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EDITORS PREFACE

Taz work now presented for the first time to the
American public is the production of one of the
most learned. and highly-gifted men whose names
adom the annals of sound philosophy, and whose
labours gained for him a reputation inferior caly to
that of Newlon. They will be read with great ad-
vantage by the young student, on account of the
treated, the copiousness of the style, and its adapta-
tion to the purpose of sasy and familiar instruction.
The author, in addition to his profound knowledge,
had the advantage of being, both by profession and
by taste, a teacher of youth; and the volumes
belors us bear evidence of the tact which an expe-
which stand most in need of varied and reiterated
explanation.

The theories which the author endeavours often
by elsborate reasoning to support are, it is true, in
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Taz work now presented for the first time to the
American public is the production of one of the
most learned und highly-gified men whose names
adom the annals of sound philosophy, and whose
labours gained for him a reputation inferior only to
that of Newton. They will be read with great ad-
vantage by the young student, on aocount of the
remarkable clearness with which the subjects are
treated, the copiousnesa of the style, and its adapés-
tion to the purpose of casy and familiar instroction.
The suthor, in addition to his profound knowledge,
bad the advantage of being, both by profession and
by taste, a teacher of youth ; end the volumes before
us bear evidence of the tsct which an experienced
instructer acquires in discovering the points which
stand most in need of varied and reiteruted expls-
nation.

These Letters, thorefore, designed as they were
for the benefit of a lady, will predispose the ingen-
oous mind to the love of scientific truth. Nor is
the evidence of piety he bas brought into cennexion
with some of the highest contemplations of philoso-
phy one of the least interesting features of these
agresable volumes.
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PREFACE

It bas long been a reproach against English lite-
rature, that the composition of elementary and popular
works has been left almost exclusively in the hands
of inferior writers, who possess only a general and
superficial knowledge of the subjects of which they
treat. ‘The influence of this practice upon the diffi-
sion of general and correct knowledge has been
deeply felt by those who are desirous of introducing
a system of education which embraces a wider range
The popular writings of those who acquire a know-
ledge of science for the purpose of teaching it differ
in the most essential manner from those of a philo-
sopher who devotes himself to the task of perspicuous
illustration. However correct may be the principles,
and however copious the details of a compiled work,
it must always be defective in the selection of it
topica, in the clearness of its reasoning, in the gen-
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erality of its views, and in the suitableness of its illus-
trations. A mind like that of Evizs, which from
its infancy has been devoted to the study of Nature,
selects at once the prominent features of the science
which it is proposed to explain ; excludes all perplex-
ing and extraneous facts, and combines under gene-
rul views the important truths which it is the chject
of the pupil to seize and retsin. The justness of
this remark cannet fail to be admitted by those who
read the following Letters, which may be justly cher-
acterized as the most popular wark thai ever was
writier, and ms the production of the profoumdest
philosopher that ever wrote.

Evipzr's Letters to a German Princess were first
made known in Europe by an edition published by
the Marquis Conporcer and M. Lacrorx, who en-
riched it with a variety of notes, and whose opinion
of the work for the purposes of pubbic instruction
may be acceptable to the English reader :—

« The Letters of EvpLex to a German Princess,”
says M. Conporcet, “bave acquired over ull Eu-
rope a celebrity to which the reputation of the A
thor, the choice and importance of the several subjocts,
and the cleamsss of elncidation jusily entitle them.
They have deservedly been considered as a treamury
of aclence, adapted to the purposes of every cammen

S



PREFACE. 13

seminary of learning. They may be studied to ad-
vantage without much previous elementary know-
ledge ; they convey accurate ideas respecting a va-
niety of objects, highly interesting in themselves, or
valculated to excite a laudable curiosity ; they inspire
& proper taste for the sciences, and for that sound
philosophy which, supported by science, and never
losing sight of her cautious, steady, methodical ad

The English reader is indebted to the late Rev.
Dr. Hewry Howres for the following translation,
which has gone through two editions. In this third
edition the translation has received very essential
improvements. The plates have been re-engraved
and much improved, and a life of the Author has been
added, together with various notes, which, the editor
trasts, will be both interesting and useful to the
reader.

Independently of the great popularity of this work,
it possesses a particular interest at the present time,
in consequence of its containing a popular view of
the doctrine, that light consists in the undulations of
mn ethereal medium, which is now generally adopted,
in consequence of recent discoveries in optica.

Evoevnen, 234 July, 1?&,






THE LIFE OF EULER

Lzowaro Evies, one of the most distingulshed
mathematicians of the 18th century, was the son of
Paul Euler, and Margaret Brucker, and was born at
Bisle on the 15th of April, 1707.

His fother, who had been instructed in mathe-
matica by the celebrated James Bemoulli, became
mofthnﬂﬂnpafmechnn.munhh,mth
year 1708 ; and as soon as his son had arrived at the

of Euler soon gained him the particular esteem of
that great master, and the friendship of bis two sons,
Daniel and Nicolas Bernoulli, who had already be-
come the disciples and the rivals of theirfather. John
Bernoulli even condescended to give him once every
week a particular lesson, for the purpose of explain-
ing the difficulties which he encountered in the course
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of his studies. Euler had not the good fortune to

phy. At the request of his father, be now began the
study of theology ; but his attachment to the mathe-
matics was 8o strong, that his father at last consented
to allow him to follow the bent of his own genius.
Nicolas and Daniel Berdoulli having, in 1735,
accopied the invitation of Catherine I. to become
members of the Aoademy of SBciences of Bt. Peters-
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Euler, who was destitute of all practical knowledge
of naval affairs, should have succeeded in the com=
petition. Bouguer, of course, carried off the first
prize; but Euler obtained what is called the acceani,
or second prize, an honour of no trivial magnitude,
when we consider that he was then only twenty years
of age. About this time Euler was a candidate for
the vacant professorship of natural philosophy in the
university of Blale ; but he had not the good fortune
to be elected.

Daniel and Nicolas Bernoulli used all their influ-
ence to procure an appointment for their young
friend ; and having at last succeeded, they requested
him to repair immediately to 5t. Petersburg. Euler
lost no time in obeying this welcome summons; but,
after be had begun his journey, he had the mortifi-
cation to learn that Nicoles Bernoulli had fallen 2
victim to the severity of the climate ; and the very
day upon which he entered the Russian terri
was that of the death of the Empress Catherine I.;
an event which at first threatened the dissolution of
the academy, of which she had laid the foundation.
Having reached 8t. Petersburg at this unfortunate
period, Euler resolved lo enter into the Russian
navy, and had actually received the promise of a
lieutenancy, and rapid promotion, from Admiral Sie-
vors; but fortunately for geometry, a change took
pluace in the espect of public affairs in 1730, and
Euler obtained the situation of Professor of Naturd
Philosophy. In 1733 he succeeded Daniel Ben
noulli, when that illustrious mathematician retired
into the country ; lﬂiﬁhmrﬂlhﬂ married

2
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Mudemoiselle Gsell, a Swise lady, and the dunghter
of a painter whom Peter the Great bad carried into
Russia upon his return from his first toor.  In 1738,
ﬂ'rylrmclhpmblmh been proposed by

the Academy of 8t Petersburg, Enler completad
the solution of it in three days; buot the exertion of
his mind had been so violent, that it threw him into »
fever which endangered his lifs, and deprived him
of the use of one of bis eyes. In 1788, the Acad-
emy of Bciences at Paris crowned his memoir, en-
titled Sur la Natwre of lea Propristés du Few; and
in 1740, be divided with Daniel Bemoulli, and omr
countryman Colin Maclaurin, the prize given by the
seme aeademy for the best dissertation on the fux
and reflux of the sen.  Daniel Bernoulli had treated
the subject with » sagucity and method which char-
acterized all his lshours. The dissertation of Mac-
lanrin contained his celebrated theorem on the squi-
librium of elliptical spheroids ; and that of Euler
was marked with an improvement on the integral
* caleulus, which seemed to resolve the fimdamentsl
equation of almost all the great problems on the me-
tions of the heavenly bodies.

_In consequence of an invitation from the King of
Prussia, through his minister the Count ds Marde-
field, Evler quitted St. Petersburg and wenst to
Berlin in the month of June, 1741.  Upon his arri-
wal, he was honoured with a letter from the king of
Prusein, written from his camp at Reichenbach ; and
be was soon after presented to the quesn-mother, &
princess who teok great pleasure in the conversation
of illustrious men. Bhe tewted Eulor with the
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vimicet familiarity ; but never being able to draw him
into any conversation but that of monosyllables, she
one day asked him why he did not wish to speak to
her! *Madam,” replied Euler, *it is because I
bave just come from a country where every person
who speaks is hanged.”

The memoirs and works with which Eulerenriched
mathematics and physica are so extremely numerous
that ¥ would cecupy many pages to give even the ~
briefest aceount of them. In many of his physical
memoirs, Euler has been justly reproached for having
applied the calculus to the most unfounded physical
hypotheses, or to metaphysloal principles which had
not been sulficiently examined ; and on this ac-
count several of his memoirs have no value whatever,
except in 8o far as they exhibit fine specimens of
the resowrces of analysis. His Dissertations on
Windmills, on Achromatic Telescopes, on Naval
Architecture, and oa Gunnery are among the oum-
ber of these which are liable to this criticism.

When Euler was at Berlin, the Princess of Anhalt
Deasan, the niece of the King of Prussia, was de-
sirous to receive from him some instruction in the
different branehes of matural philosophy ; and for
her use he drew up the present work, which was
translaied into most of the languages of Europe, and
which has always been much esteemed, particularly
for the singular perspicuity with which its author has
explained somé of the most profound truths in phy-
sies. The King of Prussia often employed Euler
in calealations relative to the mint, and other objects
of finance,—in the conducting of the waters of Sans
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Bouci, and in the examination of canals, and other
public works.

In 1744, Euler was appointed Director of the
Mathematical Clasa of the Academy, and in the same
year he obtained the prize offered by the Academy
of Sciences at Paris for the best work on the theory
of magnetism.

About this time Robin's Treatise on Gunnery had
appeared in England, aud though our countryman
had treated Euler with great severity, this act of in-
justice did not prevent him from recommending it
to the King of Prussia as the best book on the sub-
ject. He even translated it, and in the additions
which he made, he gave a complete theory of the
motion of projectiles. M. Turgot ordered this work
to be translated into French, and introduced into
the schools of artillery ; and about the same time
there appeared a splendid edition of it in England.

In 1746, he published his new Theory of Li
and Colours ; and in 1759, his memoir Sur les
du Roulis ef du Tangage, gained the prize offered
by the French Academy of Bciences.

In 1750, Euler went to Frankfort to receive his
mother, who was then & widow, and to conduct her
to Berlin, where she remained till the time of her
death, in 1761 ; hvlngau]nyﬂd!hrdnmmm
assiduous attention of a favourite son, and the
pleasure of seeing him universally esteemed and ad-
mired,

When Euler remained at Berlin, he formed an
intimate acquaintance with M. De Mauopertuis, the
learned President of the Prussian Acedemy eof
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Sciences, and be defended Maupertuis’s celebrated
and favoarite principle of the least action, by resclv-
ing, by meana of it, sope of the most difficult prob-
lems in mechanics. In the dispute into which be
was thus led with Kotnig, who bad attached Mau-
periuis i 1751, be lost for « while his usual serenity,
and became ene of the enemies of that unfortunate

Although the nymber of foreign.associates in the
French Acedemy of Beiences was limited to eight,
yot Euler was appointed to the ninth place in 17565,
on the condition that no appointment should take
place ai the first vacancy. ,

In the year 1760, the Russian army under Gene-
ral Tottleben penetrated into the March of Branden-
burg, and pillaged a farm which Euler possessed
pear Charlotienberg,  As soon as the Russian gene-
ml was informed of the event, he immediately re-
paived the loss by a very large sum; and upon
iving notice of the circumstance to the Empress

she added to this indemnity a present of
four thousand florins. This sct of generosity, no
doubt, bad a powerful effect in atiaching Euler to
the Russian govemment, which, in spite of his ab-
sence, bad always paid him the pension which i
granted him in 1743. Hoving received an invita.
tion the Empress Catherine, he obtained per-
mission from the Hing of Prussia to return to 8t
Petersburg to spend the remainder of his days ; but
his eldest son was not allowed to sccompany him.
WhmEulw*I-mthmnfhhdaputum.irinm
Czartorisky jnvited him, in the name of the King of
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Poland, to take the road of Warsaw, where, loadsd
with kindness, he spent ten days with Stanislaus,
who afterward honoured him with his

Shortly after his arrival in St. Petersburg, on the
17th July, 1766, he lost the sight of his other eye,
having been for a considerable time obliged to per-
with chalk upon a slate. His pupils and his chil-
dren copied his caleulations, and wrote all his me-
moirs, while Euler dictated to them. To one of his
knowledge, he dictated his Elements of Algebra, a
work of very great merit, which has been translated
mEnghnhudmruhﬂllngmgu. Euler now
acquired the rare faculty of tarrying on in his
mind the most complicated analytical and arithme-
tical calculations ; and M. d'Alembert, when he saw
hmﬂBm{m,mmhdﬂmamplmof
this kind which oecurred in their conversation.
With the design of instructing his grandchildren in
ﬂmuhuﬁnnofromhlibrmadlhhlud'fhuil
first powers of all pumbers, from 1 to 100, and he
recollected them with the utmost accuracy. Two
of his pupils having computed to the 17th term, o
complicated converging series, their results differed
one unit in the fiftieth cypher; and an appeal being
made to Euler, he went over the calculation in his
mind, and his decision was found correct.

His principal amusement, after he lost his sight,
was to make artificial loadstones, and to give lessons
on mathematica to one of his grandchildren, who
ssemed to evince a taste for the science,
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In 1771, & dreadful fire broke out in 8t Peters-
burg, and reached the house of Euler. Peter
Grimm, & native of Blale, having leamed the danger
in which his illustrious countryman was placed, threw
himself among the flames, and, reaching Euler's
apartment, him off on his shoulders, at the
risk of his life. His library, however, and his fumni-
ture were consumed ; but, by the activity of Count
Orloff, his MS8. were saved.
son, and his colleagues Krafft and Lexell, he con-
structed a set of new lunar tables, which appeared in
1772. These tables were, at the suggestion of Tur-
got, rewarded by the Board of Longitude in France ;

hthnymlﬂa,Eularpuﬂuhﬂd.ﬂEl.Pdﬂl-
burg, his great work on the construction and ‘man-
agement of vessels. A new edition soon aflerward

king it was introduced into the schools of marine,

and a nﬂuﬂoi'lmﬂmhhnlhmmuadmﬂn
author, accompanied by a handsome letter from the

the Motions of the Planets, were crowned by the
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Academy of Sciences ; and be alse gained
prizes of 1770 und 1773, by his perfection of the
theory.

Hﬂiﬂg]ﬂ.’d first wife, by whom be had thir-
teen children, eight of whom died in early life, he
was married a second time, in 1776, to Mademoiselle
Gell, the munt of his first wife.

Euler underwent the operation of couching, which
was attended with the happy result of restoring his
ight ; but whether from the negligence of his sur-
geon, or from his being too eager to avall himself of
his new organs, he again lost his sight, and suffbred
much severe pain from the relapse. His love for
science, however, continued unabaied, and in. the
mﬂmmmﬂt&hmﬂu&n:ﬂy;m
to the Academy of St Petersburg. On: the Tth of
September, 1783, after baving amused himself’ with
calculating upon a slate the laws of the sscensional
motion of balloons, which et that time oecupied the

i‘; .

Mﬁnmhlhﬂnd,mdhnﬂpl'udufmlpphm
stroke, in the T9th year of his age.

Euler left behind him thres sons, having lost his
two daughters in the latter years of his lif. T'weaty-
six out of thirty of his grandchildren were alive at
A o long s, 0 svcccsily

After a ife, B0 devoted to the
sciences, Enler's reputation was very widely es-
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tended. Besides being a foreign member of the
ofﬂ:ml.tl’ml,bnm;l?lﬂw:f

from the bagnmng luﬂ:vaand and he
MHmnhllthaﬁrltlndhmlmﬂmmrym
of the edition which he used. In one of his works
there in a learned memoir on a question in mechanicas,

' of which, a8 he himsell’ informs us, a verse of the

Euler posseased nlwaﬂylahmgcmﬂitmiml
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and when we comsider the nature of his studies, and
the assiduity with which be pursued them, we can-
not fail to be surprised at the great degree of health
which he enjoyed. In all his habits he was seber
and temperate,—in his manners unaffected and
pleasing,—and inhis temper lively and cheerful. In
his moral and religious character there is much to
admire. The high fame which he acquired, and the

whchbnmuuhmexpmmmd.bo&
at Berlin and St. Petersburg, never induced him to
abandon the religious duties to which he had been
educated. - As long as he preserved his sight, he
assembled the whole of his family every evening,
lndrﬂdlth.ptunf'thuﬂlhlﬁ,whnhbammupl-
nied with an exhortation. Theology was one of his
favourite studies, and the doctrines which he held
were the most rigid doctrines of Calvinism.

The following is n list of the principal works
which Euler published in & separate form. His
papers, which appeared in the Memoirs of the Acad-
emies of Berlin and St. Petersburg, are extremely
numerous ; and he left behind him no fewer than
two hundred ready for publication, in order to fulfd
n promise which he had made to Count Ordoff, to
supply memoirs for the Acta Petropolitana for twenty
years after his death.

Dissertatio Physica de Sono.  Bisle, 1727,

Mechanica, sive motus scientia analylice exposita.
Petropoli, 1736, 2 vols.

- Tenlamen nove theorie musicee. Petrop. 1739,
This work contains many new views; bul, as M.
Fuss remarks, it bad mo great success, as it con-
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teined too much geometry for musicians, and too
much music for geometers,

wive proprictate goudentes. Lausanne, 17
hm::.&.m Infinitorum. mﬁ

1744, 2 vols. 4to. This work, which had become
very scarce, was reprinted at Lyons in 1797. It
mhmhudmthmhmlm,b)J H.Llhuf
and at Paris.

motuum planelarum ef comelarum. ‘Bero-
Eli,l'?i-l.

varii argumendi.  Berolini, 1746, 1760,
1761, 3 vols. in 4to. The tables of the sun mnd
moon, which are sometimes to be found separately,
form part of the 1st volume of this collection. As
the three volumes make only 600 pages, they are

generally found in one.
Scientia novalis, seu froclales de conslrusndis ac
bmm Petropoli, 1749, 2 vols. 4to.
motuum Lime exhibens omnes
mnequalilates cum addifamenio. Berolini, 1753, 4to.
Disserialio de principio mintme actionds, una
c-mnbmﬂ.xumcmhim
principivm factorum. Berolmi, 1763, 4to.
mm&&fm”winn
analysi 4 ac doclring serierum.  Berolini,
1765, Another edition of this work was published
in 1787, in 2 vola. 4t0, and another at St Peters-
bu'gi.nl&ﬂi,il:ﬂwl!.ﬂo.
Conatructio lentivm oljectivarum ez duplici vilro,
Petrop. 1762. _ :
Meditationes de ione mobur comelarum
ob atiractione Phgwwmm[‘mnp 1762, 4to.
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Mur{gﬂoru.
Rmtnnhm 17665, 4to. .

Fnstitutiones Calewli Fndegralis.  Petrop. 1768-
1770, 8 vols. 4to. Another edition, more correcd,
was published at St. Petersburg in 1702 and 1794,
in 4 vols, 4to. Petrop. .

Dioplrica. 1769, 1771, 8 4to.

Nove Tobule Lunores singulari methodo com-
strucfe. Petrop. 1772, Bvo.

Opusculs’ Analytice. Petrop. 1783, -1785, 2
vols. 4to.

Letires i una Princesse d'JAllemagns sor quelgques
sujeis de Physiqus ef de Philosophse. St Peters-
burg, 1768, 1772, 3 vols. Svo. Another edition
was published at Berme in 1778, in 8 vels. vo,
Another edition wes published at Paris with notes by
Condorcet, and another in 1812, by J. B.

Elemens &' Algdbre, trad. de ' Allemand, parJ.
noulli, avec des notes par Lagmnge ei Garuier, .
Paris, 1807, 2 vols. Bvo. T'wo editions of this work
were published at Lyons in 1774 and 1796, and an
edition appearsd in on translated into English.
+ Theorie complele de la conatruction ef de la ma-
nauvre des vaisseour (lo style retouché par Eeralio).
'Pnﬂl.lﬂmsﬂr; The original edition of this work
l.ppﬂ.l."ﬁ!lt t. Etﬂrlbmginlm.

* A collection of the best prodoctions of Euler
appeared at Brienoe in 1797, in 18 volumes.

A more extended list of the writings of this illus-
trious mathematician will be found in his Eulogé by
Nicholas Fuss, which was published at 5t. Peters-
burg, in 1783, in 4to.




LETTERS
on
DIFFERENT SUBJECTS

NATURAL PHILOSOPRY.

LETTER 1.
Of Magnitude, or Extension.

Taz hope of the honour to communicate
hpﬂmumrmrrﬁﬁnm my lessons in geometry
becoming more more distant, which is a very
sensible mortification to me, I feel myself
to supply personal instruction by wntl.ng. as
the nature of the subjects will permit. .

lbognmymampthymmﬂgmtn umujmt

Magnitude ; producipg, as examples, the
Mutuwdlummmﬂmm
discoverable in the system of the universe.
And, first, it is necessary to fix on some one deter-
minate division of measure; obvious to the senses,
and of which we have an exact idea, that of a foet
for instance. Thnqulnhg‘n“huuuu
;ndnm-odldﬂfamm“f to - eye, will enable M
orm the of every other ty as to
great or small; the ib‘rmsrt‘ymh
many feet |tnuntum,mdthelaﬂar,hyumu
what part of a foot measures it.. Fnrharmgihaldu
ce



80 OF MAGNITUDE,
of a foof, we have that also of its of ita {:amr der,
Aalf, !

té denominated an inch, of its Aun-
e ml'ﬁ?ﬁm mhwh 80 amall
ualmnlttﬂucl'pothuﬂght. hu‘llt tnbem-

tion; and that these again are divisible into parts
inmnnmrﬂ:-ly smaller. Thus, for &
thammthmmmpuﬂoilfmum:mﬂ
sight, and, mtummmtuhmnhjmu{
surpasses in magnitude certain
mﬂmmmah,auimuthmuhhmm
were it endowed with the power of perception,

f.: u:mmlgimt‘fnmiﬁnn from these minute

wethmhmﬂlchmm::lmt.h

of a mile; t ﬂ .ﬁnmgﬁmm

::db-u ol uﬂu,:m&zc@ﬂm
'!ll!ph‘j‘l lﬂm mﬂ-
thhﬁ mmofﬂmghhe , in order to avoid
numbara vably in our caleula
whioh must be the case if we used a foot instead
n mila. A mile then 5380 feot, when it
im said that is 83 miles from Berlin, the
idea is much ¢ r than if the distance of these
"“m°m'“"“m“”'“““m'“’m'“m‘” ing. Aguin,
o B

shall have a tolerably just ﬂnnufM
ﬂ'lh- mh,whmﬂmmldthﬂitu eTenee
is sbout 25,090 miles. And the diameter being a
straight line passing through the centre, and termi-
hl-ting’mapcgaute directions, in the surfase of the
sphere, which is the scknowlsdged figure of the éarth,
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The Sun is about 400 times farther from us than the
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”n OF YELOCITY.

m,rohhrdyturhchuunpmdimdlm
ﬁr:wthmt grain of sand compared to the
immensity is the work of the Almighty,
whnmamm;rm st bodies and the smalleat.
Berlin, 19¢h April, 1760, -

LETTER IL
Of Velocity.

Frarremwe myself that your highness may be

p]aaudm accep! the continuation of my instructions,
of which I took the liberty of ting

wmmlmmarlﬁm:.lmﬂm the idea
of velocity, which is a particular species of exten-
mn..mdmptiuaufmnrmamdufmmhmon
‘When any substance is , that is, when it
passes from one place to ‘ﬂumi.b-noiu
velocity. Let two persons, the one on horseback,
the other on foot, proceed from Berlin to Magdeburg,
we have, Inbothclmthnlﬂllﬂflcﬂtnnulmtjr
but it will be immediatel :ﬂ!:mcd,:h.ﬂthoulumtr
Mlhufnmmumaﬁthltarthulﬂhr ‘The
tion then is, Wherein consists the difference h
we observe between these several of ve-
locityt The road is the same to him who rides and
to him who walks; but the differtnce evidently lies
in the time which each umplgfa the
same course. The v the horseman is the
greater of the two, uhnampluyllmhmnnm
road from Berlin to Magdeburg; and the velocity of
the other is lesa, because he employs more time in
travelling the same distance. Hence it is clear, that
in order to form an accurate idea of velocity, we
must atlend at once to two kinds of gquanti
namaly, to the leugthm‘thn road, and to the
employed. A g' therefore, which in the same
time passes through double the space which another
body does, has double its velocity; if in the samg
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rence in the degrees of veloci
in

fnrmﬂ.ulnmylaohr aly
& minute,
is 300 times less than mine, for I ad-

If she advances only one

Mrtm.ln
Iurrrelnm

We are likewise

acquainted with velocitiea much greater. That of

in the same time.

vance 300

A moderate

the wind admits of great variation. m

rate of 10 feet in a second, or 800

goes at the .
feet in a minute ; its velocity therefore is the double

nfmmn. A wind that runs 20 feet in a second, or

wind

inute, is rather strong ; and a wind which

rate of 80 feet in a second is extremely

thnngh
ine, and

velocity is
would take two

i hmJ%Eﬂﬁﬁﬁﬁi
m Hma

b'lnrw
of sound

comes next, whi
and 68,520 in a minute. This
is 998

times greater than that of

* Thils estimats of the of wind i too law, A ‘brasee will
mury u balloon mﬂﬂm,wﬂ thhf—m

Edutor.



2 OF BOUND, AND ITE VELOCITY.

m ; and were a cannon to be fired at Magde-
h{gﬁ?theupmmuhhmdnhﬁn,itwmu
arrive there in seven minotes. A cannon-ball moves
with nearly the same velocity ; but when the piece
is loaded to the utmost, the ball is supposed capable
of flying 2000 feet in & second, or 120,000 in & mi-
nute. is velocity appears prodigious, though it

velocity, therefore, is 18 times more rapid than that

of a cannon-ball. The greatest velocity of

we have any knowledge is undoubtedly that of light,

which moves 19,000,000 English miles ev inute,

;nd exceads the velocity of a m-:ﬂ 400,000
mes. :
924 April, 1780.

LETTER IIL
Of Sound, and its Velocity.

Tex elocidations of the different degrees of velo-
city, which Thave had the honour to lay before
€arry me fmuﬂmthammimﬁmnfmrg
noise in general. It must be remarked, that a cer-
tain po of time always intervenes before sound
can reach our ears, and that this time is longer ia
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proportion to our distance from the place where the
sound is produced ; & second of time being requisite
to convey sound 1149 feet, *
When a cannon is fired, those who are at a dis-
tance do not hear the report for some time after they
have seen the flash. Those who are about five miles
off, or 28,400 feet distant, do not hear the report till
23 seconds after see the flash. You must no
doubt have frequently remarked, that the noise of
thunder does not reach the ear for some time after
the lightning; and it is by this we are enabled, to
calculate our distance from the place where the
thunder ia generated. If, for example, we observe
that 20 seconds intervene between the flash and the
thunder-clap, we may conclude that the seat of the
thonder is 29,840 feet distant, allowing 1149 feet of
distance for every second of ﬁmmil primary
mﬂy leads us to inguire in what sound consista.
ther its nature is similar to that of smell—that
is, whether sound issues from the which pro-
duces it, as smell is emitted from the flower, by fill-
ing the air with subtile exhalations, calculated to
affect our sense of smelling. This opinion was for-
merly entertained ; but it is now demonstrated, that
from a bell struck mthinﬂm-caodu that is conveyed
to our ear, and that the body which produces sound
loses no part of its substance. When we look upon
& bell that is struck, or the string of an instrument
when touched, we perceive that these bodies are then
in a state of trembling, or agitation, by which all
their parts are affected ; lnd‘lfn all sucepti-
ble of such an agitation of their parts likewise pro-
duce sound. These shakings or vibrations are visi-
ble in the string of an instrument when it is not
too small; the tense string o 1
ACB alternativel Fig. 1.
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OF CONBONANCE AND DISSONANCE. v

teaches how to combine sounds different in respect
of fatness and sh but in such a manner as to

mmuqrm e harmony. In the flat sounds
are fewer vibrations in the same time than in

tions which are com in a second. Thus the
nole marked by the r C makes nearly 100 vi-
brations in a second, and the note marked 2 makes
1800 vibrations in the same space of time. A string
which vibrates 100 times in a second will give pre-
cisely the note C; and if it vibrated only 50 times,
the note would be lower or more flat. But with re-
gard to our ear, there are certain limits beyond
which sound is no longer perceptible. It would

that we are incapable of determining either
ﬂ sound of a string which makes less thun 30 vi-
brations in a second, because it is too low ; or that
of a string which would make more than 7552 in a
second, because such a note would be too high.®

S0k April, 1760.

LETTER IV.
Of Consonance and Dissonance.

I sssvme my remark, that on hearing a simple
musical sound, our ear is struck with a series of
strokes equally distant from each other, the fre-

and number of which, in a given space of

time, constitate the difference which subsists be-
tween Jow notes and high; o that the smaller the
number of vibrations or strokes produced in a given
time, say a second, the lower we estimate that
mote ; and the greater the mumber of suzh vibra-
"m- 1hnt thepe are soundy which from (heir extrems

* 1t in bighly
low e ditde i homan ears, bot which may neverthaless
-1;- I—a—m-mmm.
OL. L=
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tions, the higher is the note. The perception of a
simple musical sound may, therefore, be comparad
to & series of dots equidistant from each other, as
« +« « - . If the intervals betwesn these dota be
greater or smaller, the sound produced will be lower
or higher. 1t cannot be doubted, that the perception
of a simple sound is somewhat similar or anal
to the sight of such a series of dots aquidistant {rom
each other: we are enabled thus to represent to the
eye what the ear perceives on hearing sound. If
t{:dhtmubﬂmnthn dots were not equal, or
were these dots scattered about confusedly, they
would be a re ion of a confused noise, in-
consistent with harmony. This baing laid down, let
pa consider what effect two sounds emitted at once
ws shunds are”equal, ot if each petiorms the saime
wo are , Ot il eac BAME
number of vibrations in the same time, the ear will
be affected in the very same manner as by a nqg
note ; and in mosic these two notes are said to
in unison, which is the simplest accord: we mean
by the tenn eccord the blending of two or more
sounds heard at once. But if two sounds differ in
of low and high, we shall perceive 2 mix-
ture of two series of strokes, in each of which the

in the one than in the other; the greater intervals
correaponding to the lower note, and the amaller to
the higher. This mixture, or this sccord ol two
notes, may be represented to the eye by two series
of dots on two lines A B and C D:

4 5 68 7 8B 8 10 11

—
-]

- - - - - - .

= s

A )

c . . . . . . . . . .+ « . D
1 9 3 4 6 68 7T B 8 10 11 12
and in order to form a just idea of thess two series,
we must have a clear perception of the order which
subsists among them ; or, in other words, of the re-
Istion between the intervals of the one line and of the



OF CONSONANCE AND DIBSONANCE. an,

other. Having numbered and marked the dots of
each line, ed No. 1 under No. 1, thoss
marked with the figure 2 will not exactly corre

and still less those marked 3: but we find

axactly over No. 13; from which we discover that
the higher note makes 12 vibrations, and the other
only 11. If we had not affixed the figures, the eye
would hardly have perceived this order: it is the
same with tha ‘ear, which would with much dificulty
have traced it in the two notes which I have repre-
sented by two rows of dots. But in the (ollowing

. " - - " . . . . "

rm discover” at the first glance that the upper line
containg twice as many Enta as the under, or that
the intervals in the under line are twice as great as
those of the r. This is undoubtedly, next to
unison, the lumiuf all cases in whic can
al once discover the order which subsists g:t“wm
these two series of dots; and the same thing holda
with respect to the two notes represented by these
two lines of dots; the number of vibrations con-
tained in the one will be &miaﬂr the double of the
vibrations Em“tl.]h:d in mﬂod"h?l ear will

parceive Ph‘lli.ll] relation these two
ﬂ:lmi whereas, in the preceding case, it was ex-
traml;r difficalt, if not impossible, to discriminats.
When the ear readily discovera the relation subsist-
ing between two notes, their accord is denominated
consomance ; and if it be very difficult, or .even im-
possible to catch this relation, the accord is termed
dusonance. ‘The simplest consonance, then, ia that
in which the high note produces precisely twice as
many vibrations as the low note. This consonance,
in the ge of music, is called octave—every one
knows what it means ; and two notes which differ
precisely an octave harmonize so perfectly, and
posseas such a complete ressmblance, that musicians
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mark them by the same letters. Hence it is that in
church-music the women sing an octave higher than
the men, and yet imagine they are uttering the same
sounds. You mng mlg linamln ﬂla truth of this
by touching the when
will tﬁ:mm with p]amrc the lhl.t;htl!‘nl accord of
which are just an octave distant;
whem any other two whatever will strike

thnnrlel-nfnubl
INLJ.FHT -
LETTER V.
Of Unison and Octaves.

You have by this time remarked, that the accord
which musicians call an octave strikes the ear ina
sy percepitl. " This, aving touched the key
eant t

4 Fmtehl:: marked f, 'H'hlehn]!l an octave htghuh{
in ulml}' attuned to it, by the juodgment of the aar
f the uln:gwhi is to produce this note be
eur so little too high or too low, the ear is instantly
offended ; and nothing is easier than to put the two
keys parfantl}r in tune. Thos we observe, that in
singing the voice slides easily from one note to an-
other, which is just an octave higher or lower. But
were it required to pass immediately from the note
F to the note d, for example, an ordinary si
ight easily fall into a mistake, unless assisted
an instrument. Having fixed the note F, it is almost
impossible all at once to make the transition to the
note d. 'What then is the reason of this difference,
that it is s0 easy to make note [ harmonize with
note F, and so difficult to make noted accord with
it! The reasonis evident from the remarks alresdy
made: It is this, that note F and note f make an
octave, and that the number of vibrations of note [
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Is precisely double that of note F. In order to have
the perception of this accord, you have only to con-
I.dl.'r the pmpﬂrhﬂn of ope to two, which, as it in-

strikes the the representation of the
dnh formerly em affects the ear in & similar
" manner. You w asily comprehend, then, that

the more simple any proportion is, or ressed by
emall numbers, the mm distinetly it pmnw itzell
to the understanding, and conveys to it a sentiment
of satisfaction. Architectslikewise carefully attend
to this maxim, as they uniformly employ in their
.Fhaportmm as simple as circumstances per-
mit. usually make the height of doors and
andot;'a g:li th.a breadth, mdlglndu;‘tr to em-
o u ) ons capable of being ex-
pr?lrlad ussmall mmn, becaE.ua this is ulgrinul
and grateful to the understanding. The same thing
holds good in music: accords are pleasing only in
s0 far as the mind perceives the relation subsisti
belween tllm nmm&-t hlsnd ﬂ;u relation is .l:}mnt:ﬂ
mrom rceptible as it is expressed by s
pre" I::e:t to the relation of equality,
wlnch dmnrm two sounds in unison, the ratio of
two to one is undoubtedly the most simple, and it ia
this which furnishes the accord of an octave: ham:a
it is evident, that this accord possesses man
tages above every other consonance. Hav{ng thus
explained the accord, or interval of two notes de-
nominated by musicians an octave, let us consider
several notes, as F, f, 7 7 7, each of which is an oc-
tave higher than the one immediately precedi
gince then the interval of F from I, of Frmm Tof 7
from § of 7 from § is an octave, the interval of F
to 7 will be a double octave, that of F to § a tripla
octave, and that of F to § aquadruple octave. Now,
while note F makes one vibration, note § makes
two, note r makes four, note 7 makes eight, and
note § mikes sixteen: hence we see, that as an oc-

‘ave corresponds mmlﬁmmﬂlmtlm
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octave must
of 1to 8, and a
the ratio of 1 to
to 2, for it does not 8o ily strike the eye, a dou-
ble octave is nol so easily perceptible 1o the ear as
& single; a triple is still lesa ible, and & quad-
ruple still much less so. When, therefore, in tuning
a iehord, you have fixed the note F, it is not so
easy to attone the double octave 7 as the single f;
it is still more difficult to attwne the triple octave 5
and the quadruple § without rising through the inter.
mediate octaves, These accords are likewise com-
prehended in the term consonance; and as that of
unison is most simple, they may be arranged accord-
ing to thé following gradations :—

g
2
:
g
g

-

80 on as long as sound is perceptible. Buch
are the accords denominated consonances, to the
knowl of which we have been thus far con-
ducted ; but hitherto we know nothing of the other
species of consonance, and still less of the disso-
nances empl:fw:d inmusic. Before I proceed to the
explanation of these, I must add one remark res;
ing the name oclave, given to the interval of two
notes, the one of which contains twice the vibrations
contained in the other. You see the reason of it in
the principal stops of the harpsichord, which rise
seven degrees before you armive at the octave C, D,
E, F, G, A, B, ¢, s0 that stop c is the eighth, reck-
oning C the firdt. And this division depends on x
certnin series of musical intervals, the nature of
which shall be unfolded in the following Lettars.

3d May, 1760,
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LETTER VI
Of other Consonances.

It may be affirmed, that the relations of 1 to 2, of
1tod,of 1to8, of 1to 18, which we have hitherto
considered, and which contain the progression of
octaves, are all formed by the number 2 only; since
4 is 2times 9; 8, 2 times 44 16, 2 times 8. Were
we to admit, therefore, the number 2 alone into
music, 'we should arrive at the knuwledga of onl
the accords or consonances, which musicians
the single, double, or triple octave ; and as the num-
ber 2, by its redublication, furnishes only the num-
bers 4, 8, 16, 32, 64, the one being always double the

ndi?, all other numbers would remain onknown,

ow, did an instrument contain octavea only, as the
notes marked C, ¢, 5 % %, and were all others ex-
cloded, it conld not produce an agreeable mnsic, on ac-
count of ifs too great simplicity. Let us introduce,
then, ther with number 2, the number 3 like-
wise, and observe what accords or consonances would
be the result. The ratio of 1 to 3 presents at once
two sounds, the one of which makes 3 times more
vibrations than the other in the same time. - This
ratio is undoubtedly the most easily to be compre-
hended, next to that of 1 to 2; it will, accordingly,
ish very pleasing consonances, but of a natura
totally different from that of octaves. Let us sup-
rJle, then, that in the proportion of 1 to 3, number
correaponds to note C; since note ¢ is expressed
by number 2, number 3 gives a sound higher than
mm lmnbeutime luNwer tl;‘an note 5, wm::’:;

to number 4. ow, the note &

3 is'that to which muosicians affix the I:ru:: i, and
they denominate the interval from cto g, a fifih, be-
cause in the keys of a barpsichord that of g is the
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fith from c,es ¢, d, e, f, g. If then nember 1 pro.
duces the sound C, number 2 will give ¢ ; number
3 gives g, number 4 the note 3 ; and note § bei
the octave of g, the number corresponding to it wi
be 2 times 3, or 6. Rising still an octave, the sound
2 will correspond to a number twice greater, that is
2. - All the notes with which the two numbers 2
and 3 furnish us, indicating note C by 1, therefore, are,
Ce,nii: 5 & '
1, 9, 3, 4, &.9‘ 13, 186.

Henee it is clear, that the ratio of 1 to 3 expresses
an interval compounded of an octave and a fifth;
and that this interval, on account of the simplicity of
the numbers which represent it, must be,next to the
octave, the most grateful to the ear. Musicians
accordingly u&lflu the second rank among conso-
nances to the fifth; and the ear catches it so easily,
that there is no difficalty in tuning a fith.  For this
reason, in violins, the four strings rise by fifths, the
lowest being g, the second 3, the third 5, and the
fourth 5 ;* and every musician puts them in tune by
the ear only. A fifth, however, is not 8o easily
mntpd ucan octz:ar, but the ﬁ.dl"r.hh atl;ln\ru the octav
as from C to g, being e s8E e rtion o
1to 3, is mn‘n mepxggela lhanra nirﬂﬁapuﬁﬂh, as
from C to G, or from ¢ to g, which is expressed by
the proportion of 2 to 3: and it is likewise known
by experience, that having fixed the note C, it is
easier to attune to it the higher fith g than the sim-
ple G. If unity had marked the note F, number 3
would mark the note 5, so that

F,f,2 1% 9  wouldbe marked by

1,93, 4, 6, 8, 12, where, from f to 5 the interval
fs a fifth, in the relation of 2 to 3; from 5 to 3 from
q to S are also fifths, as the ratio of 4 to 6, and of 8
to 12, is the same as that of 2 to 3. For if two
strings perform, in the same time, the one 4 vibra-
tions, the other 8, the former string will make, in a

* That b, in thw languags of selysing, s, re, ls, md



tims to half the first of time, two vibra-
Hmﬁ the second, in tmu time, will make
three. Now the sounds emitted fromn these strings
are the same in both cases; of consequence, the re-
lation of 4 to 8 expresses the same interval as that
of 2 to §, that is,a fith. Hence we have arrived at
the knowledge of another interval contained in the
ratio of 8 to 4, which ia that of 7 to 7; and conse-
unl!yllln,.:gt:n f, or of Ct%F. Muszicians call
La ng ex ter num
it l.lf;l;.l“:kl:l W !dsﬁ'n thnlﬂ'?trt::
and still leas so than the o-c'sau Number 3 having
furnished us new accords or consonances, n.nmaly,
the fifth and the fourth, before we call in an
let us take it a thmhmu,lnordnrtn;mthn
number 9, which will give a higher note than note
8, or 5 one octave and one fith. Now, 3 is the oc-
tave of 5, and 7 the fifth of 3 ; number 9 then gives
the note 2, 8o that 2 % = % will be marked by
5,3,'9. 12; and if these mtm be

taken in the lower octaves, the relations remaining
the same, we shall have, s

CFGic f g o hitola e
6, B, 9; 12, 18, 18; 94, 39, 36; 48, 84, 72; 94,

which leads us to the lnnwladgu of new intervals,
The first is that of F to G, contained in the ratio
of 8 to 9, which musicians call a second, Or fome.
The second is that of G to f, contained in the ratio
of 9 to 14, called a seventh ; and which is one second,
wnummmmaan These p ns,
Mupruudb‘yury great num are
among the consonances; and musi-

ﬂ.l.ﬂ call them dissonances or discords.

Again, if we take three times the number 8, or
, it will mark a tone higher than 5, and prramlal}r:
higher than g; it will be accordingly the tone 7,
octave § will correspond to twice the num-
, or 54, and its double octuve 7 to twice the

r15=
5%



some Oftaves lnm,mthu mmarfuﬂnwlni

cC, D, F, G; ¢ d f g ¢c f,

24, 27, 38, Hi 48, H..M. ; ﬁ,luﬂ.lﬂ.
= =

v G a ?1. d
144109, 218, 256, 288; 384,

Hence we see, that the interval from D to F is
contained in the ratio 27 to 32, »nd that of F to d in
the ratio of 32 to 54, the two terms of which are
divisible by 2 and then, in place of this relation,
we have thatof 18 t027. The first interval is called
a tierce mimor, OF lesser third, and the other a greater
sirth. ‘The number 27 might be still further multi-
l:nlmdhy:! but music extends not so far, and we

t ourselves to number 27, resulting l’rom 3 mul-
tiplied three times by itsell : other musical tones still
wanting are introduced by means of number 5, and
ghall be explaiped in my next Letter.

3d May, 1760.

LETTER VII.
Of the Tweloe Tones of the Harpsrichord.

" Tue present subject of my enrrespondence with
your highness is so dry, that I begin to apprehend it
may be growing tiresome. That I may not waste
:?1(.'- ll:.lflt.‘h time u“flrté;“d ':llﬂ rﬁhmgifmm the necea-

of recurri ently to a topic so unintérest-

mgj: 1 send ngby this cuzveylnne three Letters at
once. My Jntant.u:ln in undertaking it was to render
vigible the real origin of musical notes, with which’
'muuiclana themselves are almost totally unac-
:Lu:j It is not to theory they are indebted for
kmwladgn of all these sounds, but rather to the

wer of genaine harmony, operating so effi-

y on their ears. that they have been com-
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strained, if I be allowed to say it, to receive
tones mhm]y?:?un, though the Jﬂ not hitherto
mecﬂr agreed respecting their just determination,
principles of harmony are ultimately reducible
to numbers, as | have demonstrated ; and it has been
remarked, that the number 2 furnishes octaves only,
g0 that having fixed, for example, the note F, we are
conducted to the notes f,7 ¥ 5, The number 3 after.
ward furnishes C, ¢,z £ §, which differ one fifth from
the preceding series; and the repetition of this same
number 3 furnishes again the fifths of the first,
namely, G, g ¢ ¢ r: &nd finally, the third repetition
of this number 3 adds furiher the notes D, d, £ § 5.
The principles of harmony then, being attached to
simplicity, seem to forbid our pushing farther the
repetition of number 3; hitherto, accordingly, we
have only the following notes to each octave
F, G, e d, I,
16, 18, 24, 27, 32; which certainly would not fur-
nish a very copious music. But let us introduce, in
addition to these, number 5, and observe the tone
which shall emit. five vibrations while F emita only
one. Now [ makes two vibrations in the same time
7 makes four, and ¥ six. ‘The note in guestion, then,
is between 7 and £. It is that which musicians in-
dicate by letter 7, the accord of which with note 7 is
denominated a ter third, and is found to produce
a very agreeable concord, hei%merprmd by the
very simple ratio of 4 to 5. her, note 5 with
note § produces an accord contained in the ratio of
5 to 8, which is almost as agreeable as the former,
and which is denominated a lesser third, represented
by the ratio of 27 to 32, and its difference from the
first is almoat imperceptible to the ear. ‘This same
number & being nﬂr]' to the other notes, G, ¢, d,
will give us, in like manner, their greater thirds,
taken in the second octave below, that is to say, the
notes ¢ £ and 7, which, being transposed, will give
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the following notes, with their corresponding nem.
bers:

F, Fo, G, A, B ¢ d e I
198, 135, 144, 160, 180, 199, 218, 240, 954,
Take away ihe notes Fs, and you will have the
ncipal touches of the harpaichord, which, accord-
to the ancients, constitute the genus denominated
diatonic, resulting from number 2, from number 3,
thrice repeated, and from number 5. Admitting
these sounds only, we are in a condition to compose
harmonies very agreeable gnd various, the beauty
of which is founded on the simplicity alone of the
numbers corresponding to the notes. Finally, upon
applying a second time the number 5, we shall be
furnished with the thirds of the four new tones, A,
E, B, Fs, which we have just found, we shall have
the notes, Cs, Ga, Ds, and B, so that now the octave
is completed of the 12 tones received in music. All
these tones derive their origin from the three num-
bers 2, 3, and 5, multiplying 2 by itself, as oflen as
the oclaves require; but we carry the multiplication
of 3 only to the third stage, and of 5 to the second.
All the tones of the first octave are contained in the
following table, in which will see how the funda-
mental numbers, 2, 3, and 5, enter into the composi-
tion of those which express the relation of these notes,

utorC 2,2,2,2,2,2,%,31 . . |38y |Me-
ut 4 Cs [9,9,2,2,66. . . . .[400]| 16
re D |9,2,9293,33. .. ./432| 59
re 4 Ds [2,3,3,65 .. . . .450| 18
mi E 2,%93%%935. . . .|480| 30
fa F ’l!\gnh"l‘nlg’*l‘ . . |612 ag
fa 4 Fa [2,9,3,3/3,5. . . . .|540| 38
”1 G grglnrgfgl"la‘la = o 5“ H
eol § Gs [2,2,2,3,55. . . 600 24
la A 9,2,2,2,9295 . «|B40| 40
sib. Bp !3,3,3,55. . . .|e15| 38
sin Bﬁ $,99,933556 . L7200 46
of ¢ 13,%,9,%2,2993,3 . .|768] 48
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While note C makes 384 vibrations, the tone Cs
u{m,mdthzn'lhmbﬂum uuﬁmarkldb;
ir corresponding numbers : nole c will give, then,

in the same I.im:,lrdwhla the number u!'e:ih-a.tim
marked by 384, that is 768. And for the following
octaves, you have only to multiply these numbers by
2, by 4, orby 8. Accordingly, note 7 will give twice
768, or 1538 vibrations ; note T twice 1536, or 3073
vibrations ; and note § twice 3072, or 6144 vibrations,
In order to comprehend the formation of sounds by
means of these numbers 2, 3, and 5, it must be re-
marked, that the points placed between the numbers
in the preceding number signify that they are multi-
plied into each other; thus, taking the tone Fs, for
example, the expression 2, 2, 3, 3, 3, 5, signifies 3
multiplied by 2, that produet by 3, that again by 3,
that again S,mdtha.tb{ﬁ. Now 2 by 2 make 4,
that by 3 make 12, that by 3 make 38, that by 3 make
108, and that by 5 make 540. Hence it is seen that
the differences between these tones are not equal
among themselves; but that some are greater, and
others less. This is what real harmon ires,
The inequality, however, not being considerable, we
mn::l&y look on all these differences as equal,
denominating the interval from one note to another
semilone ; thus the octave is divided into 19 semi-
temes. Many modern musicians make them equal,
though this be contrary to the prrinciplen of harmony,
because no one fitth or third is perfectly exact, and
the effect is the same as if these tones were not per-
fectly in tune. They likewise admit, that we must
give up exactness of accord in order to obtain the
advantage of equality of semitones, so that the trans-
position from any one tone whatever to another may
in no respect injure the melody. They acknowledge,
however, that the same piece played in the tone G
or a hall-tone higher, that is Cs, must considerably
affect its matore. It is evident, therefore, that in
fact all semitones are not equal, whatever efforta
Vor. L—E



50 OF THE FLEASURE DERIVED

may be made by musicians to render them such;
because true harmony resists the execution of a de-
sign contradictory to its nature. Such, then, is the
- real origin of the musical notes already in use ; they
are derived from the oumbers 2, 3, 5. Were we
further to introduce number 7, that of the tones of
an Dl‘.'.:;'l'ﬂ would hﬁdimu?d. aﬁ the art gll-ltmlll“ic
carried to a higher degree o ection, ere
the mathematician gives up pt..i:l.u musician to the
direction of his ear.
3d May, 1760.

LETTER VIII
Of the Plearure derived from fine Music.

Itisa ion as imp-uri-anﬁ! curious, whence is
it that a %m of music excites a sentiment of
1 1 learned differ on this subject. Some
pretend that it is mere cagica, and that the pleasure
ed by music is not fdunded on reason, because
what is grateful to one is disgusting to another. Far
from deciding the guestion, this renders it bnly more
complicated. The very point to be determined is,
how comes it that the same piece of music produces
effects so different, since all admit that nothing h
pens without reason?! Others maintain that :ﬁ:
pleasure derived from fine music consists in the per-
ception of the order whiz'l&penadm it. This opinion
appears at first sight sufficiently well founded, and
merits a more atientive examination. Music pre-
sents objects of two kinds, in which order is essen-
tial. The one relates to the difference of the sharp
or flat tones ; and will recollect, that it consista
in the number of vibrations performed by each note
in the same time. This difference, which is perce
tible between the quickness of the vibrations of
sounds, is what is properly called barmony. The



effect of a of music, of which we feel the re-
lations of the vibrations of all the notes that com-
pose it, is thi&roducﬁon of harmony. Thus, two
notes which differ an octave excite a perception of
the relation of 1 to 2; a fifth, of that of 210 3; and
a greater third, of that of 4 to 5. We comprehend,
then, the order which is found in harmony, when we
know all the relations which pervade the notes of
which it is composed ; and it is the perception of the -
ear which leads to this knowledge. This perception,
more or less delicate, determines why the same
harmony is felt by one, and not at all by another, es-

ially whemn the relations of the notes are expressed
E;cnnmhnt greater numbers. Music contains, be-
sides harmuny, another object equally susceptible of
order, namely, the measure, by which we assign to
every niote a certain duration; and the perception
of the measure consists in the knowledge of this
duration, and of the relations which result from it.
The drum and tymbal furnish the example of a music
in which measure alone takes place, as all the notes
are equal among themselves, and then there is no
harmony. There is likewise a muosic consisting
wholly in harmony, to the exclusion of measura.
This muaic is the choral, in which all the notes are
of the same duration ; but perfect'music unites har-
mony and measure. Thus the connoisseur who hears
a piece of music, and who comprehends, by the
acute perception of his ear, all the proportions on
which both- the harmony and the measure are
founded, has certainly the most perfect knowledge
possible of that music : while another, who perceives
these proportions only in part, or not at all, under-
stands nothing of ths matter, or sses at most
a very slender knowledge of it. t the sentiment
of pleasure excited by fine music must not be con-
founded with the knowledge of which I have been
speaking, though it may be confidently affirmed, that
a piece of music cannot ovroduce any, unless the



relations of it are perceived. For this knowledge
alone is not sufficient to excite the sentiment of
gllmun ; something more is wanting, which no one
that the perception tisne of 1 the proportions of
8 n alone proportions of a

piece of music is insufficient to produce pleasure,
have only to consider music of a ‘recrzlllmph
construction, such as goes in octaves alone, in which
the ion of proportions is undoubtedly the
easiest. Such music would be fur from conveying

w, though you might have the most ect
ledge of 1t. It will be said, then, that [
rn;no' uires a knowledge not quite so easily attained—
i ledge that occasions some trouble ; which
must, if | may use the umﬂiﬂn. cost us something,
But, in my opinion, nei is this a satisfactory so-
lution. n?dn:r:anua. the relnht:nm of which n-:
ighest nombers, is caught wit
wmmeﬁﬂcz.{ i ‘hﬂ“ of dilmmahu‘hmul,
following wi choice, and without design, can-
not please. The composer must therefore have
pursued in hﬂt“rk acertain plan, executed in real
and percepti portions, n & copnoisseur, on
hearing -L“h :p;?em, and comprehending, besides
the proportions, the very plan and design which the
composer had in view, will feel that satisfaction
which constitutes the pleasure procured by exquisite
music to an ear aecustomed to relish the beautlies
and delicacies of that enchanting art. It arises,
then, from divining in some measure the views and
feelings of the composer, whose execution, when
fortunate, fills the soul with an agreeable sensation.
It is a satisfaction somewhat similar to that which
in derived from the sight of a well-acted pantomim
in which you may conjecture, by the gesture u&
action, the sentiments and dialogue intended to be
cgrﬂud, i.m!rh:hich pru;&t:chbpliden a well-
plan. enigma o imney-sweeper,
ich was so'diverting to your highness, fnrmlr:t
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me with another excellent comparison. ‘When you
can guess the sense, and discover that it is perfacl]y
expressed in the of the enigma, you feel
a very sensible pleasure on making dm:uvm-y,
but insipid and incongruous emgmu produce none.
Such are, il I may be permitte Jndge the true
E'mclplu on which decisions reup-uc the excel-
nce of musical compositions are {o
6th May, 1760.

LETTER IX.
Compression of the dr.

Tax explanation of sound, which I have had the
honour to present to your highness, leads me for-
ward to a more particular consideration of air,
which, being susceptible of a movement of vibration,
such as that by which musical strings, bells, and
other sonorous bodies are agitated, transmits the
concussion to our ears. It will be immediately
anked, what is air? For it does not appear at first
sight to be a material substance. As we perceive
no sensible body in it, surrounding space seems to
contain no matter whatever. We feel nothing ; we
can walk, and move every limb in it, without expe-
riencing the slightest obstacle. But you have only
to move your hand briskly to be sensible of some
resistance, and even to perceive a stream of wind
excited h{a:h“ rapid movement. Now the wind is
nothing else but air put in motion ; and seeing it is
capable of producing effects so surprising, how is it
possible to doubt that air is a material substance,
and consequently a body ! For the terms body and
maller are synonymous.®

e SRR
mane, & bullst, ke —Adm. Ed Eg
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is divided into two great classes, solid and
The air, it is evident, must be referred to the
of fluids. It has several properties in com-
with water; but it is much more subtile and
Experiments have ascertained that air is
about 800 limes more sibtile and more rarefied than
water; and that il air were to be rendered 800 times
denser than it s, it would have the same consistency
as the other flmd.t A principal property of air, by
which it is distinguished from other fluids, is its
quality of hei.u‘rhcmnpwmad. or reduced into a
smaller space. is is demonstrated by the follow-
i.n%ﬂ'ﬁen'mmt: Take a tube of metal or glasa
C D Fig. 8, close shut Fig. 2.
gt the end A B, and open at |
troduced & piston B, ling
a 1l
the cavity of E
tabe. On pushing the piston inwards, when it has
arrived at iddle E, the air which occupied at
first the cavity A B C D will be reduced one-half,
and consequently will have become twice as dense,
I the piston is pushed still farther in, as far as F,
half-way between B and E, the air will be reduced
to a space four times smaller than at first; and if
continue to drive forward the piston to G, so
mnﬂnhiﬂbeihnhaﬂnfnhartbeei:hthpnn
:: the whole length l;lalg. the “thm: ui;;fhich in the
n was Over w cavity of
the!lumih-:!will hammnmchd to a space eight El‘m"
emaller. Going on in the same manner to contract
it into a space B0O times smaller, you will obtain an
air 800 times denser than ordinary air. It would

T

1

*uumurmn:mmu-iuhmmn —
forms, viz. sulid, lgusd, or meriform.  The same kind of r“rl.:rl;“w
wlosally found in sach of thess forms, us In the case of ice, water, and
._"&h_hu fsliosrs, thal becamse water in B0 tlmes

1 It by fo means t mare deten
whaan wir, the bwiier i condensed i 1-600ch pan of e bulk would becoms
Bquid Like wassr —dm. Ed
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1mttmu ‘be -;;Inttr as water, wtl;ich 1iit would be easy
prove by other experiments. Hence it ars
that air is a fluid substance, capable of mmpgeiun,
or,in other words, of being reduced to a smaller
space ; and in this respect it differs entirely from
water. For let thetube A B C D be filled with this
last fuid, and attempt to introduce the pislon, you
will find it impossible to drive it forward. Employ
what force you may, you will gain nothing; the
tube will burst sooner than you can reduce the water
to a space sensibly smaller. This then is the es-
sential difference between air and water : the latter
is susceptible of no compression, but air mey be
compressed to any degree you please. The more
the air is compressed the' denser it becomes: thus
the air which occupied a certain space, when com-
pressed or reduced to half that space, becomes twice
as dense ; il reduced to a space 10 times smaller, it
is rendered 10 times more dense ; and so on. 1 have
remarked, that could it be rendered BOO
times more dense, it would then be as dense as water,
and consequently as heavy ; for weight increases in
the same proportion as density. Gold, the heaviest
substance with ‘which we are nainted,* is like-
wise the most dense. It is found by experiment to
be 19 times heavier than water: so that a mass of
in the formt of a cube of one foot would weigh
9 times A mass of waler of the same dimensions,
Now such a mass of water weighs 70 pounds ; the
mass of gold therefore would weigh 10 times 70,
that is, 1330 pounds. It follows, that were it pos-
sible to compress air till it were reduced to a space
19 times B00, that is, 15,200 times smaller, it would
become as dense and as weighty as gold.
Bat it is far from being possible to carry the
compression of air to that degree. You may at first
without difficulty drive forward the piston, but the

* Plasin Al discoversd sinoe thls written, i 13 tmes
T The form s uooesontial. —dm. Ed
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farther you advance, the resistance becomes more
werful ; and before yon are able to reduce the air
E}n space 10 times smaller, such a force must be
employed as would burst the tube, unless it were
of uncommon strength. And not only would sucha
force be necessary to drive the piston farther, but
an equal force would be requisite to keep it in that
state ; for on the slightest relaxation of power,
the compressed air would drive it backward. The
more compressed the air is, the more violent are its
efforts to expand, and to recover its natural state.
This is what we call the spring or elasticity of the
air, of which I propose to treat in my next .
10th May, 1760. .

LETTER X.
Rarefaction and Elasticity of the Air.

1 nave remarked, that airis a fluid about B0O times
more subtile than water; so that epuld water, with-
out being reduced to vapour, be expanded over a

e s0 many times greater, and could it become
of consequence so0 many times more subtile, it
would be of a similar consistence with the air which
we breathe. But air has a property which water
has not, that of suffering compreasion into a smaller
:lpm.-e, and of being proportionably condensed, as I

emonstrated in the preceding letter. And we dis-
cover in air another property no less remarkable :
it i= capable of being expanded over a greater space,
and thus rendered still more subtile. This opera-
tion is called the rarefaetion of air.

You have only to take, as before, a tube AB C D,
I\g.:,uthe tom of o 3.
which A C let there bea  , , 1
small aperture O, so that,
on introducing the !ﬁi:ton
as far s 0 EF) air
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ma nla% that aperture without being.con-
,ad. hlir which now occupies thlluﬂ.‘rity
ACEF wil then be in its state ; let the
aperture O be closely stopped. On drawing back
tf:pillml, the air will gradually expand through the
er space, so that when ston is brought

k to the ?nt G, the space C (Fbeing dooble the
space (O F, the same air which was contained in the
ACEFwil 6l a & twice as great; it
will be of course only hall as dense, or, which is
the same thing, twice as rare. If you draw back
the piston to the point H, the C H being four
times as great as the space C F, the air will be-
me four times as rare as it was at first, as it is
@ over a space four times as great.
And could the piston be drawn back till the space
became 1000 fimes as great, the air would still
equally expand through that space, and consequently
become 1000 times as rare. Here then, likewise,
air differs essentially from water: for if the cavity
A C E F were filled with water, to no purpose
would you draw back the piston; the water would
eontinue to occupy the same space as at first, and
the rest.would remain empty. Hence we, see that
the air possesses an intrinsic power of ex ing
itsell more and more, which it exerts not only when
it is condensed, but also when rarefied. .Ip what-
eyer state of condensation or rarefaction the air
may be, it makes unran;i::ting alf_oruuto extend itsell
over a larger space, and is continually expanding so
long as it mni:!la no obstacle. Th{n pmper:; is
called the elasticity of air; and it has been demon-
strated, by riments which 1 shall presently de-
scribe, that this elastic power is in proportion to
the density; in other words, the more the air is

the greater are its efforts to e

itself; and the more rarefied it is, the feebler are
those efforts. It will be demanded, perhaps, why the
wir now in my chamber does not make its escape by

i
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the door, being endowed with an expansibility con-
tinually impelling it to occupy nTl“" 2! The
answer is obvious. This would infallibly happen,
did not the external air make equal efforts to extend
itself; but the efforts of the air of the chamber to
t out, and that of the external air to press in,
ing equal, they balance each other, and remain in a
state of rest. Had the external air accidentally ac-
vired a greater degree of density, that is, more
glauiciljr, it would in part force its way into the
chamber, where the air. being compressed, would
].ih\riu‘mndlre a greater degree of elasticity; this
current accordingly last till the elasticity of
theinternal became equal to that of the aﬂamalya.ir.
And should the air of the chamber suddenly become
more dense, and its elasticity greater than that of
the exte air, it would force its way out ; and its
density diminishing, its elasticity too would
diminish, till it became equal to the external air ; the
current would then cease, and the air in the cham-
ber would be in equilibrium with the external. Free
@ir, then, is in a state of rest only when it has the
same degree of elasticity with that which surrounds
it; and as soon as that of the one tract becomes
more or less elastic than the adjoining, the equi-
librium can no longer subsist ; but if the elasticity 18
greater, the air will expand itself, and slide into
spaces where it is smaller: and from this motion
the air results the wind. Hence it comes to pass
that the elasticity of the air is sometimes greater,
sometimes less, in the same place ; and this variation
s indicated by the Barometer, the description of
which merits a particular consideration. [ confine
mysell at preseut to these gqualities of air, its con-
densation and rarefaction, entreating you to recoll
that the more condensed it is, the greater power o
expansion or elasticity it acquires; and that, on
the con , the maore it is rarefied, the more this
quality is diminished. Experimental philosophers
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have invented one machine for rareflying air, and
another for condensing it : the former is called the
air-pump, the latter the condenser. These machines
serve lo perform many curious experiments, with
which you are already well acquainted. I reserve
to myself, however, the liberty of recapitulating
some of them, because they are necessary to eluci-
date and exﬁlaiﬂ the nature and properties of air,
which, as they powerfully contribute to the pres-
ervation of animals, and the production of ts,
press upon us the importance of forming a fust idea
of them. '
l4th May, 1760.

LETTER XL
Gravity of the Air.

I mave endeavoured to demonstrate that the air
is a fluid, endowed with the particular property of
suffering compression into a smaller space, and of
expanding into a greater, when no obstacle inter-
poses. This property of air, known by the name of
Ipring, or elasticity, from its resemblance to a spring,
which it requires an effort to unbend, and which re-
sumes its form as soon as the effort ceases, is accom-

iad by mtha]r, in common to _i:hwit:l all rltmmeF
n general, namely, gravity or weight, in virtue o
which all bodies : tuwa.ry:c‘.,u the centre of the earth,
and by which they are under the necessity of falli
down, unless supported. The learned are very mrn:E
divided, and very uncertain, respecting the primary
and mechanical c=use of this power; but its exist-
ence js indubitable. Daily experience evinces it,
We know even the quantity of it, and can measnre
it exactly. For the weight of a body is nothing else
but the power which cpnstrains it to descend ; and
as the weight of every body may be exactly meas-
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ured, we know perfectly well the effect of gravity,
though the cause, or that invisible power wi?:; acts
u all bodies, forcing them to descend, may be
lutely unknown to us. It follows, that the more
matter any body contains, the heavier it is. Gold
and lead are heavier than wood or feathors, as they
contain more matter in the same bulk, or in the same
extent. But as air is a very eublile and thin sub-
stance, and its gravity of consequence very little, this
riy usually escapes our senses. E riments,
ever, may be made capable of {gmnng full
conviction that it possesses gravity. You hive seen
how the air may k3 rare in a vessel or a tube;
and by means of the air-pump, this rarefaction may
be carried so far as almost entirely to exhaust the
air, and to leave the receiver sensibly a vacuum.
Or you may make a tube Fig. 4
A BCD, Fig. 4, into which T
youintroduce the piston FE, &
80 as perfectly totouch the
bottom, and to leave no air '
between the two surfaces. To perform the
ment with more advantage, let be ai the bot-
tom of the tube a little aperture G, I‘.hmgh which
the air may escape as the 1|:i|n.1:m is pushed forward.
Let the aperture then be ¢! “El.{v stopped, that not a
pargicle of air may be included between the piston
and the bottom of the tube. Having made this ar-
rangement, draw back the piston3 and the external
air not being able to force its way into the tube,
there will remain between the boitom of the tubs
and the piston a perfect vacuum, which may be in-
creased at pleasure by continuing to draw back the
piston. You may thus exclude the air contained in
a vessel; and such vessel, redoced to a vacuum,
being tried in accurate scales, will be found to weigh
less than when filled with air. Hence we deduce
this very important conclusion, that the air con-
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|

ui: ﬁ T veanel* inmnuel: its wﬁmtﬂ
r itsell possesses vity. ere
ressel large emough to contain Blgl?pntgndn weight of
water, we discover by this experiment that
the body of air which fills it would weigh
cne pound. Hence we conclude, that air is B00
times lighter than water. 1 must be understood as
speaking of the common air which surrounds us,
and which we breathe; for you know, that with the
assistance of art, air may be compressed by forcing
it into a smaller space, and its gravity thereby in-
creased. Were the vessel which I have mentioned
to be filled with air compressed to twice the con-
sistence of common air, it would weigh two pounds
ore than when empty. Were it filled with air
800 times more compressed than common air, it
wotld weigh 800 pounds more than when empty,
l.'I1"1;t3 is, 11' much as if it were ﬁ;ied wit? water,
aiT, then, posséssing a certain &0 vity,
though in the natural state of this fuid m?m'tfﬁ
i remely small, it must, however, as well as al
r bodies, tend towards the centre of the earth,

and ntly it presses on every thing which
wmmﬂh:gm |:marﬂ' this rengu th:gmpenm'
air presses down on ﬂ;‘:ui“mtgan aqdhthlarﬂ
undergoes a cormp:enim m weight ol L

whole mass of airr which is above it gl"iaenrl:tl it
comes 1o pass, that in these regiona the air has a
certain degree of compression or density, which is
theeffect of the gravity of the superior air; and that
if the superior air had more or less gravity, the air
wiich surrounds us would likewise become more or
less dense. It is thus thal the air below supports
the weight of the superior air, and that the more we
ascend the more it loses its density, and rarefies;
#0 that were it possible to continne to ascend, the
air would at length be totally lost, or would become

£

1

= That b, scnptied of all substances except air.—dm. Ed
Yo I.—F
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#0 subtile and so rarefied as to be no longer percep-
tible. Were you to descend, on the contrary, into
a vary deep pit, you would find the density of the air
continually increasing, from the increass of the mass
of air ing downward ypon it.

17th May, 1760.

LETTER XIL
Of the Atmosphere, and the Barometer.

lnd!-lﬂmu d.lﬂﬂ]].l-ﬂ trated tllml air is t;luid, Q]mc,u;“
possessed vity, Rrocoul rem.

the aarth is ulrru'g:ad gn sides by this ﬂlgd: and
that the space which it fills i called the altmosphere.
It would be absolutely impossible for a perfect
vacuum to exist on any part of the earth's surface ;
for the air of the adjoining regions, compressed by
the weight of the superior air, and making incessant
efforts to dilate, would force itsell into the empty
space and fill it. The auuu?here, therefore, occo-
es the whole region which surrounds the earth;
ga inferior air is continually compressed the
wﬁﬁ:‘or the superior air, that until the degree
of elasticity which results from this compression is
able to form anequilibrium to the compressing power.
Then, although this air is compressed only in a
downward direction, it produces, in virtue of its
elasticity, efforts to expand itsell, not only down-
. wards, but sideways also. For this reason, the asir
in a chamber is a8 much compressed as the external,
which appeared a paradox to certain philosophers;
for they reasoned thus: In a chamber, the inferior
air is compressed only by the small quantity of su-
perior air included in that chamber; whereas the
external air is compressed by the weight of the whols
atmosphere, the height of which is immense. But
the is at once removed, by the property
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which air possesses of u'pmtin itsell when com-
in all directions. Now the air in the cham-
hﬂﬁﬂrﬁwodhylhaqmnalmtum
of compression and elasticity with
rhalf hence, whether I am in my chamber or in the
open air, [ feel the same compression ; being always
understood, that [ mean at the same height, or at
the same distance from the centre of the earth. For
I have already remarked, that on getting to the sum-
m.u of a high tower, or of a lofty mountain, the
jon of the air is less, because the weight
ﬁ superior air is then diminished. Various
phenomena mﬂm this state of the compression

of the air.

Take, for instance, Fig.&,a.tnhmlﬂ,c]uu . 5.
at the end A, and having filled it with water, F¥"
or other fluid, invert it so that the o
andug may be undermost, and ZW' will gﬂ
that the fluid does not run out.* The elas-

of the air acting at B, in opposition to
the fluid, supports it in the tube. Hutil‘gmu
make m:{:ﬂrmra into the tube at A, the fluid
immediately descends ; the air which is ad-
:!lt:ﬂi by wpertnmhmtl mnali;];'? above,
ta pressure n the water, orces it
downward ; wh:u:?f demonstrates, that while
the tube was close at top, it was the external air
which supported the water in it. And were such a
tube to be placed in a receiver, from which the air
was extracted by the air-pump, the fluid would in-
stantly descend. The ancients, 10 whom this prop-
erty of air was unknown, alleged that nature sup-
the water in the tobe, from the horror which
it has of a vacuum. For, said they, were the fluid
to descend, there must be a vacuum at the upper
end of the tube, as the air could find no admission
into it. According to them, therefore, it was the

* Tha open and B must be loept bemeath the surface of the walsr to
snwwer the deslgn of the rzperiment, or slss be so small &8 o prevest
ha paosage of &Ar knd wWaler i the same dme.—dm. Ed,
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borror of a vacoum which the fluid

in the tube. Ithmdmwmd,mm
force of the air which supports the weight of the
fluid in the tube ; and as this force has a determinate
quantity, the effect cannot exceed a certain limit.

It is found by experiment, that if the tube A B is
more than 33 feet in length, water will no longer
remain suspended in it, bot will run gut till it comes
to the height of 33 feet; the space left at the top
will, of course, ba a real vacoum. The force of the
gir then caonot support water in the tube at more
than the height of 33 feet; and as the same force
supports the whole atmosphere, it is concluded that
a column of the atmosphere is of equal weight, the
base being equal with a column of waler 33 feet
hi 11, instead of water, you wers to use mercary,
w is 14 timea heavier, the force of the air cm:Ii
support it in the tube at the height of only 28 inches ;
and if you go beyond that, the mercury descends till
ita height co o the pressure of the atmo-
sphere, leaving Lhe space at the top of the tube a
vacuum. Such a tube, close above and open below,
being filled with mercury, forms the instrumept
called the baromefer, by means of which it has beea
diseo mmmd thltf!he a.tmmﬂpheru is mot arltwm of

vity. Forits re vity is ascertai
:;la bﬂ.‘nr}merar from the hﬁ;h:ruf the merc‘llll';'{
which, as it rises or falls, indicates that the deusi
. of the air, or the pressure of the aimosphere
increasing or diminishing. .
20th May, 1760.

) LETTER XIIIL

Of Air-Guns, and the Compression of Air in Gunpowder.

Havive explained that remarkable property of air
which is denominated compressibility, by means of
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which it is reducible into a smaller space, we are
enabled to give an account of several productions of
both nature and art. [shall begin Wwith an explana-
tron of the gir-gun, though 1 have no doubt but you
are well acquainted with that instrument. Its con-
struction is similar to that of the common gun; but
instead g‘ mbuua{’ we employ condensed air to dis-

1n order to comprehend the esa of this opera-
tion, it must be observed that al::{?:u be nnmprs:ud
only by a force proportional to the degree of con-
densation which you wish to obtain; in this state it
strives to -ltondl Jﬂt“]t:'l‘.‘l;m[ﬂ:-:nm which hm
are precisely eq 8 necessary to
it to the size which it actually occapies. The more,
then, that the air is condensed, the more vinlent are
ita efforts to dilate; and if the air is raised to a den-
sity twice as great as when it is free, which is the
case when we reduce it to hall the space which it
occupies in its natural state, the force with which it
endeavours to expand is equal to the pressure of &
column of water 33 feet high. Figure to yourself
a t cask of thia height flled with water; this
fluid will undoubtedly make a stronger pressure on
the bottom of the vessel. If you make a hole in it
near the bottom, the water will force itsall out with
coasiderable violence ; and on stopping the aperture
with your finger, you will be I.han y sensible of
this pressure of the water. The bottom of the cask
sustains throughout a similar pressure. Now a vea-
sel containing air twice as dense as that of the atmo-
'.Pm‘ must undergo precisely such a pressure ; and
if it were not sufficiently strong to sustain it, would
buret. The sides, then, of this vessel must be as
as the bottom of the cask 1 have mentioned.
If in the same vessel the air were three times as
dense as common air, the force with which it would
act upon the sides must be increased in the propor-
ﬂmnfmm.lnd}n;lmmmw' is
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sastained by the bottom of a cask full of water of 68
force must be very great, ad hat ot must g0 on 1o
i on in-
creasing in thav:!ml::im according to m'fumam
degrees of condensation of the air. This being laid
down, there is at the bottom of the air-gun a carity
y fortified on all sides, into which the air is
more and more com , in order to reduce it to
as high a degree of density as the force em
for that parpose can admit. The air confined in this
cavity will thereby secquire a prodigions er to
borce itself out ; and if an aperture is e, it will
ﬁ off with a velocity proportional to that power.
ow there is such an aperture, which terminates in
the cavity of the tube into which the ball is put. It
is closely stopped ; but when you.wish to disch
the piecs, open, for an instant, the valve whic|
shuts. it; and the mir, rushing forth, forces out the
ball with all the velocity which we remark in shoot-
ing. Every time you discharge the valve is kept
open only a single moment; & certain quantity of
air, therefore, and no more, can escape, and enough
still will remain for several shots. But on discha
its density and corresponding elasticity diminish ;
and for this reason, the latter discharges are less
forcible than the former, till the force is at length
entirely exhmusted. Were the valve to remain open
any considerable time, more air would make its
which would all go 1o waste ; for this force
acts upon the ball only while it is in the barrel of
the gun; as soon as it is shot off, it is uselesa to
fave a for the air. Hence it appears, that
were it possible to carry the condensation of this
fluid a great deal farther, you would prodece from
the wind-gun the same effects as from the guns
and cannons in common use,*

'lbl;lﬂllﬁﬂﬁwrﬂﬂ-;;‘hﬁﬂim-ﬂm
squal a common [ow]ing-peoe, RECUTREY Bbcsssary o §hed)
mmtnmmuwﬂmhuh-t
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The effect of artillery is accordi founded on
the same principle. Gunpowder is 8 substance
which contrins in its pores an air extremely con-
densed. Nature produces here the same operations
which we employ for compressing the air, but car-
ries the condensation to a much hi degree. All
that is necessary is to open the little cavities in
Libery to ¢acape. This is periormed by means of

\ is T means
fire, which bursts open these little anvbe:rlopel: the
air then suddenly flies off with incredible velocity,
and forces before it bullets and balls in a manner
entirely similar to that which we have remarked in
the case of the wind-gun, but with much greater

im ity. Here, then, are two v
mgm from the oorndmuﬁ:;ruf air, w':z
is single difference, that in the one it is the work
art, and in the other that of nature. We see
erefore in this, as in every thing else, how infi-
nitely the operations of human skill are surpassed
those of nature.*

41k 1760.

E-E.E

g
§

LETTER XIV.

The Effect produced by Heat and Cold on all Bodises,
-dafahPyr:imrmmnﬂw:;cm.

Besmes the properties already mentioned, air has
mmother remurkable quality in common to it
with Iﬂmu,mt excepting such as are solid; L

*Tha sesount bere given of the matore of gunpowder, and of the
effert of fre upon 11 very erronsous.  Alr Is ned inpriscned. as the
B U inthe pores of the powdsr. The saplosive effect of
e is owing to the sudden converslon of |is solid particles of
gruina into elastic aire or gases by the fouch of fire, in crnsequence
of whikch it aspands into many thousand timea s former bulk.
marure of the gusss Lhus farmel can be understood only by s

i
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mean the change produced on it by heat and cold.
It is observable, in general, thet all bodies, being
heated, dilate or increase in size. A bar of iron
made very hot, is somewhat longer and thieker than
when it is cold. There is an insirument called the
ter, which accurately indicates the wfhm
fferences of length or shortness that a bar of iron
undergoes to which it is applied. You know that
in & watch some of the wheels move very slowly,
though they communicate motion to others which
revolve with considerable rapidily. By a similar
mechanism it is possible, from a ¢ almost im-
Erceptihle, to produce one very con ble, as is
e case of the pyrometer, which [ have jost men-
tioned. It has an index, which runs over a very
considerable space, on the slightest change produced
in the length of the hod% on which the experiment
is made. On applying this instrument to a bar of
iron, or any other metal, placed overa burning lamp,
the index is immediately put in motion, and shows
that the bar is becoming longer ; and as the heat
increases, the har likewise increases in length. But
on extinguishing the lamp, and the bar growing cold
again, the index moves in a contrary direction, and
thereby shows that the bar is growing shorter. The
difference, however, is so slight, that without the
help of this instrument it be difficult to per-
ceive it. Yet this variation is abundantly pam‘Fh.ﬁ-
ble in the motion of ulum time-pieces.
uwse of the pendulum is to regulute the motion. If
you lengthen it, the clock goes slower; and if
shortenit, the clock goes faster. Now itisre
that in very hot weather all clocks lose time,
and onably gaio it in very cold weather;
which clearly demonstrates that the um is
thened or shortened, according to the tempera-
ture of the air.
All bodies undergo this alteration; but the
tity differs greatly, accarding to the nature of the
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imbstance of which they are composed. In flvids,

especially, this varisbility is ugr ptible. To

ascertain it, take a tube, » Fig. 8 o g

‘Einodﬂthaend to a hollow ball A, and e
t it be filled with any liguor you plam':ﬁ

to M. On heating the ball A, IJ.? 10T Wi

rise from M towards C: when it es ¥

cold arain, the liquor will fall towards B.

This clearly proves that the same liquid oc- %

cupies a greater when it is heated, and a

smaller when cold. It is likewisa clear, that

this variation must be more perceptible when

the ball is large and the tube narrow. For il

the whole mass of liquor increases or dimin-

ishes by a thousandth part, that thousandth

part will occupy, in the tube, a space great in

proporiion to its narrowness. Suoch an instru

ment then is exceedingly proper to indicate to us

the different degrees of heat and cold; for if the

liquor rises or falls, it is A certain indication that

the heat is increasing or dlmm.ﬂhlnil This instru-

ment is called the thermometer,® which points ouf

instrument thare are thres kinds now (o oes, vie Falees

avr £, A0d Coleiua's o 1he - entigrads (bermometer, In the
Viveme, which is oeed in Britain and Norih & maries, ihe freel

9%, and the bolling polnt mi 9199, the misresl HI‘I.#
‘s, wriiich ls used iy Switssriand. Ialy, and part of German

imn i the frecsing polut, snd ihe boiling point s placed u

B2, In the cratigrade [hermometer, which s

and ihe freszing point b &1 09, and

el
! igﬂ i
%.

L1 §
reoently s = bql|hl;ﬁbl“lm foe a1 -
mercury, w expoers (he o the pressurs mLinashere,
Thie bailing point_i%, however, variable, depanding ow the pressurs of
the smesphers. Near the surfics of (he sanh it varses 10 af Fahran-
beit for evary 530 feet of sltiude, or for 0-359 inches of the barometsr,
By mmsuring thereiom the tamperature af which wauer boils, we may
dutarmine (e haight of the place  This methnd was fArs
Wollaaion, i bas Eivin on aseuay ot e et e beLSeats
£i784 an mocount ™
In the Philossphical Transoctions for 1817, p. 180.— Ed,
ik bounh kiod of gradustion, called [be Lisle's thermamater, bas bess
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the changes that take place in the temperature of
the air, and of the bodies that sorround us. It must
not be confounded with the larometer, Whose use
is to indicate the gravity of the air, or rather the

tubes filled with mercury ; hﬂtbutmmu'ne-
tion and the principles on which they are founded
are entirely different. This quality of bodies, ex-

LETTER XV.

Changes produced in the Atmosphere by Heat and Cold.

Hzat and cold produce the same effect on air as
on every other body. Air is rarefied by heat, and
condensed by cold. From what 1 have said of the
elasticity of air, ensily perceive that a certain
quantity of this fluid is nut determined to
only a certain space, as all other bodies are ; but
its nature it has nperfnma.l tendency to dilate, and

zdmupmd uelr,ulmgultmuum

_ This y of air i denominated elasii
When this fluid is confined in a vesse i.tmlknl.
forts in every direction to burst it; and these efforts
are greater or less in ion to its condensation.
Hence we come to this conclusion, that the elas-
ticity of air is in exact proportion to its density ; so

meed 10 some extent, chiefly in Rossin, The scals commemess at the
edling point, and descends to the freeing, which s maried 1509, Fabren-
‘ait's nenle in the one |8 common tee in tbe Unived Siaces, slthongh the
esmtigrade by sorusLimes smployed for philsseplicsl purpoes.-—dm, Ed
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that when its density is doubled, its elasticity is like-
wise doubled ; and t{lt. in general, & certain degree
of elasticity corresponds to a proportional degree
of density. It must be remarked, however, that this
takes place no longer than while the air preserves
&:&’ mﬂ degree of h::t. thn?u: it I_:acm::u
r, it acquires greater power of expansion than
what to its an;it}f ; and cold produces
the opposite effect, by diminishing its expansive
power. In orderthen to determine the elasticity of
& mass of air, il is not sufficient to know its density;
you must likewise know its degree of heat. |n
order to set this in a clear light, let us suppose two
chambers closely shut on all sides, but united by a
door of communication: and that the heat in both
is equal. In order to this the air in both chambers
must have the same degree of density. For were
the air more dense, and consequently more elastie, in
the one than in the other, part of it would e
from the one, and force its way into the other, till
the density in both were the same. But let us sup-
pose that one of the chambers has become hotter
than the other, the air thereby acquiring a greater
elasticity, would of course force itself into the other,
and Hdmt'ill thumnlin'ﬁgiiEh'it l;":‘v[:q:l.tmiﬂ] hthm; into a smaller
space, in chambers was brought
to the same degree. l1"F].‘.~'-1|r' thise change there will
be a corrent of air through the door, from the cham-
ber which is more into that which is, less heated;
and when the equilibrium is restored, the air will be
more rarefied in the warm apartment, and more
condensed in the cold; l.nd;rnt the elasticity of both
will be the same. From this it clearly follows, that
two masses of air of different densities may have
same elasticity, when the one is hotter than the
; and this eiroumstance taken into considera-
ion, it may happen, that with the same de of
, they may be endowed with different

i
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What 1 have said of two chambers be appli
to two countries; and hence it m“ub‘:!mwm
that when one country becomes warmer than the
other, there must of necessity be a current of air
ﬁnﬁthaommmuthu; from this results the
wind. -

Here, then, is one fruitful source of winds, h
there are perhaps others, which consist in df-
ferent d of heat which prevail in different
regions of the earth; and it is demonstrable, that
the whole air which surrounds the earth could not
be in & state of rest unless that, universally, at equal
.l:&;]' ts, there were found the same degree, not only
of density, but likewise of heat. And should i
happen that there were no wind over the whole sur-
face of the earth, it might with certaimy be con-
eluded that the air likewise be where

dense and warm at equal heights. Now, as
this never happens, there must of necessity always
be winds, at least in some regions. But these winds
are, for the most to be met with only on the
surface of the earth; and the higher you rise, the
less violent winds are. Winds are hardly percep-
tible at the summit of very high mountains; there
perpetual. tranqguillity reigns; which it is im-
E:uihln to doubt at considerable elevations
air is always in astate of rest. Hence it follows,
that in regions remarkably elevated, there ul:'rnmlz
grauﬂtullmr the earth the same degree
ensity and heat; for were it hotter in one place
than in another, the air could not be in a state of

-rest. And as there is no wind in these elevabed
regions, it must necessarily follow, that the degree
of heat there mmtm::atﬂﬂr um: which is a
ve x, consideri Varia.
tions 4 [ 'lulu“ilt.‘l aﬁ cold which “ngmi Ern_a::a sur-
face of the earth, during the course of & year, and
evenof one day; without taking into the account the
diflsvence of climate, that is, the intolepsble heate
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, felt under the equator, and the dreadful cold which
constantly prevails towards the poles of the earth,
Experience itself, however, confirms the truth of
this astonishing fact. The snow and ice remain
equally, summer and winter, on the mountains of
Swi and are equally unchangeable on the
Cordilleras, lofty mountains of Peru, situated under
the very equator, and where there pe reigns,
nevertheless, a cold as excessive as that of the polar

ions. The height of these mountains is 47 Eng-
lish miles, or 24,000 feet. From this it may be
with oomdeme toncluded, that were it possible
for us'to ascend to the height of 24,000 feet above,
the earth, we should always meet with the same
d‘?me of cold, and that cold excessively severe.
e should remark there no sensible difference dur-
ing either summer or winter, under the equator, or
near the poles. At this height, and still higher, the
state of the atmosphere is universally, and at afl
seasons, the same’; and the variations of heat and
cold take place near the surface of the earth alone,
Itis only in these inferior regions that the effect of
the rays of the sunbecomes perceptible.  You have,
mﬂnu{tﬂdljr. some curiosity to know the reason of
this. It shall be the subject of the following Letter.
31t May, 1760

'LETTER XVL
"Cold felt 'on high Moungai
The _ Jelt 'on high wﬁm;;rdumm

I ising, that we should feel the
-&mﬁrwm in all regions, after we have.
W.i'&?ﬂﬁﬂ height, siy 24,000 feet; copsider.
m_i.ﬂll variations with t0 heat

yot only i different clf oot but i t T
i gﬁ "u?&?}uﬂ'mk:aﬁ
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ceptible.* This variety, which takes place at the
surface of the globe, is mdnuhtadlt{;ctmund by
the sun. It appears, at firat sight, his influence
must be the same above and below, especially when
we reflect, that a height of 24,000 feet, though very
gml with respect to us, and even far beyond the
ight of very lofty mountains, is a mere nothing,
com to the distance of the sun, which is about
. -six millions ﬂft?ilﬂﬂﬂi l;]'hiu iu{“ttherefure. a
]mmnt difficul s WhHICH We Im endeavour
::r:ul". For this purpose 1 begin with remarking,
that the rays of the sun do not comunicate heat to
any bodies but such as do not grant them a free
pull‘gﬂ. You know that bodies through which we
can discern objects are denominated fransparent,
crystal, di , water, and several other liguids,
though some are more or less transparent than
others. One of these transparent bodies being ex-
posed to the sun, is not heated to such & degree as
& body not transparent, as wood, iron, &c. %
not nt are denominated opague. A buming-
glass, for example, by transmitting the rays of the
sun, sets on fire opague bodies, while the glass itself
is pot sensibly heated. Water exposed to the son
becomes somewhat warm, only because it is not
; when we see it consid
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mnmthnbomm*n?u no perceptible heat,

As air i a very transparent body to a much
higher degree than glass or water, it nlluﬂthatl.t
cannot be heated by the sun, because the
freely transmitted tﬁmugh it. The heat whlc'hwt
frequently feel in the air is communicated to it by
opaque bodies, which the rays of the sun have
bodies, 1.]:':& m:;dw“mkl mﬁ::ﬂlu luhlng:utm

air BCArce

in its temperature by the myj;u:l' uu.nmrn

to it nrnnt,r:w:uuh! I'.;Jequally cold. But the at-
mosphere is perfe transparent : it is even
mahmmmmdm{hvmmthﬂ:thu
almost entirely its transparency, and presents only
a thick fog. n the air is in this state, the rays
Mthnmhawammepownrﬂﬂmﬂmm upon it,
and heat it immediately.

But these vapours nnatunugraathl at the
hu;htufilmoufael,aud thaurnmmb-
tile and so pure, that it is :,rtn.mpuent and
hrthumamthurg:ofthumcmmtmm

[

any effeet in regions of the air very much elevated
dngru% . id Ma;mwm“ﬁ e ﬂ:::llmpmmll
cold must unive

in such regi uthaamhumhm“ngethﬂn.
and as the of terrestrial bodies cannot be com-
municated so far. This is nearly the case on the
summit of very high mountains, where it is always
much colder than on plains and in valleys.

The ecity of Quito, in Peru, is almost under the
equator, and were we t0 form our judgment from its

situation on the globe, we wo
pressed with intolerable heat; the amuot
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sbundantly temperate, and. differs very little from
that of Paris. Quito is &ituated at a great heigit
above the real surface of the earth. In going to it
from the seashore you have to ascend for several
days ; it is accordingly built at an elevation equal to
that of our highest mountains, tho surrounded
others still much higher, called Cordilleras.
his last circumstance would afford a reason for
thinking that the air there must be as hot as st the
surface of the earth, as it is contiguous on all sides
to ue bodies, on which the rays of the sun fall.
The is solid ; and no solution ¢an be given
bat this :—That the air of Quito, being very elevatad,
must be much more subtile, and of less gravity than
with us; and the barometer, which always stands

considerably lower, incontestably proves i
Air of such a quality is not so susceptible of heat
as common &ir, a8 it must contain less vapour-and
other particles which usually float in the ﬂ.l-moThan;
and we know by experience that air very much loaded
WMM susceptible of heat. I miust here
join another phenomenon no less surprising :—In
ww its, and lower still, if it were still poasihle
to end, the same degree of heat always and uni-
versall ils, and for the same reason.®
As the rays of the sun exert their influence oaly on
the surface of the earth, and as the heat which they
it a1 very great depihe in almoet, mupercopiible

at very great is t i i

Th thing holds respeé
4 June, 1780, tne

TR



LETTER XVIL
Of Light, and the Systems of Descartes and Newton.

thfr‘m ntlﬁ'n{:hnn u]i‘thh:lm.whnhm
DCus o at t that we
will undmhtadly ask, 'Wr hlmt nlg these rays! gglum
u.nutw% & of the most important £8
in physics, as mltlnmﬂmug?:mhcr:?phn-
nomena is derived. Every thing that respects lLight,
with this inquiry. The sncient plioeophars seomn
inquiry. @ anci seem
tohave taken Ii[trla interest in the solution of it.
contented themselves with saying that the sun is
endowed with the quality of shining, of giving heat
and light. But is it not worth while to inquire,
Wherein does this quality consist! Do certain por-
tions, inconceivably small, of the sun himself, or of
his substance, come down to us! Or, is the trans-
mission similar to the sound of a h-:m the ear
receives ! though no part of the su of the
bell be se from 1l—ulnbnunudmoxplnmn‘
the propagation and percaptmn of sound.

Descartes, the first of modern phers, main-
tained this last opinion ; and having filled the whole
m w_lluthhah:nch:llll: tﬁ:uar ::ﬁm ed uhl';m.ﬂl

whic BBC0 rala]

poses that the sunt jsin a lhiﬂufnﬂﬂh.m].llt’ tion,
which he transmits t0 these globules, and pretends
that they again communicate their motion in an in-
stant to every part of the universe. But since it has
been discovered that the rays of the sun do not reach
us instantaneously, and that they take eight minutes
to fly through that immense distance, the opinion of
Descartes, which laboured besides under other diffi-
culties, has been given up.

The great Newton I.ﬂbl'ﬂ“l‘d embraced the former
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system, and maintained that the luminous rays are
really separated from the body of the sun, and the
;nrhc.'lau of light thence emitted with that inconceiv-
able velocity which brings them down to us in about
eight minutes. This opinion, which is that of mast
modern phﬂumphem, particularly the English, is
called the system of emanation—it being im
that rays emanate (rom the sun and other luminous
bodies, as water smanates or springs from a fountain.
This appears at first sight very bold, and
irreconcilzble to reason.  For were the sun emitting
continually, and in all directions, such floods of lu-
minous matter, with a velocity so prodigious, he must
speedily be exhausted ; or at least some alteration
must, the lapse of som ages, be perceptible,
This, however, is mnt:l'l.d:lcl«{ observation. It
cannot be a matter of doubt, t]m a fountain which
should ‘ernit streams of water in all directions would
be exhansted in proportion to the velocity of the
emission; much more the sun, whose rays are emitted
with & nlucity so inconceivable. Let the particles
of wh;r:h rays of light are formed be supposed as
'myuu please, nothing will be gained: the
ever remain equally untenable. 1t cannot
be affirmed that this emanation is not made in all
directions; for wherever you mnr]loed the whole
lmn in ﬂ;!hlu, which proves entably that rg:
m-ri point of the sun are emitted towards
spot whic oecupy. The case is very different
from that of a fountain, which should emit streams
of water in all directions. For ome point in the
fountain could furnish only one stream directed to a
particular spot; but ﬂeermnt of the sun's surface
must emit an infinite num r, diffusing themselves in
all directions. This circumstance alone infinite
increases the expenditure of luminous matter, whic
the snon would have to make.

Another difficulty, and which appears in-
-:purabh is, that the sun is not the only i
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emits rays, but that all the stars have the same
quality ; and as everywhere the rays of the sun must
be crossing the rays of the stars, their collision must
be violent in the extreme. How must their direction
be changed by such collision! This collision must
take place with respect to all luminous bodies visible
at the same time. Each, however, appears distinctly,
without suffering the slightest derangement from any
other—a certain proof that many rays may
through the same point without disturbing each other,
which seems irreconcilable to the system of emana-
tion. Let two fountains bo set a playing upon each
other, and you will immediately perceive their differ-
ent streams disturbed and cunﬁndad: it must of
consequence be concloded, that the motion of tha
ra{yu of light is very essentially different from that
of a jet d'enu, and in general from all substances
C x;mn;m'“uih ard trans bodies through
onsi eTW. rent bodies
which rays are freely tranamif';:d in all diracm
the supporters of this system are under the necessit;
of affirming, that these bodies eontain pums,dilpmez
in straight lines, which issue from every point of the.
surface, and proceed in all directions; it being incon-
ceivable how there could be any line through which
a ray of the san might be transmitted with such,
Aamazing w'lmitmd even without the slightest

collision. Here are bodies wnndarfullrrornful,
which have the appearance nevertheless ol being
extremely solid.

Finally, in order to chjoy vision, the rays must
enter into the eye, and poneteate its substance with
the same velocity.. All these difficulties taken
tagether will, I doubt not, sufficiently convince you
that the system of emanatiop has in no respect a
foundation in nature; and you will certainly be
astonished that it could have been conceived by so
great a man; and embraced by so many enlightened
philosophers.. But it is.long since Cicego.remarked,
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that nothing so absurd can be imagined as to find no
supporter among philosophers. For my own part,
I am too little a philosopher to adopt the opinion in
question.

Ttk June, 1760.

LETTER XVIII.
Difficulties attending the System of Emanation.

However strange the doctrine of the celebrated
Néwton may appear, that rays proceed from the sun
by a continual emanation, it has, however, been so
generally received, that it requires an effort of cou-
“ﬁ to call it in question. What has chiefly con-
tributed to this is, no.doubt, the high r tion of
the great English philosopher, who first discovered
the true laws of the motions of the heavenly bodies ;
and it was this very discovery which led him to the
system of emanation.

Descartes, in order to his theory, was
under the necessity of filling the whole of the
heavens with a subtile matter, through which all the
celestial bodies move. at perfect liberty. But it is
well known, that if a body moves In air it must meet
with a certain degree of resistance ; from which
Newton concluded, that however sublile the matter
of the heavens may be supposed, the planets must
encounter some resistance in their motions. But,
said he, this motion is not wnbject to any resistance :
the immense space of the heavens, therefore, con.
tains no matter. A perfect vacuum, then, universally

vails. This is one of the leading doctrines of the
ewtanian philosophy, that the immensity of the
universe coptains no matter in the spaces not occu-
pied by the heavenly bodies.: This being laid down,
there ia between the sun and us, or at least from the
sun down to the atmosphere of the earth, an abso.
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lute vacuum. In truth, the Jarther we ascend, the
more subtile we find the air to be; from whence it
would ently follow, that at length the air would
be entirely lost. If the space between the sun and
the earth be an absolute vacuum, it {s impossible
that the rays should reach us in the way of com-
munication, as the sound of a bell is transmitted by
means of the air. For if the air intervening be-
tween the bell and our ear were to be annihilated,
we shguld absolutely hear nothing, let the bell he
struck ever so violently.

Having ﬁ:tahluhad, then, a perfect vacuum be-
tween the heaveply bodies there remains no nﬂnﬁ
inion to e adopted but that of emanation ; whic

O iyaiapus Loics out Taye whlch 12e SheSS

ies emit rays wi are a

mlm small, of thi?r mass, darted from
hm' 'h de ible Lgdrca. t"'}It_ must be such lo%

ve B, or Impress Gn rays o
ligl?h}tr tIItiit mggoertr*abla velocity Er_i,th. wh.it:hr:hnjr
comufromthuunluuai.nthnaﬁueofm min-
utes. But let us see whether thi Lhwr{ be can-
sistent with Newton's leading doetrine, whic irey
an absolote vacuum in the heavens, that the planets
may encounter no manner of resistance to their mo-
tions. You must conclude, on a moment's reflection,
mﬂ:]f ‘:Paoa in which the heavenly bodies reyolve,
instea remainiog 3 vacuum, must be | with
the rays, not only of the sun, but likewise of all the
other stars which are continually passing through it
from every quarler, and in all directions, with in-
credible rapidity. The heaveoly bodies which trav-
erse these spaces, instead of encountering a vacuym,
will meet with the matter of luminous rays in a
terrible agitation, which must disturb these bodiea
ﬂﬂu{mnﬂummmhmre than if it were in a state

Tes

" Thus Newtgn, apprehensive lest a subtile matter,
such as Duur.t,e.rwu:lﬂwinad. should disturb the mo-
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tions of the ts, had recourse to a ve

cxpodicat, ahd quite contradiclory 10 his own intey.
tion, as, on his hypothesis, the planets must be ex-
Fnod to a derangement infinitely more considerable.
have already submitted to you several other insu-
perable objections to the system of emanation ; and
we have nﬂwmthatl‘.humgﬁncwl,md indeed the
only reason which could induce Newton to adopt it,
is 8o sell-contradictory as wholly to overturn it.
All these considerations united, leave us no room
to hesitate about the rejection of this strange system
of the emanation of light, however wchﬁe the

suthority of the philosopher who invented it.
Newton was without doubt one of the greatest
inses that ever existed. His pro know-
, and his acute penetration into the most hid-
den mysteries of nature, will be a just object of
admiration to the present and to every future age.
But the errors of this great man should serve to
admonish us of the w of the human under-
standing, which, after having soared to the greatest
ﬂm‘bln heights, is in danger of plunging into mani-

contradiction.

If we are liable to weaknesses and inconsistencies
s homiliating, in our ressarches into the phenomena
of this visible world, which lies to the examins-
tion of our senses, how wretched must we have been
had God left us to ourselves with respect to things
inyisible, and which concern our eternal salvation'
On this important article a revelation was absolutely

mceazg. to us; and we ought to avail oursalves
of it with the most profound veneration. When it

even as to sens objects. 'Whenever I hear a
pretended freethinker inveighing against the truths

N of religion, and even sneering at it with the most
\w-wﬂuém,luy to myseli, Poor weak
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mortal, how inexpressibly more noble and sublime
are the subjects which you treat so lightly than
those respecting which the great Newfon was so
Eroulﬂ mistaken! 1 could wish your highness to
eep this reflection ever in remembrance; occasions
for making it occur but too frequently.
10eh June, 1760.

LETTER XIX.

A dy re. ing the N and
fiernt System respcting the Natue of Regs

You have seen that the system of the emanation
of the rays of light labours under insuperable diffi-
culties, and that the doctrine of a vacoum for the
heavenly bodies to in is equally untenable, as
the rays of light would completely fill it. Two
things, then, must be admitted: first, the ce
through which the heavenly bodies move is filled
with a subtile matter; secondly, rays are not an
actual emanation from the sun and other luminous
bodies, in virtue of which part of their substance is
violently emitted from them, according to the doc-
trine of Newton.

That subtile matter which fills the whole e in
which the'huavml& bodies revolve is called ether.
Of its extreme ty no doubt can be entertained.
In order to form an idea of it, we have only to
attend to the nature of air, which, though extremely
subtile, even on the surface of the earth, becomes
more and more 80 as. we ascend ; and entirely ceases,
if I may use the expression, when it comes to be lost
in the ether. The etl:u:r,tilan, ia likewise a fluid as
the air is, but incomparably finer and more subtile,
as we are assured that the heavenly bodies revolve
freely through it, without meeting any perceptibls
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resistance. It is also, without doubt, possessed of
elasticity, by means of which it has a tendency to
expand itsell in all directions, and to penetrate into
:gm:m where there would otherwise be a vacuom ;

that if by some accident the ether were forced
out of any space. the surrounding fluid would in-
stantly rush in and fll it again.

In virtue of thls elasticity, the ether isto be found
not only in the regions which are above our atmo-
q:lhm,{m it penetrates the ummgz;lr: universally,
insinuates itself by the pores of all bodies, and passes
irresistibly through them. Were you, i:ry the help
of the air-pump, to exhaust the air from a receiver,
you must not im that you have produced an
absolute vacuum; for the ether, Torcing itself through
the pores of the receiver, completely fills it in an
instant. Having filled a glass tube of the proper
le with mercury, and immerged it, when in-
e in the cistern, in order to make a barometer,
it might be supposed that the part of the tube which
i8 higher than the mercury is a vacoum, because the
alr is completely exé¢luded, as it cannot penetrate
the pores of glass; but this vacuum, which is a
rent only, is undoubtedly supplied by the ether, in-
sinuating itself without the smallest difficulty.

It is by this subtilty and elasticity of ether that I
shall by-and-by explain to you the remarkable phe-
nomena of electricity. It is even highly probable
that ether has an elasticity much superior to that of
air, and that rany of the phenomena of nature are

d by means of it. For my own part, I have
no doubt that the compression of the air in
powder is the effect of the elastic power of ether.
And as we know by experiment that the air in it is
chndensed almost 1000 times more than common
alr, and that in this state its elasticity is likewise

i e e 2t
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ter than that of common air.* We shall then
ve a just idea of ether, in considering it as a fluid

inm reapects similar to air, with this difference,
th.tl:t{ﬂr is incomparably more subtile, and more
elastic

Haring seen then that the air, by these very quali-
ties, is in & proper state for receiving the gmntations
or shakings of sonorous bodies, and to diffuse them
hlndimﬁm.nwnnndinthum tion of
sound, it is very natural to suppose ether may
in the same circumstances likewise receive agits-
tions in the same manner, and transmit them to the

distancea. Asthe vibrations of the air
sound, what will be the effect of those of ether1
You will ondoubtadly Fuau at once im. It ap-
peara in truth abundantly certain, that t is with
hat ‘e rays ‘of ligh are mothing.<lse but the

t 0 are

i o:tvr,i.h-l.!:'ﬁnnl transmitted by the ether, as

mitted by the air.
The sun, then, loses of his substance in
thia case, any more than a in vibrating ; and, in
this & there 18 nO reason (0 Appre-
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of abell is not aecurate. But it is to be considered,
that these fires, besides their light,throw out smoke,
and a great deal of exhalation, which must be care-

dm‘l:ﬂgmlhd from the rays.of light. Now the
mn exhalation evirlnn&; occasion a consid-

erable diminution, which must not be imputed to the
rays of light; for were it posaible to separate them
from the smoke and other exhalations, the luminous
quality alone would occasion no expenditure. Mer-
cury may, by means of art, be rendered luminous,
ks you have probably seen, and that without any
diminution of its substance, which proves that light
alone produces no waste of luminous bodies.® Thus,
tho the sun illuminates the whole world by his
8, he loses nothing of his own substance, his
t being only the effect of a certain agitation,
or violent concuseion of his minu;:rrticlu, com-
municated to the adjoining ether, thence trans-
mitted in all directions by means of this flaid to the
remotest distances, as a bell when struck communi-
cates ite own agitation to the circumambient air.
The more we consider this parallel between sono-
conformable o nature, und justifabio by experience;
yand justifiable by e i
whereas the more we attempt to reconcile the phu:
nomena of nature to the system of emanation, the
more difficulties we encounter.}
14k June, 1760,
* Mereory cannot be heated so an to become Incandescent, or emit
light (which ks probably the meihod of rendering it lnminous alluded
the noihor), without leslng & portion of ks subsancas by

[ of fme be mnapended over heated mercury, if becomes
Tarminhed IHEI:_IIHI'II.I vapour.—dm. Ed.

- im one second of wme, the 1900-miklionth part of & 3
be Userain imfers by caloulsiion, (has ihers Soms Nl st [rom one e o
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LETTER XX.

Ta= propagation of light in the ether is produced
in a manner similar to of sound in the air; and
just as the vibrations occasioned in the particles of
air constitute sound, in like manner the vibration
of the particles of ether constitutes light or lumi-
nous rays; so that light i nothing else “'f“'
ﬂnwnmm’mni particles of ether, which is

here to be , on account of its extreme
, in virtoe of which it penetrates all bodies,

- These mmm;i mndlmr}r :-Fo rays of light
in.m mitting or
the op tmuor‘:::l'mnnmmm Of this m
treat at in the sequel. I confine myself at

to the propagation of rays in the ether itself,
which fills the m::nenna m wh.ich the hnaron]r
bodies revolve. Thm
in perfect liberty. The ﬂrlt wh.m‘:h haru pre-
senta itsell to the mind is the prodigious velocity
n hnﬁ mﬁuwh}chmhﬂ though thi um
mare B
travels no less than 1100 feet in a second.

This amazing velocity would be sufficient of itsell
to overturn the system of emanation; but in that

which 1 am attempting to establish, it is a natural
consequence, from rinciples laid down, as I
hope to demonstrate. Tllllaymt'hammththm

on which is founded the propagation of sound in the
air; and this depknds at once on its density and elas-
ticity. It is evident, that if the density of air wers
diminiahed, sound would be accelerated ; and if the
elasticity of the air were increased, the same

would . If the density of the air diminished,
and its elasticity increased at once, we should have
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2 twofold reason for the increase of the

of sound. Let us conceive, then, the density of the
gir diminished, and its elasticity increased, till its
density and elasticity became equal to those of ether,
and we should then no longer be surprised that the
velocity of sound had become many thousands of

times than it actually is. you will be
ﬁ::ufmmuw,thn according to the first
we formed of ether, this fluid must be incon-

The subtilty of ether, then, ita groat elas-
Yicity, are the reason which we assign for the

jous veloeity of the motion of light; and so long
as the ether preserves this same degree of subtilty
and elasticity, this velocity must continue the same.
Now it cannot be doubted that the ether has, throngh
the whole universe, the same subtilty and the same
elasticity. For were the ether less elastic in one
place than in another, it would force itself into it
till the equilibrium was perfectly restored. 'The
light of the stars, therefore, moves with as
velocity as that of the sun; and as the stara ’
amuch greater distance from us than the sun, 3 much
greater quantity of time is requisite to transmit their
rays to us. However great the distance of the smn

i

g
e
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will employ then 400,000 times t mmutes in
tnrel]mg tg us, that is 53,333 hnu:l:hocr 2,922 dayn,
or six years nearly.

It isthen u s of six years since the rays of
light issued from that fixed star, the least remote,
anbabljr l‘.h& most brilliant, in order to render it

and these rays have employed a period
m:mﬂﬂah]ntnﬂyt htlmu nwhmhupo—
rates us from that star, . just now to
create a new fixed star at the samedlm-:a.ncuuld
not become visible to us till mg:ttam Bix ];eairu had
as its rays require of time to
travel E.bu diltlnl:l::. I-qua& one buenngrttamd at the
ing of the world a thousand times more dis-
tant than that which I have mentioned, it could not
yet be visible 10 us, however brilliant, as 8000 years
are net yet elapsed since the creation. The first
acher of the court of Brunswick, Mr. Jerusalem,
E happily introduced this thought in one of his
urmonl. The panagha runs thus :—

“ Raise your ts from the earth which you
inhabit, to aﬂ lha bodies of the vasi universe, which
are 8o far above you; launch into the immensity of
space which intervenes between the most remote
wlm:h our eyes are able to discover, and those

hose light, from the moment of creation till now,

hlnni“yeh , come down to us.  The im-
mensity of the m of God justifies this repre.
pantation.” I{&’cfm on the Heavens, and Eternal
Beatitude.)

1 flatter mj'lell' that these reflections will excite a
desire of further instruction respecting the nymm
ni'hght.fmmwhmhudnnmdthothmryuf ursa

IT:i Jiln, 1780. -
‘ Ha



LETTER XXI

ion on the Distantes of the Heavenly Bodies,
ml:dun:nﬁuNﬂmqfﬂl and his Rays.

Tae observations which I have been making re-
ing the time which the light of the stars em-
ﬁin ing its progress down to us convey a
ing jdea of the extent and greatness of the uni-
verse, The velocity of sound, which flies through
the space of 1000 feet® in 2 second, furnishes us
with nearly the first standard of measurement. It
is about 2000 times more rapid than the pace of a
man who i a good walker. Now the velocity of
the raye of light is 900,000 times still more rapid
than that of sound: these rays accordi perform
every second a course of 900,000,000 of feet, or
170,000 English miles.
What astonishing velocity! Yet the nearest figed
star is 80 remote, that its rays, notwithstanding this
igious velocity, would take more than six years
descending to us. And were it possible for a
t noise, such as that of the firing of a cannon,
uing from that star, to be conveyed Lo our ears, it
would require a period of 5,400,000 years to reach
us. And this is applicable only to those stars which
are the most brilliant, and are probably mmutt
us. Those which ar the smallest are very pro
while century, then, af feast, must clapes befors the
whole , then, ] e
rays ufmt:?n?m could possibly mp:; ns. How
igious must that distance be which eannot be
through in less than 100 years, by a velocity

* 1t ha bafors bean stated to be 1143 foot, which i the gensral eeth
e —Am_ Ed
T 198,000 miles s the more mecent setimats, —4dm. Bd
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tHn'!:dﬂTiu at the rate of 170,000 English miles every
second !

‘Were, then, one of these stars to be just now an-
nihilated, or eclipsed only, we should still continue
to see it for 100 years to come, as the last rays which
it emitted could not reach us in less time.

Thu_gan:ﬂjﬁt{:t[hl’nmlind in vprjri;;'r frun:;l having
any thing aas re l.‘llll.ﬂlr e vast extent
ol'!;hﬂ ml.'lvaru'l, Man c&du‘ it as & work of
little imy nce, which chance alone might have
prod . But what must be the astonishment of
one who reflects, on observing that all these immense
bodies are arranged with the most consummate wis-
dom; and that the more knowledge we acquire on
the subject, though it must ever be very im
the more we must be disposed to admire their order
and magnificence ! .

I return to the great luminous bodies, and particu-
larly the sun, which is the principal source of the
light and heat which we enjoy on the earth. It will
be asked; in the first place, wherein consists the
light which the sun is incessantly diffusing thro
the whole universa, without ever suffering the
est diminution? The answer is obvious, according
to the system which I have been endeavouring to
establish. But that of emanation furnishes no
eatisfactory solution. The whole universe bei
filled with that extremely subtile and elastic flui
which is called ether, we must suppose, in all the
parts of the sun, an incessant agitation, by which
every particle is in a constant motion of vibration ;
and this, by communicating itself to the circum-
ambient ether, excites in that fluid a similar
tation, and is thence transmitted to regions
most remote with the rapidity which I have been
e ek the parallel between sound and

to o & WEEn
light, the mmp‘lrouﬁd be in a state similar to thatol a
bell which should be ringing continually. The par-
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ticles of the sun must be in this
incessant i u.mlru-u&mmm;: athuw'lhu'q.'l-
dulations which we call rays of light. But it is still
no easy matter to {:'ywmmﬂthil
tion in the particles of the sun is constantly upy
ecning, ok ressetly §066 oul, iast s bo euppisd
, but presently goes ou i
withmmbuﬂiﬂcﬂur. But it must be re
that as the sun is a mass many thousand times
mr than our whole globe, if it is once tmmu?}’.{
ed, it may continne in that state for sev
without suffering any sensible diminution. Be-
8 the case is not the same with the sun and our
tance.1s dissipaied in stmoke and extulations, from
is dissi in exhalations,
which & real waste results. Whereas, though per-
haps some particles may be forced from the sun in
form of smoke, they cannot remove to a great dis-
tance, but speedily fall back into its mass, so that
there cannot be any real expenditure to occdsion a
"“-‘i-'ﬁ‘.?"u‘:l"“i?.‘; { which v till ignorant
ol w W are s T
lpucﬂu;t]{ll ject is, the power which incessantly
maintains all the particles of the sun in this agita-
tion. But as it contains nothing inconsistent with
good sense, and as we are under the necessity of
acknowledging our ignorance of many. other
much less remote than the sun, we ought to be sat-
isfled if our ideas are not involved in contradiction.
9lst June, 1780.
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' LETTER XXIL

Elucidations on the Natwre of Luminous Bodies, and
Taz sun being a luminous body, whose rays are
universally diffused in all directions, you can no
longer be at a loss to account for this wonderful phe-
nomenon, which consists in the shaking or vibration
with which all the particles of the sun are agitated.
The parallel of a bell lends considerable assistance
towards the explanation of this fact. But it is ob-
vious that the vibrations produced by light must be
much more vehement and rapid than those produced
g;nmd, ether being incomparably more sobtile
air. A feeble agitation not being capable of
shaking the air 80 as to produce sound n it, that of
a bell, and that of all other sonorous bodies, are too
feeble relatively to ether to produce in it the vibra-
tion which conatitutes light.

You will recollect, that in order to excite a per-
ceptible sound, more than 30, and less than 7552
vibrations must be produced in a second; the air

too subtile to admit of a sensible effect from a

consisting of less than 30 vibrations in a sec-
ond, but not sufficiently so to receive one of more
than 7553 vibrations in the second. A note higher
than this could not be at all heard. It is the same
with respect to ether: 7552 vibrations produced in
a second could not possibly act upen it, because of
its greater subtilty. It requires vibrations much
more frequent. An agitation so rapid-could not
take place butin the minutest icles of bodies
which elude our senses. The light of the sun, thea,
is produced by avery violent agitation, which affects
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more than when the dﬂrknmuoﬂwrwhomultpm-
found. Those which I here denominate o
rendered visible to us only by means of a li th.it
is foreign to them. We perceive them not w]uh
they remain in darkness; but as soon as they are
to a luminous hnd_',r, whose rays strike upon
them, become visible ; and they disappear the
moment that foreign hght is withdrawn. It is not
even necessary that the rays of a laminous body
should fa.':l upon them imm zti.alj.r1 tnnthe;r':lpcqu
body, when well illuminated, produces nearly the
same effect, but in a feebler manner.

The moon is an excellent instance. We know
that the moon is an opagque body; but when she is
illuminated by the sun, and we see her during the
, she di a feeble t over all opagque
bodies, and renders visible to us those which we could
nnlﬂl'::!g_'lpemm.;ﬂ without her lﬁ'w Placed
m L] an aparl:man w aspect is
north, and into which, of course, the

of the sun cannot enter, it is, however, per-
fectly clear, and I am able to distinguish every ob-
ject. What can be the capse of this clearness, but
that the whole heaven is illuminated by the sun?t
What we call the azure sky, and, besides, the walls
opposite to my a nt, and the other surround-
objects, are likewise illuminated, either imme-
diately by the sun, or mediately by other
bodies, to the action of that focus of
and the nfnﬂihmnpuqnahntll.'lnmnutﬂi
bodies, as far as it has admisson into my npnnmant.
renders it luminous, and that in
windows are high, wide, and well p Ttmglm
is little or no interruption, being, as [ have already
remarked, a transparent body, which freely trans-
mits the rays of light.

When I etely exclude the light from the
by ¢ the wipdow-shutters, I am re-
to a stale of and discern no objeet,

i

§§

5

E%
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unless [ call for a candle. - Hers then is an sssentisl
ﬂ.ﬁmbﬂwmlﬂmmmdmbm 1
and likewise a very siriking ressm 2, pamely,
othe mﬂ“ ‘ﬂ?ﬂ “di.'lmmptd
other o ies, uce in thi

ies luminous of them-

nearly same effect as bodies
selves. The explanation of this phenomenon has

hitherto ﬂypﬁ&nod i rs; but I flatter
mruutwmy ution of it has been clear and

satisfactory.
24th June, 1760.
LETTER XXIIIL
How Bedics become Visible. Newton's Sysem
aof the Reflection of Raye proposed.
Prroxe I attempt an explanation of the
on of opaque bodies becoming visible they
are it must be in general, that

3 4
3
K
¥
!
E
b
]
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REFLEOTION OF RAYS. I

As we -:rplqm bodies only when they are illu.
minated, m a proofl that {hem m'|.1.n||%i‘I procesd
from point of these bodies rays of light which
subsist r.]unn; the illumination. The mumnm
'lhey lrn in the dark these ra

not proper then to opag ies ; I;hmr
mu.uthalo tmthsmmnarlnwhmhm
illuminate them. And this is the great qlmu-

tion, how illumination alone is capable olsm

Im great Newton, and other phﬂmupbunw‘ho
have axamined the luh]oct.mlgn reflection as the
cause of this phenomenon: it is therefore of the
E?ghu‘l importance that you should form a just idea

what is called reflection.

This name is given to the repulsion of one body
struck against another, as may be seen in the game
of billiards. When the ball is struck against the
cushion or ledge of the billiard-table, it recoils again;
and this retrograde motion is termed reflection. It
is necessary here to attend to a distinction between

twocases. Let us sy A B, Fig. T
'm:muthelndgnu lhl.rd- s
Thaplﬂrlihcm in this
When you play the
erylgnnlt thelng-
in the direction of D C
pendicular to A B, :rtl
the adjacent angles A C D) and .
BCD are right : in this
cunthuhll.lmﬂhudnmhnk

mmmaptmnhmﬂﬂ The other case is,

w in ¥ against the ledge,

mthohnﬂﬁhrmmgmlhiﬂmum

mﬂK,MEuM of incidence.

mutw'?i.tﬁlmh from the ledge
Yoo I.—
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in the direction of the line C F, so that this line
shall make on the other side, with the BC,an
e B C F, axactly equal to the angle of incidence

ntly reflected from certain bodies ; and you
this reflection of sound is called echo. It
cannot be doubted, that the same thing frequently
takes place with respect to the rays of light. The
objects which we see in mirrors are represented to
us by the reflection of rays, and every well polished
ace reflects the rays of light which fall upon it.
It is undoubtedly certain, therefore, that there are
cases without number in which the rays that fall on
certain bodies are reflected ; and philosophers have
thence taken occasion to maintain, opaque bodies
are rendered visible by means of reflected ra
I see just now houses opposite to my B
which are illuminated by the sun. According, then,
to the opinion of those philosophers, the rays of the
sun falling on the surface of thess houses are re-
flected from them ; they enfer into my apartment,
* and render these houses vigible to me. In the same
manner, if we believe those phi hers, the moon
and the planets become visible, and t are ungues-
tionably opagoe bodies. The rays of the sun which
fall on these- bodies, and illumigate the parts which
are exposed to them, are reflected, and are thence
transmitted to us, just as if the bodies were luminous
of themselves, ording to this opinion, we ses
the moon and the planets only by the rays of the sun

which they reflect; and you must frequently have
heard it that _H;Mﬂthlmiz:n-
mﬂﬁblllchﬂlhom In the same manner
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they, the of the sun are reflected by the
ﬁu bor::’;whichmexpmdtuthehn{.m
other bodies of the same nature, and undergo a series
of similar reflections, till they are entirely weakened.

But however plausible this opinion may at first
sight appear, it involves so many absurdities when
closely examined, that it is absolutely untenable,
whichll:g]n to demonstrate, as a preparation for
the true solution of this phenomenon.

26tk June, 1760.

LETTER XXIV
Eramination and Refutation of Newton's System.

I arriny, then, that when we see an opaque body
illuminated by the sun, it is impossible to maintain
ththmﬂmlumimrﬂn,uﬂthﬂ means of
such rays it is rendered visible to us. example
of a mirror, which undoubtedly redlects the rays, and
is mﬁuyad to this opinion, rather confutes
it. e mirror, gnnd contradiction, sends back
the rays which fall upon it; but when these reflected
rays enter into our eyes, what do they represent 1
You will rudi.go::llmr. that it is not the mirror,
but the objects which they originally proceeded,
and the reflection does nothing else but enable us to
see these objects in another e. Besides, we see
those objects, not on the surface of the mirror, but
rather within it ; and it may be said with troth, that
ﬁthmlmrhlf.:alfﬂmﬂnl' in!ﬁha'tdn llll'lnmmtad by

on at an opague
!ho-;'n,ﬂdk:]lngnt see in It !hﬂiﬂ?.rlgﬁﬂfthllﬂl}-
rious orb; we see only the surface of the bodies,
with all the variations to be found on them. Wae per-
ceive, then, a very essential difference between the
rays which are reflected from a mirror, and those by
means of which opague bodies are rendered visible.
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But there is, besides, another difference
in the mirror; lbrmchmumtﬁnplnrmzd-
-mﬁ'”mm“"ﬂm';mhu from the
w o m
mﬁ tn he “hm -4 HMI':{:
the nature tion
Mulhﬂuhﬂdymﬂ :hmmﬂmtadnynnm
to us the mirror itself.
ow, let & be illuminated by the sun, or
other bodies, luminous or
illuminated ; in whatever manner body may
changﬂ Ihplm or we change ours relatively to it
ita appearance is always the same; we see always
thnmauhjuc‘t,:ndmukmumchq‘rehﬂn
the different circumstances above mentioned.
Tlul furnishes a new proof that we do not sce opague
e O (e Ty reflocked from tt

An objection will perhaps be started, drawn from
Presans dillweat” objocts sccontlag % ORF potat of
0 BCC as our
view changes. Bntthmmnumpactwmfom

conclusion with regard mﬁ
which are not su acttntbuch objection
only proves, that mlmg'n'lu' ects are endowed
certain qualities; as, for example, that their
minuter particles are finely polished, and that a real
reflection takes mﬂumwmﬂw
manner in whic bodlﬂmmndnradrmhle'mnl.
Now, it is easy to comprehend, that this reflection
mﬁhbe clearly from the manner in

w ordinary opague es are illuminated.
Fm:llythnnynmﬂechdi‘bumummrﬂwq:
represent to us, likewise, the colours of the bodies
from which they originally procead ; audthomlmn'

‘which reflacts makes no c mthumlpﬂct
opaque body, illuminated by any other ,'mwhlt
aver manner, always presents the same co. ; and
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every body may be said to have its colour.
This circumstance absolutely overturns i
of all those who maintain that we see opuqmm
by means of the rays which their surface reflects. .
ing together all the reasons which I have now
submi to your consideration, there can be no
hesitation in pronouncing that this opinion is to
untenable in phﬂmoglg, or rather, in physics,
eannot, however, fla with the that
i wedded to opinions once should
yvield to these reasons. Bot the naturalist, who is
more nearly related to the mathematician, will have
less difficulty in resigning an opinion overthrown
by reasons so convincing. You will again recollect
what Cicero has said on this subject: ﬁu Muﬂ
so absurd can be conceived as not to be suppo
by wmmi]ulnpher. In fact, however strange the
system ch I have been refuting may ar to
you, it has hitherto been propagated and nded
with much warmth.
It ia'impossible to say to what a degree the diff-
Savonriag in s2poee wers mikmown 13, & over
LELLE) =) were Or Over-
looked by, the inans of this . The great
Newton | ngh &?m‘hmr force ;t]::l" he
rested in a very untenable idea respecting -
iunnflighr{ it is mot to be wondered at
should overlook these great difficulties ; and, in
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secret of involving them in mysterious terms, whick
mwhmﬁofmwcﬁeﬂ . For in this
mthaw]prmmammdinpm:gtuldmimm
learned ; taking it for granted that what is obscunty
to others is perfectly clear to them. We ought
always to exercise & little. mistrust when very sub-
lime knowledge is pretended to—know! o0
sublime to be rendered intelligible. I hope I shall
be able to explain the phenomenon in question, in
such a way as to remove every difficulty. -

Lt July, 1780,

LETTER XXV.
A di i the Manner in which

Ais the phenomena of opague bodies, which I

have unfolded in the preceding y incontestably
demonstrate that when we see an body illu-
minated, it is mot by rays reflected its surface

that it becomes visible, but becaunse its minoter par
ticles are in an agitation similar to that of the minuter
les of luminous bodies; with this difference,
wever, that the agitation in opaque bodies is far
from being o strong as in bodies lumineus of them-
selves; for an opague body, however much illumi-
nated, never makes on the eye an impression so lively
as luminous bodies do.
As 'we see the opaque bodies themselves, but
no means the images of the lnminows bodies whic
ighten them, a8 must be the ease if we saw them
11. 'nquq-fdﬂ;;ir surface, it must follow
TRYE emi opaque bodies are
1&.':“1:.; of a luminous
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a motion.of vibration such as is necessary for form-
:r;mmdprdntin;inmtqumw
the body from which they proceed. For this
eiffect, rays must be diffused from every point of the
surface, in all directions—as experience evidently
m%m' ﬁm:i't'hmmfnl:lﬂiﬂ we look at an
ue , We sea it equall its points; from
mhﬂ foﬂowlthntawryp!l;inl emits rays in all
directions. This circumstance essentially distin-
ishes these rays from such as are refl whose
ion is always determined by that of the rays
of incidence ; so that if the incident rays proceed

Tuaimm likewise, is stronger in proportion as
the light of the illuminating is more intense.
Thus the same body, exposed to the sun, is agitated
much more violently than if, inir:::ma‘i;htuu illg-
minated onl aylight; or e night-time

a hper,arh;tﬁ-.g mo%ﬁ.’h In the first case, its una:"-
is painted with much greater vivacity on the bottom
of the eye than in the others, especially the last;
the light of the moon being scarcely sufficient to
euue-todiaunﬁ-h,ur to read, writing of a large
size. And -when t npagua body is conveyed into
a close room, or into the n.ri;,nmhingiltbmm be
sesp—a certain proof that the agitation in its parts
hrr::ttirﬂr ceased, and that they are now in a state
L1 .

In this, therefore, consists the nature of opague
bodies ; their particles are of themselves at rest, or
at Jeast destitute of the agitation necessary to pro-
duce light. But these same particles are so dis-

when illuminated, or struck with rays of
ight, they are immediately put into a certain agita-
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tion, or mofion of vibration, pro E:T to produce rays;
and the more intense the ligh'l. which illuminates
these bodies, the more violent also is this agitation.
As long as an ebodj'l!llll.mﬂnntﬂl.uum'l}n
same state as luminous bodies; its particles are
itated in the same mam,mimclp-ble of ex-
ting, of themselves, rays in the ether; with this
difference, that the agifation kept up in luminous
bodies hyan intrinsic fo m subsists always of itsell;
momentary, aop phoduced by the mation of the Lght
mom nee maotion t
T
e n is
nomenon, and labours under none of the di ties
which determined us to abandon the other, namely,
that founded on reflection. Whoever will take
ldmﬂhlhgﬁmr tul;:‘ﬁgb - th“: difficulty still
orce 2
remains t0 be solved: hn:r&::!crm!.;ﬁt that illumina-

F;Itu :;Imgly can put 'Lhnbgmclu ufa.nﬁplqnu hﬂ

that this a.gﬂahun uhould llw:yl mmm naulyﬂu
same, whatever difference there may be in the illo-
mination?’

1 acknowledge, that were it impossible to answer
this guestion, it would be a great defect in my the-

nwg:gh it would not amount tntcmnplute
P Ifnr it f“"mm nﬂlh.m;g
B were ignorant how

mp::l‘gg agitation ing:hs pu-tmlu ocl'op-.quu

this would only prove that the theory is incomplete ;
and tifl it is demonetrated 1o be absol Myi:npu:i»
Hnthatll]mmn:hﬂnshﬂu]ﬂpmduu lnﬁc{,njr

your to

must subsist. Bl.!tlnhllic sup-
ﬁﬂmdermt,hy lJlllmnl.ﬁm
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LETTER XXVI.
Continuation of the same Subject,

of 4 apadue body must produce. i its minutest pr:
an must ce, in its minu .
ticlea, mnﬂhﬁm proper to excite the rays of ight
which render that eame huda:h isible.
parailel between sound w differ only
in respect of less and more, light being the same
thing relatively to ether that sound is relatively to
air—ithis el, I say, will enable me to fulfil
ment. - Luminous bodies must be

to musical instruments actually in a state of vibra-
tion. It is a matter of indifference whether this be
the effect of an intrinsic or of a foreign power; it
is sufficient for m}{l purpose that sound is emitted.
Opaque bodies, as long as they are not illuminated,
must be compared to musical instruments not in
mee ; or, if you will, to strings which emit no sound
till they are touched.

The question, then, being transferred from light
to ieresolved into this, Whether it be po
for the siring of an instrument in a state of
when brought within the sphere of activity of the
sound of instruments in a state of vibration, to re-
ceive, in certain circumstances, some agitation, and
emit sound, without being touched?! Now this is con-
Armed by daily experience. I you take the trouble,
during a concert, to attend to a particular string in
proper tune, you will observe that string sometimes
to tremble without having been touched, and it will
emit the same sound as if it had been immediately
put into vibration. This experiment will succead
still better, if the instraments strike the same note
with the string. Consider attentively the strings



108 OFPAQUE BODIES [LLUMINATED.

of a ichord not , while a violin
nn'kul:lthm:nuu a, for ﬁﬂf’ﬂ you will observe

on the harpeichord the string of the same note begin

sensibly to tremble, and even to emil sound, without

having been touched ; some other chords will like-

wise ga agitated, particularly those which are dis-
tant an octave, a fifth, and even a third, provided the
inmstrument be perfectly in tune,

This nomenon is well known to musicians;
Somposers, eatibianed his ‘principles of marmony
COmMpOsers, € 8
uponp?t, He maintains that octaves, fiftha, nm
must be considered as consonances, because one
chord is agitated by the sound only of another chord
which is in unison, or an octave, a fifth, or a thi
from the first. But it must be admitted that the
principles of harmony are se well established by
the simplicity of the relations which sounds have
to each other, that they have no need of a new con-
firmation. In truth, 'I.za phenomenon observed by
Mr. Ramean is & very natural consequence from the
principles of harmony.

To render this more sensible, let as attend to two
chords wound up to unison ; on striking the onm, the
other will begin of itself to tremble, and will emit
its sound. reason is abtndantly clear: for as
a chord communicates to the air by its trembling »
motion of vibration similar to its own, the air, agi
tated by this motion of vibration, reust reci ¥
make the chord tremble, provided that by its degree
of tension it be susceptible of this motion. ‘The air,
being put into vibration, strikes the chord ever s
little at every reverberation, and the repetition of
strokes soon impresses on the chord a sensible mo-
tion; becagee the vibrations to which it is di
by its tension accord with those of the air. 1f the
number of vibrations in the air is the half, or the
third, or other whose relation is sufficiently
simple, the does not receive & pew impulse at
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every vibration, as in the preceding case, but onl
at the second, or the third, or the fourth, which wi
continoe to increase its tremulons motion, but less
than in the first case.

But if the vibrations of the air have not any simple
relation with that which corresponds to the chord,
the agitation of that fluid will produce no effect
whatever upon it; the vibrations of the chord, if
there be any, not corresponding to those of the fluid,
the following impulsions of the air destroy for the
most part the effect which the first might have pro-
duced ; and this is completely confirmed by expe-
rience. Thus, when a chord is shaken by & sound,
that sound must, in order to its being perceptible, be
precisely the same with that of the chord.  Other
sounds which have a consonance with that of the
chord will produce, it is true, a similar but less sen-
sible effect, and dissonances will produce none at all.
This phenomenon takes place not only in musical
strings, but in all sonorous bodies whatever. One
bell will resound by the noise only of asother bell
which is in unison with it, or at the distance of an
octave, a fifth, or a third.

The instance of a person who could break glasses

his rui;:a further cun:ﬁnt:; “hII:.i: hﬂl-;-’e ﬂtﬂ\’m'mﬂdi

& glass was presen to hie, DY siriking |
hufomdxuut the note; he then began to nqux?fi.n
unison, and the glass immediately caught the vibra-
tlom ; eeding to give to his voice all the force he
was always preserving the unison, the vibration

of the glass became at a0 vielent that it broke.
It is confirmed, then, by experience, that a chord and
every other sonorous is put into vibration by

its kindred sound. The same phenomenon must

take place with regard to dpagque hodies, al’whic}a

the minuter particles may be put into a state of agi-

tation by illumination onfy—which is the question I

to solve. The following Letter will con-

a more ample discussion of it. o,
Beh July, 1760,
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LETTER XXVII.
Conclurion : Clearness and Colour of Opaque Boduer
sllerminated. of

Arrzz what has been just submitted to con-
sideration, you will no longer be | that an

is of recei ina-
Em alone an agitation in its particles similar to that
of the particles of luminous bodies, and which gm
ﬁpﬂﬂyo{wodmingu_ﬂmtmnder
] us the great objection to my explanation
of the visibility of opaque bodiea is happily removed ;
while the other theory, founded on the reflection of
rays, has to'encounter difficulties which grow in pro-
portion as you attempt to make a more direct ap-
plication of them to known phenomena.
It is then an established truth, that the particles
of the surfaces of all bodies which we see undergo
& ation similar to that of a chord in vibration,

if

are much more ; whether
it be that this agitation is the effect of an intrinsic
force, as in lnminous of themselves, or whe-
ther it be by the rays of light which fall
upon the thet is to say, by illumination, as
in the case in opaque Sodies. It is false, then, thit
the moean, being &n opagos , reflects the rays of
the sun, and that by meane of reflacted light she
is rendered visible to us, as is commonly

understood.
the sun, falling en the surface of the
its clés a concussion, from which

;
X
5

ﬁgg
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a8 8OON 88 an e body ceases to be illumined, it

ceases to be visible,

But is it not posaible that this agitation, once im-

E:undun!hnpm‘clunfm o body, may ba
some time kept up, as we see that a string once

struck frequently continues to vibrate, though no
new impression be made upon itt 1 do not pretend
to deny the fact: I even believe that we have ex-
amples of it in those substances which Mr. Margraff
 to you, and which, once illomined, pre-
serve their light for some time, though conveyed
into & dark room. This, however, is an extraor-
dinary case, the vibration of the minuter icles
disappearing in all other bodies with the ina-
tion which occasioned it. But this explanation,
which thus far is perfectly sell-consistent, leads me
iu.liwpndto rese ';:IT l‘ll]: hp:nm importas w,_“
t is undoubtedly ce at we an infini
difference between the ;lan’rﬁnleu of upatf: bodies,
Iomml.i.q;u'h the variety of the bodies maalves,
Bome will be more susceptible of vibrations, and
others less, and others finally not at all so. ‘This dif-
ference in bodies occurs but too evidently. One,
whose particles easily receive the impression of the
rays which strike it, ars to us brilliant ; another,
on the contrary, in which the rays scarcely produce
itation, cannot appear luminous. Among seve-
ral ually i you wil]alw::r remark
a t difference, some being more brilliant than
mﬁ:: But there is besides another and a very re-
markable difference between the icles of opaque
bodies, respecting the number of vibrations which
ﬁi‘.m?\?h|.-rftl:m-a.-|:. being agitated, will make in a certain
L
I have already observed, that this number must
always be very great, and that the subtilty of ether
is such as to require many thousands in a second.
But the diference here may be endless, if some
ticles, for exumple, maks 10,000 nbnﬁ
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in a second, and others 11,000, 19,000, 13,000, accord-
ll?mthemmnul,thnhuiuu,mdlhﬂ elastici
of each, as in the case of musical chords, in whic
tba_mbarufvibﬂliﬂmtﬁl:mmlmnd may be
varied without end ; and thence it is I have deduced
Hmdiﬂhramufhl;hmdhwnm As this differ-
ence is essential in sounds, and as the ear is affectad
by it in a manner so particular as to render it the
foundation of the whole theory of musje, it cannot
hnﬂledm estion that a similar difference in the
the vibrations of rays of light must
uce tmuﬁunu vision. If, for
o:amp]n,l.pu'tu:lum es 10,000 vibrations in a
second, and produces rays of the same species, the
o[ylllur'lunl::h enter into the eye will strike the nerves
that organ 10,000 times in & second; and this
effect, as well as the sensation, must be totally dif-
ferent from those produced by a different particle
which should make more or less vibrations in a
second. 'There will be in vision a difference similar
to that which the ear perceives on hearing sharp or
fial notes.

You will no doubt be desirous to know into what
this difference in vision ie to be resoclved ; and what
different sensations correspond to Ih- mlmbqr,

or less, n!'l‘.bnﬂbrltmm?luwhmd

during a second. 1 have the honour of
ing you, that diversity of colours h,r
this difference ; and that du.ﬂ'arancu of colour is to
thnamnofmmwh:tlhlrpnrﬂltammﬂnmm
the ear. We have resolved, therefore, without going
after it, the important inquiry respec the nature
of colours, which has long employed t a.ttanhm

of ﬂ:l hers. Some of them have
ed it a mﬁ%f light ahw]uuly unknown

tuua Descarter maintaina, that colours are only a
nl:tmnmntl:rauf t and shade. Newton ac-
counts for difference of colany by it up to

the rays of the sun; which,-sccording to him, are a
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real mm:ﬁmwhu matter may be more or
less subtile; thence settles the rays of all the
colours, as red, yellow, blue, violet, &ec.

But as this system to pieces of itsell, all that
has been said respecting colours conveys no inform-
ation; and you are now clearly sensible, that the
nature of each colour consists in the number of vi-

LETTER XXVIII.
Nature of Colowrs in particular.

Tax ignorance which prevailed respecting the
e L e o Exr
iolent disputes i ers; each of whom
made an attempt to ah:llle,{%’:ﬁntdninghmcnﬁu
opinion on the subject. stem which made
colours to reside in the bodies themselves t;lgpouod
to them too vulgar and too little worthy of a phi-

, who t always to soar above the mul-

clown imagines that one bodLl;
red, another blue, and another n, the philosop!
could mgl distinguish h::lubn ﬂurrdtl!::l;l by ';lin.
8 con : ACCO rms
Fﬁg hing. tEal thera

%

re is nothing real in colours, and
in bodies relative to ther;
nmym hich uumy hmﬁhnﬂwm@t o
w im "
Muc, indige, and violet; and they tell ua that ‘s body
of such and such a when it reflects
that species. Others, to whom this opinion
seamed absurd, pretend that colours exist enly in
lves, This is an admirable way to conceal
i the might otherwise believe that
holar was not acquainted with the nature

H

:

1
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of colours than themselves. But you will readily
pemrra that these affected refinements are mere
u Ev simple colour (in order to distinguish
undoolnﬂrsildnpmdn on & certain num-
bar of-n rations, whio performed in a certain
time ; mthntthunnmberofvihntm:lﬁamt
. second, determines the red colour mﬁ;
low, another the green, another the blue, and a
the violet, which are the simple nnlummpummd
to us in the rainbow.
1f, then, the particles of the surface of certain
bodmmmapmodiumh:mm.thttbﬁn(
agitated they mlkahmt umndr .mﬂammmnd
B8 are necessary to produce, for example,
colour, I ecall such a red, just as the clown
does; and I see nothi a reason for deviating
from the common m ofu‘pmﬂm. And rays
socond may, wilh equal propriety, bo denominated
& MAY, Wi L)
red nyn,aarnd ﬂnally,whrnnthn optic nerve is af-
fected by these same rays,and receives from them
a number of impulsions, sensibly equal, in a second,
we receive the sensation of the red colour. Here
I'!'B‘l'jf'“] is clear; and I see no necessity for in-
m&ﬁmﬂmmﬁmmmuhmﬂy
mﬂl'nllﬂ
batween sound and is 50
that lt%m mm mimmmp”m’
the phenomenon of & musical
'l:hﬂl.'d., wlm'.h Jbﬂ excitad into vibration by the
resonance only certain sounds, you will please to
recollect, that the one which gives the mnison of the
That othes sounda aect t only i proporion s they
80 i in a8
are in consonance with it'm{tnglulﬂﬂrthe BAmS
as to light and colours ; for the different colours cor-
mmg’diphy :Epmnfmmu:-mm
r com-
confirms my assertion, let & dark room be
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provided ; make a small aperture in one of the shut-
ters; before which, at some distance, place a body
of a certain colour, say a piece of red cloth, so that
when it is illumined its rays may enter by the aper-
ture into the darkened room. rays thus trans-
mitted into the room will be red, all other light
being excluded ; and if you hold on the inside of
room, opposite to the aperture, a piece of cloth of
the same colour, it will be perfectly illumined, and
its red colour appear very brilliant ; but if you sub-
stituts in its place a piece of green cloth, it will re-
main obacure, and you will hardly see In{cih.ing of
its colour. If you place on the outside, before the
mrlum, :ﬂriau of green cloth, that within the
r will be perfectly illumined by the rays of
first, and its green colour ar very lively.
nmuhnldlm:d as to all other colours: and 1
do not imagine that a more convincing demonstra-
e truth of my system can be demanded
We learn from it, that in order to illuminate a
of a certain colour, it is necessary that the
rays which fall upon it should have the same colour ;
of a different colour not being capable of agi-
tating the particles of that body. This is further
confirmed by a well-known experiment. When the
irit of wine is set on fire in a room, you know that
flame of spirit of wine is blue, that itg)duou
ooly blue rays, and that every person in room
appears very pale—their faces, though painted ever
80 deep, have the aspect of death. e reason is
evident ; the blue rays not being capable of exciting
or putting in motion the red colour of the face, you
see on it only & feeble and bluish colour ; but if one
of the company is dressed in blue, such dress will
-appear uncommonly brilliant. Now the rays of the
sun, those of & wax taper, or of a common candle,
illuminate all bodies almost ﬂi““ﬂ from whence
it i concluded that the rays of the sun contain all
«olours at once, though h;mml!i appears

£
:



14 TRANSPARENCY OF BODIES.

Intmh,whqu admit into a dark room the
rays of all the simple colours, red, yellow,

blue, and violet, in nearly equal quantities,

them, they represent a whitish colour. The same
experiment is made with various powders, coloured
in like manner; on being mixed together, & whitish
colour is the result. Hence it is concloded, that
white is not & simple colour, bat that it is rather &
compound of all the simple colours; accordingly we
see that white is adapted to the reception of all
colours. As to blgck, it is not ¥ & colour.
Every body is black when its particles are such
that it can receive no motion of vibration, or when
it cannot produce rays. The want of rays, there-
fore, produces the sensation of that coloar ; and the
mumhfarhcluthnmmrmmdlnmmdrnmau-
ceptible of any motion of vibration on its sarface,
the more blackish and obscure it appears.® °

16k July, 1780,

LETTER XXIX.
Transparency of Bodies relative to the Transmission
of Rays.

I mave already remarked that there are bodies,
such as glass, water, and especially air, which trans-
mit the rays of li and on account of this
erty are denominated pellucid or diaphanous.
ether, however, is the medium in which the rays of
light are formed, to which this property most " inti-
mately appertains ; and other transparent bodies are

o canver |t from one which vibrate, = Iy s o wrhibe
light, 1o one which will nou vibeate ot all, which, there(nra, appean

Black. Wi tha? such of
*::Ihﬂlﬂﬂ ey sl abanges of surfnce pro-



TRAMSPARENCY OF BODIES. 118

sndowed with it only by means of the ether which
they contain, and with which they are so blended
that the agitations exciled by the light may be com-
muuinul;l farther without being interrupted in their
pmgu, But this transmission is never performed
#0 freely as in the pure ether, though it always loses
something ; and this in proportion as the transparent
body s more or less gross. The grossness may
even become s0 considerable that the light shall be
wholly lost in it; and then the body is no longer
transparent. Thus, though glass be a transparent
body, & Falt lump of glass several feet thick is not
80, In like manner, however pure the watér of a
river may be, you cannot see the bottom where it is
very though you can very easily see it where
ilis & w. ’

Transparency, then, is a property of bodies réla-
tive only to their thickness ; and when thiapmp':l:ty
is ascribed Yo glass, to water, &c., it must always
be understood with this restriction, that these bodies
are not too ; and that to every species there is
& certain measure of thickness beyond which the
body ceases to be transparent. There is not one
opagque hody, on the contrary, which may not itself
become t, if reduced to a plate extreme!
fine. Thus, though gold is not transparent, go
leaf is s0; and on exumining the minuter icles
of all bodies with & microscope they are found to
be trlmvmnt It may then be with truth affirmed
that all ies are transpareént when reduced to a
certain degree of fineness ; and that no one is so
when too gross.

In common language we denominate transparent
the bodies which preserve this q]ualily to a certain
degree of thickness, though they lose it when they

nd that bound. But with respect to ether,
it is of its own nature perfectly transparent, and its
extent diminishes not this quality in the smallest
degres, The prodigious distance of the fixed stars
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prevents mot their rays from being transmitted to
us. But though our air appears to be of a perfect

, if it extended as far as the moon, that
transparency would be entirely lost, and would pre-
vent every ray of the sun, and of the other heavenly
bodies, from penetrating to us. We should then be
involved in ian darkness,

confirmed in eve Air is the most proper
medium for the of sound ; but the
tations excited in the air are nptbhof:hnki.n;&

the icles of all bodies: and these agai
in mﬂmp"'t n the interior particles, ﬂmﬂywmmw:u#
vibration through the substance of all bodies, unless
they be too thick. There are bodies, then, which,
refatively to sound, are the same thing which trans-
mﬂtl;odiummhﬂ to light ; and all bodies
this property with relation to sound, provided
periment, you can hear almost very hing ‘hat
ou can a L ev t
in the antechamber, though ngu doors are
closely shut, becaunse the agitation of the air in the
antechamber communicates itsell to the partitions,
and penetrates through them into the inner apart-
ment, with some loss, however. Were the partition
removed, you would undoubtedly hear more dis-
tinetly. }E;]w the thicker the walls are the more
of its force does the sound lose in piercing through
them; and the walls may be made ﬂi\:k that
nothing could be heard from without, unless it were
some terrible noise, such as a discharge of cannon
This leads ma forward to a new remark, that
Very rful sounds may be heard thn:mﬁl walls
which are impenetrabile to sounds more ; and,
consequently, in order to form a judgment whether
a wall is capable of transmitting sounds, it is neces-
to take into the account, not only the thickness
of the wall, but likewise the -pungt{ufthemuni
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If the sound is very feeble, a very thin wall is suffi-
cient to stopit; though a louder could find an easy
'h]h-lmhmim'on. The mornl thing holds as to bodies
ich are permeable to a very st ight.
* Objects not very h_l‘ﬂlil.‘l!.‘l.,'lﬂ iuﬁ?ﬂnmh?tl
g:cubh:hmd with smoke, but the rays of the sun
e themselves through it, and it transmils per-
fectly well the image of that luminary. Astrono-
mers employ this method to observe him; for with-
out such précaution he would dazzle theeye. And
when you happen to be in & dark room, with an
apertare in the shutter exposed to the sun, in vain
will you attempt to exclude the light hz opposi
to the aperture ; the rays of the sun wi
@ themselves through.
It is perceivable, at the same time, that the light

t. Buta very strong lig
of its lustre before it is entirely extinguished, while
& feebler light is lost at once. A piece of very thick
glass, then, will not be transparent with respect to
objects Ia: brilliant, though the sun may be visible
through i

These remarks on transparent bodies lead me to
the theory of refraction, of which you have fre-
quently heard, and which 1 shall endeavour to place

CrriE
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. LETTER XXX.
the Transmisrion of Ra AL,
e T e oot Sho Refracsiat P

moves in the same mediom,
whuthnit. boamt air, or any other transparent

budy,thn thminf: i tm
as ¥ m t
pmnt, in EM.L&EM“? i‘mmn?
globe issuing from ce system
emanation the darted from luminous bodies
move in straight lines : the same thing holds in that
which I have the honour of mg:-:-i . in which
the agitations are communica lines, as
the sound of a bell uh-mnmmud in & straight line,
by which also we Judgmrmm what quarter the sound
comes ; the rays in then, are repre-
m‘lodbratraightlmn as they pasa
the same transparent medium ; but they m:l]'l:lndnrga
some bending, in from one to another;
this bending is called refraction of the rays uf
light, the knowledge of which is necessary to ac-
mm for many ;Emuna. 1 proceed, therefore,
to lay down tho principles, in nnnfumtytuwhiﬂ
refraction takes place.

Itisan e law, that when B
aray, such as E C, Fig. 8, falls 18
perpendicularly on the surface A B
?ti another de.lﬂl.:N. it continues

gress in the same
llmp::'tanﬂnd. as CF; it will, in
this case, undergo no ben&mg or
rﬂfraﬂtlﬂm II'.. then, E C is a-ray of the sun fall-
‘Irm un!htﬂ:rﬂwcaA.Bofmn
m-n it wi on’mrit in the same direction,
and continues its prow in the line C F, which
is likewise perpendic to the surface A B, so
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that E F shall be in one and the same straight
line. This is the only case in which there is no
refraction. But as often as the ray does not fall
t';|cmd.'n':«..‘|1|u'115|I on the surface of another trans-
parent , it does not pursue its progress in the

umn 1. line ; it recedes leas or more from it,
P a refraction.
l..a{ ﬂ . 8, be aray, i
uely on the sur- Fig. 9.

Il.ne A B ol another trans- P
medium. On enter-
ing into this medium, it will
not continue its in
the direction of the line &
CqQ, which is the Ii.ne PC
; but will recede
it in the direction of
'Ihu hnaGR.o’rUB, It
undergo, then, at the
t G.ahvendm,g which we call refraction, which
;m m partly on lhahdlﬂ"orenca nf_ m: ;Iwu me-
ma, on the obliquity o rection
of the ray BO. " ’
In nrdorr to comprehend the laws of this bending,
it is necessary to-explain certain terms employed in

minmi: subject,
1st, ace A B, which separates the two

madiums, that from which the ray comes, and that
into which it enters, is called the nﬁn:h;g surface.
2dly, The ray P C, which flulglo.nl"-.ﬂ [ Edlhnm-
cident ray ; and, 3dly, the ray or C 8, which
sues, in the other medium, a course different
CQ, is called the broken or refracted ray. And hav-
ing drawn through the surface A B the perpendicular
line E C F, we call, 4thly, the angle P C E, lormed
the incident ray P C with the perpendicular E
the of incidence ; and, Sthly, the angle R C F, or
BCF, formed by the refracted C R or C 8, with the
p.rpu:ﬂlcnllr CF, is called the angle of refraction.
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morthebm“wﬁchlhm
ofl:fhl. , the angle of refraction is not
'u:-tlu: » of incidence P C E ; for
‘“h“‘“n.‘mpc‘““"” b O Rt o
v are to eac 's
MMI Prob. 15), as you will easily
lect. anG F, then, is equal to the angle of
RCF BPGFE mmmm Mul‘rn then,
or is ter or re
1w¢mwﬁm‘ﬂnmlt !hnnua*ll::"wiunh
the refracted ray being C R, the angle of refraction
RCF is less than the angle of incidence P CE ; and
the other, in which the Mn:hdnal:}un:ﬂ the
:Elauf refraction is greater than of in
e PCE. Inthelumurum,mn , that the
rayC R hes the pe jeular C F; and in
the other, that the refracted ray C 8 recedes or de-
mml‘mmthc ndicular,

It is neceasary, to inguire in what cases the
one or the other of these changes will take place.
And we shall find that this phenomenon de on
the difference of the density of the two mediuma, or
because the rays are transmitted with more or less
difficulty through each of them. To prove this, it
must be recollected that ether is of all mediums
the most rare, and that through which rays are trans-
mitted without the slightest resistance, After it the
other mn;mn:m mml:adiumptthm_ ar-
ranged: air, r, 3 glass is 8 mediom
ﬂ?ﬂm than water, water than air, and air than

r.

This blln[lal.ddi:rlm,wnhlw only to attend to
these two general rules: 1st, When rays pass from
:.fmd::;n dﬂmu;luu&:whnh::ﬂmmm,th

rac TAy Approaches mare
dicular. Th{l is the case in which the mr:l.dp:t ray
being P C, the refracted ray is C R. 2dly, Whenthe
rays pass from a medium more dense to one leas so,
the refracted ray recedes from the ndicular,
This is the cuse in which the incident ray being
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P C, the refracted ray ia C 8. Now, this bending is

ter or less a.conrﬂiu,gi.;a the two mediums differ
in respact of density. us rays in passing from
airinto glass undergo a greater refraction than when
they pass from air into water; in both cases, how-
ever, the refracted rays approach the perpendicular.
lnulammnnr.:rwmcrmgllumm un-
dergo a greater refraction when they pass from
waler into air; but in these cases the refracted ray
recedes from the perpendicular.

Finlllajt must likewise be remarked that the dif-
ference between the & of incidence and the angle
of refraction is a0 much greater, as the angle of in-
cidence is greater; or, as the incident ray recedes
farther from the perpendicular, the greater will be
the bending or refraction of the ray. A relation be-
tween all these angles exists, and is determinable by
geometry ; but it is not now necessary to enter into
the det What has been llrema;]‘i::ﬁ is sufficient
for understanding what I have to propose on
the ect.*

98d July, 1760,

LETTER XXXI.
Refraction of Rays of different Colours.

You have seen that when a ray of light passes
pbliquely from one transparent mediom to another,
it a bending, which is called reut':-l'ulinmf
and that the refraction depends on the obliquity o
the incidence and the density of the medioms. I
musi now call upon you to remark, that diversity
h:-!hm In Hﬁ:‘ulﬂhl llhut::;!a?:.ruﬂr:tﬁ. The rmﬂm":zl:
a rayof light In frofm el mediam fo another of a diferent den-

eonfbrne i law of stirenibon, by which ol maier

Rghtress, —dm. Ed
VolL. -l:'—L '
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of colowrs occasions likewise a small variety in the
refraction. This arises undoubtedly from the cir-
cumstance that the rays which excite in us the sen
sations of different urs perform unequal num-
bers of vibrations in the same times, and that they
differ among themselves, in the same manner as
sharper or flatter sounds do. Thus, it is observable
that rays of red undergo the least bending or refrac-
tion ; after them come the orange; the yeliow, the
green, the Nue, and the violet follow in order ; b that
I being always understood. that the obliquity of the
i wa ] uity o

tncidl:gm nn{. the density of the mndiumrm the
same. Hence it is concluded that rays of different
colours have not the same refrangibility ; that the
red are the least,and the wslet the most refrangible,

If, then, P C Fig. 10, is & ray .

ing, for example, from ar Fig. 10.

to 1 the le of inci-

dm_?ﬁ!ilgPGEﬁ lhﬂnd'ﬂﬂod

will a e -
E;.TJIT CF; and if 'I.hnpglﬁ
red, the refracted ray will be in
the direﬁnnmﬂ—-rd; if i%l h
orange, the re wil

; and so UEEM rest,

as ma seen in figuare,
All l‘.he!lu rays deviate from the
line C Q, which is P C produced,
towards the perpendicylar C F; but the red ray
deviates the least from C Q, or the least
refraction, and the viclet recedes the farthest from
C Q, and undergoes the greatest refraction.

Now if P Cis a ray of the mm,itgmdwult once
all the coloured rays indicated in the figure; and if
a piece of white paper is placed to receive them,
you will in effect see all these colours; hence it is
affirmed, that every ray of the sun contains at once
all the simple colours. The same thing happens if
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P C is a ray of white, or if it proceeds from a white
body. We see all the colours produced from it by
refraction, whence it is concl that white is an
assemblage of all the simple colours, as we formerly
showed. In truth, we have only to collect all these
coloured rays into a single point, and the colour of
white will be the result.

It is thus we discover what are the simple colours.
Refraction determines them incontestably. In fol-
lm:gg the order which it presents, they are these:
1, ; 2, orange ; 3, yellow; 4, green; 5, blue ; 6,
violet.* But it must not be imagined that there are
but eix; for as difference of colours arises from the
number of vibrations which rays perform in one and
the same time, or rather the undnlations which pro-
duce them, it is clear that the intermediate num
equally give simple colours. Bot we want names
by which to designate these colours; for between
yellow and green we evidently perceive intermediate
colours, for which we have no separate names.

In conformity to the same laws are produced the
colours visible in the rafnbeswe. - The rays of the sun,
in pu-i.uialhrwgh the drops of water which float
through the air, are by them reflected and refracted,
and the refraction decompounds them into the llmﬂa
colours. Yoo must undoubtedly have remarked, that
Eue qnni:arltf?mllnxmh other in the ums;:arlg

8 Tl Wy orange, 0w, FTEEN, il
malet ; but we discover in it al.;zunll the intermediate
colours, as shades of one colour to another; and had
we more names to distinguish these degrees, we
might find more of them from the one extremity to

& YWhen the beam of light is emal]l, Dr. Wollaston foond thet
thare were only four eolowrs, vin #ﬂw&ﬁu.mm
im 1he wons 16 T3, 38, and B3, .ru harwerer, Tary
with the ikclmation of the i denterny, and also with the nature of e
pefrting body, of which thae prisen m fermed, The power of any body
o produss coloar by & Immﬂmhdhi.:t

poscer, which dons uod upon ls ryfreame ]
mmu LT TR -3
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the other. A more copious language may perhaps
enable another pation actually to reckon a greater
number of different colours: and another, i
cannot reckon so many; if, for example, it wants a
term to express what we call orange. & to these
add purple, which we perceive at the extremity of
the red, but which rs comprehend

same pame with red.

under
. D E F G A B
i F§

-

of colours, as well as those of sound, may be expreased
by numbers. Thmkemu:ppumnu,ihn.tz
Hrﬂningtbeﬂnhtamunmﬂﬂ.roumqm
to a pew purple, just as in rising (rom sound to sound,
mm‘bq-omiﬂmmn round to e, which is
the octave above C. And as in music we give to
these two notes the same name, because of their
resemblance, the same thing takes place in colours,
which, after having risen throagh the intervals of an
octave, resume the same names ; or, il you will, two
colours, like two sounds, in which the number of
vibrations in the one is precisely the double of the
ﬂl:_:lh | ﬁ:lrthululltu,mdtilh:'th&nmu mh
n prinei was Father Castel,

France, contrived u species of music of colours. He
constructed a harpsichord, of which every key dis-

yed a substance of a certain colour; and he

nded that this harpsichord, if skilfully tuncm
would present a most ble spectacle to the aye.
He gave it the name of the Ocular Harpsichord,® and
Ih.u-“-‘ nuﬂli:va Oecubur E;ﬂnhlﬂl be found in
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you must undoubtedly have heard it talked of. For
mﬁwplrh painting rather seems to be that to the e
h music is to the ear; and [ greatly
whether the representation of ‘several shreds of cloth
of different colours could be very agreeable.
7tk July, 1760

LETTER XXXIL
Of the Azure Colour of the Heavens.

Yoo have just seen. that the cause of the visibili
of objects is a motion of vibration extremely rapi
by which the minuter icles of their surfaces are
agitated, and that the frequency of these vibrations
determines the colour.

It is the same thing whether these particles be
agitated by an intrinsic force, as in luminous bodies,
or whether they receive their agitation from illumi-
n:tn:-n, or from fmugn m”’ which they are
illomined, as in opa ies. The frequency or
?dlly of the ﬂ.bmtmrnu depends on the groesness

these particles, and on their elasticity, as that of

the wibrations of a musical string depends on its
thickness and dsm of tension ; thus, as long as
the particles of ¥ preserve the same Ell!tli:l;y
they represent the same colour, as the leaves of a
E:l; Hnelﬁmencﬂlﬂmulongutha}m
but when t ybeg'ml.ndqr.tha difference of
lh.ltll.'!lt! which then takes ﬁ]abﬂ uces likewise
: different colour. This subject I have already dis-
1 now proceed to explain why the heavens

ar ::e us of sh;blua hc;lgur n tha ?J:}ftlm?g“

n observing this menon with a vulgar eye,
it would thl? we are surrounded by a pro-
digious vault of azure, as pnmi.erl represent the ukjr
oo a ceiling. 1 have no occasion to undeceive

this mjudmuL ; small degree of
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tion is sufficient to make you comprehend that the
heavens are not an azure vault, to which the stars
are affived like s0 many lominous studs. You are
m{uﬂy convinced thai the stars are immense
ies, at inconceivable distances from us, and which
move ﬁ“l:i 1hmnﬁ'a space almost void, or which
is filled only by that subtile matter called ether.
And 1 will show you that this menon is to be
aseribed to our atmosphere, which is not perfectly
transparent. .

Were it possible to rise higher and higher above
the surface of the earth, the air would become grad-
ually more and more rare, till it ceased to assist
respiration, and would at length entirely cease; we

«ghould then have reached the region of pure ether,
Accordingly, in proportion as we on mous-
tains, the mercury in the barometer continues to
fall, because the atmosphere becomes lighter and
lighter ; and then likewise it is re , ‘that the
arure colour of the heavens becomes fainter; and
were it possible to mount into pure ether, it would
entirely disappear: on looking upward, we shouold
see nothing at all, and the heavens would appear
bhcku:lght; for where no ray of light can reach
us, every thing wears the appearance of black.

There is good reason, then, for asking, Why the
Rok cals Tore 21 & pofactly eameparens medinm,
not exist were air a rent in
as ether is: in that case, we mmwfr$
above no other rays but those of the stars: but the
lustre of daylight is so that the feeble light
of the stars is absorbed by it. You could not per-
ceive the flame of a taper in the day-time at any con-
lidﬂrrnb]ld o distance ; bﬁm:tmua:a nxin the ni
wou ar v at m r
tances. ‘p’ﬁlin dmﬂy proves, that we mﬁrrll:ok for
the canse of the azure colour of the heavens in the
want of transparency in the air. The air'is loaded
with a great quantity of small particles, which are
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not perfectly rent, but which, being illomi-

by the rays of the sun, receive from them a
motion. of vibration, which produces new ﬂ!’ﬂpmﬁ:
to these icles ; or else they are o and
eome visible to us from being illumined.

Now, the colour of these particles is blue; and
this explains the phenomenon: the air contains a
great quantity of small blue particles: or it may be
said that its minuter particles are bluish, but of a
colour extremely delicate, and which becomes sen-
sible to us only in an enormous mass of air. Thus,
in & room, we perceive nothing of this blue; but
when the bluish rays of the whole atmosphere pene-
trate our eyes at once, however delicate the colour
of each singly, their totality may produce a very
deep colour.

i confirmed by another phenomenon, with
which you must be well acquainted. 1f you look at
a fo from a moderate ance, it appears quite

; but in ion a8 vour distance increases,
E acquires a bﬂmﬁut. n.1:|n.'l]Ir this gradually becomes
doaﬁ;r and deeper. The forests on the mountains
of Hartz, which may be seen from Hnﬁiahurg,
pear thence to be blue, but viewed [rom alberﬂam:
they are green. The great extent of air between
Magdeburg and these mountains is the reason of it.
However delicate or rare the bluish particles of the
air may be, there is such a prodigious quantity of
them in that interval, the rays of which enter into
thmr at once, that they represent a tolerable deep
blue.
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We

remark a similar phenomenon in a fog, when

tne air hlmdndwithapmgnmm'{nfw
particles of a whitish colour. looking only to
a amall distanee, you scarcely perceive the fog; but
when the distance is considerable, the whitish colour
becomes very perceptible; to such a degree that it
is impossible to see through it. The water of the
sea appears green at a certain depth; but when you
take up a small gquantity, as much, for instance, as a
Eum will contain, it is sufciently diaphanous, and
ook towards the botiom, o0 aany grecaiahreys

, 80
macld uce a deep colour. i il
Teh y 1760,

LETTER XXXIIL

Rays iseuin distant luminous Point, and
oy g e imuat dngte ’

Aslo uti:uuyu prodoced by the rapid vibra-
tion of I:ﬁq minuter particles of :Iody move in the
same transparent medium, they preserve the same
direction, or diffuse themselves in all directions, in
straight linea, These rays may be represented

the radii of a circle, or rather of a sphere, wh.ig

issuing from a centre rro:oad in straight linea to
the circumference ; . it i= on account of this re-
semblance that we y the same term radis, of

ray, to express them, h, properly ?caking the
light does not consist Oﬁiﬂn!, ﬁ‘l very ;npqd
vibrations, going continually forward,in the direc-
tion of straight lines; and, for this reason, light

Bwiterland, and the fine blue coloar of Lthe Rhene, in bseuing out of the
Th‘lﬁn.r ol l.ltl‘m ‘batutifally ' it lssnes with
transparent mm
grwt veloctry from the lake, 8 more greea than blus.—.dm. Ed.
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be considered as straight lines, issuing from a
h.'l'n!:imnl point, in all directions.®
Let C, Fig. 11, be aluminous Fig. 11,

m-nichny:iuminaﬂ
irecti Let two spheres be

ol ;'- will Iiku:hian u\i %mtm hen,
t ter sphere i i
llmlthn!::n faint and weak at the mm‘:ﬁ this
last than at that of the smaller sphere a b d e
Hence it may be concluded, thut the effect of light
must be r in pmrpou-tmn to the distance from
the luminous point. I we suppose that the radius
of the greater mam is double that of the smaller,
the surface of E;rm.er sphere will be four times
as great. Bince, therefore, the same guantity of
i thdiiﬁnadammean:mmuf&m greater
re, and over that of the smaller, it must follow
light at double the distance is four times more
faint ; at thrice the distance, nine times ; at a quad-
dl.p';n“f:a' This rule o th mﬂgf of th it
ia rule 8 t @ sun, i
will lppelfl:lfu if the earth were removed to double
the distance from the sun, the light derived from
him would he rendered four times more faint; and
if the sun were a hundred times farther from us,
his brightness would be a hundred times a hundred,
that is, ten thousand times less. Supposing, then,
8 fixed star to be as great and as luminous as the
* Tr s diffeuit to eoneetve why a fayaf light shoukd ba confined in s
direction o straight lioes, if it conaing anly in tbe vibratisna of §s ¢lastls
wnd wniversally-pereading sther, Thers b8 notking In soond snalogoas
bo b, A luminsas Hr.ﬂlﬂflrltﬂh.whml
» erocked tubs. Bound, o mers undulatiens of an eiastic mediam,

hlﬂ-ll'ﬂm-. would dm'::;’in::"-*ﬁtlﬂ“- Ehla
ull—dm, Ed

Iﬁrlh?l’mhuh_u
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sun, but that it was 400,000 times farther from us,
its light will be 400,000 times 400,000, that is,
160,000,000,000 times more faint than that of the’
sun. Hence we see, that the light of a fixed star is
nothing compared to that of the sun; and this is the
m‘i‘ﬁﬁf"ﬁm mdmm:Maui?Mdnﬁmi
B8 a ight always di n presence of
one much more bright. The same thing holds good
with re to candles, and 'all other luminous
bodies which administer less light in proportion to
their distance from us ; and you must have ently
remarked, that however a light may be, it is
insufficient to assist us in re aprinlo&’hmt,ﬂ'
¥ou remove from it to any considerable distance.,
There is still another circumstance closely con-
pected with what I have just observed, namely,
that the same object appears smaller to us in
to its distance. A giant at & great dis-
e does not appear taller than a d near us.
To form u clearer judgment of this, it is necessary
to attend to the angles at which these objects are
H::b}"lﬂ. e,
t us suppose, t
A B, Fig. 12, to be an
object, for example, a
man, and that the
looks at it from
o, Bor o
straight =
llmpﬂ;. C and Bm(l:.
whti;glreprelmt the i
BX & rays proceeding from the object to the ¢
we call the lnglnfmm.odnﬂmﬂfhuﬂ mg'lﬂ'
that :t for the point C. If we look at the same
object & smaller distance, at D, the visval angle
D will be undoubtedly greater: hence it is clear,
that the more distant the same object is, the smaller
is ita visual angle; and the nearer it approaches, ita
visual angle becomes greater.
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Astronomers measure very m$
under which we see the hn. bodl.u and
have found that the visual mgln of the sun is some-
whal more than hall a degree. If the sun were
twice as far from us, this angle would be reduced
Iu'ihehlll‘ and then it will not seem mrpriA:ﬁ
that it should furnish us four times less i
if'the sun were 400 times farther off, his ‘Ifll-uﬂ
.would become so many miles less, and then that
1 would appear no greater thana star. We
must therefore carefully distinguish the apparent
ﬁ:hnu of l.:l;r object from its real greatness,
first is an angle greater or less, accord-
ing a8 the ju: is nearer or more distant. Thus
the greatness of the sun is an angle of
about a degree, whereas his real magnitude far
that of the earth; for the sun being a
y, his diameter is estimated to be about 780,000
miles, while the diamater of the earth is-
y 7912 English miles.
0¢h July, 1760,

LETTER XXXIV.
OF the Asristance which Judgment lends to Vision,

Weir I have now submitted to you on the
momeénon of yision belongs to optics, which is a
branch of mixed mathematics, and which likewise
holds a coonsiderable rank in ics. Besides
colours, the nature of which 1 have endeavoured
to explain, it is the business of optica to trest of the
manner in which vision is ormed, and of the
different angles under which objects are seen.

You must have already remarked, that the same
object may be viewed, sometimes under a greater
visual sometimes under a smaller, as it is less
or more distant from us. I say, further, that a
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small object may be viewed under the same mlou
a great one, when the former is very near, tha
latter very distant. A small dish may be placed be-

" fore the eye in such a manner as to cover the whole

body of the sun; and, in reality, a plate of half a
foot diameter, at the dhh.nel:t{:! 54 feet, exactly
covers the sun, and is seen under the umum%i
and yet what a 'prclljginm difference is there
tween the size of a plate and that of the sun. The
full moon appears to us under nearly the same visaal
angle as the sun, and of consequence, as great,
though really moch smaller; but it is to be consid-
éred that the sun is almost 400 times more remote
from us than the moon.

The visual angle is a point of =0 much the more
importance in optics, that the images of the objects
which paint themselves on the bottom of the eye
depend upon it. The greater or less the visual angle
is, the greater or less they (the objects) are great
or little. And as we see objects out of ourselves
only so far as their images are painted on the hot-
tom of the eye, they constitute the immediate object
of vision or sensation. One of these images, there-
fore, Jeads us to the knowledge only of three things.
First, its figure and its colours conduct to the con-
closion, that there is, out of us, a limisa:ﬂut of
such a figure, and such a colour. ly, its
magnitude discovers the visual angle under which
the object appears to us; and, finally, its- place on
the bottom of the eye makes us sensible of the
direction of the external object relatively to us, or
that in which the rays emitted from it reach our

ayes, -
In these three iculars consists the phenome-

non of vision ; we only ive, 1st, the figure
and colours; 2dly, the vi angle, or the nt
magnitude ; and, , the direction, or the in

which we conclude the object exists. Vision,
then, discovers to us nothing respecting either the
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real magnitade of objects, ortheir distances. Thoi
ﬂl‘mqnunt.ly:mn;lu that we can determine by t
eye the magnitode and distance of an object, thu.
is WI dn act of vision, but of the understanding.
The other senses, and habits of long standing, en-
abils us to calculate at what distance an object is from
- M'I‘.huﬁlml extends only to objects at no
enever their distance becomes
Mﬂdﬁnﬂn ‘our i ent cannot exercise itsell
Iﬂim‘tﬂmy and il sometimes we venture to
m dmmnn, it is generdlly very remole from

Thus, no one can pretend to that he sees the
magnitude or the distance of t?l:rmoun and when
the vulgar imagine can judge of the first, by
considering it as equal 1o that of the terrestrial
bodies which are seen under the same angle, it is
oot by vision they are deceived, but by their judg-
ment, which they want to apply to an object far be-
yond their reach. It is certain, therefore, that the

alone can determine nothing respecting the
6 and magnitude of objects,

Tnllm-:hject may be referred the very remark-
ahls case of & man born blind, who oblained sight
¥ means of an operation, at an advanced period of
life* This person was at first dazzled; he could
distinguish nothi u m the magnitude and distance
of objects. All ared so near that he
waniad to handle tham congiderable time and

ce were requisite to bring him to the real
Hﬂ sight. He was under the necessity of serving

1 long apprenticeship, such as we perform duri
the term of childho m-]nfwhichwaaﬂuva:ﬁ
Feserve no recollection. -

This it is which instructed us, that an object ap-

¥ Thin was tha young Hind from uum. whem BFY-
o cass, which s mm :qllhx.h:
‘Wil
MM—MM LT ';."m-n
Vor. I.—M
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to us 80 moch the more clear and distipet as

t is nearer; and reciprocally, that an Dbﬁ: which
appears clear and distinct is near; and w it ap-
v %blcumﬂ: u:iindi:ﬁnct. that it is I:;'dm

is thus that painters, by weakening

the ohjects which :;hmappmrumm
strengthening those which they would represent as
nearer, are enabled to determine our j ent con-
formably to the effect which they mean to producs.
And they succeed so perfectly, that we consider

some of the objects represented in painting as more
distant than ot miﬂmunwhim:mtm
place if vision discovered to us the real distance

and magnitude of objects.
La¢ Augrust, 1760,

LETTER XXXV.
Esplanation of cerigin Phenomena relative to Opticy
You have just seen, that vision alone discovers
to us nothing cting either the real magnitude
or the distance of objects; and that all we imagine
we see, whether as to the distance or m@tuﬂu of
any object, is the effect of judgment. ® must
carefully distinguish that which the senses repre-
sent to us, from what judgment adds, in which we
frequently deceive ourselves. Many philoso
who have declaimed against the accuracy of the
senses, and who meant thence to infer the uncer
tainty of all human knowledge, heve confounded the
proper representation of our senses with jud
ia ia their mode of reasoning: We sea sun
no bigger than a trencher, though it be infinitely
m” therefore the sense of seeing deceives us;
ore all our senses deceive us; at least, we can-
not depend on them; therefore, all the knowledge
we acquire by means of the senses is uncertain,
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mnd probably false: we therefore know nothing.
Buch is the reasoning of these skeptics, who m
s vaingloriously of their ingenuity:; though there
be 80 easy as to say that every thing is un-
certain ; and the greatest dunce may make a shining
figure in_this sublime philosophy. ~But it is abso-
false that the sight represents to us the sun
no than a pewter plate ; it determines nothing
whatever respecting his magnitude ; it is our judg-
;lum‘t alone that dur.eit;u Il.m.'1 When the objects,
wever, are not very distant, we can pronounce
with tolerable umt:iu on their dimensions and
distances ; and the other senses, joined to the degree
of clearness with which we see these same objects,
render our judgments sufficiently certain. Now, as
000n as we have the idea of the distance of an object,
we form to ourselves, likewise, that of its real mag-
nitude, knowing that it depends on that distance,
Hence, the more distant we reckon an object to be,
the greater we conclude is its magmitude : and re-
ciprocally, I,Iim na&ur '.li_re cunduir:‘a it is, {he;:lml.llnr
Wé 8 T, e, of course, frequent & Ona
body :Ior another of much greater m:gnitf:ﬂa, when
& suspension of ju.dgmant;ljrl;wmh our taking dis-
tance into the account. reason is, that a very
large body may be seen at a great distance, under
the same angle as a small object placed near us,
There is another phenomenon well known to
every one, and which has given occasion to many
disputes among the learned, and which it is now
E‘l‘ﬁocﬂy easy to explain. The full moon appears
every eye at the time of her rising to be mueh
r than when she has got to a considerable
E% sbove the horizon, though the visual angle
of apparent magnitude be the same. The sun,
, at the time of rising and setting, appears to
one greater than at noon. What then is the
n

of this j ent, s0 universal, and so
falee 1 nhmdnuuﬁ?m'mmjudpmm

g

;
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and the moon in the horizom to be at & greater dis-
"Hﬂmmm'ﬂmmlumnm'
But how come we to form sach a juigment?! The
o 1a the bortaon; wo parcaive 8 grest many ohjects
are we ve &
I:ltmm mmmu-m“wmm their
distance ; whereas, when the sun and moon have
mwamhdﬁ:nwomm‘htwm

r than one -
hmhmutl]thumwmm?

intervening therefore, do not always lead ua
'ln thltmmmhltlmh-

Loﬂhﬁmh 13, . 13,
ks e
atmosphere or air with which the
earthis surrounded ; suppose your-
self stationed at the point A, il
the moon is in the horizon, the
rays will reach in the direc-
tion of the line B A ; but in her
wxtreme height, the will de-
anuﬂt:.;ﬂm CA. hthcgl‘t BA
case the 8 '
and in ml'#!’lmplﬂ l"““" space
CA. Nwrmwﬂlﬂunhrmﬂmt,ﬂ:ﬂthnu}!
of light which pass through a transparent medium
have their force diminished in proportion to the
length of the passage. 'l'hulumphunocrm.thu,
being a transparent medium, the ray B A must in its
gluga lose much more of its’ force than the ray
Hence it follows in general, that lllihnuhl-
tial bodies appear much less brilliant in the horizon
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than when fully risen and elevated. We are able
to look directly even at the sun when he is in the
horizon; but when once he has gained a certain
hl;lrl‘.,thn eye is constrained to shrink from his

lmmludﬂ from this that the moon, too, appears
ess brilliant in the horizon than when elevated.®
Nurrﬂn will recollect what 1 said a little above, in
speaking of effect in painting, that the same object
appears to us more distant when its light is weak-
ened: the moon, then, being in the horizon, must
more distant than at any point of elevation.
consequence is obvious; as we judge the dis-
tance of the moon greater in the horizon, we must
likewise judge her magnitude greater. And in gen-

o us pwaatar, because their apparent distance is

3d Ju;u.l: I'I"BI'.I

'lmmﬂ ﬂluﬂu this phenomenon will ba found I
Smirh's (precs, vol, i, p. 8. Ha shows that the apparvnt Sgore of
_mllnn F E D, Fig. 3 p. 183, being muach less than & heml-
a.M counidering that the mosn &L m & sublends an sagle
I mal to the anglea O p, which i1 sublends ot o p, be
Ih musi appear much larger 8l o p than &0 m n, in ronss=
rnl‘lul supposed o be st & much greatsr distancs.  Whan a
":h If-way :—ri‘r;:w-ﬁn wiid Ale zeniih. Ilr-lll:l
altdmde 10 ke oaly ] principle be con-
the fallowing tabls :— poa thia

Bam or Moon's A d
-h” altitada, n;ml]:nﬂ-l,

B

EgE2
ifll

:u:t::-{

s



is meant by shade or shadow, to render il necessary
for me to dwell long on the subject. Bhadow always
two things: a luminous body, and an
ﬁ:whﬁhgx-ﬁtmnmhth&ny-agf .
opaque y then, prevents a
Hlnmrqhdyfmigm?;ghhind n,...'?’:...,m
which the rays canmot reach from this intereeption
ia called the shadow of the opaque body; or, what
comes to the same thing, shadow includes all that
space in which the luminous body is ot to be seen,
becaunse the opaque body obstructs its rays.
Let A, Fig.14, . Fig. W.
be a luminous
Et,mdnﬂ '
an ue
body. Drawdhe
extreme rays A
BM A DN,

&r

the may be placed, at O, for example, it will not
Bre m luminous budy. This space min

of the opague body; and we sée that it is contin-

vally increasing, . But
il’tli'ﬂbudyl'mmwhich rays proceed be itself
of great magnitude, the determination of the shadow



ars equal ; the t when the luminous
is the greater. The first case is that which
we have now been considering, in which the light
is smaller than the opaque body.
The second is Fig. 15.
represented in Fig.
16, where the lu-
mingns body A is I
of the same mag- L . w
mifade with Ehn Twen diaw the
opaque body BC E D. you draw the extreme rays
AB -AEN.MWHBENwHIbelm

and the whole of that space it will be im-
possible to see the luminous body. You see like-
wise that the lines BM and E N are parallel, and
that the shadow extends to infinity, always preserv-
: am 4

Fig. 16.
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no admission, and in whieh it is impossible to see
the luminous body. To this third case belongs the
shadows of the celestial bodies, which are much
smaller than the luminous body which enlightens
them, , the sun.

We have , then, another display of the Crea-
tor's wisdom. For if the sun were smaller than
the plunets, their shadows would not be terminated,
bat extend to infinity, which would deprive immense
lplce_lt.“%f thfemb:tnalﬁt of the sun's h‘h;jl' But the

e o lum su ing by so many
mthﬂ of the Mmfymlrp:ﬂm. are con-
tracted to very narrow bounds, from which alone the
light of the sun is excluded.

It is thus that the earth and the moon project
their conical shadows ; and the moon may occasion-
ally plunge into the shadow of the earth either par-
tially or totally. When this takes place, we aay the
moon is eclipsed, either wholly or in part. In the
former case we call it a total eclipse of the moon;
in the other, a partial-eclipse. The moon likewise
projects her shadow, but it is' smaller than that of
the earth. It may happen, however, that the shadow
of the moon should extend as far as to the earth;
and then those who are involved in thet shadow
undergo an eclipse of the sun.- An eclipse of the
sun, then, !ah:lE;mwhnn the moon, interposi
prevents our seeing the wnwhullgv,or in part. [
Hamttbemhy ight, though there be no eclipse ;
but we are then in shadow of the earth, w|
causes our greatest obscurity. .

Hitherto we "have considered the cases in
whicl the rays of light are transmitted in strai
lines, which is the professed u‘l-JEi.::t of optics.
it has been already remarked, the rays of light
are sometimes ted, and sometimes en or
refracted. You will recollect, that when the rays
fall on a well-polished surface, such as a mirror, they
are reflected from that surface; and when they pass
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from one medium to another, un-
dergo Hm are in some mmmm
Hence arise two other sciences. That which con-
siders vision in reference to reflected rays is called
catopirics ; and that which has for its object vision,
muhum to broken or refracted rays, is termed
Optics treat of vision relatively to direct
E{M 1 shall present m with a summary

w0 sciences and dioptrics, as
thq- disclose phenomena which are every day pre-
senting themselves,and of which it is of importance
to investigate the causes and the properties. Ew
mm!u to thm of vision “l?

on, an Bexcl
caritaity, u:f of hﬁnumr ting

btk Awgurt, I'MB.

‘_E

LETTER XXXVII.
Of Catoptries, and the Reflection of Rays from plain
Co Mirrors.

Curnprurcs treat of vision relatively to reflectad

When rays of light fall o well-polished
:rr;hu, m“roﬂnctu!;lnmehl;;mrthﬂlh‘

sides are equal among themselves.
lut this in &
clear light, let A B, Fig. 17.
Fig. 17, be the sur-
of a common

QP M
Pn. fall upon the
mirror. Ofall these

.&hhtquuthn

dicularly on thn
mirror, Mwhnhhuthupuu:nhruﬂmrhhu




142 OF CATOPTRICS, ETC.

property, that it is reflected itself in the diree-
tion of Q P; just as on a billi , when the
ball is struck i against the ledge, it is
repelled in the sell-same direction. But every other
ray, as P M, ia reflected in the line
manner as to make the angle A M
angle B M P; in which it is to be remarked, that
the ray P M is named the incident ray, and M N the
reflected ray. In like maoner, to the incident

P m will correspond the reflected ray m = :;:I
consequently, because of the reflection, the ra
PMilumﬂnuﬂdinthndmtinnn{thal.iMHh’.
and the ray P m in the direction of mn, so that we
have the angle A M N equal to B M P, and the
angle A m n equal to the Bm.P. Thie prop-
erty is thus. enounced: angle of reflection i
du?':rquﬂmmnnghgﬁ'mﬂm.

I have already taken notice of this striking prop-
erty; but my design at present is to show what
the phenomena in vision are which result from it.
First, it is evident that an eye placed at N will re-
ceive from the luminous t P the reflected ra
M N; thua the ray which excites in that eye
sensation of the body from whence it
mmummﬂrmﬁmHN,fnni[thuabij
were in some point of that line; hence it followa
%l;'thnarammmthnuhjutPiuthudimﬁm
In ordéer the more clearly to elucidate this fact,
we must hnvaremumm[numntrﬁr;lndyuuwﬂl
recollect with pleasure the propositions on which
the following reasoning is founded. Let the perpen-
-rlilr.mlan'm{:l Q be produced on the other side the
mirror to R, so that Q R shall be equal to P Q; I
will show you that all the reflected rays M N and
. m n; being prodoced behind the mirror, must meet

in that point. For, taking the two tri POQM
and R Q M, they have first the side M Q common
to both; then the side Q R was made equal to the
side P Q; and, finally, the angle P Q M being a right

54
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its mlntm%aRQHmmtlikewimhua
ight angle (Euelid's Elements, Book . Prop. 13)
refore these two triangles, having each an equal
angle contained by two equal sides, shall be every
way equal (Euclid, Book 1. Prop. 4); and conse-
uently the angle P M Q equal to the angle R M Q.
the angle A M N, and the angle R M Q, bei
vertical, are equal to each other (Euclid, Book L
Prop. 15); therefore also the e A M N shall
be equal to the angle P M Q; that is, the angle
of reflection shall be equal to the angle of inci-
dence.
In the same manner it is demonstrated, that the
rm-::;d nj':;'n, b:.xni.muud, wmﬂxil likewise
rmu"ﬁl consequently produce
Hﬂ ] ump:!m as if the object P were ac-
tually placed behind the mirror at R, this point being
in the perpendicular P Q R, at the same distance as
P from the surface of the mirror, but on different
sides. This will enable you to comprehend clearly
why mirrors t ohjects as if they were
behind them ; why we judge that these objects
are placed as far behind the surface of the mirror as
they really are before it. It is thus that the mirror
objects into another place, without chang-
ing their & rance. To distinguish in the mirror
the apparent object from the real, we name the ap-
parent object the image, and we say that the images
. ﬁ;ﬂuum by reflected rays are behind the mirror.
is denomination serves to distinguish real objects
from the images of them represented in mirrors;
and the images which we see in mirrors are per-
factly aq&:l and similar to the objscts, with this ex-
ception, that what in the object is on the left appears
in the image on the right, and reciprocally. us a
person wearing his aword on the lelt -ige, appears
with it in the mirror on his right.
From what has been said, it is always easy to
settle the image of any object whatever behind the
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the image of the object is behind the mirror, at a
distance equal to that of the object before the mir-
ror, and it is equal and similar to the object. To
both of these circumstances we must attend when
the mirror is not plain, bot when its surface is con-
¥ex or concave ; for in either case the image is, for
the most part, strm{al disfigured. You must fre-
quently have remarked that on presenting any ob-
before a n very highly polished, you see its
greatly 'lﬁﬂ:lrg. whether reflected from its
interior surface, which is concave, or from its exte-
rior, which is convex.

A globe of silver, finely polished, represents ob-
jects with sufficient accuracy, but in miniature. 1If
the interior surface of the globe is well polished,
objects appear upon it magnified; provided always
that they are not too distant. For the same objecta
may likewise appear smaller and inverted, if they are
removed far from the mirror. There is no occasion
to take a whola globe ; any part of its surface what-
ever produces the same effect. These mirrors are
denominated spherical; and there are two sorts of
them. The one is convex and the other concave,

ing as they are taken on the exterior or inte-
rior surface of the sphere. They are compounded
of various metals, susceptible  of a fine lpoliuh:
whereas plain mirrors are made of a plate of glass,
and covered on one side with a preparation of mer-
cury, designed to stop the passage of the rays, and
to reflect them. [ begin with convex mirrors.

Let A CB, Fig. 19, Fig. 19.
be a mirror, the seg-
ment of a sphere,
whose centre is G.

If you place before
this mirror an ob-

E, at a great
mnne.iuimm

will behind
Yor E-H -
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I proceed to concave mirrors, the use of which is
common of many occasions. Let A C B,
. 30, ba & mir- }"!m

ror, forming part '
of asphere, whose
centre is G, and
G Caradius. Let
an ob-
ect E very dis-
from the mir-

appear before the

o light whatevee, E M, Iro mféﬁ&“
an whatever, , Irom
hlﬁnl:rmthhfhnmﬁmnfﬂmmirmrnlhopum&
will be reflected thence in such a manner as to pass
through the point D; and when the eye is placed a\
N, it will sea the object at D; but this image will bhe
to the object in the ratio of C D to C E, and conse-

24

E""E
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bring the nearer to the mirror, the image re-
tires; the object being placed even at the centre G,
the i is there likewise. If you bring the ob-

ject still forward to I, the image retire infinitely

E. But if the object be placed still farther
forward, between C and I), the image will fall behind
the mirror, and n{;ua: greater than the object.

When you look at yourself in such a mirror, at
mma‘poin'l. between D and C, your face will

ightfully large. This is explained by the nature
of reflection, in virtue of which the angle of inci-
dence E M A is always equal to the of reflec-
tionCM N. To this species must be referred burn-
ing mirrors, and every concave mirror may be em-
poyed to burn. ‘This remarkable property merits a
more icular explanation.

Let A B C, Fig. 21,be aconcave mirror,
whose centre is G, and instead of the ob-
ject, let the sun be at E; his reflected
rays will re nt the image of the sun at
D, the middle point between C and G.
Now, the magnitude of this image will be
determined by the extreme rays 8 C, 8 C.
This i of the sun will be accordingly
VEry sm ; and as all the rays of the sun
which fall on the mirror A B C are reflected
in this image, they will be collected thers,
and will have g0 much more force, as the
image D is smaller than the surface of the
'“hll._imrtﬂnﬂu“hﬂmﬂuﬂhg le]h.:ebg:llldnm

property &8 on

which they fall, as wehm of illuminating them ;
hence it follows that there must be at D a great de-
of heat; and when the mirror is sufficiently

, this heat may become stronger than the most

fire. In fact, by means of such a mirror you

may burn in an instant any combustible body, and
even melt metals of every kind. It is the image
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of the san alone which prodoces these surprising
effects.® This image is usually denominated the
focus of the mirror; it falls always in the middle
point u([}l:hn radius C G, between the mirror and its
centre (.

You must carefull diuLm{mBh burming mirrors
from burming-glasses, of which [ shall give some ac-
count in my next Letter.

9ih August, 1760,

LETTER XXXIX.

Havive explained the principal phenomena of
.whmhmﬂtfmmthnmﬁuunnu{m £

t, I proceed to treat of
joctmtomfojdthaphmmmo thuuﬂ'whonu{

rays, which takes place when th: through dif-
ferent t mediums. K of hght does
mt pursue the same straight hlu, it continnes

ts progress through the same medium. As soon as
itm'lﬂ'l another transparent medium, it changes its
direction more or less, according as it falls upon it
more or less obliquely. There is only one case in
which it pursues & rectilinear course, namely, when
it enters the other

are of a ﬁurmhutwﬂhp':ofm "3
1hingralatmgto them is reducible to the figure
these two faces, which may be plain, or convex, or
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concave. Their convexity or concavity is always
equal to that of a sphere, of which the radius must
hmmlthmngmmﬂemdusthemmnnha
curve of those surfaces. Thia bei down, wa
ﬂlﬂhmmralkind:o{diuptricrﬁm

K

The first species, No. 1. Fig. 23, is that whose two
faces are plamy. By cutting a circular piece out of a
plate of glass of equal thickness, we shall have one of
this species which makes no change on objects either
as to magnitudeordistance. Glass No. IL hasone of
itssurfaces plain, and the other convex ; and such are
termed plano-conver. The thlrdnpocul, No. IIT., has
one face plain, and the other concave ; and thm ire
ralled plano-concave. The fourth, No. IV, has two con-
vex suifaces; and is called double-conver. No. V. has
two concave surfaces, and is called double-concave.
The species Nos, V1. VIL. have one surface convex and
the other concave ; and we give them the name of
meniscus. All these lenses are reducible to twe
clasges ; the one mntmmnf'l‘.hnla in which convexity
Eaui.lu, as Noa, L., IV., V1. ; inthe other, concavity

predominant, namely, Nos. IIl,, V., VII. The
former class is simply J;Ilﬂmlnahd convex, and tha
m “g"’i,““ Th.m um classes are distinguished

Lu A B. a convex m.o:rgnad

E F whoseraye G A, G ﬁ
throu;lﬂ%. mdﬂ;n a
ﬁun whi rII.I. l.cu in such a manner, that
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the uﬂmmdﬂ from the point G Fig. 33,
shall meet on the side of the
inthe peint g. The same thing will ’
pen to the rays which avery
point of the object. this alteration
all the refrac rays Al, Bm, Cn, will
pursue the same direction as if the object
were al e, g, f, and inverted ; and it will
ppear as many times smaller as the dis-
tance C g shall be contained in the dis-
tance C G, We say, then, that such a
glass represents the object E F behind it
at ¢ f; and this representation is called
the image, which is consequently

named its foeus, from which, if the glass be ve
you may produce the greatest effects of he

bustible substances placed in the focus of such

aglass are instantly consumed. Metals are m

and even vitrified by it ; and other effects are

:::bqnndthnmchafm:nutmﬁu intense

8
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the effect of convex glasses, which are thicker in the
middle than at the extremities, and which I have rep-
resented in Nos. 11, IV., and V1. Those represented
in Nos. IIL, V., and VII. are thicker at the extrem-
ities than at the middle ; and being all comprehendad
under the term concave, produce a contrary effect,
Let ACB, Fig. 24,bea of this form. 24
If you expose to it, at a.gmat distance, Fig. 4.
s:maodjng from the point G, will un-
a refraction, on leaving the glass

ey sl ot pot ¢ smd \|/]
i is rom H
an eye placed behind the glaP::tnatgm, for
esxzample, will see the object just as if it
were placed at ¢ g f, and in a situation
gimilar to that in which it is at the point
G, but as many times smaller as the dis-

,;E-Ea“ the mpmern- e Biage ot
vex 8, then, re image o
a very distant object behind tbﬂmmm
cave glasses represent it before them ; the
former represent it inverted, and the
latter in its real sitnation. 1In both the image is as
many times smaller as the distance of the object from
the axceeds that of the Flus from the image.
On this property of glasses is founded the construc-
tion of telescopes, spectacles, and microscopes.

11tk Awgust, 17680,

LETTER XL.
Continuation.—Of Burning-glasses and their Focus.
Cowvex glasses furnish some further remarks,

which I leave to lay before you. Irhhm
dthnnilh:mqin:amﬂth.ichmthin r in the



middle than at the extremities; whether both sor-
faces be canvex, or one plain ‘and the other convex ;
or, finally, one concave and the other convex ; pro-
vided, however, that the mnvsﬂty exceed the con-

the thickness at the middle

8p

have first this , that
to the sun, the t mmrbummwm
is the ima o;tlm nmu{udﬂhithhmﬂnd,
like it, with the property of illuminating and burn-
ing. m-unnnu.thnuﬂtha rays issuing from
the sun, and falli lurﬁoa,mmlbmtadhg
the refraction of ﬁmmhldngh
same thing bappens, whatever be the anto:po.od
%0 such a glass; :.tahraya the im of it,
which you see instead ject Hngﬂ

ﬂq,'mw:ll.'l nnderwhlt have said more

IJIA.’BGD F\q‘lﬁ hul.cmm Fig. 985.
bafmwhlch F
GF,Mwhmhltw mﬁmnnti.u
mnudurthathm uE. G,F. The

rom the point G, which fall on

%:u.l.ndﬂﬁchﬂllthom
A G B, are comprehended by means of
refraction in the space A ¢ B, and meet
in the point g. Fi y the rays from
thlpo&ntF,whmhhﬂmthagil-m
lhnm;luA.Ferefmchud 80 a8 to

ff we shall ]
h&“thulm mlnumn-hd thul
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ﬂhmim:‘l:rmmw manner as if the
were at ¢ a8 m times am
nthqdintfn{uﬂgillmaﬂarthm e distance C @,
In order to determine the of the image e g f,
wa must attend as well to the form of the glass as
to the distance of the object. Asto the first, it may
be remarked, that the more convex the glass is, in
other words, the more that the thickness of the mid-
dle C D exceeds that of the extremities, the nearer
the image will be to its surface. With regard to the
distance, if you bring the object E F nearer to the
ﬁu,iumm’ « f retires from it, and reciprocally.
image cannot be nearer to the glass than when
the object is at a very great distance from it. The
i is then at the same distance as that of the sun

determine the place of the image for every distance
of the object, provided you know the focus of the
glass, that is, the distance at which it collects the

on fire a body exposed to it.

The point where the rays meet is, as has been
said, the place of the image. Now, this point is
easily found by experience. The different denomi-
nations of glasses are derived from it, as when we
say, such a glass has its focus at the distance of an
inch, another at the distance of a foot, another at
the distance of ten feet, and so on; or, more con-
cisely, & glass of an inch, a foot, or ten feet focus.
Long telescopes require glasses of a very distant
focus, and it is extremely dificult to make them
exact. I once paid 150 crowns for one Ienuh;hmh'
I sent to the academy of Petersburg; it ita
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focus at the distance of 800 feet.* I am convinced
it was of no great value ; but they wished to have
it on account of its ', ’
Tﬂbﬂuluﬁa-dthlt e representation of the

£ Fig. 25 in real, you have only to
bo#:t tiu place aplm of white r, the par-
ticles of which are susceptible of the different kinds

of vibrations on which colours Then all
the raye from the point E of the om
at the point e, will put the particles of the into

the pcrmlu-GnndPnft Dbiho will like-
wise see on the paper all pnnrt.lnf objact
e in their natural colours ; which will repre-
sent the most exact and the most beautiful picture
of the object. This will succeed perfectly well in a
dark room, by applying a convex lens to a hole
;uab:;m .h“:la::;ad You ml'L tlwntr on a sheet

whi T, opposite to aperture in
lhs;hdmtgr?eﬂl the utrmﬂthl:::rjecuth m

n t nay trace m Wwith a
Rlﬂh;ﬂ ml.kcy::u ufrmh a machine for

and other views.t
13A August, 1700,
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Motwlibsanding s sl of Euler io revive this theory,
It fall neo total L] m of Europs
braneb of sound ne pent -
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LETTER XLL

Of Vision, and the Structure of the Eye.
1 am now enabled to explain the phenomena of

one of the greatest
m;iﬁrlh.ortnl'l per-
a8 little we do know

ject,

h

of nature that the human mind can con-

the

which is undoubted]

visio
o
tem)
fect

.f

'I'hmﬁh wamlg;v

of it is more than sufficient to convince us of the

power and wisdom of the Creator.

We discover in

the strocture of the eye porfections which the most

eould never have i
not detai

cal dmuipﬁnn of

exalted

magined.

at present with an anatomi-

Il.lz:ﬂl

It is sufficient to re-

aye.

It has
lflh

mmmm s

iy
1o have nd o
e sppes nu-_m;“'_pu.u

tha nuthority of Newiou and

-In-mhrlhm
and on the Continent llh
TeGaT

Herschel, 1o the
mqm—-—.llll.

Mm mm__:m.mm
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be . We hehinﬂthilaﬂumthn erystal
E—M,!}'B C a, which is a body somewhat re-
sembling in form a small burning-glass ; it is per-
fec and is covered with a thin mem-
, € its . Behind the crystalline hu-
mour the cavity mmﬁﬂhdwith a transparent

!ally,cal.‘ladthe.nﬂmu . The anterior space
the thick coat s A & and the crystalline a §
contains & fluid like water, which for that reason is
Here, then, are four transparent substances,

through which the rays of light that enter into the
: r coat, Or cornea; 9,

H

;
:
o
:
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there so exactly that no artist could
it, or evem arrive at such a e of perfection.
And in order to see any object whatever, the object
must always be painted on the retina; and w!
unfortunately, amy of the parts of the eye are in-
gﬁ or lose their transparency, the person becomes

But it is not sufficient, in order to our seeing ob-
Jects, that their images should be painted on the re-
tina; some are blind, though this takes place. Hence
we see that images painted on the retina are not,
after all, the immediate object of vision, and that
the perception of the soul is communicated some
other way. The retina is a reticulated contexture
of nerves the most subtile, communicating with a

nerve, which, coming from the brain, enters
the eye at O, and is denominated the eplic nerve.
These small nerves of the retina are agitated by the
rays of light which form the image at the bottom of
the eye ; and this asitation is transmitted by the optic
nerve to the brain. It is there, undoubtedly, that
mental perception is formed ; but the most dexterons
anatomist is unable to pursue these nerves to their
source—the union of the soul with the body must
for ever remain a mystery. )

15¢h August, 1760.
LETTER XLII.
Continuation. Wonders discoverable in the Structure
of the Eye.

Ir will not be disagreeable to you, 1 hope, to con-
template with me, somewhat mrl;m attentively, the
wonders discoverable in the structure of the eye.

, first, the pupil presents an object highly
hy of admiration. It is that aperture which we
find in the middle of the iris or star m m, by which

Yo 1.—0
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Were it in our power to open the il still more,*
we should be able to see in?graatamgm of dark-
ness. To this purpose we are told of a person,
who having received a blow on his eye, the pupil
was so dilated by it that he could read and distin-
guish the minutest objects in the dark. Cats, and
several other animals which roam in the dark, have
the faculty of an]arg:';ﬁ the ]:.;pil much more than
the human species ; owls have theirs at all times
foo much dilated to bear even a moderate degree of

t.

Now, when the pupil of the human eye dilates or
contracts, it is not an act of the will ; man not
having the power of dilating or contracting the
pupil at pleasure. As soon as he enters into a lu-
minous situation, it spontaneously contracts, and
dilates on his return to darkness. But this chan
is not produced in an instant; it requires a little
time for this organ to accommodate itsell to circum-
stances,

You must, no doubt, have remarked, that as often
as you make a very sudden transition from a clear
light to a dark piace, as in the theatre, vou could
not at first distinguish the t:nmpn.nry. pupil
was atill too narrow to permit the few feeble rays
which it admitted to make a sensible impression ;
but it mﬂy‘ﬂlatmmei;: a sufficiency “-;f
rays. contra when you sud-
h?qur from am’i to a clear I.lgli;n ﬁ?mil
pa'l:i‘:l:en very much expanded, the retina is struck
ina Iy manner, you are quite dazzled, and under
the neceasity of shutting your eyes.

It is then a \'esg remarkable circumstance, that
the pupil should dilate and contract according as
vision requires, and that this change should take

* Al h we cannol 30 this by muscular exerthen, Yol by patting o
drup af the Juice of the Belladonna, or of the H m,lpnwb.
the papil dilate itsell in an extreordinary and reain in
that mals for ong or fwo hours.—Ed.
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place almost spontanecusly and independently of
any act of the will. Philosophers who examine the
structure and the functions of the human body are
mly divided in opinion as to this subject; and
is little appearance that we shall ever have a
satisfactory solution of this wonderful phenomenon.®
The variability of the pupil is, however, an object
essentially necessary to vision; and without which
it would be very imperfect. But various other
ticulars are discoverable, equally entitled to i

17¢A August, 1760.

LETTER XLIIL
Further Continuation.— Astonishing Difference between
mxy-qugmumzﬂuﬂww&-
merg Obacurs,

Tux principle on which the structure of the eye i
lnummmmnmuthﬂmrdgg:

which I explained the tation of objects on
white paper by means of a convex lens. of
them must be resolved into this, that all the rays,

eeding from one point of the object, are again
machdmliiugla pm]:: by refraction ; and it seems
of little importance whether this refraction is per-
formed by a dnﬂeclemm-hﬂhouranl
substances of which the eye is composed. Tt might
aﬂnphbo tl:l:fm r?t?: thmc;} m:;ﬂ structure more
Bim at of the eye, by em one si
transparent substance, %nﬁd have mmm
of the same advantages ; which would amount to a
very powerful objection against the wisdom of the

* The contracthon and dilatation of ihe | are now gpenerally
mecribad by snstombsts 1o (e of 1he iris, stimolstsd moms
o |aea bn prporthan Lo the Light which wpoa [t —dom, Ed
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Creator, who has assuredly pursued the simplest
road in the formation of all his works. '
Persons have not been wanting who, from not
having attentively examined the advantages result-
ing from this apparent complication, presumed to
censure this beautiful production of the Supreme
Being with a levity worthy of censure. They have
pretended it was in their power to produce a plan
more simple for the structure of the eye, becanse
they were ignorant of all the functions which that
orﬁn had to discharge. I shall examine this plan
of theira ; and I hopoe to convinee you that it would
be highly defective, and altogether unworthy of
being put in competition with that which actually

Such an eye, therefore, would be reduced to a
simple convex lens, A BC D, Fig. 27, which g o
collects, in a point, all the rays coming from =~ ==
one I.:d the same corres ing point in the r

ec
this is only near to the truth. The
spherical form given to the surfaces of a
lens is liable to this inconvenience, that it
does not completely collect in one and the
eame point the rays which pass through its
centre and those which pass through its ex-
tremities. There is always a amall differ-
ence, though almost imperceptible, in the
experiments, by means of which we receive . o
the image on a piece of white paper; but if
this happened in the eye itself, it would render vision
i s to whom 1 have been alludi
ons to whom ve been y
that itﬁ;bepouihletuﬁndanuthnr mrgm
surfaces of the lens, which shall have roperty
of collecting anew all the rays issuing from the point
0, in a point R, whether they pass throogh the
centre or through the extremities. I admit that
this may be possible ; hutuwgppom the lens to pos-
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sess this property with i to the point 0, at the
fixed distance C O, it w not possess it at points
at a greater or less distance from the lens; or even
admitting this to be possible, whlchilllnnt,thn

h:luﬂtu hject plnmdymﬁe at T 'm
o £ on one , .
stance. Accordingly we when objects are
ted on white paper, l‘.hl:ln;h l:hum
yh-efurethalem. al. , j' sufficiently
wall expressed, ye |quul'£ eitu-
ated, as at T, malwalmuchdunpmd

fhe most Jngeaious artist 1a incapable of rectifyin

& m o

But there is another, and one not less l‘.'ﬂl!l.dm

In speaking of my: uf different colours, I mm.l.rhd.
that in nt mediom to an-
ntlu:'. tE: unde Iﬁ a d:ﬂ"arml refraction; that rql
of a red rgo the least refraction, and

lat-l:ohnrﬂdrl the greatest. Hence, if the
Dwmud,mdiflhﬂyt,mpnm mmugﬂmt
]mAB,warﬂmlluctedlt

the place of the red i Butl[thepumtﬂ
‘I' ere violet, the rays would be collected nearer to
thahm atVv. Aa:m,uwhtanmmﬂtga
all th llm;lhmln a white object placed st O
would form se mu'g:ﬂm.mtodud:f-
ferent distances from point O; the result of
which would be, on the retina, a coloured spot that

mld[ru.tlydmmbtha
It " sccondingly observatie, that when in a dark

mumtheuxtunﬂnhjamm on whita
paper; they & l.rbcrrdnmdmth the colours of the
hrmamp] it in impoﬂibhhumad!hd tuﬂ:tmithu
only ona 1
. baon remsakiod, that this mey be done by meas of
dﬁummmmhhm but neither theory
mprwliuhuuhithaﬂubunmri:dmtha
of perfection necessary to the execution of & struc-
ture which should remedy all these defects,
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But the eye which the Creator has formed is sub-
ect to no one of all the imperfections under which
imaginary construction of the freethinker labours,
In this we discover the true reason why Infinite Wis-
dom has employed several transparent substances in
the formation uf the eye; it is thereby secured
all the defects which characterize every
work of man. What a noble subject of contem-
tion! How pertinent that question of the Pealm-
1st! He who formed the eye, shall he not see? and He
who planted the ear, shall He not hear? The eye alone
being a masterpiece that far transcends the human
understanding, what an exalted idea must we form
of Him who has bestowed this wonderful gift, and
that in the highest perfection, not on man only, but
on the brute creation, nay, on the vilest of insects!
19¢th August, 1760,

LETTER XLIV.
Perfections discoverable in the Structure of the Eye,

Tug n, infinitely m of
et i o
. Eren! L
wh:flt is composed have not only a degree of den-
ity capable of causing different refractions, but their
ra 18 likewise dntemi_uu:d in such a n:tfmnanmthat
] pmmo-dm; rOm one of the object
u]% collected in one the same point,
wheﬂmrt act. be more or less distant, whether
it be situated imﬂy or obliquely with respect to
the eye, and though its.rays undergo differcnt re-
fractions.
Were the least ¢ to he made in the nature
and figure of these tances, the eye would lose
all the adw which we have been

admiring.
The strength of our sight is exactly proportioned to
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the extent of our necessities; and far from com.-

ining that objects too remote escape this organ,
we on the ¢ , to consider it as one of
the most precious gifts of the Supreme Being.

It must be further remarked, that in order to see
o distinetly, it is not sufficient that the rays
which come from one point should be collected in
another. It is likewise necessary that the point of
reunion should fall isely on the retina ; if it fell
either short of or it vision would become
confused. Now, if for a certain distance of objects
this point of union fall u the retina, thpse of
more distant objects would fall on a within the
eye short of the retina ; and those of nearer objects
would fall beyond the eye. In either case thers
th:pH be a confusion jn the image painted on the
refina.

The eyes of every man, therefore, areconstructed
for a certain distance. Some persons see distinetly
::l]ly such objects as are very near to theireyes; we

them Myops, that is, short-sighted. &rs, on
the contrary, named Presbyies, see distinctly objects
only which are very distant. And those who see

i objects at a moderate distance are said to
have good . Both the other two, however, have
the power of contracting or dilating the globe of the
eye to a certain degree, and thereby of bringing
nearer, or of removing, the retina, which enables
them likewise to see clearly objects a little more or
less distant ; this, y greatly contributes
‘to render the eye more per and it cannot surely
bamribodh:.]n];:hmce A .

Those w mgnnd derive most advan
from their structure, as gﬂ;m thus ina md;m
to see distinctly objects very distant and near;
but this marmadnlumﬁnlimit,'eﬁemit.

, 0o one who can see distinctly at the dis-
tance of an inch, and, consequently, still less at a
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tlm.'llard.i:tlm If you hold a piece of writing
close to Eyes, ﬁ:«: will see the characters but
rerjrmnu.l is all 1 presume to offer on
a subject of auch high importance.*

21st Aug. 1760.

LETTER XLYV.

O Gravity, ssnsidered o2 & gonerei Property of Bedy.

Havine now treated of light,t I proceed to the
consideration of a rty common to all bodies—
that of gravity. e find that all bodies, solid and

i downward when they are not supported.

* The wenders of the human aye, so well poimted aut by Euler, are siill

groster than be conceived. Hle wan £ot scquainted with the fact thas
'In Emthmml:';rm

nl-uun:mn‘“mm s fhres, Taryi ﬂu"&“
nems, &l -u:um%uqhmﬁumh

i
i
sl i
L
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1 hold & stone in my hand ; if I let it go, it falls to
the ground, and would fall still farther were there
ﬁmmﬂuuﬂh While I write, my paper
fall to the ground were it not supported by

same law ies to every body
ith which are acquainted. There is not one
would not fall to the ground if it were not sup-

ni thirrph?m;?;;nn. or of thismpen
i : en it

is said that bodies are hea urpnmﬁ;lnty,ﬂ
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ert believed that there were bodies which
turally a tendency to rise, such as smoke and
vapours ; and such bodies they termed light, to dis-
t':lllfwuah them [rom those which have a tendency to
fall. But it has been discovered by experiment that
it is the air which raises these substances aloft ; for
in a space void of air, it is well known, by means
of the air-pump, that emoke and vapours descend as
well as gtone, and that these substances are, of their
own nature, heavy, like others. "When, therefore,
they risc into the alr, the same law acts upon them
- which acts upon & log of wood plunged into the
water. Notwithstanding its gravity, it springs up
885 BOON a8 m leave it to itself, and swims, because
it is not so a8 water; and in virtne of a gene-
ral rule, all bodies rise iu a fluld of more gravity
O T hrow piece of f copper, of
w a piece of iron, of ¢ y. OF gilver,
and mrr:: of lead, into a vessel full of quicksdver, they
swim on the surface ; and if you force them down,
they reascend when left to themselves. Gold alone
because it is heavier than quicksilver.* And

glu ancients were little acquainted with this prop-
na

* Platioam is still boavier —iam. Bd.
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since there are bodies which nse in water and in
other fluids, notwithstanding their gravity, for this
reason merely, that they are not so heavy as water
or those other fluids ; it is not at all surprising that
cvertain bodies, less weighty than air, such as amoke
and vapours, sheuld rise in it.

I have already remarked that air itsell possesses
gravity, and that by means of this gravity it sup-
F)rhth.e mercury in the barometer. When, there-
ore, it is affirmed that all bodies are heavy, it is to
be understood that all bodies, without a single ex-
ception, would fall downward in a vacoum. I might
ventare to add, that they would fall with an equal

of* rapidity ; for a feather and a piece of
::E‘Em with equal velocity in an exhausted

TACBIver.

It might be objected to this general property of
body, that a alﬁl discharged He'om a mortar Em
not at onece fall to the ground, like a stone which I
let drop from my hand, but mounts into the air. It
cannot, however, be inferred that the shell has no
gravity ; for it is evident that the st of the
powder hurls the bomb alof, and but for this, 1t
would, without doubt, immediately fall to the ground.
And we see, in fact, that it does not continue always
to ascend, but as soon as the force which carries it
u“!:wnn:l is exhausted, down it comes with a rapidity

at crushes every thing it meets—a sufficient proof
of its gravity.

When, thercfore, it is affirmed that all bodies are
heavy, no one means to deny that they may be
sto or that they may be t aloft ; but thia
is ted by an exte power; and it remains in-
dubitably certain that all bodies whatever, as soon
a8 left to themselves, at rest or without mation, will
assuredly fall when no longer supported. There is
& cellar under my apartment, but the floor supports
me, and preserves me from falling into it. Were
the flioor suddenly to crumble away, and the arch of
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‘mhm‘"‘-‘mwn becatse budyh-
1 o L]
heavy, like all other buluswtthwhmhwzm“.
inted. 1 say, with which we are scqueinted, for
may, perhaps, ba bodies destitute of weight;
such as, possibly, light iteell,* the elementary
the electric fluid, or that of the magnet: or such as
the bodies of angels which have mﬂ{w
n. A body like this would not fall down-
though the Aoor were suddenly to be removed
under it, but would move as firmly through the
ir as on the earth.
these bodies, the gravity of which is not
rmed by experiment, {gumy may be con-
as & general pro of all the bodies which
w, in virtue of which they all have a tend-
to fall downward, and actually do so when
opposes their descent.
August, 1760.
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LETTER XLVI.

You have seen, that gravity is a general prop-

::?or all thj:?:odin with E:ichwﬂ are acquainted,
that it consists in the effect of an invincible
foree, which presses them downward.

Philosophers have nﬂ;hupuml, whether there
actually exists a ich acts in an invisible
manner i:ion ; or whether it be an internal
qua]jr{n erent in the very nature of the bodies,
and, like a natural instinct, constraining them to
descend. The question amounts to this: If the cause
of gravity is to be found in the very nature of every

The amther ‘hare the ether whese motions, om his theery,
p;h-m—guu - r
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body, or if it exists without it, so that were this ex-
tringic power to fail in its operation, the body would
cease to be heavy. Before weo attempt asolution of
this, it will be necessary to examine more carefully
il the circumstances connected with gravity. .
1 remark, first, that when you support a {del' to
ent ita falling, if it rests on a , its pressure
1s equal to the force with which it would tend to fall ;
and if a thread is affixed to it, by which it may be
th ﬁ'fé.‘,"ﬁ,'ﬁ“ i": rumthh?;.;];r“t m[fhﬂ'i,i'l!
other vity o ; 8o that, i
the thread were nm%?a gﬂﬂlill strength, it would
break. We see, then, that all bodies exercise a
of force on the obstacles which support them,
vent their falling ; and that thisaction is pre-
cisely the same as that which would make the bod
descend if it were at liberty. When a stone is lai
uopon a table, the table is pressed byil. You have
but to put your hand between the stone and the
table to be sensible of this force, which may be in-
creased to such a degree as even to crush the hand.
This force is called the gravity of the body; and it
is clear, that the weight or the gravity of every
body signifies the same thing, both denoting the
force with which that body is pressed downward,
"r"“h“.L this force exists in the body itself, or out
of i --
We have an idea too clear of the weight of bodies,
to make it necessary to dwell longer on the subject.
I only remark, that when two bodies mtﬁi to-
gether, their weight too is added, so that weight
of the compound is equal to the sum of the weight
of the parts. From this we see that the weight
of bodies may be very different. 'We have also the
certain means of exactly measuring and compari
thf-m,t!iy' :1|:ﬂ help ofu?_l?glance, ﬂllc&kame pmp;
erty of re in ibrium, when e,
iu:?u twa-u;fl'ea, ::-la of equal gravity. . In mdnrpllfn
ma#e 'Ii;l.l u!c;mp-rimn, weagree on some fixed mea-
oL, 1.—



be div and the paris being w
nu;r , you ;E:'n uﬂyhﬂ%%ﬁ.ﬁ
|g¥rln{|whnlehnm however large, may be
th¥ lll”:m:'timd doubt, have frequently remarked,
ou must, no L]
that a amall piece of gold weighs as m'nr.-.rh aB A pisce
ol‘woodufnmym nmmm—um‘dn-oarmtm
gu'rl bodies is not always
'h:dr a very small Imdyuuy‘bn
t.whl.laararyl.trgu one may be light.
bod{ is susceptible of two maunrommu.an-
different from each other. The one deter-

size; this measurement belongs to the province
ufmm‘h-y which teaches the method of measuring

Hmma.p]tudanraztentofhﬂlu. The other mode
of measurement, which their weight is deter-
mined, is totally different, and serves to distinguish
w-mafmmmmﬂfmﬁm
are formed.

-You can easily conceive several masses of differ-
ent substances, all of the same magnitude or extent ;
each, for example, of a cubic m whose hn.gtl:
breadth and height shall be a Such a mass,
if it be of gold, would weigh 1330 pounds; if of
lﬂm ':I"?Dpuumh if of iron, 500 pounds ; and if of

Yi:‘:[:ul:m:nﬂ.ul wmutofur.ntm:mldwmg-h
no the twelfth part of & pound.
ﬂln see that thadlﬂ'lmtnhlhmuo{whﬂ
:‘01'-’! mmpu-ldm!y considerably in respect

u ﬁw“ %mn

whnltmnld.
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Whhﬂrintbmn&n’ , it is not to be under-
that a pound of gold is heavier than a pound
of silver; for a of whatever substance is
al a pound, and has always precisely the same
'%; but the meaning is, that having two masses
of the same size, the one gold and the other silver,
the weight of the mass of gold will exceed that of
the silver. And when it is said that gold is 19
times heavier than water, we mean, that having two
equal masses, the one of Id, the other of water,
that which is of gold will have 19 times the weight
of that which is of water. When we thus express
ourselves, we say nothing of the absolute weight
of bodies, we only speak by way of compari
and with a reference always to masses of an eq
size. Neither is it of importance whether the size
be great or small, provided they be equal.

25eh Awgust, 1760,

LETTER XLVIL
Terms relative to Gravity, and their true Import.

Guavrry, or weight, seems so essential to the
nature of bodies, that it is almost impossible to form
the idea of a body divested of this quality. And ita
influence is so universal in all our operations upon
body, that we must in every instance pay attention
to its gravity or weight. As to our own perso
whether we stand, sit, or lie, we continually fee
the eflect of the gravity of our own body : we could
never fall il the body were not, as well as all its
parts, endowed with this foree. L itmell is
regulated according to this property o ies. The
place towards which a body tends in its descent we
term fow, and the opposite direction from the body
we term kigh. '

It must be remarked, that when a body, in falling,
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is at t , it always descends in a st
. gy oy s i
wards.. This line is likewise called vertical, by which
term we always mean a straight line, drawn from
high to low ; and if we conceive this line produced
upward, till it reaches heaven, we call that point in
heavens our remith—an Arabian word, denoting
that point in the heavens which is directly over our
head. You comprehend, then, that a vertical line
i that straight line in which a body falls, when no
bk:l}ﬂ 81, . When you affix a thread to any
ho it fast at other end, that thread

ill be stretched out into a straight line, and that
line will be vertical. Masons employ a small cord,
Plamonct, 8 diroct the parpendiularity of the walls

t, to direct B
which they raise; for these, to be solid, must be
vertical,

All the floors of a house ought to be so level that
the vertical line shall be ndicular to them ; the
floor, in that case, is said to be horizontal; and you
will please to remember, that a horizontal plane is
always that to which the vertical line is Eu'pand.icu
lar. When you are in & perfect plane, bounded by -
R resk woRd. which signifies. the botndary of
—f ch & o
sight; and this plane then a horizontal
plane, just as the surface of a lake.

‘We make use of still another term to express what
is horizontal. 'We say that such a surface or line is
lovel, when ' attaight line. puasing. {hrough theee

when a s e
two K_oiutn is horizontal, so that the vertical, or
plumb-line, shall be perpendicular to it. But two
ﬁuu are not on the level when the straight line
wn.through these points is not horizontal ; for
then one of them is more elevated than the other.

Thia is the case with rivers; their surface hasa

declivity ; for were it horizontal, the river would be
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stagnant, and mm down no longer, whereas all rivers
are continually flowing towards places less elevated.
There are instruments by means of which we can
ascertain whether two points are on the same level,
or which is the higher, and by how much. This
instrument is called a level, dnd the application of it
is called the art of levelling. :

Were you to draw a straight line from any point
in your apartment at Berlin to a given point in your
apartment at Magdeburg, you might, by means of
such an instrument, ascertain whether this line were
horizontal, or whether one of these points were more
or less elevated than the other. 1 believe the point
at Berlin would be more elevated than that at Mag-
deburg: and I found this opinion on the course of
the rivers Sprée, Havel, and Elbe. As the Sprée
rans into the Havel, it must of coarse be higher:
and, for the pame reason, the Elbe must be lower
than the Havel : Berlin therefore stands highar than
Magdeburg, provided you compare two points at an
equal degree of elevation from the ground; for,
were a straight line to be drawn from the street
pavement at Berlin to the pinnacle over the dome
at Magdeburg, that line would perhaps be hori-

Hence se# how uselul the art of taking levels
is, when the conducting of water is con . For
agwater can run only from a more to aless alevated
situation, before digging a canal you must be well
assured that one of the extremities is more elevated
l;ﬁ:.n!tha other, and this is discovered by taking the

el

In building a city, the streets should be so dis-
posed, as that, by means of a declivity on one side,
the water may run off. It is otherwise in the con-
struction of houses, the floors of which should be

ectly horizontal, and without the smallest decliv-
ity, because there is no water to be discharged, ex-
cept in the floors of m!!’:l;l,'wh.il:hm constructed
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with a gﬁ:ﬁg declivity. Astromomers take great
gtuh the Hmrs of their observatories per-
]: level, to correspond with the real horizon in
eavens. The vertical line, pmdunul upward,
muh the zenith.
27eh Avgusi, 1780

LETTER XLVIIL

the Earth's ?
Mymm“{?bjm;;mhu’ Bpherical

You know well, that the figure of the earth ‘is
nearly that of a glnbe It has, indeed, been demon-
strated, that its form is npt rmfactljr spherical, but
somewhat flattened towards the poles. The differ-
ence, however, is so trifling, that it does not at all
affect the object 1 have in view. Neither dpes the
difference of mountain and valley excite any solid

tion to its globular figure; for its diameter
being 7912 English miles, the st mountains
being about five Eng.luh miles in 'ght,s:'lnk into
nothing, compared to this

The ancients had a very lmperfeﬂ mtn:m of the
real figure of the earth. It was in general consid-
ered as a huge massy substance, Fig. 38,

A B CD, Fig. 28, flattened above 4
as A B, and covered partly with
earth, with water. Ac-
ir idea, the surface
% was habitable; and it was impossible to
go beyond the points A and B, which they consid-

ered as the extremities of the world. When, in the
progress of discovery, it was found that the earth
‘I'H nearly spherical, and universally habitable, so

that there wera upnn. the globe spots dmmelnca.'lljr
opposite to us, the inhabitants of which are there-
fore called our antipedes, because their feet are
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torned directly towards ours—this opinion met with
such wiolent contradiction, that certain fathers of
the church represented it as a dreadful heresy, and
thundered out anathemas against all who believed in
the existence of the anti . A man, however,
would now pass for an idiot who would call it in
estion; especially since the opinion has beon con-
rmed by the experience of navigators, who have
frequently sailed round the globe. But another dif-
here presents itsell, the solution of which

muet assist us in discovering the real direction of

Ir tl:l(e circle A B, Fig. 20, say Lhe‘{ 2
represent the earth, and we are at A, Fig. 90.
our antipodes will be diametrically op-,
posite at B. As we,then, have the head
odes must have the feet upward and
es must have e
the head downward, supposing these
words to indicate the same direction
a8 when we prononnce the same
words at the place where we are,
For navigators who have made the
circuit of the globe, observe, thab their head and
feet had throughout maintained the same position
relatively to the surface of the terrestnial globe,
Bome persons, whom this phenomenon embar-
rassed, formerly thought of explaining it, by the com-
parison of a globe, over the surface of which you
see flies and other insects crawl on the under as
well as the upper part. But they did not consider
that the insects on the dependent surface adhere to
it by their claws, and without this assistance would
tly fall off. The antipode, then, must have
is shoesa furnished with hooks to hold him fast to the
surface of the earth; but though he has none, hé
does not fall, any more thanwe do. Besides,as we im
agine ourselves to be on the uppermost surface of tha
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earth, the an has the same idea of his situa-
tion, and consideérs us as undermost.
 But the whole phenomena are easily accounted
irated, that e direction of grovity 1s sensioly per
X ion o is -
pendicular to the surface of the Mr{h.lt mpg‘int
of that surface; that it varies at these diferent
points; and that at those which are anti to
each other it must be unctlg opposite. terma
upward and doenward, therefore, do not l;!:fpm an
invariable direction, but the direction mﬁz.
wherever it is. Our antipodes have their
downward only with relation to us, bot not with rela-
tion to themselves; they, as well as we, are in the
position whichi the power of gravity constrains them
torpreserve ; and that position is similar, relatively
to the surface of the earth. You had, undoubtedly,
no need of this explanation; but there was a time,
and it is not elapsed, when it would have been
necessary even to persons who were then honoured
with the appellation of the learned.
$8th August, 1780,

LETTER XLIX.
Tyue Direction and Action d{ﬂrm:ymw the

Taoven the surface of the earth is unequal, be-
cause of the mountains and valleys which overspread
sca; tho wurface, of wates being Always horisontal
sen; the o water
and the vertical line, in the direction of which bodies
fall, being perpendicular to it. If, then, the whole
globe were covered with water, at whatever spot
of the surface a person was, the vertical line woald
be perpendicular to the surface of the water.
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Thus, the figure ABC D E F G H I, Fig. 30,
resenting the earth, its sur- &F;i MP'
face being everywhere hori-
gontal; at A the line a A
will be vertical; at B the
line 5 B; at C the line ¢ C;

at D the line d D; at F the
line f F; and so of the rest.
Mow, at every place the ver-
tical line determines what

is to be denominated vpward g
or dowmward ; to persons at '
A, then, the point A is down- € 3
ward, and the point a ?

ward ; and to persons at F, the point F will be down-
ward, and the point f upward, and so for every other
on the surface of the earth. All these vertical
ines g A, b B, ¢ C, d D, &c. are likewise named the
irections of gravity, or weight, because bodies wni-
y descend in the direction of these lines; thus,
a body left to itself at g would fall in the direction
of the line g G. Hence it is evident, that bodies
universally must fall towards the earth, and that per-
pendicularly to the surface of the earth, or rather of
the water, if it were water,

At whatever place of the earth, therefore, you
may happen to be, as bodies fall there towards its
, We ¢all downward that which is directed to-
wands the earth, or is nearest to it; and upward what
i i ite direction, or is farthest
from the earth: , umiversally, men having their
to the earth, their feet will be down-

and their heads upward. If the earth were a

rfect globe, all the vertical lines a A, # B, ¢ C,
Ehg produced inwardly, would meet at the centre
of the globe, which is likewise that of the earth; and
for this reason we say that bodies universally tend
towarda the centre of the earth. Thus, wherever
you are placed, when asked, what ia dowmward?

i

5
B
g
3

i
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the answer must be, what approaches nearest 1o the
centre of the earth. In lact, were you to dig a
kole in the earth, at whatever place, to continue
your labour incessantly, di always
and downward perpe , you would at le
reach the centre of the earth. . You will re
how Foltgire used to la at the idea of a hole
rmhin.[_hthi:::mma l‘.lﬂamﬂh.l:tlmtl,omdb]
Maupertuis. is true, such a project could never
be executed, as it would be necessary to dig to the
depth of 3056 English miles ; but there is no harm
Eﬂmﬂmgw; it, in order o discover what would be
r

Let us then, such a . 31
hole, Fig. 31, to g at A, Fg. 31
and i ond cen-

tre of the earth 0, the whole
length of the diameter, as far as
to our antipodes B, and that we
were to descend along this aper-
ture, Belore arriving at the
centre (), and having reached,
for exam the E, the
centre of the earth O will there
?pudwwmmapom?
upward ; mﬂ.mmmw WE
should fall towards 0. But hl\rmgplmdh?,jrmd
the centre, to F, for example, our gravity would then
have a teodency towards O ; this point, and muc
more the point A, would appear downward, and the
point B upward. ‘Thus the terms u down-
ward would suddenly change their signification,
A to B, in the

0, we

@ Aare

direction of a straight line,
As long es we are on the from

are descending; but in going from O to B, w

actually rising, for we are removing from the centre

of the earth—our own gravity being always directed

towards that point ; wthat.irwejrmtz‘ml.whl-

and
though we should have passed from B,
Ato
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ther from E or from F, we should always fall to-
wards the centre of the earth. Our antipode at B,
il he wanted to pass from B to A, would be in pre-
cisely the same sitnation. From B to the centre O
he would have to descend ; but from O to A it would
be all an ascent. These considerations lead us thus
to define gravity or weight: It is a power by which
all bodies are forced towards the centre of the earth.
The same body which, being at A, is forced in the
direction A 0, if transported to B, will be forced, by
the power of gravily, in the direction B O, which is
directly ¢ te to the uh?r: gBuyl:tt;E ﬁnptiqﬂ of
¥ity, , We eve ro the si a-
ﬂ a{tha terms wd'w and dewmeard, rise ﬁﬁ-
scend, as gravity or weight has a very essential in-
on all our operations and enterprises, and as
even our own bodies are animated by it to such a
degree as universally to feel ite effects.
0th August, 1760.

LETTER L.

Dﬂ' erend Action of Gravity with respect to certain
‘ ies and Dhitances from the Cenire of the Earth.

You are now sensible that all bodies are forced
towards the centre of the earth, and per-

pendic to its surface, by their gravity: the
perpendicular lines at the surface of our globe are
accordingly considered as the directions of the power

* Fith st s the té
ith & 'ctpmpriatyuﬂmtemmrupgsdu
gravity, as every thing capable of puiting a ¥ in
motion is expressed by that name. Thus we ascribe
power to horses, becanse they are able to draw
along a chariot; or to the current of a river, or to
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ity is a power, as it -forces bodies downward:
O we wo abundantly sensible of the effect of this
pﬂm,b;theprﬂm which we [eel when we carry
a

Now, in every power two things are to be con-
sidered : ﬂrﬂ.t&;ﬂ i i:;i;nwhjchltmh Whﬂth“.
along bodies ; BECO , ita guantity, which is
estimated by the effect it pmdunﬂ:l ME the direc-
tion of gravity, it is sufficiently known ; -for we aro
sure it forces all bodies towards the centre of
the earth, or, which amounts to the same thing, that
it acts perpendicularly to the surface of our globe.
ol i e v

s 8 power is alwa term i
atErarwry Mlzlnnlmd as hﬂmm greatly with re-
spoct to weight, those which are heaviest are like-
wisa forced down with the greatest viclence, It
has been asked, Whether the same body, transported
to a different place of the globe, preserves always
the same weight! 1 speak of bodies which lose
nothing by evaporation. It has been demonstrated
by undoubted experiments that the same body weighs
somewhat less towards the equator than towards
the poles of the earth.

It will readily occur to you that it is impossible to
ascertain this difference by the exactest balance, be-
canse the standard weights employed for determin-
ing the weight of matter in bodies usdergo the same
variation. ha!“‘ a mass whhht'uﬁm might wei
100 pounds, being transported eqtiatar,
still nominally E 100 pounds weight, Eﬂn{ the effort
will be somewhat less than here. This variation
D For e b s

y W in de-
scent ; for it is found that the same under the
equator does not descend with so great velocity as
in H%ﬁtggu. th is EBl'l‘l.i.:l, mfﬂrtu, that ﬁ
same Y ransported to rent places
the earth, {lndelf‘rliaﬂ a little change as to. weight.
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return to the aperture made in the
its centre; it is clear that a body at
centre must entirely lose its gravity, as it
huge;t:lm in any dir_ect;lﬂn wha:lﬁr,t;l-l
vity tending continu tow .
ltl::u earth. Sme,thm,zhoﬂyhum
m&rgvi at the naz:&;ﬂha au_-&, it ﬂt;lr fqlﬁ
. in descending centre i vity wi
diminished ; and we i con-
clude that a body penetrating into the bowels of the
earth loses its gravity, in proportion as it hes
the centre. You must be sensible, then, that neither
the intensity nor the direction of gravity is a con-
sequence from the nature of every body, as not only
its intensity is variable, but likewise its direction;
whifh, on passing to the antipodes, becomes quite
con 8
Har"g;mnodmiduto the centre of the earth,
lst us return to its surface, and ascend to the sum-
mit of the lul'ti;ut mtmtjl.inlu:.m We ﬂ w
there no sensible change in gravi 88y
there is guod reason to b&lilz'ra that the
weight of a body diminishes in rtion as it re-
from the earth. Yoo have to imegine a
removing from our globe, till il
sum, or one of the fixed stars,—it, would
to think that such a body must fall
tothe earth,as it is almoat a
stars, Hence, then, it may be
a body in removing from the earth must uns
rgo a dimimution of lg'rarity. which will becoms
smaller and smaller, till at last it wholly di ar;
There are reasons, however, which ammun
that a body removed to the distance of the moon
will still have some weight, though 3000 times leas
than it had on the earth. Let us coneeive such &
I:ndgwi-:m' h erpomdu_mﬂﬂihiﬂmmmm
y; is ca of supporting comy
: Idﬁuﬁﬁ:'orm mmlﬂhwﬁ

LY
g
:

H
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mﬂ.‘twﬂhm u{myﬂnl, for then it will

nly one n.d, [ farther removed
it would weigh less. We are certain, thers-
fore, that gravity is a'power which forcea all bodies
Mrdnthumnfthnmth,thﬂthh wer acls
with the greatest force at the surface of the earth,
and is diminished in proportion &s it removes from
thence, whether by penetrating towards the centre
or rising above the surface of the globe. I have
still much to say on this subject. .

30th August, 1760,
LETTER L1

I mave said that a terrestrial body at the
distance of the moon would be red to the 3800tk
part of its weight, or, in other-words, would be forced
towards the centre of the earth with a er 3600
times less than it has at the surface of the glnbn
This power, however, would be sufficient to make it
dmandtnthnuﬂh,lfltwemnuhnﬁ L
‘.It:ammmlncapiﬂ&ufpm h'yanyu:.
periment, as no means exist of omselves to
such a height. ‘Fhere is, hwnll.nbodr:.tthﬂ

the moom: shn must therefore be subject
effect of gravity, and yet we see she does not
falltuthaﬂﬂh

To this I anawer, that if the moon were at rest,
she would certainly fall; but the rapid motion which
carries her along prevents her from Thera
are experiments which pmve thsmhd;tyofthum
swer. A stone dropped frem the hand, without hay-

Lmnhnn impressed upon it, Mllmmadmlalr
rection of a straight vertical line; but if you
throw this stoue, impressing on it a motion wihich
forces it out of that di it does pet fall imme-
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diately dewnward, but moves in a curve linuj:él‘m

it reaches the earth; and this will appear more

- sensibly in proportion to the wvelocity impressed
i

upon it.

A cannon-ball discharged in a horizontal direction
does not come to the earth till it has to a con-
:iﬂmlll]!h dmta.nc;;nmctl wmz it fired min the

a moun it might h? BEVE
miles ‘EEPI'II‘B“ m:hﬂd the grou Sround. tha!éirectiun
ﬂ the cannon is farther alaﬂhd. and the m&}ﬂ

of the der increased, the ball

'b-ou much fa "This might be carried so
far that the ball should not light till it had reached
the anti : nay, farther still, till it shoold not
fall at all, but return to the place where it was shot
off ; and thus perform a new tour round the globe,
It would thus be a little moon, making its revolu-
tions round the earth, like the real moon.

You will now ]?laaua to reflect on the height of
the moon, and the prodigious velocity with which
she moves, and will no longer be surpnsed that
ahe should mtwm the eart thuugh forced by

ity towards its centre. There is another re-
a:cﬂl:m which will place this In a clearer light. "We
have only to consider the path described by a stona
thrown, or a cannon-ball shot off, in an "oblique di-
rection. It is always a curve, such as ruprauntad
in the annexed figure.

Fig. 32,
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Let A be the summit of & moustain from which |
cannon-ball is fired off, which, after having moved
in the direction A E F B, falls to the ground st B; |

and the path which it describes is a corve line, |
remark, t that if the ball were not heary, that
is, if it were not forced towards the lmnylhn
power of gravity, it would not fall, though left i
iiself, a8 gravity is the only cause of its descent;
much less, being fired off at A, as represented in the
figure, would it ever fall to the ground. Hence we
pee it is gravity that brings it to the grouad,
; and

after having described the curve AEFB,
therefore, directs its path in the corve A E FE
if it were destitute of gravity, the ball would ot
describe a curve, but proceed forward in the direc-
tion of the straight line A C, the direction in which
it was fired off.

This being laid down, let us attend to the moon,
which assuredly does not move in a straight line;

It is very reasonable to demand, why the moon
does not move in a straight line. But the answer
is obvious ; for as gravity occasiona the curved direc-
tion of the pursued by a stone thrown, or a
cannon-ball off, there is good ground for main-
taining, that gravity acts likewise the moon,
forcing her towards the earth; and that this gravity
The moon, then, has & certain weight-—siue ia Of

m ) a certain we e is, 0
mnuqmne, forced towards the earth; but this
weight is 3600 times less than it would be at the

e of the earth. This is not merely a probable
conjecture, but a truth demonstrated. 'or this
gravity being , we are enabled to determine,
oy the most establi mathematical principles, the
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path which the moon must pursue ; and this is found
ma;rﬂ.withumlmwiuchlhnn
move ; and this is a complete demonstration
the truth of the assertion.

Lst September, 1760.

LETTER LIIL
Discovery of Undversol Gravitation by Newton.

t or weight, is a prope f all te
bn&lmdnumnduh‘hwm“tg:he mon:

Itumvirtmufgraﬂl}"shltthnmoon to-
warda the earth; and ﬂtjr &8 her motion
jl.lllnltﬂuuehﬂuto ,0r of a can-
non-ball fired off.

To Newton we are indebted for this important dis.
covery. This great English philosopher and geome-
trician happening one day to be lying under an

g-tree, ana fell upon his head, ad
to a multitude of mﬂacunm He
ceived that gravity was the canse of the n ‘l
falling, by overcoming the force which attached it
io the hranch. Any person whatever might have
made the same reflection ; but the Eu:ﬂ.llll
. ﬁ:rr(:u

ﬂotmnd it mnr.h further. W
the apple, had the tree been a

;ruld“l '! & eould entertain no doubt of it.

height been 2l to that of the

uoon' Hm he found himsell at a loss to deter-

mine whether the apple would fall or not. In case it

should fall, which appeared to him, however, highly

e, since it is imposaible to conceive a bound

to the height of the tree at which it would cease to
fall, it must stil have a certain degree of i

it towards the earth; therefore, if thupr;m

were at the same place, she must be pressed towards

the earth by a puwer ?ﬂumthﬂwhiuhmﬂ

]
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SRAVITATION BY NEWTON. iy

round the earth, it could not be doubted that the
motion of the satellites of Jupiter was ted by
their gravity towards the centre of that , and
that or:hn satellites of Saturn by their gravitation
towards the centre of Satum. , in the sama
manoer as the moon moves round the earth, and
their respective satellites move round Jupiter and
Baturn, all the planets themselves move round the
sun. Hence Newton drew this illustrious and im-
portant conclusion: That the sun is endowed with a
similsr property of attracting all bodies towards its
centre, by a power which may be called solar gmq s

This power extends to a prodigious distance
around him, and m;;ﬁoﬁnd all the planets: for it
is this power which ifies all their motions. The
same great philosopher discovered the means of de-

i the motion of bodies from the knowledge
of the r by which they are attracted to a cen-
tre; as he had discovered the powers which act
upon the planets, he was anabled to give an accurate
description of their motion. In truth, before he
arose the world was in a state of profound ce
mmﬁqthﬁmﬁmufthﬁhmtmﬂy es; and
to him alone we are indebted for all the light which
ﬂmwunjnynqthnmhnmufuﬁum:?y. '

It is astomshing to think how much of their pro-
gress all the sciences owe to lnngﬁmnl idea so very
simple. Had not Newton accidentally been lying in
an orchard, and had not that apple by chance fallen
on his head, we might perhapa still have been in the
same state of ignorance respecting the motions of
the heavenly bodies, and a i of other phe-
nomena depending upon them. This subject un-
doubtedly is altogether worthy of your attentiom,
and shall therefore be resumed in a foture Letter.*

3d Beptember, 1760,

* Tos much s doabilsss sscribod hare to the flling of
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LETTER LIIL

Continuation. the Mutual Attraction of the
eavenly Bodies.

Tue Newtonian System, you will easily believe,
mm:tﬁm&ghr:ﬂme lndwﬂhgmdmmn.ﬂ
no one had hitherto hit upon a discovery so very
fortanate, and which diffused at once such clear light
over every branch of science. It has been ex-

by several names, of which it is r you
Mhmmm:tum@m sub-
ject of conversation.

[thubomdmmuhd!htrﬁmornﬁvm

; for Newton maintained, that not only
wnu&:u:hﬂihiu:huuﬂywh-mgmar:lhm
ow perty—of attracting those
which surround themp':]mtmmﬂlrtnthu
Mwa.igh.to:m:ity. hence is derived the term
gravilation. wer is, however, totally in-
visible ; mﬂmnnthmglmnguponbodzu.m
Wmmmwh.MMme-
wards the hes bodies.

The loadstane, by which iron and steel are at-
tracted without our being able to discern the canse,
rralmh phenomenon somewhat similar. Though
t be now certain that this is produced by a substance
extremely subtile, which penetrates throngh the
pores of the loadstone and of the iron, it may, how-
ever, be affirmed, that the loadstone attracts iron,
mmmumm‘mmm;mm
of speaking does not exc .
may likewise be affirmed, then, that the sarth at
tru-.h all bodiea that are near it; nay, those which

very great distances: and we may consider
hn@ummﬂwotmum of the
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sitraction of the earth, which acts even upon the
moon.

Again, the sun and all the planets are endowed
with a similar power of attraction, which extends to
all bodies. In conformity to this manner of speak-
ing, we say that the sun attracts the planets, and
that Jupiter and Saturn attract their reapective satel-
lites ; Eﬂw Newton's system has likewise been de-
nominated the eystem of atiraction. As there can
be no doubt that bodies very near the moon must

likewise be to it by a power similar to grav-
ity, it may likewise be that the moon too
attracts adjoining bodies.

It was natural to suppose, that this attraction of
the moon should extemd as far as the earth, though
it must be undoubtedly very feeble, a8 we have seen
o Thiioacphr 1aa placod s leo peyend the
sme B 80
reach of doubt, by demonstrating, that the fux and
reflux of the waters of the sea, of which 1 shall
take occasion to speak afterward, are caused by the
attraction of the moon. It canno longer be d X
therefore, that Jupiter and Saturn are reciprocally
attracted by their respective satellites; and that
the sun itself is subject to the attraction of the
plmum'tl,thnugh this attractive power be exceedingly
&m

This is the origin of the system of universal at-
traction, in which it is maintained, and with good
reason, that not only does the sun attract the
but is reciprocally attracted by each of them'; nay,
that all the planets exert their attractive power upon
each other, The earth, then, is attracted; not unlﬁ
by the sun, but also by all the other planets, l‘.hcm{o
their power be almost imperceptible compared
that of the sun.

You will easily comprehend, that the motion of a

t, which is attracted, not only by the sun, but
the other planets, in however small a degree,
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‘must be somewhat different from what it would have
been were it attracted by the sun only; and that
Jome “mn?thn i
mnst canse some sm motion.
Now these ents are likewise confirmed
experience ; and this has carried the m of uni-
versal attraction to the highest possible degree of
mmtmh , 80 that no one now presumes to dispute
: mn?hl 1 “t'l::t l.hnjr““t nnpﬂtll;ﬂm
to this law ; are pri
E:thu sun, whose action regulates their motion ; but
they likowise feel the attractive power of all
the planets, especially when they are not very dis-
Atant from them. It is a general rule, as we shall ses
afterward, that the attraction of all the heavenly
bodies diminishes in proportion to the distance,
and increases in proportion to the nearmness., Now
comets likewise are endowed with a power by which
mnh ll::diu are :tg;;hd ttﬂuym thamﬁ and so
much the more sensibly as approach nearer,
When, therefore, & comet pusses somewhat more
closely to a planet, it may derange the motion of
that t by its attractive power; and its own will
likewise be disturbed by that of the planet. These
ences are verified by real obeservation.
Examples might be adduced to prove that the
maotion of a comet has been deranged by the attrac.

tion of the planets near which it to pass;
mdthntxmnﬁunoﬂhnemh. dnmm
already undergone some derangement

the attrection of comets.

The fized stars, being bodies similar to the sun,
are likewise endowed, no doubt, with an attractive
ch[nr; but their enormous distance prevents gur
eeling any sensible effect from it.

Beptember, 1760,
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LETTER LIV.

Sentiments P Uns.
Different f Philasophers respecing Ui

It is established, then, by reasons which cannot
be controverted, that a universal gravitation per-
vades all the heavenly bodies, by which they are
Mmtnrwudu gmhmuﬂ&; and t_]m_tt this power is
greater pmpﬂ!lmn r Ximity.

This fact is incontestable ; I:E:Tit hl.n{mern made a
question, whether we wﬁew give it the name of
mpulsion OT alfrackion. name undoubtedly is a
matter of indifference, as the effect is the same.
The astronomer, accordingly, ten'hru t:mly to the

effect of this power, gives ttle trouble to
determine whether the heavenly bod:m are impelled
towards each other, or whether they y at-

tract one another; and the person who examines
the phenomena -:m]y is unconcerned whether the
earth attracts bodies, or whether they are impelled
towards it by some invisible cause.

But in attempting to dive into the mysteries of
nature, it is of importance to know il the heavenly
bodies act upon each other by impulsion, or
attraction; if & certain subtile invisible matter i
them towards each other; or if they are endowed
with a secret or occult quality, by which they are
mutually attracted. On this question philo
are divided. Some are of upuuun. that this phe-
nomeson is analogous to an impulsion ; others main-
tain, with Newton, and the English in general, that
it consists in attraction.

It must be -:-‘tmrrad, that the terms atract and
;IT are not pe ﬁ th:;h accord- .

ia not to auppn aro i# an intermedi-
an, between the sun and the
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The English, and those who have the same

opinion, axplain it in this manner: ¥ maintain,
that the quality of mutnal attraction is proper to all
bodies : o oo

bodies. Had there been but two bodies in the uni-

verse, however remote from sach m,m'wmu
have had from the first a o each
other, by means of which they have in time

and united. Hence it follows, that the
gmmlmh.mmmﬁ rable is the at-
traction which it exerts upon others; for as this
quality is essential to matier, the more of it any



ATTRACTION OF THME HEAYVENLY BoDIEs. 183

aliractive force, produces in every body only that
effect which we perceive in the wgght ofa bod-y a
mass many millions of times smaller than the earth
will prodoce an effect as many times smaller.

It must readily be admitted, that if the weight of &
body became many millions of times less, the effect
of gravity Imﬂltmlﬂthﬂrﬂdﬂﬂﬂﬂ to almost nothing :

ﬁhw:ttun,nr I'm. cannot mg:m_ﬁt;la. except

Etn‘ltﬁ thwlfnn,uﬂnutwl—
mﬂnmthu and they produce in support of
their opinion an ulpﬂrtmant made in Peru by the
Frenth academicians,® in which they perceived the
effect of a slight attraction nt’a.pmdlglmlmountnm
on adjacent bodies. In adopting, therefore, the sys-
tem of attraction, we need be under no apprehension
m’lhludmn'uuwﬁllnwnuquancu and it has
hitherto been always confirmed h]rﬂu naw facts
which have been discoversd.
Tth September, 1760.

' LETTER LV.
Power by which the Hzme':? Bodies draﬂu.hnﬂy

Yoo are well acquainted with the rty of the
loadstome. that of attracting irom. ou have seen
small bits of iron and steel, such as needles, when

near the loadstone, move to it with a force

portioned to their proximity. As you see no-
g:u at impels them the loadstone, we

* Dir. wwhﬁ-&mhmmt-m:m"
ke doulbls wfliey wboat 1178, Mr, Cavendish also succesded in
e mutsal artracthon of balls of lead, by means of an
. Hemee It wan fband (hat the mean denity
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.say that the loadstone atiracts them, and this phe-
nomenon we call aitraction. It cannot be doubted,
however, that there is a very subtile, though invisi-
ble matier, which produces this effect by actually
Ilmda; the mmmml:lmmhy ; but as
of & are
it has m"f"““mmm..,m the loadsions
Though this be tuthelnd—
mmomn
mmmim.?ru tnnun
dunl'thangmﬂnl.hnnofthl
losophers so frequently amploy
thltl]]hndibl.ingmrll.munduwad
similar to that of the loadstone, and thll
wbmu wmpﬁhhtuﬁ.:ﬁttﬁrm atmpuﬂ.h
not are
and cannot be perceived when they are ::’IL
However great, for example; a stone may be, it
exercises no sensible attraction on other ad-
to it, because its power is too small. Bat if
its mass were to increase, and to become map
Mnfﬁmum&en:haﬁwtwmﬁ at le
become It has already been remarked,
that, from asctual observation, it was found that a
lofty mountain in Pera had uced attraction,
though indeed in a very small ee. A mountain
still greater would ce, therefors, a more sensi-
ble attraction; and & body mnr.hgma.tur,mh“m
whole globe, wﬂuld:.t'h'an‘tuthﬂﬂ with a force pro-
portionably greater; and this force. would be pre-
cisely the gravity with which we see that they are
actually impelled towards the earth.
jmnrdmgtuthul stem, then, the gravity which
obliges all bodies to descend is nothing else but the
mtof"th;mnﬂrn of the wh.oll:“‘mulm bf the
. . If this mass ware tar or L]
ornﬂlhtnfbodmnwoul(ﬁ:a unabhm
or less. Hence it follows, that all the other grm
bodies in the universe, a5 the sun, the plansts, and

¥
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the moon, are endowed with a similar attractive
power ; but greater or less in proportion as they
themselves are so,

As the sun is many thousands of times greater than
the earth, his attractive power exceeds that of the
earth so m tho times. The mass of the
moon is to be forty times less than that
of the earth ; it will follow, that her attractive force
Is 80 many times less: and the same rule applies to
all the heayenly bodies. ,

9tk September, 1760, .

LETTER LVL'
The same Sulject continued.

Ix virtne of thna?'ltmn of attraction, or universal
gﬂnﬁoﬂ. each of the heavenly bodies attracts all

rest, and is reciprocally attracted by them.

In order to form a judgment of the force with
which these bodies attract the others, we have onl
to consider two bodies whose attraction is mul
And here we must attend to three things; first, to
the body attracting ; secondly, to the body attracted ;
and, finally, to r distance: for on these three
circamstances the attractive power depends.

Fig. 33.

—— @'

Let A, Fig. 33, be the attracting body, and B the
body.attracted; both of them spherical, the heavenly
bodies being nearly of this figure. Take for their dis-
tance that of their centres A and B, that is, the straight
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creased. Thus, with respect to the attracting body
A, they “E' that the pnrw?rﬂwhich it mnﬁ over
ﬂmbtidﬁ in rtional to its mass, so long as
that of B and the distance A B continue the same.
I must further observe, that when we speak of the
ity of the attracting body A, or of the attracted
B, we mean the quantity of matter which each
and mtthﬁ:m:huie merely. Youwill
recollect, that bodies differ considerably in this re-
spect, and that there are some, which, in a very small
com contzin a great deal of matter, gold, for ex-
ample, while nthmﬁr:uch a_: aiEEIcﬂntu.inhwry little
in & great space. en, therefore, we here speak
of bodies, xm dlways to be understood as refer-
ring to the gquamtity of matter which they contain:
this is what we mean by their mass,

All that now remains is to examine the third cir-
cumstance, namely, the distance A B of the two
bodies, supposing them to continue always the same.
Tt must be observed, that as the distance A B in-
creases, the attraction diminishes ; and that as they
approach nearer, it increuses: but in conformity to
a law which it is not so easy to express. When the
distance becomes twice as great, the force with which
the body B is attracted towards the body A will be
twice two, or four times lesa; and for triple the dis-
tance, the atiraction becomes three times three, that
is nine times less, If the distance becomes four
times greater, the power of attraction becomes four
times four, that is sixteen times less, and so on.
Finally, for a distance a hundred times greater, the

wer of attraction will be a hundred times a hun-
or ten thousand times less. From this it fol-
allogother imperaegible. - And, reciprocally, when
T 1m @, rec » W
m f:'f ?:h'l'ﬂ'jl' small, the m
be very considerable, though the bodies may be
no great magnitude.
11¢h SBeptember, 1760, Rs
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LETTER LVIL
The same Subject continued.

I mave now demonstrated that when a body B i
nitracted ahod;&,umpuwaturmrlmmu

thl.tufwlhmﬂ lml&fbtggrﬂ but tdw
to e at
1o such a degree on the distance of these bodies,
that if it should become twice, thrice, four, or five
hmgrum,thpuwuf:mhmwuﬂdhm
four, nine, sixtesn, or twenty-five times less.
In order to ascertain the rule of thess
we must multiply into itsell the number which
marks how many times the distance is increased,
and the ct will show how times less the
power of attraction has become, t this rule
in its clearest light, it must be observed, that when
we multiply a number into. ltlﬂlflbﬂptﬂdlntmﬂt-
ing from it is called its Thus, to find

ﬂmmmummwm
ves, a8 below,

ww_l ________
Mulziplied by I.I. Muﬂhlur n
Baitars m Bepuars i
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958
258
2064
1800
616

———

66564

From which we see, that the square of 258 is 88,564 ;
and the squares of all numbers whatever may be cal-
culated in like manner.
As the distance of bodies, then, must be multiplied
E:hnll‘,:t is evident that the power of attraction
as muoch as the square of the distance
imcreases ; ur.thlt the square fl:.am dml’ be-
OOITEE A8 I maa Ler as wer of attrac-
Son fe diminisned,  © »
ey Capcashins whooo, SgZiAcuisa & I propes
ions w signification it is r
shnumw, because tlm sometimes oi:g:]:rp:n
'lhqnnmu;ufmrmhmm lhuﬂmgm
increased in proportion to the square tance,
we would call it K;wpm‘anu" ly to the square of the
distance ; but as direct contrary takes place, and
&s the attractive power diminishes as the square of
ﬁn&;mmrmwa emphrthuurmm“ -
wally contrariety, sa
power lummﬁpmctll proportional 'i.ortll.;.glqnm of
the distance. It is a geometrical mode of expres-
sion, the meaning of W]lll:hﬁﬁ perfectly compre-
hend ; a.ndltmfuram‘rhltl ve just been attempt-

hn
b{n er to aright of the er which one
mmjugr utmgm mh:m only to re-
that this power is, of all,
to the mass of the attracting body: then to that of
the body attracted ; and , Teciprocally to the
mdthurd;mu. Hmuuurndmt,uﬂ
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thwghthcaarﬂl.nrlthamharplmhmhkem

attracted towards the fixed stars, the power must

:nlcmmpﬂhu,ou mmtu{thnupmdlzlm
EM therefore, the mass of a fixed star to

earth would be af it with a fores as

as towards the sun ; but as the distance of the

B squar Mthhﬁm:be ben:gtm&“ nr&:
m.t i r Iﬂl. |m|

e B e

m«r with wluch it m ulmm globe is a hun-

of times less than

ﬂul-nl'thllun and, ly, mo&ahhm

produce any pemapﬁblo effect. For this reason, the
attractive power of the fixed stars does not at all
affect the earth's motion, nor that of the planets and
the moon ; but it is that of the sun which c
regulates their motions, because his mass
many thousands of times the mass of each planet.
hen, however, two planets h, so that
‘t'lm_r distance bétomes less than that of the suom,

universal pnntlhnn. A , when a comet

approaches very near to a . motion of this
lulmtybemrlrsﬂn::b]ylmw“,

13th September, 1760.
LETTER LVIIL-
Motion eavenly Bodies. Method of determining
af Lmu af m:rmf Grm"l'-':-rwn.

whintal the pes "“““"":?Eﬁ, Lol 4
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you are enabledito {nmproham how their motions

may be determined, and the real place of each body,

given time, accurately assigned.

this asiromomy consists ; the object of which is

an exact knowladge of the motions of the heavenly
in order to be able to determine, for every

of time, whether past or to come, the place

the heavens it mest appear, whether viewed the

mod meckenior, Ot dymamise. 114 SHeoh Io:10
or ] ia.
determine the motion of all bodies whatever, ani-
mated by whatever er. This gcience constitutes
sae of principal branches of mathematics; and
those who apply to it exert all their efforts to carry
mechanics 10 highest posaible of perfee-
ton. The mbjects about which this science ia
w are, however, :_-o intrilcate,f that there is
no great ground of boasting of our B8
in the investigation of them ; udnga mmﬁrm.
isfied with advancing step by step. Not many years
are alk since we to make any progress at
all in this career; and what has been done is chiefly
to be ascribed to the Academy of Sciences at Paris,
which proposes annual prizes to the best proficienta
in the prosecution of this science.

The greatest difficulty arises from the number of
powera which sct upon l{a heavenly bodies. If each
of these were attracted towardas only one single point,
there would be very little difficalty in the way; and
the great Newton, who died in lg?ﬂ, was the first
ho gave a complete demonstration of the motion
f two bodies which have a mutual attraction, in
nformity to the law which I have laid down. In
Lo sun oaly, we shouid be abie periectly, witbout

sun we e ectly, w
10 determine its motion. The same thing

-

g%

E
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wonld to the other Baturn,
lnm,?m and Hﬂmm were atumadm
enly by the sun. But the earth being attracted, not
only by him, but by all the other ﬂn.irbodul.
the question brcomes infinitely complex and
difficult, from the great diversity of powers to which
we must pay attention. You may neglect, how-

masses may be, they are so prodigiously distant,
lhl.tthepn:erwh.lch! exercise upon the sarth
may be considered as just nothing.

, motion of 'r.ha uml;.ﬂ therefore, mﬂh‘uf the
other planets, will alw I.l-pnrfer:t] the sameé
u:fﬂmhodﬂmﬂ;d'nmanu. Em;un%r then,
the power of the sun, we have only to consi
power with which the planets mutually l.tf.'rnctmh
m:u'iml hich each plamet s Srtracted

w e is
sun, becanse the mass of the sun is
much mthmth:tofmhplm
mur,ﬂlmmmbmmrdm;u
mndutmmdiminluh,mlhﬂl a power four times
greater corresponds to a distance twice less ; udl.
power nine times less corresponds to a distunce
three times greater, and so on, according to the
-qulrennt‘thnnmberrl.ulnrplunad the subject
-mﬂm ecod. Letter, it might be possible for two
rocome equal 10 that of the i, ey,
;rﬂa.ll MIL . B

ately, this never takes place in our system,
nml the nzu always remain at such a distance
from each other, that their attractive power is ever
incomparably smaller than that of sun. For
this reason, without extending our views beyond
what is thus mﬂl{adm wa]mmlr mm
av an o t r
T L T
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This, hdwever, can take place only when we are
to rest satisfied witha near the truth;
for if we wish to have more exact information, we
:ttmd to those feebler powers with which the
n each other—powers which really
ities clearly observed by
t.u tummmt of the perfect
uf l‘.h-un is directed all the sagacity of

both astronomers and geometricians.

15th September, 1760.

LETTER LIX.
System of the Universe,

In order the more clearly to elucidate what 1 have
been advancing respecting the motion of the hea-
ﬁr bot.?;“' mdtthn puw?n w};;h;;m}ucn it, per-

me ent to see ronlispiece
the l?mmp;?'tha mu{ﬂu. or a description of th:
heavenly bodies which compose it. -

We must, first of all, observe, that the fixed stars
are bodies entirely similar to the sun, and luminous
of themselves ; that are at a very great distance
from that luminary, also very distant from each
ather; and that every one of them is, per| of
equal itude with the sun. You are alre in-
formed, that the fizved star nearest to us is at least
400,000 times more distant than the sun. Each of
the fixad stars seema desi to communicate light
and heat to a certain number of o hodies, simi-
lar to our earth, and, und , inhabited like-
wine, placed near them, but which we cannot see,
on acconnt of their prodigious distance.

Though it is impossible to ascertain this by actoal
observations, we must conclude it, from their anal- -
ogy to the sun, who servea to warm and to illumi-
nate the earth and the other planets. We know,
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with their orbits, and marked by the
, 4

s almost thirty years in per-
ion round the sun. ‘This planet

F

H

solar system consists of six (now eleven) pri
) Eegmry Ei;v:ﬂ' 2, the Earth &, m
mpiter 1, Baturm b, hieen secondary plan.
ets or satellites, namely, thonleﬂonn., the four attend-
ants of Jupiter, the seven of Saturn,® and the six of
m’lﬂ:omnm?:i:num besides, several ts, the
Byalem Bev come
number gfwhich is unknown. The figure on the
Plate represents one of them, whose orbit differs
from that of the planets, because it is drawn out
into extreme length, so that a comet sometimes
approaches very near to the sun, and sometimes
ramoves to such an immense distance as entirely to
. Of eomets it has been remarked, that
one finishes his revolutions in his orbit in about
sixty years; this is the one that was visible last
year.t As to the other comets, it is certain that
they employ several centuries in performing one
revolytion in their orbits; and as, in past ages, no
exact observations were made of them, we are totally
in the dark with ct to their retorm. Of these,
then, consists the solar system ; and, most probably,
every fixed star has one similar to it.

17Teth Beptember, 1780,

*Wa have added in 1he figure the srbita of Lhe mgmm
wimos the time of Euler, vie Juma, Viesla, whoss or-
bite are situsted beiwesn i hose of J-mlnl the Grorgium
S (1) whizh in wiousied beyond the orbit of ‘Thoe lunt of these
plaeis b sitended with six sstalliies,—Ed. -



LETTER LX,
The some Sulject contimusd.

In addition to what I have said respecting the
solar I must communicate some observa:
tions for the explanation of the figures. And, first,
it must be remarked, that the lines which.mark the
paths in which the planeta move have no real exist-
mmmhlmuthawhulﬂimuitmm
in which they move is a vacuum, or ra
with that ile matter which we call the ether,
end which I have already so often mentioned.

Again, the orbits of the planets are not all in the
same plane, as the presents them: but if the
orbit which thom ducﬂbuh' round the sun is
Epaﬂ,'mpmn on the paper, we must imagine

orbits of the five other planets to be partly ele-

d?pmd, with reference to it;
or that the orbit of each planet bears uwpon it an
oblique direction, making an intersection with the
r, under a certain angle, which it ts impossible
represent in a figure drawn upon a plane.
thur,thammnfthnphmummtcirﬂﬂ.
as the appears 10 indicate, but rather some-
what , 0ne more, another less so; no one, how-
ever, recedea very considerably from the circular
form. The orbit of Venuos is almost a perfect circle ;
but those of the other planets are more or less ex-
tended lengthwise, so that these planets are some-
times nearer to the sun, sometimes farther off.
lm‘'I'IlJla':m;_:lrrl'.lﬂ.url.'ul' emt;n.dn:i particularly distingnish-

&, being greatly ex in length, as represented
in the Jznmthemmn.mdlh&nhﬂitu
of Jupiter and Baturn, their orbits, too, are nearly

Hﬁﬁmnm'-ﬁmuwmm
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and the same direction, as they appear on the plane
of the E:im for they do nut remain in the same
Lo 'thm themselves niironm}il rﬁund t']..::l Bun
ng wi anet to which t
lt IB thus we méntmuﬂep]ntmd the lines liié?ralezﬂtfd
fﬂm agination must supply what it is
on a p.'llna surface, accurately to exhibit,
ou are now enabled to comprehend with ease
what the late Mr. de Fontenelle meant to display, in
his book on the plurality of worlds. The earth,
with its inhabitants, is mmatlmu denominated a
world ; and every , every one of the sat-
!li.llﬂ, has a.n equal rig ttu same appellation—it
hly pmh!hh that each of these bodies is
inh as well as the earth.

There are twenty-nine worlds, then, in the solar
system alone. And every fixed star being a sun,
round which a certain number of planets perform
their revolutions, and of which some have, undoubt.
edly, their satellites, we have an almost infinite
number of worlds, gimilar to our earth, considering
that the number of stars perceptible to the unas-
sisted eye exceeds some thousands, and that the
teleacope discovers to us an incomparably greater
number.

If it is meant to comprehend under the name of
world the sun, with the planets and their satellites,
and which derive heat and light from him, we shall
have as many worlds as there are fixed stars. But
if by the term world we understand the earth, with
all heavenly bodies, or all the beings which were
created at once, it is clear that there can be but one
world, to which we refer eve thing that exista. . It
isin th:u sense the term world is employed in ph:loc—
ophy, particalarly in metaphysics; it is in this sense
wa say that there is but one world. the assemblage
of all created beings, past, as well as present and
future, whose existence is subject to general laws.

When, therefore, philosophers dispute, whether
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LETTER LXL

8mall Irregularities in the Motions of the Planets,
mndﬁyﬁ‘:irmmﬂitm‘;m

In order to determine the motion of the bodies
which compose the solar system, it is necessary to
distinguish the primary planets, which are Mercury,
Venus, the Farth, Mars, Ceres, Pallas, Juno, Vesla,
.Llr'u-r, Saturn, and the Georgium Sidus, from their

ellites, namely, the moon, the feur satellites of
Jgﬁhghtl]::mmdmtnm.mdlhe riz of the Geor-

It has been explained to you, that these eleven plan-
ets are principally attracted towards the sun, or that
tha forece with which thqg are impelled towards him is
incomparably greater than the powers which they
exert one upon another, becaose his mass is incom-

¥ greater than that of the planets, and because

never sufficiently approach to each other to

r their reci attraction very considerable.
wm:hgﬁ:tmmadunl towards the sum, their mo-
tion be sufficiently regular, and easily deter-
mined. But the feebler powers of which 1 have
been speaking occasion some slight irregularities in
their motion, which astronomers are eager to dis-
cover, and which geumtricinnn endeavour to deter-
mine on the principles of motion.

An important quoestion is here agitated—namely,
The powerswhich act upon a betng known, how o
Jind the motion of that body? Now, upon the princi-
ples above ﬁd iil;wn. weo;ru ;}Eﬂnuntad with the

1o the uence w eve is
m. Thus the motion of the ughﬁ“ﬂm
what affected, firat, by the attraction of Venus, which
sometimes es very near it; and, secondly, by
that of Jupi .Ihich,lsll'w of the prodigious



becomes considerable, though
at a great distance. The mass of
amall v produce any perceptible effect,
sometimes very near us; and Saturn,
mss be the greatest next to that of Je-
dei:mnm be all,
moan, TMASS YETrY B
xhwmr,mmhfnr;nhw bup!n-
the sarth. The comet which
was seven times nearer to us than sun
distance was smallest; there is a Z:n
&ahbility, therefore, that it may e

earth's motion, especially if his mass
was considerable—a circomstance with which we
uenutwg:inwd. If this comet were as great sa
the earth, sffect must have been very consider-
; but its t smallness mduces me tobelieve
its mass s much less than that of the earth, asd

its effect must have been i
we saw this comet, however, it had got

to a great distance : at the time when it was nearest
it was invisible to us, but it must have appeared very
brilliant to our antipodes,

IR
Lt

FRER
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and ormed her own revolutions
M b‘n‘tpe:l!;ﬂ is 300 times nearer 10 ua
ﬂ:rn m'l.hnm hence it is evident that he
exercise & much feebler influence upon her
the earth does. The moon being principall
by two bodies, the sun and the earth, Hg
that the determination of her motion must
h more difficolt than that of the primary
, which are subject to the attraction of the
sun only, excepting the slight derangements which
socontingly in all agcs greatly ombarrassod philoso:
acco in em
ﬂan, Iﬂfﬂ#?m‘ mmy n able to u?:smm.
future given time, the exact place of the
mn_‘gnmwﬁthﬂ:gavﬂm' hend, that in order
on oo A to
dict an ncllm,rwhﬁlgg of the moon or of the ﬁ:
we must he able accurately to ascertain the moon's
place. Now in calculating eclipses formerly, there
was rrnqm.gl]y a mistake of an hour or more, the
i E"l?ce an hour earlier or later
than- the ::nl::n]:.hnn hatever paina the anciem
astronomers took to determine the moon’s motion,
they were always very wide of the truth. It waa
mot till the great Newton discovered the Nﬂ pn:mm
which act upon the moon, that waﬁf
nearer and nearer to truth, after having uutnmiul

E;}iﬂﬁii

many obstacles which retarded our progress.
I m ]mra & much time and attention on
. Mayer of Gottingen

, pursuing
Ihﬂumkwhchlhldnmnd hl.lwmraci:t a de-

beyond which it is perhaps impossi-
Ee ter go.t I:T'::munh;m-a.th;:,thmtenym

the obearvalion of l.-:dlnuuhmmm
lh ublqm npan mndnmmﬂlm&m m:-mu
nothor comld soaroely progroe reuriie
walanyon —dm, Bd.

1 The average drver of Mayer's best takles, with (he improvements of
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have elapsed since we could boast of any
mmmhnwhdgunfthtmu mnhnHmm

of eight minutes and mere. To analysis, then, we
mmdebtedur important diseovery, the source

of unspeakable advantages, not to the astronomer
only, but likewise to the geographer and the navi.

“;‘5’; September, 1760.

LETTER LXIL

Deacription of the Fluz and Reflux of the Sea.

Tue attractive power of the heavenly bodies ex-
tends, not only: ta the mass of the but to all
the parts of which it is composed. Thus, all the
bodies which we see on the surface of the earth are
attracted, not only towards the earth itself, from
which results their grnﬂty,lndlhawnightul'arw
qne in particular, but likewise towards the sun, and
towards all the olher heavenly bodies; and
nmrnnrluu,wmrﬁmgtnthnmmul‘lhuuhﬂm
apd their distance.

Now it is evident, that the force with which a

£

Mason, was from 1TH) ta ITBE, XY in longitude, and 14" In laritude ;
“hﬂ arror of our prosent whiss, in 1581, is only 4% in
NH"‘ ﬂllm&““lh
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the moon were equal to that of the earth,
ion towards the moon wounld be 80 timea
is 3800 times less than the attraction towarda
or the gravity of the body. But the mass
non is t 70 times less than that of the
; hence the attractive power of the moon be-
still 70 times 3800, that is, 252,000 times less
gravity of the body.

lhm%h‘nﬂw sun many thousands of
r the earth, he is about 24,000 times
from us than the centre of the sarth;
s reason the attraction of the sun upon a
in extremely small compared to its gravity.
Hence yon see that the gravity of terrestrial bodies,
which is nothing else but the with which they
are attracted towards the earth, cannot be

affected by the attraction of the hea ¥
es.

Though this attraction, however, be incon-
siderable, there results from it & remark phe-
nomenon, which long puzzled philosophers; I mean
the tides, or the flux and the reflux of the sea. It
occure 8o frequently, even in common conversati
that it is almost a matter of necessity to unders
it. For this reason, I propose to explain more mi-
nutely this singular phenomenon, to unfold the
causes which produce it.

1 begin, then, with the description of the well-
known phenomenon of the flur and reflur of the sea.
led'l} any ome is ignorant, that by far the greatest
part of the surface of our globe 18 covered with a
mass of water, called the sea, or the ocean. This
immense fluid mass is very different from rivers and
lakes, which, according to the different seabona of
the year, contain somelimes less water, sometimes
more, whereas in the sea the quantity of water at
all times continues nearly the same. It is, however,
observed, that the water of the sea rises and falls

2§28
E;EE!

SEREERE
Eﬂ,gﬁﬁ,ii.

g
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dmuuly with wonder{ol regularity twice every
tﬂnt-&mrhuml.
U, for instance, in a harbour the water is now at

& height, it will presently begin to subside ;
Mrﬂ cantinues for ma{huun, at the end

the subject of our present disquisition.
InnHthrllltuhnmmarknd,th:tthndin‘brm
between rising and falling keeps pace with the varia-
tions of the moon. Mgllmdnawmoontbewnur
rises higher than at the quarters; and about the
time of the vernal and antumnal nqmnmu,i.n the
months of March and September, this alternate mo-
tion of the sea is most considerable. A great dif-
ference is likewise observed, according to the situa-
tion of the coasts. The flux in some is naver
more than a few feet, while in others the rise ia
forty feet and u Buch are the tides in the
Eld. rta of 8. M ml“ra.ma,lnduf Brisiol in Eng-

It is further to be remarked, that this phenomenon
is perceptible chiefly in the ooean, where there is a
vast extent of water; and that in mbmnﬂ_ndmd

* The tide rises leﬂﬂlmﬂwﬂ "
Jay of Pandy, 1o the height of 00 fout.—dm: B4 yiate
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tonfined, such as the Baltic and the Mediterransan,
it is much less considerable. The interval from the
flux to the succeeding reflux is not exactly six hours,
h'utlhunt eleven minutes more ; so that the same
changes do not take place the day after at the sama
hour, but fall out about three-quarters of an hour
later: 8o that a revohution of thirt days is inita
tnhmlhmmmﬂmuwum ; now, this is
the period of one revolution of the moon,
or tha 'IJEI"!'I.] between one new moon and that
which ediately follows.
2624 -Srplmhr, 17640,

LETTER LXIIL

WWW:WWIMM

Waen the water of the sea rises at any place, wa
are not to imagine that it swells from any internal
cause, as milk does when put in a yessel upon the
fire. - The elevation of the sea is produced by a real
increase of water flowing “.ther from some other
Ele lace.* It is a real currc.t, which. is very

at sea, conveying the waters towards place
where the flux is.

In order to have a clear cumpﬂhenum of this,
you must consider that in the vast extent of the ocean
there are alwaﬁu places where the water is low, whila
it is high at others; amd that it is conveyed from the
former 1o the latter. When the water rises at any
place, there is always a current, eonveying it from
other places, where it is of course at that low,
It is an error, therefore, to imagine, with some ag-
thors, that during the flux of the sea the total mass

'Mwih-drh#llﬁhhlﬂth 1]
Wﬂm“ﬁhﬂﬂm-m Bmokhar -
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of water becomes . ind that it diminishes
the reflux. entire mass or bulk of water
remains ever the same; but it is subject to a
oscillation, hyihchllﬂMllll‘lﬂliEl‘d
from certain regions to others;
when the water is high at any itis of course
hwmh;lnoh.luthﬂ mﬂphm
whera it ia I8 Dql.l.l]. m
ﬂthmuwhm'?thm.

Buch are the phenomena of the flux and reflux of
the sea, the cause of which ancient philosophers en-
deavoured to discover, but in vain. Kepler, in other
reapects a great astronomer, and the omament of
Gumm}r,hel;urudthnﬂmunh.n'al]uﬂllha

Descartes, that great French philosopher, endeav-
oured to introduce & Jore rational phy ; and
mﬁu&ﬂnﬁ&&ﬂﬁﬁrﬂuﬁmmﬁ
principally regula moon's motion ; w
s indeed a very important discovery, the

T
(e
it
;
=
E
Z

il 39 minutes aftor midnight; and the pet
ter will be 33 minutes after six in the morning

it
35

And as the same ﬂll:g'pmulyhlﬂphnnmtha
moon's motion, which rises always three-guariers of
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an heur later than the preceding day, it was presum-
l!inlhnﬂhhdﬂfnlhwadth:‘m;wﬂthﬂ
I.I’atujrpwn plm,[uranmph,ﬂnmdl. af

moon, high water to be at three ol the
ulaek,lﬂu commltmmdthﬂwqr

after, on tha I'irat day of the moon, the flux would

invariably be at the lmght at three o'clock afterncon,

and that every following day it would fall M&l‘b:f
ers of an hour,

n, nnt only the time when every flux and re-

flux follows the moon, but the strength
ol'thehrleu wh.rc is variable, atill to nd
onllipomhunufﬂmnmn Are BVEryw,

tmc:ﬁ:r after the new and full moon, that is, at these
the elevation of the water is greater than at
uthar times ; and after the first and last quarters, the
elevation of the water, during the flux, is
This wonderful harmony between the tides and ;h&
motion of the moon was, undoubledly, sufficiant
to conclude, that the chiefl cause of the Sgx
wnd reflux of the sea was to be sought for in the
action of the moon.
Descartes MIMI?dh?ah*:t.d that the mtlrell. in
pui over us, pressed the muupharu,w air
Egmrumdn the earth, and that the ur Hﬁ
l.'m the water, in its turn forced it to subside
this been the case, the water must have Iﬁm de-
pressed at the places over which the moon was, and
the same effect should he’produoadtwelmhnunlhqr
in the ensuing tide; which, however, does not
pen. Besides, the moon is tob.distant from
earth, and the atmo too low, to be impressaed
by the moon; and itting that the moon, or any
udmr thodr.weramwumagthumwhnm

{far from
[rum it, IM:‘KIM would m':é?rwg;

Hnﬁbd[:tmuﬂi
'%r‘hm;mr%pmfﬂmmstuuxphmthnﬂnmﬂ
N" —
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reflux of the sea has therefore failed ; but the com-
nexion of this with the moon's motion,
'higt;tl;ﬁh he Mlnt;l:nlrwﬂld;rd.m-
ablad his successors to employ the application of their
researches with more effect. This shall be the sub-
Ject of some followiug Letters.

" 30k , 1780.

which the moon exercises upon the earth, and con-
also upon the sea.
attractive power of the heay bodies hav-
wmqm;m by so many
phenomena, as I have shown, it conld not be
doubted that the flux and reflux of the sex mumst be

prehended that its action must extend to Lo H
and the more so, as yon must tly have ob-
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power, and no derangement could take place in their

mutual situation. i

dr:'-:ru I;:: easily form the idea of several tl;r:tm:ﬁ
wh wers equal ;

proceed mﬂgﬂ:hg r?:-uad, alwtytmplgoning mwm

order, and the same di ; But as soon asg some
of them advance more , and” others more
slowly, the order will be . The same thi

takes place in the case of the different bodies whic
are attracted by the moom; if they all felt in the
same degree the action of that luminary, they would
preserve the same relative sitvation, and we shoald
mvﬂ né change in them: bul as soon as the
with which they are attracted towards the
moon varies as to each of them, their order and their
relative sitpation necessarily c , unless they
are attached to each other by ich that power
is unable to barst asunder.
Bat this ia not the case with the sea, as afl the
. mn! a fhrid sre easily upl:;adl from each
other L ome m llbﬂj’ eas0nd
‘I'll."lcﬂ it mu:?:{-. It i.::riﬂant, then,T}?:i when
the powers which act on the different parts of the
séa are not equel to one another, an agitation, or
dera must be the ence. '
We have just seen that the different parts of the
sea are attracted uoegually by the moon,
as they are distant from her centre; the
sea must, therefors, be agitated by the force of the
moon, which, contimmlly changing her sitaation with
respect 1o the earth, and performing a revolution
round it in about twenty-four hours and three-quar-
ters, makes the sea the sama and
{xm’amm same phenomena in the same period of
wenty-four hours and thres.quarters; the flux and
her th:um-;nlrurlb.t Mo, which s oot
anat of an ] cop-
firmed by constant.experience.
It now remains that we show how the alternals
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slevation and depression of the sea, which succeed
each other after an interval of six hours and eleven
minutes, result from the inequality of the powers of
the moon. This I propose to examine in my next

Atk October, 1760,

LETTER LXV.
The same Subject continued.

You have seen that the moon causes no alterstion

ilthnnu-qrﬂ;aunh.,hntiuﬁ:‘ﬁ.rn ll:lﬂl

on its different parta, reason of it i
mu'if]:ﬂium.quuyfeu the same Hﬁm,th:;
would be equally attracted, and no changs in their
relative situation would result frow it.

But a body being at A (Fig. 34, p. 919), nearer the
moon than the centre of the earth C, is more power-
ﬁmmwnm:mﬂcwmh; it

i Iﬁmhit,ﬂmn, with greater velocity than thiy
last : hence it necessarily follows, that the body
A retires (rom the centre J, and the
moon ; a8 if there were two chariots, one at A,
the other at C, and il the chariot A were drawn to-
wards L with ater force than the chariot C, it
wmﬂmmgmc, It is thus that the power of
the moon has a tendency to withdraw the point A
from the centre C.

Now, to remove a body from the centre of the
earth is to raise it; and water at A being now
the thing in ion, it is certain that the force of
the moon 8 to raise the water which is at A,

a power equal to the excess of the attraction tow
the moon felt at A above that felt at C. By this
power, then, the moon raises the waters of the earth
which are immediately under her.
ummlw.mm:wdn
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directly opposite to the point A ; the centre of the
éarth C, more powerfully sttracted by the moon
than the point B, will approdch mearer to it, and this
lest; 50 %0 speak, will rermin behind, just as a char-
iot which is drawn more slowly than that which
edes it. The point B will consequently remove
rom the centre C, and rise ; for to remove from the
::spmufmam.mmﬂla.ispnnmdthamt
It L evident, therefore, that the power of the moon
tends to raise the waters, not only at A, but likewise
at B, the point diametrically gite, and that by a
foree to the difference of the attraction of the
moon at Band at C, which is less at B than at C.
Now, those -who are at A have the moon directly
sbove them, or in their zenith; and those who are
: B see nll'l'.lluf t;gl;: the mud-un, Im:anuslu ghe is then

a point o eavens diametrically opposite 1o
'&Bir%. called madir. d '

Henee it appears, that at whatever parl of the sea
it may be, the- watér must rise equally when the
meon is in the Zenith of that place and in its padir,
or, when the moom is at its grestest elevation shove
the horizom, or at its greatest depression under it.
At the imtermediate periods, when the moon is in
the hortzon, either rising or setting, she exercises
no power capable of raising the sea ; a small contrary
power tends even to make it fall.

According to this system, st the place of the sea
where the moon is in the zenith, its power hasa
terndency to raise the waters ; about six hours after,
when she Ims reached the horizon, her power s
a tendency to make them fall. Twelve hours and
twenty-two minutes after, the moon being then at
the point miost distant under the horizon, she exer-
c¢ises the same power to raise the water; and at the
éml of eighteen hours thirty-three minutes, when

w ﬁtn the site horiz the waters are
H at length, teentyfour atd forey-
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Sasiih, ralang the waier & on the preceding dey
zeni the water &3 on in, i
and lhnmmg:ﬁmad by uniform axp-urinm' i
This alternate elevation and depression of the sea
at intervals of six hours and eleven minutes, having
such a perfect conformity with the moon, leaves us
op room to doubt that the flux and reflux of the sea
are caused by the atiractive power of the mmon.
11 ia a remurkable circumstance that she acts
equally on the sea, in raising it, whether she is at her
ey cinf under . This appedrod o e very
pﬂn T i
who imagined that the moon
must pmdum under the horizon an effect contrary
to that which she uces when in the zenith. But
you see clearly that the moon produces the same
effect in these two diametrically opposite positions ;
as | have demonstrated in the figure above referred
MEMMMGEthumMEMHmuilﬂ
at
‘Tth October, 1780.

LETTER LXVI

Frou what has been said relputing flux and
reflux of the sea, you must be sensible that the sys-
tem of Newion, which I have adopted, is mﬂ

contrary to that of Descartes. According to
last, the moon exercises a pressure, and the sea must
subside ut places situated directly under her: but,
according to Newion, she acts by a.tl:rmhuu., and
forces the water to rise at these very

Experience, then, must determine w h n{ thess
two systems is lo be received. No more is neces-
sary than to consult the obeervations made with re-
spect to the ocean, in order to see whether the water
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rises or falls when the moon is in the zemith. Re-
course has actually been had to this; bat it is found
that when the moon is at either the zenith or nadir
of & given the water there is igh nor
low ; and that high water does not take place till
some hoars after the moon has paased the zenith.
From this circumstance, persons who examine

twenty-two minntes, or that its state is always the
nma,whuthnrthnmmhnnbwowhlww the

lhurrhnw over heads of our an-
tipodes, can ueuhnmaﬂ'aelnwhmlhah
OVET OUrs, . ses Fig,

E mm pmvu
ltll‘.cm;t the water at A i

?ﬂﬂhﬂﬂﬁmﬂtl’lﬂ Ihﬁ
1 ware at |tn1mpn|ﬂ.
that the water at A should
poeasure.
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In the m of attraction, on the contrary, it is
ingomn y certain, that the action of the moon
must be nearly the same whether that luminary be
at Morat N; and this is demonstrated by actual

1 . here t a precedi xplanation, he-

must a [}

canse it is mm:x?m utmoat i:‘;lpmunna. When
the moon is at M, the point A' is nearer it than the
centre C; it is therefore more powerfully attracted
than the centre; the point A will remove from the
centre, consequently it will then rise; the moon,
being at M, has a tendency to raise the water at A.
Let us now see what effect the moon, being at N,
will produce, where she arrives in twelve hours and
twenty-two minutes after she was at M. As the
point A is more distant from the moon at N than the
centre C, it will be more feebly attracted ; the cen-
tre C will advance with greater velocity towards N
than the point A ; the distance A C wi umrdiﬂ
become greater; the point A will therefore
more distant from the centre C. But to be more
distant from the centre of the earth is to rise, con-
sequently the moon, being at N, makes the point A
to , that is, she has a tendency to raise the
water at A, as if the moon were at M.

But here experience presenta a very formidable
objection ; for it is observed, that the moon being at
M, or at N, the water is not then at its greatest ele-
vation at A. This does not take place till a con-
siderable time after, and thence some have been in-
daced to reject this explanation altogether. But
you will easily see that their decision is extremely
precipitate.

1 have not said, that when the moon is at M or N,
the water atitlltiug::m height; I have only
said, that the power of the moon has then a tenden
to make the water rise. But the water at A d
not rise unless its quantity were increased ; and that
increase can be produced only by the flowing of the



not be at the height in narrow and bounded seas
three hours or more: and this perfectly agrees with
daily observation. -

11tk October, 1760,

LETTER LXVIL
The same Subject continued.

¥r is no longer, then, a matter of doubt, that the
flux and reflux of the sea is causad by the attractive
power of the moon. But there remains one difficulty
more to be removed: Why is the motion of the sea
much more considerable at the time of new
moon than at the 1 If the moon
nearer the earth w she is new, or I
when she is in her quarters, there would be
culty in the question, as her proximity would i
crease her power.  But though the moon
the earth sometimes more, sometimes leas, the dif-

Fé?i%

"
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ference is always too small to occasion a change so
in the flux and reflux of the wea.
is difference is not regulated the

Im;mﬂitmuyhmth:{lh-
intermadiate quarters, s be nearer
n she is new or full. We must have
ré, to another cause capable of in-
and reflux of the sea at the new

and of diminishing it at the interme.

of attraction shows us at first, that il
i the sun which, joined to that of the
a complete solution to all the
tous by the flux and reflux of the
ll that I have said respecting the
the moon exercises on the sea is
icable to the sun, whose attractive power
isé unequally on all the parts of the
according as they are more or less remote
him. The attraction of the sun is even much
intense than that of the moon, as it chi
url: motion of the earth, and carries
it.
't depends on the inequality of that action, with
i on in o wi
i the different points of the sarface of the
which are more or less attracted towards the
its centre—as I have shown you,
ining the effect of the moon. If all the parts
were attracted equally, no change in
situation would take place. But though
of the sun be much greater than that of
the inequality, with relation to different
earth, is nevertheless smaller, oo account
t distance of the sun, which is 400 times
us than the moon. The difference of
ith which the centre of the earth, and
{ ita surface, are attracted towards the

therefors very pmall ; and from calculations

|
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actoslly made, it is found to be three times loss,
nearly, than that »f the moon upon these points.
The attractive power of the sun aloge, then, would
likewise be of causing the Aux and reflux of

the moon, or that there are really two tides occa-
sioned, the one by the moon, the other by the san,
and called the luner tide and the solar tide. That
of the moon, nearly three times greater, follows its
motjon, and from one day to another is retarded
thres-guarters of an hour; that which follows the
action of the sun would copstantly correspond to
the same hours of the day, il it existed alone, or i
there were no moon. These two tides, the lunar
and the solar, together produce the flux and reflex
of the sea: but as the one and the other
make the waters of the sea alternately to nise
fall, when it happens that these two causes con-
intly make the sea rise and fall, its fox and reflux
much more considerable ; but when the one
mmunmﬁms h::. g‘l::nth uhrar M
sama when t in contrary direc
the ome will them be diminished by the other,
the lonar tide will be weakened by the solar. Ae-
cord a8 these two tides assist or check each
other, the Aux and reflyx will then be more or less
comsiderable

Now, as at the time of new moon the san and
mooh are in the same parts of the heavens, thei
aflects being perfectly in unison, the flux and redux
mutthenhuﬁ:amt,be equal 1o the sum of the
two tides. This will equully take place at the

* of full moon, when the moon ja ite to the san,
as we know that she produces the same effect,
thongh she. be in & point.of the beavens dienetsi-

2

£
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eally opposite to the first. The flux and reflux
must therefore be greater at pew and full moon
than at the first and last quarters. "For then the
of the sun is exerted to lower the waters, and
that of the moon to raise them. It is evident, there-
fore, that at these seasons the flux and reflux must
be leas considerable: and actual observation con-
firma it.
It might be still further demonstrated IZ.
tion, that the effect of the moon, or of
somewhat greater when these bodies are at tlu
, ot equally distant from the two poles of the
: which happens at the time of the equinoxes,
tawtrdu the end nm months of March and Septem-
ber. It is found, too, that at that time the tides are
strongest. It follows, beyond all doubt, then, that
the tides, pr the flux reflux of the sea, are
cansed h}r the attractive power of the moon and of
the sun, inasmuch as these powers act unequally on
the different parts of the aea. The happy -explana-
tion of this phenomenon, which had so dreadfully
pmg:xed the ancients, is a complete confirmation
of the system of attraction, or of universal gravita-
tion, on which is founded the motion of all the

bodies.
“14th October, 1780.
LETTER LXVIIL
More : Actuwa the Dhspute :

Hiviwe given you a general but exact idea of
l.bu qu‘:rhieh}::mduca the principal phenomensa
universe, and on which are founded the
mﬁnna of all the heavenly bodies, it is of import-
mge 'I.nlmn{:id:r with more attention those powers
oL, L.— :



130 DPMFUTE REMFECTING
hich i of the of
w m!hlphnipllpuﬂh lj'dli

It is supposed in this system, that all bodies mu-
tually attract each other in the ratio of their inass,
lndlelltl"lytuthmr distance, in conformity to a

u:llghund The satisfactory manner in
whmh most o mlﬁemmummmm
counted for this supposition is founded
in truth ; that the attraction which different
bodies exercise upon mhntlur may be considersd
as a most undoubted fact. It pow remains that we
inquire into the cause of these attractive powers;
but this research belmp rather to the province of
mathematics,

mmﬂ; than of dare not
therafore flatter mysell with the prospect of abeo-
lute success in the ecution of it.

As it is certain any two bodies whatever are
attracted to each other, the question is, What is the
cause of this attraction! On this point philosophers
are dividled. The English maintain that attraction
is a property essential to all the bodies in pature,
and that these bodies, hurried along by an irresist-
ﬂllllpmpﬂllu‘tz y tend mutually to approach, as if they

were impe by feeling.
Other philosophers consider this opinion as ab-
surd, contrary to the pri es of a rational

ph-ilnll:‘lghp They do not deny the fact: they even
admit powers exist which are the causes of the

reciprocal Wofhdhimrd:mh other :
hntthay!nl.inllm, t they are foreign to the bodies ;
to the ether, or the subtile matter

wlm:h them, and that bodies may be put
tnmuumhrlhnuthnr,Jutnﬂm that a body
#::fldhhl d receives several impressions
Thius, according to the first, the cause of

the attraction resides in the bodies themselves, and
essenti lltu'lhmrm.tun:md_lcmrdmﬂujsln the
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would be ; and we must rather say that
bodiea are im towards each other. But as the
effect is the same whether two bodies are recipro-
ﬂ impelled or attracted, the word attraction

not give offence, provided it is not pretended
by that term to determine the nature itsell of the

Calse,

To avoid all confusion which might result from
this mode of expression, it ought rather to be said
that bodies move as if they mutually attracted each
other. This would not decide whether the powers
which act on bodies reside in the bodies themselvea
or out of them ; and this manner of speaking might
thus suit both ies. Let us confine o ves to
the bodies w we meel with on the surface of
the earth. .

Every one readily admits, that all these would
fall downwards, unless they were supported. Now,
the question turns on the real cause of this fall,
Bome say that it is the earth which attracts these
bodies, by an inherent power natural to it; others,
that it is the ether, or some other subtile or invisible
matter, which impels the body downwards : so that
the effect is, nevertheless, the same in both cases.
This last opinion is most satisfactory to those who
are fond onflnlur principles in philosophy, as they
do not see how two bodies at a distance can act

each other, il there be nothing between them,
others have recourse to the divine Omnipotence,
and maintain that God has endowed all bodies with

a power of mutual attraction.

*Imn;bit be dangerous to venture on a dispute
concerning the limits of Divine power, it is never-
theless certain that if attraction were an immediate
work of that power, without being founded in the na-
tare of bodies, this would be the same thing as say-

that God immediately impels bodies towards each
, and this would amount toa miracle.
‘Lt us suppose that before the creation of the



God had created only two bodies, at a dis-
tanoe from each other; that nothing absolutely ex-
isted out of them, and that were in & state of
rest; i

‘Now, as we know that the whole space which
separates the heavenly bodies is filled with a subtile
matter, called ether, it seems more reasonable to as-
“cribe the mutual attraction of bodies to an action
which the ether exercises upon them, though its
manner of acting may be unknown to us, rather than
tr have recourse to an unintelligible property

j.hdmttﬁilmopharl satisfied themselves, with

occult, t::rﬂ:;‘mgr P uimlil:.
wﬁ‘ 1 )y s &xam t
%%,ﬂup, from an %::u!t q‘lll]lt;i,l‘l'h]ﬂhj&
sleep. is was sa

or rather was an attem mmmn:ig
rance. We ought, therefore, likewise to consider
:umtimumnccult‘-iuali ,in as far a8 it is given
for a property esséntial to bodies. But as the idea
ofallomitqmlitimllnwmhﬂdn::dphﬂm
phy, attraction ought not to be considered in this
pense

18tk October, 1780. *



LETTER LXIX.

Nature and Essence afﬂnﬁe:, or Extension, Mobility,
and Impenetrability of Body.

Tae metaphysical disquisition, Whether bodies
may be endowed with nlr'lqi:temﬂ power of attract-
ing each other, without being impelled by an exter-
i force, mnp:ﬂb:ﬂmrrlhnimhd till 1;': hlﬂ; exam-

more parti nature of body in gene-
ral. As this uuhjamL of the last importahce, not
only in mathematics and physics, but in every branch
of philosophy, {O'u must permit me to go into a more
particular detail of it.

tmfil‘ll‘-. iriiiillkﬁdq What is body 1 qu_untlbmﬁ
nestion may appear, as no one is t
the nce ﬁwm what is body lmt s
mot, it is, however, difficult to ascertain the real
characters which constitute the natore of bodies.
The Cartesians say it consists in extension, and that
whatever is extended is a body. They clearly un-
<erstand that extension has in this case three dimen-
mions, and that a si dimension, or extension in
length oaly, gives aline; and that two dimen-
sions, length and breadth, form only a surface, which
still is not a body. To constitute a body, therefore,
we must have three dimensions, and every body
must have length, breadth, and depth or thickness;
in other words, an extension in three dimensions.
But it is asked, at the same time, if every thing
which has extension is a bedy. This must be the
case if the definition of Descartes be just. The idea-
which the vulgar form of trea containa exten-
sion ; it is, however, denied that they are bodies.
Though this idea be purely imaginary, it serves to
prove, however, that something may have extension
wiithoat being a body. B%-;ﬁu, the idea which we
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have of space contains, undoubtedly, an extension
with three dimensions. It is itted, neverthelesa,
that space alone is not & body ; it only furnishes the
place which bodies mcﬂryandﬂ

Let us suppose that all those things which are at
present in my apartment, air and every thing, were
annihilated by the divine Omnipotence, there would
remain still in the apartment the same length,
breadth, and height, but without a body in it. Here,
then, is the possibility of an extension that shall
not be a body. Such a space, without body in it, is
called a vacuum ; a vacunm, then, is with-

out body. .
It may likewise be said, according to the
qanﬁiomthitmhumm"ﬁ
body or corporality is wanting to it. It is clear,
wﬂmmtm mhmﬁma

y—that something more is necessary; hence it
follows that the definition of the Cartesians is not
exact. But what more is necessary, besides exten-
giom, to constitute a body? The answer is, mobil-
ity, or the ibility of being pat in motion ; for,
an hglltrut.wha:lm'ul bﬂﬂlﬂﬂlm;

only serves to receive bodies, remains immoveable,
whntlcm motion the bodies that it contain may
It is likewise said y the of mot
b&vhﬁuhnm;hmhmﬂm:ﬂndm ﬁhﬂ.tthuphm-m
howerer, with the yacuum which I have shove
Mmfigmmm;ummmmmﬁ
#0, a8 it follows the motion which carries round the
earth itsell; here, then, is & vacunm in motion, with-
oul being » body. The vulgar superstitiop, too, be-
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stows motion on spectres ; and this is sufficient th
prove that the power of being moved and extension
alone do not constitute the nature of bodies. Some-
ing more is wanting ; there must be matter to con-
stitute a body, or rather, it is this which distinguishes
a real body simple extension, or from a gpectre.
Here, then, we are reduced to explain what is to
be understood by the term marter, without which ex-
tension cannot be body. Now, the signification of
these two terms is so much the same, that all body
is matter; and all matter is body ; so that even now
we have made no great progeess. We easily dis-
cover, however, a general character, i
bodies; 41 ampeneirabity, i impoveiiity of being
itis a &1 aibility o
penetrated mﬁ::rhud.ma, or tﬂmpfmtzmty tﬂ
two bodiea s occupy the same place at once.
In truth, impenetrability is what a vacuum wants in

arder to be a bod
It will p-uhm}s objected, that the hand may be
sasily moved air and through water, which
are nevertheless acknowledged bodies; these, then,
must be penetrable bodies, and consequently impene-
ty is not an inherent character of all bodies.
But it is worthy of remark, that when Em plunge
your hand into water, the particles of the water
make way for your hand, that there is no water
in the s which yuurhl.nd occupies. If the
hand could move through the water while that fuid
did not make room for it, but remained in the place
which the hand ocr:uplﬁd. then it would be
bie; but it umﬂsntllusmpotthnma Bodies,
are impeu.utrahlu* s therefore, always
oxclodes from the place which it occupies every
“‘h“m""dd iveai el ”“mm" 2y that the body whie
it e whi
it before leaveit. This is 'ih?u BETBS
we must tﬂh: to the term impenetrability.
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LETTER LXX
Impenetrability of Bodies.
Tar instance of & spunge will be pro-
i lity of

duced as an objection to the im
bodies, which p into water

penetrated by it. t the i of the
mfuﬁzﬂmbeiulo,inmhlmm-
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this definition must be admutted, that &

e oxtoae i meuntiable, bot Lcwies
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es are axtended and i e, but
reci y 88 that whi at the same time ax-
Lm| is beyond contradiction =

body. Vacuum is acco y excluded from the
class of bodiea ; fort it extension, it wants
impenetrability ; and wherever we meet with &
vacuum, ihere bodies may be introduced without
thrusting any thing out of its place. .

We must attempt to remove another difficulty
raised against the impenetrability of bodies. There
are, say the objectors, bodies which admit of com-
Jeession into u smaller space ; as, for example, wool,
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and especially air, which it is possible to reduce
into a l;ﬂcli a thousand times smaller than what it
occupies. It appears, then, that the different

cles of air are reduced in the same plaee,ln;m‘
mnneq'nently they mutually penetrate,

Thera is, however, not in this; for the air
too is a body or a substance full of empty pores, or
filled with that fluid, incom y more subtile,
which we call ether. In the first case nnpennhitim
will ensue, as the particles of air only approach
nearer to each other according as the vacuum is
diminished ; and in the other cass, the ether finds &
nﬂlnleW{ol'lmﬂl passages by which to escape as
the particles of the air approach each other, but all
the while without any mutual penetration. For this
reason it is necessary to employ a greater force
when we want to com the air more ; and if the
air were compressed to such a degree that ita mi-
nute particles touched each other, we could not

carry the compression farther, because, were it
-lbh. the minute particles of the air must mutually

Wthm & necessary and fundamental law in
nature, that no two bodies can penetrate each other,
or occupy.the same place at once; and it is in con-
formity to thuaﬂnnmpla that we must look for the
real source of the motions which we observe in
all bodies and of the changes which befall them.
Astwo I:iiodiu c;mm]ti continue :gghmnrinn without
penetrat each other, it is tely necessary
that the ﬁ should give place to the oth:a}:: If, then,
mﬁ;ﬂsﬁ l.mhmor:;n&.n 'lh]: B-u.m;: }um. tlleunuu to
& other as en
at billiards, if alchrgm to m;i‘?:ua l‘?!ﬁ
ﬂu must mutunlly penetrate ; but this tmﬂg
, 88 soon a8 they come to touch a sho

hku pllce by which the motion of each body is
almost instantly changed; amd this shock is pro-



vent some whlchwﬂhwuhmnh-g
must have ensued. . At the moment I am writing, 1
nhlmuthnirthap were penetrable, the pen
would pass without writing ; but as the
paper sustains i prmnofmrpan
with ink, it receives from it some
formthmhﬂmwhahmﬂdmtf:ppmithdiﬂ
pmun.tudnnhuthnr
ofnll budm,hunbythnm

.- of the last importance
‘re]gr humtmhd;l,but
H'Di

itutbomntu which na-
sets-a-going in order to produce Mwu:

LETTER LXXL )
Of the Mation of Bodies, real and apparent.

Arv bodies are st rest or in motion. However
. evident this distinction may be, it is almost i

sible to judge whether a is in the one state or
in the other. The paper which I see on my table
weems to me really at rest; but when I reflact that
ﬂnwhuhamhismﬁngﬂlﬂlﬂmum
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velocity which I explained in a former Letter,* m
house, my table, and the paper must absolutely hz
carried along with the same rapidity. Thos every
thing that seems to be at rest has in reality the same’
motion as the earth. |

‘We must therefore distinguish between two kinds
of rest; the one absolute, the other apparent. Ab-
golute rest takes place when a body remains con-
stantly in the same place, not with relation to the
earth, but with relation to the universe. If the fixed
stars remained always in the same place of the uni-
verse, they would be at rest, though they seem to
move very rapidly ; but as we are not certain of it,
we must not pretend to affirm that the fixed stars
are in a state of absolute rest.

A body 18 said to be in a state of apparent rest
when it preserves the same sitoation on the earth.
It is EZRewise to be presumed that these terms, rest
and motion, have been introduced into to
mark rather appearances than truth; in this
sense | affirm, without hesitation, that my table is at
rest as well as the whole earth; and that the sun
and the fixed stars are in motlon, and thata
rapid motion, although they are really at rest. a
should, therefore, be ascnbing strange and purely
metaphysical ideas to these expressions, if we un-
mwgﬁm u&cdwenummd ! mditg

employ, as some
the Hol Scnpl{:rea to prum mm at
rest, and the sun in motion.
m;' fl:;mod for tj’“el% “F' philoso-
are under the n of forming a mlnr
for themselves. As we mna Loy
Judge of absolute rest, it is very natural for l.ll tu
consider those bodies as at rest which preserve the
same situation relatively to the earth, as it ia very
probable the inhabitants of other planets likewise

* Latrer TL



fmm&-hju:!l_g:uiafmm the same sitgation
relative] ir respective plane

e, that navigators muﬂu: as at rest -
thanbjochwhmhpruenntham situation rela-
tively to their vessel, and that the coasts which they
discover ar to them to be in motion ; and no one
thinks uf-mmg fault with their using the common
modes of expression. There is, therefore, a
difference between rest and motion, real or
mdbutwmmumdmhnnwt,mnhtmh
a body, considered at the time as in a state of rest,

p-urhn]:u:tm be in motion. The
or laws of motion refer chiefty to the ute state
of bodies, that is, to their rest or motion, real or
absolute. Inorder to discover these laws, we begin
mt:t hmmdmng a body singly and abstractedly from

ers

This i it never can take in
inmh;’f;?m tho;;;hlm“ us in disti Ph&‘ﬂu
wlu.tm rated by the nature of body itself, from
Taﬂm ies are capable of operating

Iat-ba&ythanbnalnmmdureut it may be
asked, Will it continue at rest, or will it begin to
move! As there is no reason which should incline
it to move to one side rather than to another, it is
concloded that it would remain always at rest. The
same thing must happen on the ion of the
existence of other bodies, provided they do not act
on the body 1.n n; hﬂlnaremnuthmlunda-
mhl.'lnr hdyummcmuq,l"mf,
ﬁmﬂm:hwmuwﬂmw
n that state : nigfllhgmhmlk:maf

n

“tign would be out af i, 20 that there iz nothing

stzelf which j2 capalle of putting il in mhan.
mn,thmfumwﬂmahﬂy which has beem at
to move, we may rest assured that. this

mtl been occasio l: an exterior power,

£ ﬂmre is nothing in the body Hc:pnh'le of put-
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ting it in motion; and if it were alone, and cut off
from all communication with other bodies, it would
remain always at rest.

However well founded this law may be, and how-
ever entitled to rank with geometrical truths, there
are persons little accustomed to profound investiga-
tion who pretend that it is contradicted by expe-
rience. allege the example of a thread to which
a stone is ended ; the stone is at rest, hot falls
the moment that the thread is cut. It is certain,
eay they, that the action by which the thread is cut
is not capable of making the stone move ; the stone,
therefore, must fall by a power which is proper to
itself, and internal.

The fact is certain; but it is evident, at the same
time, that gravity is the cause of the descent, and
mot an internal power in the stone.

They say, further, that gravity may be an intrinsic
power, attached to the nature of the stone; on
which it must be remarked, that gravity is produced
either by a subtile matter or by the altraction of the
earth. {n the first case, it certainly is that sublile
matter which causes the descent of the stone; in
the second, which appears favourable to our oppo-
nents. it can with no propriety be affirmed that the
stone descends by an intrinsic power; it is rather
the earth which contains the caunse of it, and which

the descent of the stone by its attractive
power; forif the earth did not exist, or were deprived
of its attractive power, they admit that the stone
would not descend.

1t is certain, therefore, that the cause of the de-
scont does not reside in the stone itsell: the cause
then is always extrinsic, whetber it be in the subtile
matter or in the earth, supposipg it to be endowed
with an attractive power, as the partisans of attrac-
tion pretend. This difficulty being removed, the law
which I have laid down subsists in {ull force—namely,
ﬂ“{rt ablndy,xma at rest, will always remain so, un-

oL I.—



2 oF MOTION.

lesa it be put in motion by some foreign canse. This
law must take place, provided the body has been at
rest but a si instant, though it was in motion im-
mediately before ; and when once reduced to 4 state
of rest, it will always preserve that state, unless some
foreign cause intervene to put it again in motion.
This principle being the foundation of all ica,
it was necessary for me to establish it ‘with all pos-

158k October, 1700,

) LETTER LXXII. )

1 merumx to the case of a body placed in sech &
manner as {0 have no connexion with any other.
Let us suppose it to have received some motion,
from whatever cause; it remains that we inquire,
What will afterward n to it! Will it continue
to move! or will it suddenly retum to a state of
rest; or after some time?! You must be sensible,
that this is an inquiry of some importance, and- that
all our researches respecting the motion of bodies
depend upon it. Let os examine if, by means of
reasoning, we are able to resolve it.

A body is at rest as long as it and all its parts
remain in the same place ; and it is in motion when
that body, or some of its parts only, pass (rom one
place to another. Now, there are two things to be
conaidered in motion, the direction and the velocity.
The direction is the place towards which the body
is carried, and the Hliocity in the space, greater or
lesa, throngh which it moves in a certain time. I
am persuaded yon have Mi.{ejmm ideas of this
than I could communicate moat ample expla-

nation. 1 remark only, that as long as a
serves the same di itmlnutni'f;m
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—and reciprocally, as long as a body moves in &
straight line, it preserves the same di n; but
when it moves in a curve, it is continually changing

m]ﬁmmmm.aﬂ.minMMl.Bﬂi
" Fig. 38.

- when it i at A, its direction is the small line A o
when it is at B, its direction is the small line B §;
and at C, the small line C c. Let these small lines
be produced ; the continuations of which are marked
by the straight dotted lines A L, B M, C N; and it
will be afirmed, that when the body passes ﬂmlllq;
A, ita direction is the straight line A L, because,
the body preserved the same direction which it had
at A, it would move in the t line A L. It is
evident, then, that it moves in the curve only in so
far as it is continvally changing its direction. And
Which it deviaies is expressed By the siraight lines
which it deviates is e e strai i
BMand C N, k4

Ahlﬁly pq:um: the um; veh;iiw in its m-:-ﬁoli
a8 a8 it moves through equ in equa
times. This motion is caﬂadl?lngfm;qfor
example, if a body moves in such a manner as always
to proceed ten feet during every second, we call thia



motion uniform. Ifmlhnhﬂypmilhﬂf
feet in & second, its ‘motion too would be wniform,
Emwlqﬂqwoﬂdhtmupmnthnof

From I have just said of the uniform z
motion, it is easy to com what is not
motion ; for when the of a hndynmtequnl,
its motion is not nniform. the velocity of a

bod: oninmmuﬁ its motion is said to be
Yerted and when it is continually diminishing,
ﬂuyit.iurct-&d In this last case, the velocity
may come to be retarded to such a that the
shall at length come to a state of rest.
aving made these remarks on the velocity apd
mmmﬂmrw&mrmmmmmon
solitary body, whi whhwtmmahnu
by any cause whatever. *As soon as it has begun to

move, it must have a certain direction, and
leeﬂunmlomty the is, Will it after-
ward preserve the same ion and the same

vel or will it some alteration! We
mmmmtltmrﬂnmdhlmhofm
in an instant, for in this case it could not have had
any motion, all motion duration, however
short. Now, as long as motion lasts, it is cer-
tain that the direction will remain the same.

In truth, it is i ble to conceive why the body
lbunld;umttuf road, to one side rather than to
another ; mdnnothimmhpnnmthﬂntm
son, it follows that the in question will always
persevere in the same direction, or that ite motion
mﬂmuodhnmghtﬂm.whﬁchhtmnep
made towards the decision of the question.

1t is likewise maintained that the velocity of the
bady of which I speak cannot ¢ for in that
case it must either Incnmm-di n.iuh |.udm
tﬂm can be

hange. Hence it nm:lll.!:h'nnllud.li:vl.&ﬂ:.ilIl:ill:.;;l‘;qr
ﬂmsmtmuomm-mﬂ;ﬂunmm;
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and in the same direction, or that it will procesd
continually in the direction ol a.straight line, with-
out ever deviating from it, and w with equal
This motion will be perfo , then, always
in a straight line, and with an equal velocity, without
ever being slackened or retarded; the body, there-
fure, will never be reduced to a state of rest.
What has been said of a body, which I have sup-
‘solitary, would happen in like manner to our
il no other bodies had any infloence o it;
or then it would be the same thing as if they did not
exist. The question, then, ia resolved. A body in
motion will always preserve it in the same di
and with the same velocity, unless some exte
cause rnt:el}mca capable of altering its motion. 8o
long, therefore, as a body is not subject to the action
of some external cause, it will remain at rest, il it
has once been in a state of rest; or will be moved
in the direction of a straight line, and always with
the same velocity, if it has once been put in motion ;
and this is the first and principal law of nature, on
which the whole science of motivn must be founded.
From it we deduce at once this epneclusion, that as
often as we see a body which was at rest put in
motion, or a body moving in a corve line, or whose
velocity changes, it is certain that an external cause
acts upon it. No change can possibly take place
either as to direction or velocity, but what is the
operation of a foreign cause,
‘Lot November, 17680.

LETTER LXXIIL

Principal Law of Motion and Rest. ; Pl
rincipal 9 m:‘ulhﬂ'ui"u?w’q

Wirn whatever solidity this principle is estab-
mumwnmmmu
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bated by certain philosophers, who have never made
any great progress in the science of motion ; while
those to whom we are indebted for all the great
discoveries which have been made in this science
unanimously agree, that all their researches have

entirely on this principle. It is attacked
two sects of philosophers, whose objections I
to propose, and shall endeavour to refute.

on the contrary, an exte must be employed
to keep it up .
You must be sensible, that if this conclusion is just,
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had thers beeh no external cause which tended to
destroy the mntmn.wonhuuldhmbommﬁmtha
of abandoning our
But if we attend to ﬂal{ 'rhm;, we shall find so
nblttcln opposed to the motion, that we need
mgvxwmﬂnr it uhm:ldh-uau:po:od:] extin-
In fact, it is firat the friction unthﬂhlllllrd-
table which diminishes the motion of the ball, for it
cannot advance without rubbing against the cloth.
A;mn. the air, being a substance, causes likewise a
registance capable of diminishing the motion of
bodies. To be convinced of this, you have only
to'move your hand rapidly through the air. It is
evident, then, that in the case of the billiard-table,
it is the friction and the resistance of the air wh:ir.h
counteract the motion of the ball, and soon reduce
it to & state of rest.
Now, these causes are external, and it is easily
comprehensible, that but for these obstacles the
nuﬂhn'bailmmthlm always continued. The
same reasoning is epplicable to machines of all
kinds, in which the friction which acts on the dif-
&mntplﬂu is 8o considerable, that it is visibly a
very sufficient canse of scon reducing the machine
1o rest.
Having, then, discovered the real camses which
, in the cases alleged, the extinction of mo-
tion, and that these causes are external, and not re-
. sident in the moving body, ltruﬂidamlyfaha. that
bodies have in their natare a Our
principle, therefore, subsists in full md aven
acquires ‘d:dmuml ltteﬁﬂl from the Fﬂcudlng bb-

n en, l.]ﬂp preserves the
motion wtueh it hll received, unless
causes interpose to chl.uxﬂtbndmtmn , Or the ve
oity, or both at once. d thus we have rid of
one phalanx of the adversaries who combat odr prin-"

other is more formidable, for they are no less
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n molion will ilctemdfy wn the same direc-
tion, and with the same velocity ; or will proceed with a
uniform motion, in a straight line, unless it is disturbed
some external or foreign cause. ' In these two
sitions consists the foundation of the whole science
of motion called mechanics.
4th November, 1760,

LETTER LXXIV.
Of the Inertia of Bodies : Of Powers.

As we say that a body, so long as it is at rest, re-
mains in the same state, so we likewise say of a
body in motion, that as long a8 it moves in the same
direction, and with the same velocity, it remaina in
the same state. To continue in the same state, then,
signifies nothing more than to remain ﬂmt,nl to
preserve the same motion.

This manner of speaking has been introduced for
ﬂm pu of expressing more tunetnctlr our grand

, that every h}gy in virtne of ite natare,
preserves itself in ﬂm same state till an extransous
cause come to disturb it—that is, to put the body in
motion when at rest, or to derange its motion.

It must not be imagined that & body, in order to
preserve the same state, must remain in the same
place ; this, indeed, is the case when the body is at
rest ; but when it moves with the same !rahclty.
in the same direction, we say, aqmlly, that it con-
tinies in the same state, though 1t is every instant

changing its place. It was tn make this
remark, to tant the possibility o
l: of place with t]:m of lhﬁn ll' it be now

, Why bodies continue in the same state! the
mlwarmu.utbu that -this lnl.nnﬂ:lﬁuf their pecu-
liar nature,

All bodies, in as far as they are composed of mat.
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exsct idea of mmertia, therefore, is
aw that hasa
m.notbe drawn out of it bu

it follows, that in order to a
canse ; without which it would alwuys continue in
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chﬁ the state of bodies. Thus, when a body
Eﬂbﬂﬂnﬂmﬁhpﬂll motion, it is a force
mch produces this effect; and when abody in mo-
ita direction, or velocity, it is umu
|ﬂ:|ma which produces this change.
of direction, or of velocity, in the motion of .
requires either an increase or a diminution of fnru,
Buch force, therefore, is always out of the body
mh;thtelulghangad ﬁ:l:]we Im;: seen, that &
to itselfl preserves always the same state,
mu aforce from without acts upon
Now, the inertia by which a iundlm
iteelf in the same state exists in the body itself, and
is an essential property of it; when, therefore, ax
external force changes the state of any body, the
mertia which would maintain it in the same stats
opposes itself to the action of that force ; and hence
we comprehend, that the inertiz is a qualn;r BUSCEpP-
tible of measurement, or that the snertia of ona
m; may be greater or less than that of anothee

‘lﬁlbodluareandwadwiththk inertia in as far
as they contain matter. It is even by the inertia,
or the resistance which they oppose Lo every change
of state, that we judge of the quantity of & body;
mertia of a body, accordingl ‘ﬁuu greater in propor-
tion to the quantity of matter which it contains,
Hence we conclude, that it raqtt:gu greater force
to change the state of a grea than that of a
small one ; anﬂﬂgountuuuml mthﬂlhupm
I:ndym:mtunnmm matter than the small one. &
may even be affirmed that this single circumstance,
the inertia, renders matter sensible to us.

It is evident, then, that the snertia is umﬁhlo
of measurement, and that is the same the

quantity of matter which a body containa; as we de-
memmm likewise the quantity of matter in a body
its mass, the measure of the nertia is the same a8
that of the mass ‘



seeing a body in motion, which should proceed uni-

body
it is founded in its very nature, and that, in virtue
of ita imertig, it remains always i atats
as we would say, were the that
took place in virtue of its snertss.
‘We would likewise be right in saying that
on

or, if any such existed, that these powers regipme-
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destroyed each other in such a manner that
mril in the state in which it would be if no

- H it is asked, then, Why the body continues to
r! the answer is obvipus. But
this body has begun thue to
is

thu%::mn different. It mult
be said, that motion has been impressed upon
by some external force, :l’l.lmbel'orreltreut lmt

it would be imposs ihla to affirm any thing with cer-
tainty respecting the quantity of 'lh{I force, because,
no traces of it remain. It is therefore abun-
ridicolous to ask, Who impressed motion

on every body at the inning of the world? or,
Who was the prime mover! I:mu who put the

tion admit, then, a beginni amwt?intl
mtmn but they imagine that God crea Iﬁ

bodies at mt ‘Now, it may be answerad, That he
who could create bodies could impress motion upon

them. 1 ask them in my turn, HPthsy believe it 1.0
be more easy to create & body at rest than in mo-
tion 1 both equally require the omnipotence
of God ; this question balnnp not to the province

of
when a body has once received motion, it
preserves that motion by its own nature, or by its
mertia, in thir llrllll state in wh.l;:h it must t:um'l-l.lﬂlr
remain, until a force, or some foreign cause, opposs
an obstacle to it. As often, then, as we observe that
;n&h;d:t doe: hrént rainain in the t::;m bodym'itm a
Tes 0 move, 0T a n mo
tion changes iﬂn:llrmiun or velbcity, we must
admit that this change has its cause out of the body,
and that it is occasioned by a fi force. ‘Thus,
as a stone left to itself descends, cause of that
descent is foreign to the body ; and it is not from its
tlr'llrtuur.tl.ma1.ha1tlmbml{c| y but from the ef-
url'lct of a foreign which we give the name

froty
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Grarity, then, is not an wwn{hdy;
:‘tilﬂthtzrthnmntnflfmﬁnfm source
of which must be fwwtoﬂhnh:g.: This
» geometrically true, we know not the foreign
forces which MHID%FI‘IW Itis the same whea
we throw a stene, e see clearly that it
follow in its motion the direction of a t i
and that its velocity does not always
same. It i gravity, likewise, which
direction of the velocity of the body ; i
stone would describe a straight line in the air
procead foreard with the same velocity ; and were
gravity to be suddenly annihilated during the motion
of the stone, it would continne 0 move in a i
Jne, and would preserve the same direetion, and
same velocity which it had at the instant when grav-
ty ceased to act upon it. .

But as gravity acts continually, and upon all bodies,
we need not be surprised that we meet with no mo-

i
HGH

the same. The case of rest may very well take
lace ; it is when something invincibly opposes the

of a body; thus, the ficor of w
untumyfalﬂnxin‘hthnbelwi:’r ﬂlnbasz
which appear to us at rest are carried along by the
motion of the earth, which is neither rectilinear nor
uniform : it cannot be affirmed, therefore, that these
bodies remain in the same state. Neither is there

n-mmmhﬂh;ﬁu:wnu:‘quh-z nchor means
(] maekin Harea L]
oo Sall it &he b iy

i
;
i
{

e quality of atiretion ; hal as far s Buman observal
= e hlaﬁﬁqhmmmﬂrmmm
. A slane ng moves theredbes by vines mﬂl‘ﬁ
Hmhmmmum.%m e motion

ars murual, bot the distanos moved through
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ane of the heavenly bodies which moves in a straight
line, and always with the same velocity ; they are
continually ch their state: and even the forces
which produce this continual change are not un-
known 1o us; thn; are the attractive powers which
the heavenly bodies exercise over one another.

'I have already remarked that these forces ma

h.b.}ﬁbe caused by the subtile matter whi
uurrmndl the heavenly bodies, and fills the
whole space of the heavens ; but, according to the
opinion of those who consider attraction as a power
inherent in matter, this force is always foreign to
the body on which it acts. Thus, when we say the
earth is attracted towards the sun, it is acknow-
ledged that the force which acts upon the earth is
not resident in the earth itself, but in the sun ; as, in
}'mhi{tlmmdidnntexiﬂthnu would be no such
orce.” -~

This opinion, however, that attraction is essential
to all matter, is subject to so many other inconve-
niences, that it js hardly possible to allow it a place
iu a rational philosophy. It is certainly much safer

on the idea, that what is called attrac-

tinu is a power contained in the subtile matter which
fills the whole s of the heavens; t we
cannot tell how.t We must accustom ourselves to
acknowledge our ignorance on a-variety of other
important subjects.

1124 N . 1760,

* It seomm diffieult to reconalle (his sesertion with the opinion that the
-nmmmmulmylrmllm Thin fores sxisis
hhm-mﬂuh:ﬂ“n.lmh h.lzdﬂl’ilj‘pﬂ-
porienats to (halr respective quantities of
L:.-x{:n“ mmumnﬁnﬂ.hmw
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LETTER LXXVIL
Bystem of the Monads of Wolff.
Brromx 1 attempt to make you semsible of the

truth of the principle, that all bodies of themselves
always preserve same state of rest or motion, I

must remark, that if we consult experience only on
the subject, without thoroughly investigating it by
the powers of reasoning, we would be disposed to
draw the directly opposite conclusion, and to main-
tain, that bodies always have a propensity to be con-
m-lli'ﬂ.chmglng their state ; as we ses nothing in
the w umverse but a parpetual change in the
state of bodies. Bot we have just shown what are
lhncmuwhuhgcdmthmu and we
are assured, that they are mot to in the

their state ; 2. Whatever is of the
state of bodies is called force; 3. All boflies,
fore, are endowed with a force of

longs to body only so far as it contains matter: 6.
It is therefore a property of matter to be conti
chmihnwnum; 7. Matier is & compound
) itude of parts, denominated the elements of



MONADS OF WOLFF. 287

s+ therefore, 8. As the com can have

mthmghn what is founded in the nature of its

elements, every elementary part must be endowed
with the power of changing its own state,

Mmp!:nadmuf pl:‘:“ ll.tll;pln bei bﬂfur ni they

ware col the w no longer
elements, but their parts woul F so. Now, a
simple being is likewise dunommated monad ; EVETY
therefore, has the power of mnhnnall}r
.chm:mg its state, Such is the foundation of the
of monade, which you may have heard men-
t h it does mot now make such a noise
formerly did. 1 have marked by figures the
veral propositions on which it is established, for
purpose of making a more distinct reference, in
reflections I mean to make upon them.

I have nothing to say respecting the first and sec-
ood ; but the third is very equivocal, and altogether
false, in the sense in which it is taken. thout

to u.y that the forces which change the
lmnﬂ from some spirit, I readily
qmthal the rmcn by which the state of every body

subsists in body, but it being always un-

dunmd that it subsists in another body, and never
in that which undergoes the change of state; which
has rather the contrary quality, that of persevering
in the same state. In so far, then, as these forces
subsist in bodies, it ought to be said that these
bodies, as long as they have certain connexions with
each other, may be capable of supplying fnmu l.?
which the state of another body is changed. It fi
lows, that the fourth proposition must be ahuulutely
false; and the result, from all that went before,
rather is, that every body is endowed with the war
of remaining in the same state, which is directly the
opposite of the conclusion Ill'll:i.1:':1 these philosophers
have drawn. -

And I must here rr.fmuk that it is rather absurd
to give the name of fdf{rlah that guality of bodies

EEE

EERE
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LETTER LXXVIL
Origin and Nature of Powers.

It is undoubted] surprising, that if eve
body has nmﬂmﬁun to pnlgﬂnnnn itulf:i-{
the same state, and even to hﬁ:ﬂﬁlﬂ all change, all
the bodies in the universe s nevertheless ba
continnally changing their state. We are well aa
sured, that this change can be produced only by a
force not resident in the body whose state is ¢
Where, then, must we look for those powers which

the incessant changes that take place in all
the bodies of the universe ; and which are, neverthe-
less, foreign to body 1

Must we then suppose, besides these existing
bodies, particular beings which contain those pow-
ers 1 or, are the powers themselves particular sub-
stances existing in the world? 'We know but of two
kinds of beings in it, thie one which comprehends all
bodies, and the other all intellectual baings, namely,
the spirits and souls of men, and those of animals.
Must we establish, then, in the world, besides body
and spirits, a third species of beings, under the name
of power or force? or are they slpirit.lwhil:h. inces-
santly ch the state of bodies !

Both of labour under too many dificulties
to be hastily adopted. h it cannot be denied
that the souls of men and of beasts have the power
of producing changes in their bodies, it were, how-
ever, abnugtu maimntain that the motion of r&n on
the billiard-table was retarded and destroyed by some

irit ; -or that gravity was by a spirit con-

ing bodies ; and that the
heavealy bodies, which, in their motion, chenge both
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direction and velocity, were subjected to the action
of spirits, according to the system of certain an-
cient philosophers, who assigned to each of the
hea bodies a spirit, or angel, who directed its
course,

Now, on reasoning with solidity ing the
ﬁbmu;lmnnhu universe, it must be that
we except animated bodies, that is, those of men

change the state of bodies exist separately, and con-
stitute a particular species of hninp,nr'whlrthur
exist in the bodies! st
'his last opinion at sight very unac-
! ; for if all bodies have the power of pre-

»e themselves in the same state, how can it be
pomﬂnthuynhnuhmhin'ﬁvmmuh;m‘
tendency

to changeit! You not be surprised to
hear that the origin of force has, in all ages, been a

mountable will wholly vanish.

I say, then, that however strange it may appear,
this faculty of bodies, by which they are disposed to
preserve t in the same state, is capable
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Let the body A, Fig. 33, be at rest, and let the
body B have o et & motion in the diroction BA,

Fig. 33.
- —0)

with & certain velocity. This being laid down, the
b:d{;ldu:il disposed to continue always at rest; and
the y B to continue its motion along the straight
line B A, always with the same velocity, and both
the one and the other in virtue of its inertia. The
body B will at length then come to touch thnbg;lzl.
What will be the consequence! Aslong asthe body A
remains at rest, the wﬁ could not continue its
motion without passing ugh the body A, that is,
without penetrating it; it is impossible, then, that
each body should preserve itsell in its state, without
the one's penetrating the other. But this penetra-
tion is impossible ; impenetrability being a property
common to all bodies.

It being impossible, then, that both the one and
the other should preserve its state, the body A must
absolutely begin to move, to make way for the body
B, that 1t may continue its motion; or, that the
body B, having come close to the hodly A, musi have
its motion destroyed ; or, the state of both must be
changed, as much as is necessary to put them in a
condition to continue afterward each in his proper
siate, without mutual penetration.

Either the one body, therefore, or the other, or
both, must sbeolutely undergo a ¢ of their
state, and the cause of this infallibly exists
in the impenetrability of the bodies themselves;
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since cauwe capable of changing the state of
bodies is denominated forew, it is then, of neces-
sity, the impenetrability of the bodies themselves
whthumducH the force by which this ch.ln‘l is
lﬂ'li'!“‘ﬂl*a.\:t. trability implies the impossibil-
n as impene im im
ity that bodies I:ehuuld mutually penetrate, each of
them opposes itsell to all penetration, even in the
minutest parts; and to oppose itself to penetration
ia nothing else but to exert the force nec o
prevent it. As oflen, then, as two or more
Ccannot preserve thmulvu in their state without
mutual penetration, their impenetrability always ex-
erts the force necessary to change it, as far as is
:lquium to prevent the slightest degree of pens-
Lion
ey ool e s
origin o which are

changing their state in this world ; and this is the
true solution of the great mystery 'hu:h has per-
p‘luad ﬁhrlmphan 80 grievously.

LETTER LXXVIIL
' The same Subject. Principle of the least possible

Yun have now made very considerable progress
iulhahpnwhdpufnmﬁmthu tion

of
the real origin of the powers capable of the
state of bodies; l.nd mntprulntuam
dition to com easily why all those of this

world are su aettnmmnumt mgnufm.u,
from resi to motion, or from motion to rest. .
First, we are certain that the world is filled with
matter. Here below, it is evident that the space
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which separates the gross bodies sensible to-feel-
ing, is occupied by the air, and that when we make
& vacuum in any space the ether instantly soe-
ceeds, and it likewise fills the space in which the
heavenly bodies move. All space being thus full,
it is impossible that a body in motion con-
tinue it a single instant without meeting others,

which it must pass if they were not impene-
trable. And as this impenetrability of bodies ex-

erts always and universally a force which prevents |

all penetration, it is not at all surprising, then, that
mmthnzghma parpmmlh‘ chn.nﬂ:s in the state of

B8, every one has a tendeucy to preserve
itself in the umaﬁn. yor

If they could penetrate each other freely, nothing
would prevent any one from mma.iujnfpﬂmariugly
in its state; but being impenetrable, there must
thence necessarily result force sufficient to prevent
all penetration; and no more results than what is
precisely neediul. ‘

While they can continue in the same state, with-
out any injury to impenetrability, they then exert
no force, and bodies remain in their state ; it is only
to prevent penetration that impenetrability becomes
active, and supplies a foree sufficient to oppose it.
When, therefore, a small force suffices to prevent
penetration, impenetrability exerts that and no
more ; but when :gfm“ force is necessary for this
p.'rrpme_,timpanet ility is ever in a condition to
sapply it.

us, h impenetrability supplies these -
ers, it is mugimpuuibhwm say tha.i?it iﬂ}lunﬂuwud w?ll.};rl
determinate force; it is rather in a condition to sup-
ply all kinds of force, great or small, according to
circumstances ; it is even an inexhauostible source
of them. As long as bodies are endowed with im-
penetrability, this is a source which cannot be dried
ap; this force absclutely must be exerted, or bodies
must mutually penetrato. which is contrary to nature.
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It ought likewise to be remarked, that this force
is nevet the effect of the i ility of & single
body ; it results always from that of bodies at
once, for il one of the bodies was penetrable, the

ion would take place, without any need of a
er to effect a change in their state. - When, there-
];:;, two bodies come into contact, and when they
cannot continue in their state without penetrating
each other, the impenetrability of both acts equally:
and it is by their joint operation that the force neces-
sary to prevent the penetration is ied, we then
remlting from thelr imponetrabiity pooduces Gum
their im ili i
effect. nqrh.il force acts upon hn\‘.hhtgf them ; for as
they have a tendency towards mutoal penetration, it
repels both the one and the other, and thus prevents
theit penetration.

It is certain, then, that bodies may act upon each
other; and we speak so of this action, as
when two billiard balls clash, it is said the one acts
upon the other, that you must be well i
with this mode of expression. But it must be care-
fully remarked, that, in general, bodies do not act
upon each other, but in so far &s their state becomes
contrary to_impenetrability ; from whence results a

i

1t is very true, that a greater force would likewise
mﬂt the penetration; but when the change pro-
in the state of bodies is sufficient to prevent
muteal penetration, the impenetrability far-
ther, there results from it the least force that
is capable of preventing the penetration. Bince,

g
2

_ then, the force is the smallest, the effect which it

s, that is, the change of state which it ope-
rates, in order to prevent penetration, will be pro-
puﬁnul;lnﬂ.'munqnmlg,whu two or more
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mﬁm:q mihhi?;hﬂwﬂhn;:t“ e ti:':a others,
in netrating
a mutual action must take plnr}: which is always the
smallest that was capable of preventing penetration.
You will find here, therefore, beyond all expecta-
tion, the foundation of the system of the late Mr.
de Maupertuis, 8o much eried up by some, and so vio-
lentl lt'lacked by others. His principle is, that of
the least possible action; by which he means, that
in all the changes which in nature, the cause
which produces them is the lsast that can be,
F‘Iamt;hu m,pm!;;m which 1 have e:r;d.mm;a:;ud to
nnfo is i to , It 18 evident 1 itis
I.e: fﬂundedmm in thar:?:rjf nature of body, and
hat those who deny it are much in the wrong,
though still less than those who would turn it into
ridicule. Youwill already, pe have remarked,
Mo tixe every opportunity o l::;iﬂg -
ake ev nity o
thu pleafmkﬁ sible action, as well as at
le continued duwn to the centre of the earth;
I:nt fortunately, trath suffers nothing by their plea-

santry.
29? November, 1780,
LETTER LXXIX.
On the Question, Are there any other Species of Powers !

Tae origin of wam.hundadmthaim‘penm
hili nfrg;dlal, ri:mh 1 have been endeavouring to
n:qzin, is by no means inconsistent with the
of those who maintain that the souls of men and
thmufbemha“thn er of acting on their
bodies. There is nothing to hinder the existence of
two kinds of power, which produce all the changes

that take ce in the world; the one co
*hitrchd;nph?ﬂ-lml;in&m hnpu:ntum
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bodies; and the other spiritual, which the souls
llllnlh exercise over their bodies: but this

animated bodies ; mduq
m has so chiﬂlmu;unhad it from thee
nth.ar'l.'nnltllnn'lpumuad philosophy, lo conse,’

found them. by

But this distinction greatly embarrasses those whos:ij
consider attraction as an inherent quality of bodies; Ty
for if they act upon each other only to maintain theiruy
impenetrability, attraction cannot be referred to thise
case. Two distant bodies may preserve each itsus
state without at all interesting their impenetrability, i
and without there being any reason of consaquence
why the one should act apon the other, even by al

attracting it Tog
Attraction, therefore, t to be referved to a wp

thirﬂlpﬁuhufpuwer,w ich should neither be cor- i

poreal nor spiritual. But it is always contrary to

the rules of a rational philosophy, to introduce a new
of powers before their existence is incoatest-
demonstrated. It would have been necessary,
therefore, for this effect, to have proved beyond
contradiction that the powers by which bodies mu-
tually attract could not derive their from the -
e matter which surrounds them ; this im-
possibility is not yet demonstrated. It would
nu the mtunr that the Creator has
e of the heavens with a m.l.ltar
to these powers which impal bodies to-
'I'Il'lll each other, conformably to the llw before

ey E-E

established respecting their impenetrabilit
In fact, the subtile matter m t'l' wollhnﬂl
mum.mhumunbodym not be able

to rve ita state without bmng penetrated by it;

then this force must be derived as well from the
im ility of the subtile matter as from that of
the body itself.

Were thnmnm;lecunmthnwldmwhw.h
two bodies attracted each other, wiile the interme-
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space was not filled with a subtile matter, the
mllty nt' attraction might very well be a.dm.ltm:]
no such case exists, we have comequuntt_r
meason to doabt, nay, even to reject it. We know,
‘then, but of two sources of all the powers which
pmduoﬁ these changes, the impenetrability of body,
|and the action uf

The disciples of ﬂ reject likewise this law, and

maintain, that no apirit, or immaterial substance, can
Iut upon a body; and they are very much embar-
when it is lllugnd that, according to them,
Gnd himself, who is a spirit, coold not have the
pnwarol' acting upon bodies, which savours stro
ey are accordingly reduced to
fublﬂ Izh that it is by emfinity is able to act
upon ; but if it be im 1b1nfnraa'p1nlnl
| spirit t.umupmabod this impotence neceasarily
recoils on God himself. And who can deny that
our soul acts upon our bnd}r? I am to such a degree
master of my members, that | can put them in action
as | please. The same thing may be affirmed like-
wise of the brute creation ; and as, according to the
system of Descartes, at which we have reason
to smile, beasts are mere machines, without any
feeling, like a watch, as the Wolfians would have it,
men too are merely machines.

These same philosophers, in their speculations, go
likewise so far as to deny the first q;ac ies of mw-
ers, of which they know nothing. For
able to eomsuhmd how one body acts upon anntbor,
they boldly deny its action; and maintain that all the
changes whu:h befallnhudympmdumdhylu

They are tlu philosophers whom I formerly men
humd.rn denying the first principle of mec uum.,
respecting the preservation of the same state, mnh
is sufficient to subvert their whole l{ltl‘l‘l!l
error into which they have fallen, as I |1u-i]r
remarked, arises from their reasoning



S

respecting th?rmmwﬂchhd.iumto
us. They concluded precipitately, from observing
ﬂmm:ﬁbodium y changing their state,
that they contained in themselves the powers by
which they incessantly exert themselves mmu
it, whereas they ought to have drawn the di ¥
ite conclusion.
t is thus that, by considering objects in a saper-
i the errors. [

ficial manner, we hurry into

Bainnlndthanr,'u ies are composed of ai
beinge, they were under the nscessity of
also that bodies could act upon each .

It was in vain to objact to them the case of bodies
which impi lg.llmtonc another, and the ¢
ﬂﬂﬁrw- ich results from it. {H.mg‘
prepossessed in favour of the solidity of their res-
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LETTER LXXX.

Of the Nature of Spirits.

I ruarren mysell that you are now convinced of
the solidity of the reasonings on which I have es-
tablished the knowl of bodies, and that of the
powers which change the state of them. The whole
18 founded on experniments the moat decisive, and on
principles dictated by reason. They involve no
absurdity, nor are they contradicted other prin-
ciples equally certain. It is not long since any sue-
cessful progress was made in researches of this
kind. ch strange ideas were formerly i
respecting the nature of bodies, that all kinds of
powers were ascribed to them, of which some must
necessarily destroy the others.

Certain philosophers have even gone 8o far as to
imagine that matter itsell might be endowed with
the faculty of thought. These gentlemen, known
by the name of materialisis, maintain that our souls,
and all spirits in general, are material; or rather,
they deny the existence of souls and spirits. But
when once we have got into the right road to the
knowledge of bodies—the inertia, by virtue of which
tw continue in their sta : i

P EA R T o

those phantoms of pow-
mmwhichh?mminh my.mdnuthinﬁn;-
pears a more i lbau.\'d.itj_'rf'hmi‘:olﬂtlmjlthli
matter is of thought. To think, to
hm.::pu mental feeli hmﬂmt,%

will, are qualities incompatible with the nature of
bodies ; and beings invested with them must be of a
different nature. Such are souls and 'ril.l;?:

He who those qualities in the hi
;mhd: -
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nd sl %’;T"““’“*“"".'L?‘?“mm""”m"“’
ension, meriua,
e which exclude all v

neither extension, por n.or nnpamhlhﬂlty,
thess material qnl.ﬁﬂﬂ itely remote from

ighorance. ia respect of s and I reply, That we
m ?1 wa
cannot tell what nn.uwnmﬁﬁn;nfth

pature of spirit.

But it is not the less certain that this world con.
tﬁn.lhnkmd.lnt'bmlgl;hmp Or mafe.
rigl, and beings immaterial or » which are of

ese two species of beings are, never-
tbehu,muﬂmhm&ﬁurﬁtod* and upon their uniog
principally depend the wonders of the
which are the duhqht of intelligeat beings, and
them to glorify their CaeaTor.
It is certain that spiritsa constitute the m
of the world, and that bodies are
it merely to serve them. For this reason it is
that the souls of animals are in & union so inti

rceive
all the impressions made wpon their bodies ;
have the power of mumntﬁmbﬂﬁu.u‘hﬂ

mth:mrrﬂpnimg
umﬁumﬂouamuthn nﬂ.uf
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the of the body; as soon as a certain nerve is
cut, I can no close my hand: from which it
jmay be concl , that the sonl has r only over
the extremities of the nerves, which all terminate
and mite ina ion of the brain, the place of which
the most skilful anatomist is unable exactly to as-
sign. Tﬂﬂlia.thtn,thapﬂ#erol'thewuf'um
stricted. But that of God, being unlimited, extends
to the whole universe, and exerts itself by means
which far exceed our comprehension.
19¢h November, 1780,

LETTER LXXXL
OF the Union between the Soul and the Body.

As spirits and bodies are beings, or substances, of
& nature totally different, the world contains, then,
two kinds of substances, the one spiriiual, and the
other uarmod or materigl. The strict union which
subsists between them merits a very particular at-
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senses ; but still this is not safficient—it is necessary
that the organ of such semse should be perfectly

sound, and the nerves belonging to it must not be
d . You will recollect, that in order to see,
the must be painted distinctly in the bottom

e, on the retina ; but still this representation

tion on the relina may be.

It is the same with respect to the other senses, all
ofﬂh&np&rﬂcpynemd&rudﬂﬂﬁd}ﬁ
] on made on em
goeey e Inpresian madeon he o cmpleyed
There is, then, in the brain, a certain place where
all the nerves terminate ; there the soul resi and
it ives the impressions made upon it by
Prnntht::eml.mmm i the soul derives all the

erives
knowledge it has of things out of itself; thence it
derives its first ideas, and by their combination forms
judgments, reflactions, i

1]

£
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able to move my hands and my feet by an act of my
will; and, What motions are my fingers making us
Inmur ﬂuu letter! My soul, however, cannot act
immediately on any one of my fingers : in order to
put & single one in motion, it 1s necessary that sev-
eral muscles should be put in action; and this action
again exerts itsell by means of nerves terminating
in the brain—if such a nerve be injured, to no pur-
puumlllm-hm finger to move ; it will no longer
the orders of my soul. Thus the power of my
extends only to a small portion of the brain,
whlm all the perves unite; sensation is likewise
restricted to this Ela.cn of I.ha brain.

The soul, then, is united only with these extrem-
ities of the nerves, on whick it has not only the
power of acting, but by means of which it can view,
88 in & mirror, every thing that makes an im
sion on the organs of its body. What wonderful
address, to be able to conclude, from the ’hl'ilj::
changeas which take place in the a:mﬂg af
perves, that which occasioned them out
body !

A tree, for example, r\:ﬂﬂnl on the retina, by
ita rays, an image whic perfectly similar to it;
but how feeble must the impression be which the
perves receive from it! It is this impression, how-
ever, continoed along the nerves up to their origin,
which excites in the soul the iden of that tree. Af-
terward, the slightest impressions which the soul
makes on the extremities of the nerves are instantly
communicated to the muscles, which, put in action,

the member which it wills to move, axactly
to its orders.
es which receive certain motions by the

drawing of a string but & coarse mechanism
'l'h.ewmimt’nmh Emnto;dhﬂ.ﬁbmpﬂdm

s of the pEo-
ductions of human skill,

8d December, 1760.
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LETTER LXXXIL
Dufferent Systems relative to this Subject.

]|t order to elucidate the twofold union of soul

, we may compare the soul to a man who
ates, in & dark room, the external objects,

lnd from their images derives the knowledge of
what is passing out of the room. ‘The soul viewing,
in like manner, if I may so express mysell, the ex-
mmnhuufthnnmnwhuhmmm:mm
of the brain, perceives all the impressions made
upon the nerves, and arrives at the knowledge of
the external objects which have made these impres-
sions on the organs of sense. Though we do not
know wherein consists the resemblance of the im-
pressions made on the extremities of the nerves,
with the objects Mulmwhkhomuomdtbm

are, howevar, tumpﬂy .lmﬂ

‘hﬁliﬂrrjlﬂldﬂl;{w

The action by which the soul, on the
extremities of the nervea, can in motion at

- t?u[pn;mbunoflhehndy,w;m

ol a “ﬂﬂ]ﬂ‘ppﬂl,ﬂ

string, makes th:ﬁlmt about, and move uhm.bl
as ha . This comparison is, however, very
imperfect ; for the union of the soul and body is in-
mulymmniuumtt&

The soul is not so indifferent, in respect to feel-
ing, as the man placed in the dark room; it is much
more deeply interested in what is going on. There

are sensations highly Mwu..mdurthm
H'rrll ghle, and even .
& than acute pain, t itpmondhut

from & bad tooth?! This, however, is no more than
2 perve jrritated in a certain manner; and yet it
axcites in the sou] pain intolerable,



THE SOUL AND BODY. 270

In whatever light we consider the strict wmion of
soul and body, which constitutes the essence of a
living man, 1t must ever remain an inexplicable
mystery; and in all ages philosophers have taken
fruitless pains, in the hope of arriving at a satisfac-
tory solution. Various systems have been devised

for this purpose.

The Irlt is, that by which a real influence is
eatablished of body on soul, and of soul on body ; 8o
that the body, by means of the senses, supplies the
soul with ils first perceptions of a:tampsf tl:mgl:;
and that the soul, by acting immediately on t
nerves, in their origin, excites in the body the mo-
tion of its members; though it is at the same time
acknpwledged that the manner of this mutual in-
fluence is absolutely unknown to us. We must
uudauhladl{uhna recourse to the omnipotence of
God, who given to every soul a power over the
portion of matter containing the extremities of the
nerves of the body, so that the power of every soul
is restricted to & small part of the body, whereas the
power of God extends to all the bodies of the uni-
verse. This system seems the most conformable to
truth, though we are very far from pretending to
have a particular knowledge of it.

The other two systems are the invention of phi-
losophers, who boldly deny the possibility of a real
influence of spirit upon jes 5 'Ih{ll.:g they are
under the necessity of allowing it to Supreme
Being. Anmrdin% to them, the body cannot supply
‘Ill::::ﬂ?]with the ﬂ'l-:d.:lu ui::;'lm'ulthmp. nor

produce any motion & body.

One of thesa hrz systems was the invention of
Descartes ; it goes by name of the system of oc-
carional causes. According to this philosopher, when
the organs of sense are excited by exterior bodies,
God immediately i s on the soul, at the same
instant, the ideas of these bodies; and when the
soul wills that any member of this body should
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move, still it is God whe immediately on
that member the motion desired ; but all the while
the soul is in no manner of connexion with its A
It therefore, al her that the
body be & machine of such rable con-

the ually well.
'IE: n&l, M+ ,lnqnllnﬂmmhnfth

eredit, ?ﬁﬁm Leibnitr substituted in
its place that i , which
rnplhnunudouu uan.uyhm:.mmuiiu

According to this of pre-established har-
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LETTER LXXXIIL

Emﬂq:h%gmmum
An Oljection to i,

‘Texzx was a time when the system of pre-estab-
lished harmony had acquired such a high mpuhhnu
over aﬂwﬂtmmmjr, that to dnﬂrfn to call it in question
I‘H to LmPumn IgnoTance, or

this mmg: boasted, that hjr
mun.- of it thq omnipotence and omniscience of the
Bupreme Being were set in their clearest light, and
that it was impossible for any one who believed in
thess exalted perfections of God to entertain a doubt
of the truth of this sublime system.

In fact, say they, we see that poor pitiful mortals

cacﬂnbln of constructing machines so ingeniously
as to fill the vulgar spectator with astonishment :
how much stronger reason, then, have we to admit
lllt G lwn nown from all eternity all mh:::g
and desire, at every instant,
h'u bwn l.ble to construct such a machine, which,
at every instant, should produce motions conform-
able to the determinations of my soul! Now, this
machine is precisely my body, which is united to my
ﬁ a;ll b;l&.ta humtl;n}r, 80 thf:t Ifl.‘.hm
of m were deranged to such a degree as
to be no Iﬂn;erym harmony with my soul, this body
would no more belong to me than body of a ﬂup
noceros in the heart of Africa: and if, in the case
of a dun.ngmant of my body, God should adjust
nocercs so that its motions were in
mh harmony with the determinations of my soul
as fo raise its paw at the moment I willed it, this
would then be mine, and would belong to my
umrfrmntbndynwh-huph it, without
or. I.—A & :



278 SYSTEN OF
Emmlmu.mmm“w

Mr. Leibmitz himself has compared the soul and
the body 10 two clocks, which continually indicate
the same hour. A clown who should see this beau-
hmmnéuftheulwuchchwmld undoubt-
ad.'l;rcnncl that they acted upon each other; but

hundurlmitlltuku?g;mmzm rfm-n;:
1tn motions independen o B0
and the body mhkuwn:lw machines totally in-
d?ndmﬂ, 'l.hsonshﬂnglpmtul.l, the other mate-
but their operations are always in a harmony
80 complete, that we are induced to believe them to
belong to each other, and that the one has a real in-
fluence upon the other, which is, however, a mere
ﬂhrnia?'d to form & judgment of this system, T

n order rm a an t ré-
mark, first, That it cannot be denied to be possible
for God to create a machine which should be always
mmrﬁmmilmnumufmym but it

to me that my body belongs t0 me by other

ts than such a harmohy, however beautiful it

mybﬂ and I believe you will not be disposed

hmt;mmnptnaptumwhﬂhu founded on this

l.'luna,thn.tnnlpmtﬂnlﬂnponnbodjr,
reciprocally, a body cannot act upon, or

mlyldmm a spirit. 'This principle is, besides,

tote of all

f, the chimeras of its BATS
beings having been cﬂm tely re-
I’m&d. Andi God, w :uuin @ power

of acting upon bodies, it is not a w]dpoumh
thtuupmt,mchuthuhummwul,uh

likewise to act upon a body. cordingly, ﬂdn
nntpromndtnnythﬂm-nrnlm.uupon

but- yuponnlml]lpuﬂchufmﬁ:r,mthua
spect towhich it has received the power of God him-
welf, though to exercise it in & manner which we are
uttery unable to comprehend. .
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Further, the system of pre-established harmony
-abours under other great difficulties. According to
it the soul derives all its knowledge from its own
pmmﬂmtl, without any contribution on the part of
the body and the senses. Thus, when I read in the

tte that the pope is dead, and I come to the

ledge of the pope's death, the gazette and my
reading have nothing to do with the communication
of this knowledge, as these circumstances respect
only my body and m{ senses, which have no man-
ner of connexion with my soul. But, conformably
to this system, my soul derives, at the same time,
from its own proper fund the ideas which it has of
this same pope. It concludes he must absolutely
be dead, and this knowledge comes to it with the
reading of the gazette, so that [ imagine the read-
ing of the gazette furnished me with this knowledge,
m‘ﬂ,ﬂ really derived it from the proper fund of

m%at this idea is ﬁrracﬂ}f absurd. How was it
posaible for me 8o boldly to assert that the pope
must necessarily have died at the moment mentioned
in the ?-autlc, and that only from the idea which 1
had of the pope’s condition and health, though
perhaps 1 knew nothing about him, while 1 am
infinitely better acquainted with my own situation,
without knowing, however, what & befall me to-
MOTTOW.

In like manner, when you do me the honour to
read these letters, and derive the knowledge of some
truth from them, it is your soul which extracts that
truth from its own proper fund, without ':i? con-
tributing at all to it by my letters. The reading of
them serves only 10 maintain the harmony which the
Creator meant to establish between the soul and the
body. It is only a formality altogether superflnous
with respect to the bnowledge itself. [ shall never-
theless continue to tender you my instructions.

9th December, 1760 :
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Another Oljection.
Tlnthlmtharohaciinltobamﬂnhtbar{l-
tem of pre-established harmon: that it ia
utterly destructive of lu.lmm n fact, if

the bodies of men are machines, similar to a watch,
all their actions are a necessary commmaftbnu
construction. Thus, when a thief sleals my purse,
the motion made by his hands is an effect as neces-
sary of the machine of his body, as the motion of
the hand of my clock, now pointing to nine. You
will readily comprehend what must pe the concle-
O baing agry o the cibck. and of chatining i, ba:
c chas
cml:fpniuwd to nine, it would be aqll;:uy 80 wnh
respect to the thief, whom it would
punish for hlﬁ w:n]an mr purse.

Of this we had a well-known sxample in the
of his late m :#utr. when Mr. Hl:ﬁ' taught at
the systém The
m informed himeelf of this d.o-ctﬁh WM:I'E

making prodigious noise; oné
court having lmnlh!lm_hlrl that according to Mr.
Wolff « doctrines soldiers were mere machines, and
that when one deserted it was a nec COnsa-
of his particular structure, and fore
ought not to subject him to punishment, as would be
the case were a machine an object of punishment,
for having performed such and such a motion; the
king was so provoked at this representation, that he
gave orders to banish Wolff from Halle, with certifi-
mgul::;.hﬁ';':l ndttnhnral.tthlmdﬂf

twenty urs, should hanged

n this took re at M whaere

rhlloupber wth R o fﬂp l.rbuq.'
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lul&nf;:ilmufthinnynhm have always
maintained the pre-established harmony by no
means encroached on human liberty. They admit
that the exterior actions of men are necessary effects
of the organization of the body, and that, in this
mpa‘c}},thwmm place as necessarily as the mo-
:i;j.: of a wntchh.-bgut thu.;.lthehmental bcmd ination

ect liberty : that these ma eserving
of [:Iml ment, thnngh the eo o action was
necessary ; that the criminality of an action consists
leas in the act, or motions of the body, than in the
resolution or intention of the soul, which remains
entirely free. Let us conceive, say they, the soul
of a thief, determining, at a certain time, to mit
a robbery: God, having foreseen this intention, has
provided it with a body, organized in such a manner
as to produce, precisely at the same time, the mo-
tions requisite for the commission of this robbery:
the action, say they, is itsell the necessary effect
of the organization of the body, but that the in-
tention of the thief is a free act of his soul, which
is not, on that account, less culpable and less pun-

Notwithstanding this reasoning, the s of
the system of pre-established harmony will always
find themselves very much embarrassed to maintain
the liberty of the determination of the soul. For,
according to them, the soul is itself similar to a ma-
chine, though of a nature totally different from that
of the body ; the representations produced in it are
occasioned by those which precede, and these agai
by others anterior to them, and so on, so that ﬂ?
follow each other as necessarily as the motions o
a machine. In fact, say they, men act always from
certain motives, founded on the representations of
:hu m;l. which succeed each other, conformably to
ts state.

You will recollect that, according to this m,
the soul derives no mi ':d:n from the s

a
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289
being in any real connexion with it; bt all from its
n proper fond, Present ideas flow from those

nf uun:dﬂ:,wh:hfnmmmmlmmud
mll:a.rﬁm:u ttle unda o

.Wmﬂﬂﬂ actions are founded on its pres-

mlo—liunnml preceding, and
mmmtmryuﬁoctof.t first state in
which it was created, over which it certainly could
have no power, und of co nce could not be free,
In depriving men of their Liberty, all their actions
become necessary, and can no longer be considered
as either right or criminal.

No one of these philg has hitherto been
able to remove these ties; and their adversa-
ﬁuhlulnghtwobjnmwthnm.tmmmmm
is subvérsive of all morality, and mak
which men commit to mm.lmﬂndh.tmul? which
is undoubt the grossest impiety. 'We must not,

however, them with the imputation of such
consequences, they flow very naturally from
their principles. The article of li :z isa nnn-
H.'ng-m& y; and it is ely diffi-

m
cult to steer clear of the dangers which press on all
mides,
132k December, 1760.

_ LETTER LXXXV.
O the Likry of Bpirie} ond & Reply 40 Ohftions

'I‘ngrnmidlﬂ:mdhﬂmﬂulﬂgutnfhhutj
even those which appear insurmountable, arise from
want of distinguishing with sufficient i.tte:nhm be-
mlhmlmutlﬁriludthuntbod:

olfian philosophers even go whuh;ﬁqﬁi



whence result all the in bodies, and all the
tations and actions of spirits.

gl.lm,thm,mihil system, the actual state of

bodies and of spirite derives its determination from

of spirits are-derived, like those of bodies, from
their preceding state, it is evident that liberty is no
more an attribute of spirit than it is of body. As
to -body, it is impossible to conceive the least
shadow of liberty in it; for liberty always Nﬂ)ﬂﬂ
nrutmmmitticﬁ:l:r admitting, or ol sus-

an action, and this is directly opposite to
all that passes in body. Would it not, then, be
idi te expect that a watch should point to
any other hour than what it actually does, and to
lhnknf}minhinﬁl;unthﬂunmtt Would it
not be absurd to fly into a passion at a puppet, be-
mmimrﬂﬂthﬂrmit turned its
the changes which take place in bodies, and

§

|

which act upon them; and their action once ad-
mitted, no in bodies can take place but pre-
cisely such as do take place : what respects body,
therefore, is an object of neither praise nor blame.
However ingeniously a piece of mechanism may be
the commeadation which we bestow
upga it reverts to the artist; the machine itself has
no interest in what passes ; the artist, too, is alone
respoasible for the defects of a clumey and awkward
machine ; the machine itself is innocent.
While, therefore, the inquiry is i to bodies,
they wre clearly in no respect responsible; no re-
ward, o puni can possibly attach to them;

!
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of enjoying tlu felicity of paying my respects to

your ; but T am pnrracﬁyumbh at the
same time, t.hl.t-l was not forced to it; a.mi that it
was entirely in my own w:r to take that journey,
or to have remained at But a body impelled

any er necessarily obeys, and it cannot be
m:tmﬂh&nyht:bayurm“ﬂ
The motive which determines a apirit
ita resolvea is of a nature hu:hnu Earen: ﬂ;ﬂgl
cause ot force acting upon body e the in
nnﬂw:ulr ily, and there the effect remains
'lz‘l. luntary, and the soul has power over it
On u;mmmurmmﬂ
'mrl,ﬂhehmnkultmpnmuafnrthm and

h is the true foundation of right and wrong.
umurﬂhl"nmudthu ln:&mud.tﬂhmmn

Iﬂn:z mﬁq ht thu

. LETTER LXXXVIL
Tre diffarence which I have jast established be-
twean the motwes conformably to which spirits act,
.and the couser or powers which act on bodies, dis-
covers to us the true foundation of liberty.
‘.l.tl;me 8 puppet so artfull con:lmtad with
wheels and as to be to approach my
and to out mr'l'atchwlﬂwut my per-
ceiving it. This action, & Necessary mn“-
quence of the o the machine, could
mtbnmnudn Ilamhheqr,indllhonidm,
myulfndmulm.u if I got into a passion at it,
imsisted on having the machine hanged. Every
would say that the puppet was innocent, and

§li‘



of meriting the praises bes n him. How-
ever he m tbodmhtdinul?ﬁar groents,
he cannot in this case ; the sentiment Iu'll:ibm
is 80 intimately connected with that liberty i
that are inseparable. It is ible to enter-
tain a bt where the liberty of another is con-
caqu.htn"in mpﬂnihln ever toh:ﬂ dmeipir:dm
cting one's own. clown, axam on
xmgﬂm puppet above described, might un'.nily
imagine it to be a real thief, and that it likewise was
a free agent: in this he would be mistaken; but
with respect to his own li it is impossible for
him to mistake; as he deems himsell free, he ia so
question, undeceivod s £o the puppet, shosld after.
\ ved as e
ward consider a dexterous thief as & machine,
titute of all sentiment and of liberty : here he would
fall into the opposite error; but as to his own ae-
tions he will never be mistaken.

It :n:;ld ther_:]ﬁorr;nrbe ndmiln:- to Iﬂlmmt:llﬁ
migh ible a watch to imagine its
hﬂndtmapdo?:euljr,lndm believe that it now
to nine because it pleases to do so, but
o any other hour if it thought proper: the watch

¥

i
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would undoubtedly deceive itsell. But the whole
supposition iz manifestly absurd. You must first
ascribe to the watch sentiment and imagination, and
accordi supposa it 4 spirit or soul, which neces-
sarily implies ; and afterward consider it &8
a mere machine, divested of liberty, which is a
manifest contradiction.

Another objection, however, is started i
liberty, founded on the Divine prescience. y it is
said; foresaw from all eternity every resolution which
I should fprm, and every action which 1 should do
during every instant of my life. If God foresaw
I should just now continue to write, that I should
by-and-by lay down my pen, and rise to take a
walk, my action would be no longer free, for I am
under the necessity of writing, of laying down the
pen, and of rising to walk ; and it be impos-
sible for me to act otherwise, as it was impossible
God should be deceived in what he foresees.

The reply is obvious. Because God foresaw,
from all eternity, that I should perform, on such a
day, such an action, it does not follow that I shall

orm it because God foresaw it. For it is evi-
nt that it ought not be all in the cause sup-
posed, that 1 go on to write, God foresaw |
should go on to write; bat, on the contrary, as I
r:d;ait per to go on to write, God foresaw that
would do so. Thus the prescience of God by no
means ancroaches on my liberty ; and all my actions
remain equally at liberty, whether God foresaw
them or nh.t;t in the vi ' o]

Bome, however, in view of supporting liberty,
himgu:;nnufuuwdmythn Divine p:'lgmiam;
* but you will have little dificulty in detecting the
falsahood of this opinion. Is it so ising that
the SBupreme Being, who is acquainted with all my

naities, be able to foresee the effect

consequrnily, all the resolations which 1 shall form



such as we are, exercise a

science !  You can iﬂmﬂpﬂhymm

man ¥ cavetous, who has a fair i
a considershle advantage. You know

for he will not fail to aval himself of it.

|tlmqght@nnh|n. Now,

of the changes which mwst take in the eorpo-
real world, where all is under the power of necessity.
This distinction shall be the syhject of my next Latter.
20¢h December, 1760.
LETTER LXXXVIL
H-;mf the Liderty of Spirits upon Events.
Ir the world contained bodies only, and if the

changes which take place in it were con-
sequences of the laws of motion, te
the powers with which they act upon each y
all events would be necessary, and would on

the first ement which the Creator axtab-
lished of the bodies of the universe; so that this
nt once established, it should be i
aible for other events afterward to tak '"E
thoss which happen in the actual order. of thimgs.
. ] [ "
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Imagine to yourself a musical clock; soch a
clock once regulated, all the motions which ityper-
forms, and the airs which it plays, are prod in
virtue of its construction, without any fresh appli-
cation of the hand of the master, and in that case
we say it is done mechanically. Ifthe artist touches
it, by changing the notch, or the cylinder, which

ates the airs, or by winding it up, it is an ex-
ternal action, which, not being fb‘Lmd.aJJ;:m the organ-
ization of the machine, mo longer appertains to it.
And if God, as Lord of the universe, should change
mnﬂmh:l.y any thing in the uul:;u of successive
events, this change would no rtain to
lhm“him:jt'nﬂﬁmmhﬂlﬂwrﬂ:w '

A miracle, comsequently, is an immediate effect
of the divine Omnipotence, which could not have
taken e had God left the machine of the uni-
versa ly to take its course. Buch would be
the state of the universe if it contained bodies only;
in that case it might be said, that all events

in it from an absolate necessity, each of them
ing & N effect of the structure of the
universe ; unless it pleased God to work miracles.

The same thing would happen, on admitting the
:{:um of pre-established harmony, though it allows

existence of spirits; for, according to this sys-
tem, spirits do not act upon bodies, but thess per-
form all their motions and actions only in virtue of
their structure, once established; so that when I
raise my arm, this motion is an effect as necessary
of the organization of my body as that of the
wheels in a watch. My soul in no respect con-
tributes to it; it is God who, from the begi .
arranged the matter, so that the action of my body
must necessarily result from it, at a certain time,
and raise the arm at the instant that my soul willed
it. Thus, my soul has no influence upon my body;
any more than upon those of other men and of ani-
nl%-; n?d. ;m;ﬂqumﬂj,mdﬂing to this system,

on. L.—
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'hmmi ﬂ'::t !"L'I:|:jr i Ihunrﬁnﬁnn m
n e o w
God has established in ﬁmﬂmuniﬂm

the power of prodacing motion in- their bxies

L] ar o m n T
which their urgl.ni:aﬁmﬁlmn would not have pro-
duced, the system of the universe is not-a meras
machine, and events do not necessarily take place
&8 in the preceding case. -

The universe will present events of two kinds;
of s, whizh are corporesh or dopumiant va

Ence, W are ¢ or on
the machine, as the mou:;P:nd phenomena of the
heavenly bodies ; Iilﬁu take place as m?;nly as
those of a on
tive “establishment of ihe univeree, The others
depend on the soul, united to the body of men and
. and are no longer nec , &8 the pre-

ndhg*bntrudtﬁumtheﬁbmmmth*m
of these spiritual beings.

These two kinds of events distinguish the univetse
from a mere machine, and raise it to lrmk'mﬂmm::;{
more worthy of the Almighty Creator who fi
it.. The government of this universe will likewise
ever-inspire us with the most sublime idea of the
sovereign wisdom and goodness of God.

ﬂ;;rum-tun,' uﬁml‘nm, thal: liberty, whiu’;iu m:‘t
<80/ essential to spini a8 & i
ence on the events dﬁmwnrm. mﬁ only to
consider the fatal consequences of these wars,

Ei

limited

brain, in which all the nerves terminate ; and this
action ed to the communication of an im-
pression of & certain motion on the membars, which
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may afterward operate on other bodies, and these
again on others, so that the slightest motion of my
body may have a great influence on a moltitude of
events.

Man, however, though master of the first motion
of his body which occasions these events, is not an
of the consequences of his actions. These dzpend
on 80 many ciroumstances, that the most sagacious
mind is incapable of foreseeing them : accordingly,
we a-% see the best concerted projects failing,
But it is that we must acknowledge the govern-
ment and providence of God, who, having from all
eternity foreseen all the counsels, the ][:"Irnjacl.u. and
the voluntary actions of men, arranged the corporeal
world in such a manner that it brings -about, at all
times, circumstances which cause those enterprises
to fail or to succeed, according as his infinite wisdom
judges to be most fit. God thus remains absolute
sovereign of all events, notwithstanding the liberty
of men, all whose actions, thuﬁ free, are from the
beginning part of the plan which God intended to
execute when he created this universe,

This reflection plunges us into an abyses of wonder
and adoration at the infinite perfections of the Crea-
tor ; while we ¢onsider that thers is nothing so mean
initself as not to be, from the beginning of the world,
an ﬁmt worthy of entering into the original plan
which God proposed to himself.

93d December, 1780, S

LETTER LXXXVIII.

Of Events, Natural, Supernatural, and Moral,

Ix common life we distinguish events
produced by corporeal causes from those in which
men and animals co-operate. Those of the former
description are denominatéd natural events, or pro-



duced by natural causes ; such are the phenomens of
the haHonly bodies, eclipses, te whirlwinds,
, &c. These are natural phe-
nomena, becanse it is nnderstood that neither men
nor animals are active in the prodoction of them.
IIfIamlmmuwmm ﬁ
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I If such an evil wers to be produced b i
or by the immediate power of God,
the cause of it was supernatural; bu
were occasioned by men or animals,
in that case, give it the name of eithe
. 'We would characterize such an
simply by the name of action, which denotes
.Iqhtt"ﬂ :’hi:;::lﬂhl" “iwpm]n'l.ﬂym' ﬂﬂwm
s it depends on the liberty of an intelligent agent.
Thus, when Quintus Curtius gives us a detail of
o the Knowledge of the events beowsht sbact oy
to us W, of the eve t t
the voluntary determinations of m«: Bng
an action always supposes freedom of resolution in
& spiritual M.Dﬁ_;l.pﬁ‘l‘ﬂ‘ﬂf determination which
depends upon his will, and of which he is master.
1 say, of which he is master; for there is a
variety of motions, the tion of which, wers
we to determine to will them ever mo much, we
should not, however, be obeyed, because over such
movemants we have no power. L :
I am not master even of all the motions
in my own body ; that of my heart and of my blood

i
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is not subject to my power, or to the empire of m;
soul, @s the mticm,whit:h 1 perform when Iwrit:
this letter. There are other motions which partake
of the natore of both these, such as respiration,
which it is In my power to accelerate or to retard
to a certain degree, but of which I am by no means
the absolute master. .

is not sufficiently rich to e , by
one appropriate term, all these different kinds of
events. ere are some produced by natural causes
merely, and which are necessary consequences of
the arrangement of bodies in the universe ; and as
these necessarily come to pass, the knowledge of
this arrangement enables s to foretel a great number
of them, such as the situation of the heavenly bodies,
eclipses, and other phenomena depending on them,
for any given time whatever. ere are other
events which depend only on the will of free and
spiritual beings, as the actions of every man and of
every animal. It is impossible for us to foresee any
thing of these, in particular, unless by cpnjecture
merely ; and in this we are frequently very grossly
n,';j:‘la.{m. God alone possesses this knowledge in
a supreme degroee. -

From these two kinds of events there arises a
third, in which‘r;.aatud:l zl;]uu;s WI].(:;.; with such as
aré voun 4 ent on a ng exXercising
its libe:rt}ri:“:«fﬂf this tp;n billiard-table zu'nishn an
example. The strokes impressed on the balls de-

on the will of the players ; but as soon as motion
18 communicated to them, the continuation of that
motion, and their collision with each other, or with
the cushion, are necessary consequences of the laws
of molion, ‘

In general, most of the events which take place on
the earth must be referred to this species, as there
are scarcely any over which men and animals have
not some influence. The cultivation and prpduce
of our fields require, in;b:'ﬁrltimtmlhlmhﬂh
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tary exertions of men or beasts ; but the in
an effect of causes pyrely natural. It is ace ¥
Mmumwnmmﬂmmuhmlmm
Mmﬁlﬂmm:rdnhud;umdqnnh. God has
shed for bodiea laws of rest and motion, con-
formably to which all changes necessanily take place;
a8 bodies are mmlypuuu beings, which prunm
Dresatona made upon thes by otbers 18 1 forerty
ormer
P piained i whﬂmuumqnntl n.rnm ufnnfomc,
or constraint, but are governed of by precepta
~ and itions,
ith respect to bodies, the will of God is always
EM pluhnd butmﬂuﬂpocttnnpmtull
such as men, the contrary wery often hap-
When 1tmutdtubothnmuu{ God that
-inlhnn.ldlwunun another, we mean by that ex-
a commandment which men to nbey ;
t this is very far froin being the case. God does
not force men to it, for this would be conlrary to
the liberty which is essential to them ; but He en-

deavours to men 1o the observance of this
commandmen W to them' motives the
most rfu!. but it always depends on the will

o{mwhﬂha‘rhniltunbt or pot. . In this sense
ﬂmmmﬂﬂntuﬂlhawﬂnfﬂndw‘hmhrﬂfm
hthaﬁﬂmnnmohumuﬂ

Ttk December, 1760,

LETTER LXXXIX.

the Quastion respocting the best World possibla;
o %Iﬁqmnfm

Ywmwnll.thahthuhmnmadilanuﬁu.
Whatharthuwuhthlbu{
e doubted, that the world MN
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the puhdnwhch God proposed to himsell when he
crea it.

As to bodies and material productions, their ar-

t and structure are such, that certainly they
not have been bettar. Please to recollect the
woaderful etructure of the eye, and you will see the
nacessity of admitting that the conformation of all
its parts is perfectly adapted to fulfil the end in view,
that of represanting distinctly exterior objects. How
much i.unmuarymhetpurthae}ruin
that state, during the course of a whole life?! The
juices which compose it must be preserved from
corruption ; it was necessary to make provision that
they should be constantly renewed and maintained
in a suitable state.

A structure equally marvellous is observable in all
the other parts of our bodies, in.those of all animals,
and even of the vilest insects. And the structure of
these last is 8o much the more admirable, on account
of their smallness, that it should perfectly satis(y all
the wants which are peculiar to each species. Let
us examine only the sense of seeing in these insects,
by which they distinguish objects so minute, and so
near, as to escape our eyes, and this examination
alone will fill us with astonishment.

We discover the same perfection in plants ; every
thing in them concurs to their formation, to their
E:wth. and to the production of their fowers, of

tr fruits, or of their seeds. What a prodigy, to
hhnldlplm:tua.apﬂmﬂ-umlmd_ grain cast
into the earth, by the help of the nutritious juices
with which the soil su it! The productions
found in the bowels of the earth are no less wonder-
¢ ful: every part of nature is capable of exhausting
our utmost powers of research, without permitting
us to penetrate all the wonders of its construction.
Nay, we are utterly lost, while we reflact how every
water, air, and fire—concur in the

- production of all organized bodies ; -and finally, how



the arrangement of all the heavenly bodies is st
admirably contrived as perfectly to fulfil all thess
i destinations.

After having reflected in this manner, it will be
dificult for you to believe that there should have
been men who maintained, that the universe was
the ¢Tect of mere chance, without design. But
there always have been, and there are, persons
of this description ; those, however, who have a solid
et et K X

not ent from ac i i
are convinced, wlpﬂl]‘;a, that there is nsuhdmgn.iﬁ
who created the whole universe, and, from the re-
marks which I have just been nuﬁ:lng to

e highest perfection.

As to a-pinp;t{thn wickedness of man seems to be
an infringement of this perfection, as it is but too
capable of introducing the greatest evils into the
world; and these evils have, at all times,
incompatible with the sovereign ess of God.
This is the weapon usually employed by infidels
agninst religion, and the existence of God. If God,
say they, was the author of the world, He must also
be the author of the evil which it contains, and of
thgmmmes_' mﬁ;nmittad in it. e orlate of avli—tha

18 ques! o
L gty Yok oy
sovereign of God, has al greatly per-
xed hers and d’.l'l'lﬂ‘l me have en-
eavoured to give a solution, but it has satisfed onl

themselves. Others have gone so far as to mai
that God was, in fact, the author of moral evil, and
of crimes ; always protesting, at the same time, that
this opinion ought to bring no imputation on the
and holiness of God. ' Others, finally, con-
Somprehents and these 1ash undovbtedly, bave o

H ¥e em-
braced the preferable sentiment. '
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MhTml and holy ; He is the author
of the world I.'l.'lr.’njr world l'l:'IHDI with crimes
spprently diffcult o reconcil bk, in Ty Opnion,

reconcile ; inm nion,
o great part of the dificul tanilhﬂﬂlgo?lwﬂ we
have formed a just idea of spirit, and of the liberty
80 essential to it that God himsell cannot divest it
of this quality.

God having created spirits, and the souls of men,
I remark, first, that spirits are beings infinitely more
excellent than bodies; and, secondly, that, at the
moment of creation, spirits were all : for time
is isite to the formaution of evil inclinations:
there is, therefore, no difficulty in afinming that God
created apiri But it being tga essence ::}t irits to
be free, and liberty not being capable of subsisti
without a power to sin, to create a spirit
of the power of sinning has nothing inconmstent
with divine perfection, because a spirit could not be
c¢reated destitute of that power.

God has, besides, dono every thing to prevent
crimes, by ribing to spirits precepts, the ob-
servance ol which must always render them good
and . There is no other method of treating
spirita, which cannot be subject to any constraint ;
and if some of them have abused their liberty, and

these commandments, they are respon-
sible for it, and worthy of punishment, without any
hnﬁnhmmt of the Deity.
re remains only one objection more to be con-
sidered—namely, that it w have bean better not
to create such spirits, as God foresaw they must
#ink into'criminality. But this [ar surpasses human
understanding ; for we know not whether the plan
of the world could subsist without them. We know,
on the contrary, by experience, that the wickedness
of some men frequently contributes to the correc-
tion and amendment of others, and thereby couducts
them to happiness. This consideration alone is
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:ﬂehntﬂ:s ify the aﬁﬂamﬁﬂ' evil spirits,
LT as POWeT Over CONBEqUANCES
of human wickedness, every one may rest assured,
that in conforming to the commandments of God, all
events which come to pass, however calamitous they

to him, are always under the direction
ofma mdh.llrtarmmhmhwwhp-
'Thh idence of God, which extends to every
mmﬂ icular, l.hmlhrnilhuthnmm

ution of the question mTcn
permission and the origin of evil ik
the foundation of all religion, the lhnnmmhﬁccl
whichhmwmummmof e
B0ch December, 1780.- s

| LETTER XC.
Connesion preceding Considerations with
%ﬂfﬂyu :hﬂi;m nfﬂr“:"ﬂaw&

Brrorx 1 proceed farther in lessons on
losophy lndphyncs,lthhku;;rrduwwpdntﬁ
to thm:cmmonmthre

OWever lndlhmﬂthe santiments
of certain phi may be, they are so obeati-
prepossessed in hmurnfl‘.bem. that t

.u 1o ‘conformeble t theit aystam of phlosophy.

From this source are derived most of the sects and
heresies in religion. Beveral philosophical systems

Tt b mhlllhi u writar wha 8o Mally recogmibses 1he

ity

of an pil-wiss Creaior, 1 r*ulhll hqu
A G e e vy i T e v, by prech
I?Nﬂ?ﬁhl rrance of which mest 'l'i}'l rlhﬂﬂﬂ

::lhm. #hoald, In reference 1o Lhe "rnu.nmnuu

oamme asslgned fbr it in moms uﬂ]ﬂv.
-Hh;r:‘hlh tbhbamnw:unril. !
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are really i to religion ; but in that case
divine truth oug:: surely to be preferred to the reve-
ries of men, if the pride of ph&taﬁmﬂ knew what
it waa to yield. Should sound philosophy some-
times peem in ition to religion, that opposition
is more & nt than real ; and we must not sufle
uuml_ru be dazzled with the speciousness o

{ be, I|:| with considering an ohjection which al-
:ﬁ the philosophi mf’l systems have started
lgl.ml yer. Rahmun rescribes this as our
duty, with an assurance that God will hear and an-
swer our vows and prayers, ﬂ'aﬂded they are con-
formuble to the precepts which he has given us.
Philosophy, on the other hand, instructs us that all -
events take place in strict cum‘nmny to the coursn
of nature, established from the beginning, and thal
our prayers can effect no change whatever; unless
we to expect that God should be continually
orking miracles, in compliance with our prayers.
This objection has the greater weight, that religion
itsell teaches the doctrine of God's having estab-
lished the course of all events, and that nothing can
come to pass but what God foresaw from all eter-
nity. Is it credible, na{u;he objectors, that God
should think of l.ltarnng settled course, in com-
r;umu with any prayers which men might address
But I remark, first, that when God established the
course of the universe, and arranged all the events
which must come to pass in it, he paid attention to
all the circuomstances which should accompany each
event; and particularly to the dispositions, to the
dum‘el. and prayers of every intelligent being ; and
that the arrangement of all events was disposed in
rfect harmony with all these circumstances.
n, therefore, a man addresses to God a prltm
worthy of being heard, it must not be im
such & prayer came not to the knowledge ocl'ﬂ-udatﬂl.
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the moment it was formed. That was al-
ready heard from all elernity ; end il the Father of
Mercies deemed it worthy of being answered, he ar-

the wonld expresaly in favour of that prayer,
80 that the accomplisliment should be a consequence
of the natural course of events. It is thus that God
answers hmmymormmmm' working a
miracle.

The establishment of the course of the wniverss,
fixed once for all, far from rendering prayer unneces-
pary, rather increases our confidence, by canw]y':'n;
to us m:mmhwmmth, that all our prayers have
been already, from beginning, presented at the
feet of the throne of the Alm{.ght ,and that they
have been admitted into the plan of the universe, as
motives conformably to which events were to be
regulated, in subserviency to the infinite wisdom of
the Creator. . - .
hﬂll‘l lrl'l nu::luhwo that our ﬂ:ndithn wauldb:

tter i no lnu'iod‘g: of our ers
fore we presented them, and tHu:hu?:‘ then be

to change in our favour the order of the
course of naturel ‘This might well be irreconeils-
ble to his wisdom, and inconsistent with his adorabie
ions. Would there not, then, be reason to
say that the world was a very imperfect work ! that
God was entirely disposed to be favourable to the
wishes of men; but not having foréseen them. was
reduced to the necessity of every instant interrupt-
ing the course of nature, unless He were determined
totally to disreyard the wants of intelligent beings,
whrin{. nevertheless, constitute the prin afdﬂ?.“ of
the imiverse! For towhat purpose create this ma-
terial world, replenished with so0 many great won-
ders, if there were no intelligent beings, capable of
admiring it, and of being elevated by it 1o the adora-
tian m!‘%iod,tnd to the most intimate union with
their Creator, in which, undoubtedly, their highest
falicity consists ! - .
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Hence, it must absolutely be concluded, that in-
telligent beings and their salvation must have been
the lllri.m:ipnl objeet, in -subordination to which God
regulated the arrangement of this world; and we
have every reason to rest assured-that all the events
which take e init are in the most delightful
harmony with the wanta of all intelligent I!mg:
to conduct themh to their true happiness ; but wi
out constraint, becanse of their , which is as
easential to spirits as extension is to . There
is therefore no ground for surprise there
Ellﬂ:._’ld be intelligent beings which shall never reach

1LY '

In:ziu connexion of spirits with events consists
the Divine Providence, of which every individual
has the consolation of being a partaker; so that
every man may rest assured that, from all eternity,
ke entered into the plan of the universe. How

t this consideration to inerease our confidence
our ;i:jr in the idence of God, on which all
ligion is founded! You see, then, that on this
side religion and philosophy are by no means at
variance. v
3d January, 1761.

LETTER XCL

The of Intells Bfiug.riuﬂ'mﬂiﬂﬂr
trines of the Christian Religion.

Lisgnty iz a 1:1alit_-p 8o essential to every nlpiritul
being, that God himself cannot divest them of it, just
u?ﬁ- cannot divest a body of its extension, or of its
inertia, without entirely destroying or annihilating
it: to divest a spirit of 1 , therefore, would be
the same thing as to annihi it. This must be
understood of the spirit or soul itsell; and not of the
actions of the body which the soul directs in con-
Voo L—Ce



1] LIBEERTY OF

formity to its will. If you would prevent me from
writing, you have but to bind my hands—to write is
undoubtedly an exercise of liberty ; but then, though
you may say that you have deprived me of the liberty
of writing, you have nnli‘duupri“d mwy bedy of the
faculty of obeying the dictates of m Bind
me ever so hard, you cannot extinguish in my spirit
an inclination to write ; all you can o is to prevent
the execution of it.

We must always careflully distinguish between
inclination, or the act of willing, and execution,
which is performed by the ministration of the body.
The act of willing cannot be restrained by an ex-
terior power, not even by that of God; for liberty
is independent of all exterior force. But there are
means of acting on spirits, by motives which have a
tendency, not to constrain, but to persuade. Let a
man be firmly determined to engage in u? enter-

of i

prise, and let us supposé the. execulion t pre-
vented ; without ing- any change in his inten-
tion, or will, it might be possible to t motives

which should engage him to abandon his
without employing any manner of constraint: how-
EVEr powe these motives may be, he is ll'nﬁ:
master of his own will; it never can be said that
was forced or constrained to it, at least the expres-
sion would be improper; for the proper term is per-
suade, which is so suitable to the nature and the
liberty of intelligent beings, that it cannot be applied
amuplo | pla; ing at bil o, V5 & Mtﬁnf;uﬁfmﬁ
ample, in playi i B3
ﬂraphu’i.]_tn l'glqlgtﬂ the hazard. y

This seotiment respecting the liberty of epirits
appears, however, to some persons conlrary to the
goodness or the power of the Supreme Being. Lib-
erty, from its very nature, can submit to no
of constraint, even on the part of God. But without
exercising any constraint over spirits, God has an
infinite variety of ‘means of presenting them with
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motives; and I believe that all possible
cases are adapted by Providence to our condition,
in such a manner that the most abandoned wretches
might derive from them the most powerful motives
to conversion, if they would but listen to them : and
that a miracle wm:ﬁ not produce a better effect on
these vicious spirits; they might be afected bly it
:';::m, but would l;.(ﬂ- become hl.-_uur.b’g

m—nparm n our conversion,

nishing us with motives the most eficacious, and
the circumstances and opportunities which His
dence suppli

If, for example, a man who hears an awakening
permon is affected by it, repents, and is econverted,
the act of his soul 15 evidently his own work ; but
the occasion of the sermon, which he waa so h
Ddoed 10 proBt by i, wae notbing Jest than His work

it, was ess ia ;
the n-.ﬁ.fa"’ Prorl:{duncn mmﬁgd that circumstance,
s0 salotary to him. In fact, without the oppor-
tunity, over which the man had no power, he would
have persisted in a sinful course.

Hence you will easi mm?reluld tle meaning
of such uﬁpﬂuium as these: * Man can do nothi
of himself; all depends on divine grace: it is
that worketh to will and to do.” The favourable
circumstances which Providence supplies to men
are sufficient to elucidate these expressions, without
having recourse to a secret force, which acts by con-
straint on human liberty; as these circumstances
are directed of God, in conformity to the most con-
summata wisdom, in the view ol conducting every
intelligent being to happiness and salvation, unless
he ﬂft"ﬁll_r-ujwu the means by which he might
hava attained true felicity.®

8th January, 1761.

* The resdar must look in valn in This for negonnt of
mmmunw—muﬂ bl



LETTER XCIIL

Elucidation respecting the Nature of Spirils.

+ Im order more clearly to elucidate what 1 have

Just said respecting the difference between body and

spirit—ifor it is ible to be too attentive to what

lptritmh- th:hth' nce, as it umlmd-mm far, that
0o in common wi A

with spirit—I think it mmrr to subjoin lhahf:{

lowing reflections :

spirit. Itiuull.‘-wmth-nth,
wmmammd is divisible, and you can
form the idea of its parts; bntnlpd.ntllmphhh
of no division; you gan hna no €o
half, or of its third part. mnthtmlﬂnn
hnin; to the ncluﬂnnnl'ﬂl paris; it cannot then
be affirmed that a spirit has l:eng‘l.'h breadth, or
thickness. ¥n a all that we conceive of ex-
1mmnthnnn]udndl!rmtbaidﬂln[tmnt.
It would appear, therefare; that as spirits have no
magnitude, tﬂnmmt resemble geometrical points,
ihﬂdﬂniﬂoho:l‘whk:hll,thnth have neither
length, breadth, nor depth. Would it be a very
muulduhmmhwul irit by a
mqrn The scholastic
hﬂpml‘ this opinion, and ¢ red apirits
as beings infinitely small, similar to the most subtile
Retvity 400 sglity, by which. they re ensbled to
L Jills are
transport themselves in dan instant to the
distances. They maintained, that in virtue of this
extreme minuteness, millions of spirits might be

1
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qeeetion, Tiow ey spinbe coLld G2uce o0 8 pokk
ion, How o0 ance on the
nf";hn dii h;l of Pr"-:; Iy of the Puupl.n-‘
isciples are near same
ﬂn. *clnnrdil;ng 'r:ﬂ them, all be iﬁ.m a.rar cﬂm :
cles extre minute, dive of all magni-
Inﬂnﬂ they giva{hm the name of monads. A
monad, then, 18 a sobstance destitute of all exten-
sion; and on dividing a body till you come to par-
ticles s0 minute as to be susceptible ol no farther
division, you have got to the W monad, which
differs, therefore, from the moat subtile icle of
dust only in this, that the minutest particles of dust
are not perhaps sufficiently small, and that a farther
division is still necessary to obtain real monads.
Now, according to Mr. Welff, not only all bodies
are W of monads, but every afuin‘t is mere]
am ; and the Supreme Being, 1| tremble as
write it, is likewise a monad. This does not convey
a very magnificent idea of God, of spirits, and of
the souls of men. I cannot conceive that my soul
is, nothing more than a being similar to the last
particles of a body, or that it is reduced almost to a
point. It appears t0 me still less capable of being
maintained, that several souls joined ther might
form a body, a slip of paper, for example, to light a
pipe of tobaceo. But the supporters of this opinion
&:Pﬂﬂ this ground, that as a spirit has no mgni-
, it must, of necessity, resemble a geometrical
point. Let us examine the solidity of their rea-
mlnmﬁm-k. first, that irit is a being of a nat
T atasaspiniisa a nature
totally different from mt'?}.r body, it is absurd to
ﬂy to it standards, which magnitude, and
| nnn.lnqunntg, it would g]; folly to ask how
many feet or inches long a spirit is, or how many
pounds or ocunces it weighs, These questions are
applicable only to thi which have ] or
weight, and are as G ;l if, speaking of it
' c
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were to be asked, how many feet long an hour wea,
or how pounds it weighed. 1 can alwaye
confidently affirm, that an hour is not equal to a line
of a hundred feet, or of ten feet, or of one foat, or

other standard of measure; but it by no means fo
lows that an hour must be a grometrical point. An
hour is of a nature entirely different, and it is impos-
sible to a to it any standard which supposes a
length which may be expressed by feet or inches.

The same thing holds good as to spirit. 1 can
always boldly affirm, that a spirit is not ten feet, nor
a hundred feet, nor any other number of feet; but it
does not hence follow, that a spirit is a point, any
more than that an hour must be one, because it cannot
be measured by feet or inches. - A epirit, then, is not
a monad, or in an; mtmhr‘ ilar to the ultimate
particles into whi ies may be divided ; und you
are perfectly able to comprehend, that a spirit may
have no extension, without being; on that account, &

int or a monad. We must therefore separate every

of extension from that of spirit.

To ask, In what place does a spirit reside ! would
be, for the same reason, likewise an absurd question,
for to connect apirit with is to ascribe exten-
sion to it. No more can | say in what place an Aowr
is; y an hour is something; some-
thing, therefore, exiast without being attached
to a certain place. I can,in like mamer, affirm that
my soul does not reside in my head, nor nql*.‘or;ny
head, nor in any particular without its being
deduced as a consequence that my soul has therefore
no existence ; just as it may be with truth affirmed

of the hour now ing, that it exists neither in my
bkead nor out of my head. A spirit exists, then,
though not in a certain ; but il our reflection
turns on

the hi irit has of acting

-hdy,mm;m:lt‘ Mﬁmﬁh

& certain X
Emhmmmmm
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but it acts there ; and as God possesses the power
of acting upon all bodies, it is in this respect we ﬁ
He is everywhere, though his existence is attac
to no place.

10k January, 1761,

LETTER XCIIL

The Subject uﬂ'ﬂmﬁ:‘?ummg

You will probably be surprised at the sentiment
which I have just now ventured to advance, that
ﬁu, in virtue of their nature, are in no place. In

affirming, I shall perhaps be in ﬂmlm'uf]nu'ﬁ
for a man who denies the existence of spints,
consequently that of God. But I have already de-
monstrated, that something may exist, and have a
reality, without being attac! to any one e,
The example drawn from an hour, th fi , T
moves the greatest difficulties, though there is an
infinite difference between an hour and a spirit.

The idea which [ form of spirits ap to me
ilfmnhlr more noble than that of those who
consider them as ical points, and who re-
duce God himsell to this class. What can be more
shocking than to confound all epirits, and the Su-
preme Being among the reat, with the minutest par-
ticles into which a body is divisible, and to rank
them in the same class with theas particles, which
it is mot 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 ‘spirits are of a to-
tally different nature, it is not a matter of surprise to
say, that they are not to be found in g:ca;md
1 no the elu=

am under :Fprnhnuinnuf
cidations which I have submitted to you on this-sab-
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ject. Tt is thus I exalt the nature of spirits infinitely
above that of bodies,

Every spirit is a being that thinks, reflects, rea-
gons, deliberates, acts freely, and, in one word, that
lives: whereas body has no other qualities but that
of being extended, susceptible of motion, and im-
penet ; from whence results this universal
quality, that every body remaina in the same state
as long as there 18 no necessity of mutual penetra-
tion, or of their undergoing some change; and in
case of the necessity of their penetrating each other,
if they mnunmdutu remajn tre their state, m::i';u iT-u
penetrability i e5 ers requ
chlmtluu' mm"'?h as it is Pﬂ;':mfﬂq to pre-
ven penetration.

In this consist 21l the changes which take place in
bodies : all is passive, and necessarily be them
in conformity to the laws of motion. There is, in
body, neither intelligence, nor will, nor liberty:
these are the supereminent qualities of spirita, w]
bodies are not even susceptible of them.

It is spirit likewise which produces in the cor-
poreal world the principal events, the illustrious ac-
tions of intelligent beings, which are all the effect
SPon. theiz bodies.  This powee, which svery s0u
u their L. H T, which ev
hg.':nwu its body, cannot but be ¢ : nmdﬂtd::rn gift

of God, who has established this wonderful union
between soul and body. And as I find my soul in
such a union with a certain particle of my body,
o my soul 5 in that spot. thousts properly speck:

my soul is in t t
:n[. - soul resides H.E:fhm. .MP:I::IM}' e to
%ﬂa of my body only in virtue of its action

its power.

It u:huminﬂnanm ocl'thumﬂuponthnbodr
constitutes ita life, whu:h continues as
is unison sybaists, or as the organization of the
remsins entire. Death, then, is nothing else

gi

£
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but the dissolution of this union, and the soul has no
need to be transported elsewhere ; for, as it resides
in no all places must be indiferent to it; and,
consequently, il it should please Ged, after my death,
to establish a new union between my soul and an

organized body in the moon, I instantly be
in the moon, without the trouble of a long journey.
And if, even now, God were to to my soul &

er over an organized body in the moon, I should
equally here and in the moon ; and this involves
no manner of contradiction. It is only which
cannot be in two places at onee; there is
nothing to prevent spirit, which has no relation to
place, in virlue of its natore, Lo act at the same time
on several bodies, situated in places very remote
from each other; and in this it might be
said, with truth, that it was in all these places at
once. b
This supplies us with a clear elucidation of the
omnipresence of God: it is, that his power extends
to the whole universe, and to all the bodies which it
contains. It appears to me, of consequence, an im-
proper expression, to say that God exists every-
where, as the existence of a spirit has no relation
to place. It is more consonant with propriety to
y God is everywhere present.

t us now compare this idea with that of the
‘Wolffians, who, representing Deity under the idea of
a point, attach Him to one fixed place, as, in fact, a
point cannot be in several places at once; and how
1s it possible to reconcile the Divine omnipotence
with the idea of a point ! ' .

Death being a dissolution of the union subsisting
between the soul and body during life, we are en-
bled to form some idea of the state of the soul after
death. As the soul, during life, derives all its know-
ledge through the medium of the senses, being de-

rived by death of the information communicated
the senses, it no longer knows what is
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in the material world ; this state m in
mﬂﬂl be to that of a mﬂhﬂ
should all at once become blind, deaf, dumb, and
deprived of the use of all the other senses. Sucha
man would retain the knowledge which he had ac-
anmniudthrmghthcmtﬁnmu!m, and might con-
to reflect on ideas ioualy formed ; his own
actions especi might supply an ample store;
and, finally, the faculty of reasoning might remain
entire, as the body in no respect whatever contributes
to its exercive.
Sleep likewise furnishes us with something like
example of this state, as the union between soul
and is then in a great measure interrupted ;
g lin aciivily.being emmgloyed ia the productioe
its ac! A in
of we call dreams. sa dreams are usually
very much disturbed, by the remains of the infla-
ence which the senses still exercise over the sou] ;

and we know by ience, that the more this in-
imi:mﬁnﬂwhiuhhlham in\:ﬁylﬁo-
found more and connec 8-

g!

wise our dreams are, us, after death, we will
find ourselves in a more perfect state of dreaming,
which nothing shall be to discom ; it sh

; ; pose
consist of representations and re perfectl
wellkept up. _And this, in my opinion, i- nearly IE
we can say of it, at least with any appearance of
Mason.

13th January, 1781,

- LETTER XCIV,

Considerations on the Action of the Soul upon the Body

i of the Body coon the Socp 1 ooy
As the soul is the princi of our being, it
a of high importance. & = y to investigte its
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operations. You will please to recollect, that the
union between the :uulg.n.d the body contains a two-
fold influence ; by the one, the soul perceives and
feels all that passes in a certain part of the brain;
and by the other, it has the power of acting on that
same portion of the brain, and of preducing certain
motions in it.

Anatomists have taken infinite pains to discover
this part of the brain, which is jum called the seat
of the soul ; not that the soul actually resides there,
for it is not confined to any place, but because the
power of acting is attached to that spot. It may be
said, that the soul is present there; but not that it
exists there, or that its existence is limited to it.
This part of the brain is undoubtedly that in which
all the nerves terminate ; now, analomists tell us
that this termination is in a certain portion of the
brain, which they term the callows bedy. This,
therefore, we may consider as the seat of the soul ;
and the Creator has bestowed upon every soul such
a power over this callous membrane of his body, that
it not only perceives all that passes there, but is like-
wise able to produce a reci limpression. Hera,
then, we observe a twolold action: the one, by
which the body acts upon the soul—and the other,
by which the soul acts upon the body; but these
actions are infinitely different from those which
bodies exercise npon other bodies.

The soul, from its union with the corpus callosum,
finds itsell intimately connected with the whole bocH,
by means of the nerves, which are thence universally
diffused. Now,the nerves are fibres so wonderfully
econstructed, and to all appearance filled with a fAuid
80 subtile, that the slightest ¢ which they un-
dnm at one extremity is instantly communicated
to other extremity in the brain, where the seat
of the soul is. And, reciprocally, the slightest im-
pression made by the soul on the extremities of the
nerve, in the corpus callosum, is immediately trans-



a3 ACTION OF THE SOUL ON THE BORY.

mitted through the whole extent of every nerve;
m:tuthmthuthummclumdmemblnufnn:
bodies are put in motion, and obey the commands
of the soul.

This wonderful structure of the body places it in
a very close connexion with all exterior objects,
whether near or remote, which may act upon i,
either by immadiate contact, as in feeling and tast-
ing, or by their exhalations, as ih smelling. Bodies
at a great distance act on the sense of hearing when
they make a noise, and exert in the air vibrations
which strike our ears; they act likewise upon the
sight, when they are lllummad and transmit into
our eyes the rays of li t,whmhmnmt.mlih
manner, in & certain vi n caused in that me-
dium much more subtile than the air, which we call
ether. It is thus that bodies, both near and remote,
may act upon the nerves of our body, and praduce
certain impressions in the corpus callarum, from which
the sool derives its perceptions.

From every thing, therefore, which makes an im-

mmmnmu.thmmluacemmchmgu
B P e i
uires o ect which c
mﬁn here, then, two I.I'm:gu':’lﬂ to be exam-
or

osum of ﬂlu brain ; other spirifual, namely,

the or the information, which the soul
dﬂml’mﬂit Itu.ﬂ'lm 80 &Xpress m
from the unnhmp]ltmnufwh:rgm in the Wmll'

callosum, that all our knowledge is derived.

You must permit me to enter into a more
ticular detail on this important article. Let us,
consider one mingle sense, say that of smelling,
which, being the least complicated, seems the most
proper to assist us in our researches Suppose all
the other sensea annihilated, and that a rose was
mummm+mmmmum
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excite & certain agitation in the nerves of the nose
which thence transmitted to the corpus callomum, will
occasion there likewise some change ; and in this
consists the material circumstance which is the sub-
ect of our investigation. This slight change, pro-
ed in the ¢ callosum, is then perceiv
the soul, and it thence acquires the idea of the amell
of arose; and this is the spiritual operation which
takes place: but wescannot explain in what manner-
this i done, as it depends on the incomprehensible
union which the Creator has established between the
bodty and the soul.

It is certain, however, that this change in
the callosum, there ia excited in the the
idea of the amell of a rose, or the contemplation of
this change furnishes to the soul a certain idea, that
of the smell of a rose, but nothing more ; for as the
other senses are suspended, the soul can form na
judgment of the nature of the object itself which
suggested this idea—the idea of the emell of a rose
alone was excited in the soul. Hence we compre-
hend that the soul does not form this idea of itself,
for it would have remained unknown but for the
presence of & rose. But further, the soul is not in-
different with respect to it; the perception of this
idea is agreeable ; the soul itsell is somehow inter-
ested init. Accordingly, we say that the soul feels
the odour of the rose ; and this perception we call
sensabion.,

It is the same with all the other senses; every
nl:}]act by which are struck excites in the corpus
callosum a certain change, which the soul observes
with a sensation agreeable or di ble, and from
which it derives the idea of the obiact which caused
it. ‘This idea is accompanied with a sensation so
much the stronger and more intense, as the impres-
sion made on the corpus callosum is more lively. It
is thus that the soul, by contemplating the changes
prnﬁ'lladv Ihﬁh:cmnﬂumﬂm rain, acquires

oL, 1. —.
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ideas, and is affected by them; and this is what we
understand by the term sensation.®
17th Januery, 1761. -

~ LETTER XCV.
Of the Faculties of the Soul, and of Judgment.

Hao we no other sense but that of smelling, our
knowledge would be very limited ; we should then
have no other sensation than thnt of odours, the
diversity of which, were it ever so great, could not

very much interest our soul; being mtnchd tn
thin.thuquublnnmau-wmld
of pleasure, and such as are di nwnrnl.:l

gree
excite some disgust.

But this very circumstance carries us forward o
a most mporl.ull. ﬂ uiry : Whenece is it that one
smell is agreeabl another diagusting! 1t cun-
nmbe:muarurdnutrt,ihlt agreeahle smells ex-
cite in the corpus callosum a different agitation from
that which is uced by the disagreeable; but
how comes it, one agitation in the cerpus callo-
#um can give pleasure to the soul, while another is
offapsive, and even frequently becomes insuppgrt-
able! The canse of this difference resides no
in body and matter; we must look for it in the na-
ture of the soul itsell, which enjoys a certain plea-
sure in feeling certain agitations, while others ex-
cite uneasiness ; and the real cause of this effect we
do not know,

Hence we comprehend that the soul does more
than simply perceive what passes in the brain, or

i it subjoins to sensation a judgment

corpur
respacting what it finds agreeable or disgusting, and

*M“ﬂuﬂﬁ&:.‘j‘“mmﬂ lhp-.-uh:r
wivs woald conwider the statements hﬂh-luu-ﬂh'm-ﬂv
dvw i e corpeis callorsm e worihy of mech conbdenos. —dwc Bd

-



y exercises, besides the faculty of per-
ceiving, another and a different faculty, that of judg-
ing ; and Ihilgudgmant is wholly different from the
:imﬂ: idea ol a smell.

The same consideration, of the sense of sme|
omly, discovers to us still other acts of the soul.
When the amells are changed, when you uﬁ‘pllr to
the nose a carnation after a rose, the soul not
only a perception of both smells, but likewisa re-
marks a difference between them. Hence we con-
clude, that the soul still retains the preceding idea
to compare it with that which follows; in this con-
sists reminiscence, 0T memory, Hewhbth we have the
power of recalling ideas, antecedent and past. Now
the real source of memory is entirely concealed from
us. We know well that the body has much to do
in it; for experience assures us, that disease, and
various accidents which befall the body, weaken and

uently destroy the memory : it is equally certain,

at the same time, that the recollection of ideas is

the proper work of the soul. A recollected idea is

essentially different from an idea excited by an ob-

iuc'l., 1 have a perfect recollection of the sun which

saw to-day ; but this idea {rvulljr differs from that
which 1 had while I was looking at the sun.

Some authors pretend, that when we recall an
idea, there ha in the brain an agitation similar
to that which first produced it; but if this were the
case, 1 should actually see the sun; it would no

r be a recollected idea. They admit, indeed,

that the agitation which accompanies the
idea is much weaker than that from which the origi-
nal idea proceeded : but still I am not satisfied with
this; for it would thence follow, that when I recall
the idea of the sun, it would be much the same an
when I see the moon, the light of which, you will
to remember, is about 200,000 times weaker
that of the san. But actually to look at the



il0 THE FAOCULTIES OF THE SOUL,
mmnﬂhnhmmmm

We mynymthtruih.thﬂthamu]]whdudm
are the same with the actual ideas; but this identity
ts only the soul; with tn'lhnbudytho

Tespec
actual idea mwmpuﬂnd wi ﬁu
tute

of it. A ; we say that the idea which I
feel, or which an uctl.ctmgnnm SEnses excites
in my soul, is a sensation; but it canmth no pro-
Rﬂyhmﬂthltammﬂlﬁctd idea is & sensation.

recollect and to feel always remain two things
absolutely different.

When, therefore, the soul compares {wo different
smells, when it has the idea of the one from the
ence dmohjaﬂnﬂin;authmuo“mem
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 less agre ublur nt::ﬁam it exertsa
pu'uruln flcnlmutmut from by which it only

m ia presanted to it.

But orms still other operations, when
s several different sme hhl‘{::mhd
toit; 'lrhll-n it is struck with each of ; mip

th-mhkmu;dnriru lh:“l nfmuuun.mu
much a8 it Ergoes Bev impressions socces-
?IL and hence results the sdr]:t;t' inhall.f., and

time, Finally, on remarking the versity of sen-
sations which suceeed each other, it to reckon
one, two, three, &c., though this & not go far.
ther, from want nf:ugn.u or namep wherewith to
mark oumbers. For supposing & man has just be.
gun to exist, and who has hitherto experienced no
pensations but those of which I have been speaking,
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far from having created a language for himself, he
only knows how to exert his first faculties on the
ﬂr;]gla ideas which the sense of smelling presents
im.
You see, then, that the man in question has al-
uired the capacity of forming to himsell
ideas of diversity of the present, of the past, and even
of the future; afterward, of succession, of the du-
ration of time, and of number, or at least of the ele-
ments of these ideas, Some authors pretend, that
such a man could not acquire the idea of the dura-
tion of time without a succession of different sen-
sations ; bot it appears to me that the same senss-
tion, the smell of the rose, for example, being con-
tinued for a considerable time together, he would be
differently affected by it than he would if it were
presently withdrawn. A very long duration of the
same sensation would at length become tiresome,
which would necessarily excite in him the idea of
duration. ~ It must certainly be allowed, that his soul
would be sensible of a very different éffect if the sen-
sation were continued long, than if it lasted only for
a moment; and the soul will clearly perceive this
difference : it will accordingly have some idea of
duration and of time, without any variation of the
sensations.
M‘ta reﬂ:ictiunawhici;tal;t soul rr:;;rkmoccmmedéo -
its sensations, are what prope i
hl;lﬂl‘llh , the body furnishing only dmﬁgm
tions, perception of these sensations is already
an act of the sowl's spirituality; for a body can
m'.?qmq“m e,
1781.
' Dds



LETTER XCVL

oot o e St e

. I all the sensations which we experience when
one of our senses is struck by any object, it is a
matter of high importance to remark, that the soul
not only acquires an idea conformed tothe impression
made on the nerves, but that it j 8, At same
lime, there must exist an exterior object, which fur-
nished this idea. Though habit makes us consider

attentively what then passes in our brain.
Anexample will place this in a clear light. I shall
suppose you looking st the full moon by night ; the
rays which enter into your eyes will at once paiat
on the retina an image similar to the moon, for the
uhmmru{mmiumhythomm
into a vibration similar to that which thoss
of the moon. Now the retina being only a contex-
ture of nerves extremely subtile, you easily com-
prehend that these nerves must hence 2
certain agitation, which will be transmitted to
origin of the nerves in the brain. Tbuuwi%hn

article of knowledge, which is the idea of the moon.
Consequently, the idea of the moon is nothing elsa
but the contemplation of this slight agitation affect-
ing the origin of the nerves.

activity of the soul ia a0 munch attached to
the spot in which the nerves terminate, that it abso-
lutely knows nothing of the images painted an the
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bottom of the eye, and still less of the moon, whose
rays have formed these images. The soul, however,
does not satisfy itsell with the mere tion of
the agitation in the brain, which supplies it imme-
diately with the idea of the moon ; it subjoins to this
the judgment, that there really exists out of us an

which we call the moon. This judgment is

to the following reasoning :

_ There has taken place in my brain a certain agita-
tion, a certain impression; I do not absolutely know
by what cause it has been uced, as I know
nothing even of the images which are the immediate
cause of it upon the retina; nevertheless, I boldly
pronounce that there is a body out of me, the moon,
which supplied me with this sensation.

What a consequence! May it not be more prob-
able that this agitation, or this impression, is
duced in my brain by some in canse, such as
the motion of the blood, or perhaps merely by
chance! What right have I, then, to conclude that
the moon actually exists! I I conclude from it,
that thatht; is 'i:tm bottom tl.:-f my eye a mﬁ

a8s ; as,in is image is
immediate culse of the impression made on the
brain; though it was sufficiently bold to hazard
even this conclusion. But I go much farther, and
because there is a certain agitation in my brain, I
eed to conclude, that there nuui' out of my
¥, nay, in the heavens, a body, which is the frst
cawse of such impression, and that this body is the

moon.

In sleep, when we ima we see the moon, the
soul acquires the same idea; and p4 a similar
agitation is then uced in the as the soul
imagines that it really sees the moon. It is
undoubtedly certain, that in this we deceive our-
selves; but what assurance have we that our judg-
ment is better founded when we are awake?! Phi-
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losophers have lost their more than once
endeavouring to solve this d?;crdty.

What I have just said ing the moon takes
E!:awith regard to all the bodies which we see.

consequence is nmot apparent, that there must
ml;:&t of us, because oul:r Iirlqﬂn mr,[nﬂ
ns or impressions. This a even
to our own limbas, and to our whole body, of which
we know nothing but by meuns of the senses, and
of the imgceuq.oﬂ & which they make in the brain;
if, then, these impressiond, and the ideas which the
soul derives from them, prove nothing as to the ex-
istence of , that of our own becomes
equally doubtfal,

You will not therefore -be surprised, that thers
should be philosophers who have openly denied the
existence of bodies; and in truth it is not easy to
refute them. derive a very strong argument
from dreams, in which we imagine that we see s0
many bodies which have no existence. It is said
with truth, that then it is pure illusion; but what
assurance have we that we are not under the
of a similar illusion when awake! According to
these philosophers, it is not an illusion: the moul,
they admit, perceives a certain impression—an idea ;
but they boldly demy it 10 be'a consequence, that
bodies really exist which correspond to those ideas.
The supporters of this system are called idealiste,
because they admit the idear only of material things,
and sbsolutely deny their existence. .They may
likewise be denominated spiritualists, as they main-
tain that no bstr:lg; exist exeept spirita.

And as we not know other spirits but by
means of the senses, or of ideas, there are philoso-
phers who go so far as to deny the existence of all
spirits, their own soul excepted, of the existence of
i clld ot bocamsethey reson that noubng
are iats,
exists but their own soul.
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To them are opposed the philosophers whom we
denominate materialists, who deny the existence of
apirits, and maintain that every Eﬁng which exists
is matter, and that what we call our soul is only
matter axtremely subtile, and thereby rendered capa-
ble of thought.

24k January, 1701,

LETTER XCVII.
Refutation of the Idealists.

I wisa it were in my power to fumish you with
the arms necessary to combat the idealists and the
egotists, by demonstrating, that there is a real con-
nexion between our sensations and the objects them-
selves which they represent ; but the more I think
of it, the more 1 feel my own incapacity. -

It would be ridiculous te think of engaging with
the egotists ; for a man who imagines he alone ex-
ists, and who does not believe in my existence, would
act in contradiction to his own system if he paid
any attention to my reasoning, which, according to
him, would be that of an imaginary being. It is
likrwise a hard task to confute the idealista—nay, it
is impossible to convince of the existence of L]
a man obstinately determined to deny it. Th
no such philosop existed, it would be highly in-
teresting to be able to convince ourselves, that as
often as our soul experiences sensations, it may be
with certainty concluded that bodies likewise exist;
and that, when my soul is affected by the sensation
-of the moon, | may thence boldly infer the existence
of the mooen. .

But the union which the Creator has established
between the soul and the brain is a mystery so un-
fathomable, that all our knowledge of it amounts
only to this: certain impressions made in the braia,
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where the seat of the soul is, excite in it certam
jdeas or sensations ; but the cause of this influence
i absolutely unknown to us. We ought to satisly
ourselves with knowing that this influence subsists,
which experience sufficiently confirms ; -and it is in
vain to investigate how this upmdnud. Now, the
same experience which proves it informs us like-
wisa that every sensation always di thntnul
to believe that there exists, out of it, some ghject
which exeited such sensation; and that sensation
discovers to us several pmperh»ol’ the object.

It is, then, 2 most undoubted fact, that the soul
always concludes, from any sensation whatever, the
existence of a real pbject out of us. This is =0
netoral to us from our earliest infancy, and so ani-
"l'ltl'll]l‘L case with all men, and even with ani-

t it cannot with an be called &
pejudju‘ The dog that sees me is
certainly convinced that I ml.t for m;r
axcites in him the idea of my H:
then, is not an idealist. Ewven
lﬂlllnudthltbudiu-uiut.untnﬁhnm Indﬂnj'
Mnﬂhm%wnﬂmhlwmmim-
excited in their souls.

1 believe, 'r.hm-ul'm. that sensations include moch
more than those are disposed to adrit.
'I'Imrmmun m perceptions of certain im-
pressions rnuln n the brain; they the soul
tn:tt'l'i'l‘.h Mt:“ Dt:g:lﬂht Mr , though clnnﬂ:

I ax [} wa

mmmf-mﬂm

In fact, what resemblance can there be between
the huminous ides-of the moor, and the im-
pression which its rays may produce in the brain by
means of nerves ! )

The idea, even in as far as the soul perceives it,
bas nothing material ; it is an act of the soul, which
h it: it is not necessary, therefore, ta look for

Mbﬂmth-imnfmm
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and the ideas of the soul; it is enough for us to
know that certain impressions made in the brain ex-
cite certain ideas in the soul, and that these ideas
are representations of objmu externally existing,
of whose existence they give us the assurance.
Thus, when my brain excites in my soul the sensa-
tion of a tree, or of a house, | pronounce, without
hesitation, that & tree, or a house, really exista out
of me, of which I know the place, the size, and other
perties. Accordingly, we find neither man nor
E:u'. who calls this truth in question. Ifa clown
should take it into his head to conceive such a
doubt, and should say, for example, he does not be-
lieve that his bailiff exists, though he stands in his
presence, he would be taken for a madman, and with
good reason ; but when a philoso advances such
sentiments, he expects we should admire his know-
and sagacity, which infinitely surpass the ap-
prehensions of the vulgar.
It appears to me, accordingly, abundantly certain
that such extrav t untlmﬂnhl would never have

been maintained, ride and an affectation
of singularity ; lml ].ruu will readily believe that the
cOmmon ponp]e have, in this respect, much more

good sense than those Jearned gentlemen who derive
no other advantage from their researches but that
of bewildering themselves in a labyrinth of chime-
ras, unintelligible to the rest of mankind.
Let it be established, then, as u certain rule, that
every sensation not only excites inthe soul-an |dua-.
but shows it, if I may so express myself, an external
object, of whm!a existence it gives full assurance
without practising a deception. A very formidable
objection, however, is started against this, arising
from dreams and the reveries of sick persons, in
which the soul experiences a great v 1{"’“""‘
tiona of objects which nowhere exist. e only re-
fection I | sugg<ston this subject is, that it most
be very natural for us to judge that the objects, the
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sensation of which the soul experiences, really exist,
a8 we | after this manner even in sleep, though
then we deceive ourselves; but it does not thence
follow that we likewise deceive ourselves when we
are awake. In order to remove this objection, it is
necessary to know better the difference of the state
of the man who is asleep and of him who wakes;
and none, perhaps, know this less than the learned,
which must surely be a matter of some surprise

to you.
7tk January, 1781.

LETTER XCVIIL
The Faculty iwing. Rewiniscence, Memory
iy A g Binrls and comprand Tisaz,

You are by this ﬁmemmwﬂmwm
ing upon our senses excite in the mhm:!
from which we judge that they really exist out
pe. Though the impressions which occasion these
sensations are made in the brain, they present, then,
to the soul a of image similar to the object
which the perceives, and which is called the
senrible idea, because it is excited by the senses.
Thus, on seeing a dog the soul acquires the idea of
it; and it ia by means of the senses that the soul
comes to the knowledge of external objects, and
ires sensible ideas of them, which are the

wmmmmh’gﬂ Iﬁlwi;hnmmhu
another facult of recsl uunhn:lz
mmuniuudhy{ienp :mafn:dty

FEMmInLC FnoE, OF
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once seen an elephant, you will be able to recollect
the idea of that animal, though it is no longer before
you. There is, however, a mighty difference be-
tween actual and recollected ideas: the former
make an impression much more lively and interest-
ing than the latter ; but the fl.cult{ ﬂfret:nlhngldnu
is the principal source of all our

Did we lose the ideas of objects as loon as they
cease to act upon our senses, weé should never be
able to make any reflection, any comparison ;
our knowledge would be entirely confined to the
things which we should feel at the moment, all pre-
ceding ideas being extinguished, as if we had never
possessed them.

It is, therefore, a faculty essential to reasonable
beings, and with which animals too are endowed,
that of being able to recollect past ideas. 'You know
the faculty of which I speak is memory. It by no
means follows, however, that we have it always in
our power to recall all our past ideas. How ire.
quently do we exert ourselves in vain to recollect
certain ideas which we formerly had! Sometimes
we fmf’t them entirely ; but for the most part only

If nu should h n, for example, to fo the
damruntﬂtmn of ?ulf Pphagﬂreaﬂhthenmﬁ?t with
all your efforts, perhaps, you should not be able to
recollect |t—but tlua would be only a partial forget-
fulness ; foras soon as 1 had again drawn the figure,
and put you in the train of the demonstration, you

tly recollect it; and this second demon-
stration will make on your mind quite a different
impression from the first. We see, t'lml. that tlm
reminiscence of ideas is not always in
though they may not be wholly exti
2 -hght circumstance is [requently capa

Wemnﬂthmhucuduﬂ;mﬂmnhm
nvblar 2, SBensible ideas are
- a
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represented to us by the senses; but we ourselves
form n-mlhutud-id::u on the model of the seosible,
as far as we remember them.

The doctrine of ideas is of the last importance for
the purpose of a thorough disquisition of the real
sources of human knowledge. And, first, ideas are
distinguished into simiple and complez. A simple
idea is that in which soul finds nothing to di
tinguish, and remarks no parts different from each
other. Such is, for example, the idea of a smell, or
of a spot on a substance of one colour ; such is like-
wisg that of a star, in which we perceive only one
luminous point. A complex idea is a representation
in which the soul is able to distinguish several differ-
ont things. When, for instance, we look attentively
at the moon, we discover several durk spots, sur-
rounded by contours more luminous; we remark
also her round figure when she is full, and her
horned figure when waxing or waning. On viewing
her through the telescope, there are many other par-
ticulars distinguishable. *

How many different things do we not perceive in
beholding a noble palace, or a fine en?! When

ou do me the honour to read this Letter, you will
in it the diferent traits of the characters,
which you can with ease distinguish from each
other. This, then, is & complex idea, as it contains
a variety of simple ideas. Not only this Letter,
taken in whole, presents a complex idea, from its
consisting of a plurality of words ; but every word
too is & complex idea, being composed of several
characters; nay, every character is one, from the
singularity of the form which distingnishes it from
others ; but the elements or points which constitute
every character may be co as simple ideas,
inasmuch as you no longer perceive in them any
diversity. A greater degree of altention will like-
wise discover some wvariety io these elemeuls, on
viewing them through a microscope.
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There is & great diference, therefore, even in the
manner of contemplating cﬁects. When we ob-
serve them only shightly and transiently, we per-
ceive very little variety ; but to an attentive consider-
ation, every particular detail stands disclosed. A
savage, on throwing his eyes over this Letter, will
take it for a piece of paper scribbled all over, and
will distinguish only the black from the white,
whereas an attentive reader observes in it the pecu-
liar form of every character. Here, then, we have
a new [uculty of the soul, denominated attention, by
which it acquires the simple ideas of the different
things that meet in one object.

Aftention requires address, the result of long and
frequent exercise, Lo render it capable of distinguish-
ing the different parts of an object. A clown and
an architect, passing by a palace, will both receive
the impression of the rays which enter into their
eyes; but the architect will discover a thoussnd
minute particulars of which the clown has no
e«grmu. Attention alone produces this difference.

13t January, 1761,

LETTER XCIX.

Division of Ideas into clear and obscure, distinet and
confused. Of Distraction.

Ir we conzider, in a slicht manner unlr. a
sentation made to us by the senses, the idea which
we acquire from it is very imperfect, and we say il
is obscure; but the more attention that we em
to distinguish all its parts, the more perfect or dis-
tinct our idea will become, In order to acquire a
perfect or distinet idea of an ohject, it is not then
sufficient that it should be represented in the brain
by impressions made upon the senses—the soul too
must apply its attention, which is properly an act
of the soul, independent upon the body.

-’-'.'h
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It is further nec that the in
the brain should be well expressed, and contain the
different E‘: and qualities which characterize the
object. is lukes place when the object is
sented to the sensea in a.suitable manner.
for example, I see a piece of writing at the distance
of ten feet, | am mmable to read it, let me employ
whatever degree of attention 1 may; the distance
of the characters m their being accurately
expressed of the eye, and. conse-

order to procure a more perfect representation in
the organs of sense, such as microscopes and tele-
s ; which are intended as ements to the
rfection of vision. But, in employing their as-
ance, we are incapable of attaining a distinct
idea without attention; otherwise we a bat
an obscure idea, nearl Kh a8 Tﬂﬂm ve had
hklll‘ a glim .
I?rl havae llrgahld p:mnrhed, at len;honl are by
no means indifferent to the soul, but agreeable or
disagreeable ; and this ableness, or its opposite,
[ our attention, unless the soul is pre-occupied
by several other sensations which entirely engross
it :ﬁtllis !._mmof the %mhum ﬁ:mmm
ercise Be i w0 n
attention: and thﬁmm be a mode of exercise
mere suitable to children than teaching them to read;
for they are thereby laid under the necessity of fix.
ing their attention successively on every character,
and of impressing on their minds a clear idea of the
i‘mml‘uch.m%tilwmm that this exercise
must be at first extremely painful ; but such a habit

wwimmm even a child, after a

Gt

can read with as
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ness. In reading a piece of writing, we most have
a very distinct idea of every character; thus atten-
tion 18 sosceptible of a very high degree of perfec-
“uﬂr !‘mm ?It:rciua. ) ity will o
ith what amazing rapidity will a profigient in
music execute the mgut Eiﬂig{ﬂt piece, though he
never saw it before! It is certain that his attention
muast have run over all the notes, one after another,
and that he remarked the signification of each. Hia
attention, however, is not confined only to thess
Eﬂtas; it presiﬂcaf l'rkhew':ae over the motion of the
s, not one of which moves but by an e
u:ig:r of the soul; he remarks likwig‘:;},r at th:m
time, how the other performers execute their parts,
It i, n the whole, altogether surprising to what
a height the address of the human mind may be
carried by application and exercise. Show the same
iece of music to a beginner ; how much time does
Fturequira to impress on his mind the signification
of every note, and to give him a complete idea of
i;] : while the master acquires it by almost a single

AnCe,

This ability extends equally to all other kinds of
objects, in which one man maﬂr infinitely surpass
anbther. There are persons who, with one glance
fixed on a person [:min before them, acquiré a
distinct idea, not only of all the features of the face,
but the particulars of his whole dress, dowh to the
minutest trifles, while others are incapable of re-
marking the most striking circumstances. |

We observe, in this respect, an infinite difference
among men. Some promptly catch all the different
marks of an object, and form to themselves a distinct
- idea of it, while that formed by others is extremel
obacure. This difference depends, not only on men
penetration, but likewise on the nature of the objects.
A musician catches at once the whole piece of musie,
and acquires a distinet idea of it; but present
with a piece of writing iél Gg.in.uu characters. and

8



30 ABSTRACTION OF NOTIONS.

blriﬂhuun.‘lrn obacure ideas indeed of such
wriling: the Gluulu, on the contrary, will know at

tﬁht the real import of each y but
will, in his turn, understand mthm.[ncl'munit:l.'lmtat.
The botanist observes in a which he never
saw before a thousand partic which escape the
2 single. glances in s bubding, many things. whi
a , in a many w
another, with a much ter d of

e grea BETEO attention,

It is always useful to form distinct ideas of the
objects presented to our senses; in other words, to
remark all the parts of which thnrm composed,
and the marks which distinguish and characterize
them. From these observations you will com-
prehend the division of ideas into obacure clear,
into confased and distinct. The more distinct they
are, the more they contribute to the advancement of
knowledge.
3d February, 1T61.

LETTER C.

OFf the Abstraction ofﬂﬂ!}fm “I:_'aum general ﬂ'.

Tae senses represent objects only which exist
externally ; and sensible ideas all refer to them : bul
of these sensible ideas the soul forms to itsell a
vmet{h:imhar ideas, which are indeed derived

but which no longer represent objecta

existing.
n, for & le, I look at the full moon, and
fix my attention on its contour, 1 form the i

of Youndness; but I cannot affirm that |
uuhufltull‘ The moon is round, but the
figure does not exist separately out of the moon. Ii
is the same with respect to all other figures ; and

EEE‘
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when [ see a triangular, or square table, I may have
the idea of a triangle, or of a square, such
& figure exists nowhere ol itsell, or separately from
an object possessing that figure.

The ideas of numbers have the same origin. Hav-
ing seen two or three Eanum. the soul forms the
idea of two or three, without attaching it any longer
to the persons. Having already acquired the i
of three, the soul is able to proceed, and to form the
ideas of greater numbers, of four, five, ten, a hundred,
a thousand, and so on, without ever having precisely
seen s0 many things together. A single instance,
therefore, in which we have seen two or three ob-
jects, may carry the soul forward to the forma-
tion of the ideas of other numbers, be they ever so

at.
The same thing holds as to ﬁfﬂl‘ﬁ!i and you have
the power of forming to yoursell the idea of a poly-
n, with 1781 sides, for example, tho you never
Egu seen an object of that form, and though no one
such, perhaps, ever existed,
Here the soul exerts a new faculty, which is called
t]:!'.zl;nwer of abstraction ; this takes place when the
fixes its attention on only one qul.ntlt{ or ty
of the object, and considers it se tely, as if 1t
Were no r attached to the object. n, for
instanee, I put my hand on a heated stone, and con-
fine my attention to the heat only, I form from it
the idea of heat, which is no lmﬁe:r sitached to the
stone. This ideaof heat is form a;; abstraction, as
it is separated from the stone; the soul might
have derived the same idea from touching a piece
:ﬂ;:oud ligated, or by plunging the hand into hot
r.
Thus, by means of abstraction, the soul forms a
thousand other ideas of the quantities and properties
of objects, by separating them afterward from the
objects themselves: as, when I see a réd coat, and
fix my attention only on the colour, I form the idea
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of red, separate from the coat; and it is obvious that
a red flower, or any other substance of that colour,
would have ena me Lo form the same idea.

These ideas, acquired by abstraction, are denomi-
nated notions, to distinguish them from sensible ideas,
which ul];nﬂnt to us objects really existing. .

Itisa Fad that the power of abstraction 1s a pre-

- rogative of men, and of other rational bei and
thit the beasts are entirely destitute of it. beast
may experience the game sensation of hot water that
we do, is unabie to separate the idea of heat and
that of the water itsell: it knows heat only in so far
a8 it is connected with the water, but has not the
ebstract idea of heat which we have. [t is said that
these notions are general ideas, which extend to
several things at once, as we may find heat in stone,'
wood, water, or any other body; but our idea of
heat is not attached to any one body; for if my idea
of heat were altached to a certain stone, which first
supplied me with that idea, I could not affirm that
wood or other bodies were hot. Hence it is evident,
that these notions, or general ideas, are not attached
to certain objects, as seénsible ideas are ; and as they
distinguish man from the brute creation, theyg
erly exalt him to a degree of rationality wholly
unattainable by the beasts.

There is still further a species of notions, likewise
formed by sbstraction, which suqiply the soul with
the most important subjects on which to employ its

wers: these are the ideas of genus #hd species.

n [ see a pear-tree, a c]wr?-'lree, an e-tree,

an ozk, a fir, &e., all these ideas are different; 1

mevertheless remark in them seversl things which

they have in common; as the trunk, the branches,

the roota; 1 short only at those things which

the different ideas have in common, and the a%m
in which all such qualities meet I call a free.

the idea of tree which I have formed in this mranner

is a general notion, and comprehends the sensible
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ideas of the panr-tm.tha apple-tree, and, in general,
of every tree that exists

Now, the tree which mrrrupond.u to my idea of
tree nowhere exists; it is not the pear-tree, for
then the apple would not be compre under
it; for the same reason, it is not the ¢ -tree, nor
the plum, nor the oak, &c.; in a word, it exists
on.'lﬂ in my soul; it is only an idea, but which is
reali in an infinite nomber of objects. In lke
manner, when 1 speak of aah;rg:m, it too is a

neral notion, which comprehends all the cherry-

rtcalar chorry-ieve Ia my gavien; fo than every
cherry-tree in m; en: for ave
rthar chnrryti:{ would berexcludﬂd. v

With respect to general notions, every existing
object, comprehended under one, is denominated an
Mmdud, a.nddthe gem ld.l!ﬂ., say that DTfhthn

tree, is denomi WINW. L]
two words signify nearly the same thing, but genus
is the more comprehensive, including in it a variety
of species. Thus the notion of a tree may be con-
siderad as a genus, as it includes the notions of
trees, apple-trees, oaks, firs, and so- on, W
epecies; and of o many others, each of which cun-
tains a great number of existing individuals.

This manner of forming general ideas is, therefore,
likewise performed by abstraction; and it is here
chiefly that the soul exerts the activity and performs
the operations from which all our knowledge is de-
rived. Without these general notions, we should
differ nothing from the brutes.

Teh February, 1761,
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LETTER CL

its Nature, Adventages, and N, y
qﬁnm i.'ar Cmmu:'niuﬁu Thought, and
Cultivation of Knowledge.

Waarever aptitode a man may have to exercise
the power of abstraction, and to furnish himself with
general ideas, he can make no considerable progress
without the aid of language, spoken or written.
Both the one und the other codtain a variety of
words, which are only certain signs ¢ ing
to our ideas, and whose signification is settled by
hmm , Or the tacit consent of several men who live

er.

t would appear from this, that the only purpose
of language I.Ep::‘an.'lind is mutually 1ummymli::|m
their sentiments, and that a solitary man might do
very well without it; but a little reflection only is
necessary to be convinced, that men stand in need
of ar much to pursue and cultivate their
own ts as to keep up & communication with
others.

To prove this, I remark, first, that we have scarcely
a word in any lu_r:gz:fa whose signification is at
tached to one individual object. If each cherry-tree
in a whole country had its proper name, as well as
every pear-tree, and, in general, every individual
tree; what an enormous complication in langu
would result from it! Were [ under the necessily
of employing a particular term to denote every sheet
of paper in my bureaun, or il I should, from capri
think fit to give each a particular name, this
be as useless to mysell as to .

It is, then, a very imperfect dncrimm of lan-

to say, that men have, from the first, imposed
on al] individual objects certain names to serve them
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for signs. The wordsof a langmga express general
notions ; and you will rarely find one I'hichgfnu.rkl
only a single individual. e name Alerander (he
Great is applicable to one particular person; but
then it is a compound name. There may have been
mauny thoussands of Alexanders ; and the epithet great
extends to an infinite number of things. 1t is thus
that all men bear names, to distinguish them (rom
others, though these names may be frequently com-
mon to many.

The essence of a language consists rather in its
containing words to denote general notions, as that
of tree corresponds to a prodigious number of indi-
vidual beings. These words serve not only to con-
vey to others, who understand the same linguage,
the same idea which I affix to the words; but they
are likewise a great assistance to me in representing
this idea to myself. Without the word tree, which
represents to me the general notion of a tree, 1 must
imagine to mysell at once a cherry-tree, a pear-
tree, an apple-lree, a fir, &c., and thence extract
what they have in common. This would neces.
sarily oppress the mind, aud s ily involve it in
the greatest perplexity. But having, once for all
determined to express by the term tree the gen-an.i
notion formed by abstraction, this term always ex-
ciles in my soul the same notion, without my having
occasion to recollect ita origin; and accordingly, the
word free alone, for the most part, constitutes the
object of the soul, without the representation of any
redl tree.

The word man is, in like manner, a sign to denote
the general notion of what all men have in common;
and it would be very difficult to tell or to make the
enumeration of all that this notion contains. Would
you say that he is a living two-legged being! A
eock would likewise be included in this descrnption.
Would you say, in words of Plato’s defipition, that
be is a two-legged animal without feathers! You
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strip the cock of his feathers, in order
the Platonic man.
t know whether those who say that man is
endowed with reason, express themselves
mm!,fwhwnﬂmﬂnﬂmfurm
beings of whose rationality we have no as-
Duwrmngmlrlry,l ave not the least
Mnmw&lﬂmhamnﬂhﬂugﬁlh‘unﬂ
that they are all endowed with
f 1 were to make an enumeration of all
to constitute A Man, some
be found defective in one, per-
several of these, or we might find some beast
 had them all. On investigating, therefore, the
of the general notion of man, it is almost
ible to say wherein it consists,
o one, however, has any doubt respecting the sig-
nification of the word ; because every one, wi
to excite this notion in his soul, has only to
on the word man, as il he saw it written on paper,
or heard it ed, according as the respective

hllbfnp any dne may be.
ence we ses that, [urthnnmgt,thuom
m‘nrnnhnughhmmmmuch things
selves, an the words I:r_fir'hinhlhuﬂthinp are de-
noted in +whmhgmm;rminmuthmu-
nmufmlhnm Wh.ihﬂmfact,duw wﬁc!
ciate wil l.ermwm goodness,
Hﬂtmnl}nmuamg:l but the soul, ha
once formed the abstract wﬂoﬂw}ﬁchcnﬂmﬁ
thnq:hh,:i:.l;.‘mlﬁ‘ hich md;hh?
w t
u;i
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duties. But, on hearing the word virtue rapidly
nounced in mnvamﬁ, do we always connect Ei!E
it this complex notion? And what idea is excited
in the mind on hearing the particle and or alse pros
nounced? It is readily seen that these words import
& species of connexion; but take what pains you
please to describe this connexion, you will find your-
sell under the necessity of employing other words,
whose signification it would be equoally difficult to
explain ; and if 1 were to attempt an explanation of
the import of the particle and, I must make frequent
use of that very particle.

You are now enabled to judge of what adv
language is to direct our thoughts ; and that with-
out Iaug'l;?a we should hardly be in a condition to
think at all.

10th February, 1761,

_ LETTER CII.
the ; . o and
e g g,
universal or particular.

1 l'.;'l'l been u:lmtmumg' to :.l;ﬂnrw auh;:mu-
lngmge to man, not jor t mutual
mumnjnmmn of sentiment and 'I‘.Fhou ht, but like-
wise for the improvement of the mind and the ex-
tension of knowledge.

These signs or words represent, then, general ho-
tions, sach of which is applicable to an infinite oum-
ber of objects: as, for instance, the idea of hot, and
of heat, to every individual object which is hot ; and
the idea or general notion of free is applicable to
every individual tree in a nor a forest, whether
cherries, pedrs, oaks, or firs, &c. .

Hence you must be sensible how one language
ma bt]m?nf perfect than another. A language

0L L=,



always is s0 in proporiion aa it is in a condition to
express a greater number of general notions, formed

abstraction. [t is with o these notions
that we must estimate the ion of &

Formerly, there was no word in the Russian lan-
guage to express what we call justice. This was
certainly a very great defect, as the idea of justice
is of very great importance in a great number of our
judgments and reasonings, and as it is scarcely pos-
sible to think of the thing itsell without a term ex-
pressive of it. ‘They have accordingly supplied this
defect by introducing into that language a word
which conveys the notion of justice.

These general notions, formed by abstraction, are
the source of all our judgments and of all our rea-
sonings. A judgment 18 nothing else but the affirma-
tion, or negation, that a notion is applicable, or in-
applicable; and when such judgment is expressed
in words, we call it a iion. TuFiremnz-
ample: All men are , is a proposition which
contains two notions; the first, that of men in
general—and the second, that of mortality, which
comprehends whatever is mortal. The nt
consists in pronouncing and mwm nofion
of mortality is applicable to all men. is is a judg-
ment, and being expressed in words, it is a
ropociien. I1 it denied, wo would cal It megesive

' i , we i
such as this, No man is righteous. These iwo propo-
sitions, which 1 have introduced as examples, are
universal, because the one affirms of all men that
they are mortal, and the other denies that they are
e ore are. likewi particular propositions, both
re are ewise i
tive and affirmative; as Some men ore learned,
Some men are not wize, What is here affirmed,
ﬂddaniud. is not applicable to all men, but to soms

Hence we derive four species of propositions.
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The first is that of affirmatioe and umiversal proposi-
tions, the form of which in general is:
Every A is B.

The second species contains negative and unfversal
proepositions, the form of which in general is:

The third is that of tﬁi‘a e propositions, but

third is that rmalive 137
porticular, contained in this form: o
Some A is B.
And, finally, the fourth is that of negative and par-
L propositions, of which the form is:
Some A is not B.

All these propositions contain essentially two no-
tions, A and B, which are called the terms of the prope-
sition: the first of which affirms or denies some-
thingh.—am] this we call the subject : and the second,
which we say is applicable, or inapplicable, to the
first, is the aftribute. Thus, in the proposition, sl
men are merial, the word man, or men, is the subject,
and the word mortal the attribute : these words are
much used in logic, which teaches the rules of just
reasoning.

These four species of propositions may likewise
be represented by figures, so as Lo exhibit their nature
to thaege. ‘This must be a great assistance towards
compre ing more distinctly wherein the accuracy
of a chain of reasoning consists,

As a ;mra.] notion contains an infinite number
of individual ohjects, we may consider it as a space
im which they are all contained. Thus,
for the notion of man we form a space, Fig. 41.
Fig. 41, in which we conceive all men
to be comprehended. For the notion
of mortal we form another, Fig. 42, in
which we conceive every thing mortal
to be comprehended. And when 1 af- Fig. 48,
firm all men are mortal, it is the same
thing with afirming that the first figuro
is contained in the second.
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L. Hence it follows that the representation of an

affirmative universal is that g 49,

in which the space A, 43, which
represents the nl}mnfh:hu

il*hﬂll contained in t

ia the m!’ Le. e @

11. Astonegativeuniversal proposi-
tions, the two Aand B, of which
A always the subject, und B __Fig- 44.
the attrabute, will be represented thus,
Flguru. the one separated from the
because we say no A & B, or
mmpuhuﬂudmtm notion A is in the-

l]I Iulﬁrmmu
hum,l.l,tmjn uftlulpuu
.Atmbacnmmhs in the space B,
ﬂ; 45 a8 we sea herﬂ,th.ntmuurl.'hl
I o mthammnj.nhulr
. negative
hunl,u,mdums,l.plﬂm nf“-
Amuubeuutoflhn nplan,
This figure resembles the pre-
hﬂﬂhernrmuipnlmpllly,
that t is something in the notiom A
which is not comprehended in the notion B, or which
is out of it.
14ih February, 1761.

LETTER CIIL
Of Byllagisms, and their different Forms, when the first
S ition iz amiversel.
Trzse circles, or rather these spaces, for it is of

no i"’f"m of what they are of, are ex-
tremely commodious for [acilitating our reflections

on this subject, and for un.ﬁo]dmilﬂ the boasted
mysteries ui logic, which that 8 it so difficult
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to explain; whereas by means of these signs the
whole is rendered sensible to the eye. Wa may
employ, then, spaces formed at pleasure to re
every general notion, and mark the subject of a
position by a space containing A, and the attri-
ute by another which contains B. The nature of
the proposition 1I-se|f always imports, either that the
space of A is wholly contained in the space B, or
ﬁ:f it is partly contained in that space; or that a
part, at least, 1s out of the space B; or, finally, that
the space A id wholly out of B.*
* Oor author subjoine here the fllowing diagram, with this ahkart

{mtredwetion :—* 1 shall once mbre give you a vistble lrp_lﬂhlﬂ'
thess Agares or einblems of the four species of proposituese.™

Bmllema of the fowur Bpecies of Propasitions,

Affirmative aniversal. Kagalive universal
No AR
Negative particular.

PomedinB. Some A Is not B.

Ffg
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tiona, seem to contain a &8 it 13 not
mwhthar imrﬂﬂi which is
contained, or not contai in B. It is even possi
ble, in the case of a particular hﬂn.thnttht

notion A may contain the notion
tirely, as in Fig. 47; mdtht.atm F-,rr

same time, as is clear from the figure, a n
rt of the space A may be in the space
gmdth.ﬂ:pnﬂol‘ﬂ.ma not be in B, @

Now, il A were, for example, the idea of
¢ree in general, and B that of cak, which

sitions might be formed:
1. All oaks are trees,
11. Some trees are oaks.
IT1. Bome trees are not oaks.

In like manner, if of two spaces one is entirely
out of the -:rlh:e.'r.um . 44, 1 can as well say no
AirB asno Bis A; as lmumnynnmmi-
ﬂru,mdnutm:aamm

In the third ulle,i:beuthtwu ﬁmﬂhﬂl

in as 45, it ma;
T L
II. Some B is A.
111. Some A is not B.
- I"-’.t&lg Bis llhﬂ *IIII "
nmtmnu w you how all propositions
utl.l{ !" hylgﬁm but their teat
il manil'ant in reasonings which, when ex-
are called sy , and of which
ﬂunhjmutn w a just conclusion from certain
given propositions. is method will discover-to
muwtmfnmtncraﬂsyﬂomm:.

Lal us begin by an affirmative universal proposi-

wtﬁ:laﬂ,ﬂg 43, where the space A is
w‘hb]]jrm us see how a third
nntmnﬂmuuharefurmdhnchofmmhum
notions A and B, in order to draw a fair conclusion,
Itis arﬂenththal‘h]lqwm;mu
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L. If the notion C is entirely con-
tained in the notion A, it wﬂl be so like-
wise in the notion B, Fig 48; hence re-
pults this form of ajrll.oglam

Every A is B:
But Every C is A:
Therefore Every C is B.
“Which is the conclusion.

Let the notion A, for example, numpnhend all
rees, the notion B every thing that has roots md.
the notien C all oaks, and then our |_v,rllngum

un thus:
Every tree has rools:
But Every oak is aftree:
Therefore Every oak has roots.
II. If the notion C  Fig. 49. Fig. B0.

has a part contained
m A, that part mll
likewise be so in B,
hecause the notion A
is wholly included in
ﬂu:ﬂ notion B, Fig. 48

Hence results the uu:nrui I'orm of syllogiem *
E'rerjr
ButSmnﬁ # ﬂ .Il
Therefore Some C is B.
If the notion C were entirely out of the notion A,
nothing would follow with respect o the notion B:
it might happen that mhm C should be e:nhre].y out

Fig. 5.

L@@

of B (Fi ﬁI}.or whnlljr inB {Pig m‘j
inB( 53), so that no'con nmm
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111. But if notion C were wholly out of notion B,
it would likewise be wholly out of notion A, as we
see ig Fig. 51. Hence results this form of syllo-

Every A is B:
But No Cis B,orno Bis C:
1V. 1f the notion  has a part out
‘ notion C has a ou
of the notion B, that same lm""winl] Fig. 84.
certuinly likewise be out of the no- B
tion A, bocause this last is wholly ( () |°
in the notion B (Fig. 54). Hence
this form of syllogism : .
Every AisB: .
But Some C is not B: :
Therefore Some C is not A.

V. If the notion C contains the  Fig. 55.
whole of notion B, part of notion C
will certainly fall into motion A (Fig.
558). Hence this form of syllogism ;

Every A is B:
But EveryBis C:
Thereflore Some C is A. :

No other form is possible, while
the first propositi-n is affirmative and universal.

Let us now suppose the first proposition to be
negative and universal ; nl.pmlliu

No A is .

It is represented in Fig. 54, where the notion A is
entirely out of notion H; and the following cases
will furnish conclusions :

L If notion C is entirely in no- Fig. 66.
tion B, it must likewise be entirely —
out of notion A (Fig. 56). Hence @

thll[wmnchruom:_ B
LR

But Every C is B:
Thereflore No C is A.
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IL. If notion C is entirely com-

Fig. 5T,
prehended in notion A, it must
also be entirely excluded frnm
notion B (Fig. 57). Hencea syl- QN@
logism of this Ibrm
No Ais B:

But Every C is A:
Therefore No C is B,
II1. If notion C has a part contained in notion A,
that part must certainly be out of notion B; as in
. 58, or in Fig. 69, and 60. Hence a syllogism

h:.lfum
" NoAisB:
But Some C is A, or some A is C:
Thareﬁ:ro Same G is not B.

F:;ﬂ{l

GDo W @ B

1V. Inhkamnmr.lfmtmnﬂhua part con-
tained in B, that part will certainly be out of A; as
}nﬂg uluualmﬂg 62, and 63, Hence the fol-
syllogism :
owing ByToms No A is B:
But Some C is B, or some Bis C:
Therefore Some C is m}t..t

Fig. 61.

e ® G

5
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_ As to the other forms, in which the first proposi-
tion is particular, afirmative, or ive, 1 shall
show, in another Letter, how they may be represented

nﬂ Felruary, 1761,
LE'I"I'ER_ CIV. .
ifferent Forms of 8 ; hose 1
Diff of zﬂw oy JSirst Proposition

In the preceding Letter T have presented you with
the different Iform‘n of syllogisms, or sim Ym
which derive their origin from the first propo-
sition, when it is universal, affirmative, or negative.
It still remains that I lay before you those syllo-
sms whose first proposition is particular, afirma-
tive, or negative, in order to have all possible forms
of syllogism that lead to a fair conclusion.

Let, n, the first proposition, affirmative and

particular, be expressed in this general form—
Some A is B (see Fig. 45);
in which a part of the notion A is contained in the
notion B. : : )

Let us introduce a third notion C, which, being
referred to notion A, will either be contained in
notion A, as in Fig. 64, 85, and 86; or will have a

in the notion A, as in Fig. 67, 68, and 68; or
will be entirely out of notion A, as in Fig. 70, 71,
and 73. No conclusion can be drawn in any of
these cases, as it might be possible for notion C tobe
entirely within notion B, or in part, or not at all.

Fig. 64. Fig. 5. Fig. 66

en(§)@)
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G s

But if notion C contains in itsell notion A, it is
certain that it will ikewise contain a of notion
B, as in Fig. 73 and 74. Hence ts this form
of syllogism :

Some A is B:
But Every A is C:
Therefore Some C is B.

Fig. T3.

® &

It is the saune when we compare notion C with no-
tion B: we can draw no conclusion unless notion O
contains notion B entirely (Fig. 76 and 36); for




tained likewise in C. Hence we obtain this form -
of syllogism : SBome A is B:
But Every Bis C:
r e Therefore Some 'I'.{I.:.: ::ﬁ; et "
pegative and prl.ﬂiwllt, namely,
Some A is not B, Fig. T1.
It is represented in Fig. 77, in which part
of notion A is out of notion B.
In this case, if the third notion C con-
tains notion A entirely, it will certainly also have a
part out of notion B, as in Fig. 78 and 79; which
givesa this syllogism:
Some A is not B:
But Every Ais C:
Therefore Bome C is not B.

Fig. 78, Fig. 0.

Aguins if notion C is wholly included in notion
B,or A has a out of B, that same part will
likewise inly be out of C (Fig. 80 and Bl).

Fig. 61

Hence this form of syllogism :

BntBﬂrjr’E?l?tB:

Therefore Some A is not C.
Itm:murmw‘mlhﬂ-nmuuhrmurzl-
logiam ona table, in order to consider them ata
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I Every A inB:
But Every Cis A:
Therefore Every C is B.

49

XI. NoAisB:
But Some C is B:
Therefcre Some C is not A.

1I. Every A is B:
But Some C is A:
Therefore Bome C is B.

XI1I. NoAisB:
But Some B is C :
Therefore Some C is not As

Eve A,u:B XIIL. Some A is B:
But No g| But Every A is C:
Therefore No C is .ﬂ. Therefore Some C is B.
Iv. Every A is B:|XIV. Some Ais B:
But No Bi But Every Bian C:
Therefore No Cis A.  |Therefore Some C is A.
V. Every Ais B: |XV. Some Aisnot B:
But Some C is not B, But Every AisC: .
Therefore Some C is not A. '_I'her:fm Some C is not B.
YL Every A is B XVI. SomeA isnotB:

But Every B is C:
Therefore Some C is A,

But Every Cis B:
Therefore Some A is not C.

Vi No AisB: [XVIL Every A isB:
But Every Cis A: But Some A is C:
Therefore No CisB. |Therefore Some C is B.
VIIL NoAisB: |XVII. NoAisB:
But E\reg Cis B: But Every A is C:
Therefore No C is Therefore Some C is not B-
IX. NHiﬂP: XIX. NoAisB:
But Some Cis A: But Every Bis C:
Therefore Some C isnot B.| Therefore Some C is not A
X NoAis B XX, Every Ais B
But Some A is C Ll‘lu But Every A is C:
Therefore Some C is not B. refore Bome C is B
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Of thess twenty forms I remark, that XVL. is the
same with ¥. ; the latier changing into the former,
if you write C for A, and A for C, and begin with
the second ition: there are accordingly but
nineteen di nt forms.

The foundation of all these forms is reduced to
two principles, respecting the nature of conlaining
and confained

1. Whateoer is in the thing contained must likewise
be in the thing conlgining. .

II. Whatever is out of the conlaining must likewise
be out of the contained.

Thus, in the last form, where the notion A is con
tained entirely in notion B, it is evident, that if A is
contained in the notion C, or makes a part of it,
that some part of notion C will certainly be contained
inEnI.iun ,ﬁﬂutl;;heﬂi:& ol th

L] m, then, consists of three proposi-
Hun:?;m{wu firat of which are ecalled the ires,
and the third the conclusion. Now, the advan
of all these forms to direct our reasonings is this,
that if the premises are both true, the conclusion
infallibly is so.

This is likewise the only method of discovering
unknown truths., Every truth must always be the
conclusion of a syllogism, whose premises are indu-
htahl_vir_ mm Permit ma:.ﬁﬂ{ I:: add, that the for-
mer of the premises is or proposition,
and the other the minor, nare

S1st February, 1761,

LETTER CV.

dnalysis of some Syllogisms.
Irgu:il;]lx I;‘mmm:’mmm;ua ,
¥e propos o ses,
ovory ylogiam necessarily conkisis f htee propo
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sitions; the two first are called premises, and the
third the conclusion. Now the force of the nine-
teen forms laid down consists in this properly com-
mon to them all, that if the two first propositions,
or the premises, are true, you may rest coafidently
assured of the truth of the conclusion.

_Let us consider, for example, the following syllo-

NO VIRTUOUS MAN I8 A SLANDERER :
But soME SLANDERERS ARE LEARNED MEN :

Therefore soME LEARNED MEN ARE NOT VIRTUOUS.
Whenever you allow me the two first propositions,
%;-Iru are obliged to allow the third, which necessarily

lows from if.

This syllogism belongs to form XII. The sama
thing holds with re to all the others which I
have laid down, and which the figures whereby I
have represented them render sensible, Here we
are presented with three notions, Fig. 82, pig gg,
that of virtuous men, that of slanderers, and
'lhII:gnf :‘eamed m:n. : tha 8
. t the e resent the first, o
B the smﬁ;“fif an.dﬂl?pane C the t]']irda?mlt @
being said, in the first proposition, that no

virtuous man is a slanderer, we maintain that
nothing contained in the notion of the virtu- @
ous man, that is, in the space A, is compre-
hended in the nation of the slanderer, that is, space
B; therefore space A is wholly out of space B (see

ﬂﬁultni{riu gaid, in the second proposi Fig. 83.

) Bi-
tion, that some men cumprehendufgi.n
notion B are likewise contained in that
of learned, that is, in space C; or ¢lse, you may
say that part of space B is within space Fig. 84,
C, Fimy 84, where the part of space B in- :
cludedgin C is marked with an *; which e
will be likewise part of space C. Since,
therefore, some part of space C is in B,
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and that the whole space B is out.of it in
evident that the M:E: ul'lpﬂ.w:,E uJ‘L1I
wise be out of space A, is, some learned men are
mod irfuous.

It must be carefully remarked, that this conclu-
sion respects only the part * of notion C, which is
comprehended in notion B; for as to the reat, it is
uncertain whether it be likewise excluded from
nnlmn.ﬁ‘nmﬁg 85, or wholly contained in it, as

mplrt,lnmﬂ; BT.

B s DI GD

Now, this I:m left uncertain, the remainder ot
space C falll at all under consideration; the
eonclusion ia llmn.odtu that only which is certai
that is to say, the same part space C contain
in space B is uurtam]ynutol'lpnmﬁ. for this last
is wholly out of space B.

The justness of all the other forms of sy
may be demonstrated in like manner; but all
which deviate from the ninetéen forms laid down,
or which are not comprehended under them, are
gﬂtm of foundation, and lead to error and false-

You will clearly discern the fault of such a syllo-
gism, by an example, not reducible to any of the
nineteen forms :

BOME LEARNED MEN ARE MISERS :
But wo MISER 18 VIRTUOUS
MTIMHE :dnu: VIRTUOTE MEN ARE 'hn:lﬂ ot
i roposition m T
it doea not Isllnzrmfmm th?];?:amuu Ty too
(the premises) may very well be troe, and in the
present instance they actually are so: but the third
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Is not, for that, a fair conclusion ; becaunse it is con-
to the nature of just syllogism, in which the
conclusion alwr:zu must be true, when the premises
are 60. Accordingly, the fault of the form above
proposed is immediately discovered, by casting your
eyeson Fig, 82, Let space A contain all the learned,
space ?I th_: l;'urtirciuuu. and space C all the'r.:c:]ir%h
ous. Now, the first proposition is represen
Fig. 88, in which parri * of space Atﬁrlfe laamecﬂ
is contained in space B (the avaricious); but it by
no means follows, Fig, 89, that part of space C must
be out of space A.

Fig. 88. Fig. 89.
Tt is even possible for F;;IM C to be entire

within space A, as in Fig. 90, or entirely out of i
as in Fig. 91, and at the same time entirely out

space B.
Fig. 90. Fig, 01.

SDNCICD

A syllogism of this form, accordingly, is totally
false and abaurd.
Another example will put the matter beyond a
doubt ; :
BOME THEES ARE OAKS:
But o 0AK 15 & FIR:
Therefore soME FIRS ARE NOT TREES.

ﬂhmmhwedaﬂsth;mawﬂhmm
g
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ing, and the falsehood of the conclusion is manifest
though the premises are undoubtedly true.

But whenever & syllogism is reducible to one of
the above nineteen forms, you may be assured that
if the two premises are tm, the conclusion 28~
tionable always is 80 too. Hence you perceive
from certain known truths, you attain others before
unknown ; and that all the reasonings by which we
redacwd 10 formal syliagismm. 1t et cessn r,r""’

u o ] sms is o ne
YT e e s
in e form, provided
mental princi o be the same. In :nnmttion,
discourse, in writing, we rather make a point
of avoiding syllogism

I must fnrtherramui, that as the truth of the
smnaea brings forward that of the conclusion, it

oes not thence necessarily follow, that when one
or both of the premises are false, the conclusion
must be so likewise ; but it is certain, that when the
eonclusion is false, one of the premises, or hoth,
absolutely must be false; for if they were troe, it
would be impossible that the conclusion should be
false. [ have still some further reflections to sub-
mit to you on this subject, which is the foundation
of the certaiuty of all the knowladge we acquire,

4th February, 17681.
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Different Figures and Modes of Syllagismas.

Tuz reflections which I have still to make on the
subject of syllogism may be reduced to the follow-
ing articles: .

A syllogism contains only three notinm named
terms in as far as they are represented by wonds.
For though a syllogism™ contains three propossriss..
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and each ition two notions, or terms ; it muost
be considered that each term is twice employed in
ik, as in the following example :

EvERY A is B:

But gveny A is C:
Therefore some C is H.
The three notions are marked by the letters A, B, C,
which are the three terms of this ayﬂhm; of
which the term A enters into the first second
proposition, the term B into the first and third pro-
position, and the term C into the second and t
s1lion. "

Il. You must carefully distinguish these three
terms of every syllogism. Two of them, namely,
B C, enter into the conclusion, the one of
which, C, is the sulject, and the other, B, the attri-
bule, or predicate. 1In logic, the subject nl‘ the con-
clusion, C, is called the minor ferm, and the icals
of the coneclusion, B, the majer ferm.  But the third
notion, or the term A, is found in both premises,
and it is combined with both the other terms in
the conclugion. This term A is called the mesn
or medium term.  Thus, in the following example :

W0 MISER 18 VIRTUOUS :
But somE LEARNED MEN ARE MISERS:
Therelore soME LEARKED MEN ARE NOT VIETUODS.

The notion learned is the minor term, that of e
fuous is the major, and the notion of miser is the
mean term.

II. As to the order of the itions, it is a
matter of indifference which of the premises is in
the first or second place, provided the conclusion
holds the last, it being the consequence from the
premises, Logicians have, however, thought proper
to lay down this rule:

T;;ﬁru oposition is aheays thal which contans the
predicate of the conclusion, or the major term: for this
5 the reason thal we give to (his proposition fame
¢f the major proposition,
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The second ition conlging he minor lerm, or
the mubject of the conclusion ; and hemce i2 Aoy the name
of the minor proposition.

Thus, the major proposition of a syllogism contains
the mean term, with the major term, or pmdlcl.tn
of the conclusion; and the minor proposition contains
the mean term, with the minor term, or subject, of
.t ?‘lﬁu"’ di shed under different

s are dis er ren
merﬁlmng as t‘rmuxn term occupies the
ml‘ sulject, or altribule, in the premises.

Logicians have established Imn' ﬁgwu of syllo-
gisms, which are thus defined

The first figure ia that in whu:h the mean term is

the subject in the major proposition, and the predi-
cate in the minor.

The second , that in which the mean term is
the predicate in both the major proposition and the
minor.

The third , that in which the mean ferm is
the subject in the major and minor propositions.

Tharfmth Jigure is that in which the mean term
is the predmal.a in the major proposition, and the
subject in the minor,

Let P be the minor term, or subject of the concla-
sion; Q the major term, or predicate, of the conclus
mion; and M the mean term: the four figures of
mlloghm will be represented in the manner follow-

'

Figure First.
E:njnr Proposition :n)! —_— ?l
inor Proposition ——
’ Conclusion P —— Q
Figure Second,

M P sition Q ——— M
H:L?: P:l:nhinn P —— M
Conclusion P —— Q
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Major Proposition | M — —

Minor Proposition | M —— —

Conclusion | P — —
Figure Fourth.

Major Proposition | Q@ ——

Minor Proposition | M —

Conclusion r —

V. Again, according as the propositions themselves
are universal or pl-l'nﬁ('.l.llﬂl.'. affirmative or negative,
each figure contains several forms, called modes. In
order the more :im:-{ to represent these modes of
each figure, we ma the letter A wuniversal
affirmative propositions; by the letter E, universal
negative propositions; by the letter 1, particular
affirmative propositions; and, finally, by the letter
0, particular negative propositions: or else,

A represents a universal affinnative proposition.

E represents a universal negative proposition.

1 represents a particular affirmative proposition.

0 uﬁmmnts a particular negative proposition.

¥1. Hence our nineteen forms of syllogism above
described are reducible to the four Sgures which I
nave just laid down, as in the following tables:

1. Modes of the First Figure.

ez owe

1]

1at Mode 2d Mode.
A A A ) A LL
Every M is Q: EveryMis Q:
But Every P is M: But Some P is M:
Therefore Every P is Q. | Therefore Some P ia Q.
3d Mode. 4th Mode,
E. A E. E.1. 0.
NoMisQ: NoMisQ:
But Every P is M: But Some P is M:
Therefore No Pis Q. | Therefore Same I is not Q.
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II. Modes of the Second Figure.

1st Mode. 2d Mode.
A.E. E ) A. 0. 0.
Every Q is M: Every Q is M:
But No P is M: But Some Pisnot M:
Therefors No P is Q. Therefors Some P is not Q.
3d Mode. 4th Mode.
E.A.E E.L 0.
NeQis M: NoQisM:
But Every P is M: But Bome P is M:
Therefore No Pis Q. Therefore Some P is not Q.
II. Modes of the Third Figure.
st Mode. 9d Mode.
A AL L AL
EveryMisQ: Bome M is Q:
But Every M is P: But Every M is P:
Therefore Some P is Q. | Therefore Some P is Q.
3d Mode. 4th Mode,
ALI E, A 0O,
Every M is Q NoMisQ:
But Bome M is P But Every M is P
Therefore Some P is Q. "I‘bﬂeﬂuuﬂmq’i-mﬂ\
&th Mode. 6th Mode.
E. 1. 0. 0.A.0.
NoMisQ BomeMisnotQ:
But Bome M is P _ But Every M is P:

Therefore Some P is not Q.

IV. Modes of the Fourth Figure

1st Mode.
A AT
EveryQisM:
But E'l':guil P:

2d Mode.
L AL
Some Q is
But Every M is

-

M:
P;

Therefore Some P is Q.

Therefore Some P is Q,
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8d Mode. dth Mode.
A . E.E. E. A D,
E QisM: NoQis M:
But NoMis P: But Every M is P:
NoePis Q. Therefore Bome P is not Q.
5th Mode.
E. 1. 0.
NoQisM:
But Some M is P:

Therelore Some P is not Q.

You see, then, that the first figure has four modes,
the second four, the third six, the fourth five; so
that the whole of these modes together is nineteen,
being precisely the same forma which I have above
explained, have just now disposed in the four
figures. In other respects the justness of each of
these modes has been already demonstrated by the
spaces which 1 employed to mark the notions. The
only difference consists in this, that here I make use
of the letters P, Q, M, instead of A, B, C.

28¢h February, 1761,

LETTER CVIL

Observations and Reflections on the different Modes of
Syllogism.

I rrarren myself that the following reflections
will contribute not a little to place the nature of syl-
logisms in a clearerlight. You must pay parti
attention to the specigs of the propositions which
compose the syllogisms of each of our four figures,
that is to say, whether they are,

1. Universal affirmative, the sign of which s 4 ; ot,

8. Universal negative, the sign of which is E ; of,
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8 Particular afirmative, the sign of whichisI; or,

finally,
i.¥l.rﬁcuhr negative, the sign of which is O;
and you will readily admit the justness of the fol-

hmnllﬂ ne : .
1. In no one instance are both premises tive
;ﬂpm;miﬁm. Logicians have hence fi this

Fh;onm ¥ve propontions no conclurion can be
droen. gt

The reason is evident ; for hyaﬂdnandQ
as the terms of the conclusion, M as the mean
term, if both premises are negative, the affirmation
is, that :.'t;_ 'l:tiunl P and Q are either Wblllﬂll}' or ie
oul .:i.tillcs:ordmﬂ' impossible to con-
ﬂu any thjgarugu i . cnl.l'?nnrmil or dis-
conformity of the notions P and Q. Though I knew
from history that the Gauls were not Rom and
that neither weré the Celte Romans, thilw:mnm
mtrlh“h _'u::thlul leuttl:o }Ff:rm me whether the
were Gaols or no 0 negative premises,
lh;;tfm lead to no conclusion. tance particu-
. mises are in 0o one instance
lar Iﬂ:IMthism_lainhgicz ]
two particuler propositions no conclusion can
be drowen. -

Thus, for example, because some learned men are

r, and some others malevolent, it is imposaible

conclude that those who are poor are malevolent,
or that they are not so. Il you reflect ever so litile
on the nature of a consequence, you must imme-
diately perceive that two particular premises lead
to no conclusion whatever.

II1. If either of the premises is negative, the conclu-
#ion foo must be negative.

This is the thfrd rule which logic prescribes
When something is denied in the premises, it is im-
possible to affirm any thing in the conclusion; we
must absolutely deny there likewise, This ruleis
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rﬁ:c confirmed by all the laws of syllogism,
}umcn has been demonstrated.
I‘i’. If one of the prmuu porticular, the conclu-
sion too must be particular
This is the fourth rule prescribed in logic. The
character of particul positions being the word
some, if we speak only nrwﬂm in one of the premises,
it is impossible to spesk generally in the conclu-
wiso, is confirmed by all the laws of syllogism,
, I8 eo aws
whose justness is indubitable. N
V. When both premises are e, th comciu-
gion ia #o likewise. DBut though both premises my be
universal, the conclusion iz not universal ;
fimes i 1 mﬂurmi'y.umthuﬁﬂlloduuf
res third and fourth.
Besides universal and L‘Illll.' pmpouhom.
‘we sometimes make use pmml
the subject of which is en individual ; as, when [ say,
Virgil was a great _mr-r,
the name of Virgal is not a general notion, contain-
ing several beings in itself; it is the proper name of
a real individual, who lived a gmut m
”.I'h] ition is called singular ﬂwhan it is
ced into a uyllupum, it is of importance to
duterrmnm whether we are to consider it as holdin.g
the rank of a universal or particular
VII. Certain authors insist, that a lmgula.r prcrpn-
sition must be ranked in the class of particulars ;

being considered that a particular npmh
only of some beings mmprahamha unhnn,

whereas a universal proposition speaks of all
Now, n‘{mth:ua authﬂrn. when we oi' only &
nngu]a:r mg this is still less than m:rnl
consequently, a i
mu.t be {:mmdn'ﬂd as very
YIII. However well fi this mmning may

appﬂr,ltcﬂnmtbalﬂmltml The essence of a
particular mgomhnnmmmmmn,mtitdw
You L—F

—_—
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not speak of all the beings comprehended in the no-
tion of the subject, whereas a E:vand proposition
lp_uh of all without exception. Thus, when it is

subject of thu Eumpoumm isthe notion of all the
Wﬂiﬂmn, this luhjmtmn.u:ltakmml.ll
s exion 1] On 18 eXpres restricted
to some ; and by gﬂrﬂﬂmﬂu Emuuu-
mm.lljr dntmgmah from umunll.aathe}rtum
3 on & part of the beings comprehended in their

Ilucluﬂyﬂ:dam,fmm this remark, that &

-nu{uhr must be considered as meﬂnl' f
mmm individual, say Virgil, it in no
mp@ct mtnnl.n the notion of the subject, which is

-?llh]mult' rather admits it in all its extent ;
f ﬂumﬂermndﬂmhﬂiuhﬂnuu
ﬁafollo aucurm g'uod
wing is ¥y a very
-ruunm

VOLTAIRE 18 & PHILOBOPHER :
But VoLTalse 18 & POET:
Therefore 80ME PORTS ARE PHILOSOPHERS.
And it would be faulty if the two premises were
Pereal, his sylogism belongs o fgure third, snd he
rem.l. this am
first mode of the form A. A. L individual idea
of Voltaire is the mean term, which is the subject
of both major and minor; and this is the character
of ;lgun third.
X. Finally, I must remark; that hitherto I have
B nonly of simple propositions, which contain
tﬁ:nuum, the one of which is afirmed o du:ﬂ
"M“"'W““’ o sty Wi rupct b o
logic prescribes pec
1781.
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LETTER CVIIL

Hypothetical Propositions, and Syllogiems constructed
af them., )

‘Wz have hitherto considered simple propositions
only, or such as contain but two notions, the one of
which i':i:lhﬂ l'llth;f;., the uthaa:hﬂ prﬁgmi.te Tha;:

ns can lorm no other s gisms, eXCe
mch I have laid before j"ﬂ'jl;, and which are
contained in the four figures above explained. But
we likewise frequently employ proporifions,
which contain more than two notions, and respect-
ing which other rules are to be observed, in order to
ﬂlﬁm:a fair conclusions from them.

Of these compound propositions, the most com-
mon are those which are called ical, OT com-
ditional, which contain two complete propositions,
with an affirmation, that ¢ the one a1 true, the other
ix 5o likewnse ; the following is an example of a con-
ditional proposition :

If the gazette speaks truth, peace is not very
distant.

Here are two propositions, the first, the gazelie
.lpwhl.lmﬁ.nr.:ﬁ_e gazette is true: and the other,
prace is not isfani, OT peace mwmhug .

Now thuﬂm pl:::-'pﬂli{;}m must be connected
together in such a manner, that if the first is true,
the second is so likewise ; or it is maintained, that
the eecond prﬁailiun i8 & necessary consequence
of the first, so that the former cannot be true, with-
out establishing the truth of the other also. Bup-
posing, then, that the gazettes announce the ap-
proac of peace, we are warranted in saying, that,

the parellies are rue, must be al

Without this condition, such a proposition leads
to nothing; but if this condition is complied with,



Therefore C 13 wor D.
Becond Form.

EFTOTE IR
IfA®mB, CwnLaeD:
But C e D:

Thess are both fallacious. Inthe example adduced
I should reason inconclusively, if 1 argued in this
manner :

If T sazETTE APEANE TEUTH, FEACE B

AFFROACHING ©

But TEE GATETTE DOES NOT SPEAK TRUTH :
It is undoubtedly true that the gasette sy not

u ma;
speak truth ; nevertheless, it is very punibhrthnl
peace may be approaching. '
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The other form is equally erronecus :
If THE GAZETTE 18 TRUE, PEACE AP-
PROACHES ©
But peace APPROACHES:
LﬂT’hmﬁ:rm 1':; :.ut;:'r'r: 18 Eu: ot
us suppose that this conso truth, peace

proaches, EI;““ revealed to us,m?ar{u be put heyﬁﬁ
the possibility of doubt, it would by no means follow
that gazettes are true, or that they never contain
untruthe, I hope at least that peace is at hand,
though I am very far from putting confidence in the
truth of gazettes,

These two last forms of syllogisms, therefore, are
fallacious ; but the two preceding are certainly gmd
and never |$lﬂ into error, provided that the first con-
ditional proposition is troe, or that the last part be a
mecessary consequence of the first,

Of this conditional ition—

IfAis B, C will be D;
the first part, A i B, is called the antecedent, and
the other, Gwﬂ-ﬂ'hﬂithe consequent. Lo;icpn-
scribes the two following rules to direct us in this

nﬁln of reasoning :
. Whoever admits the anfecedent musi hkewise admit

the . .

lm denies or rejecis the consequent must
likewise deny or reject the antecedent. .

But you may very well deny the antecedent with-
out denying the consequent, and likewise admit the
consequent without admitting the antecedent.

There are still other compound propositions, of
which also syllogisms may be formed. It will per-
;Ilm hth.u jent to pmdnt:a a single example,

av n—

e Everwmhuanm ia body or spirit,—
the conclosion will ron in the following manmer ;

L. But such & substance is not body;

‘Therefore it is spirit. His
T
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II. But such a substance is body ;

]
Therefors it is not spirit.

b e
] w £gs mmmm,;mm th%mnm M“ '3
m . .u mmm mmmmmm mm m“mmuum mmmm
: w w..mm.mm@m mmwmﬂ cas wwm pyci
m m H mum.mmm,mw .me.m ﬂ ig mmmmm
£ E .w mmm th mm_m .mmm“m m.m mmm.«
| T mum& J .mm,mm.mmm ,m.m .mmm
it > Erailiigedss m E
a5 - mﬁmm mwm | m Mmm



eeiving would answer little or no ; if we
lost every moment the recollection ideas once
':Zﬂ should always be inthe state of new-
infants, that is, in a state of the most profound
ignorance. Reminiscence, then, is the most
cious gilt which the Creator has bestowed on the
soul of man, and hero its spirituality shines in the

objects really exist. If you have once been a spec-
tator of a miﬂng_nﬁuu, iuum recall the idea of it
whenever you will, without imagining, however, that
'thnl'alrn y is one. It is “;: F“momughtu}“n‘:]: a
¥ time not have a i
ofagrati h{ﬂﬂ?gﬂt having lost the power of
recalling the idea of it .
Ittia same with ::dupe:':ttn :Jlnﬂthc ideas which
we have once perceived ; it wently happens
that we lose almost entirely the recollection, or, in
other words, forget them. We remark, neverthe.
less, u very great difference between ideas forgotten
and idess wholly unknown, or such sa we never
Object prosenis sell aireah 1o our sanaety wé muuch
i & OUr sanses, wa
more easily catch the idea of it, and we recollact
perfectly, that it is the same which we had for-
: this would not be the case had we never

possessed it
It is here the materialista baast of having found a
hﬂi‘l‘-.fhi;'t 'Mamdycwthm‘ nmhlh:;
it is | is
else but & lu't:'rd_ﬁlu matter, on which external Dblm:;:
are capable of m some slight impression,
means of the senses : this impression is nothing

i



them when we please: and if the im ion were
effaced, how could matter recollect that it form
had that impression, on receiving it afresh ?

it ba very certain thlttr“ﬁlo:nl{ahmn,
on BENBES uces some A i
this change i.sp:ﬁ'y different fm‘uI:;:hn idea which
is occasioned by it; and the sentiment of pleasure
or

memory form for us, by abstraction, general ideas
of them, which contain at once a number of
individual ideas ; and how many t ideas do

we form respecting the qualities and accidents of
objects which have no relation to any thing corpo-
real, such as the notions of virtue, of wisdom, &F.

i
el
:
&
:
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solve all the perplexing questions respecting the
origin of evil, the pemid:m of sin, and the ex-
istence of all the calamities by which the world is
W‘ ; their great and only source is human

|$'Mmh, 1761.

LETTER CX.
Of the Origin and Permission of Evil; and of Sin.

Tae origin and permission of evil in the world is
an article which has in all ages tly perplexed
theologians and philosophers. Tog:l.iltu that God,
& Being supremely good, should have created this
world, and to see it overwhelmed with such a vari
of evil, appears 80 contradictory, that some
o peinciplos, the one supremely good, the oher

o ciples, one
supremely evil. This wmmrmmd'emm
by the ancient heretics known in history by the
name of Manicheans ; who, seeing no other
e i ifnrth.a 'inhn{l]:l:iiﬂr]:‘mdu to

extremity. the question be extre
mmph'cltad,trthinmn mm%:k. that libm'tyn;lﬂ{
ty essential to spirits, dispels al once a great
part of the difficulties which would otherwise be in-
surmountable.
l“l‘n truth, when Gmh]:d cmbe man, it wﬁ'lgfn
to prevent sin, iberty being suscepti
no r.nnr;aint. M,Ilhlllbﬂw%. e
been better not to create such and such men, or
:Egiu, who, as God must have foreseen, would abuse
ir liberty, and plunge into sin. [ should deem it
rather rash to enter upon this discussion, and to
tend mm;u of the choice which God might have
been to make in creating spirits; and perhapa
the plan of the universe nnnu-:gah existence of

-



370 mmmmm

of iption. And, in fact,
il i s, S, o 0
plansts, are the habitations of rational beings;
ey Lore Zziunl 1t & gystem o Dlanois, Haewio
m ve it m em awing
hgtlblﬂ,—'lt is clear t?:; the number of all the
endowed with reason, which have existed,
'whi.c do exist, and which shall exist, in the whole
T therefore iﬁm
t is ore un ption to in-
singate that God ought not to h“.pmum ud a::ltt-
ebcutu: uumba: of spi
hthm.r Hl.kuwanlr.tua
lntwi-hm'beo tbanumberuhhuemwhnmm

E

th mmumtmhﬁ"m:m
a ce. On this I re-
m liberty is 8o essential to all spirits as to
bebeymdaﬂpumncl‘mhunt the only method
of governing spirils consists in the use of motives to

them to what is good, and to dissuade them
from evil; but in this respect we do not find the
:luhhutmundurcomphmt 'l'l'nmt rial

motives have undoubted]
to incline them to good, &m motives 'bai.ng I'om
on their own salvation ; but tbuyh}rnnmmn am-

constraint, for this would be contrary to thewr
#ﬂllﬂﬂ, and in all respects impossible.
ﬂnﬂm'“ wicked men may Ir, it never can be in
ir power o excuse themselves, from
of the motives which would have pmmpug them to
: the divine law, which constantly aims at their
anrlmin' happiness, is engraven on their heart;
nnd it must always be their own fanlt if they p]lmg‘
iato evil. Religion discovers to us likewise so many
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other means which God employs to reclaim us from
our wanderings, that, on this side, we mni.'r rest con-
fidently assured that God has omitted nothing which
could have prevented the malignant explosions of
men, amd of other reasonable beings.

But those who bewilder themselves in snch doubts
respecting the origin and the permission of evil in
the worwrpetmll confound the corporeal with
the spiritual world ; they imagine that spirits are, as
bodies, susceptible of constraint. Severe discipline
is frequently capable of preventing, among the chil-
dren of a family, the so of an army, or the in-
habitants of a city, the open ion of erse
dispositions ; but it most be carefully remarked that
this constraint extends only to what is corporeal ;
vieious and sa maliganat aa f 1 enjoyed the most
vieious as as i it e
unbounded license. S

Human governments must rest contented with
this exterior or apparent tranguillity, and give them-
selves little trouble about the real dispositions of
men's minds ; but before God the thonghts all lie
open, and perverse inclinations, however concealed
from men, are as abominable in his sight as if they
had broken out into the most atrocious actions. Men
suffer themselves to be dazzled by false appearances;
but God has respect to the real dispositions of
every spirit, according as they are virtuous or
vicious, independently of the actions which flow
from them

The Holy Scriptures contain to this e the
most wiﬂrnﬂ declarations, and iniarmp::p:t:nt he
who meditates only the destruction of his neighbour,
suffering himselfl to be hurried away by a spirit of
hatred, is as criminal in the sight of God as the ac-
tual murderer ; and that he whe indulges a covetous
desire of another's property is, in His estimation, as
much a thief as he who really steals.

In this respect, therefore, the government of God
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irits, or rational beings, is infini il
from which men exercise over men like them-
mm;mdﬂcﬁlmﬂjrenif“im ime that a
government whi gsau-mmm eyes of
mnilmgyuﬂin nt of God. . This is a
reflection of which we never to lose sight.
142k March, 1761. )

LETTER CXIL
Of Moral and Physical Evil.

vicious inclinations, the dispositions of spirits to-
what is evil or criminal, which is undoubtadly the
m& ﬁ:hmm calamity and the greateet imperfec-
1 truth, with regard to spiits, it i impossible to
L irits, it is imj
m’nlmﬁplﬂnhla’p‘ i pﬂmmm
they deviate from tho eternal of virtue, and
_Fahndnu mthmulm to QMWMM D\:I'h.vinu.
irtue is meana i “E i H;
hhuhwﬂmpq]t;maricimlpmt".h t
power of God himself. Ewvery spirit icted toe
vice is necessarily miserable, and unless it return to

virtue its mi cannot come to an end : snch is the
idea I form of of wicked and infernal spirits
—an idea which to me appears. consonant 10 what

Beripture the subject.
Inﬂ:dahmj::l o‘;lhiu: but as men cannot

protend to be the beet of all rational bei neithar
can they boast of being the most wieked ;

beings mwch more depraved than the
most mali t of mankind, such as devils, But I
have made it appear that the existence of so



MORAL AND PHYSICAL EVIL. b7 ]

corrupted men and spirits ought not to form
I:I'Ij’ hnn awm the perfection of this world,
 be considered as an imputation of the Bu-

A Ee devil not excepted, is always abeing,
amllout, "and infinitely superior to gﬂ:ﬂ that
can be conceived in corporeal w
i Lot

arl, is always a o
perfection. Now, all urmg-baug essentially fres,
eriminality was possible from the commencement
of their existence, and could not be prevented even
by the Divine ﬂlmupotanca Besides, spirits are the
authors n{ﬁthn evils which Ilncmuut’l.yh mﬂmﬁnu
L] nt ways the
of the oyil which he comumite; and, conesy
these evils cannot be :mputad to the Creator; u.
among men, the workman who makes the sword is
not responsible for the mischief that is done with it.
Thus, with respect to the moral evils which prevail
%thauwr]d. tg“mmgn goodness of God is suf-
en

The Ethnr nlu.n, that ﬂfpﬁjrncd evils, contains all
the calamities and miseries to which mén are ex-
posed in this world. It i=s admitted that most of
these are a necessary consequence of the malice and
other vicious propensities with which men as well
as other spirits are infected ; but &s these comse-

nees are commumeated 'Djl' means of bodies, it is
asked, Why God should permit to wicked spirits the
power of acting so efficaciously on bodies, and of

employing them as instruments to execute their per-
nicious purposes? A father who saw his son on
the point of commitiing a murder would snatch the
sword out of his hand, and prevent the tmn
it this shandoned son is oqually gty befoss God,

t i son is ore
whether he has actually accom vos [J}ZE?IBLI

l!lﬂ.a Illl.aﬁﬂl:tlll efforts Lo execute. it; th
on. L—1Ti
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father, who. hlm. does not remder
hor, preventad thershy

We mljr nevertheless confidently maintain, that
God does not a free course 1o the wicked-
ness of man. Di mthin;lmutthﬂumﬁnno‘l‘

-HW uf thehum.n heart, how
m e should we hﬂqmﬂy see that
they succaud they Iu'rc no m
consequences ofmﬁtmhm which E:
so many other circumsiances that, in t

produce the directl ite effect from
was nded. It cannot ndlﬂhnm

2

il
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would undoubtedly be w for God to
death a tyrant hfauﬁe& realize his
ve du:;ui or to strike dumb an
wWas to nounce an ai-
We gulgnlft thl:: live qmaﬂmmd
ut the Dleesin ﬂﬁ‘&m s
o an ®

 Coud wioh fae: ¢ur hagyinese would s
On this plan they w have the world
adhin Mammm all happy : the wie:::

perpe crim purposes,
n possession of the peaceful enjoyment of

I.usmp which they can desire.

Itnhalluad. and with good reason, that God
wishes the ss of men; and it is matter of
surprise that this world should be so different from
the plan which is imagi the most for the
attainment of this end. We rather see the wicked
ﬁvquun enjoying, not only all the advantages of
put in & condition to execute their ma-
to the confusion and distress of perm

i

i
2§17
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of worth; while the good uﬂl l.u.d aver-
whelmed hy the most a.enubh mrl » pains,

mortifications, loss of goods, and, in mﬂnl by
every species of calamity ; and that at last the ;mad

as well as the bad must infallibly die, which appears
to be the greatest of all evils,
Imkmg on the world in this point of view, one is
to call in question the supreme wisdom and
of the Creator; bot it is a hazard which
we must take great care to avoid.
Tth March, 1761,

LETTER CXII

Reply to Complaints of the Eristence of Physical Ewl,

rﬂvrrhnmu our “'m‘lenl_ u]:a limited to th:imprﬂllul
life, the possession o good things of world
and the o ment of every delight would be very
far from up the measure of our

All are , that troe felicity consists in mental
iranquillity and satisfaction, which are seldom if ever
mmmpl.nlad with that brilliancy of condition which
is considered as such an inestimable blessing by
those who judge only from appearances,

The insufficiency of temporal good things to ren-
der us hl:fi becomes still more manifest when we
come to reflect on our real destination. Death does
not put a period to our existence, it rather transmits
us into another life, which is to endure for ever.
The faculties of our soul, and our attainments in
knowledge, will then no doubt be carried to the high-
est pe'rl'ectlurn ; and it is on this new state that our

depends, and this state cannot bi
Ila];?y without virtue.
he infinite perfections of the Supreme Be

which we now perceive only as th
cloud, shall then shine in the hnght::ﬁﬂn
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ing the physical evils of life are likewise completely
2oy ou have no diffculty, then, i hending
ou have no Cully, s 10 COmm
that God had the m.uﬁt!;ulid reasons I'urpr:dmitti.ng
into the world so many calamities and miseries, as
the whole obviously contributes to our salvation. It
is unquestionably troe that these calamities are, for
the most part, natural consequences of human cor-
ruption ; but it is in this very ﬂ].mg that we must
principally admire the wisdom of the Supreme Being,
who knows how to overrule the most vicious actions
for our final happiness.

Many people would not have reached such
a sublimity of virtue, had they not been oppressed
and tormented by cruelty and injustice.

I have already remarked, that bad actions are
such only with regard to those who commit them:
the dme]ifnﬁéim of their acm} alone is ﬂimiml,::;
action its ing a thing purely corporeal, inasm
as, considered mepmdcnpllil u}rther];gmn who com-
mits it, there is nothing either good or evil in the
case. A mason falling from the roof of a house
upon a man as certainly kills him as the most deter-
mined assassin. The action is absolutely the same:
but the mason is not guilty in the slightest degree;
whereas the assassin deserves the severest puni
ment. Thus, however criminal actions may be with
regard to those who commit them, we must consider
them in quite a different light as they affect ourselves,
"o ought therefore 1o reflect, that nothing

e ought therefore to re can
befall us but what is rfactlﬂ'cummmt to the
sovereign wisdom of God. The wicked may be
ﬁlty of injustice towards us, but we cannot upon

whole suffer from it; no one can ever injure us,

though he may greatly hurt himself; and in every

thing that comes to pass, we ought always to ac-

knowledge God, as if it befell us immediately by

his express :ppnin.tmant.‘ .;“ may, moreover, reat
i



assured that it is not from caprice, or merely fo vex
us, that God disposes the events in which we are
concerned, but that must infallibly terminate in
our true happiness. who consider all events

I morz you have no doubts remaining with respec
to this great quuﬁnﬁ,—-ﬂuwlhnunhnfth-wmﬂ
can be reconciled to the supreme wisdom and good-
ness of the Creator! The solution of it is incon-
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USEFULNESS OF ADVERSITY. r

we enjoy in this world is the reverse of a mubln
pwpl.nllocu for a future life, and for renderi
worthy of the felicity w}'m:h 'lhﬂ!‘ﬂlt.::ﬂllll n:rt:
ever important to our a4 pmnn
the good things of ﬂn:P Evl::ld maL
quality pertains to them unlrm 80 far as tha]rm
im od with the

ependent of which no urthly pqmeumm
constitute our felicity.

Real ess is to be found only in God himsell;
all other delights are but an empty shade, and are
capable of yielding only a momentary satisfaction.
Accordingly we see that those who enjoy them in
the greatest abundance are quickly satiated; and
this apparent felicity serves only tn inflame  their
desires and to disorder their passions, Htra.ngm;
them from the Supreme Good, i
ﬂwm nearer to Him. Bot troe fth:irr mmm in

wct union with God, which cannot subsist
mlhmtllurnandacﬂnﬁdmmmh'm

tranecending all things; and this love requires a
certain disposition of soul, for which we must be
ration in this life.

This disposition is virtue, the foundation of which
is contained in these two great precepts:

Thou shalt love the Lord thy God with all thy heort,

Tﬂ';ﬂudﬂymﬂ,mﬂnﬂﬂymwtb,ndmﬁlﬂ
i
a.ndu]:nthm.whmhuhtammn

Thou shalt love thy neighbour as thyself.

Every other disposition of soul w deviates
ﬂ'umthﬂntwopmc;fuumunl, and absolutely
n.n.wmh]rm ess. It is as im-

ible fora vicious man to e h in the
'8 to come, as for a deal man to relish the pleasure
nl‘ln exquisite piece of music. He must be for
ever excluded from it, not by an arbitrary decree of
God, but by the very nature of the thing; a viclous



man not being, from his own nature, susceptible of
e omsiler the orde and economy of the
we o T L] r o
world in this point of view, nothing can be more
perfectly disposed for the attainment of this great
end. All events, the calamities themselves which
Sucling o8 t ree bappinces; and o, this reepect &
U us rue H n
may g with truth affirmed, that this is indeed
best world possible, a8 every thing in it concurs
promote hzgilrlurnﬂ'l: n:;ﬂm - wl reflect
nnthmg iel:d AnCce ; eve
is directed Pmian, in the view of
me truly everlastingly y how
consideration to raise my thoughts to
replenish my soul with the purest affectidn.
ut however efficacious these means may
themselves, they exercise no force upon our mi
to which liberty is so essential that no degree of
constraint can possibly take place. Experience,
cordingly, uently demonstrates, that our attach-
ment to the objects of sense renders us too yvicious
to listen to these salutary admonitions. Abuse of
the means which would have improved our virtue
us deeper and deeper into vice, and hurries

ﬁg E_q
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LETTER CXIV.

Happiness, Comversi Sinners. Reply
Y tree wﬂijeuﬁm.ru'ﬂ": fec.

Tax holy lifs of the apostles, and of the other
primitive Christians, appears to me an irresistible
of the truth of the Christian religion. If true

i consists in union with the Supreme Being,
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which it is imﬁuihh for a moment to doubt, the
enjoyment of this happiness necessarily requires, on
our part, a certain disposition, founded on sopreme
love to God, and the most ect charity towards
our neighbour; so that all those who are destitute
of this di ition destroy their own pretensions to
celestial felicity ; and wicked men are from their
very nature necessarily excloded from it, it being
impossible for God himsell to render them happy.
For the Divine Omnipotence extends only to things
which are in their naturé possible, and i is 80
essential to spirits that no degree of constraint can
take place with respect to them. g

It 1s anlj:‘v motives, therefore, that spirits can
be determined to that which is good; now, what
motives could be proposed to the apostles and other
disciples of Jesus Christ, to embrace a virtuous life,
more powerful than the instructions of their divine
Master, his miracles, his sufferings, his death and
resurrection, of which they were witnesses. All
these striking events, uni to a doctrine the most
sublime, must have excited in their hearts the most
fervent love and the most profound veneration for
God, whom they could not but consider and adore
as at once their heavenly Father and the sbsolute
Lord of the whole universe. These lively i
sions must necessarily have stifled in their breasts
every vicious propensity, and have confirmed them
more and more in the practice of virtue,

This salutary effect on the minds of the apostlea
has nothing in it of itself miraculous, or which en-
croaches in the smallest degree on their liberty,
thnnﬂl the events be supernatural. The great re-
quisite was simply a heart docile and uncorrupted by
vice and passion. ‘The mission, then, of Jesus Christ
into the world produced in the minds of the apos-
tles this disposition, s0 necessary to the attainment
and the enjoyment of supreme happiness; and that
mission supplies the same motives to pursue the



same end. We have only to read attentively, and
without prejudice, the history of it, and urmuﬂy to
meditate on all the events,

1 confine mysell to the salutary effects of our
Baviour's mission, without |J:arl!wu.n.iu:lg to dive into
the mysteries of the work of our redemption, which
infinitely transcend the powers of human understand-
ing. I only remark, that these effects, of the truth
ol which we are convinced by experience, could not
be produced by illusion, or human imposture ; they
are too salutary not to be divine. They are Lu.kewma
perfectly in harmony with the incontestable
ples which we have laid down, that spirits can be
governed only by motives.

Theologians have maintained, and some still main-
tain, that conversion is the immediate operation of
God. without aniun-openhnn on the part of man.

They imagine, t an act of the Divine Will is
sufficient to transform in an instant the greatest
miscteant into a virtuous man. These men
m mean extremely well, and consider themselves

us exalting the Divine Omnipotence ; but this
nnnment seems to me inconsistent with thnjua-tmu
and of God, even though it were not sub-
ve of human ll'I:m:'r'I:jr How, it will with reason

said, if a simple exertion of the Divine Omni
tence is sulficient for the instantaneous conversion
of every sinner, can it be possible that the decree
shounld not actually pass, rather than leave so many

thousands to pam'rl., or tm loy the work of redem
tion, by which a of mankind is saved?
1 acknowledge tha hl!- ohjection appears to me
much m.nre rmidable than all those which infi-
deh%m against our holy religion, and which
ded EI]IIJ‘E[}T in ignorance of the true desti-
nation of man ; but, blessed be God, it can have no
place in the urltam which T hne taken the liberty

o
Eq:nu divines will perhaps accuse me of heresy,
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as if T were maintaining that the power of man is
sufficient for his conversion; but this reproach af-
fects me not, as [ am conscious of intending to

ess of God in its clearest light. In the
work of conversion, man makes perfect use of his
liberty, which is unsusceptible of constraint; but
man is always determined by motives. Now these
motives are mﬂkdﬂ @ circumstances and
conjunctures is condition. They depend en-
ti on Divine Providence, which rmq;m all
events conformably to the laws of sovereign wis-
dom. It is God, therefore, who places men every
instant in circumstances the most favourable, and
from which they may derive motives the most pow-
erful to produce their conversion ; so that men are
always indebted to God for the means which promote
their salvation.

1 have already remarked, that however wicked
the actions of men may be, they have no power over
their consequences, and that God, when he created
the world, arranged the course of all events so that
every man should be every instant placed in circum-
stances to him the most salotary. Happy the man
who has wisdom to turn them to good account!

This conviction must operate 1n us the happiest
effects; unbounded love to God, with a firm reliance
on his i and the purest charify towarda
our nei . This idea of the Supreme Being, as
exalted as it is cunlulator{, m to ish our
hearts with virtue the most sublime, effectually
prepare us for the enjoyment of life eternal.

98th March, 1761.
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LETTER CXV.

Ths true Foundation of Human K . Bources
of Truth, and Classes of Information ders i,
Havmve taken the liberty to lay before

npin;nn the most im i ﬂd‘g

man knowledge, I flatter it will be sufficient
to dissi the doubta which naturally arise out of

:trnuubnct. from want of exact ideas of the liberty
irits

spirits.

I shall pow have the honour of to
i, e e 3 o LB

ledge, and the means we have of being assured of

the truth and certainty of what we know. We are

very far from being always certain of the truth of all

our sentiments; for we are but too frequently das-

AppY . g

The thing to be here chiefly considered in the
solidity of proofs on which we found our
suasion of truth whatever ; and it is
rmyﬂn we should be in a condition to
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Proofs of the first class are reducible to the
senses, and are thuon expressed :

This iz true, for I saw ity or em convinced of o by
the evidence of my senses.

It is thus I know that the magnet stiracts irom,
because I see it, and experience furnishes me with
incontestable proofs of the fact. Truths of this class
are called semnble, because they are founded on the
senses, OT On experience,

uﬂﬁﬂﬂﬁuﬂhmuﬂﬂhﬂmh‘mﬂdmnﬁm
nation :

P‘I'Pirﬁ_mfw{maﬁu}imtrytirnpﬁl-
#ﬂ Jusl reasorang, or [4 N

Tuiiuuhuprinni ;ylugicntobemm“d,
which prescribes rules for reasaning consequentially,
It is thus we know th:tlhnhnomg}uorama-
lineal triangle are together equal to two right angles,
In this case 1 do not say I see it, or that my senses
convince me of it; but 1 am assured of its truth by
a of reasoning. Truthse of this class are

led snfellectual ; and here we must rank all the
truths of geometry, and of the other sciences, inas-
much as they are supported by demonstration. You
must be sensible that such truths are wholly differ-
ent from those of the frst class, in support of which
we adduce no other proofs but the senses, or expe-
rience, which assure us that the fact is so,
we may not know the cause of it. In the exam
of the magnet, we do not know how the attraction
of the iron is a necessary effect of the nature of the
magnet and of iron; bul we are not the less con-
winced of the truth of the fact. Truths of the first
class are as certain as those of the second,
the proofs which we have of them are enti
different.

1 proceed to the third class of truths, that of faith,
which we believe because persons worthy of credit
relate them ; or when we say:

Vor. L—K k
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