbe

variations of the moon. At full, and new moon'
the water rifes higher than at the quarters: ^^
about .the time of the vernal, and autumnal eqW
noxes, in the months of March and September, this

.alternate motion of the fea is moil conuderable. ""

.great difference is, likewife, obferved, according to

the fituation of the coafts. The flux, in fome pla***
is never more than a few feet, while, in others, №
rife is 4Q feet and upwards. Such are the tides l11

the ports of St. Malo, in France, and pf Brißol, ljl

England.
It is farther to be remarked, that this phenomeo011

is perceptible, chiefly, in the ocean, where there *s ^
-vaft extent of water, and that in feas bounded °
confined, fuch as the Baltic", and the
it is rnuch lefg confiderable, The interval, from &*
flux to the fucceeding reflux, is not exaftly fix
but about 1 1 minutes more ; fo that the fame
do not take place, the day after, at the fame hou '|
but fall out about three quarters of an hour -late* '
fo that a revolution of 30 days is/ requifite, \<A
them round to the fame hour j now, this is
the period of one revolution of the moon, or y*
interval, between one new: moon, and that V/h1

immediately follows,
September, j 760.
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LETTER LXIIÍ.

Different Opinions of Philofopbers refpeãing the
and Rcßux of the Sea.

\Д 7 HEN the water of the fea rifes at any place, we
are not to imagine that it fwells from any in-

ernal caufe, as milk does when put in a veflel upon
"e fire. The elevation of the fea is produced by a
eal increafe of water flowing hither from fome other

"*ace. It is a real current which is very perceptible
1 fea, conveying the waters toward the place where

^e flux is.
Ьг order to have a clearer comprehenfîon. of this,

У011 muft confidér that in the vaft: extent of the ocean
. cre are always places where the water is low, while

*s high at others ; and that it is conveyed from
^e former to the latter. When Лпе water rifes at
ЧУ place, ;there is always a current, conveying it
°Ri other places, where it is of courfe at that time
^r> It is an error, therefore, to imagine, with fome

ütWs, that 'during the flux of the fea the total mafs
. ^'ater becomes greater, and that it diminiflies dur-
n§ the reflux. The entire mafs or bulk of water re-

auis ever the fame ; but it is fubjecl to a perpetual
Cl«ation, by which the water is alternately tranf-

Olted from certain regions to others ; and when the
^ter is high at any place, it is of courfe low fome-

ei'e elfe, fo that the increafe at places where it is
V°i..'l. R high
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high is precifely equal to the decreafe at thofe w
it is low.

Such are the phenomena of the flux and reflux oi
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 ft
Germany, believed that the earth, as well as all the
heavenly bodies, was a real living animal, and con-
íidered the flux and reflux of the fea as the effect o»
it's refpiration. According to this philofopher, Ше°
and beafts were iuft like infects feeding on the bac^
of the huge animal. You will hardly expect I ihoU^
go into the refutation of an opinion fo ridiculous.

Defeartes, that great French philofopher, ende3*
vourcd to introduce a more rational philofopby>

and remarked, that the flux and reflux of the *ea

was principally regulated by the moon's motion >
which was indeed a very important difcovery, thoug11

. the ancients had already, fufpectcd a connection Pe"
twcen thefe two phenomena. For if .high water °
the top of the flux happen to-day at noon, it will P6

low water at 11 minutes after fix in the evening-'-"*
will rife till 22 minutes after midnight ; and tP

next low water will be 33 minutes after fix in tJ1

morning of the day after ; and the enfuing b1»
water, or flux, will be three quarters of an h°
after noon : fo that from one day to another
lame tides are later by three quarters of an hour.

And as the fame thing precifely takes place in l

moon's motion, which riies always three quarters
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ai1 hour later than the preceding day, it was pre-
fumable that the tides followed the courfe of the
'boon. If at any given place, for example, on the
^У of new moon, high water happen to be at three
°* the clock, afternoon, you could reft aflured, that

Ver after, on the firft day of the moon, the flux
^°Uld invariably be at the height at three o'clock af-

Critoon, and that every following day it would fall
^ter by three quarters of an hour.

Again, not only the time when every flux and

ft

e*W happen ехаШу follows the moon, but the
rength of the tides, which is variable, appears ftill

0 depend on the pofition of the moon. They are
very where ftronger after the new and full moon,
^at is, at thefe periods the elevation of the water is

heater than at other times ; and after the firft and
^ quarters, the elevation of the water, during the
^x> is fmaller. This wonderful harmony between

tides, and the motion of the moon, was, un-
tedly, fufficient ground to conclude, that the

, - caufe of the flux and reflux of the fea was to
iought for in the aftion of the moon.
®efcartes accordingly believed, that the moon, in

x?7ng over us, prefled the atmofphere, or the air
vVh fufrounds the earth, and that the air preffing
£ the water, in it's turn, forced it to fubfide. Had

f
 ls been the cafe, the water muft have been depref-
,, at the places over which the moon was, and that
j e uttie effeft mould be produced 12 hours after,

4*e enfuing tide ; which, however, does not hap-
^ Befides the moon is too diftant from the earth,

R 2 and
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and the atmofphere too low to be imprefied by the
moon ; and admitting that the moon, or any other
great body, were to pafs along the atmofphere, l

would be very far from undergoing any prefl*ure

from it, and ftill lefs would the fea feel this pretendei*
preffure.

This attempt of De/cartes to explain the flux afld
reflux of the fea, has therefore failed ; but the con-
nection of this phenomenon with the moon's i*10'
tion, which this philofopher has fo clearly unfolde"»
enabled his fucceflbrs to employ the application °
their refearches with more fuccefs. This fliall be to
fubjeft of fome following letters.

30/16 Seflemiet; 1760.

L E T T E R LXIV.

Explanation of the Flux and Rcßux, from the
Power of the Moon.

TTVESCARTES's method of explaining the
•*-̂  and reflux of the fea, by the preflure of &
moon upon our atmofphere, not having fucceede

it was reafonablc to look for the caufe of 4t in 
1̂-Й.

attraction which the moon cxercifes upon the car
and confequently alfo upon the fea.

The attractive power of the heavenly bodies ft'
ing been already fufficiently eftabliihed, by fo пла1 *
other phenomena, as I have fliewn, it could flQ1

ft №
doubted that the flux and reflux of the fea mult
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an effecl: of it. As foon as it is demonftrated that
116 moon, as well as the other heavenly bodies, is

^n<Wed with the property of attracting all bodies»
n the direft ratio of their mafs, and in the inverfe

ratio of the fquare of their diihmce, it is eafily com-

^rehended that it's aftion muft extend to the fea ;
9nd the more fo, as you muft frequently have ob-
erved, that the umlieft force is capable of agitating

"uid. All that remains, therefore, is to enquire,
Aether the attractive power of the moon, fuch as
e ftippofe it, is capable of producing in the fea the

Station known to us by the name of flux and re-
V,

Let the annexed figure (plate III. fig, 5.) reprefent
^e earth and the moon. A is the place where we

гCe the moon over the earth ; В that which is ,di-
oppofite, or the antipodes of A ; and С is the

Ceritre of the earth. As the point A is nearer the
°on than the point Б, a body at A is more power-
% attracted toward the moon than a fimilar body

B« And if we fuppofe a third fimilar body to be
at the centre of the earth C, it is evident that

body A will be more powerfully attracted toward
»noon than the body C, and this hft than the
y B, becaufe the body A is nearer to the moon,
the body В more remote than the body C. But

bodies placed at E and F, are almoft as much
attfacted by the moon as that which is at the centre

e earth C, as they ave -all three nearly emii-dif-

from the moon.
we fee that bodies placed on the fiirface of

the
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the earth are not all equally attracted toward the
moon. This inequality of attraction 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 leis}
and the contrary takes place according as the dü-
tance is greater.

To thefe differences in the action of the moon otl

bodies differently fituated, we muft here chiefly paï
attention ; for if all bodies were equally attracted
toward the moon, they would equally obey this

power j and no derangement could take place in thetf
mutual fituation.

You can cafily form the idea of feveral carriage5

drawn along by powers perfectly equal ; they ^
proceed on the road, always preferring the fame or"
der, and the fame diftances ; but as foon as fome °*
them advance more brifkly, and others more ílowty»
the order wijl be deranged. The fame thing takeS

place in the cafe of the different bodies which are &"
tracted by the moon; if they all felt, in the íaí°^
degree, the action of that luminary, they would prc*
ferve the fame relative fituation, and we fhould peJV

ceive no change in them : but as foon as the forc

with which they are attracted toward the moon va"
ries, as to each of them, their order and their relatif
fituation neceffarily change, unlefs they are attache
to each other by bauds which that power is unak16

to. burft afunder«.
But this is not the cafe with the fea» as all the pal''

tides of a. fluid aye. ежй&у f«parated from each other»
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and every, one may obey the impreffions which it re-
lives. It is evident, then, that when the powers

aft on the different parts of the fea are not
to one another, an agitation, or derangement,
be the confequence.

•' We have juft feen that the different parts of thé
ka are attracted unequally by the moon, according
*S 'they are unequally diftant from her centre ; the
^a muft, therefore, be agitated by the force of the

which, continually changing her iituation,
refpecl to the earth, and performing a révolu-
round it in about twenty-four hours and three

Barters, makes the fea undergo the fame changes,
a*id prefents the fame phenomena in the fame period
°* twenty-four hours and three quarters ; the flux
^d reflux muft, therefore, be retarded from one day
to another three quarters of an hour, which is con-
"rmed by confiant experience.

It now remains that we ihew, How the alternate
n and depreffion of the fea, which fucceed

other after an interval of fix hours and eleven
, refult from the inequality of the powers of

^e moon. » This I propofe to examine in my next
lctter.

W Ofléer, 1760.

R 4 LETTER
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LETTER LXV.

The fame SiibjcéJ continuei!.

"\7OTJ have feen that the moon caufes no altera'
•*• tion in the ftate of the earth, but in fo far э$

иге acls unequally on it's different parts. The reafofl
of it is, that if all it's parts equally felt 'the fame ac-
tion, they would be equally attracted, and no change

in their relative iituation would refult from it. '
• But a body being at A (plate III. ßg. 5.) nearef
the moon than the centre of- the earth C, is moi*e

powerfully attrafted to it than a body at С would
be : it will approach it, then, with greater velocity
than this laft : from hence it neceffarily folio'«'5'
that the body A retires from the centre C, and aP'
proaches the moon : as if there were two chariot3'
the one at A, the other at C, and if the chariot &
were drawn toward L with greater force than
chariot C,. it would remove from C. It is thus
the power of the moon has a tendency to
'the point A from the centre C.

Now to remove a body from the centre of t*1

• \v
earth is to raife it : and the water at A being ^
the thing in queftion, it is certain that the force °
the moon tends to raife the water which is at A? ™
a power equal to the excefs of the attraction
the moon felt at A, above that felt at C. By
power, then, the moon raifes the waters of the eart

which are ímmeçUately under her. '
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Let us now, likewife, attend to a body at B, di-
rectiy oppofite to the point A ; .the centre of the
egJth C, more powerfully attracted by the moon
t^an the point B, will approach nearer to it, and
tbis laft, fo to fpeak, will remain behind, juft as a
chariot, which was drawn more ilowly than diat
^hich precedes it. The point B will confequently
retnove from the centre C, and rife ; for to remove
^°m the centre of the earth, and to rife, is one and
t}le fame thing.

It is evident, therefore, that the power of the
^oon tends to raife the waters, not only at A, but
llkewife at B, the point diametrically oppofite, and
that by a force equal to the difference of the attrac-

of the moori at В and at C, which is lefs at В
at C. Now, thofe who are at A, have the moon

above them, or in their zenith ; and thofe
are at В fee nothing of the moon, becaufe me

ls then in a point of the heavens diametrically oppo-
^te to their zenith, called Nadir.

ч Hence it appears, that at whatever part of the fea
^ Шау be, the water muft rife equally when the moon
Is b the zenith of that place, and in it's nadir, or,

the moon is at it's greateft elevation above the
, or at it's greateft depreffion under it. At

intermediate periods, when the moon is in the
*0rizon, either rifing or fetting, {he exercifes no

capable of raifing the fea ; a final! contrary
tends even to make it fall.

According to this fyftem, at the place of the fea,
the moon is in the zenith, it's power has a

tendency



£ro FLUX AND REFLUX

tendency to raife the waters ; about fix hours after,
when иге has readied 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, ihe exer-
cifes the fame power to raife the water ; and at the
end of eighteen hours, thirty-three minutes, wheff

lhe has got to the oppofite horizon, the waters are
fallen : till at length, twenty-four hours and forty-
five minutes from the firft period, {he returns to the
zenith, raifing the water as on the preceding day :

and this is confirmed by uniform experience.
This alternate elevation and depreflion of the fea?

at intervals of fix hours and eleven minutes, having
fuch a perfect conformity with the moon, leaves us
no room to doubt that the flux and reflux of the &3

are cauied by the attractive power of the moon.
It is a remarkable circumftance that me afts equally

on the fea, in railing it, whether ihe is at her greateft
height above the horizon, or at the moil diftaitf
point under it. This appeared at firft very ftrange

to philofophers, who imagined that the moon ffluft
produce, under the horizon, an effect contrary to

that which {he produces when in the zenith. But
you fce clearly that the moon produces the fame ef-
fect in thefe two diametrically oppofite pofitions, &
I have demonftrated in the figure above referred to,
that the effect of the moon is the fame at A and at B-

-jtb Oflaier, 1760.

7 LETTER
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LETTER LXVI.

The fame SnbjcEl continued.

TT^ROM what has been faid reflecting the flux and
reflux of the fea, you muft be feniible that the

fyftem of Newton., which I have adopted, is direffly
contrary to that of Defcartcs. According to this laft,
the moon exercifes a prefliire, and the fea muft fub-
•^de at places iituated directly under her ; but, ac-
cording to Newton, ihe afts by attraction, and forces
*he- water to rife at thefe very places.

Experience, then, muft determine which of thefe
•*Wo fyftems is to be received. No more is neceflary
*han to confult the obfervàtions made with refpecT:
t° the, ocean, in order to fee whether the water rifes
Qr falls when the moon is in the zenith. Recourfe

as actually been, had to this ; but it is found that
^hen the moon is at either the zenith, or nadir, of
5 given place, the water there is neither high nor
°^v ; and that high . water does not take place till
Olï*e hours after the moon has pafled the zenith.

•Prom this circumftance, perfons who examine
*hings fuperficially, concluded at once, that neither
^ the fyftems was admiffiblc ; and the Cartefians
**£ taken'advantage from it, prefuming, that if

*fefuton's was rejected, that of Defcartcs muft necef-
*^J be adopted, though the- obfervàtions referred

a as contrary to the fyftem of Defcartös as they
to be to that of Newton.

But
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But the fyftem of Dcfcaries is overturned by
fmgle phenomenon, that the fea is always in the
ftate after a period of twelve hours and twenty-tw0

ra invites, or that it's ftate is always the fame, whe-
ther the moon be above or below the horizon ; an"
it is impoffible for it's fupporters to fhew how the
moon, being over the heads of our antipodes, can
produce the fame effect as when me is over ours-

To this purpofe, inflate III._/£. 6.
. Experience proves that the ftate of the water at
A is the fame, whether the moon be at M, the ?&'
nith of the point A, or at N, it's nadir, which lS

confequently the zenith of the, antipodes at B. Tbe

efiect, of the moon, then, on the water at A, is the
fame in both cafes. But if the moon acted by pref-
fure, according to Dcfeartes, it would follow,
when the moon is at M, the water at A muft
and if flie were at N, it is impoffible that the water

at A ihould undergo the fame preffure.
In the fyftem of attraction, on the contrary, it JS

inconteftably certain, that the action of the moOn

muft be nearly the fame, whether that luminary ̂ &

at M or at N ; and this is demonstrated by actual O"'
fervation.

I muft here repeat a preceding explanation, becatilc

it is a matter of the utmoft importance. When the

moon is at M, the point A is nearer it than t'lß

centre С ; it is, therefore, more powerfully attract6"

than the centre ; the point A will remove from
centre,-confequently it will then rife: the
being at M, has a tendency to raife the water at A
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us now fee what effect the moon, being at N,
produce, where ihc arrives in twelve hours and

^enty-tv/o minutes after ihe was at M. As the
Point A is more diftant from the moon at N than
*he centre C, it will be more feebly attracted ; the
Centre,C will advance with greater velocity toward
^S than the point A ; the diftance А С will accord-
^gly become greater ; the point A will, therefore,
°e more diftant from the centre C. But to be more
Diftant from the centre of the earth is to rife, eonfe-
4uently the moon being at N, makes the point A to
tfcend, that is, flie has a tendency to raife the water
at A, as if the moon were at M.

But here experience prefents -a very formidable ob-
Jeftion ; for it is obferved^ that the moon being at
^tj or at N, the water is not then at it's greateft ele-
Vation at A. This does not take place till a coniider-
^ble time after, and thence fome have been induced
to reject 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,
^e water at A is at it's greateft height ; I have only
r*id, that the power of the moon has then a tendency
to make the water rife. But the water at A could
^°t rife, unlefsit's quantity were increafcd ; and that
lQcreafe can be produced only by the flowing of the
^ater from.other parts, fome of them very diftant;.
^ confiderable time, therefore, is requiiite to the ac-
Clttnulation of a fufficient quantity of water ; it is,
"СЪ, very natural to fuppofe, that high water at A

not take place for fpme time after the. moon
has
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has pafled M or N. This obfervation, therefore, is
fo far from overturning our fyftem, that it tend3

firongly to confirm it.
There is no room to doubt that the power which

has a tendency to raife the fea, muft precede it 3

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
muft 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 ftill 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.

l i th Ofloi-cr, 1760.

* It may be proper, in this place, to give a popular view of f°

interefting a fubjecl: as that of tides. Suppofe, therefore a cifte"1

of water communicates with another^ alfo of water, and in the

fame ft ate ; the furface of both will conftantly preferve, or endea-

vour to preferve, the fame level. But if' one of the cifterns vvefe

filled with oil, or any fuch light fluid, the-furface would evident!/

rife above the level of the other ; and the more fo, the greater vtfa*

the depth of the oil. The fume confequence would follow, if» "У

any caufe, the fpecific gravity of the-water in one of the cifterflS

was diminiihed. And this is actually the effect which the moo»

and fun produce on the waters of the ocean ; thofe particles nearel

thcfe luminaries are more attracted by them than the particles a

the centre, or at the extremities of the tranfvcrfe diameter,

:ire more attracted than the particles on the fartheft fuie ;

therefore, in both cafes, the tendency to the centre is

a protuberance will be formed on the nearer and
fides
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LETTER LXVII.

Tbc fame Subject continued.

ï T is no longer, then, a matter of doubt, that the
flux and reflux of the fea is caufed by the attrac-

1Ve power of the moon. But there remains one
more to be removed : Why is the motion

fea much more coniiderable at the • time of
and full moon than at the other quarters ? If

fte moon were nearer the earth when me is new, or
/*S than when flie is in her quarters, there would

No difficulty in the queftion, as her proximity
°Uld increafe her power. But though the moon

Pproaches the earth fometimes more, fometimes leis,

1 es of the globe, proportional to the depth of the ocean. But
s general fwell is never fuffered to attain it's juft elevation ; for

. e tteceffary motions arc not fupported a fufficient length of time,
ц the impreffions foon give a contrary tendency. The flow of

,. Caters is moil obftruâed in narrow feas, which are remote
.to the great ocean. Hence the latcneis and irregularity of the

s "ï fuch Ibis. When a larn-e river, or an arm of a fea, fre-
ín% contracts and -widens, it often happens that the tide, in
hing ц,,) occafions a great fwell in the narrows, which produces
r°ng current, that continuing, after it's caufe has ceafed to

j rate) reduces the water below it's proper level, till a q u a n t i t y
-, S1'11 accumulated, and repeats the fame efrtfts ; and thus an
•K. a°d flow may happen feveraj times in the courfe of a day.
. ls ls particularly remarked in the river St. Lawrence, ir. North
^rica.

A ï
it,

 arge lake cannot have any fenfible tides, for every portion of
Caters is almoft equally attraftcd by the fun or moon.

the
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the difference is always too fmalt to occafion a.
fo coniiderable in the flux and reflux of the fca.

Befides, this difference is not regulated by the
and full moon ; and it may happen, that the moon»
in the intermediate quarters, fliould be nearer to vS
than when ihe is new or full. We muft have r^*
courfe, therefore, to another caufe capable of increas-
ing the flux and reflux of the fea at the new-, an"
full moon, and of dimmifliing it at the intermedia*6

quarters.
The fyitem of attraction fliews us, at firft, that it

is the action of the fun which, joined to that of №
moon, furnifhes a complete folution of all the pbe"
nomena preiented to us by the flux and reflux °f

the fca. Indeed, all that I have faid refpecting №
power which the moon exercifes on the fea, is equally
applicable to the fun, whofe attractive power a#s

likewife unequally on all the parts of the earth, ac'
cording as they arc more or lefs remote from hi171'
The attraction of the fun is even much more intefli
than that of the moon, as it chiefly regulates №
motion of the earth, and carries it round it's orbit-

As to the motion which he communicates to t»1

fea, it depends on the inequality of that action, ^J

relation to the different points of the furface of t l1

earth, which are more or lefs attracted toward tfl

fun than it's centre, as I have already fhewed У° '
in explaining the eflect of the moon. If all the p3^
of the earth were attracted equally, no change J
their mutual fituation would take place. But Ûiopë
the power of the fun be much greater than t
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l"e moon, the inequality, with relation to different
Parts'of the earth is, neverthelefs, fmaller, on account
°* the great diftance of the fun, which is 300 times
arther from us than the moon. The difference of
^e power with which the centre of the earth, and
r^e points of it's furface, are attracted toward the
urij is, therefore, very fmall ; and from calculations
Dually made, it is found to be three times lefs,'

artyj than that of the moon upon thefe points.
* be attractive power of tlie fun alone, then, would
Ilce\vife be capable of caufing the flux and reflux of
^ fea ; but it would be about three times lefs than1

which is the effect of the combined influence of
two luminaries. • •'.

it is^èvidënt, then, that the flux and reflux of the
Ca- are produced by the power of both the fun and

e moon, or that there are really two tides, occa-
l°Hed, the'one by the moon, the other by the fun,

e
called the lunar' tide and tliefo/ar tide. That of
moon, nearly three times greater, follows it's

DUon, and from one day to' another is retarded
, Гее quarters of an hour: that which follows the

n of the fun, would conftantly correfpond to the
' hours of the day, if it exifted alone, or if there

„ ere no moon. Thefe two tides, the lunar and the
f ar together, produce the flux and reflux of the
, '» but as the one and the other, feparatély, make

e waters of the fea alternately to rife and fall, when
.r PPens ' that thefe two caufes, conjointly, make

iea rife and fall, it's flux and reflux become much
e confiderable ; but when the one tends to raifs

V°L.I. s the
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the fea, and the other to lower it, at the íàme place*
when they adt in contrary directions, the one v?1"
then be diminiflied by the other, and the lunar tide
will be weakened by the folar. According as the**3

two tides affift, or check, each other, the flux and re'
flux will, then> be more or lefs coniiderable.

Now, as at the time of new moon, the fun aO
moon are in the fame parts of the heavens, their &'
feels being perfectly in unifon, the flux and reflu>

muft then be greatcft, being equal to the fum of &
two tides. This will equally take place at the til11

of full moon, when the moon is oppolite to the
as we know that ihe produces the fame effedt,
flie be in a point of the heavens diametrically o
fite to the firft. The flux and reflux muft,
fore, be greater at new and full moon, than at &
firft and lall quarters. For then the power of ^
fun is exerted to lower the waters, and that of ^
moon to raife them. It is evident, therefore, № '
at thefe feafons, the flux and reflux muft be lefs ^
fiderable, and aftual obfervation confirms it»

It might be ftill farther demonstrated, by c^c.,
lion, that the efíect of the moon-, or of the fuJl>

fomewhat greater, when thefe bodies are at the &№
tor, or equally diftant from the two poles of *
globe : which happens at the time of the equifl0*
toward the end of the months of March and №
tember. It is found, too, that then the tides *•
ftrongeft. It follows beyond all doubt, then, ^ ,
the tides, or the flux and reflux of the fea, are <$&
by the attraûive power of the moQft and of the .
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llî as much as thefe powers ail unequally on the dif-
erent parts of the fea. The happy explanation of

^ls phenomenon, which had fo dreadfully perplexed
**e ancients, is a complete confirmatipn of the fyf-
ein of attraction, or of univerfal gravitation, on

^hich is founded the motion of all the heayçnly
b°dies.

' 1760.

^в•тí•в«

LETTER LXVIII.

. Ofe -particular Account of the Difpute refpeflinp unL
•verfal Gravitation.

PJAVING given you a general, but exact, idea of
the powers which produce the principal pheno-

eria of the univerfe, and on which are founded the

°tions of all the heavenly bodies, it is of importance
confider, with more attention, thofe po\vers which

e tbe principal points of the fyftem of attraâion.
It: is fuppofed, in this fyftem, that all bodies mu-
^ly attract each other, in the ratio of their mais,

ï d relatively to their diftance, in conformity to a
J^ already explained. The fatisfying manner in

f
 lcb moft of the phenomena in nature are accounted

r> Proves that this fuppofition is founded io truth ;
-5 that the attraction which different bodies exer-

u
 e upon each other, may be confidered as a mou

ib °ubted fa<5t. It now remains, that .we enquire
0 *he caufe of thefe attractive ppwers ; but this

S 2 research
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rcfearch belongs rather to the province of metaphy»cs

than of mathematics. I dare not, therefore, flatter
myfelf with the profpefl; of'affured fuccefs in the.pr0'
fecution of it.

•It being certain, that any two bodies whatever afß

attracted to each other, the-queftión is,-What is thc

caufe of this attraction ? On this point philofo'phef

are divided. The Engliih. mamtain,4hat attract011

is a property eflential to all thc bodies in nature, a°
that thefe bodies, hurried along by an irrefiftible pr°'
penfity, tend mutually to,approach, as if they \vef.
impelled by feeling.

Other philofophers confider this-opinion as ;
and contrary to the principles of a rationai pb"°
fophy. They do not deny the fact; they even3

mit, that powers exift, which are the caufes of ^ •
reciprocal tendency of bodies tov/ard each otnc '
but they maintain, that they are foreign-to l

-bodies ; that they belong to the ether, or the íub*
matter-whiclj furrounds them, and that bodies
bc~put- in. motion by the ether, juft as'we f e e ' ' '
body, plunged into a fluid, receives feveral imPr

jîons from it. Thus, according to the firft, the ^
.'of the attraction refides in the bodies themfelves,al

. . 'U1

is eflontial tp. their nature; and, according to .,
laft.i that it is out of the ' bodies, and in the #u

•whidï fxirrounds them. In this cafe, the .term
-tractionl.wòuld be improper ; and \ve muft ra

:2ay,.. that bodies are impelled toward each ot

'But.-asíthe-effedt is the fame, whether two bodies a^
•reciprocally impelled, or attracted, the word att.'
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tl°n need? not give .oflfenee, provided it is nqt.pre-
j by. that 'term, to, determine, the nature iffelf

To avoid all confuilon which might refult rfrom
^HS mode of -expreflion," it ou ghtr rather', to be faid,
^t?bodie-s.mpye,-,as.lf:.thay mutually attracted each
Other: • This would not: decide, whether the, -power»
^hich',a£t oivbodiesjrbfide in the bodies thernfelyes,'

out -of them £ and this manner of fpeaking might
s fujt both -partieB. .'jiLet us confine :ourfelves-to

ie bodies which луе meet with on the furfa'ce of the.

EveJry one readily admits, that all thefeiwbuld; fall
, unlefs they were fupport^flfer ;Now, -the

turns on .the real caufe of Шз;£аД.-|: cSomé
%> that it is the earth which attracts thefe bodies,-
.У an inherent power, natural to it; others, ,that
11: is the ether, or fome other fubtile or invifible mat-
•^j \vhjch impels the body downward : fo that. the
, eft is, neverthelefs, the fame in .both cafes. This

^•opinion is .moft . fatisfactory to. thofe who are
•̂ nd of clear principles in philofophy,. as they 'do riot

fi' how two bodies at a .diftance can aft upon each
', -^i if-there be nothing between them.; The others

^Ve recourfe to the divine Omnipotence, and mainr
iIV that .God has .endowed all bodies with a power
Mutual attraction,
Though it be dangerous to venture on difputing

4v -rning the limits cf. divine power, it is, never.
elefs,- certain, that if Attraction were an immediate
°l'k of .that power, without being founded in the

S 3 nature

ai



202 DISPUTE RESPECTING GRAVITATION.

nature 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 ^e

world, God had created only two bodies, at a d»*
taïice from each other ; that nothing absolutely &•*
ifted out of them, and that they were in a ftate o*
reft-; would it be poffible for the one to approad1

the other, or that they mould have a propeniity to

approach? How could the one feel the other at a

diftance ? Whence could arife the defire of approac*1'
ing ? Thefe are perplexing quëftions. But if yolJ

fuppofe that "Ehe intermediate fpace is filled with
fubtile matter, we can comprehend, at once, that
matter may aél upon the bodies, by impelling
'the effeit would be the fame as if, they poflei&d
power of mutual attraction.

Now, as we know, that the whole fpace
féparates the heavenly bodies, is filled with а
matter, called ether, it feems more reafonable to
tribe 'the mutual attraction of bodies to an (

which the ether exercifes upon them, though jt

manner of afting may be -unknown to us, ratb
than to have recourfe to an unintelligible propor

Ancient philofophers fatisfied themfelves with
plaining the phenomena of nature, from qu
which they called occult, faying, for example,
opium caufes fleep, from an occult quality, ^ .
difpofes it to procure fleep: This was faying F
nothing, or rather was an attempt to conceal1^
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We ought, therefore, likewife to confider
attraffion as an occult quality, in as far as it is given
™r a property eflential to bodies. But, as the idea
°f all occult qualities is now baniflied from philo-
f *ilophy, attraction ought not to be confidered in this
We.

Ofloèer, 1760.

L E T T E R LXIX,

and Effence of Bodies : or Extenfion, Mobility,
and Impenetrability of Body.

I^HE metaphyfical difquifition, Whether bodies
may be endowed with an internal power of at-
g each other, without being impelled by an

nal force, cannot be terminated, till we have ex-
more particularly the nature of body in ge-
As this fubjeft is of the laft importance, not

in mathematics and phyfics, but in every branch
°* philofophy, you muft permit me to go into a more
Particular detail of it.

irft, it is alked, What is body ? However abfurd
queftion may appear, as no one is ignorant of

.е difference between what is body and what is not,
. ls> however, difficult to afcertain the real charac-
ers -which coriftitute the nature of bodies. The
artefians fay, it confifts in extenfion, and that what-

er is extended is a body. They clearly under-
and, that-extenfion has, in this cafe, three dimen*

S 4 fions j
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fi.oris ; ;.ani -that a fingle dimenfion, or exfenfipn H?"
length ,onJty,.gives only.a line ; and that two dim en-,
fions, length and breadth, forni only a furfaccj which:
ЩЦ isi not a body. To constitute a body, therefore»
wçrrnuíl have three dimenfions, and every body nvuft'.
have length, breadth, and depth, or thicknefs.; i11

other words, an extenfion in three dimeniions.
But, it is aiked, 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 fpeftres contains exten-
fion ; it is, however, denied that they are bodies-
Though this idea be purely imaginary, it ferves t°
prove, however, that fomething may have extenfion
without being • a body. • Befides, the idea which ^G

have of fpace, contains, undoubtedly, an extenfion
with three dimenfions. It is admitted, nevertheless?
that fpace alone is not a body ; it only furnifhes thç
place which bodies occupy and fill.

Let us fuppofe, that all thofe which are at préfet
in my apartment, air and every thing, were annujl*
lated 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»
is the poffibility of an extenfion that fliall not be 3
body. Such a fpace, without body in it, is called í
vacuum ; a vacuum then is extenfion without bodyi
. It may likewife be faid, according to the vulga •
fuperilition, that a fpeftre has extenfion, but tba-
body, or corporality, is wanting to it. It is clear»
then,-that extenfion is not fufficient toconftitut6^

" '" body»
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, that" fornething more is necefíary ; hence it
s, that the definition .of the Carteilans is. not

But what more is neceffary, befide extenfion,
ÏP conftitute a body ? The .anfwer .is, mobility, or
№e poffibility 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-
Hble to move it, provided the powers applied to it

fufficient. By this, fpace is excluded from the
of bodies, as we fee that fpace, which only ferves

ío 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;
•"У which we are given to underftand, that the places

fpace remain unchangeable. My apartment,
, with the vacuum which I have above fup-

, might undoubtedly be moved, and actually is
°> as it fòllovys the motion which carries round the

*ai;th itielf; here, then, is a vacuum in motion,
Without being a body. The vulgar fuperftition, too,
•-eftows motion on fpectres ; and this is fufficient to
ittove, that the power of being moved, and extcn-
<"0n, alone, do not conftitute the nature of bodies.
- °mething more is wanting; there muft be matter
•to corrftitute a body, or rather, it is this which, dif-
-lnguiuies a. real body from fimple extenfion, or from

Here, then, we are reduced to explain what is to
e ünderftood' by the term matter^ without which

e*teniion cannot be body. Now, the lignification
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
we have made no great progrefs. We eaiily
ver, however, a general character, infeparable fron1

all matter, and, confequently, pertaining to all bodies '
it is impenetrability, the impoflibility of being pefle'
trated by other bodies, or the impoffibility that t '̂0

bodies mould occupy the fame place at once. ^
truth, impenetrability is 'what a vacuum wants in

order tb be a body.
It will, perhaps, be objected, that the hand may

eaiily moved through air and through water,
are, neverthelefs, acknowledged bodies ; thefe, the11»
muft be penetrable bodies, and, confequently, imp6'
netrability is not an inherent character of all bodieS<

But it is worthy of remark, that when you plu
your hand into water, the particles of the water т
way for your hand, and that there is no water in
ipace which your hand occupies. If the hand
move through the water, while that fluid did
make room for it, but remained in the place wbictl

the hand occupied, then it would be penetrable ; t>u
it is evident this is not the cafe. Bodies, then, arß

impenetrable: a body, therefore, always excluo63'
from the place which it occupies, every other body t
and as foon as a body enters into any place, it is a

 (

folutely neceflary that the body which occupied *
before mould leave it. This is the fenfe which **
muft affix to the term impenetrability.

ч iß Oflober, 1760.

LETTED
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LETTER LXX.

Impenetrability of Bodies.

T^HE inftance of a fpunge will, perhaps, be pro-
duced as an objection to the impenetrability of

bodies ; which, plunged into water, appears conn-
pletely penetrated by it. But the particles of the
*punge are very far from being fo, in fuch manner
as that one particle of the water fliould occupy the
&me place with one particle of the fpunge. We
^now that fpunge is a very porous body ; and that
Before it is put into the water, it's pores are filled
^ith air ; as foon as the water enters into the pores
°f the fpunge, the air is expelled, and difengages it-
felf under the form of little bubbles ; fo that, in this
Cafe, no penetration takes place, neither of the air by
the water, nor of the water by the air, as this lait
^Ways makes it's efcape from the places into which
the water enters.

It is, then, a general, and efíential property of all
bodies, to be impenetrable ; and, confequently, the
Juftnefs of this definition muft be admitted : that a
bvdy is an impenetrable extenfton ; 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 contradiction, a body.
Vacuum is, accordingly, excluded from the clafs. of
bodies ; for, though it has extenfion, it wants impe-

; and wherever we meet with a vacuum,
there



268 IMPENETRABILITY OF BODIES;

there bodies may be introduced, without thrufting
any thing oxit of it's place.

We muft attempt to remove another difficulty»
r;úíed aguinft the : impenetrability 9f bodies. There
;ire, fay the objectors, bodies, which admit of соШ-
preflroh into a imaller fpace, as, for. exainple, wool*
and efpecially air, which it is poiîîble to reduce into
•a ibace a thoufand times fmaller than what it occu-

1 • ' r
pies. It appears, then., that the different, particles o*
•air are reduced in the fame place, and that, confe
quently, they mutually penetrate.
• .There is, however, nothing in this ; for the air>
too, is a body, or a fubttance full of empty pores, of
filled with that fluid, incomparably more fubtile»
which we call ether. In the firft cafe, ло penetration
-will enlue, as the particles of air only approach
to eadi other, according as the vacuum is
ed ; and, in the other cafe, the ether finds a
ficiency of í m all paüages by which to efcape, as
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 compreis the air more : and if the afr
were comprcfled to fuch a degree, that it's rnm-ute
particles touched each other, we could not' carry thfc
•comprcffion farther, becaufe, were it poffiblc, the Ш1-
iiute particles of the air muil mutually penetrate.
. It is» then, a neceflary and fundamental law in'na*
ture, that no two bodies can penetrate each other, of
occupy the fame place at once : and it is in a confoi'-

piity to this principle, that we .muß look for the ïea*
. • . fourcc
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of all the motions which we obferve in all
"odies, and of the changes which befal them. As
^o bodies cannot continue their motion without
Penetrating each other, it is abfolutely neceflary th;it
*he one ihould give place to tlie other. If, then,
^vo bodies are moving in the fame line, the one to
*be 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-
"ble, as foon as they come to touch, a mock takes
Ptace, by which the motion of each body is almoft.
^ftantly changed; and this ihock is produced, in
n^ture, only to prevent penetration. The motion
°f each body is precifely changed no further than is
neeeflary to prevent all penetration ; and in this con-
*ifts the real caufe of all the changes which happen
ifi the world. .

When all thefe changes are attentively confidered,
*^ey are found always to take place, in order to pre-
Vent fome penetration, which, without thefe changes,
^uihhave enfued. .At the moment I am writing, I
°bferve, that if the paper were penetrable, the pen

pafs freely into, it, without writing: but as
paper fuftains the prcflurc of my pen, moiftened

ink, it. receives from it fome particles which
°rin thefe letters ; which could not happen if bodies

Penetrated each other.
This property of all bodies, known by the term

'"'ptncir-ability, is, then, not only of the laft inipor-
tance, relatively to every branch of human know-
e<ige, but we may confidcr it as the mafter-ipring

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 principles
of every fpecies of movement, commonly called
of motion»

z^tfj Ofloler, 1760.

LETTER LXXI.

Of the Motion of the Bodies, real and apparent.

A LL bodies are at reft, or in motion. However
•*—*• evident this diftinction may be, it is almoft im-
poffible to judge whether a body is in the one ftate,
or in the other. The paper which I fee on my table
ieems to me really at reft ; but when I refleft that
the whole earth is moving with that aftoniihing 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 feems to be at reft, has, in reality, the
fame motion as the earth.
. We muft therefore diftinguifh between two kinds
of reft, the one abfolute, the other apparent. Abfo-
hlte reft takes place when a body remains conftantly
in the fame place, not. with relation to the earth*
but with relation to the univerfe. If- the fixed ftarS
remained always in the fame place of the univerfe»

Letter II.
they
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they would be at reft, though they feem to move
rapidly ; but as we are not certain of it, we
not pretend to affirm, that the fixed ftars are

a ftate of abfolute reft.
A body is faid to be in a ftate of apparent reft,

it preferves the fame fituation on the earth. It
ls Hkewife to be prefumed, that thefe terms, reft and
Motion, have been introduced into language to mark
^ther 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 iliould,
therefore, be afcribing ftrange and purely metaphy-
fical ideas to thefe expreflions, if we underftood by
them abfolute rcß, or motion ; and it is abfurd to em-
Pby, as fome perfofls do, paflages of the Holy Scrip-
tures to prove that the earth is at reft, and the fun
'o motion.
• Language is formed for general ufe ; and philofo-
Phers are under the neceffity of forming a particular
*anguage for themfelves. As we are incapable to
judge of abfolute reft, it is very natural for us to
C0nfider thofe bodies as at reft which preferve the
fatne fituation relatively to the earth ; as it is very
Probable the inhabitants of other planets, likewife,
*°rm their judgment of reft from the fame fituation
relatively to their refpeftive planet.

We obferve, that navigators confider as at reft the
°oJefts which preferve the fame fituation relatively
to 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 önö
thinks of finding fault with their xifing the commofl
modes of expreflion. There is,,' therefore, a great
difference between reft and -motion, -real or abfolute,'
and between reft and motion apparent-,! oArelative

to a body, conudered at the'time as in a ftate *>f xeftV
though perhaps it may be :in motion/^ TJite'principle3

or laws of motion refer chiefly to the abfolute ftate
of-bodies, that is, to -their тей or motion, real or ab-

folute. In order to difcover thefe laws, we, begirt

with coniidering a body iingly and abftf actedly from

all others.
This hypothefis, tliough it never can take place»

is, in reality, very proper to affift us in diftinguiihmg,

what is operated by the nature of body itfelf, frofli
that which other bodies are capable of operating

upon it.
> Let a body, then, be alone, and at reft ; it may be
aiked, \Vill 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 always at reft. The

lame thing muft happen, on the fuppoiition1 of tl»e

exiftence .of ether bodies, provided they do not aft
on the body in queftion ; hence refults this funda-

mental law : When a body is once in aflate of re/I, and>

nvfhing external affs upon it, it will remain always tn
tbat jlaie : and if It begin to move, the caufe of motion

•would be out of it, f o tbat there is nothing in the body tijcJ
which is capable of putting it in motion. When, there-

fore, we fee a body which has been -at reft begin to

move,
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, We may reft aflured that this motion has been
^ccafioned by an exterior power, as there is nothing
ln the body itfelf capable of putting it in motion ;
^ud if it were alone, and cut off from all communi-
Cation with other bodies, it Would remain always at
reft,

However Well founded this law may be, and how-
^er entitled to rank with. geometrical truths, there
are perfons little ac'cuftomed to profound inveftiga-
tlon, who pretend that it is contradicted by expe*
rience. They allege the example of a thread, to

a ftone is appended; the ftcne is at reft, but
the moment that the thread is cut. It is cer-

, fay they, that the adion by which the thread
ls cut is not capable of making the ftone move ; the
^ne, therefore, muft fall by a power which is proper

*° itfelf, and internal .
The fact is certain ; but it is evident, at the fame

e, that gravity is the caufe of the defcent, and
зл -internal power in the ftone. /

They fay farther, that gravity may be an intriniic
, attached to the nature of the ftone ; on which

lt nruft be remarked, that gravity is produced either,
У a fubtile matter, or by the attraction of the earth.

ÏIX the firft cafe it certainly is that fubtile matter
caufes the defcent of the ftone ; in the fécond,
appears favourable to our opponents, it can

no propriety be affirmed, that the ftone de-
an intrinfic power ; it is' rather the earth

contains the 'caufe of it, and which produces
e defcent of the ftone, by it's attradive power :
VOL. I. T f°r

*Cends by
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for if the, earth did not exift, or were deprived 01
it's attractive power, they admit that the ftone

would not defcend.
It is certain, therefore, that the caufe of the de-

fcent does not refide in the ftone itfelf : the cauie»
then, is always extriniic, whether it be in the
matter or in the earth, fuppofmg it to be
with an attractive power, as the partifans of attrac-
tion pretend. This difficulty being removed, &е

Jaw, which I have laid down, fubfifts in full force î
namely, That a body, once at reft, will always vvtt&&
fo, unlefs it be put in motion by fome foreign caufe*
This law muft take place, provided the body №
been at reft but a iingle inftant, though it was ifl

motion immediately before; and, when once re"
duced to a ftate- of reft, it will always preferve tb^
ftate, xmlefs fome foreign caufe intervene to put l

again in motion. This principle being the found3'
tion of all mechanics, it was neceflary for me to &'
tablifli it with all poffible preciiion.

Oflo&er, 1760.

L E T T E R LXXII.

Of uniform, accelerated, and retarded Motion.

T RETURN to the cafe of a body placed in fuel» *
•*• manner as to have no connection with any otbe '
Let us fuppofe it to have received fome motion fr°
whatever caufe ; it remains that we enquire, ^ ...

2



OF MOTION. U7JJ

afterwards happen' to it ? Will it continue to
Or will it fuddenly return to a ftate of reft i

pr after fome time ? You muft be fenfible, that this
ls an enquiry of fome importance, and that all our
l'efearches refpecting the motion of bodies depend
uPon it. Let us examine if, by means of reafoning,
we are able to refolve it.

A body is at reft, as long as it, and all it's parts,
in in the fame place 5 and it is in motion when
body, or fonie of it's parts only, pafs from one

íce to another. Now, there are two things to be
c°nfidered in motion, the direction and the velocity.
*he direction is the place toward which the body is
Carried, and the velocity is the fpace, greater or lefs,
trough which it moves in a certain time, ï am
Perfuaded you have already jufter ideas of this than
* could communicate by the moft ample explanation.
* fernark only, that as long as a body preferves the
*аШе direction, it moves in a ftraight line ; and red*
Ргоса11у, as long as a body moves in a ftraight line,
*t preferves the fame direction ; but when it moves

11 a curve, it is continually changing it's poiition.
If a body, then, (plaie III. fig. 7.) moves in the

А В С ; when it is at A, it's direction is the
line A a ; when it is at B, it's direction is the
line B b;, and at C, the fmall line С с. Let

fmall lines be produced ; the continuations of
are marked by the ftraight dotted' lines A L,

CN; and it will be affirmed, that when the
paffes through A, it's direction is the ftraight

A L, becaufe, if "the body preferved the fame di-
T í rection
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rection which it had at A, it would move in
ftraight Une A L. It is evident, then, that it moves
in the curve only in fo far as it is continually chang4

ing it's direction. And when it arrives at В and at
C, the direction from which it deviates is expreffea
by the ftraight lines B M and C N.*

A body preferves the fame velocity in it's motiori
as long at it moves through equal fpaces in equal
times. This motion is called uniform. Thus, fof
example, if a body moves in fuch a manner as al-
ways to proceed ten feet during every fécond, ^e

call this motion uniform. If another body proceed?
twenty feet in a fécond, it's motion too would be
uniform, but it's velocity would be twice as great as
that of the preceding.

* The argument, cavßiß/ßckns, or fußclmi reafon, is я. fort o»

jargon introduced by fome metaphyficians in the beginning of '"e

prefent century, which has ftill it's advocates on the continei"'

To conclude that a thing is fuch becaufe we fee no fufficicnt rea*

fon to the contrary, is, indeed, a ftrangc method of reafoning1

What can be more prepofterous than to employ our ignorance a

the inftrument of difcovering truth ? And yet this is the plal

ftatement of the argument. The inftancc mentioned in the te*{'

is a noted one, though the ingenious Father Bofcovich remark8'

that nny inference whatever may with equal ju f t ice be drawn fr°

the fame premifcs. Thus, we may fay, that no fufficient real0

can be given that a moving body A mould approach a point &>

rather than recede from it ; it will, therefore, keep conftantly °

the fame diilancc, and, confequently, defcribe a circle about t

point. Hence bodies move not in ftraight lines, but in ci ',
In the fame manner we might fay that motion is not uniform, a-

indeed prove any thing we pleafe. The faft is, that we derive

part of our knowledge from any abftraft rcaibning on the "»

of thi"Ss-

»
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From what I have juft faid of the uniformity of
Motion, it is eafy to comprehend what is riot uniform

Motion ; for when the velocity of a body is not equal,

tt's motion is not uniform. When the velocity of a

body goes'on increafmg, it's motion is faid to be ac-

teleraicd, and when it is continually diminiming, we

*аУ it is retarded. In this laft cafe, the velocity may
come to be retarded to fuch a degree, that the body

fliall 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

Solitary body, which I fuppofe to be put in motion

ky any caufe whatever. As foon as it has begun
*° move, it muft have acquired a certain direction,
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

affirm that it will be reduced to a ftate of reft

an inftant, for, in this cafe, it could not have had

motion, all motion fuppoiing duration, however

t. Now, as long as the motion lafts, it is cer-

that the direction will remain the fame. ,

In truth, it is impofliblc to conceive why the body
go out of it's road, to one fide rather than to
; and, as nothing comes to pafs without rea-

°ns it follows, that the body in queftion will always

vere in the fame direction, or, that it's motion

proceed in a ftraight line, which is a great ftep

e toward the decifion of the queftion.

is likewife maintained, that the velocity of the
T 3 body,
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body, of which I fpeak, cannot change : for in that
cafe it muft either increafe or diminifli, and no rea-
fon can be afiigned capable of producing this change<
Hence it is concluded, that this body will always
continue to move with the fame velocity, and in the
fame direction, or that it will proceed continually lrt

the direction of a-ftraight line, without ever deviat-
ing from it, and always with equal fpeed. This m°"
tion will be performed, then, always in a ftraigW
line, and with an equal velocity, without ever being
flackened or retarded ; the body, therefore, ф№
never be reduced to a ftate of reft.

What has been faid of a body, which I have fup"
pofed folitary, would happen in like manner to our

globe, if no other bodies had any influence upon tf»
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 motibO'
So long, therefore, as a body is not fubjecT: to the ac*
tion of fome external caufe, it will remain at-reft» ^
it has once been in a ftate of reft ; or will be move
in the direction of a ftraight line, and always wtf*1

the fame velocity, if it has once been put in motion'
and this is the firft and principal law of nature °
which the whole fcience of motion muft be founds

From it we deduce at once this conclulion, that
often as we fee a body which was at reft put in &°
tion, or a body moving in a. curve line, or whofe
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Jocity changes, it is certain, that an external caufe
upon it. No change can poffibly take placé

as to direction or Telocity, but what is the
of a foreign caufe.

November, 1760.

L E T T E R LXXHL

Principal Law of Motion and Reß. Difpuíes of Philo-
fophers on ibe Subjefl.

лД 7ITH whatever folidity this principle is eftab-
liflied, that every body put in motion conti-

to move in the fame direction, and with the
velocity, unlefs fome exterior caufe interpofe

0 derange this motion ; it has, neverthelefs, been
c°mbated by certain philofophers, who have never

any great progrefs in the fcience of motion ;
thofe to whom we are indebted for all the
difcoveries which have been made in this

unanimoufly agree, that all their refearches
proceeded entirely on this principle. It is at-

taCked by two feels of philofophers, whofe objections
* Proceed to propofe, and fliall endeavour to refute.

It is alleged by,the one, That all bodies have a
Propenfity to reft, which is their natural ftate, and
lbat motion is to them a ftate of violence ; fo that
WW a body is put in motion,, it has a tendency,

r° it's very nature, to return to the ftate of reft ;
that it makes every effort to deftroy it's motion,

T 4 indepen-
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independently of every external or foreign
They allege, in proof, experience, fo convincing, ^c'
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 o*
reft. As foon as the motion of a clock ceafcs 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 are agitated. Hence they
conclude, that a body put in motion is fo far
preferving it frciri any'thing in it's own nature,
on the contrary, an external force muft be employed
to keep it up.

You muft be fenfible that, if this conclufion is juft»
our principle is completely fubverted ; as, in virtue

of this principle, the ball and the machines iri que**
tion, once put in motion, muft always preferve tbe

fame, unlefs external caufes have occafioned foU16

change in it. Thus, in the experiments referred to»
had there been no external caufe which tended to
deftroy the motion, we iliould have been under tbe

neceffity of abandoning our principle.
But, if we attend to every thing, we ihall find *°

many obihicles oppofed to the motion, that we nee
no longer wonder it mould be fo fpeedily extingui^"
ed. In fact, it is firft the friction on the billbrd
table which dimiuiihes the motion of the ball, for ï
cannot advance without rubbing againft/ the
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,- the air being a fubftance, caufes likewife a re-
lance capable of diminiihing the motion of bodies.
•*-° be convinced of this, you have only to move

hand rapidly through the air. It is evident,
, that in the cafe of the billiard table, it is the
ion and the refiihnce of the air which counteract

*Ье motion of the ball, and foon reduce it to a ftate
°freft.

Now, thefe caufes are external, and it is eafily
c°mprehenfibk that, but for thefe obftacles, the mo-
tlQn of the ball muft have always continued. The

reafoning is applicable to machines of all kinds,
which the friction which acts on the different

is fo confiderable, that it is vifibly a very fuf-
caufe of foon reducing the machine to reft.

Having, then, difcovered the real caufes which .
Produce, in the cafes alleged, the extinction of mo-

°n, and that thefe caufes are external, and not re-
ildent in the moving body, it is evidently falfe, that
b°dies have in their nature a propenfity to reft. Our
Principle, therefore, fubfifts in full force, and even
Acquires additional Hrength from the preceding ob-

Every body, then, always preferves the
which it has once received, unlefs foreign

interpofe to change the direction or the velo-

5 or both at once. And thus we have got rid .of
°ne phalanx of ihe adverfaries who combat our priii-

The other is more formidable, for they are no leis
tllan the celebrated Wolfian philofophers. They do
not> indeed, openly declare againft our principle, nay

they
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they even exprefs much refpect for it ; but they

vance others which directly oppofe it.

They maintain, That all bodies, in virtue of
nature, are making continual efforts to change
ftate ; that is, when they are at reft, they make

effort to move ; and, if they are in motion,
continual efforts to change their velocity and direC"

tion. They allege nothing in proof of this
except certain crude reafonings, drawn from
fyftem of metaphyfics, which I fhall hereafter

occafion to lay before you. I only remark, at pre'
fent, that this opinion is contradicted by the prin"
ciple which we have fo firmly eftabliflicd ; and ЬУ

experience, which is in perfect conformity with it-
In fact, if it be true that a body at reft remain5»

in virtue of it's nature, in that ftate, it muft be^f1'

doubtedly falfe that it mould make, in virtue of ft

nature, continual efíbrts to change it's ftate. -^
if it be true that a body-in motion, preferves, in vir'
tue of it's nature, this motion, in the fame direcTioH»
and -with the fame velocity, it is impoffible that tfl

fame body ihould, in virtue of it's nature, be mak111»

continual efforts to change it's motion.
Thefe p'hilofophers, in attempting to maintain? *

the fame time, the true principle of motion, and tbC1

o\vn abfurd opinion, have fallen into fclf-contrad*

tion, and thereby fubvcrted their own fyftem. ft * '
therefore, placed beyond the reach of difpvtte, tn'
our principle is founded in the very nature of boo) >
and that whatever is contrary to it ought to be
niflied from found philofophy: and this fame PrJ



INERTIA OF BODIES. 283

enables us to clear it of certain fubtilties in
it has been inyolved.

This principle is commonly exprefled in the two
°uowihg proportions : Firft ; A body once at reß will

fetnain eternally at reß, unlefs it be put in motion by feme
(Kternal or foreign caufe : Secondly ; A body once in
Motion -will preferve it eternally', in the fame direftion,
und yyftfo the fame velocity ; or will proceed with an uni-

motion, in a ßraight line, unlefs it is dißurbed by
external, or foreign caufe. In thefe two propoii-
confifts the foundation of the whole fcience of

, called mechanics,

November, 1760.

L E T T E R LXXIV.

Of the Inertia of Bodies : Of Powers.

Л 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

^У in motion, that as long as it moves in the fame
1ГеШоп, and with the fame velocity, it remains in

^e fame ftate. To continue in the fame ftate, then,
Sofies nothing more than to remain at reft, or to

Preferve the fame motion.
, This manner of fpeaking has been introduced for

h^ purpofe of expreffing more fuccinftly our grand
P^nciple, that every body, in virtue -of it's nature,
Preferves itfelf in the fame ftate, till an extraneous

aufe come to difturb it, that is, to put the body in
°tion when at reft, or to .derange it's motion.

It
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It nraft not be imagined that a body, in order W
preferve the fame ftate, muft remain in the ft111

place ; this, indeed, is the cafe when the body *s 3-
reft ; but when it moves with the fame velocity, an

<

in the fame direction, we fay, equally, that it con *'
nues in the fame itate, though it is every i
changing it's place. It was neceflary to make t
remark, to prevent the poiîïbility of confound111»
change of place with that of ftate. If it be
aiked, Why bodies continue in the fame ftate?
anfwer muft be, that this is in virtue of their
liar nature. ,

Ail bodies, in as far as they are compofed of Ша '
ter, have the property of remaining in the &&с

ílate, if they are not drawn out of it by fome exte*'
nal caufe. This, then, is a property founded on tn
nature of bodies, by .which they endeavour to pre"
ferve themfelves in the fame ßate, whether of reft ° -
motion. This quality with which all bodies are Ф
dowed, and which is eflential to them, is called frer'
tia,* and it enters as neceifarily into their coniW-
tion as exteniion and impenetrability j to fuch a №'

* We have already in common ufe, in our own language»

adjeflive inert, and the adverb iuerlly, and their meaning is Se

rally understood. But hitherto no author of name, except i" 'nr°r

of philofophy, has ventured to introduce the covrefpondent №

fiantive noun into general coinpofition, much lefs to clothe it t v

an Englifh form. The Latin term inertia is, therefore, retained

this tranilation. The l i n g u i f t and the philotopher need no m ter

pretation. The unlearned reader is referred to what Mr. Eu

fays in the context, or to the explanation of foreign and Icienti

terms affixed to this work.—E. E.
gree,
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ee, that it would be impoffible for a body to exift,
led of this inertia.
is term WAS firft introduced into philofophy by
who maintained that all bodies have a propen-

ty to reft. They coiriidered bodies as fomewhat re-
^bling indolent perfons, who prefer reft to exer-
l°n, and.afcribed to bodies an averfion to motion,

blïluar to that which fluggards have for labour ; the
^ inertia fignifying nearly thé fame thing as flug-

pfrnefs. But though the falfenefs of this opinioii
as been fmce detected, and though it is certain that
°dies remain equally in their ftate of motion, as in
^t of reft, yet the term inertia has been ftill re-

j^ned to denote in general the property of all bo-
les to continue in the fame ftate, whether of reft or

. -^he exaft idea of inertia, therefore, is a repugnance
0 every thing that has a tendency to change the
ate of bodies ; for as a body, in virtue of it's na-

preferves the fame ftatc of motion, or of reft,
cannot be drawn out of it but by external caufes,

.follows that, in order to a body's changing it's

. The diftinguiihing property of inanimate matter is it's abfo-
•*te Paffiveneis or want of diipofition to change it's rtate, whether

at°f reft, or of motion. The term inertia is improper, fince it.
°nveys an idea of fluggiflinefs, or a reluftance to be put in mo-

n ! whereas bodies are obedient to the fmalleft impulfe, and the
. '°n generated is ever proportioned to the force. The expreflion

j * "Halite, commonly uied, is really a contrailiftion of terms.
" '^ed, it would be no diflervice to natural philofophy, if the law
at " aetion and re-aftion are equal ami oppofite," were entirely

JE.JÍ.
ftate,
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ftate, it muft be forced out of it by fome external
caufe : without which it would always continue &
the fame ftate. Hence it is, that we give to this
ternal caufe the name of f owe f or force. It is a
in common ufe, though many by whom it is efl1*
ployed have but a very imperfect idea of it.

From what I have juft faid you will fee that the
word force iignifies every thing that is capable °
changing the ftate of bodies". Thus, when a bod;
which has been at reft is put in motion, it is a forcC

which produces this effect 5 and when a body in Ю0'
tion changes it's direction, or velocity, it is likev^e

a force which produces this change. Every chaoge

of direction, or of velocity, in the motion of a body»
requires either an increafe or a diminution of force*
Such force, therefore, is always out of the boo/
whofe ftate is changed ; for we have feen that a body
left to itfelf, preferves always the fame ftate, unie*8

force from without acts upon it.
Now, the inertia by which a body tends to pre*

ferve itfelf in the fame ftate, exifts in the body itfe**' •
and is an eflential property of it : when, therefofe>

an external force changes the ftate of any body> ^
inertia which would maintain it in the fame ftat '
oppofes itfelf to the action of that force ; and heflc

we comprehend, that the inertia is a quality fufceP*
tible of meafurement, or that the inertia of one boo/
maybe greater or iefs than that of another body.

But bodies are endowed with this inertia in as &*
as they contain matter. It is even by the inertia, ° •
the refiftance which they oppofe to every change °

'
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that we judge of the quantity of a body ; the
ttlertia of a body, accordingly, is greater in propor-
^on to the quantity of matter which it contains.
**ence we conclude, that it requires a greater force
to change the ftate of a great body, than that of a
JQiall one ; and we go on to conclude, that the great
body contains more matter than the fmall one. It
ftiay even be affirmed that this iingle circumftance,
^e inertia, renders matter fenfible to us.

It is evident, then, that the inertia is fufceptible of
weafurement, and that it is the fame with the quan-
uty of matter which a body contains : as we deno-
f^'nate, likewife, the quantity of matter in a body,
• s mafs, the meafure of the inertia is the fame as
tbat of the тай.

To this, then, is reduced our knowledge of bodies
ln general. Firft, we know, that all bodies, have an
Cxtenfion of three dimenfions ; fecondly, that they

impenetrable ; and hence refaits their general
erty, known by the name of inertia, by which

"еУ preferve themfelves in their ftate ; that is, when
body is at reft, by it's inertia it remains fo} and

•t

v-hen it is in motion, it is likewife by it's inertia that
it .

continues to move with the fame velocity, and in
he fame direction; and this prefervation of the
arne ftate lafts till fome external cauie interpofe to

Produce a change in it. As often as the ftate of a
°^y changes, we muft never look for the caufe of

Uch change in the body itfelf ; it exifts always out
the body, and this is the juil idea which we mufl

™i of a power or force.

*** November, 1760.



CHANGES Ш ТЙ

L E T T E R LXXV,

Changes which may take place in the State of Bodies-

* 1 ЛНЕ fundamental principle of mechanics, wi^1

-*- the idea of inertia, which I have endeavoured
to explain, enables us,to reafon on folid ground tV
fpetting various phenomena prefented to us in
ture. On feeing a body in motion, which
proceed uniformly in a ftraight line, that is,
flxould 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 thaf»

in virtue of it's inertia, it remains always in the &&e

ftate ; as we would fay; were the .body at reft,
this took place in virtue of it's inertia.

We would likewife be right in faying that
body undergoes no action from any external саше '
or, if any fuch exifted$• that thefe powers reciprocam
deftroyed each other in fuch a manner that the Ьо^У

is in the ftate in which it would be if no force a#e

upon it.
If it is aiked, then, Why the body continues to

move in this manner ? The anfwer is obvious. -^u

if it is aiked, Why this body has begun thus to

move ? The queftion is totally different. It muft be

faid, that this motion has been imprefled upon ^ /
fome external force, if it was before at reft ; but
'would be impoffible to affirm any thing with c



STATE OF BODIES. 289

tainty refpeding the quantity of that force, becaufe,

Perhaps, no traces of it remain. It is, therefore,
abundantly ridiculous to aik, Who impreffed motion

°H every body at the beginning of the world? Or,

o was the prime mover ? Thofe who put the

оп admit, then, a beginning, and, confequently,
a creation ; but they imagine that God created all

°dies at reft. Now, it may be anfwered, That he

ho could create bodies could imprefs motion upon

^em. I aik them, in my turn, If they believe it to
e ttiore eafy to create a body at reft than in motion?

"ey both equally require the omnipotence of God,

^d this queftion belongs not to the province of phi-
"Shy.

But when a body has once received motion, it
Referves that motion by it's own nature, or by it's

а, in the fame ftate in which it muft conftantly

in, until a force, or fome foreign caufe, oppofe

^ obftacle to it. As often, then, as we obferve that

body does not remain in the feme ftate, that a

dy at reft begins to move, or that a body in mo-

J^ changes it's direction, or velocity, we muft ad-
lt that this change has it's caufe out of the body,

d that it is occafioned by a foreign force. Thus,
,Saftone, left to itfelf, defcends, the caufe ofthat

cent is foreign to the body, and it is not from it's

fe

 n nature that the body defcends, but from the ef-

° a foreign caufe, to which we give- the name

•-, •>'
Cavity, then, is not an intrinfic property of body;

VOL. I. T T it
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it is rather the effect of a foreign force, the fourbe °
which muft be fought for out of the body* This ï»
geometrically true, though we know not the
forces which occalion gravity. It is the fani
we throw ã ftone. We fee clearly, thai it does n°l

. L i -
follow, in it's motion,- the direction of a ftraig*1

line, and that it's velocity does not always conti1111

the fame. It is gravity, likewife, Which changes tfl
direction or the velocity of the body ; but for J '
the ftone would defcribe a ftraight line in the atf»
and proceed forward with the fame velocity j an

were gravity to be fuddenly annihilated, during "*
motion of the ftone, it would continue to move in

ftraight line, and would prcferve the fame direct*011'
and the fame velocity, which it had at the ii
when gravity ceafed to aft upon it.

But as gravity acb continually, and upon all i
we need not be furprized, that we meet with no Jl1

tion in which the direction and the velocity conti°
the fame. The cafe of reft may very well take p'aC

it is when fomething invincibly oppofes the fall °
- body ; thus the floor of my apartment preventsJ

falling into that below it. But the bodies which a"
pear tous at reft., are carried along by the inoti°n _
the earth, which is neither rectilinear nor unif°r

it cannot be affirmed, therefore, that thefe
main in the fame ftate. Neither is there one or

aftheavenly bodies which moves in a ftraight hne' ..
always with the fame velocity : they are
changing their ftate ; and even the forces which P
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Uce this continual change are not unknown to us ;
Пеу are thg attraftive powers whicft the heavenly

°dies exercife over one another.
I have already remarked, that thefe forces may,

егУ probably, be caufed by the fubtile matter which
^rounds all the heavenly bodies, and fills the whole
Pace of the:heavens ; but^ according to the opinion
. thofe who coniider attraction as a power inherent
^ Batter, this force is always foreign to the body on
"ich it afts. Thus, when we fay the earth is at-
a$£d toward the fun, it is acknowledged, that the
Гсе which afts upon the earth is not rendent in the

^th itfelf, but in the fun ; as in faft, if the fun did
ot exift, there would be no fuch force.

*his opinion, however, that attraction is eflential
зН matter, is fubjeét to fo many other inconveni-

^Се«3 that it is hardly poffible to allow it a place in a
philofophy. It is certainly much fafer to
on the idea, that what is called attraction, is

Power contained in the fubtile matter which fills
e Vhole fpace of the heavens ; though we cannot

p how. We muft accnftom ourfelves to acknow-

f

 dSe our ignorance on a variety of other important
UbJecb.

'."* Nwember, 1760.

U 2 LETTER
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LETTER LXXVI.

Syßem of the Monads of Wolff.

T>EFORE ï attempt to make you fenfible of №
-^ truth of the principle, that all bodies, of then1'
felves, always preferve the fame ftate of reft, or №°*
tion, I muft remark, that if we confult experience
only on the iubject, without thoroughly inveftigatifl»
it by the powers of reafoning, we would be difpofeo

to draw the directly oppoiite conclufion, and to mau1*
tain, That bodies always have a propenfity to be сой'
tinually changing their ftate ; as we fee nothing *
the whole univerfe, but a perpetual change in t'1

ftate of bodies. But we have juft fliewn what al

.the caufes which produce thefe changes, and we &
affured, that they are not to be found in the booie

whofc ftate is changed, but out of them.
The principle, then, which we have eftabliflie^' |"

fo far from being contradicted by experience, that J

is, on the contrary, confirmed by it. You will eaw
judge from this, how feveral great philofopbei'*
mifled by an experience not accurately underft°° j
have fallen into the error of maintaining, That
bodies are endowed with powers, difpofing tn
continually to change their ftate.

It is thus that Wolff'has reafoned. He favs : b

' ffingperiericc fliews us all bodies perpetually
their ftate ; 2. Whatever is capable of changi^S
ftate of bodies, is called force ; 3. All bodies,

°
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°Ге

5 are endowed with a force canable of chano-insr
til • í
ae*r ftate ; 4. Every body, therefore, is making a

c°ntinual effort to change ; 5. Now, this force b'e-

t°
ngs to body, only fo far as it contains matter ; 6. It

s' therefore, a property of matter to be continually
Banging it's own ftate ; 7. Matter is a compound of

' a Multitude of parts, denominated the elements of
Batter ; therefore, 8. As the compound can have no-'
^ng but what is founded in the nature of it's ele-

^ents, every elementary part muft be endowed with
116 power of changing it's own ftate.

Thefe elements are fimple beings ; for if they were
Ornpofed of parts, they would be no longer elements,
u their parts would be fo. Now, a iimple being is

denominated monad; every monad, there-
°, has the power of continually changing it's ftate.

is the foundation of the fyftem of monads,
vhich you may have heard mentioned, though it
°es not now make fuch a noife as it formerly did.

I k
uave marked by figures the feveral proportions on
hich it is eftabliflied, for the purpofe of making a
°re diftincl reference, in the rcfleftions I mean to

^^e upon them.
^ have nothing to fay refpcfting the firft and fc-

Olld ; but the third is very equivocal, and altogether
^ in the fenfe in 'which it is taken. Without

Caning to fay, that the forces which change the
ate of bodies, proceed from fome fpirit, I readily

.S^e, that the force, by which the ftate of every body
changed, fubfifts in body, but, it being always un-,

, that it fubfifts in another body, and never
U3 in
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in that which undergoes the change of ftate ;
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 connections with еаСД
other, may be capable of fupplying forces by whic*

the ftate of another body is changed. It
that the fourth propofition muft be abfolutely
and the refult, from all that went before, rather lS»
that every body is- endowed with the power of re"
maining in the fame ftate, which is direftly the op"
poiite of the concluiion which thefe philofophers
drawn.

And I muft hero remark, that it is rather
to give the name of force to that quality of bodieS

by which they remain in their ftate ; for if we ̂ r
to underftand by the term force every thing that
capable of changing the ftate of bodies, the
by which they pericvere in their ftate, is rather tn
op'polite of a force. It is, therefore, by an abufe °
language, that certain authors give the name of f°rC

to the inertia, which is that quality, and which
denominate the inert force,

But, not to wrangle about terms, though this
may lead to very grofs errors, I return to the
of monads : and as propofition 4, is falfe, thofe ^'
follow, which are fuccefíively founded upon it, ^
of neccffity, be fo too. It is falfe, then, likewife,
the elements of matter, or monads, if fuch there
are poflefled of the power of changing .their ua

The truth is rather to be founded in the opp°"
quality»
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Duality, that of perfevering in the fame ftate ; and
thereby the whole fyftem of monads is completely
fubverted.

Thefe philofophers attempted to reduce the ele-
^ents of matter to the clafs of beings, which com-
prehends fpirits and foulsj endowed, beyond the
power of contradiction, with the faculty of changing
*«eir ftate ; for, while I am writing, my foul conti-
nUally reprefents other objects to itfelf, and thefe
Ganges depend entirely on my will : I am thoroughly
°°nvmced of it, and not the lefs fo, that I am maf-
*er of my own thoughts ; whereas the changes which
t;ike place in bodies, are the effect of an extraneous
force.

Add to this, the infinite difference between the
ttate of body, capable only of one velocity and of one
Direction, and the thoughts of fpirit, and you will
ke entirely convinced of the falfehood of the fenti-
^ents of the materiaiifts, who pretend that fpirit is
°nly a modification of matter. Thefe gentlemen
«aye no knowledge of the real nature of bodies.

\yb November, 1760.

L E T T E R LXXVII.

Origin and Nature of Powers.

ï T is, undoubtedly, very furprizing, that, if every
body has a natural difpofition to prcferve itfelf

1Q the fame ftate, and even to oppofe ail change, all
*he bodies in the univerfe iliould, nevertheless, be

U 41 continually
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continually changing their ftate. We are well aflure'df
that this change can be produced only^by a fores
not refident in the body whofe ftate is changed'
"Where, then, muft we look'for thofe powers, which

produce the inceflant changes that take place in ^
the bodies of the univerfe ; and which are, neverth6"
lefs, foreign to body ?

Muft we then fuppofe, beiides thefe exifting bodie8»
particular beings which contain thofe powers ? Or>
are the powers themfclves particular fubftances ехш*
ing in the world ? We know but of two kinds Qí
beings in it, the one which comprehends all bodieg>
and the other all intellectual beings, namely, th6

fpirits and fouls of men, and thofe of animals. MU**
we eftabliih, then, in the world, befides' body an^
fpirits, a third fpecies of beings, under the name °
power, or force? Or, are they fpirits which inceflantty
change the ftate of bodies ?

Both of thefc labour under too many difficult^8

to be haftily adopted. Though it cannot be denied»
that the fouls of men, and of beafts, have the
of producing changes in their bodies, it were,
ever, abfurd to maintain, that the motion of a
on the billiard table, was retarded and deftroyed by
fome fpirit ; or that gravity was produced by a fpifl

continually preffing bodies downward ; and that the
heavenly bodies, which, in their motion, change bot"
direction and velocity, were fubjecled to the acli°n

of fpirits, according to the fyftem of certain'ancieflt
philofophers, who affigned to each of the heavenly
bodies, a fpirit, or angel, who directed it's cour
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Now, on reafoning with folidity, reflecting the
Phenomena of the univerfe, it muft be admitted,
^at, if we except animated bodies, that is, thofe of

and beafts, every change of ftate which befalls
. bodies, is produced by merely corporeal caufes,

which fpirits have no fliare. The whole quefr
j then, is reduced to this, Whether the forces

change the ftate of bodies, exift feparately,
conftitute a particular fpecies of beings, or whe-

ther they exift in the bodies ?

This laft opinion appears, at firft iight, very unac-
c°untable ; for if all bodies have the power of pre-
erving themfelyes in the fame ftate, how can it be

they mould contain powers that have a ten-
to change it ? You will not be furprized to

*ear, that the origin of force has, in all ages, been a
^Oiblingvblock to philofophers. They have all con-

^dered it as the greateft myftery in nature, and as
'«ely to' remain for ever impenetrable. I hope,

^o\vever, I ihali be able to prefcnt you with a folu-
l°n

s fo clear of this pretended myftery, that all the
^»faculties which have hitherto appeared infurmount-
able, ihall wholly vaniih.

^ fay, then,,that however ftrange it may appear,
^s faculty of bodies, by which they are difpofcd to

Referve themfelves in the fame ftate, is capable of
^Pplying powers which may change that of others.
d° not fay, that a body ever changes it's own ftate,
ut that it may become capable of changing that of
n°ther. In order to enable уоиДо get to the bot-

of this myftery, refpecting the origin of force,
it
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it will be fufficient to confider two bodies, as if n°
others exifted.

Let the body A (plate IIL/g. 4.) be at reft, and let
the body В have received a motion in the direction
В A, with a certain velocity. This being laid do^fl»
the body A'is difpofed to continue always at reft»
and the body В to continue it's motion along the
ftraight line В A, always with the fame velocity, an"
both the one and the other in virtue of it's inertie-
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 В could not
continue it's motion, without paffing through the

body A, that is, without penetrating it ; it is î&'
poflible, then, that each body fliould preferve itf^
in it's ftate, without the one's penetrating the other>

But this penetration is impoflible ; impenetrabili^
being a property common to all bodies.

It being impoflible, then, that both the one and the

other fliould preferve it's ftate, the body A muft
folutely begin to move, to make way for th
В, that it may continue it's motion ; or, that tbe

body B, having come clofe to the body A, muft baV

it's motion deftroyed ; or, the ftate of both muft »
changed, as much as is neceflary, to put them in

condition to continue, afterward, each in his prupe

ftate, without mutual penetration.
Either the one body, therefore, or the other, ^

both, muft abfolutely undergo a change of the*
ftate, and the caufe of this change, infallibly exius ï
the impenetrability of the bodies themfelves ; nfl

every
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every caufe, capable of changing the ftate of bodies,
ls demonílrated/õr«1, it is then, of neceffity, the im>
Penetrability of the bodies themfelves, which pro-
duces the force, by which this change is effected.

In fact, as impenetrability implies the impoffibility,
that bodies fhould mutually penetrate, each of them
°Ppofes itfelf to all penetration, even in the minuteft
Parts ; and to oppofe itfelf to penetration, is nothing
e'ie, but to exert the force neceflary to prevent it.
•A-3 often, then, as two or more bodies cannot pre-
fer ve themfelves in their ftate, without mutual pene-
tration, their impenetrability always exerts the force
^eceflary to change it, as far as is requiiite, to pre-
Vent the flighteft degree of penetration.

, The impenetrability of bodies, therefore, contains
*he 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-

hilofophers fo grievoufly.

Novemier, 1760.

L E T T E R LXXVIII.

* lje f ame Subjcft, Principle of the leaß poßble АШоп.

y"OU have now made very confiderable progrcfs
in the knowledge of nature, from the explana-

tl°n of the real origin of the powers capable of
Banging the ftate of bodies ; And you are, at pre-
ent3 in a condition caiily to comprehend, why all

thofe
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thofe of this world are fubject to an inceßant changc

of ftate, from reit to motion, or from motion to
reft.

Firft, we are certain, that the world is filled with
matter. Here below, it is evident, that the fpa<#
which feparates the grou - bodies ieniible to feeling'
is occupied by the air, and that, when we make *
vacuum in any fpace, the ether inftantly iucceeds»
and it, likcwife, fills the fpace \n which the heavenly
bodies move. All fpace being thus fuJl, it is impo*'
fible that a body in moûon ihoulJ continue it a iinglc

inftant, without meeting others, through which tf
muft pafs, if they were not impenetrable. And, aS

this impenetrability of bodies exerts always, and uni-
verfally, a force wliich prevents ail penetration, 1<:

muft be continually changing the ftate of bodies ; lt

is not at all furprizing, then, that we ihould obferv«
perpetual changes in the ftate of bodies, though"
every one has a tendency to preferve itfelf in ttte

fame ftate.
If they could penetrate each other freely, nothiJ15

would prevent any one from remaining perfeveringty
in it's ftate ; but being impenetrable, there №4
thence, neceffiirily, refult force fuiHcient to prevent
all penetration ; and no more remits than what 1s

precifely needful.
While they can continue in the fame ftate, -with-

out any injury to impenetrability, they then exert fl°
force, and bodies remain in their ftate ; it is only to

prevent penetration, that impenetrability becomeS

aclive, and fupplies a force fufficient to
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" Лея, therefore, a fmaU force fuffices to prevent pe-
ation, impenetrability exerts that, and no more ;
when a great force is neceflary for this purpofe,

^penetrability is ever in a condition to fupply it.
Thus, though impenetrability fupplies thefe powers,

Jt is impoffible-to fay, that it is endowed with a de-
errninate force ; it is rather in a condition to fupply

^ kinds of force, great or fmall, according to cir-
Curnftances ; it is even an inexhauftible fource of
^em. As long as bodies are endowed with impene-
'rability, this is a fource which cannot be dried up ;
kis force abfoluteiy muft be exerted, or bodies muft

n^tual]y penetrate, which is contrary to nature.
. 't ought, likewife, to be remarked, that this force
ls never the effeft of the impenetrability of a fingle
°dy ; it refults always from that of all bodies at

°nce, for if one of the bodies was penetrable, the
Penetration would take place, without any need of a
P°Wer to effect a change in their ftate. When, there-

Ol'e> two bodies come into contacl:, and when they
Caftnot continue in their ftate without penetrating
each other, the impenetrability of both ads equally ;
a°d it is by their joint operation, that the force ne-
Ceffary to prevent the penetration is fupplied : we
jbfci fay, that they acl upon each other, and that the
°rce, refulting from their impenetrability, produces

t}lîs effecT:. This force ads upon both of them ; for
?s ̂ ey have a tendency toward mutual penetration,
lt repels both the one and the other, and thus pre-

e*its their penetration,
It
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It is certain, then, that bodies may act upon each
other ; and we fpeak fo frequently of this action, as
when two billiard balls clafli, it is faid, the one a#9
upon the other, that you muft be well acquainted

with this mode of expreffion. But it muft be care-
fully remarked, that, in general, bodies do not act
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 final*
force would not have been fufficient to produce this

effect.
It is very true, that a greater fyrce 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 acts n°
farther, and there refults from it the leaft force that
is capable of preventing the penetration. Since?
then, the force is the fmalleft, the efiect 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 com6

into contact, fo that no one could continue in 'li s

ftate without penetrating the others, a mutual acti°n

muft take place, which is always the fmalleft that
was capable of preventing penetration.

You will find here, therefore, beyond all expecta*
tion, the foundation of the fyftem of the late I^r<

de Maupertuis, fo much cried up by fome, and fo vio-
lently attacked by others. His principle- is, that о

the
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thé leaft poffible aclion ; by which he means, that,
111 all the changes which happen in nature, the caufe
^hich produces them, is the leaft that can be.

From 'the manner in which I have endeavoured to
^nfold this principle to you, it is evident, that it is
Perfectly founded in the very nature of body, and
that thofe who deny it, are much in the wrong,
Chough ftill lefs than thofe who would turn it into
^idicule. You will already, perhaps, have rcmark-
^d, that certain perfons, no great friends to Mr. de
Waupertiiis, take every opportunity of laughing at
"ie principle of the Icaß poffible aflion, as well as at
*he hole continued down to the centre of the earth ;
"üt, fortunately, truth fußers nothing by their plea-

ts,/ NOV. i;6o.

L E T T E R LXXIX.

u'i the Oucjlion, Are there any other Species of Powers ?

T^HE origin of powers, founded on the impene.
trability of bodies, which I have been endea-

v°Uring to explain, is by no means inconiiuent with
tlle opinion of thofe who maintain, that the fouls of
^n, and thofe of beafts, have the power of acting
011 their bodies. There is nothing to hinder the
e*iftence of two kinds of power, which produce all
116 changes that take place in the world; the one

c°rporeal, which derives it's origin from the impe-
netrability
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netrability of bodies : and the other fpiritual, w
the fouls of animals exercife over their bodies :
this laft power operates only upon animated bodies }
and the Creator has fo clearly diftinguiihed it frol°
the other, that it is not permitted, in philofophy?to

confound them.
But this diftinction greatly embarrafles thofe, w*10

confider attraction as an inherent quality of bodies í
for, if they aft upon each other, only to maintain
their impenetrability, attraction cannot be referred
to this cafe. Two diftant bodies may prefcrve cad*
it's ftate, .without at all interefting their impenetra-
bility, and without there being any reafon, of cofl*
fequence, why the one fhould ail upon the other»
even by attracting it.

Attraction, therefore, ought to be referred to *
third fpecies of power, which mould be neither coï'
poreal nor fpiritual. But it is always contrary t0

the rules of a rational philofophy to introduce a ne^
fpecies of powers, before their exiftence is inconte*'
tably demonftrated. It would have been neceflàvy»
therefore, for this eiTect, to have proved^
contradiction, that the powers by which bodies
tually attract, could not derive their origin from
fubtile matter which furrounds them ; but this ï01"
poflibility is not yet demonftrated. It would appear>

. on the contrary, that the Creator has exprefsly fi"e

the whole fpace of the heavens with a fubtile mattej >
to give birth to thefe powers, which impel bodies
ward each other, conformably to the law,
cítabliíued, refpecting their impenetrability.
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bi fact, the fubtjle matter might very well have a
Motion fuch as that a body in it íhould not be able
_ ° preferve it's ftate, without being penetrated by
lt > and then this force muft be derived, as well from
416 impenetrability of the _ fubtile matter, as from
tilat of the body itfelf.

Were there a fmgle cafe in the world, in which
^o bodies attracted each other, while the interme-

diate fpace was not filled with a fubtile matter, the
of attraction might very well be admitted ;

as no fuch cafe exifts, we have, confequently,
n to doubt, nay, even to reject it. We know,

tén, but two fourccs of all the powers which pro-
uce thefe changes, the impenetrability of body,

the aaion of fpirit.
The difciples of Wolff reject, likewife, this law, and

, That no fpirit, or immaterial fubftance,
aft upon a body ; and they are very much cm-

, when it is alleged, that, according to thein,
himfelf, who is a fpirit, could not have the
of ading upon bodies, which favours ftrongly

atheifm. They are, accordingly, reduced to this
eeble reply, that it "is by injinity G öd is able toad

UPon body ; but if it be impoffible for a fpirit, as a
^lritj to aét upon a body} this impotence neceil'arily
çcòils on God himfelf. And who can deny, that

^ foul acb upon our body ? I am to fuch a degree
_ after- of my members, that I can put them in ac-
l°n as I.pleafe. The fame thing may be affirmed,

, 0£ ^е brute creation ; and as, according
0 - of Defcartesf at which we have good

. I. X reafon
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reafon to fmile, beafts are mere machines,
any feeling, like a watch, as the Wolfians would hav

it, men too are merely machines.
Thefe fame philofophers, in their fpeculations, g°f

likewife, fo far as to deny the firft fpecies of *powei's»
of which they know nothing. For, not being №e

to comprehend how one body afts upon another»
they. boldly deny it's action, and maintain, that a*1

the changes which befall a body, are produced by jt

own powers.
They are the philofophers whom I formerly i°e11'

tioned, as denying the firft principle of mechanic5'
refpecling the prefervation of the fame ftate, \vhicl1

is fufficient to fubvert their whole fyftem. The ef'
ror into which they have fallen, as I have already
remarked, arifes from their reafoning inconcluuve^
refpecling the phenomena vvhich bodies prefer^ *
us.. They concluded precipitately, from obferviflo
almoft all bodies continually changing their ftate'
that they contained in themfelves the powers, ̂ У
which tKey inceflantly exert themfelves to change 1 '
whereas they ought to have drawn the direftly °P'
poiite conclufion.

It is thus, that, by confideririg objefts in a fupe

ficial manner, we hurry into the grofleft errors.
have already pointed out the defecb of this reafo°*-
ing ; but, once fallen into error, they have abando
ed themfelves to the moft abfurd ideas. They, ßr '
afcribed thefe internal powers to the primary e

ments of matter, which, according to them, are c°
tinual efforts to change their ftate, and conclude
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it, that all the changes to which every element
is г !.•

d, are produced by it's own power, and
two elements, or fimple beings, cannot aft upon
other. This being laid down, it was neceflary

t° diveft fpirits, as Ample beings, of all power of aft-
S upon body, excepting, however, the Supreme

* ; and then, as bodies are compoied of fimple
j they were under the neceffity of denying,

that bodies could aft upon each other.
was in vain to objecT: to them, the cafe of bodies
h claflvj and the change of their ftate, which re-

;~is from. it. Obftirxateíy prepoflèíTed in favour of
e folidity of their reafoning, they fcorned to aban-

011 it; they chofe rather to -affirm, that every body,
Ojn it's own nature, produces the change which be-

. s it, and that the collifon has nothing to do with
it is a mere illuiion which makes us believe

collifon to be the caufe of it ; and they go off in
h at the fublimity of a philofophy, fo far be-

the comprehenaon of the vulgar. You are
°^ in a condition to eftimate it, according to it's

importance.

L E T T E R LXXX.

Of the Nature of Spirits.

| BLATTER myfelf, that you are now convinced
°£ the folidity of the reafonings, on which. I have

the knowledge of bodies, and that of the
X a
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powers which change the ftate of them. The
is founded on experiments the moft deciiive, .and
principles dictated by reafon. They involve ho
furdity, nor are they contradicted by other
eqyally certain. It is not long fince any
progrefs was made in- refeardies of this kind. Su°
ftrange ideas. were, formerly, entertained refpecti11»

the nature of bodies, that all kjnds of powers "&&
afcribed to them, of which fome rmift neceflarily ^
ftroy the others.

Certain philofophers have even gone fo far, as l

imagine, that matter itfelf might be endowed
the faculty of thought. Thefe gentlemen,
by the name of materialißs, maintain, that our -
and all fpirits, in general, are' material ; or ratb?r>
they deny the exiftence of fouls and fpirits. ^ .
wlien once we have got into the right road to ^
knowledge of bodies ; the inertia, by virtue of w
they continue in their ftate ; and impenetrability
quality by which they are fubjedled to powers c

pable of changing it ; all thofe phantoms of
to which I alluded, vaniih away, and nothing
a more glaring abfurdity than to affirm,1 that matt:

is capable of thought. To think, to judge, to re

fon, to poflefs mental feeling, to reflect and will? a

equalities incompatible with the nature of bodies ; jn

beings inverted with them, muft be of a different П
ture. Such arc fouls and fpirits ; and He who p°
iefles thcfe qualities in the higheft degree, is

There is, then, an infinite difference between
and fpirit. Extenfion, iverliat and. i
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4ualities which exclude all thought, are the pro-
perties of body : but fpirit is endowed with the fa-
^*ty of thinking, of judging, of reafoning, of féel-
^5 of reflecting, of willing, or of determining, in
avour of one object preferably to another. There
s here neither extenfion, nor inertia, nor impenetra-

- thefe material qualities are infinitely remote
fpirit.

is aiked, What is a fpirit ? I acknowledge my ig.
in refpeâ: of this, and I reply, That we can-

tell what it is, as we know nothing of the nature
°f fpirit.

But it is not the lefs certain, that this world con-
two kinds of beings ; beings corporeal or mate-

and beings immaterial orfpiritual, which are of
Mature entirely different^ as they manifeft them-

to us by properties which have no relation to
other. Thefe two fpecies of beings are, never-
, moil intimately united, and upon their union,

£rbapally, depend all the wonders of the world,
hich are the delight of intelligent beings, and lead

йегп to glorify their CREATOR,
- U is certain, that fpirits conftitute the principal

?art of the world, and that bodies are introduced
to it merely to ferve them. For this reafon it is,

^ the fouls of animals are in an union fo intimate
^b their bodies. Not only do the fouls perceive

the impreffions macje upon their bodies ; but they
Ve the power of acüng upon thefe bodies, and of

" °ducing in them correfponding changes : and thus
X 3 they
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they exercife an aclive influence over the reft of
world.

This union of the foul with the body, undoubt-
edly, is, and ever will be, the greateft myftery o
divine Omnipotence, a myftery which we ihall
be able to unfold. We are perfectly fenfible,
the human foul cannot a£l immediately on all to
parts of the body ; as foon as a certain nerve is cu '
I can no longer fold my hand : from -which it i°a'i**>
be concluded, that the foul has power only over to
extremities of the nerves, which all terminate а°
unite in a portion of the brain, the place of 1^
the moil ikilful anatomift is unable exactly to
To this, then, the power of the foul is reftricled. "u

that of God, being unlimited, extends to the >vb°
univerfe, and exerts itfelf by теадз which far e

our comprehenfion.
щЛ Ncvemíer, 1760,

L E T T E R LXXXI.

Of the Union between the Soul and the Body-

A S fpirîts and bodies are beings, or fubftancesj
-^- a nature totally different, the world contain

then, two kinds of fubftances, the onefpiritu^h _
the other corporeal, or material. The ftricl: y°
which fubiifts between them merits a very partie
attention.
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'This union of foul and body, in every animal, is a
wonderful phenomenon. It is reduced to two
s, the one, that the foul feels, or perceives, all

"te changes which befall it's body, by means of the
, which, as you know perfectly well, are five

number, namely, feeing, hearing, fmelling, taft-
and touching., By thefe, then, the foul takes

c°gnizance of every thing that pafles, not only in it's
Ovvn body, but out of it. Touching and tailing re-
Prefent to it thofe objects only which are in imme-
^te contact with the body ; fmelling, objects at a
"uall diftance ; hearing extends to diftances much

°re remote ; and fight procures for us the know-
k<%e of the moft diftant objecb.

•AH this knowledge is acquired, only in fo far аз
he objecb make an impreffion on fome one of our

knfes, but ftill, this is not fufficient, it is -neceflary,
"at the organ of fuch fenfe ihould be perfectly found,.

^d the nerves belonging to it muft not be deranged.
*0u will recollect, that, in order to fee, the objecb
^Uft be painted diftinctly in the bottom of the eye,
011 the retina ; but ftill, this reprefentation is not the
0"ject of the foul ; one may be blind, though it is
Perfe£Uy weii exprefled. The retina is a contexture

* nerves, the continuation of which extends to the
. ain ; and if this continuation is interrupted by any

Jury done to this nerve, called the optic nerve, there
be no fight, however perfect the reprefentation

retina may be.
the fame with refpeft to the other fenfes, all

operate by means of nerves deftined to con^
X 4 vey
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vey the i'mpreffion made on the organ, employed in
the fenfation, up to it's firft origin in the brain-
There is, then, in the brain, a certain place where
the nerves terminate; there the foul refides,
there perceives the impreffions made upon it by mean*
of the fenfes.

From thefe impreffions, the foul derives all tilC

knowledge it has of things out of itfelf ; thence it
derives it's firft ideas, and by their combination foro15

judgments, -reflections, reafonings, and every thine
neceflary to .perfect it's knowledge ; fuch is the viO
of the foul, in which the body has no ihare.
the firft imprelfion comes to it from the
through the bodily organs : and the firft faculty °
the foul is to perceive, or to feel, what paffes i
paît of the brain, in which all the fenfitive
terminate. : This faculty is denominated feeling, °

fenfation, and the foul, nearly paffive, does nothing'
in the firft inftance, but receive -the impreffions whicil

the body prefents to it. .
But it poiTefles, in it's turn, an aclive faculty 5 w

means of v/hicli it has the power of influencing •&
body, and of producing motions in it, at
in this confifts it's power over the body. . Thus I alil

able to move my hands and my feet by an aft of n1;
will ; and, What motions are my fingers making»
I write this letter f My foul, however, cannot aft 1ГР "
mediately on any one of my fingers ; in order
put a fingle one in motion, it is neceffary that
ral mufcles fliould be put in aftion, and this
again, exerts itfelf by means of nerves term
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ln the brain : if fuch a nerve be injured, to no pur-
pofe will I wiflv my finger to move ; it wül no longer
°bey the orders of my foul : thus the power of my
foul extends only to a ûnall portion of the brain,
^here all the nerves unite ; fenfation is likewife re-
lifted to this place of the brain.

The foul, then, is united only with thefe extre-
Nties of the nerves, on which it has not only the
Power of acting, but by means of which it can view,
^ in a mirror, every thing that makes an impref-
kon on the organs of it's body. What wonderful

.'addrefs, to be able to conclude, from the flight
wianges which take place in the extremity of the
^rves, that which occauoned them out of the body \

Á tree, for example, produces on the retina, by
rays, an image which is perfectly fimilar to it :
how feebíe muíl the impreffion be which the

receive from it I It is this impreffion, how-
&, continued along the nerves up to their origin,

excites in the foul the idea of that tree. - A£-
ds, the. flightcft impreffions which the foul
on the extremities of the nerves, are inftantly

c°inrnunicated to the mufcles, which, put in adlion,
°Hige the member which it wills to move, exaftly
to obey it's orders.

•Machines, which receive certain motions by thq
awbg of a firing, prefent but a coarfe mechanifm,

C0ftipared to our bodies and the bodies of animals.
Тк1£ie works of the Creator infinitely furpafs the pro-
ducïions of human {kill,

^December, 1760.

LETTER
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LETTER LXXXIL

Different Syßems, relative to ibis Subjefl.

TN. order to elucidate the twofold union of foul 4n<*
•*- body, we may compare the foul to a man, ^°
contemplates, in a dark room, the external object8'
and from their images derives the knowledge of ^ha*
is paffing out of the room. The foul viewing, in I1*
^manner, if I may fa exprefs myfelf, the extremities о
the nerves, which unite in a certain part of the braU1'
perceives all the impreffions made upon the nerves»
and arrives at the knowledge of the external obje#s'
which have made thefe impreffions on the organs0

fenfe. Though we do not know wherein conß"
the refemblance of the impreffions made on the &'
tremities of the nerves, with the objecb themfelve

which occafioned them, they are, however, ^егУ
proper to fupply the foul with a very juft idea °
them.

The action by which the foul, operating on W6

extremities of the nerves, can put in motion, at plea"
fure, the members of the body, may be compared
that of a player on puppets, who, by pulling a ftrifle'
makes them ftrut about, and move their limbs as »
pleafes. This companion is, however, very impe

feet, for the union of the foul and body is ii
more intimate.

The foul is not fo indifferent, in refpeft of :
as the man placed in the dark room ; it is much ш°

deeply
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Deeply interefted in what is going on. There are
en&tions highly agreeable to it, and others very dif-

, and even painful. What more difagree-
than acute pain, though it proceed but from a
tooth ? This, however, is no more than a nerve

in a certain manner, and yet it excites, in
foul, pain intolerable.
whatever light we confider the ftrift union of
and body, which conftitutes the eflence of a liv-

man, it muft ever remain an inexplicable myf-
; and, in all ages, philofophers have taken fruit-

tëis pains, in the hope of arriving at a fatisfactory folu-
On. Various fyftems have been devifed in this view.

*he firft is, that by which a real influence is ef-
tabliflied of body on foul, and of foul on body ; fo
^at the body, by means of the fenfes, fupplies the

with it's firft perceptions of external things ;
that the foul, by acting immediately on the

in their origin, excites in the body the mo-
ч°п of it's members ; though it is, at the fame time,

^nowledged, that the manner of this mutual in.-
^ence is abfolutely unknown to us. We rnuft, un-
°Ubtedly, have recourfe to the omnipotence of God,
^o has given to every foul, a power over the por-
l°n of matter containing the extremities of the

nerves of the body, fo that the power of every foul
1 s reftrifted to a frnall part of the body, whereas the
Power of God extends to all the bodies of the uni-.

erfe. Thjg fyftem feems the moft conformable to
ruthj though we are very far from pretending to
ave a particular knowledge of it.

The
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The other two fyftems are the invention o
fophers, who boldly deny the poffibility 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 iupply the ibü*
with the firft ideas of external things, nor the
produce any motion in the body.

One of thefe two fyftems was the inventioii
Dcfcartes ; it goes by the name of thefyßem of

fional caufes. According to this philofopher,
the organs of fenfe ' are excited by exterior bodies»
God immediately imprefles on the foul, at the fart16

inftant, the ideas of thefe bodies ; and when the fou*
wills, that any member, of this body ihould
{till it is God, who immediately imprefles, on
member, the motion defirëd, but all the while, t*16

foul is in no manner of connection with it's bow"
It was, therefore, altogether, •unneceflary, that tbe

body ihould be a machine of fuch admirable сой*
ftrucuon, as the dulleft mafs would have anfwere#
the purpofe equally well.

This fyftem, accordingly, foön loft much of 'ltS

credit, when the celebrated Leibnitz fubftituted, in

it's place, that of the pre-eftabliuied harmony, whiC
you have, no doubt, frequently heard mentioned ï
converfation.

According to this fyftem of pre-eßablißed härfflofly*
the foul and the body are two fubftances out of *•*
connexion, and exercifing no manner of influence о
each other. The foul is a fpiritual fubftance, wbicb»
from it's own nature, receives, or affumes, zu Jt

ideas,
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•*deas, it's; thoughts, it's perceptions, without the
body's having the leaft lhare in the matter ; and
*"e body is a machine moft ingeniouily conftruct-
C4, like a clock, which produces all it's motions,
to fucceflion, without any manner of influence on
the part of the foul. But God, having forefeen,
from the beginning, all the refolutions, which every
*°ul would at every inftant form, arranged the ma-
chine of the body, fo as that it's motions ihould, at
EVe.ry inftant, harmonize with the refutations of the
*Qul. Thus, when I at this moment raife my hand,
Leibnitz fays, that God having forefeen my foul would
ЭДМ, at this moment, my hand to be railed, difpofed
*Qe. machine of my body in fuch a manner, that, in
vtttue of it's proper organization, my hand fliould

ily rife at the fame inftant ; and, in like man-
r, that all the motions of the members of the body

performed in virtue of their proper organization,
has been, from the beginning, fo difpofed, as

to be at all times in harmony with the dctermina-

tfons of the foul.

f>tb December, 1760.

L E T T E R LXXXIII.

examination of the Syßem of pre-cßablißxd Harmony.
An Objection io if.

JÄHERE was a time, when the fyftem of pre-ef-
tabliihed harmony had acquired fuch a high

eputation over all Germany, that to dare to call it
in
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in queftion was to incur the imputation of i
or bigotry. The fupporters of this fyftem
that, by means of it, the omnipotence and
fcience of the Supreme Being were fet in their
light, and that it was impofllble for any one,
believed in thefe exalted perfections of God, to
tertain a doubt of the truth of this fublime fyftem

In facl, fay they, we fee, that poor, pitiful
are capable of conftrufting machines fo ingeniously
as to fill the vulgar fpectator with
how much ftronger reafon, then, have we to
that God having known, from all eternity, all
my foul would wiih and defire, at every i
fliould have been able to conftruft fucli a
which, at every inftant, ihould produce motions coo*
formable to the determinations of my foul ? NO^'
this machine is precifely my body, which is unfte

to my foul, only by this harmony ; fo that if the of
ganization of my body were deranged to fuch
gree, as to be no longer in harmony with my
this body would no more belong to me, than
body of a rhinoceros in the heart of Africa : and J >
in the cafe of a derangement of my body, God
adiuft that of a rhinoceros, fo that it's motions ^ci

- «nV
in fuch harmony with the determinations or p ;

foul, as to raife it's paw at the moment I willed l »
this body would then be mine, and would belong
my foul, as my prefent body now belongs to it, ^
out having undergone itfelf, on that account,31^
change whatever.

Mr. Leibnitz himfelf has compared the foul and t

>
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ody to two clocks, which continually indicate the
j^e hour. A clown who ihould fee this beautiful

armony of thefe two clocks, would undoubtedly
°nclutie, that they acled upon each other, but he
^uld be under a miftake, for the one performs it's
^°Upns independently of the other. The foul and

e body are likewife two machines totally indepen-
ntj the one being fpiritual, the other material ; but
eir operations are always in a harmony fo eom-

P etej that we are induced fo believe them to belong
each other, and that the one has a real influence

P0n the other, which is, however, a mere illufion.
• n order to form a judgment of .this, fyftem, I re-
ark, firft, That it cannot be denied to be poffible

God to create a machine which ihould be always
^rmony with the operations of my foul ; but it

Ppears to me that my body belongs to me by other
than fuch a harmony, however beautiful it

, аУ be : and, I believe, you will not be difpofed
^ly to adopt a fyftem which is founded on this
nciple alone, that no fpirit can act upon a body ;

. d that, reciprocally, a body cannot act upon, or
Pply ideas to, a fpirit. This principle is, befides,
^t of all proof, the chimeras of it's partifans,
Pe$ing limple beings, having been completely re-

ted- And if God, who is a fpirit, has the power
Deling upon bodies, it is not abfolutely impoffible

Uu^ a ^P^itj ̂ ucn as tne human foul, ihould be able
ewife to aft upon a body. Accordingly, we do

>. Pretend to fay, that our foul acts upon all bo-
^ but only upon a fmall particle of matter, with '

i refpccí
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refpect to which it has received the power of &°
himfelf, though to exercife it in a manner which ^
are utterly unable to comprehend.

Farther, the fyftem of pre-eftablrihed harmonyJa'
bours under other great difficulties. According
it the foul derives all it's knowledge from it's
proper fund, without any contribution on the
of the body and the fenfes. Thus, when I read l •
the Gazette that the Pope is dead, and I come .to tb
knowledge of the Pope's death, the Gazette and .*°J
reading have nothing to do with the communicatj°
of this knowledge, as thefe circumftances refpecT: °W.
my body and my fenfes, which have no manner
connection with my foul. But, conformably to t*1

fyftem, my foul derives, at the fame time, from J

own proper fund, the ideas which it has of this Ia

Pope. It concludes, he inuft abfolutely be dead, ^
this knowledge comes to it with the reading °*
Gazette, fo that I imagine the reading of the Gaz?
furnifhed me with this knowledge, though I *c

derived it from thé proper fund of my foul. ' f
But this idea is perfectly abfurd. How was Д£ г

fible for me fo boldly to affcrt, that the Pope ^
neceflarily have died at the moment mention^0 .
the Gazette, and that, only from the idea whic

had of the Pope's condition and health, though? P
, haps, I knew nothing about him, while I a10 \

nitely better acquainted with my own fituatl

without .knowing, liowever, what fhall befall я*е

'о'
morrow.

Jn like manner when you do me the
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thefe letters, and derive the knowledge of fome
from them, it is your foul which extraits that
from it's own proper fund, without my con-

futing at all to it by my letters. The reading of
^ein ferves only to maintain the harmony which
^Creator meant to eftablim between the foul and
:pebody. It is „ only a formality, altogether fuper-

with refpeft to the knowledge itfelf. I fliall,
, continue to tender you my inftruftions.

^ Decembert 1760.

L E T T E R LXXXIV.

Another Objeäion.

I HERE is another objection to be made to the
, fyftem of pre-eftabliihed harmony; namely,

ç t it is utterly deftruftive of human liberty. In
, » tf the bodies of men are machines, fimilar to Л

c«, all their actions are a neceffary confequence
their conftruition. Thus, when a thief fteals my

j. 4eî the motion made by his hands is an effect as
_ceflary of the machine of his body, as the motion
t^e hand of my clock, now pointing to nine. You

Ç41 readily comprehend what muft be the conclu-

of k' ."̂ S k would be unjuft, nay, ridiculous, to think
e'mg angry at the clock, and of chaftiling it, be-

Vf e ^ pointed to nine, it would be equally fo, with
Peel: to the thief, whom it would be abfurd to
"b. for having ftolen my purfe.

V. l. Y Of
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Of this we had a well-known example in the reigft

of his late Majefty, when Mr. Wolff taught at Hatte
the fyilem of the pre-eftabliihed harmony. The
informed himfelf of this doctrine, which was
making a .prodigious noife ; and one of his
having fuggefted to him that, according to r'
Wolff's doctrines, foldiers were mere machines, art
that when one deferted, it was a neceflary con*6'
quence of his particular ftructure, and therefor
ought not to fubject him to puniflvment, as woul
be the cafe, were a machine an object of puniihrne° »
for having performed fuch and fuch a motion ; tl1

King was ib provoked at this reprefentation, that n
gave .orders to banifli Wolff from Halle, with cert1'
fication, that if he was found there at the end °
twenty-four hours, he fliould be hanged up. *
philofopher upon this took refuge at Marburg,
I converted with him foon after.

But tlie partiians of this fyftem have always
tained that the pre-eftabliihed harmony by ,no
encroached on human liberty. They admit that ^
exterior actions of men are neceflary effects of í
organization of the body, and that, in this refpeC '
they take place, as neceflarily as the motions oi

watch : but that the mental determination enjoy
perfeft liberty : that thefe may be deferving °* P
niíhment, though the corporeal aition was neceii^
that the criminality of an action confiits lefs in _
act, or motions of the body, .than in the refolutl

or intention of the foul, which remains entirely &
Let us conceive, fay they, the foul of a thiefj &
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, at a certain timCj to commit a robbery :
od having forefeen this intentions has provided it

J^h a body, organized in fuch a manner as to pro-
Uce> precifely at the fame time, the motions requi-

;*e for the commiffion of this robbery: the action,
f У they, is itfelf the necefiary effect of the organiza-
ílQn of the body, but that the intention of the thief
s a free aft of his foul, which is not,, on that ac-

c°unt, lefs culpable and leis punimabb
^otwithftanding this reafoning, the fuppoftèrs of
e fyftem of pre-eftablifhed harmony will always

^d themfelves very much embarrafled to maintain
e liberty of the determinations of the foul. For,

fording to them, the foul is itfelf fimilar to a ma-
Ine, though of a nature totally different from that
the body ; the reprefentations produced in it are

Cc*uoned by thofe which precede, and thefe again
* others anterior to them, and fo on, fo that they
Uow each other as neceflarily as the motions of a
achine. In faft, fay they, men aft always from
rtain motives, founded on the reprefentations of

, e foul, which fucceed each other, conformably to
lt'* ftate.

^ou will recolleft that, according to this fyftem,
, ^ foul derives no one idea from the body, not
./^gin any real connexion with it ; but all from

proper fund. Prefent ideas flow from thofe
ch preceded, and are a neceflary confequence of

• eiïl > fo that the foul is nothing lefs than mafter of
own ideas, which generate it's refolutions, and

lch are therefore as little under it's power : and,
Y 2 confe-
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confequently, all it's actions are founded on it's pre''
fent ftate, that on the immediately preceding, and »°

.on, are a necefíary effect of the firft ftate in which *
was created, over which it certainly could have 0
power, and, of confequence, could not be free. **
depriving men of their liberty, all their actions -b '
come neceflary, and can no longer be confidered 3*
either right or criminal.

No one of thofe philofophers has hitherto bee
able to remove thefe difficulties ; and their advefl

ries have a right to object to them, that this o
is fubveriive of all morality, and makes every
which men commit to recoil on God himfelf,
is, undoubtedly, the grofleft impiety. We muft
however, load them with the imputation of &
confequences, though they flow very naturally *го

their principles. The article of liberty is a {tumbl^
block in philofophy ; and it is extremely difficult
fteer clear of the dangers which prefs on all fides-

December, 1760.

* The King of Pruffia (Frederick II.} though no

tlie pre-eftablifhed harmony, haftened to do juftice to . ....

mom;-nt he mounted the throne. The original caule of № " , g

fecution was the refentment of an ecclcfiaftic, jealous of"0»''.
Vcclius wtis of Dtfi-arles. The pride of men of this defd'1!' f

L

h'as long endeavoured to fubjeft thought itfelf to their opifr° , (

to their inteveft ; but the world begins to entertain for the

horror and the contempt which they deferve.* ' . to

Befides, thefe objections refpefting liberty are not pecU

* Sn, becaufe one Pruffian theologian was jealous, and a bigo'j 3

 |t.
to Mr. Condorrct, hi1 permits himfelf to brand the whole order with tn \t

tation of thefe odious qualities. The impartial Reader will judge w» j.jlli'
is not. as polliMe fora пЫЬГорНьг and a free-thinker to be uncaudid a

bcral, as for an ccclcfiafu*:.—i,'. K. t\Jf
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LETTER LXXXV.

f ^->e Liberty of Spirits ; and a Reply to Obieftions
againß Liberty.

r^HE greateft difficulties on the fubjecl of liberty,
even thofe which appear mfurmountable, arife
want of diftinguifliing, with fufficient atten-

» between the nature of fpirit and that of body.
e Wolfiah philofophers even go fo far as to put

,Plrits, and the elements of body, on the fame foot-
& 3nd give to both the one and the other the name

'Of
"unads, the nature of which, according to them,

Olififts in the power of changing their ftate ; from
^ence refult all the changes in bodies, and all the

ePrefentations and aftions of fpirits.

t Since, then, in this fyftem, the aftual ftate of bo-
^es and of fpirits derives it's determination from
^at which immediately preceded; and as the actions

fpirits are derived, like thofe of bodies, from their
Receding ftate, it is evident, that liberty is no more
, ^^ attribute of fpirit than it is of body. As to body,
. Is impoflible to conceive the Icaft ihadow of liberty
, t

lt: > for liberty always fuppofes the power of com-
•.. lttlng> of admitting, or of mfpending an action,

- ï

of pre-eftabliihed harmony, but common to all. It is

a a'n *^at 'n ^uc^ anc^ ^lle^ circumftanccs I will perform fuch
аС1|()П) an(j j-et j ^iLu jjave tj le p0wer Of afting othervvife.

ti : 1S aft'on will infallibly tuke place but not ncaffitri/y. This is
Qc real difficulty.— F. E.

У and
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and this is direetly oppoiite to all that paffes in
Would it not, then, be ridiculous to expeft that^
watch ihould point to any other hour than what ï
actually does, and to think of punifliing it on
account ? Would it not be abfurd to fly into a
fion at a puppet, becaufe, after feveral other
it had turned it's back to us ?

All the changes which take place in bodies, aO
which are all reducible to their ftate of reft, °r °
motion, are the neceffary confequence of the
which act upon them ; and their auion once ado11 ,
ted, no changes in bodies can take place, but pr

cifely fuch as do take place : what refpeftfe Ьо^У'
therefore, is an object of neither praife nor blaO1

However ingeniouily a piece of mechanifm may
conftructed, the commendation which we beft°
upon it reverts to the artift ; the machine itfelf &
no intereft in what paffes ; the artift, too, is alo11

refponíible for the defects of a çlumfy and auk^a*
machine ; the machine itfelf is perfectly inno<#
While, therefore, the enquiry is reftricted to bod16 '

fC*
they are clearly in no refpect refponíible ; . n°
ward, no punifliment can poffibly attach to the10 '
all the Changes and motions produced in thein» **
the neceffary conferences of their ftructure.

But fpirits are of a very different nature, and t*1 .
actions depend on principles directly oppofite-
berty, entirely excluded from the nature of bod?'
the effential portion of fpirit, to fuch a degree, *
without liberty, a fpirit could not exifl; and this . _
is which renders it refponíible for it's actions. •*•

proper1?
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Property is as effential to fpirit as exteniion or i
netrability is to body ; and as it would be impoffible
°r the divine Omnipotence itfelf to divert body of

thefe qualities, it would be equally impofllble for it
to diveft fpièits of liberty. A fpirit without liberty,
would no longer be a fpirit, as a body without ex-

er>fion would no longer be a body.

ft has in all ages been a fubjecT: of eager enquiry
Sftiong philofophers, How God could have permitted
"я to enter into the world ? Had they reflected that
ta fouls of men are beings neceflarily free, from
«eir very nature, the controversy would have been

ca% fettled.
The objections commonly made to human liberty

, Ге thofe : A fpirit, it is faid, or a man, is never de-
ernuned to an aftion, but from motives ; and after

Baying carefully weighed the reafons on both fides,
^e finally decides in favour of that which he deems
í16 preferable. Hence they conclude that motives

^ermine the adions of men, juil as the motion of
•, "all on the billiard table is determined by the ftroke
^prefled upon it, and that the actions of men are
110 more free than the motion of the ball. But it
^uft be confidered that the motives which /engage a
^a*i to undertake any enterprize, refer very differ-
ently -to ^е fou^ fvom ^-^ t̂ e ftroke does to the

^ The ftroke produces it's effect necefíarily ; but
ttiotive,, however powerful, prevents not the action

4'0rn being voluntary. Lha'd very powerful motives
0 undertake a journey to Magdeburg : a regard to

^У promife ; the profpecl: of enjoying the felicity' of

У 4
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paying my refpeits to your Highnefs ; but I am per-
fectly fenfiblc, at the lame time, that I was not forced
to it : and that it was entirely in my own power to
take that journey, or to have remained at Berlin-
But a body, impelled by any power, neceiïarily obeySj
and it cannot be affirmed 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 *
caufe or force acting upon body. Here, the effect *s

produced neceffarily'; and there, the effect remains
always voluntary, and the foul has power over it-
On this is founded the impufabilify of the actions of
a fpirit, 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 queftion refpecting h'berty
prefents very little difficulty,

December, 1760.

»в-75-ое

L E T T E R LXXXVI.

The fame Subjeft continued.

difference which I have juft euabHflied
tween the motives, conformably to which

act, and the canfes or powers which act on bodies»
difcovers to us the true foundation of liberty.

Imagine a puppet fo artfully conftructed with
wheels and fprings, as to Ъе able to approach my

pocket»
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pocket, and to pick out my watch, without my per-
ceiving it. This action being a necefíary confequence
of the organization of the machine, could not be
confidered as a robbery; and I mould render my-
felf ridiculous if I got into a paffion at it, and iniift-
ed on having the machine hanged. Every one would
fay that the puppet was innocent, and incapable o£
committing a blameable action ; 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 mechanifm, I ihould
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
fpirit, and that fpirit.s alone are refponfible for their
actions.

Let every man examine his own actions, and he
will always find that he was not forced into them,
though he might be induced by motives. If his ac-
tions are commendable, he is perfectly 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 connected with that liberty itfdf, that
they are infeparable. It is poffible to entertain a
doubt where the liberty of another is concerned, but
it is impoffible ever to be deceived refpefting one's
own. A clown, for example, on feeing, the puppet
above defcribed, rnight eaffly imagine it to be. a real

thief,
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thief, and -that it likewife was a free agent : in this
he would be miftaken ; but with refpect to his
liberty, it is impoffible for him to miftake ; as -
deems himfelf free, he is fo in fact. It might
wife happen, that the clown in queilion, undeceived
as to the puppet, íhould afterwards confider a dex-
terous ,thief as a machine, deftitute of all fentiment»
and of liberty : here he would fall into the oppofitc
error, but as to his own actions, he will never bo
miftaken.

It would, therefore, be ridiculous to afiirm, that
it might be poffible for a watch to imagine that it's

hand turned freely, and to believe that it now points
to nine, becaufe it plealfes to do fo, but could point
to any other hour, if it thought proper: the watch
would undoubtedly deceive itfelf. But the whole
fuppoiition is manifeftly abfurd. You muft firft af-
cribe to the watch fentiment and imagination, and
accordingly fuppofe it a fpirit or foul, which necef-
iarily implies liberty; and afterwards confider it as
a mere machine, divefted of liberty, which is a ma-
nifeft contradiction.

Another objection, however, is ftarted againft li-
berty, founded on the divine prcfcience. God, i*
is faid, forefaw, from all eternity, every refolutiofl
which I íhould form, and every action which I íhould
do, during every inftant of my life. If God forefa^
l íhould juft now continue tp write, that I íhould,
by and by, lay down my pen, and rife to take a
walk, my action would be no longer free, for I am
under the 'neceflity of writing, of laying down the

pen,
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pen, and of riiing to walk ; and it would be impof-
fible for me to act otherwife, as it was impoflible
God ihould be deceived in what he forefees?

The reply is obvious. Becaufe God forefaw, from
all eternity, that I ihould perform, on fuch a day,
fuch an action, it does not follow that I fliall 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 ihould 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 aftions 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 detecting the
falfehood of this opinion. Is it fo furprifmg that
the Supreme Being, who is acquainted with all my
propenfities, ihould be able to forefee the effeft which
every motive will produce on my foul, and, confe-
quently, all the refolutions which I fliall form, in
conformity to thefe efFefts, when iimple mortals, fuch
as we are, frequently exercife a fimilar prefcience ?
You can eaiily imagine to yourfelf a man extremely
covetous, who has a fair opportunity of malting 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, as if you had never fpent a thought upon

him.
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him. Now, as God is infinitely better acquainted
with men, and all their difpoiitions, it is not to be
doubted that he could have forefeen their aétions, 1°
all fituations. The prefcience of God, with refpe"
to the free actions of fpirits, is, nevertheless, founded
on another principle than that of the changes whic*1

muß take place in the corporeal world, where all 1s

under the power of neceffity. This diftinction
be the fubjeci of my next letter.

ZOtb December, 1760.

LETTER LXXXVII.

Influence of the Liberty of Spirits ироц Events.

Y F the world contained bodies only, and if the
changes which take place in it, were neceifery

confcquences of the Jaws of motion, conformably to

the powers with which they act upon each other, э№
events would be necefiary, and would depend on the
ßrft arrangement which the Creator had eftabliihed
of the bodies of the univerfe ; fo that this arrange-
ment, once eftabliihed, it fliould be impoffible f°r

other events afterwards to take place, than thofe
which happen in the actual order of things. The
world would, undoubtedly, be in this cafe, a mere
machine, fimilar to a watch, which, once wound up»
afterwards produces all the motions by which ^&

meafure time.
Imagine to yourfelf a muiical clock ; fuch a clock»

once regulated, all the motions which it performs»
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the airs which it plays, are produced in virtue
of it's conftruction, without any freih application of
the hand of the mafter, and, in that cafe, we fay it is
done mechanically. If the artift touches it, by chanc-
ing the notch, or the cylinder, which regulates the
airs, or by winding it up, it is an external action,
tyhich, not being founded on the organization of
the machine, no longer appertains to it. And if
God, as Lord of the univerfe, Qiould change imme-
diately any thing in the courfe of fucceffive events,
this change would no longer appertain to the ma-
chine: it would then be a miracle.

A miracle, confequently, is an immediate effeft of
the divine Omnipotence, which could not have taken
place, had God left the machine of the univerfe freely
to take it's courfe. Such would be the ftate of the
Univerfe, if it contained bodies only ; in that cafe it
tnight be faid, that all events take place in it from
an abfolute neceffity, each of them being a necefíary
effect of the ftrufture of the univerfe ; unlefs it
pleafed God to work miracles.

The fame thing'would happen, on admitting the
fyftem of pre-eftabliflied harmony, though it allows
the exiftence of fpirits ; for, according to this fyf-
tem, fpirits do not act upon bodies, but thefe per-
form all their motions and actions only in virtue of
their ftrufture, once eftabliflied ; fo that when I raife
my arm, this motion is an effect as neceffiiry of the
organization of my body, as that of the wheels in a
Watch. My foul, in no refpect, contributes to it ; it

ï is
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is God who, from the beginning, arranged the mat-
ter, fo that the aftion of my body muft necefiarily
refult from it, at a certain time, and raife the arm at
the inftant that my foul willed it. Thus, my foul
has no influence upon my body, any more than upon
thofe of other men and of animals : and, confequent-
ly, according to this fyftem, the univerfe is merely
corporeal, and events are a neceflfary effect of the pri-
mitive organization which God has eftabliihed Ш
the univerfe.

But, if we allow to the fouls of men and of ani-
mals the power of producing motion in their bodies,
which their organization alone would not have pro-
duced, the fyftem of the univerfe is not a mere ma-
chine, and events do not neceflarily take place as in
the preceding cafe.

The univerfe will prefent events of two kinds ;
the one, thofe over which fpirits have no manner of
influence, which are corporeal, or dependant on the
machine, as the motion and phenomena of the hea-
venly bodies ; thefe take place as neceflarily as thofe
of a watch, and depend entirely on the primitive
eftabliihment of the univerfe. The others depend
on the foul, united to the body of men and animals,
and are no longer neceflary, as the preceding, but
refult from the liberty, as from,the will, of thefe fpi-
ritual beings.

Thefe two kinds of events diftinguiflx the univerfe
from a mere machine, and raife it to a rank infinitely
more worthy of the almighty Creator, who formed

it.
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tt. The government of this umverfe 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-
btely eflential 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
^vill of inen and animals. Their power is very li-
mited, being reftridted to a fmall portion of the brain,
ln which all the nerves terminate : and this affion is
confined to the communication of an impreffion 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
bave a very great influence on a multitude of events.

Man, however, though mailer of the firft motion
of his body, which occafions thefe events, is not fa
of the confequences of his aftion. Thefe depend on
fo many circumftances, that the moft fagacious mind
ls incapable of forefeeing them : accordingly, we
every day fee the beft concerted projects failing.
Out it is here that we muft acknowledge .the govern-
uient and providence of God, who, having from all
eternity forefeen all the counfels, the projects, and
the voluntary actions of men, arranged the corporeal'
^'orld in fuch a manner, that it brings about, at all-
times, circumftanccs which caufe thefe entcrprizes to

fail
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fail or to iucceed, according as his infinite wifdorn
judges to be moil fit. God thus remains abfolute
fovereign of all events, notwithftanding the liberty
of men, all whofe actions, though free, are, from the
beginning, part of the plan which God intended to
execute, when he created this univerfe.

This reflection plunges us into an abyfs of wonder
and adoration at the infinite perfections of the Crea-
tor; while we confider that there is nothing fo mean
in itfelf as not to be, from the beginning of the
world, an object worthy of entering into the origi*
nal plan which God propofed to himfelf.

v.$d December, 1760.

LETTER LXXXVÏÏI.

Of Events, natural, fupcrnatural, and moral.

TN common life, we carefully diftinguilh events
•*- produced by corporeal caufes from thofe in which
men and animals co-operate. Thofe of the former
defcription are denominated natural events, or pro-
duced by natural caufes ; fuch are the phenomena
of the heavenly bodies, eclipfes, tempefts, whirlwinds»
earthquakes, &c. Thefe are called natural pheno-
mena, becaufe it is underftood that neither men nor
animals are active in the production of them.

If we fee a tree torn up by the roots, through the
violence of the wind, we call it a natural effect : but
if it were done by the ftrength of man, or the pro-

bofcis
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bofeis of an elephant, no one weuld call this a natu*
fal effect When our plains are deluged by aft inun-
dation, or defiroyed by the hail, we fay the caufe
of this calamity was natural; but if the mifchief
^ere done by the invafion of an enemy, we would
uo longer deem the caufe of it to be natural.

If fuch an evil were to be produced by a miracle,
or by the immediate power of God, we would fay
•the caufe of it was fupernatural ; but if the event
V^ere occalioned by men or animals, we would not,
-in that cafe, give it the name of either natural or
fupernatural. We would characterize fuch an event
fimply by the name of aflion, which denotes an effect
that is neither natural nor fupernatural. It might
Vith greater propriety be denominated moral, as it
Depends on the liberty of an intelligent agent.

Thus, when Quintus Curtius gives us a detail of the
Actions of Alexander the Great, he communicates to
lis the knowledge of the events brought about by
*he voluntary determinations of that hero. Such
an action always luppofes freedom of refolution in a
Spiritual being ; a power of determination which de-
pends upon his will, and of which he is mafter. I
fay, of which he is mafter ; for there is a great va-
riety of motions, the production of which, were we
to determine to will them ever fo much, we ihould
ftot, however, be obeyed, becauie over fuch move-
uients we have no power.

I am not mafter even of all the motions performed
*n my own bodyj that of my heart and of my blood

VOL. I. Z, is
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is not fubject to my power, or to the empííe of my
foul, as the aftion which I perform when I write this
letter. There are other motions which partake ot
the nature of both thefe, fuch as refpiration, which
it is, in my power to accelerate, or to retard to a cer-
tain degree, but of which I am by no means the ab-
folute mailer.

Language is not fufficiently rich to exprefs, by one
appropriate term, all thefe different kinds of events-
There are fome produced by natural caufes merely»
and which are neceflary confequenccs of the arrange"
ment of bodies in the univerfe ; and as thei'e necef-
farily come to pafs, the. knowledge of this arrange'
ment enables us to foretel a great number of them»
fuch as the iituation of the heavenly bodies, eclipfes»
and other phenomena depending on them, for
given time whatever. There are other events
depend only on the will of free and fpiritual being8*
as the actions of every man and of every animal. ^
is impoffible for us to forefee • any thing of thefe, &
particular, u-nlefs by conjecture/merely; and in thi6

wre are frequently very grofsly miftaken. God aloHe

poiTeflTes this knowledge in a fupreme degreei
From thefe two lands of events there arifes a third»

in which natural caufes concur with fuch as are vo-
luntary, and dependant on a being exercifmg it's 1*'
berty. Of this the billiard table furnilhes an e#*
ample. The ftrokcs imprefled on the balls depend
on the will of the players ; but as foon as motion lS

communicated to them, the continuation of that
motion*



SUPER-NATURA-L AND MORAL. 339

motion, and their collifion, with each other, or with,
the cufliion, are neceflary confequences of the laws of
motionk

In general, moft of the events \vh;ch take place on
the earth, muft be referred to this fpecies, as there
are fcarcely any over which men and animals have
not fome influence. The cultivation and produce of
our fields require, in the firft inftance, the voluntary
exertions of men or beafts, but the fequel is an effect
of caufes purely natural^ It is accordingly of import-
ance to remark, that God acts in a manner totally
different toward bodies and fpirits. God has eftab-
liflied, for bodies, laws of reft and motion, conform-
ably to which all changes ncceffcirily take place ; as
bodies are merely paffive beings which preferve them-
felves in their ftate, 'or neceilarily obey impreffions
rnade upon them by others, as I formerly explained;
whereas fpirits are fufceptible of no force or con-
ftraint, but are governed of God by precepts and
prohibitions.

With refpccl to bodies, the \viil of God is always
perfectly accompliflied ; but with -refpeft to fpiritual
beings, fuch as men, the contrary very often hap-
pens. When it is faid to be the will of God that
men flaould love one another, we mean by that ex-
preûion a commandment which men ought to obey ;
but this is very far from being the cafe. God does
not force men to it, for this would be contrary to
the liberty which .is cíL-ntial to them ; but He en-
deavours to engage men to the obfervance of this

Ъ 2 command-
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commandment, by propofing to them motives
moft powerful f- but it always depends on the will ot
man, whether he is to obey or not. In this ienfe we

are to underftand the will of God, when it refers to
the free actions of fpiritual beings.

17 A December, 1760.

L E T T E R LXXXIX.

Of the Qtteßion refpc'fling the be/I World fofftble ; and of
the Origin of EviL

^7"OU know well, that it has been made a quef-
-*- tion, Whether this world be the beft poffible ?

It cannot be doubted, that the world perfectly cor-
refponds to the plan which God propofed to hin>
felf, when he created it.

As to bodies, and material productions, their ar-
rangement and ftructure are fuch, that certainly they
could not have been better. Pleafe to recoiled: the
wonderful ftructure of the eye, and you will fee the
neceffity of admitting, that the conformation of all
it's parts is perfectly adapted to fulfil the end in view:»
that of reprefenting diftinftly exterior objefts. Ho^
much addrefs is neceffary to keep up the eye in that
ftate, during the courfe of a whole life ? The juices
which compofe it muft be preferved from corrup-
'tion ; it was neceflary to make provifion, that they
fhould be conftantly renewed, and maintained in a
fuitable ftate.

A ftructure
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A ftructure equally marvellous is obfervable in all
the other parts of our bodies, in thofe of all animals,.
and even of the vileft infects, And the ftructure of
thefe laft, is fo much the more admirable, on account
of their fmallnefs, that it ihould perfectly fatisfy all
the wants which are peculiar to each fpecies. Let
us examine only the fenfe of feeing in thefe infects,
by which they diftinguifh. objects 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, or of their feeds. What a prodigy to
behold a plant, a tree, fpring 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 conftruction.
Nay, we are utterly loft, while we reflect, how every
fubftance, earth; water, air, and fire, concur in the
production 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 refle.cted in this manner, it will be
difficult for you to believe, that there ihould have
been men who maintained, that the xiniverfe was the

Z 3 effect
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effect 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
docs riot prevent from acknowledging Him, are con-
vinced, with us, that there is a Supreme Being, who
created the whole univeric, and, from the remarks
which I have juft been fuggeiling to you, refpefting
bodies, every thing has been created in the higheft
perfection.

As to fpirits, the wickednefs of man feems to be
an infringement of this perfection, 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 fovcreign g'oodnefs 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.

This queffion, refpefting the origin of evil ; the
difficulty of explaining, How it can confitt with the
fovereign goodnefs of God, has always greatly per-
plexed philofophers and divines. Some have endea-
voured to give a folution, but it has fatisfied only
themfelves. Others have gonç fo far as to maintain,
that God was, in fate, the author1- of moral evil, and

' of crimes ; always protefiing, at the fame time, that
this opinion ought to bring no imputation on the
goodnefs and holincfs of God. Others, finally, con*

fider
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fider • this queftion as a rmyftery which" we cannot
comprehend ; and thefe kit, undoubtedly, have em-
braced the preferable fentiment.

God is fuprcmely good and holy;-He is. the au-
thor 'of the world,' and that world fwarms.,w,ith
crimes and calamities. Thefe are three truths which
it is, apparently, diilicult to reconcile : but, in my
opinion, a great part of the difliculty vániíhes, as faon
as we have formed a juíl idea or" fpirit, and of the
liberty fo effential to it,, that God himfelf cannot dU
Veil it of this quality.

God having created fpirits, and the fouls of men,
í remark, firft, that fpirits are beings infinitely more
excellent than bodies ; and, fecondly, that, at the
moment of creation, fpirits were all good : for time
is reqiiiiite to the formation of evil inclinations :
there is, therefore, no difficulty 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
poffcfled of the power of finning, has nothing in-
confiftent with divine perfection, becaufe a ipirit
could not be created deftitute of that power.

God has, beiicles, done every thing to prevent
crimes, by prefcribing to fpirits, precepts, the ob-
fcrvance of which rnuft always render them good
and happy. There is no other method of treating
fpirits, which cannot be fubjeft to any.conftraint ;
and if fome of them have abufed their liberty, and
tranfgreiTed thefe commandments, they are rcfpon-

Z 4 fible
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üble for it, and worthy of punifliment, without any
impeachment of the Deity.

There remains only one objection more to be con-
fidered : namely, that it would have been better not
to create fuch ipirits, as God forefaw they muft fink
into criminality. Eut this far furpafTes human un-
derftanding ; for v/e 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 correction
and amendment of others, and thereby conducts
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 aflured, that in
conforming to the commandments of God, all events
which come to pafs, however calamitous they may
appear to him, are always under the direction of Pro-
vidence, and, 'finally, terminate in his true happinefs*

This providence of God, which extends to every
individual, in particular, thus furniflies the moft fa*
tisfaclory folution of the queftion refpecting the per-
minion, and the origin, of evil.*

December , 1760.

* Mr. Er.lcr concludes this letter, with the following ihort fen-
tence : " This likewife is the foundation of all religion, the alone
" ohjeit of which is to promote the falvation of mankind." What
rcafon could there be for iupprelfing a fentiment fo natural, w>
much in place, and fo inc'ffenfive : — £. Я.

LETTER
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LETTER XC.

Conncflion of the preceding Confiderations -with Religion*

Reply to the Objefilons of the pbilofofhic Syftems againß

Prayer,

BEFORE I proceed farther in my leflbns on phi-
lofophy and phyfics, I think it my duty to point

out to you their connection with religion.*
I begin with confidering an objection, which al-

moft all the philofophic fyftems have ftarted, againft
prayer. Religion prefcribes this as our duty, with
an affurance, that God wifl hear and anfwer our
Vows and prayers, provided they are conformable to
the precepts which he has given us. Philofophy, on
the other hand, inftrufts us, that all events take place
in ftricl: conformity to the courfe of nature, eftab-

* I take the liberty, likewife, to reftore the-folio wing paflage,
•which M. de Candorcet, in his philofophic fqueamiihnefs, 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 obftinately prepofielTed in fa-
." vour of them, that they rejeft every religious opinion and doc-
" trine, \vhich is not conformable to their fyftem of philofophy.
" From this fource are derived moft of the fefts and herefies in re-
" ligion. Several philofophic fyftems are really contradiitory to
" religion ; but in that cafe, divine truth ought, furely to be pre-
" fcrrcd to the reveries of men, if the pride of philofophers knew
" what it was to yield. Should found philofophy fometimes feern
" in oppoution to religion, that oppoiition is more apparent than
" real; and we muft not furter ourfclves to be dazzled with the
'" f])ccioufucfs.of objeftion.'-'—E. E.

liflied
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Kihed from the beginning, and that our prayers cart
effect no change whatever ; unlefs we pretend to ex-
peft, that God íhóuld be continually working mi-
racles, in.compliance with our prayers. This objec-
tion has the greater weight, that religion itfelf teaches
the doctrine of God's having eftablifhed the courte
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 ihould think of altering
this fettled courfe, in compliance with any prayers
.which men might addrefs to him ? .

But I remark, firft, that Avh'eh God eftabliflied the
courfe of the univerfe, and arranged all the events
which muft come to pafs in it, he paid attention .i°
all the circumftances which fliould 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, io
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 came 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 anfwercd, He аГ-
.ranged the world exprcfsly in favour of that prayer*
fo that the accompliilimeijt fliould be a confequence
of the natural courir of events. It'is thus that God
anfwers the prnyov-; of men, without "working *
miracle.

The eibbliuiracnt of the courfe -of the .univerie,
fixed
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fixed once for all, far from rendering prayer unne-
ceflary, 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 xmiverfe, as
motives conformably to which events were to be re-
gulated, in fubfcrviency to the infinite wifdom of
the Creator.

Can any one believe, that our condition would be
better, if God had no knowledge of our prayers be-
fore we prefented them, and that He mould then be
difpofed to change, in our favour, the order of the
opurfe'of nature ? This might well be irreconcileable
to his wifflom, and inconfiftent with his adorable per-
fections. . Would there not, then, be reafon to fay, that
the world was a very imperfect work? that God
Was entirely difpofed to be favourable to the wiihes
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 thé principal part of the uni-
verfe ? For to what purpofe create this material
World, repleniihed with fo many great wonders, if
there were no intelligent beings, capable of admiring
it, and of being elevated by it, to the adoration of
God, and to the moil intimate union \vlth their Cre-
ator, in which, undoubtedly, their higheft felicity
confias?

Hence, it muft, abfolutely, be concluded, that in-
telligent
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telligent beings, and their falvation, muft have beert
the principal objeft, in fubordination to which, God
regulated thç 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 delightful har-
mony with the wants of all intelligent beings, to
conduct 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 fliould
be intelligent beings, which ihall never reach felicity«

In this connection, of fpirits with events, confiib
the divine Providence, of which every individuaLhaS
the confolation of being a partaker ; fo that every
man may reft affured, that, from'all eternity, he en-
tered into the plan of the univerfe. How ought this
confederation to increafe our confidence, and our joy
in the providence of God, on which all religion '&
founded ! You fee then, that on this fide religion
and philofophy are by no means at variance.

$d January, 1761.

L E T T E R XCI,

The Liberty of intelligent Beings m Harmony -with tt>e

Dpolrines of the Chrißian Religion.

T IBERTY is a quality fo effential to every fpi-
*-~* ritual be in , that God himfelf cannot diveft,
them of it, juft as He cannot diveft a body of it's
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tenfion, or of it's inertia, without entirely deftroying,
or annihilating it : to diveft a fpirit of liberty, there-
fore, would be the fame thing as to annihilate it.
This muft be underftood of the fpirit, or foul itfelf,
and not of the actions of the body, which the foul
directs, 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 li-
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
"extinguiih in my fpirit an inclination to write ; all
you can do is to prevent the execution of it.

We muft always carefully diftinguifh between in-
'dination, or the aft of willing, and execution, which,
5s performed 'by the miniftration of the body. The
aft of wffling cannot be reibrained by any exterior
power, not even by that of God, for liberty is inde-
pendent of all exterior force. But there are means
of .acting on fpirits, by motives which have a ten-
dency, not to confiram, but to perfuade. Let a man
Ъе firmly determined to engage in any enterprize,
^nd let us íuppoíe the execution of it prevented ;
Without making any change in his intention, or
Vrill, it might be poflîble to fuggeft motives, which
fliould engage him to abandon his purpofe, without
^ploying any manner of conftraint : however
powerful thefe motives may be, he is always mafter
°f his own will ; it never can be faid, that he was

or conftrained, to it, at leaft the expreffion
2, would
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would be "improper ; for the proper term is perfuade>
which is fo fuitable to the nature, and the liberty, oi
intelligent beings, that it cannot be applied to any
.other. It would be very ridiculous, for example, &
playing at billiards, to fay, that I perfuaded the ball
to run into the hazard.

This fentiment, refpecting the liberty • of. fpi r its?
•appears, however, to fome perfons, contrary to the
goodnefs, or the power, of the Supreme Being. L1"
berty, from it's very nature, can fubmit to rio de-
gree of conftraint, even on the >part .of God.
without exercifihg any conftrairit over fpirits,
has an infinite variety of means of prefenting theß1

with perfuafive motives ; and, I -believe, that all pof-
fible cafes are adapted by Providence to our condi-
tion, in fuch a manner, >that the nioft abandone^
wretches might derive from them the moft powerfu*
motives to converfion, if they would but .liften to

them : and that a miracle would not produce a better
effect on thefe vicious fpirits ; they might be affecW
by it, for a feafon, but would not become better. 1£

is thus that God co-operates in our eonveriion,'by
furniihing us with motives the moil efficacious, afl^
by the circumftances and opportunities which bis

providence fupplies.
If, for example, a man, who hears an awakeninê ,

fermon, is affecled by it, repents, and is converted?
the a£t of his foul is evidently his own work ; bu

the occafion of the fermon, which he was fo happ;
as to hear, predfely at the time, when he was difpofeCl

to profit by it, was nothing lefs than his work j ^c

divine
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divine Providence :over-ruled that circumftance, fo
íaluta-гу to him. -1н fact, without the opportunity,
over which the man had; no power, he would have
perfiftedin a finful cóurfe.

Hence, you will eaffly comprehend the meaning of
fuch expreffions a,s 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
Sufficient to elucidate thefe expreffions, without hav-
ing recourfe to a fecret force, which afts by conftraint
•on human liberty ; as thefe circumftances are directed
of God, in conformity to the moft confummate wif-
'dom, m the view of conducing every intelligent
•being to happinefs and falvation, unlefs he wilfully
rejefts the means by which he -might have attained
true felicity.

6th

L E T T E R ХСП.

Elucidation refpcftmg tlje Rature of Spirits.

"TN order more clearly to elucidate what I havejuft
'••**' faid refpeciing the difference between body and
Spirit.;- for it is impoffible to-be too attentive to what
cohftitutes that'différence, as it extends fo far, that
Spirit has nothing in common with body, nor body
"^ith fpirit, I think it-neceflary to fubjoin the followx
ing refleftions.

Extenfion,
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Extenfion, inertia and impenetrability, are the pro*
perues of body ; Spirit is without extenfion, without
inertia, without impenetrability. All philofophers
are agreed, that extenfion cannot have place in re-
fpe<5t of fpirit. It is a felf-evident truth, for every
thing extended is divifible, and you can form the
idea of it's parts ; but a fpirit is fufceptible of no di-
vifion ; you can have no conception'of it's half, of
of it's third part. Every fpirit is a complete being»
to the excluiion 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,
mult be excluded from the idea of a fpirit.

It would appear, therefore, that as fpirits have no
magnitude, they muft refemble geometrical points>
the definition of which is, that they have neither
length, breadth, nor depth. Would it be a very ac-
curate idea to reprefent to ourfelves a fpirit by a ffla*
thematical point? The fcholaftic philofophers have
profefled this opinion, and confidered fpirits as being3

infinitely fmall, fimilar to the moft fubtile particles
of duft, but endowed with an inconceivable activity
and agility, by which they are enabled to tranfp°rt

themfelves, in an inftant, to the greateft diftances-
They maintained, that in virtue of this extreme m^
nutenefs, millions of fpirits might be inclofed in t-bc

fmalleft fpace ; they even made it a queftion, Н°^
many fpirits could dance on the point of a needle ? '

The difciples of Wolff ire nearly of the fame opi-
nion. According to them, all bodies are comp°*e

of particles extremely minute, divefted of all magni'
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tüde, and they give them the name of monads. A
monad, then, is ä fubftance deftitüte of all extenfion^
and on dividing a body, till you come to particles fo
minute, as to be fufceptible of no farther divifionj
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 not4

perhaps, fufficiently fmall, and that a farther divifion
is füll necefíary to .obtain real monads^

Now, -according to Mr. Wolff, not only all bodies
are corripofed of monads, but every fpirit is merely
a monad; and the Supreme Being, I tremble as I
'Write it, isj-likewife, a monad. This does not con-
Vey a very magnificent idea of God, of fpiritSj 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 flip of paper, for example, to light a
Pipe of tobacco. But the fupporters of this opinion,
So upon this ground, that as a4 fpirit has no magni-
tude, it muft, of neceffity, refemble a geometrical
Point. Let us examine the folidity of their reafoning.

I remark, firft, that as a fpirit is a being of a na-
tore totally different from that of body, it is abfürd

apply to it ftandards, which fuppofe magnitude,
that, confequently, it would be folly to aflc, how

feet, or inches, long, a fpirit is, or how many
Pounds, or ounces, it weighs ? Thefe queftions are
iPplicable only to things which have length, or

L A a . weight :
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weight : and ate as abfurd as if, fpeaking of time, rt
were to be aiked, how many feet long an hour was»
or how many pounds it weighed ? I can always, con-
fidently, affirm, that an hour is not equal to a line of
loo feet, or of ten feet, or of one foot, or any otbci
ftandard of meafure ; but it by no means follows?
that an hour muft be a geometrical point. An hotir

is of a nature entirely different, and it is impoffible

to apply to it any ftandard, which fuppofes a length»
which may be cxpreffed by feet, or inches.

The fame thing holds good as to fpirit. I can &
ways boldly affirm, that a fpirit is not ten feet,
100 feet, nor any other number of feet ; but it
not hence follow, that a fpirit is a point, any
than that an hour muft be one, becaufe it cannot be
meafured by feet or inches. A fpirit, then, is not *
monad, or in any refpeâ íimiiar to the ultimate par'
ticks into which bodies may be divided ; and
are perfectly able to comprehend, that a fpirit
have no extenfion, without being, on that a
a point, or a monad. We muft, therefore, f
every idea of exteniion from that of fpirit.

To afie. In what place does a fpirit refide ?
be, for the fame reafon, likewife, an abfurd quefti°n '
for to connect fpirit with place, is to afcribe extel1'
fion to it. No more can I fay, in what place an b°ti

is-, though affuredly an hour is fomething ; &$&'
thing, therefore, may exift, without being attach6

to a certain place. I can, in like tflanner, affirïï4
that my foul does not refide in my head, nor out о
my head, nor in any particular place ; without J
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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 paffing, 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
affing upon a body, the aftion is, moft undoubtedly,
performed in a certain place.

My foul, then, does not exift in a particular place,
but it ads there, and as God pofíefíes the power of
acting upon all bodies, it is, in this refpeft, we fay,
He is every where,' though his exiftence is attached
to no place.

January, 1761.

L E T T E R ХСШ.

?"he SubjeEl continued. Reßeaiom on the State of Souls
after Death.

Y?"OU will, probably, be furprized at the fenti-
"*• ment which I have juft now ventured to ad-

vance, that fpirits, in virtue of their nature, are in
QP place. In thus affirming, I fliall, perhaps, be in
'langer of paffing for a man who denies the exift.

of Ipirits, and, confequently, that of God. But
have already demonftrated, that fomething may

, and have a reality, without being attached to
one place. The example drawn from, an hour,

ough feeble,removes the greateft difficulties,though
A a 2 there
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there is an infinite difference between an hour and a
ipirit.
. The idea which I form of ipirits, appears to me
incomparably more noble than that of thofe who
confider them as geometrical points, and who reduce
God himfelf to this clafs. What can be more {hock-
ing than to confound all fpirits, and the Supreme
Being among the reft, with the minuteft particles
into which a body is diviiible, and to rank them in
the fame clafs with thcfe 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

elucidations which I have fubmitted to you on this
fubjeft. It is thus I exalt the nature of fpirits infi-
nitely above that of bodies.

Every fpirit is a being that thinks, reflefts,
fons, deliberates, acts freely, and, in one word,
lives : whereas body has no other qualities but
of being extended, fufceptible of motion, and impc"
netrable ; from whence refults this univerfal quality»
that every body remains in the fame ftate, as long a.s

there, is no neceflity of mutual penetration, or °
their undergoing fome change ; and in cafe of tn
neceflity of their penetrating each other, if they con"
tinued to remain in their ftate, their impenetrabfl1^
itfelf fupplies the powers requifite to change thel

ftate»
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ftate, as far as it is neceflary to prevent all penetra-
tion.

In this coniift all the changes which take place in
bodies : all is paffive, and necefTarily 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 fpirit, likewife, which produces, in the corpo-
real world, the principal events, the illuftrious ac-
tions, of intelligent beings, which are all the effect -
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 eftabliihed this wonderful union
between foul and body. And as I find my foul in
füch 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 fpot, though, properly fpeak-
ing, my foul refides no where, and is referable to
that place of my body, only in virtue of it's aftion,
and of it's power.

It is alfo the influence of the foul upon the body
Which conftitutés 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
По need to be tranfported elfewhere ; for, as it re-
fides in no place, all places muft be indifferent to it ;
and, confequently, if it mould pleafe God, after my
death, to eftabliui a new union between my foul, and

Л а а д
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an organized body in the moon, I {hould'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
fliould be equally here, and in the moon ; and tins
involves no manner of contradiction. It is body
only which cannot be in two places at once ; but
there is nothing to prevent fpirit, 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 each other; and, in this refpect, it
might be iaid, 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 bodies which it
contains. It appears to me, of conièquence, an im-
proper expreflion, to fay, that God exifts everywhere,
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
\Voifians, who, reprefenting Deity under the. idea
of a point, attach him to one fixed place, as, in facTr,
a point cannot be in feveral places at once ; and hottr

is it pofiible to reconcile the divine omnipotence,
with the idea of a point ?

Death being a diffolution of the union fubfifting
between the foul and body during life, we are «en-
abled to form fome idea of the ftate of the foul after
death. As the foul, during life, derives all it's know-

ledge
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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
refpects, be compared to that of a man who fliould,
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 reflect
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 refpect whatever contributes to it's exercife.

Sleep, Ukewiíè, furniíhes 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 activity, 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 connected, like-
"Wife, our dreams are. Thus, after death, we fliall
find ourfelves in a more perfect ftate of dreaming,
^hich nothing fliall be able to difcompoíè í it fliall
confift of reprefentations, and reafonings, perfectly

kept up. And this, in my opinion, is nearly all
can fay of it, at leaft, with any appearance of

ï у Ъ Jan. 1761.
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LETTER XCIV.

Confiderations on the Attion of the Soul upon the Body,
and of the. Body upon the Soul.

A S the foul is the principal part of our being, ft
-f--"- is of high importance, thoroughly to invert
gate it's operations. You will pleafe to recollect
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 acting
on that" fame portion of the brain, and of producing
certain motions in it.

Anatoraifts have taken infinite pains to drfcover
this part of the brain, which is juftly called the feat
qf the foul ; not that the. foul actually refides there,
for it is not confined to any place, but becaufe the
power of acYmg 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 nerves terminate ; now, anatomifts tell us,
that this termination is in a certain portion of the
brain, which they term the callous body. This, there-
fore, we may confider as the feat of the foul, and the
Creator has beftowed, upon every foul, fuch a power
pver this callous membrane * of his body, that it not

* Since anatomifls have given us a more exaft-and particular de-
fcription of the brain, we have been obliged to iclinquiih this

opinion •
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only perceives all that pafles there, but is, likewife,
able to produce a reciprocal impreffion. Here, then,
we obferve a two-fold action : the one, by which the
body acts upon the foul, and the other, by which the
foul afts upon the body, but thefe actions are infi-
nitely different from thofe which bodies exercife
upon other bodies.

The foul, from it's union with the corpus caHofum,
finds itfelf intimately connected with the whole body,
by means of the nerves, which are thence univerfally
diffufed. Now, the nerves are fibres fo wonderfully
conftrufted, 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-
niitted 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.

This wonderful ftrufture of the body, places it in
a very clofe connexion with all exterior objects,
Whether near or remote, which may aft upon it,
Cither by immediate contact, as in feeling and tailing;
or by their exhalations, as in fmelling. Bodies, at a

°pinion : but their labours may, perhaps, one day inform us, what
*e are to underftand by the origin of the nerves, and even, to a
Certain point, in what manner they tranfmit to the brain the im*
Preffions which they receive,—F. E.

great
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great diftance, a£l on the fenfe of hearing, when they
make a noife, and exert in the air vibrations which
ftrike our ears ; .they act, likewife, upon the fight,
when they are illumined, and tranfmit into our eyes

' the rays of light, which confift, in like manner, in a.
certain vibration, caufed in that medium, much
more fubtile than the air, which we cau Ether. It
is thus that bodies, both near and remote, may acT:
upon the nerves of our body, and produce certain
impreflions in the corpus callafum, from which the foul
derives it's perceptions.

From every thing, therefore, which makes an im-
preffion 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 objea which
caufed it. We hive here, then, two things to be
examined : the one is corporeal, or material, which is
the impreffion, or the change produced in the corpus
callofitm of the brain ; the other fpirifual, namely,
the perception, or the information, which the foul
derives from it. It is, if I may fo exprcfs myfelf,
from the contemplation of what paffes in the corpus
callofum, that ali our knowledge is derived.

You muft permit me .to enter into a more parti-
cular detail, on this important article. Let us, firft>
confider one fmgle fenfe, fay, that of imelling, which
being the leaft complicated, feems the moil proper to
affift us in our refearches. Suppofe all the other
fenfes annihilated, "and that a rofe was applied to the
nofe ; it's exhalations would, at once, excite a cer-
tain agitation in the nerves of the nofc, which»

thence
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tlieace tranfmitted to the corpus callo/um, will occa-
Лоп there, likewife, fome change, and in this connus
the material circumftance, which is thefubjecl: of our
inveftigation. This flight change, produced in the'
corpus callofum, is then perceived by the foul, and it
thence acquires the idea of the fmdl of a rofe : and
this is ihejpiritua! operation which takes place ; but
We cannot explain in what manner this is done, as it
depends on the incomprehenfible union, which the
Creator has eftablilhed 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 contemplation of
this change furniihes to the foul a certain idea, that
of the fine!! of a rofe^ but nothing more : for, as the
other fenfes are fufpended, the foul can form no judg-
*Uent of the nature of the objecl itfelf, which fug-
gefted this idea ; the idea of the fmelT of a rofe alone,

excited in the foul. Hence, we comprehend,
the foul does not form this idea of itfelf, for it

have remained unknown, but for the prcfence
°f a rofe. But farther, the foul is not indifferent
^'ith refpeft to it ; the perception of this idea is
Agreeable ; the foul itfelf is, fome how, interefted in
^ Accordingly, we fay, that the foul feels the odour
°f the rofe, and this perception we cdlfenfatiwi.

It is the fame with all the other fenfes ; every ob-
Jeft, by which they are ftruck, excites in the corpus
c"Uofum a certain change, which the foul tíbferves

a fonfation, agreeable or difagreeable, and from
which
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which it derives the idea of the object which caufed
it. This idea is accompanied with a fenfation, f°
much the ftronger, and more intenfe, as thé impref-
fion made on the corpus calkfum 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
underftand by the l&m. fenfation,

an. 1761.

LETTER XCV.

Of the Faculties of the Soul, and of Judgment.

T TAD we no other fenfe but that of fmelling, our
Л ••• knowledge would be very limited -, -we ihould)
then, have no other fenfation than that of odourSj
the diverfity of which, were it ever fo great, could
not very much intereft our foul ; being reftricled to
this, that agreeable fmells would procure fome degree
of pleafure, and fuch as are difagreeable, would e*-
cite fome difguft.

But this very circumftance carries us forward to *
moil important inquiry : Whence is it, that one fmell
is agreeable, and another difgufting ? It cannot be a

matter of doubt, that agreeable fmells excite, in the
corpus callofum, a different agitation from that which
is produced by the difagreeable ; but how comes it»
that one agitation, in the carpus callofum, can givo

pleafure to the foul, while another is offenfive, and
. even?
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even, frequently, becomes infupportable ? The caufe
of this difference reiides no longer щ body, aлd 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 uneafineis : and
the real caufe of this effeft we do not know.

Hence we comprehend, that the foul does more
than iimply perceive what pafles in the brain, or cor-
pus callofum ; it fubjoins to fenfation, a judgment re-
fpefting what it finds agreeable, or difgufting, and,
confequently, exercifes, beiide 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 fmell.

The fame coniideration, of the fenfe of fmelling
only, difcovers to us ftill other acts of the foul. When
the fmells are changed, when you apply to the nofe
a carnation after a rofe, the foul has not 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 remimfcencet

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 has much to do in it ; for expe-
rience affures us, that difeafe, and various accidents,
which befall the body, weaken, and frequently de-
uroy, the memory : it is equally certain, at the fame
time, that the recolleftion of ideas is the proper
work of the foul. A recollefted idea is eflentially

6 different
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different from an idea excited by an object. 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

1 café, I ihov.ld 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 actually to look at the moon, and
{imply to recoiled!: the fun, are two things abfolutely
different.

We may fay with truth, that the recollected ideas
are the fame with the actual ideas ; but this identity
refpects only the foul ; with regard to the body, the
actual idea is accompanied with a certain agitation in
the brain, whereas the recollected one is deftitute of
it. Accordingly, we fay, that the idea which I feel,
or which an object acting on my fenfes excites in my
foul, is a fenfation ; but it can with no propriety b£
faid, that a recollected idea is a fenfation. To recol-
lect, and to feel, always remain two things, abfolutely
different.

When, therefore, the foul compares two different
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imells, 'when it has the idea of the one from the pre-
fence of an object acting on the fenfe of fmelling,
and that of the other from recollection, it has, in
fact, two ideas at once, the actual idea, and the recol-
lected idea : and in pronouncing, whether of the two
is more or lefs agreeable, or difagreeable, it exerts îi
particular faculty, diiHnct from that by which it
only contemplates \vhat is prefented to it.

But the foul performs {till other operations' \ when
a fucceflion of. feveral different fmells is prefented to
it ; for while it is {truck with each of thcfe, in it's
turn, the preceding are recollected, and a notion is
thereby acquired of paft and prefent, and even of
future, when new fenfations are propofed, fimilar to
thoie of which it has already had experience. It
thence, likewife, derives the idea of fucceffion, in as
much 'as it undergoes feveral impreffions fucceflively,
and hence refults the idea of duration, and of time.
Finally, on remarking the diverfity of fenfations,
which fucceed each other ; it begins to reckon one,
two, three, &c. though this iliould 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 experienced 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 firit faculties, on the fimple
ideas which the fenfe of fmelling prefents to him.

You fee, then, that the man in queition, 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 fucceffion, of the
duration of time, and of number, or at leaft of the
elements of thefe ideas. Some authors pretend, that
iuch a man could not acquire the idea of the dura-
tion, of time, without a fucceffion of different fen&-
tions ; but it appears to me, that the fame fenfatiofl»
the fmell of the rofe, for example, being continue»
for a con5derable time together, he would be dif-
ferently affected by it, than he would, if it were pre-
fently withdrawn. A very long duration, of th&
íãme íènfation, would, at length, become tirefome»
which would, neceflarily, excite in him the idea o*
duration. It muft certainly be allowed, that his foul
would be fenfible of a very different effect, if the
fenfation were continued long, than if it lafted only
for a 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.

Theíè reflections which the foul makes, occafíoned
by it's fenfations, are what properly belong to it's

fpirituality^ the body furniihing only iimple fenfations.
The perception of thefe fenfations is, already, an act
of the foul's fpirituality ; for a -body can never ac- •
quire ideas.

IQtb January, 1761.

LETTER
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LETTER XCVL

of the Exißence of 'wlocit we perceive by the
Senfes. Òf the Idealifts, Egotifts, and Matenalißs.

TN all the ferifationS which we 'experience, when1

* one of our fenfés is ftruck by any object, it is a
Hiatter of high importance to remark, that the foul
not only acquires an idea, conformed to the impref-
fion made on the nerves, but that it judges, at the
fame time, there muft exift an exterior object, which
iurnifhed this idea. Though habit makes us eon*
fider this judgment as extremely natural, yet we

reafon to be aftohiflied at it, when we examine,
attentively, Svhat then pafles in our brain.

An example will place this in a clear light* I íhalí
you looking at the full moon, by night ; the

which enter into your eyes WilL, at once, paint
°n the retina^ an image iimilar to the moon, for the
Minute particles of the retina ares by the rays, put
'îito a vibration iimilar,to that which agitates thofe
°f the moon. Now, the retina, being only a con-
^exture of nerves, extremely fubtile, you ealily com-
prehend, that thefe nerves muil hence undergo a cer-
t;iin agitation, which will be tranfmitted to the ori-
Sin of the nerves in the brain. There will be ex-
ited, therefore., likewife, in that portion of the
"ra'm, a certain agitation, which is the real objecb that
lhe foul contemplates, and from which it derives an
ai'ticle of knowledge, which is the idea of the moon.

VOL. I. B b Come-
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Confequently, the idea of the moon is tiothihg elfe,
but the contemplation of this flight agitation, affect-
ing the origin of the nerves.

The activity of the foul is fo much attached to
the ípot in which the nerves terminate, that it abfo-1

iutely knows nothing of the images painted on the
bottom of the eye, and {till lefs of the moon, whofe
rays have formed thefe images. The foul, however*
does not fatisfy itfelf with the mere fpeculation o*
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, &1

object, which we call the moon. This judgment 1s

reduced to the following reafoning.
There has taken place in my brain a certain agi*3'

tion, a certain impreffion ; I do not abfolutely kno^
by what caufe it has been. produced, as I know fl°'
thing even of the images, which are the immediate

caufe of it upon the retina ; neverthelefs, I Ъо1$У
pronounce, that there is a body out of me, the meofl»
which fupplied ms with this fenfation. .

What a cqnfequence ? May it not be more pf°*
bable, that this agitation, or this impreffion, is pr.°*
duced, in my brain, by fome internal caufe, fuch aS

the motion of the blood, or, perhaps, merely ^
chance ? What right have I, then, to conclude, tha

the moon actually exifts ? If I conclude from it, tba

there is, at the bottom of my eye, a certain image'
this might pafs ; as, in fact, this image is the imi*16'
diäte caufe of the impreffion made on my brail1 »
though it was fufficiently bold to hazard even t^1

conduite11'
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conclufion. 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
impreffión, 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 дп 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-

toent is better founded when we are awake ? Philo-

sophers have loft their way, more than once, iri en-
deavouring to folve this difficulty.

What I "have juft faid, refpefting the moon, takes
Иасе with regard to all the bodies which we fee.
^he confequence is not apparent, that there muft
exift bodies out of us, becaufe our brain undergoes

Certain agitations, or impreffions. This applies even

*o our own limbs, and to our whole body, of which
^e know nothing but by means of the fenfes, and

°f the impreffions which they make in the brain :
lfj then, thefe impreffions, and the ideas which the.
*°ul derives from them, prove nothing as to the ex-
lftence of body, that of our own body becomes
Dually doubtful.

You will not, therefore, be furprized, that there
"hould be philofophers, who have openly denied the
exiftence of bodies ; and, in truth, it is not eafy to

e*utc them. They derive a very ftrong argument
l'orrv dreams, ,in which we imagine, that we fee fo

B b 2 many
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many bodies, which have no exiftence. It is fait
with truth, that then it is pure illufion; but what
aflurance have we, that we are not under the power
of a fimilar illufion when awake ? According to thefe
philòfophers, 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 fyftem are called Idealißs, becaufe they
admit the ideas only of material things, and abfO'
lutely deny their exiftence. They may, likewife, be
denominated Spiriiitalißs, as they maintain, that n°
beings exift, except fpirits.

And as we do not know other fpirits, but by
means of the fenfes, or of ideas, there are philoib'
phers who go fo far as to deny the exiftence of al»
fpirits, their own foul excepted, of the exiftence °*
which every one is completely convinced. Thefe ar6

called Egofißs, becaufe they pretend that nothing»
exifts but their own foul.

To them are-oppofed the philòfophers, whom ^c

denominate Materialißs, who deny the exiftence o*
fpirits, and maintain, that every thing which exift9

is matter, and that what we call our foul is oiw
matter, extremely fubtile, and thereby rendered ca'
pable of thought.

> January, 1761.
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LETTER XCVII.

•s.Refutation of the Idealiß.

T WISH it were in my power to furnifli you with
"*• the arms neceffary to combat the Idealifts and the
Egotifts, by demonftrating, that there is a real con-
neiHon between our feníàtions and the objects them-
felves, 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 a man who imagines he alone exiftsi
and who does .not believe in my exiftence, would aft
in contradiction 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 taik to confute the Idealifts, nay, it is
impoffible to convince, of the exiftence of bodies, a'
Шап obftinately determined to deny it. Though no
ftich philofophers èxifted, it would be highly inte-
fefting to be able'to convince ourfelves, that as often
äs our foul experiences ferifations, it may be with
certainty concluded, that bodies likewife exift ; and

, when my foul is affefted by the fenfation of
moon, I may thence boldly infer the exift-ence

°f the moon.
But the union which the Creator has eftabliihed

Between the foul and the brain, is a myftery fo un-;

*athomable, that all our knowledge of it amounts
B b 3 only
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only to this : Certain impreffions made in the brain»
where the feat of the foul is, excite in it certain ideas,
or fenfations ; but the how, 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 io
vain to inveftigate how 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 objeft which
excited fuch fenfation ; and that fenfation difcovefS
to us feyeral properties of the object.

It is, then, a moft undoubted fact, that die foU\
always concludes, from any fenfation whatever, the
exifténce of a real object, out of us. This is fo na-
tural to us, from our earlieft infancy, and fo univer-,
felly the cafe with all men, and even with animais»
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 e*'
cites in him the idea of my perfon. The dog, then»
is not an idealift. Even the meaneft infe&s are a»*
fured that bodies exift, out of them, and they
not have this conviftion, but by the fenfations
cited in their fouls.

I believe, therefore, that fenfations include
more than thofe philofophers are difpofed to admjt<

They are not only fimple perceptions of certain lfll"
preffions made in the brain ; they fupply the fpu

not with ideas only, but they effectively reprefe11

to
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to it objects externally exifting, though we cannot
comprehend how this is done.

In faft, what refemblance can there be between
the luminous idea of the moon, and the flight im-
preffion 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 act of the foul, which
is a fpirit : it is not neceflary, therefore, to look for
a real relation between the impreffions of the train,
and the ideas of the foul ; it is enpugh for us to
know, that certain impreffions made in the brain,
excite certain ideas in the foul, and that thefe ideas
are reprefentations of objects externally exifting, of
whofe exiftence they give us the aflurance.

Thus, when my brain excites in my foul the fen-
fation of a tree, or of a houfe, Г pronounce, without
hefitation, that a tree, or a houfe, really exifts, out
of me, of which I know the place, the fize, and
other properties. Accordingly, we find neither man
nor beaft, who calls this truth in queftion. If a
clown fliould take it into his head to conceive fuch
a doubt ; and mould 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 expecb we mould admire his.
knowledge and fagacity, which infinitely furpafs the
appreheniions of the vulgar.

\t appears to me, accordingly, abundantly certain,.

B b 4. that
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that fuch extravagant fentiments would never have
been maintained, but from pride, and an affectation
of fingularity : and you will readily agree, that the
common people have, in this refpeft, 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 eftabliihed, then, as a certain rule, that
every fenfation not only excites in the foul an idea,
but ihews it, if I may fo expreis myfelf, an external
pbjecl:, of whofe exiftence it gives full afiurance, with?
out praftifing a deception. A very formidable ob-
jeftion, however, is ftarted againft this, arifing from
dreams, and the reveries of fick perfons, in which
the foul experiences a great variety of fenfations 01
objecb which no where exift. The only reflection
I fliall fuggeft on this fubject is, that it rmift be very
natural for us to judge that the objefts, the fenfa-
tions of which the foul experiences, really,exift, as
we judge after this manner even in fieep, 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 objection, it is

* Mr. Eitler feems here to be confounding two different que'"
tions, that of the exiftence of exterior objefts, and that of a kind
of real refemblance between thefe objedts and the idea which fe

have of them. Barclay has, however, carefully dil^inguiihed them»
and has clearly pointed out the difference. All we can at preß'1'
do, is to refer the reader to the article Eiijlcncc, in the Eiiryclapcd'«'
the only work in which thefe queftions have been treated with an
»xad analyfis.—F. E.

neceffary



FACULTY OF PERCEIVING. 377.

fleceffary to know better the difference oftheitate
of the man who is afleep, and of him who wakes ;
and none, perhaps, know this lefs than the learned,
*vhich muft furely be a matter of fome furprize to
you.

Zjth January, 1761.

L E T T E R XCVin.

The Faculty of Perceiving. Reminifcence, Memory, and

Attention. Simple and compound Ideas.

are by this time fenfible, that objects, by
acting upon our fenfes, excite in the foul ienfa-

s, from which we judge that they really exift,
°ut of us. Though the impreffions which occafion
thefe fenfations are made in the: brain, they prefent,
tben, to the foul, .a fpecies of image fimilar to the
°bject which the foul perceives, and which is called
the fenfible idea, becaufe it is excited by the fenfes.
•"•hus, on feeing a dog, the foul acquires the idea of

it:> and it is by means of the fenfes that the foul
Conies to the knowledge of external objects, and ac-
1uires fenfible ideas of them, which are the founda-
^on of all our attainments in knowledge.

This faculty of the foul, by which it acquires the
knowledge of external things, is denominated the
faculty of perception, and depends, no doubt, on the
Wonderful union which the Creator has eftabliflied

the foul and the : brain. ..' Now, the foul has
Ш11
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ftill another faculty, that of recalling ideas already
communicated by the fenfes ; and this faculty V
named reminifcence, or imagination. Thus, having
once feen an elephant, you will be able to recollect
the idea of that animal, though it is no longer be-
fore you. There is, however, a mighty different
between actual and recollected ideas : the former
make an impreffion much 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 objeéts as foon as they
ceafe to. aft upon our. fèpfes, we fliould never be able
to make any reflection, any comparifon ; and our
knowledge would be entirely confined to the thing8

which we íhould feel at the moment, all preceding
ideas being ex^inguimed, as if we had never pofleffe<*
them.

It is, therefore, a faculty eßential to reafonable
, beings, and with which animals too are endowed»

that of being able to recollect pail ideas. You k^0^
the faculty of which I fpeak is memory. It by °°
means follows, however, that; we have it always10

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 ow
partially.

If you ihould happen, for example, to forget tbe

dernonftration of the Pythagorean theorem ; wi"1

all your efforts, perhaps, you Ihould not be able t
recollect it, but this would be only a partial forge£'
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fiilnefs ; for as foon as I had again drawn the figure,
and put you into the train of the demonftration, you
Will prefently recollect it, and this fécond demonftra-
tion will make on your mind quite a different im-
preffion from the firft. We fee, then, that the remi-
nifcence of ideas is not always 'in our poWef, though
they may not be wholly extinguiihed ; and a flight
circumftance is frequently capable of reproducing
them.

We muft, therefore, carefully diftinguiih between
fenfible and recollected ideas. Senfible ideas are re-
prefented to us by the fenfes ; but we ourfelves form
recollected ideas, on the'model of the feniible, as far
as we remember them.

The do&rine of ideas is of the laft importance for
the purpofe of a thorough difquiütion of the real
fources of human knowledge. And firft, ideas are
diftinguiftied into fimple and complex. Л fimple idea
is that in which the foul finds nothing to diftinguiih,

remarks no parts different from each other,
is, for example, the idea of a fmell, or of a fpot

°Д a fubftance of one colour ; fuch is, likewife, that
°f a ftar, in which we perceive only one luminous
Point. A complex idea is a reprefentation in which
the foul is able to diftinguiih feveral different things.
When, for inftance, we look attentively at the moon,
^e difcover feveral dark fpots, furrounded by con-
tours more luminous ; we remark, alfo, her round

, when flic is full, and her horned figure, when
or waning. On viewing her through the

telefcope,
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telefcope, there are many other particulars
guiihable.

How many different things do we not perceive &
beholding a noble palape, or a fine garden ?
you do me the honour to read this letter, you
difcover in it • the different traits of the characters»
which you can with eafe diilinguiih from each othe?'
This, then, is a complex idea, as it contains a variety
of fimple ideas. Not only this letter, taken in whole»
prefents a complex idea, from it's conirfting of a plu'
rality of words ; but every word, too, is a compte*
idea, being compofed of feveral characters 5 nay.»
every character is one, from the iingularity of ^e

form which diftinguiflies it -from others : but the
elements or points which conftitute every chara#ef>
may be conudered as fimple ideas, in as much as y00

no longer perceive in them any diveriity. A great£r

degree of attention will likewife difcover fome va*
riety in thefe elements, on viewing them through *
microfcope.

There is a great difference, therefore, even in tne

manner of contemplating objects. When we obferV

them only {lightly and tranfiently, we perceive vefJ
little variety ; but, to an attentive confideratio11'
every particular detait ftands difclbfed. A favage'
on throAving his eyes over this letter, will take itf^1

a piece of paper fcribbled all over, and'will diftingu»
only the black from the white, whereas an
reader obferves in it the peculiar form of every
racier. licrc, then, we have anew faculty, of
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foul, denominated attention, by which it acquires the
ideas of the different th ins that meet in one

Attention requires addrefs, the refult of long and
frequent exercife, to render it capable of diftinguiih-
ifig the different parts of an object. A clown and
*n architect, paffing by a palace, will both receive
the impreffion of the rays which enter into their
eyes ; but the architect will difcover a thoufand mi-

particulars, of which the clown has no percep
Attention alone produces this difference.

3 \ft January, 1761.

L E T T E R XCIX;

Bfaijion of Ideas into clear and obfcure, dißinfl and cvn-
fufed. Of Dißraälom

TF we confider, in a flight manner only, a reprefen-
tation made to us by the fenfes, the idea which

%ve acquire from it is very imperfect, and we fay it
^obfcure: but the more attention that we employ
to diftinguiih all it's parts, the more psrfcft or dißlna

idea will become. In order to acquire a perfeft
diftinct idea of an object, it is not then fuftlcient

it ihould be reprefented in the brain, by impref-
|l°ns made upon the fenfes, the foul, too, mull apply
Jt's attention, which is properly an act of the ibul,
^dependent upon the body.

It is farther neceflary that the reprefentation in
•; the
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the brain ihould be well exprefled, and contain the
'different parts and qualities which characterize the
objecb This takes place when the object is prefented
to the fenfes in ä fuitable manner. When, for ex-
ample, I fee a piece of writing, at the diftance of tefl
feet, I am unable to read it, let me employ whatever
'degree of attention I may ; the diftance of the cha-
rafters prevents their being accurately exprefled on
the bottom of thé eye-, and confequently alfo in the
brain : but if the fame writing is brought to a proper
diftance, I can read itj becaufe then all the characters
are diftinctly reprefented on the bottom of the eye.

You know that we employ certain inftruments in
order to procure a more perfect reprefentation in the
organs of fenfe ; fuch as microfcopes and telefcopes î
which are intended as fupplements to the imperfec-
tion of vifion. But, in employing their affiftance»
we are incapable of attaining a diftinft idea, without
attention ; otherwife we acquire but an obfcure idea»
nearly fuçh as we mould have had by taking a glimpi6

of the objeft only.
I have already remarked ^ that fenfatkms are by no

means indifferent to the foul, but agreeable or dif-
agreeablc : and this agreeablenefs, oi it's oppoflte»
'excites bur attention, unlefs the foul is pre-occupied
by feveral other fenfations which entirely engrofs it:

, this laft ftate of the foul is termed dißraflion.
Exereife, likewife, greatly contributes to ftrengthén

attention : and there cannot be a mode of exercite
more fuitable to children than teaching them to

read ; for they are thereby laid under the neceffity
oi
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of fixing their attention fucceflïvely on every charac-
ter, and of impreffing on their minds a clear idea of
the figure of each. It is eafy to fee that this exercifé
ïftuft be at firft extremely painful ; but fuch a habit
is fpeedily acquired, that even a child, after a little api
plication, can read with aftonifhing quicknefs. In reacU
*ng a piece of writing, we muft have a very diftinél
idea of every character ; thus attention is fufceptible
of a very high degree of perfection from exercife. .

With what amazing rapidity will a proficient in
execute the moft difficult piece, though he
faw it before. It is certain that his attention

have run over all the notes, one after another*
tllal he remarked the lignification of each. His

attention, however, is not confined only to thefe
*U)tes} it prefides, likewife, over the motion of the
fingers, not one of which moves but by an exprefs
°fder of the foul ; he remarks, likewife, at the fame

how the other performers execute their narts.
is, upon the whole, altogether furprifmg to what
height the addrefs of the human mind may be car*

by application and exerciie. Shew the fame
Piece of nlufic to a beginner ; how much time does
lt: require to imprefs on his mind the fignification of
every note, and to give him a complete idea of it :
^hile the mafter acquires it by aim oil a fingle glance»

This ability extends equally to all other kinds of
°bjeers, in which one man may infinitely fufpafs
another. There are perfons who, with one glance

on a perfon paffing before them, acquire a dif-
idea, not only of all the features of the- face,

but
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but the particulars of his whole drefs, down to the
minuteft trifles, while others are incapable of re-
marking the moft ftriking circumftances.

We obferve, in this refpect, an infinite difference
among men; Some promptly catch all the different
marks of an object, and form to themfelves a diftin#
idea of it^ while that formed by others is extremely
obfcure: This difference depends, not only on men-
tal penetration, but likéwife on the nature of the ob
jefts. A mufician eatehes at once the whole piece
of mufic, and acquires a diftinft idea of it : but pre-
fent him with a piece of writing in Chinefe charac?
ters, and he will have only very obfcure ideas indeed
of fuch writing : the Chinefe, on the contrary, will
know, at firft fight, the real import of each ehara^
ter, but will, in his turn, underftand nothing of mu-
fic.al notes. The botanift obferves in a plant which
he never faw before, a thoufand particulars which
efcape the attention of another ; and the architect
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 diftinft ideas of the ob'
jects prefenied to our fenfes ; in other words to re-
mark all the parts of which they are compofed, ano
the marks which diftinguifli and characterize them1

From thefe obfervations you will eafily comprehend
the divifion of ideas into obfcure and clear, into COP-
fufed and diftincl. The more diftincT: they are, the
more they contribute to the advancement of
ledget
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LETTER С.

" the Abßrafiion of Notions. Notions general and in-
dividual. Of Genus and Species.

rl^HE fenfes reprefent objefts only which exift ex-
•*• ternaUy; and.fenfible ideas all refer to them ;

but of thefe fenfible ideas the foul forms to itfelf a
of other ideas, which are indeed derived from

, but which no .longer reprefent objefts really

When, for example, I look at the full moon, ^id
my attention only on it's contour, I form the

ea of roundnefs ; but I cannot affirm, that round-
exifts of itfelf. The moon is round, but the

round figure does not- exift feparately out of the
*йооп. It is the fame with refpe& to all other
figures ; and when I fee a triangular, or fquare table,
* Шау have the idea of a triangle, or of a fquare:,
though futh a figure exifts no where of itfelf, or fe-
Parately from an objeft poflefling that figure.

The ideas of numbers have the fame origin. Hav-
lng feen two or three perfons, the foul forms the idea
°* two or three, without attaching it any longer to
he perfons. Having already acquired the idea of
't the foul' is able to proceed, and to form the

of greater numbers, of four, five, ten, a hun-
, a thoufand, and fo on, without ever having*

P*ecifely feen fo many things together. A iingle in-
,tarice, therefore, in which we have feen two or three

VOL. I. С с objects,
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objects, 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 you have
the power of forming'to yourfelf the idea of a poly-
gon, with 1761 fides, for example, though you never
have feen an objecl of that form, and though no one
íuch, perhaps, ever exifted.

Here the foul exerts a new faculty, which is calk"
the power of abjlrattlgn ; this takes place when tbe

foul fixes it's attention,on only one quantity or qua'
lity of the object, and confiders .it feparately, as if li

were no longer attached to the objecl:. "When, f°r

inftance, I put my hand on a heated ftone, and •con-
fine my attention to the heat only, I form from ll

the idea of heat, which is no longer attached to tbc

ftone. This idea of heat is formed by abftraftion» ^
it is feparated from the ilone, and the foul inig*1';
have derived the fame idea from touching a piece °>
wood heated,, or by plunging the hand into b°
water.

Thus, by means of abftraftipn,tthe foul fonflsT
thoufand other ideas of the /quantities and proper*16

of objefts, by feparating them afterwards from &
objecb themfelves : as, when I fee a red coat, and #
my attention only on the colour, I form the idea °f
red, feparate from the coat, and it is obvious th**-*
.red flower,- or any otlier fubftance of that c
would have enabled me to form the fame idea.

Thefe ideas, acquired by abftraction, are de
nated notions, to diftinguifh them from fenfible ide •
which reprefent to us objedts really exifting. f
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It is allegeil that the power of abftraftion is a pre-
iogative of men, and of other rational beings, and
that the beafts are entirely deftitute of it. A beaft
Hjay 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 connected with the water, but has not the ab-
ftracT: idea of heat which we have. . It is faid, that
thefe notions are general ideas, which extend to fe-
yeral things at once, as we may find heat in ftòne,.
wood, water, or any other body ; but our idea of
beat is not attached to any one body ; for if .my idea
°f heat wete attached to a certain ftone, which firft
Applied me with that idea, I could not affirm that
wood or other bodies were hot. Jîence it is evident,
that thefe notions, or general ideas, are not attached
to certain objefts, as fenfible ideas are; and as they
diftinguifli man from the brute creation, they pro-
perly exalt him to a degree of rationality wholly ui>
attainable by the beafts.

There is ftill farther a fpecies ,of notions, likéwife,
by abftradUpn, which fuppl^c the foul with

e moft important fubjecls on which to employ it's
Powers: thefe are the ideas of genus and fpecies.
^hen I fee a pear-tree, a cherry-tree, an apple-tree,
аД oak, a fir, &c. all thefe ideas are different ; I, ne-
•erthejeis, remark in them fe-veral things which they •

in common; as the trunk, the branches, and
roots; I Hop Ihort only at thofe things which
different ideas have in common,. and the objeft,

С С 2 in
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in which all fuch qualities meet, I call a tree. Thus
the idea of tree, which í have formed in this man-
ner, is a general notion, and comprehends the fenfible
ideas of the pear-tree, the apple-tree, and, in general»
of every tree that exifts.

Now, the tree which correfponds to my idea of
tree, no where exifts ; it is not the pear-tree, f°r

then the apple would not be comprehended under
it ; for the fame reafon, it is not the cherry-tree, nctf
the plumb, nor the oak, &c. ; in a word, it exift3

only in my foul ; it is only an idea, but which is re"
alized in an infinite number of objecb. In like mafl"
ner, when I fpeak of a cherry-tree, it too is a general
notion, which comprehends all the cherry-trees tha*
exift : this notion is not reftrifted to a particular
cherry-tree in my garden : for then • every other

cherry-tree would be excluded.
With refpecl: to general notions, every exiftife

object, comprehended under one, as denominated
an individual, and the general idea, fay that of tbe

cherry-tree, is denominated fpecies or genus. The*e

two words lignify nearly the fame thing, but gen^5

is the more comprehenfive, including in it a varie*;
of fpccics. Thus the notion of a tree may be col»*1'
dcred äs a genus, as it includes the notions of pear'
trees, apple-trees, oaks, firs, and fd on, which-аГ

fpecies ; and of-fo many others, each of which cofl'
tains a great number of exifting individuals.

This manner of forming general ideas is,
likewife, performed by abftraffion, and it is
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chiefly, that the foul exerts the activity and performs
the operations from which all our knowledge is de-
rived. Without thefe general notions, we ihould
differ nothing from the brutes.

7/Ã February, 1761.

LETTER CI.

Of Language ; it's Nature^ Advantages, and Necejfity,
in order to the Communication of Thought, and the
Cultivation of Knowledge.

\ Ж 7 H ATE VER* aptitude a man may have to cx-
, У У ercife the power of abftraction, arid to fur-

himfelf with general ideas, he can make no con-
ûderable 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
^ho live together.

It would appear, from this, that the only purpofe
°f language to mankind is mutually to communicate
their fentiments, and that a folitary irian might do
Very well without it; but a little reflection only is
neceffary to be convinced^ that men ftand in need of
^nguage, 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

С с 3 a word
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a word in any language whofe fignificatioh is attach-
ed to one individual object. If each cherry-tree in
a whole country had it's proper name, as well as
every pear-tree, and, in general, every individual'
treej what an enormous complication, in language»
would refult from it ? Were I under the neceffity of
employing a particular term to denote efery fheet
of paper in my bureau, or if I fliould, 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 imperfect defcïiption of language
to fay, that men have, from the 'firft, impofed on all
individual objects, certain .names to ferve them for
iigns. The words of a language expreis 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 then it is »
compound name. There may have been many thou-
fends of Alexanders, and the epithet great, extends
to an infinite number of things. It is thus, that all
men bear naines, to diftinguifli them from o^fhers»
though thefe names may be frequently common to
many.

The ëfience Of à language confifts, rather, in it's
containing words, to denote general notions; as that
of tree <örf efpönds to a prodigious number of indi*
vidual beings, Thefe words ferve not only to CO»'
vey to others, who underftand .the iarhe language»
the fame.idea which ï affix to the words 5 but they
ate, likewife, a great afliftance to me, in reprefenting
th|s icka to myfelf, "Without the word tree, which

reprefení3



OF LANGUAGE. 301

represents 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 fpecdily involve it in the greateft per-
plexity. But having, ogee for all, determined to
exprefs, by the term tree; the general notion formed
by abftraftion, this term always excites in my foul
the fame notion, Avithout my having o'ccafion to re-
collect it's origin ; and, accordingly, the word tree
alone, for the moft part, conftitutes the objecl: of the
foul1, 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 difficult to tell or to
make the enumeration of all that this notion con-
tains. Would you fay that he Is â-living two-legged
being ? A cock would liHewife be included in this
defcription. Would you fay, in the words of-Plato's
definition, that he is a two-legged animal without
feathers ? You have only to ftrip the eodk of his fea-
thers, in order to obtain the Platonic man.

I do not know whether thofe who fay that man is
*n animal endowed with reafon, -exprefs themfelves
more accurately: for howvoften do we take for men
certain beings pf whofe rationality 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 finalleft proof that they are all endowed with
*eaion. If I were to make an enumeration of all the

ncceffary to conftitute a man, ferneren
С с 4 would
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would always be found defective in one, perhaps
feveral of thefe, or we might find fome beaft

. had them all. On inveftigating, therefore, the origin
of the general notion of man, it is almoft impoffible

to fay wherein it coniifts.
No one, however, has any doubt refpe&ing

fignification of the word ; becaufe every one,
ing to excite this notion in his foul, has only to

think on the word man, as if he fa w 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* objects
of our thoughts are not lo much the things thenV
fclves, as the words by which thefe things are de*
noted in language ; which" greatly facilitates the е£т
ercife of thought. What idea, in fact, do we afl°*
ciate with the terms virtue, liberty, goodnefs, &c.? №£

furely a fenfible image ; but the foul having oncß
formed the abftraft notions which correfpond to

thefe terms, afterwards fubftitutes them, in fts

thoughts, in place of the things which they denote-
You may eafily conceive how many:abftrac~tions jt

was necefíary to make, in order to arrive at the n°"
tion of virtue. The actions of men were firft to be

confidered ; they were, then, to be compared wit*1

the duties impofed on them ; in confequence of this»
we give the name of virtue to the difpolition
a man has to regulate his aftions conformably to
duties. But, on hearing the word virtue
pronounced in converfation, do we. always
with it this complex notion ? And what idea is ез£'

cited
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cited in the mind, on hearing the particle and or alfo

pronounced? It is readily feen, that thefe words im-
port a fpecies of connection, but take what pains you '
•pleafe to defcribe this conneftiori, 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 pf what advantage
bnguage is to direcb our thoughts ; and that, with-
out language, we mould hardly.be in a condition to
think at all.

lofi February, 1760.

LETTER СП.

®fthe Perfections of a Language. "Judgments and Na-

ture of Proportions , affirmative and negative ; uni-

verfalj or particular.

Т HAVE been endeavouring to fliew you, how ne-
ceffary language is to man, not only for the mu-

communication of fentiment and ; thought, but,
, for the improvement .of the mind, ano! the

extenfion of knowledge.
Thefé íigns, or words, reprefent, then, general no-

tions,*.each of which is applicable to an infinite num-
ber of; objecb : as, for inftance, the idea of hot, and
°f heat, to every individual objeft which is hot ; and

the
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the idea, or general notion of tree, is applicable t<y
every individual' tree in a garden, or a foreft, whe-
ther cherries, pears, oaks, or firs, &c.
• • Heiice you muft be fenfible how one language may
be more perfect than another. A language always
is ft»;, in proportion as 'it is in a condition to exprefs
a greater number of general notions, formed by ab-
ftraôlon. It is with refpeft to thefe notions that we
muft eftimate the perfecüon of a language.

Formerly there was no word in the Ruffian lan-
guage to exprefs what we caujußice. This was cer-
tainly a very great defect ; as tke 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-
preffivc of it. They hive, accordingly, fupplied this
4cfect, by introducing into that language a word
•\vhicn* conveys the notion of juftice.

Thefe general notions, formed by abftraclion, are
the fource of all our judgments and of all our rea"
ionings. A judgment is nothing elfe but the affirma-
tion, or negation, that a notion is applicable, or iß»
applicable; and when füch judgment is exprefied in
words, we call it apropofition. To give an example'
rfII men fire mortal, is a propofition which contains

* - * j
two notions ; the firft, that of men in general'; aP<*
í he fécond, that of mortality, which comprehends
whatever is mortal. The judgment conftfts щ рг0*"
nouncing rfnd affirming, that the notion of mortality lf'
applicable to aft men. This is a judgment, and,
pxprefled in words, it is a propofitiOri ; and

it
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it affirms, we call it an an affirmative propofition. If
it denied, we would call it negative, fuch as this, no
toan is righteous. Thefe two proportions, which I have
introduced as examples, are univerfal, becaufe the
one aiErms of all men, that they are mortal, and the
other denies that they are righteous.

There are like wifeparticular pfopofitions, both nega-
tive and affirmative ; zs,fome men are learned, uftdßme
nien'aw 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 propolitions. The
firft is that of ajfinnative and univerfal proportions, the
form of which in general is :

Every A is B.
The fécond fpecies contains negative and univerfal

proportions, the form of which in general is :
No A is B.

The third iss that of affirmative prcfefitiens, but,
Particular, contained in this form ;

Some A is B,
And, finally, the fourth is that of negai'/wand par*

ticular propofitions, of which the form, is т
Some ;A is not B.

All thefe propofitions contain, eflentially, two no*
s, A and B, which are called the terms' of the pro-

j the firft of which affirms or denies fome
and this we call the fubjefr ; arid the fécond,
we fay is applicable, or inapplicable, to the

, .is the attribute. Thus, in the propofition, All
are mortal, the word man, or men, is the fubject,
Che word пи/rial the attribute ; thefe words are

much
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much ùfed in logic, which teaches the rules- of ju»-
reafoning.

Thefe four fpecies of propofitions may likewife be
reprefented by figures, fo as- to exhibit their nature
to the eye. This muft, be a great affiftance toward
comprehending more diftinctiy wherein the accuracy
of a chain of reafoning confifts.

As a general notion contains an infinite number
of individual objecb, we may coniider it as a fpace
in which they are all contained. Thus for the no-
tion of man we form a fpace (plate, \-fig- ï.) in which
we conceive all men to be comprehended. For the

notion of mortal^ we form another, (fig. 2.) in which
we conceive every thing mortal to be comprehended-
And when I affirm, all men are mortal, it is the fame

thing with affirming, that the firft figure is contain'
cd in the fécond.

I. Hence it follows, that the reprefentation of an
affirmative univerfal proportion is that in which thf
fpace A, (ßg. 3.) which reprefents u\$fubje£l of
propofition, is wholly contained in the fpace B,
is the attribute.

II. As.to-negative .univerfal propofitions, the
fpaces. A and B,'of which A always denotes
jeEt» and B. the attribute, will be reprefented thus?
(fig. 4.) the one feparated from the other ; becauie

we fay, no A is B, or that nothing comprehended Й
the notion A, is in the notion B.

III. In affirmative particular propofitions, as, fl*"*
A is 5, a part of the fpace A will be comprehended
in the fpace В : (ßg. 5.) as we fee here, that fom6'

thing
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thing comprehended in the notion A, is likewife
in B.

IV. For negative particular propofitions, as, fome •
•A is not В ; a part of the fpace A muft be out of the
'fpace B, (fig. 6.) This figure refembles the preced-
ing ; but we here remark^principally, that there is
Something in the notion A, which is not. compre-
hended in the notion B, or which is out of it.

J4/Z> Fetrua'-y, 1761.

LETTER GUI,

Qf Syllogifms, and their different Forms, when the ßrß

Proportion is uni-uerfal.

E circles, or rather thefe fpaces, for it is of
no importance of what figure they are of, are

extremely commodious for facilitating our reflections
°n this fubject, and for unfolding all the boafted
m>'fteries 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 em-
Pfoy, .then, fpaces formed at pleafure to reprefent
every general notion, and mark the fubjecT: of a pro-
pofition, by a fpace containing A, and the attribute,
"У another which contains B. The nature of the
Pfopofition itfelf always imports either that the fpace
°f A is wholly contained in the fpace B, or that it is
partly contained in that fpace ; or t;hat a part, at

leaft,



OF SYLLOGISMS.

ieaft, is out of the fpace В -, or, finally, that the fpace
A is wholly out of В.*

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 poiubk»

* Mr. Euler, who is ever minutely exaft in all his details,

joins here the following diagram, with this Ihort introduit!011 •

" l íhall once more give you a vifible reprefentation of thefe figure9

" or emblems of the four fpecies of propofitions.",

Emi/cms of the four Species of Prupoßtiuns .

Affirmative univerfal.

Every A is B.

Negative univerfal.

No A is B.

Affirmative particular.

•"—••«v «,%

(л)*)
••̂ .-и-̂ ... f̂

Some A is В.

.Negative particular.

Some A is not B.

The omiffion of this Icheme, in the Paris edition, is the more un-
accountable, that the very next paragraph immediately refers to J '

and is lame and inconclufive without it.—E. E. .
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Щ the .cafe of a particular proportion, that" .the , no-
tion A may contain the notion В entirely, as m plate
^fis- 7 '•> anc* tnatr;at the fanié'tUne;, as is clear from
the figure, a part of the fpaçe A may be in thefpace
3, and that a part of A may ж> tbe in B. ,Ms)vf, if A
Were', for example, the idea of tree, in general* and В
that of oak, which is contained wholly- in the firft,
the following p'ropofitions might be formed :

I. All oaks are trees.
II. Some trees are oaks.
Ш. Some trees are riot oaks.

In like manner, if of two fpaces one is entirely out
of the other, as in plate I. fig. 4. 1 can as well fay, no
•A is Б, as no В is A ; as if I were to fay: no man h
a tree, and no tree is a man.

In the third cafe, where the two notions have a
Part in common j as in plate l-ßg- 5. it may be faid :

I. Some A is B.
IL Some В is A.
III. Some A is not B.
IV. Some В is not A.

This may fuffice to ihew you how aU' proportions-
*^ay be reprefented by figures; but their greateft
Utility is manifeft in reafonings which, when ex-
preJOfed in words, are called fyJUogtfins^ and of which
Hie, object is to draw a juft concluiioa from certain

proportions. 'This' method will difcover to
the true forms of all fyllogifms.

Let us begin by an affirmative univerfal ргороД-
n : Every A is B, (plate l-ßg; 3.) where the fpacç
is wholly in the fpace B, and let us fee how a thin}

notioa
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notion C, muft be referred to each of the other t\vo
notions A and B, in order to draw a fair conclufion.
It is evident in the following cafes*

I. If the, notion С is .entirely contained in' the
notion A^t will be foj likewife, in the notion Б '•
(flats !•./%. 8.) hence refaits this form of fyllogifm '

Every A is В :
But Every С is A:

Therefore Every С is B.
Which is the conclufion.

Let the notion A, fot example, comprehend all
trees ; the notion В every thing that has roots, and
the notion С all oaks, and then our fyUogifm wiU
run thus :

Every tree has roots :
But Every oak is a tree :

Therefore Every oak has roots.
II. If the notion С 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, •('f laíe I. ßg- 9
and i o. J

Hence refults the fécond form of fyllogifm :
Every A is В :

But Some С is A£
Therefore Some С is B.

If the notion С were entirely out of the notion &
nothing would follow with reipecT: to the notion "&••
it might happen that notion C fliould be entirely <Я#
of B, Cßg. ii.) or wholly in B, (ßg. ia.) or partly
only in B, CJîg. 13.) fo that no conclufion could be
drawn.

Ш.
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III. But if notion С were wholly out of notion B,
it would likewife be wholly out of notion A, as we

fee m_/£. 11. Hence refults this form of fyllogifm :
Every A is В :

But No С is B, or no В is С :
Therefore No С is A.

IV. If the notion С has a part out of the uotion
bjthat fame part will certainly likewife be out of the

Motion A, becaufe this laft is wholly in the notion B,
(ß$. 14.) Hence this form of fyllogifm :

Every A is В :

But Some С is not В :

Therefore Some С is not A.
V. If the notion С contains the whole of notion

**> part of notion С will certainly fall into notion A :

0%. 15.) Hence this form of fyllogifm.

Every A is В :

But Every В is G :
Therefore Some С is A.

( No other form is pofiible, while the firft propoli-
lQn'is affirmative and univërfal.

us now fuppofe the firft propofition to be ne-
and univerfal ; namely,

No A is B.
*t is reprefented in ßg. 4. where the notion A is

out of notion В \ and the following cafes

furniih conclufions.
*• If notion С is entirely in notion B, it muft like-

, «e be entirely out of notion A,' (ßg. 16.) Hence

^Jform of fyUogifm:
V°L. I. D d No
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No Ais B:
But Every С is В :

Therefore No С is A.
II. If notion С is entirely comprehended in notion

A, it muft alfo be entirely excluded from notion 5»
(fg. 17.) Hence a fyllogifm of this form :

No A is В :
But Every С is A :

Therefore No С is B.
III. If notion С has a part contained in notion AJ

that part muft certainly be out of notion В ; as &
fg. 18. or infíg. 19. and ao. Heiice a fyllogifm ° •
this form :

No A is В :
But Some С is A, or fome A is С :

Therefore Some G is not B.
IV. In like manner, if notion С has a part со«1'

tained in B, that part члти certainly be out of A '• *s

infíg' ai. as alfoy%. aa. and 23. Hence the follo*v'
i»g fyllogiûn :

No A is В :
But Some С is B, or fome B is С :

Therefore Some С is not A.
As to thé other forms, in \irhich the firft propofiti011

is particular, affirmative, or negative 5 I ihall 0»е^?

in another letter, how they may be reprefented *>
figures.

í -jib Feiruay, ï '/6i.
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LETTER CIV.

Biffèrent Forms of Syllogifms, whofe ßrß Prcpofiíion is
particular.

TN the preceding letter I have prefented you with
the different forms of fyllogifms, or iimple 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-

sj whofe firft propofition is particular, affir-
e, or negative, in order to have all poffible
of fyllogifin that lead to a fair conclufion.

Let, then, the firû propoiition, affirmative, and
Particular, be exprefled in this general form.

Some A is Б. (Plate L Jig. 5.)
^ which a part of the notion A is contained in the
Motion B.

Let us introduce a third notion C, which, being
teferred to notion A, will either be contained in no-
tion A, as inßg. 24, 25, and 26 ; or will have a part
111 the notion A, as ip.-fig. 27, 28, and 29 ; or will

e entirely out of notion A, as mßg. ï, a, and 3, of
P'ate Ц. NO conclufion can be drawn in any of thefe
Cafes ; as it m}ght be poffible for notion С .to be en-
^«У within notion B, or in part, or not at all.

*w if notion С contains, in itfelf, notion A, it is
rtam, that it will likewife contain a part of notion
: as inj£f. 4 and 5, of flate II. Hence refults this

*°гт of.fyllogifm :
D d z Some
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Some A is В : But Every A is С :
Therefore Some С is B.

It is the fame when we compare notion С with no-
tion В : we can draw no concluiion unlefs notion G
contains notion В entirely ; (feeßg. 6 and 7.) for in
that cale, as notion A has a part contained in notion
B, the fame part will then : certainly be contained?
likewife, in G: hence we obtain this form of fyll°'
gifm : Some A is В :

But Every В is С :
Therefore Some С is A.

Let us finally fuppofe, that the firft propofition i&

negative and,particular, namely,
Some A is not B.

It is reprefented in plate II. fig. 8. in which part or
notion A is out of notion B.

In this cafe, if the third notion С contains noti°n

A entirely, it will certainly alfo have a part out °*
notion,B, as in ßg. 9 and 10: which gives .this fy*'
logilm : Some A is not В :

But Every A is С :
Therefore Some С is not B.

Again, if notion С is wholly included in notioi1

B, as A has a part out of B, that fame part will Uke'
wife certainly be out of C, (feej?£. M and 12.) .Heflce

this form of fyllogifm :
Some A.is not B:

But Every C i$,B :
Therefore Some A is not C.

It may be of ufe to collect all thefe forms of fy110'
giiin into one table, in order to confider them at

íinglè glance.
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I. • Every;A is В :
But Every С is A :

Therefore Every С is B.

„XI., No.A is. В :
But Some С is B:

Therefore Some С is not A

II. • Every A is В :
But Some С is A :

-Therefore Some С is В..

XII.. No^AisB:
BùtSome В is G :

Therefore Some С is uot Av.

Ш. Every A is В :

But No С is В :
Therefore No С is A.

XIII. Some A is В :
. But Every A is C:

Therefore Some С is B.

IV. Every A is В :
But No В is С :

Therefore No С is A.

XIV. Some A is 8 :.
But Every В is С :

Therefore Some С is A.

V. Every A is В :
But Some С is not В:

Therefore Some С is not A.

XV. Some A is not В
ButÉvery A is-C :

Therefore Some С is notJ&;

VI. EveryAis.E:
But Every В is C::

Therefore Some С is Av

XVI. Some A is'not В

But Every Ç is В:
Therefore Some A is not С

•VIL No A is В: '

But Every С is A :

Therefore No С is B.

XVII. Every A is B:'
But Some Ais CV

Therefore Some С is'В.

V1II. No A is В :
But Every С is В :

Therefore No С is A.

X- No A is В :

ВЦ Some С is A:
Therefore Some С is not B.

XVIII. • No A is В : ;
But Every A is-C : !

.Therefore Some С is not B.

XIX. No A is.B r
But Every В is C v

Therefore Some Ç is not A.

•X. . No A is В :
But Some A is С :

Therefore Some С is not B.

XX. Every A is В :
But Every A is С :

Therefore Some С is В..

D d 3 Of
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Of thefe twenty forms, I remark, that XVI. is the
lame with V. the latter changing into the former
you^ write С for A, and A for C, and begin with
fécond proportion : there are, accordingly, but nine*
teen different forms.

The foundation of all thefe forms is reduced to
two principles, refpeding the nature of containing and
contained.

I. Whatever is in tee thing contained, muß likeivife be

in the thing containing.
П. Whatever is out of the containing, muß likew'tfe №

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 'l5

contained in the notion C, or makes a part of ft»
that fame part of notion С will certainly be contained
in notion B, fo that fome С is В.

Every fyllogifm, then, confifts of three propofitions»
the two firft of which are called the premifes, and
the third the conclujlón. Now, the advantage of $
thefe forms, to dired our reafonings, is this, that í*
the premifes are both true, the conclufion, infallibly»
is fo.

This is, likewife, the only method of difcoveriu^
unknown truths.. Every truth muft always be the
conclufion of a fyllogiim, whofe premifes are indu'
bitably true. Permit me only to add, that the for*
mer of the premifes is called the major propofitio*1'
and the other the minar.

ai/? Fcíruay, 1761.

LETTER
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L E T T E R ÇV.

Analyfis of fome Syllogifms.

TF 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, confifts in this property common
to them all, that if the two firft propofitions, or the
premifes, are true, you may reft, confidently affured
°f the truth of the conclufion.

Let us confider, for example, the following fyl-

NO VIRTUOUS MAN IS A SLANDERER :

But SOME SLANDERERS ARE LEARNED

MEN Г

Therefore SOME LEARNED MEN ARE NOT VIR-
TUOUS.

Whenever you allow me the two firft propofitions,
Ури are obliged to allow the third, which neceflarily
follows from it.

This fyllogifm .belongs to form XII. The. fame
thing holds with regard to ' all the others, which I
"ave laid down, and which the figures, whereby I
"*ve reprefentèd them, render fenfible. Here we
are prefented with three notions: (plate II. ßg. 13,)
that of virtuous щеп, that of flanderers, and that of

mçn,
D d 4 Let
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Let the fpace A reprefent the firft, fpace B the fé-
cond, and fpace С 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 В : therefore fpace A is wholly out of fpace 3»
(fee plate II. fig. 14.)

But it is faid, in the fécond propofition, that fome

men comprehended in notion B, are, likewife, con-
tained in that of learned, that is, in fpace С : or elfe»
you may fay, that part of fpace В is within fpace С »
(plate II-ßg. 150 wherç the part of fpace B, included
in C, is marked with a * ; which will be, likewife»
part of fpace C. Since, therefore, fome part
С is in B, and that the whole fpace В is out of
A, it is evident, that the fame part of fpace С
likewife, be out of fpace A, that is, fome learned
are not .virtuous,

It muft be carefully remarked, that this conclufi011

refpefts only the part * of notion C, which is con1'
prehended in notion В : for as to the reft, it is u*1"
certain, whether it be likewife excluded from notio11

A, as in plate Il.yfj-. 16, or wholly contained in it> aS

inflate Il.yfg-, 4 7, or only in part, as in plate TL.ßg- *
Now, this being left uncertain, the remainder °*

fpace С falls not at all under confederation ; the con«
clufion is limited to that only which is certain, th^1

is to faya the fame part of fpace C, contained in fpacß

B, is certainly out of fpace A, for this laft is wholly
put of fpace B,
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The juftnefs of all the other forms of fyllogiup 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 falihood.

You will clearly difcern the fault of fuch a fyllo-
gifm, by an example, not reducible to any of the
nineteen forms :

SOME LEARNED MEN ARE MISERS:

But NO MISER is VIRTUOUS:
Therefore SOME VIRTUOUS MEN ARE NOT LEARNED.

This third propolition, 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 fo, 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-
lays muft be true, when the premifes are fo. Ac-
cordingly, the fault of the form, above propofed, is
Immediately difcovered, by cafting your eyes on
/£• 13. of plate II. Let fpace A contain all the learned ;
фасе В all the avaricious ; and fpace С all the vir-
tuous. Now, the firft propofition is reprefented by
ßg- ig. in which part * of fpace A, (the learned) is
contained in fpace B, (the avaricious).

Again, in the fécond propofition, the whole fpace
^j (the virtuous) is out of fpace B, (the avaricious) ï
"ut it by no means follows, (fg. zo.j that part of

.Фасе С muft be out of fpace A.
It is even poffible for fpaçe C, to be entirely within

fpace
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фасе A, as in fig, 21, or entirely out of it, as in^/fg. 2 2,
and, at the fame time, entirely out of fpacé B.

A fyllogifm of this form, accordingly, is totally
falfe and abfurd.

Another example will put the matter beyond *
doubt :

SOME TREES ARE OAKS :

But NO OAK IS A FIR :

. Therefore SOME FJRS ARE NOT TREES.
This form is, precifely, the fame with the pre-

ceding, and the falfliood of the concluiion is mani'
feft, though the premifes are undoubtedly true.

But whenever a fyllogifm is reducible to one of
the above nineteen forms, you may be afiured, that
if the two premifes are true, the conclufion unquel»
tionably always is fo too. Hence you perceive, hoW»
from certain known truths, you attain others before
unknown ; and that all the reafonings, by which we
demonftrate fo many truths in geometry, may bß
reduced to formal fyllogifms. It is not neceflary»
however, that our reafonings ihould always be pro-
pofed in the fyllogiftic form, provided the funda-
mental principles be the fame. In conversion, in
difcourfe, and in writing, we rather make a point of
avoiding fyllogiûn.

I muft farther remark, that, as the truth of the
premifes brings forward that of the concluiion, ú
does not thence neceflarily. follow, that when one of
both of the premifes are falfe, the concluiion muft be
fo Hkewife : but it is certain, that when the conclu-

ï fiofl
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Is falfe, one of the premifes, or both, abfolutely
be falfe ; for if they were true, it would be im-

poffible that the conclufion fliould be falfe, I haveftill
fome farther reflections to fubmit to you, on thig
fubject, which is the foundation of the certainty of
all the knowledge we acquire.

Z^tb February, 1761.

L E T T E R CVI.

Different Figures arid Modes of Syllogifms.

'TpHE reflections which I have ftill to make on the
"*• fubject of fyllogifm, may be reduced to the fol-

ywing articles :
I. A fyllogifm contains only three notions, named

, in as far as they are reprefented by words.
though a fyllogifm contains three propoiitions,
each propofition two notions, or terms ; it muft

^e confidered, that each term is twice employed in
lt> as in the following example :

EVERY A is Ъ~
But EVERY A is С :

Therefore SOME С is B.
The three notions are marked by the letters А. В. С.
which are the three terms of this fyllogifm : of which,
tbe term A enters into the firft and fécond propo-
rtion ; the term В into the firft and third propo-
* îon ; and the term С into the fécond and third

Ц. You
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• IL You muft carefully .diftinguifh thefe three terms
of every fyllogifm. Two of them, namely, Bvand C5

enter into the conclufion»: the one of which, C, is the
fubjeft, and the other,:B, the attribute, or predicate-
In logick, the fubject of ;the conclufion, C, is called
the minor term, and the f recreate 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 learned is the minor term, that of vif'

tuons is the major, and the notion of mrfcr, is the
mean term. •

III. As 'to the order of the proportions, it is a mat-
ter of indifference, whether of the premifes is in the
firft or fécond place, provided the conclufion holds
the laft, it being the confequence from the premifes-
Logicians have, however, thought proper to lay down
this rule :

Theßrß propoßtion is always that which contains tfa
predicate of the concli'Jion, or the major term ; for this
is the reafon that we give to this propofition the name of
the major propofition.

The fécond propofition contains the minor term, er tbr
fubjecl of the conclufion^ and'hence it has the? паще of the
minor propofition.

Thus, the major propofition of a fyllogifm contains
the
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mean term, with the major term, or predicate
•°f the conclufionj. and the minor propofition contains
the mean term, with the minor .-term, or fubject, of
the concljiiion.

IV. Syllogifms are diftinguiihed under different
figures, according as the. mean term occupies the
place offubjefl, or. attribute, in the premifes.

Logicians have eftábliíhed four figures of fyllo-
gifms, which are thus defined :

The firfl figure is that in which the mean term is
the fubjeft, in the major propofition, and the predi-
cate, in the minor.

The fécond 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 is
the fubject, in both the major and minor propo-
ütions. Finally,
' The fourth figure, is that in which the mean term

the predicate, in the major propofition, and the
, in the minor.

Let P be the minor term, or fubjeft of the con-'
: Q the major term, or predicate, of the con-

cbfion, and M the mean term ; the four figures of
will be reprefented in the manner follow,

Figure Firft.

Major Propofition
Minor Propoûtion

Çonclufion1

M
p ;,

p ; __^

Q

Q

Figure
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Figure Second.
Major Propofition
Minor Propofition

Conclufion

Q
p -• —
p — , -

Figure Third.
Major Propofition
Minor Propofition

Conclufion .

M — —
M
p

M
M
Q

Qp
Q

Figure Fourth.

Q M
M — — P
P Q

Major Propoiition
Minor Propoiition

Conclufion

V. Again, according as the propofitions
are univerfal, or particular, affirmative, or negative»
each figure contains feveral forms, called Modes, 1°
order, the more clearly, to reprefent thefe modes
each figure, we mark by the letter A, univerfal
mative propofitions ; by the letter E, univerfal nega"
tive propofitions ; by the letter I, particular aJfirma*
tive propofitions : and, finally^ by the letter O, p^'
ticular negative propofitions : or elfe,

A reprefents an univerfal afiirmative propofitio11'
E reprefents an univerfal negative propofition.
I reprefents a particular affirmative propofition.
О reprefents a particular negative propofition.

VI. Hence, our nineteen forms of fyllogifm, above-
defcribed, are reducible to the four figures, which *
have juft laid down, as in the following tables ;

T. Mode*
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I. Modes of the Firft Figure.

ft Mode.
A. A. A.

Every M is Q j
But Every P is M :

Therefore Every P is Q.

d Mode.
A. LI.
Every Mis Q ;

But Some P is M :
Therefore Some P is Q.

d Mode.
E. A. E.

No M is Q ;
But Every P is M :

Therefore nö P is Q.

4th Mode.
E. L O.
No M is Q ;

But Some P is M :
Therefore Some P is not Q

II. Modes of the Second Figure.

ift Mode.
A. E. E.

Every Q •& M
But No Pis M:

Therefore No Pis Q

2d Mode.
A. O. O.

Every Q is M ;
But Some P is not.M :

Therefore Some P is not Q

3 Mode.
E. A. E.

No О is M ;
But Every P is M :

therefore No P is Q.

4th Mode.
E. L O.
No Q is M ;

But Some P is M:
Therefore Some P is not Q,

Ш. Modes
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III. Modes of the Third Figure.

ift Mode.
A. A. I.

Every Mis Q;
But Every M is P :

Therefore Some P is Q.

ad Mode.
I. A. I.

Some M is Q;
But Every M is P:

Therefore Some P is Q-

d Mode.
АЛЛ.

Every M is Q ;
But Some M is P:

Therefore Some P is Q.

4th Mode.
E. A. O.

No M is Q;
But Every M is P:

Therefore Some P is noto1

5th Mode.
E. I. O.

No M is Q;
But Some M is P:

Therefore Some P is not Q.

6th Mode.
О. А. О,

Some M is not Q ï
But Every M is P:

Therefore Some P ís not Q-

IV. Modes of the Fourth Figure.

ift Mode.
A. A. I.
Every Q is M;

But Every M is P:
Therefore Some P is Q.

ad Mode.
I.A.I.

Some Q is M;
But every M is P:

Therefore Some P is Q.

?d Mode.'
A. E. E.

Every Q is Mj
But No M is P:

Therefore No Pis Q.

4th Mode.
E. A. O.

No Q is M;
But Every Mis P:

Therefore Some P is not

5th Mode.
E. I. O.

No Q is M :
But Some M is P :

Therefore Some P is not Q.



OBSERVATIONS;ON SYLLOGISMS. 417
t

fee, then; that the.fir.ft- figure has four modes ;
. fécond. four.; the thircl fix.; "the -fourth five ; fo

that the whole of tliefe modes, together, is nineteen.,
"ebg .precifely the fame forms which I :haye above
explained, and have juft now difpofed in the four

ures. ' ï In.-., other, irdpefls, : thé ' juftriefs of each of
,; modes has been already demonftrated, by the

Paces ..which I employed, to mark -the notions. The
^У difference /confifts, in tins'/: that here Imake ufe

of the:ktters, P, Q, M, inftead :of A, B, C.
February, 1761.

sS-35-в«

L E T T E R СУП.

'and Rcßeffions, on the different Modes of
Syllogifm.

T PLATTER myfelf, that the following reflections
' ^ill contribute, not a little, to place the nature of
yUogifms m a cjearer light. You muft pay particu-
r attention to the fpecies of the proportions which

^ipofe the fyllogifms, of each, of our four figures,
at is to fay, whether they are,
*• Univerfal affirmative, the fign of which is A; or
2- Univerfal negative, the fign of which is E ; or
3- Particular aflirmative, the fiern of which is I:

0r'unaUy, Ь

4- Particular negative, the fign of which is О ; and
°U will readily admit the juftnefs of the following

Ee T, In
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I. In no one inftarice are both premifes negative
propofitions. Logicians have hence formed this
rule :

From two negative propoßtiomt no conclufion can №
drawn.

The reafori is evident, for laying down P and <2'
as the terms of the conclufion, and M as the m^3*1

term, if both premifes are negative, the affirmation
is, that the notions P and Q, are either, wholly, °r

in part, out of M : it is, accordingly, impoffible to

conclude any thing, refpecting the conformity, °r

difconformity, of the notions P and Q. Though »
knew from hiftory, lhat the Gauls were not Roman8»
and that neither were the Celtse Romans, this wou^
not contribute in the leaft to inform me whether thß

Celtae were Gauls or not. Two negative premifeS>

therefore, lead to no conclufion.
II. Both premifes are, in no one inftance, partit'

lar propofitions ; hence this rule is logic :
From two particular propofitiom, no conclufion can №

•drawn.

Thus, for example, becaufe fome learned men &e

.poor, and fome others malevolent, it is impoffible t0

conclude, that thofe who are poor are malevokI)t>

, or that they are not fo. If you refleft ever fo lit^
on the nature of a confequence, you muft irnifl6^1'
ately perceive, that two particular premifes lead t

no conclufion whatever.
Ш. If either of the premifes is negative, the

too muß be negative.
This is the third rule which logic prefcribes.
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Something 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 perfeâly
confirmed by all the laws of fyllogifm, whofe juftice
has been above demonftrated.

IV. If one of the premifes is particular, the conclufion
*°Q muß be particular. • -

This is the fourth rule prefcribed in logic. The
character of particular propofitions being the word

ßme, if we fpeak only of fome in one of the premifes,
lt is impoiiible to fpeak generally, in the conclufion ;
И rnuft be reftriéled te fome. This rule, likewife, is
confirmed by all the laws of fyllogifm, whofe juílneís
15 indubitable.

V. When both premifes are affirmative, the conclufion
lsfo likewife. But th'tntgbfath premifes may be univerfal 9

*be conclufion is not always univerfal, f ometimes it is par-
*'cular only, as in the ßrß mode of figures third and
fourth.

VI. Befide univerfal and particular propoiitions,
^е5 fometimes, make ufe of fingidor propofitions, the

of which is an individual ; as when I fay ;

Virgil was a great Poet.

e name of Virgil is not a general notion, contain.
feveral beings in itfelf : it is the proper name of

individual, who lived a great many years ago.
s propofition is culedjingular ; and when it is in^

r°duced into a fyllogifm, it is of importance to de-
ermine, whether we are to confider it as holding the

of an univerfal, or particular, propofition.
E e a VIL Certain
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VII. Certain authors infift, that a fingular propo-
fition muft be ranked in the clafs of particulars ; l(:

being confidered, that a particular proposition fpeaks
only of fome beings comprehended in the notion>
whereas an univerfal propofition fpeaks of all.
fay thefe authors, when we fpeak of only a
being, this is ftill lefs than when we fpeak of foin6''
and, confequently, a fingular propofition muft "s

confidered as very particular.
VIII. However well founded this reafoning п^У

appear, it cannot be admitted. The effence of a par'
ticulav propoíition confifts in this, that it does
fpeak of all the beings, comprehended in the
of the fubjeft, whereas an univerfal propofition

. of all, without exception. Thus, when it is faid ;

Some citizens of-Berlin are rich,

the fubje£l of this propofition. is the notion of all №
citizens of Berlin ; but this fubject is not taken in v*
it's extent, it's fignification is expreisly reftricted t°

fome : and, by this, particular propofitions are e*'
fentially diftinguiihed from univerfal, as they
only on a part of the beings comprehended in
fubjea.

IX. It is clearly evident, from this remark, that *
Jingidar propoßtion muß be conßdercd as univerfal ; aS'
in fpeaking of an individual, fay Virgil, it, in no fe'
fpeft, reftriâs "the notion of the fubject, which 1

Virgil himfelf, but rather admits it in all it's extefl* '
and', for this reafon, the fame rules which take p '

ropositions epply-, likcviife, to fingular



DIFFERENT MODES OF SYLLOGISMS. 42!

The following is, accordingly, a very good

VOLTAIRE IS A PHILOSOPHER ;

But VOLTAIRE IS A POET :

Therefore SOME POETS ARE PHILOSOPHERS.
•And it would be faulty, if the two premifes were
particular propofitions, but being confidered as uni-
yerfal, this fyllogifm belongs to figure third, and the
urft mode of the form A. A. I. The individual idea
°f Voltaire is the mean term, which is the fubjecl
°? both major and minor 5 and this is the character
of figure third.

• • • X Finally, I muft remark, that hitherto I have
only ofjtmple prppnfitions, which contain only

notions, the one of which is affirmed or denied,
univerfally, or particularly. With refpecl to compound
Pfopoßtiom, logic prefcribes peculiar rules.

& March, 1761.

•L E'T T E R CVIII.

-Hypothetical Propofitions, and Syllogifms conftruclcd of

them.

" have, hitherto, confidered fimple propo-
fitidns only j or fuch as contain but two no-

"ons, the one of which is the fubjecl, the other the'
indicate. Thefe propofitions can form no other

) except thofe which I have: laid before you,
which are contained in the four figures above

But we,. likewife, frequently employ
E c 3 compound
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compound propofitions, which contain more than
notions, and reflecting which other rules are to
obferved^ in order to deduce fair conclufions
them.

Of thefe compound propoiitions, the moft cofli-
mon are thofe which are called hypothetical, or condi-
tional, which contain two complete propofitions, w№
an affirmation, that, if the one is trite, the other isj°
like-wife •• the following is an example of a condition3'
propofition :

If the Gazette fpeaks .truth, peace is not very
diftant.

Here are two propofitions, the firft, the Gazette <fpea№
truth, or, the Gazette is true : and the other, peace >s

not very di/lant, or peace is approaching.
Now, thefe two propofitions mttít be connecte"

together in fuch a manner, that if the firft is true»
the fécond is fo likewife ; or, it is maintained,
the fécond propofition is a neceflary confequence
the firft, fo that the former cannot be true,
eftabliflung the truth of the other alfb. Suppofm£'
then, that the Gazettes announce the approach °
peace, we are warranted in faying, that, if the G**'
mettes are f me, peace muß be at hand.

Without this condition, fuch a propofition
to nothing : but if this condition is complied №"*>
then with the addition of fome other propofio0*1'
there яге two ways of drawing a cónehifion froio l

ï ft. When forne perfon affures us, thai the Ga&*
fpeaks trurij ; for, hence we conclude, that
near : ad, When we are told, that peace is ß'
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t ; then we make no hefitation in thence con-
cluding, that the Gazette does notfpeak truth.

You fee that thefe two conclufions are general,
and give two forms of hypothetical, or conditional,
tyUogifms, which may Ъе thus reprefented :

Firft Form.
If A IS В, С WILL BE D >

But A is В :
Therefore С is D.

Second Form.
If A is В, С WILL BE D j

But С is NOT D :
Therefore A is NOT B.

Thefe two are the only juft conclufions ; and you
^vift be carefully on your guard againft the fallacy
°f the two following forms :

Firft erroneous Form.
If A is В, С WJLL BE D j

But A is NOT В :
Therefore С is NOT D.

Second erroneous Form.
If A is В, С WILL BE D j

But С is D :
Therefore A is B.

Thefe are both fallacious. In the example adduced,
1 utould reafon incondufively, if I argued in this
Banner :

If THE GAZETTE SPEAKS TRUTH, PEACE

IS APPROACHING ;

But THE GAZETTE DOES NOT SPEAK TRUTH :

Therefore PEACE is .NOT APPROACHING.
E e 4 It
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•It is, undoubtedly, true,: that the Gazette may
fpeak truth ;. neverthelefs, it is very, poflible

peace may be approaching.

, . The .other form is equally erroneous ;
If THE GAZETTE IS TRUE, PEACsE AP-

PROACHES ;

But ;PEACE APPROACHES :

Therefore THE GAZETTE is TRUE.
Let us fuppofe, that this confolatory truth, peace ap-
proaches, were revealed to us, fo as to be put beyond

the poffibility 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 I am very far from putting confidence in the

truth of Gazettes.

Thefe two lail forms of fyllogifms, therefore, arc

fallacious ; but the two preceding are certainly good?
and never lead into error, provided "that the fu'ft

conditional proportion is true, or that the laft pa*'1-
be a neccffary confcquence of the firft.

Of this conditional propofition :
If A is В, С will be D.

The firft part, A is E, is called the antecedent, an J
the other, С icill be D, the confeqiicut. Logic pi'c'
icribcs the two following rules to direct us in tins

, ftyle of reaioning : -

I. Whoever admits the antecedent, muß Hkcivifc adn&
the confequent,

1 II. Whoever denies, or rcjefls, lhe confequent, mvß
likcïuïjc deny, or r e jeu, the antecedent.

But you .may very well deny the antece_de.nl\VÍt'1'
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denying the confequént, 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 iingle example. Hav-
lng this proportion :

Every fubftance is body or fpirit :
the concluiion will run in the following manner :

I. But Such a fubftance is not body ;
Therefore It is fpirit.

II. But Such a fubftance is body ;
Therefore It is not fpirit.

But it is- entirely unneceflary to detain you longer
°n this fubjecb

"jib March, 1761.

L E T . T . E R CIX.

Of tbc Impreßlon of Senfatiom on the Son!.

tJAVING endeavoured to unfold the principles of
logic, whofc object it is to lay down infallible

rules for right reafoning, I muft flill detain you a
Jittle longer on the fubject of ideas.

^V"e, undoubtedly, derive them, in the firft in-
itance, from real objects, which ftrike our ienfes ; •

as far as they are ftruck with any object, a feni\-
correfponding is thereby excited in the foul.

t only do the fenfes reprefent to the foul the idea
that objecl, but they give it full aflurance of it's

cxijtcncc-
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exiftence, out of us ; and it is of importance to r&
mark, that the fenfation is not indifferent to the
foul, but always accompanied with fome pleafure, of
difguft, to a greater or Icfs degree.

Now, having once acquired, through this medium»
the idea of any object, the foul lofes it not when the
object ceafes to act on our fenfes ; it is only the fen-
fation, by which the foul is agreeably, or difagreeably
affected, that is loft ; but it ftill preferves the idea 01
the object itfelf. No.t that the idea is ever prefent
to it, or that it continually cheriihes fuch idea 1°
thought ; but it poffeffes the power of awakening?
or recalling, the idea, at pleafure.

This fuculty of the foul, by which it is enabled to
recollect ideas once perceived, is called remmifcenfa
which contains the fource of memory. Deprived of
the power of recalling paft ideas, that of perceiving
would anfwer little or no purpofe ; if .we loft, every
moment, the recollection of ideas once perceived, ^
fiiould always be in the ftate of new-born infants»
that is, in a' ftate of the moft profound ignorance«

Reminifcence, then, is the moft precious gift
the Creator has beftowed on the foul of man, an
it's fpirituality fliines in the brighteft luftre ; for, ЬУ
means of this faculty, the foul gradually rifes to the

attainment of knowledge the moft fublime.
But though recollected ideas reprefent to us the

fame objects which perceived ideas do, they diffef

from them, however, in this, that they are not Ac-
companied with the fenfation, nor with the conV?Cf

tion, that the objects really exift. If you have on*36

bee»
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been fpeftator of a conflagration, you can recall the
*dea of it whenever you will, without imagining,
however, that there really is one. It is even poflible,
that for a very long time, you may not have thought
°f fuch a conflagration, but without having loft the
power of recalling the idea of it.

It is the fame with refpeft to all the ideas which
^e have once perceived; but it frequently happens,
that we lofe, almoft entirely, the recollection, or, in
other words, forget them. We remark, neverthe-
kfs, a very great difference between ideas forgotten,
and ideas wholly unknown, or fuch as we never had.
With refpeft to the firft, as foon as the fame object
prefents itfelf afreih to our. fenfes, we much more
eafdy catch the idea of it, and we recolleft perfeffly,
that it is thé fame which we had forgotten : this
^ould not be the cafe had we never poffefled it.

It is here the materialifts boaft of having found a
dernonftration of their opinions. They conclude

•from it, that it is extremely clear, the foul is nothing
€h"e but a fubtile matter, on which external objects
^e capable. of making fome flight impreffion, by
"Cleans of the fenfes : that this impreffion is nothing
eHe but the^idea of the objedts ; and that as long as
lt; remains, the recollection is preferved j but that we
*0l"get it, when the impreffion is totally effaced.

If this reafoning were folid, ideas muft neceflarily
Tcftuin always prefent with us, till we forgot them ;
this, however, is not the cafe ; for we recall them
луЬеп we pleafe ; and if the impreffion were effaced,
ho\v could matter recollect,, that it formerly had thai

impreffion^
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imprefïion, or receiving it afreüi ? And, though it W
very certain, that the action of objects, on the fenfe?»
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
as the judgment refpecting the object itfelf, w
caufed this impreflion, equally require a being wholly
different from matter, and endowed with qualities of
quite a different nature.

Our advances in knowledge are not limited f°
. ideas perceived : the fame ideas, recollected in the
memory, form for us, by abftraction, general ideas

.of them, which contain, at once, a great number
of individual ideas ; and how many abftraâ: ideas d°
we form, refpeéting .thé qualities and accidents ol

.objects, which have no relation to any thing corp°"
real, fuch as the notions of virtue, of wifdom, &c. ?

• This, after all, refers only to the underßandingi
which comprehends but a part of the faculties o*
the foul; the other part is not.lefs extenfive, namely»
the will and liberty, on which depend all our refold
tions and actions. There is nothing in the body re"

,lative to this quality, by which the foul freely de'
termines itfelf to certain actions, even after mature

. deliberation. It pays regard to motives, withou£

being forced to fubmit to their influence ; and »'
berty is fo effential to it, as well as to all fpirits, tha

it would be as impoffible to imagine a ipirit with°u

liberty, as a body without extenfion. God him^
could not diveft a fpirit of this effential property-

It is by this, accordingly, that we are enabled t
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fblve all the perplexing queftions refpecting the origin'
°f evil, the permiiiion of fin, and the exiftence of

*U the calamities by which the world is opprefled ;

their great and only fource is human liberty.

March, 1761.

L E T T E R C X .

Of the Origin and Permiffion of Evil; and of Sin.

ГТЛНЕ origin and permiffion of evil in the world,

is an article which has, in all ages, greatly per-
plexed theologians and philofophers. To believe that
God, a Being fupremely good, fliould have created
*his world, and to fee it overwhelmed with fuch va-

riety of evil, appears fo contradictory, that fome

found themfelves reduced to the neceffity of ad-

^itting two principles, the one fupremely good, the
°ther fupremely evil. This was the opinion enter-

taided by the ancient heretics, known in hiftory by
the name of Manicbeans ; who, feeing no other way
°f accounting for the origin of evil, were reduced to
this extremity. Though the queftion be extremely
implicated,, this fingle remark, that liberty is a qua-
"ty eiTential to ipirits, difpels, at once, a great part

°f the difficulties, which would otherwife be infur-

In truth, when God had created man, it was too
ate to prevent fin, his liberty being fufceptible of

n° conftraint. But, I fliall be told, it would have

been
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been better not to create fuch and fuch men, of
fpirits, who, as God muft have forefeen, would abufe
their liberty, and plunge into fin. I fhould deem ï*
rather rafh to enter upon this difcuffion, .and to pre-
tend to judge of the choice which God might have
been able to make, in creating fpirits ; and, perhaps»
the plan of the univerfe required the exiftence ot
fpirits of every poffible defcription. And, in fa#»
when we reflect, 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 ha-
bitable, it is clear, that the number of all the being5

endowed with reafon, which have exifted, which do
exift, and which ihall exift, in the whole univerfe,
muft be infinite.

It is, therefore, unpardonable prefumption to in-
finuate, that God ought not to have granted
cnce to a great number of fpirits ; and the very
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 fuificiently done away ; and it is no way in-
confiftent with the Divine perfections, that
has been beftowed on all fpirits, good and bad.

It is next alleged, that the mifchievoufnefs
or reafonable beings, ought to have been reprefleo
by the divine Omnipotence. On this I remark, that
liberty is fo eflential to all fpirits, as to be beyond
all power of conftraint ; the only method of govern'
ing fpirits confifts in the ufe of motives, to difp°*e

the»1
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them to what is good, and to difluade them from
evil ; but, in this refpeft, we find not the flighteft
ground of complaint. The moft powerful motives
bave, 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 refpecb impoffible.

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
ev.erlafting happinefs, is engraven on their heart, and
W muft always be their own fault if they plunge into
evil. Religion difcovers to us, likewife, fo many
other means which God employs to reclaim us from
°Ur wanderings, that, on this fide, we may reft confi-
dently aflured, that God has omitted nothing which
could have prevented the malignant exploitons of
^en, and of other reafonable beings.

But thofe who bewilder themfelves in fuch doubts
Tefpectíng 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, fufccptible 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
"ifpofrtions ; but it muft be carefully remarked, that
*his conftraint extends only to what is corporeal ;
lt:j in no refped, reftrains the fpirit from being as

7 vicious,
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vicious, and as malignant, as if it enjoyed the raoft
unbounded licence.

Human -governments muft reft contented witb
this exterior, or apparent tranquillity, and give them*
felves little trouble about the real difpofitions of
men's minds -, but, before God, the thoughts all He
open, and perverfe inclinations, however concealed
from men, are as abominable in his fight, as if they
had broke out into the moil atrocious actions. Me°
iuíTer themfelves tobe dazzled by falfe appearances»
but God has refpecl to the real difpofitions of every
fpirit, according as they are virtuous, or vicious, to'
dependency of the actions which flow from them.

The Holy Scriptures contain, to this purpofe, the
m o ft pointed declarations, and inform us, that be
\vho meditates onl) the deftrucHon of his neighbour*
fuftering himfelf to be hurried away by a fpirit ol
hatred, is as criminal in the fijht of God, as the ac-
tual murderer ; and that he who indulges a covetous
cL'lh'e of another's property is, in his eftimation, as

nmch a. thief'as he who really ftcals.
In this relpect, therefore, the government of Goa

over fpirits, or rational beings, is infinitely different
from that which men exercife over men like the№-
ieives ; and we greatly err, if we imagine that a g°"
vernmcnt. which appears the beft in the eyes of men»
is really fo in the judgment of God. This is a i"e"
flection of which we ought never to lofe fight.

l \ tb J

LETTED
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LETTER CXI.

Of moral and phyfical Evil.

\\ THEN complaint is made of the evil which pre»
- .vails in the world, a diftribution of them into

*^о clafles takes place : moral evils and pbyftcal evils.
*he clafs of moral evils contains the perverfe or vi-
^Oüs inclinations, the difpofitioris of fpirits to what
ls evil or criminal, which is undoubtedly the moft
Snevous calamity and the greateft imperfecüon which
Can exift.

In truth, with regard to fpirits, it is impoflible to
c°nceive a more deplorable irregularity, than when
^ey deviate from the eternal laws of virtue, and

Abandon themfelves to the commiflion of vice. Vir-
Ue is the only means of rendering à fpirit happy ;
•° beftow felicity on a vicious fpirit is beyond the
Power of God himfelf. Every fpirit addicted to
^e is neceflariJy miferable, and, unlefs it return to
lrtue, it's mifcry cannot come to an end : fuch is

*.! t *
ne idea I form of demons, of wicked and infernal
Plrits ; an idea which, to me, appears confonant to

Scripture fuggefts on the fubjecb
Infidels make a j eft of this ; but as men cannot

to be the beft of all rational beings, neither
they boaft of being the moft wicked ; there are,
oubtedly, beings much more depraved than the

0 malignant of mankind, fuch as devils. But I
aye already made it appear, that the exiftence of fo

L F f many
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'many corrupted men and fpirits, ought not to
any objection agaiiift the perfection of this world»
much lefs be coniidered 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 thai
can be conceived in the corporeal world ; and this
world, as far as it contains an infinite number &
fpirits, of all orders, is always a work of the higheft
perfection. Now, all fpirits being eflentiaHy free»
criminality was pofilble from the commencement 01
their exiftence, and could not be prevented even by
the divine Omnipotence. Befides, fpirits are tbe

authors of the evils which neceflarily remit from fin»
every free agent being always the only author of tUe

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 i'e*
fponfible for the mifchief that is done with it. Thus»
with rcfpect to the moral evils which prevail in the

world, the fovereign goodnefs of God is fufliciently
juftified.

The other clafs, that of phyfical evils, contains all
the calamities and miferies to which men are expofe^
in this world. It is admitted, that moft of thefe aie

a neceflary confequence of the malice, and other

vicious propenfities with which men, as well as
fpirits, are infected ; but as thefe confequences
communicated by means of bodies, it is aiked,
God ihould permit to wicked fpirits, the power o*
acting, fo eflicacioufly on bodies, and of
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them as infiruments to execute their pernicious pur-
pofes ? A father, who faw his foh on the p'oint of
committing a murder, would fnatch the fword out
°f his hand, and prevent the perpetration of a crime
f° heinous. I have already obferved, that this aban-
doned fon is equally guilty before God, whether he
has actually accompliihed his defign, or only made
^effectual efforts to execute it, and the father, who
prevented him, does not thereby fender Him better.

We may, neverthelefs, confidently maintain, that
God does not permit a free courfe to the wickédnefs
°f man. Did nothing reíiíí: the execution of all the
Pernicious purpofes of the human heart, how mifer-
able mould we be! We frequently fee;, that the
kicked have great difficulties to encounter, and
though they mould fucceed, they have no power over
the conferences of their actions, which always de-
pend on fo many other cifcumftances, that, in the'

, they produce the directly oppofite effeft from
was intended. It cannot be denied^ at the

ume time, that there may refult from thele, 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 effectual reftraint
to the wickédnefs and audacity of men.

It would, undoubtedly, be very eafy for God to
cruih to death a tyrant, before he could realize his-
Cruel and opprefilve defigns, or to ftrike dumb an
Unjuft judge, who was going to pronounce an ini-
4uitous fentence. We might then live quietly, and
pnjoy a)i tiie comforts of life, fuppofmg God were

Ffa ' to
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to grant us the bleflmgs of health, and all the good
things we could wiih for : our happinefs would thus
be perfeft. On this plan they .would have the world
governed, in order to render us all happy : the

wicked difablcd to perpetrate their criminal pur-
poles, and the good in pofleffion of the peaceful en-
joyment of all the bleffings which they can deiire.

It is believed, and with good reafon, that God
wiflies the happinefs of men, and it is matter of fur"
prize, that this world fliould be fo different from the

plan whicH is imagined the moil proper for the at'
tainment of this end. We rather fee the wicked
frequently eejoying, not only all the advantages o*
this life, but put in a condition to execute their in**
chinations, to the confufion and diftrefs of perfoP8

of worth , while the good are opprefled and over-
whelmed by the moft feníibíe evils, pains, difeafcs>
mortifications, lofs of goods, and, in general, by
every fpecies of calamity j and that, at laft, the good
as well as the bad, muft infallibly die, which appear?
to be the greateft of all evils.

Looking on the world in this point of view,
is tempted to call in queftion the fupreme
and goodnefs of the Creator ; but it, is a
which we muft take great care to (hurt.

\- tth March, 176«.
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LETTER CXII,

Reply to Complaints of the Exißence of pbyfical Evil.

SUPPOSING our exiftence limited to the prefent
life, the pofleflion of the good things of this

Xvorld, and the enjoyment of every delight, would
be very far from filling up the meafure of our hap.
Pbefs. All are agreed, that true felicity confifts in
Cental tranquillity and fatísfaftion, which are fel-
^Orn, if ever, accompanied with that brilliancy of
c°ndition, which is coniidered as fuch an ineftimable
"kffing, by thofe who judge only from appearances.

The miufficiency of temporal good things to ren.
^r" us happy, becomes ftill more manifeft, when we
c°rne to reflect on our real deftination. Death does

put a period to our exiftence, it rather tranf-
us into another life, which is to endure for

The faculties of our foul, and our attainments
ln knowledge, will then, no doubt, be carried to the
ftlgheft perfection ; and it is on this new Itate that
°Ur real happinefs depends, and this ftate cannot be
^aPpy without virtue.

The infinite perfections of the Supreme Being,
we now perceive only as through a thick

, {hall then ihine in the brighteft luftre, and
become the principal object of our contempla-

l°nj admiration, adoration. There, not only fliall
Ur 4nderftanding find the moft inexhauftible ftores
. Pure and perfeft knowledge, but we lhall be per-

Ffj mitted
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mitted to hope for admiffion into favour with the

Supreme Being, and to afpire after the moil endeai*
ing expreffions of his love. How happy do ^e

reckon the peculiar favourites of a great prince, efpe*
daily if he is really great, though the favours whicl1

be beftows are marred by many infuiions of bitte1*'
nefs ? What will it then be, in the life to come, wben

God himfelf fliall ßed abroad his love in our heart*'
a love the eflfefts of which {hall never be interrupt
nor deftroyed ! This ihall, thenceforward,
a felicity infinitely furpaffing all that we can conceit '

In order to a participation of thefe inexpreifib1

favours, flowing from the love of the Supreme
it is natural that, on our part, we mould be
trated -with fentiments of the moil lively
to him. This blefled union abfolutely requires, J

us, a certain difpofition, without which we mould °
incapable of participating in it; and this difpofitl0.
coniifts in virtue, thé bafis of which is the love
God,. and that of our neighbour. The attain^6*1,
of virtue, then, mould be our chief, our only obje

in this Ufe, where we exift but for this end, to pr

pare for, and to render ourfelves worthy of partab11»
in fupreme and eternal felicity.
, In this point of view, we muft form a judg1116

of the events which befall us in this life. It is p _
the pofleffion pf the good things of this world tllil

renders us happy ; it i$ rather, a fituation ^\
mou effectually condudls to virtue. If profperji^
were the certain means of rendering us happy»
might be fuffered £Q complain of adyerfity ; »

- '
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verfity may rather have the efíeft of confirming our
virtue, and, in this view, all the complaints of men,
refpecling the phyfical evils of life, are, likewife,
completely done away.

You have no difficulty, then, in comprehending,
that God had the moft folid reafons for admitting
1nto the world fo many calamities and miferies, ás
the whole obvioufly contributes to our falvatioa.
*t is unqueftionably true, that thefe calamities arc,
*°r the moft part, natural confequences of human
c°rniption ; but it is in this very thing, that we
^uft principally admire the wifdom of the Supreme

*ng> who knows how to over-rule the moft vicious
a<-Hons, for our final happinefs.

Many good people would not have reached fuch
a Sublimity of virtue, had they not been oppreffed,
and tormented, by cruelty and injuftice,

I have already remarked, that bad actions are fuch,
only with regard to thofe who commit them : the
^termination of their foul alone is criminal, the
a<-tion itfelf being a thing purely corporeal, in as

as, confidered independently of the perfon
commits it, there is nothing, either good or
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 aftion is abfolutely
^e fame ; but the mafon is not guilty in the flighteft
degree ; whereas the affaifin deferves the fevereft

t. Thus, however criminal aftions may
with regard to thofe who commit them, we

confider them in quite a different light as they
F f 4 ftffeít
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affeft ourfelves, or produce an influence on our fitua-
tion.

We ought, therefore, to reflect, that nothing can
befall us, but what is perfectly confonant to the fove-
reign wifdom of God. The wicked may be guilty °*
injuftice towards us, but we cannot upon the whole
íufíer from it ; no 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 aflured, 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-
pinefs. Thofe who confider all events in this Hgb1'
vUl foon have the fatisfaclion of being convinced^
that God exercifes a peculiar care over them.

&1/1 March, 1761.

L E T T E R CXIÏÏ.

The real Deßination of Man; Ufefulnefs and Necc/W
of Adverfity.

T HOPE you have no doubts remaining, with re*
•*• fpeft to this great queftion : How the evils ot
this world can be reconciled to the fupreme wifdoo*
and goodneis of the Creator ? The folution of it lS

inconteftably founded on the real deftjnation of
'
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of other intelligent beings, \vhofe exiftence is
limited to this life. The moment that we lofe

%ht of this important truth, we find ourft-lves in-
Solved in the greateft perplexity, and if man were
Created only for this life, it would afluredly be im-
poffible to eftabliíh a coniiftency between the perfec-
tions of God and the diftreiTcs and miferies with
^hieh this world is opprefled. Thofe miferies would
^ but too real ; and it were abfolutely impofiiblc to
explain, How the profperity of the wicked, and the
*uifery of fo many good people, could confift with

.divine juftice.
But no fooner do we reflect that this life is but

commencement of our exiftence, and that it is
íerving as a preparation for one that fliall endure
Eternally, the face of things is entirely changed, and

are obliged to form a very different judgment of
evils with which this life appears to be over-

I have already remarked, that the profpe-
which we enjoy in this world is the reverfe of a

preparation for a future life, and for render-
us worthy of the felicity which there awaits us.

owever important to our happinefs the poffeffion
°* the good things of this world may appear, this
HUahty pertains to them only in fo far as they are
^prefled with the fignatures of divine goodnefs, in-
ePendent of which no earthly pofleflions could con-

fute our felicity.
Real happinefs is to be found only in God him-

> aU other delights are but an empty ihade, and
^P capable of yielding only a momentary fatisfac-

tion,
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tion. • Accordingly we fee that thofe who enjoy tlv. ял
in the greateft abundance, are quickly fatiated; and
this apparent felicity ferves only to inflame 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 coniifts in a

perfect union with God, which cannot fubiift with-
out a love and a confidence in his goodnefs, tran-
fcending all things : and this love requires a certain
difpofition of foul, for which we muft be making
preparation in this life.

This difpofition is virtue, the foundation of which
is contained in thefe two great precepts :

Thou ßalt love the Lord thy God with all thy heart,
iL'ith all thy foul, ivith all thy ßrength^ and v>tw
all thy mind ;

and the other, which is like unto it :
Thouß^alt love thy neighbour as thyfelf.
Every other difpofition of foul which deviate5

from thefe two precepts, is vicious, and abfolutely
unworthy to partake of true happinefs. It is as i*n-
poffible 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 muftc. He muft be for ever
excluded 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 iu"
preme felicity.

If we confider the order and economy of tne

world, in this point of view, nothing can be Ш°г

perfectly difpofed fpr the attainment of this great

/>nd<
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£nd. All events, the calamities themfclves which we
Undergo, are the moft fuitable means for conducing
Us to true happinefs : and in this refpect, it may be
with truth affirmed, that this is, indeed, the beft
world poifible, as every thing in it concurs to pro-
mote our eternal falvation. When I reflect, 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.
pleniih my foul with the pureft afteftion !

But, however efficacious thefe means may be in
themfelves, they exercife no force upon our minds,
to which liberty is fo eflential, that no degree of
conftraint can poffibly take place. Experience, ac-
cordingly, frequently demonftrates that our attach.
Oient to the objects 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
Vs afide from the only path that leads to happineis.

March, 1761.

LETTER
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LETTER CX1V.

Of true Happinefs. Converfion of Sinners. Reply to

Objcdiom on the Subject,

'T^HE holy life of the apoftles, and of the other
-•- primitive Chriftians, appears to me an irreiu-

tible proof of the truth of the Chriftian Religion. В
true happinefs conflits in union with the Supreme
Being, which it is impoffible for a moment to doubt,
the enjoyment of this happinefs neceflarily requires,
on our part, a certain difpofition, founded on fu-
preme love to God, and the moil perfect charity to-
ward our neighbour, fo that all thofe who are def-
titute of this dtfpoíltion, deftroy their own preten-
fions to celeftial felicity ; and wicked men are, from
their very nature, neceflarily excluded from it, it
being impoffible for God himfelf to render them
happy. For the Divine Omnipotence extends only
to things which are in their nature poffible, and li-
berty is fo efiential to fpirits, that no degree of con-
ftraint can take place with refpect to them.

It is only by motives, therefore, that fpirits can
be determined to that which is good : now what
motives could be propoied to the apoftles and other
difciples of Jefus Chrift, to embrace a virtuous life»
more powerful than the inftruclions of their divine
Matter, his miracles, his fufferings, his death and re'
furrection, of which they were witnefles. All
ftriking events, united to a doctrine the moft
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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 coniider and adore
as at once, their heavenly Father, and the abfolute
Lord of the whole univerfe. Thefe lively impref-
fions muft neceflarily have ftifled in their breafts
every vicious propenfity, and have confirmed them,
friore and more, in the practice of virtue.

This falutary effect on the minds of the apoftles,
bas 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-
4uifite was, limply, a heart docile and uncorrupted
by vice and paffion. The miffion, then, of Jefus
thrift into the world, produced, in the minds of the
apoftles, this difpofition, fo necefíary to the attain-
l^ent and the enjoyment of fupreme happinefs; and
that miffion ftill fupplies the fame motives to puriue

fame end. We have only to read attentively,
without prejudice, the hiftory of it, and feri-

to meditate on all the events.
I confine myfelf to the falutary eflefts of our Sa-

viour's million, without prefuming to dive into the
lïlyfteries of the work of our redemption, which ir>
^nitcly tranfcend the powers of human underftand-
lng- I only remark, that thefe effects, of the truth
°r which we are convinced by experience, could not
be produced by illufion, or human impofture ; they
^e too falutary not to be divine. They are likewife
Perfea:ly in harmony with the mcontcftable principles

which
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which we have laid down, that fpirits can be govern-
ed only by motives.

Theologians have maintained, and fome ftíll main-
tain, that converfion is the immediate operation of
God, without any co-operation on the part of man-
They imagine that, an act of the Divine will is ft"*
ficient to transform, in an inftant, the greateft mil-
créant into a virtuous man. Thefe good gentlemen
may mean extremely well, and confider themielves
as thus exalting the divine Omnipotence ; but this
fentiment fcems to me inconfiftent with the juftice

and goodneis of God, even though it were not fub-
verfive of human liberty. How, it will with reafofl
be faid, if a iimple exertion of the divine OmnipO'
tence is fufficient for the inftantaneous converfion o*
every iinner, can it be poiuble that the decree ihouk»
not actually pafs, rather than leave fo many thou-
fands to periih, or employ the work of redemption»
by which a part only of mankind is faved ? I ac-
knowledge that this objection appears tourne much
more formidable than all thofe which infidelity raife9

againit our holy religion, and which are founded en-
tirely in ignorance of the true deftination of man '•>
but, blefled be God, it can have no place in the fp"
tern which I have taken the liberty to propofe»

Some divines will perhaps accufe me of herefy, a5

if I were maintaining that the power of man is fur-
ficient for his converfion ; but thia reproach affe#s

me not, as I am confcipus of intending to place the
goodnefs of God in it's cleareft light. In the w

6
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°f converfion, man makes perfect: ufe or his liberty,
which is unfufccptible of conftraint, but man is al-
lays determined' by motives. Now, theie motives
«ire fuggeilcd by the circumftances and conjunctures
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 moil favourable, and from which they may de-
rive motives the moft powerful, to produce their
converfíon ; fo that men are always indebted to
God for the means which promote their falvation.

I have already remarked, that however wicked the
аШопз 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 ialutary. Happy the man
^ho has wifdom to turn them to good account !

This conviction muft operate in us the happieft
effects : unbounded love to God, with a firm reliance
°n his providence, and the pureft charity toward our
Neighbour. This idea of the Supreme Being, as
exalted as it is confolatory, ought to repleniih our
hearts with virtue the moft fublime, and effectually
'prepare us for the enjoyment of life eternal.

March, i;6r.

LETTER
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LETTER CXV.

The true Foundation of human Knowledge. Sources oj

Truth, and ClaJJcs of Information derived from it.

T TAVING taken the liberty to lay before you ШУ
•*• -•• opinion reipecling the moil important article
of human knowledge, I flatter myfelf it will be fut*
ficient to diflipate the doubts which naturally ari&
out of the fubjecl, irom want of exact ideas of the
liberty of fpirits.

I fhall now have the honour of fubmittmg to your

confideration tlie true foundation of all our knovf-
ledge, 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
fentiments ; for we are but too frequently dazzled
by appearances, fometimes exceedingly flight, an»
whofe falfehood we afterwards difcover. As we are,
therefore, continually in danger of deceiving ouf'
fclves, a rcafonable man is bound to ufe every effort
to avoid error, though he may not always be f°
happy as to fucceed.

The thing to be here chiefly confidered is the &-
lidity of the proofs on which we found our perfua-
iion of any truth whatever, and it is absolutely ne'
ceflary that we mould be in a condition to judge'**
they are fufficient to convince us or not. • For thtf
effect I remark, firft, that all truths within our reac»
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are referable to three clafles, eflentially diftinguiflied
from each other.

The firft contains the truths of the fenfes ; the fe-
c°nd, thofe of the underftanding j and the third,

of belief. Each of thefe clafles requires pecu-
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,

*nd are thus éxpreffed :
This is true, for Ifaw if, or am convinced of it by ï be

eruidence of my fenfes.
It is thus I know that the magnet attracts iron,

becaufe I fee it, and experience furniihes me with
Wonteftable proofs of the fact. Truths of this clafs
are called fcnftble, becaufe they are founded on the

or on experience.
Proofs of the fécond clafs are founded in ratioci-

thus:
This is true, for I am able to demonßrate it on prin-

tlpies of j uß rcafoning, or by fair fyllogifms.
To this clafs, principally, logic is to be referred,

which prefcribes rules for reafoning confequentially.
^ is thus, we know, that the three angles of a recti-
*lneal triangle are together equal to two right angles.
*n this cafe I do not fay I fee it, or that my fenfes
convince me of it ; but I am aflured of it's truth by
a procefs of reafoning. Truths of this clafs are called
lntelle£lua!, and here we muft rank all the truths of
Seometry, and of the other fciences, in as much as
*ley are fupported by demonftration. You muft be

'еПнЫе, that fuch truths are wholly different from
VOL. I. F f thofo
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thofe of the firft clafs, in fupport of which we adduce
no other proofs but the fenfes, or experience, which
affure us that the fact is fo, though we may not
know the caufe of it. In the example of the magnet,
we do not know how the attraction of iron is a ne-
ceccflary effect 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 fécond, though the proofs which 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
relate them ; or when we fay :

This is true, f or f ever al creditable perfons have affurea
ju of it.

This clafs, accordingly, includes all biftorical truths-
You believe, no doubt, that there was formerly a

king of Macedon, called Alexander the Great, who
made himfclf mailer of the kingdom of Perfia»
though you never faw him, and are unable to de-
inonftrate, geometrically, that fuch a perfon ever
cxifted. But we believe it on the authority of the
authors, who have written his hiftory, and we с-Д'
tcrtain no doubt of their fidelity. But may it not
be poilible that thefe authors have concerted to as>'
ceive us ? We have every reafon to reject fuch aft
iniinuation, and we are as much convinced of the
truth of thefe facts, at leaft of a great part of them»
as of truths of the firft and fécond clafles.

The proofs of thefe three clafles of truths are e^*
tremely different ; but if they are folid, each in it<s

kind»
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kind, they muft equally produce conviction. You
cannot poflibly doubt that Ruffians and Auftrians
have been at Berlin, though you did not fee them :
this, then, is to you a truth of the third clafs, as you
believe it on the report of others ; but to me it is
°ne of the firft clafs, becaufe I faw them, and con-
verfed with them, and as many others were affured
°f their prefence by means of other fenfes. You
have, neverthelefs, as complete conviffion of the facl:
^ we have.

3 iß March, 1761.
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