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EDITORS PREFACE

‘Tax work now presented for the frst time to the
American pubic ia the production of one of the
‘most learned: and highly-gitedmen whose names‘adorn the annals of sound philosophy,and whose alabours gained for him a reputation inferior only tohat of Nowton. They will be read with great ad-
‘vaniage by the young student, on account of the
remarkable cleamess with which tho subjects aro
treated, the copiousness of the style, and its adapta-
tion to the purpose of easy and familar instruction,
‘The author, in addition to hia profound knowledge,
Ihad the advantage of being, both by profesion and
by taste, 0 teacher of youth; and the volumes
before us bear evidence of the tact which an expe
‘enced intructer acquires in discovering the points
‘which stand most in noed of varied and reiterated
‘explanation.

‘The theories which the author endeavours ofanby elaborate reasoning to support ae, it in tre, in
Aa



‘Tax work now presented forthe first time to the
American public is the production of one of the
‘most learned end highly-giftedmen whose names‘adorn the annals of sound philosophy, and whose
labours gained for bim a reputation inferior only to
that of Newton. ‘They will be read with groat ad-
vantage by the young stodent, on aocount of the
remarkable clearness with which the subjects are
treated, the copiousnese of the style, and its adapta.
tion to the parpose of easy and familiar instruction.
‘The author, in addition to his profound knowledge,
bad the advantage of being, both by profession and
by tasto,  teachor of youth ; end the volumes before
tus bear evidence of the tact which an experienced
stand most in need of varied and reiterutsd expla-
sation.

‘These Letters, therefore, designed as they were |
for the benefit of lady, will predispose the ingem-
‘vous mind to the love of scientific truth. Nori‘the evidence of piety he bes brought into cennexion
‘with some of the highest coatemplatioasof philoso»phy one of the least interesting features of these
sagresable volumes. Asanican Eptron,
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PREFACE

Tr has loog been a reproach against English lite-
‘ature,that the composition of elementary and popular
‘works has been left almost exclusively in the hands
of inferior writers, who possessonly a general andssupericial knowledge of the subjects of which theytreat. ‘The influence ofthis practice upon the diffa-
sionof general and correct knowledge has been
deeply felt by those who are desirous of introducing
1 system of education which embraces wider range
than the ordinary routine of classical instruction.
‘The popular writings of those who acquire a know-
ledgeof scionce for the purpose of teaching it differin the most essential manner from those of a philo-
‘sopher who devotes himself tothe task of perspicuous
‘Mustration. However correct may be the principles,
‘and however copious the details of « compiled work,
it must always be defective in the selectionof ita‘topica, in the clearness of its reasoning, in the gen-



1a vasrac.

comity of ita views, and inthe suitableness of its illus
trations. A mind like that of Even, which from
its infancy has been devoted to the study of Nature,
sclects at once the prominent features ofthe science
‘hichit isproposedto explain ; excludesall perplex~ing and extraneous facts, and combines under gene-rl viewsthe important truths which it isthe objectof the pupilto seize and retain. ‘The justneasof‘this remark cannot fail to be sdoitted by those whoread the following Letters, which may be justly char
‘cterized as the most popolar work that ever was
‘written,and as the productionof the profoundestPhilosopherthat ever wrote.Evian’s Lotter to a German Prinooss were fretmade known in Europe by an edition publishedby‘the Marquis Componcer and M. Lucnorr, who em
riched it with a variety of notes, and whose opinion
(of the werk for the purposes of public instruction
may bo acceptable to the English reader :—

“The Letters of Evtxn to « German Princoas,”
saysM. Conponcer, “have acquiredover all Ewrope 1 celebrity to which the reputation of the Awhor the choice and importance ofthe several subjects,‘end the clearness of elucidation justly entitle thems,
‘They have deservedly been considered as a treasury
of science, adapted to the purposes of every commen

=
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seminaryof learning. ‘They may be studied te ad-vantage without much previous elementary know-
ledge

; they convey accurate ideas respecting a va-riety of objects, highly interesting in themselves, or
‘calculated to excite a laudable curiosity ; they inspire
1 proper taste for the sciences, and for that sound
philosophy which, supported by science, and never
losing sight of her cautious, steady, methodical ad
vances, runs no risk of perplexing or misleading the
attentive student.”

‘The English reader is indebted to the lato Rev.
Dr. Henny Hoxren for the following translation,

Which has gone through two editions. In this third
dition the translation has received very essential
improvements. ‘The plates have been re-engraved
‘and moch improved, and a life of the Author has been.added, togethor with various notes, which, the editor
trusts, will be both interesting and useful to the
reader.

Independently

of the great popularity ofthis work,it poasesses a particular interest atthe present time,in consequence
of its containing a popular view ofthe doctrine, that light consists in the undulations ofan ethereal medium, which is now generally adopted,

| i consequenceof recent discoveries in optics.
moron,204 July, 193.
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THE LIFE OF EULER -

Lroxanp Evten, one of the most distinguishedmathematiciansof the 18th century,was the son ofPaul Euler, and Margaret Brucker, and was born atBasle on the 16th of April, 1707.“is father, who had been instructed in mathe-aatica by the celebrated James Bernoulli, becamepastor of the villageof Riechen,near Basle, in theYear 1708 ; and as soon es his son bad arrived at theroper age, he insted into him = fondness for‘mathematicalearning, although be had destined himfor the studyof theology. He was afterward sentto the university of Basle, where he was found‘worthyto receive lessons from John Bernoulli, whowas af that time regarded as the first mathematicianin
Enrope. The assiduty and amiable disposition‘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 bo-‘come thedisciplesand the rivals oftheirfather. John‘Bernoulli even condescended to give him once everyweek a particular lesson, for the purpose of explain-‘ng the difficulties which he encountered inthe course



16 ue

o” RULER.of his studies. Euler had not the good fortune to‘enjoy long this inestimable advantage. In 1723,hereceived the degree of Master of Arts ; and on this‘occasion be obtained great applause by the Latindiscourse which he delivered, containing a compari‘ton between the Newtonian ‘and Cartesian philosophy. Atthe request of his father, he now began thestudy of theology ; but his attachment tothe mathe-‘matics was 90 strong, that his father a Ist consentedto allow him to follow the bent of his own genius.‘Nicolas asd Daniel Berboulli baving, in 1726,accopted the invitation of Catherine I. to becomemembers of the Aosdemy of Beiences of Bt. PetersDbarg, promised at their departure to employ thet{nflvence to procure for Enler en appointment in thatcity. In the following year they announced that theyhhad a situation in view for him, and strongly advisedhim to apply his mathematical knowledge to physi-cology. Euler immediatelyattended the lectures ofthe most eminent medical professors at Basle, andmade rapid progress in the study of medicine. " His‘attention, however, was still directed to his favourite‘Pursuits, and he found leisute to compose a disser-‘ationon the Nature and Propagationof Sound,‘and another on the Masting of Ships, which waswritten for the prize proposed by the Academy ofScieaces

in 1727. As this subject was actuallysuggested by several members of the academy, withthe view of bringing into notice the talents of M.‘Bouguer, who had paid particular attention to the
tpbjet tnd who was then profes of bydrographyin the seaport town of Croisic, it was not likely that



{Urs oF EULER. 7Enler, who was destitute of all practical knowledge‘of naval afairs, should have succeeded in the com-
petition. Bouguer,of course, carried off the frat‘prizes but Euler obtained what is called the acceanit,‘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 professorshipof natural philosophy in the‘university

of Basle ; but he bad not the good fortuneto be elected.Daniel and Nicoles Bernoulli used all their infiuefence to procure an appointment for their young
fiend; and baving at last succeeded,they requestedhimto repair immediatelyto St. Petersburg. EulerJoat no time in obeying this welcome summons; but,afterbe had begun his journey, he had the mortii-
‘ationto learn that Nicolas Bernoulli bad fallenavictim to the severity of the climate and the veryday upon which he entered the Russian territory‘was that of the death of the Empress Catherine I.;‘an ovent which at first threatened the dissolution ofthe academy, of which she had Inid the foundation.Having reached St. Petersburg at this unfortunate
period, Euler resolved to enter into the Russian

navy, and had actually received the promise of«Jieutenancy,and rapid promotion, from Admiral Sie-‘vers;
but fortunately for geometry, a change tookplace in the aspect of public affairsin 1730, andEvler obtained the situation of Professor of NatundPhilosophy. In 1783 he succeededDaniel Ber‘noull,
when that illustrious mathematician retiredinto the country; and inthe same year he marieda
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MademoiselleGeel, « Swiss lady, andthe danghier‘of painter whom Peter the Great bad carried into‘Russia upon his retara rom his first tour. In 1738,‘@ very intricate problem having been proposed bythe Academy of 8t. Petersburg, Ealer completedthe solution of it in three days ; bat the exertion ofhis mind bad been #0 violent, that it threw him intoover which endangered his life, and deprived him‘of the use of one of hia eyes. In 1788,the Acad-‘emy of Sciences at Paris crowned his memoir, ex-titled Sur la Nature of lea Proprictés da Feu; ‘andin 1740, he divided with Daniel Bernoulli, and oar‘countryman Colin Maclaurin, the prize given by thefteme academy for the best dinertation on the flax‘end reflux ofthe sea. Daniel Bernoullihed treatedthe subject with a sagecity and method which char-‘acterizedall his Inbours. The dissertationof Mue-laurin contained bis celebrated theorem on the equi-brium of elliptical spheroids; and that of Euler‘was marked with an improvementon the integralcalculus, which seemed to resolve the fimdamentad‘equation of almost all the great problems on the mo-tions of the heavenlybodies.In consequence of an invitation from the King ofPrussia, trough his minister the Count de Marde-field, Eoler quitted St. Petersburgand went toBerlin in the month of June, 1741. Uponhis arr.‘val, be was honoared witha letter from the king ofPrussia, written from his camp at Reichenbach ; andtbe was soon after presented to the queen-motber,aprincess who took great pleasure in the conversation’ of itkatriousmen, She treated Euler with the



are ov auiEn. wtutost familinity ; but never being able to draw himinto any conversation but that of monoryllables,she‘one day asked him why he did not wish to speak tober! “Madam,” replied Euler, “it is becauseIhave just come from country where every person
‘The memoirs and works with which Eulerenriched‘mathematios and physics aro s0 extremely numerousthatit would oecupymany pages to give even the ~‘briefest sceount of them. In many of his physicalmemoirs, Euler has been justly reproached for having‘pplied the caleulus tothe most unfounded physical

hypotheses, er to metaphysioal principles which had
ot been suficiealy examined; and on this ac-count several of is memoirs have no value whatever,
excoptin 90 far as they exhibit fine specimensofthe resources of analysis. His Dissertations on «
‘Windanilis, on Achromatic Telescopes, on Naval

Architecture, and on Gunnery are among the num-bee of thove which are liable to this criticism,‘When Euler was at Berlin the Princess of AnhaltDesean, the niece of the King of Prussia, was de-‘sousto reoeive from him some instructionin thediferent branches of matural philosophy; and forhee use he drewup: the present work, which wastranslated into most ofthe languages of Europe, andwhich bas always boen much esteemed, particularlyfe the singular perspicuity with which its author hagexplained somé of the most profound truths in phy-sex. ‘Tho King of Prussia often employed Eulerin calealations relative to the mint, and other objectsef finance,—in the conducting of the waters of Sane



30 irkov vem.Souci, and in the examination of canals, and otherpublic works.In 1744, Euler was appointed Director of the
‘MathematicalClase ofthe Academy, and inthe same‘yearhe obtainedthe prize offered by the Academyof Sciences at Paris for the best work on the theoryof magnetism.

About this time Robin’s Treatise on Gunnery had
appearedin England, and though our countrymanhhad treated Euler with great severity, this act of in~justice didnot prevent him from recommendingitto the King of Prussia as the best book on the sub-ject. He even translated it, and in the additions‘whichhe made, he gavea complete theoryof themotionof projectiles. M. Turgot ordered this workto be translated into French, and introduced into.
the schools of artillery ; and about the same timethere appeared a splendid edition of it in England.Tn 1746,he published his new Theoryof Lig‘and Colours; and in 1769, his memoir Sur les effetsdu Roulis et du Tangoge, gained the prize offeredby the French Academy of Sciences.In 1760, Euler went to Frankfort

to receive hismother, who was then a widow, and to conduct hetto Berlin, where she rerosined till the time of herAeath,in 1761; having enjoyed for eleven years the‘assiduous attention of a favourite son, and the highpleasure of secing him universally esteemed and ad-‘When Euler remainedat Berlin, he formed an{intimate acquaintance with M. De Maupertuis, thefeared President of the Prussian Academy of
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Sciences,and be defonded Maupertuis’s celebrated‘and favoarite principle ofthe least action, by resoly-ing, by means of it, some of the most difficult prob-lems in mechanics. In the dispute into which be‘was thut led with Ketnig, who bad attached Mau-pertus in 1761, be lost fo a while his usual serenity,‘and became one of the enemies of that unfortunate
‘Although the nymber of foreign associates in theFrench Acsdemy of Bcisnces was limited to eight,{ot Euler was appointed to the ninth place in 1768,fn the condition that no appointment should takeplace at the frst vacancy.1a the year 1760, the Russian army under Gene-al Tottleben penetrated into the March of Brandenburg, and pillaged a farm which Euler possessed‘ear Charlotieaberg. As soon as the Russiangene-tal was informedof the event, he immediatelyre-aired the Joss by © very large eum; and uponing notice of the circumstanceto the Empress{Bkeabeth, che added to this indemnity a presen offear thousand florins. This act of generosity,nodoubt, bad a powerful effect in attaching Euler to‘the Russian goverment, which, in spite of his ab-‘sence, bad always paid him the pension which it
grantedhim in 1742. Having received an invita-tion from the Empress Catherine, he obtained pertmiagion from the King of Prussia to return to 8t.Petersburg. to spend the remainder of his days ; but

| is eldest son was not allowed to accompany him.‘When Enler was on the ove of his departure, PrinceCeartornicy invited hin in the name of the King of
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‘Poland, to take the road of Warsaw, where, loaded‘with Kindness, he spent ten days with Stanislas,‘who afterward honoured him with hiscorrespondence.Shortly after his arrival in St. Petersburg, on the17th July, 1766, he lost the sight of his other eye,hhaving been for a considerable time obliged to per-
‘with chalk upon a slate. His pupils and his chilren copied his calculations, and wrote all his me-‘moire, while Euler dictated to them. To one of hisservants, who was quite ignorant of mathematical
knowledge,he dictated hia Elementsof Algebra, a‘work of very great merit, which has been translatedinto English and many other languages. Euler nowscquired the rare faculty of Carrying on in his‘ind the most Complicated anelyticaland arithme-tical caloulations ; and M. d'Alembert, when be sawhim at Berlin, was astonished st some examples of‘his

kind which occurred in their conversation.‘With the design of instructing his grandchildren inthe extraction of roots, he formed a table of the sixfirst powers of all numbers, from 1 to 100, and herecollected them with the utmost accuracy. ‘Twoof his popils having computed to the 17th term, acomplicated converging series, their results difered‘one unit in the fiftieth cypher ; and an appeal being.‘made to Euler, he went over the calculation in hissind, and his decision was found correct.His principal amusement,after he lost his sight,‘was to make artificial loadstones, and to give lessons‘on mathematics to one of his grandchildren,who‘seemed to evince a taste for the science,



ure oy EULER. 2In 171, a dreadful fre broke out in St. Peters:arg, and reached the house of Euler. Peter
Grimm, « native of Basle, having learned the dangerin which his lustrious countryman was placed, threwhimself among the flames, and, reaching Euler's‘apartment, brought him off on his shoulders, attherisk

of his life. His library, however, and his furni-‘ture were consumed ; but, by the activity of CountOrloff, hia MSS. were saved.‘Hoaving revised the lunar theory with the aid of his00, and his colleagues Krafft and Lexell be con-structed a set of new lunar tables, which appeared in
1772. These tables were, a the suggestion of Tur-{g0t, rowarded by the Board of Longitude in France ;‘and when the more perfect tables of Mayer obtained‘the great premium of three thousand pounds offeredby the British parliament, the sum of three hundredpounds was given to Euler for baving furnished the‘theorems made use of by Mayer in his theory.In the year 1778, Euler published, at St. Peters.burg, his great work on the construction and man-
‘agementof vessels. A new edition soon afterward‘appeared at Paris, and at the desire of the French‘King it was introduced into the schools of marine,and a reward of 1000 robles transmitted to theauthor, accompanied by a handsome letter from the‘celebrated Turgot. About the same time an Italian,an English, and a Russian translation of it appeared,‘and the Russian government presented Euler witha‘ft of 2000 rubles.
‘Three of Euler’s memoirs on the Inequalities inthe Motions of the Planets, were crowned by the
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oF RULER.French Academy of Sciences ; and he also gainedthe prizes of 1770 and 1773 by hia perfection of thelunar theory.Having lost his fret wifo, by whom be hed thin-teen children, eight of whom died in early life, he
‘was married a second time, in 1776, to MademoiselleGeel, the munt of his fiat wife.‘Euler underwent the operation of couching, which‘was atiended with the happy result of restoring hissight; but whether from the negligence of hie-sur-‘ge0n, o from his being too eager to avail himeelf ofbis new organs, he again loot his sight, and sufferedmuch severe pain from the relapse. "His love for‘science, however, continued unabated, and: in. the‘courve of seven years he transmitted seventy memoirsto the Academy of St. Petersburg. On the 7th ofSeptember, 1783, after baving amused himself with‘calculating upon a alate the laws of the asceneional‘motion of balloons, which ot that time oocupied the‘attention of philosophers,he dined with his relationMz Loxell, and spoke of the planet Herschel, andof the calculations by which its orbit was determined.Ashort tine afterward, he was erusing himself with‘one of his grandchildren,when, on a sudden, his pipefell from his hand, and he expired of an apoplectiestroke, in the 79th year of his age.

Euler let behind him three sons, having lost his‘two daughters in the later years of his lif TWwenty-six out of thirty of his grandchildrenwere alive atee he‘Aftera long life, so succesefillydevoted to the‘einnces, Exler's reputation was very widely em
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| tended: Besides being a foreign member of the| Academy of Sciences at Paris, ho was a Fellow ofthe Royal Society of London, and be had receivedfrom most of the princes of the north, with whom‘be was well acquainted, the most flattering marks oftheir estoom. When the Prince-royalof PrussiavisitedSt. Petersburg, he anticipatedtho visit ofEoler, and pasood several hours at the bedside ofthis great man, holding him all the time by the band,‘and having, at the same time, upon his knee one ofEuler's grandchildren,who had displayed a premature attachmentto geometry. ‘The deathof Euler‘was considered as & public loss even in the countrywhore be lived ; and the Academy of St. Petersbargdecreed to him, at their own expense, a marble bust,‘which was placed in their public hall, In an alle-{gorical picture which the academy had put upduring his life, Geometry was represented as placed‘pon a basement covered with calculations. ‘Thesecalculations were the formulee of Euler's Theory ofthe Lonar Motions,‘Euler's knowledge was not limited to mathematics‘andthe physical sciences. He had carefully studied‘anatomy, chymistry, and botany, and he was alsodeeply versed in ancient literature. He could repeatthe Rancid from the beginsing tothe end, and he‘could even tell the first and last lines in every pageef the edition which he used. In one of his works

thore is a learned memoir on a question in mechanics,| of which, as ho himself informs us, a verse of theBneid gave him the first idea.
ler posted natal «strong eontitons
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or EULER.‘und when wo consider the nature of his studies, andthe assiduity with which he parsued them, we oan-‘not fail to be surprised at the great degree of health
whichhe enjoyed. In all his habits he was sober‘and temperate,—in his manners uneffdcted and
plessing,—andinhis temper lively and cheorful. Inhis moral and religions character there is much to‘admire. The high fame which he acquired, and theinterruptions which he must have experienced, bothat Berlin and St. Petersburg, never’inducedbim 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,and read a chapter of the Bible, which be accompe-ried with an exhortation. ‘Theologywas one of bisfavourite studies, and the doctrines which he heldwore the most rigid doctrines of Calvinism.‘The following is a list of the principal workswhich Euler published in © separate form. His‘papers, which appeared in the Memoirs of the Acad-cemies of Berlin and St. Petersburg,are extremelynumerous; and he left behind him no fewer thanfeo hundred ready for publication,in orderto fulfil1 promise which he had made to Count Orloff, tosupply memoirs forthe ‘Acta Petropolitana for twentyyears after his death.
DissertatioPhysica de Sono. Basle, 1727.Mechanica, sive motus scientia analytice expovite,

Petropoli,1736, 2 vols.Tentamen

nove theoria musica. Petrop. 1739.This work contains many new views; bul, as M.Fass remarks, it had no great success, as it com



ura or xutes. ”
txinedtoo much geometryfor musicians, ad toosuch music forgeometers.
sai propria Lausanne,1744, sto.
1744,2 vole. Sto. This work, which bad becomevery scarce, waa reprinted at Lyons in 1707. Tt‘Tan tranalated into French in 1796, by J. B. Labey,and published at Pars‘Theos mum plantar etcontaran. Bero-fini, 1744.Opwaclavari argument. Beroln,1746,1760,1761,8 vols in Sto. The tables of tho aun andsoon, which aze sometimesto be found separately,form part of the Iat volume of this collection. ABthe three volumes make only 600 pages, they aregenerally found in one. ,‘Scientia navais, eu tractates de eohutruendis ac
degen nonin, Pezpo 1749,2 vatio moheumLamas echibens ones corporemineyuaites com additamento. Beran, 1768, 41.qualiaes

com aditement - Berlin, 1789, to.cam esomine objections Cl. Koenig, contra hotpriacipion fclarem. "Berolni, 1768, 8to.

1766." Another edition ofthis work was publishedin 1797, in 2 vol. dto, and anotherat St Peters| bargin1604, in 2 vols. to.‘Constructo lento objectioaram ea duplici str.
Petrop. 1762.

‘Madiationes de one motes cometoram
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Rostochit,1765, 4to.TnstilutionesCalewki Integrals, Potrop. 1708-1770,8 vols, 4to. Anotheredition, more correct,‘was poblished at St. Petersburg in 1792 and 1794,in 4 vols. Ato: Perop vsDioptrica. 1760, 1771, 3 vols. 4to,‘Nova Tabula ‘Lamaree singulari methodo comstructa Petrop. 1772, Bv0.

Opuscula: Analytica. Petrop. 1783-17885, 2

vols, 4to.Extiren d une Princease @ Allemagne sor quelquesanjets de Physique et de Philosophie, St. Petors-burg, 1768, 1772,3 vols. 8v0. Another edition‘was published at Berne in 1778, in 3 vols. 80,Another edition was published at Paria with notes by
Condo, ad anther in 1819, by J-B. LabayElemens@ Algibre,trod do VAllemand,par J.noull, avec des notes par Lagrange ot Garnier.Paris, 1807, 2 vols. 8ro. ‘Two editionsof this workwate pobaod at Lyon in 1774 ad 1796 and andition appeared in London translatedinto English.+ Theorie complete de la construction ef de la ma-ewore dea vaiseous (lo style retouché par Keralio).
asin1776 Gro, |The oigial edton of thi workat St. Petersburg in 1773.CTae Bale‘appeared at Brienne in 1797, in 18 volumes.‘A more extended list of the writings of this illus{rious mathematicianwill be found in his Eulogé by‘Nicholas Fuse, which was published at St. Potora-burg, in 1783,in 4to,



LETTERS:

'

DIFFERENT SUBJECTS

»

NATURAL PHILOSOPRY.

LETTER 1.

Of Magnitude, or Extension.

"Tax hope of havingthe honour 40 communicateapron’ may fewons iDedoming moreand more distant which {5a veryfernble
rican Yo moy{ eel mye inetd{eisupnly personal traction by writing, far a3

“8 Batytempby antag otoform a uees (orm 2

aca A Magninades producing, asexamples, ihesmallest as well as the greatest extensions of matterSip
dincorenble tin golem of he uaereAnd, first, it isnecessaryto fix on some one deter-inti diasie of mowdere,obvinesto oe oneeeySi of which we have an exact tea thal of 8 fort
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ofa, we have that also of its Aalf, of its guarter,detrei of tga,sel a gemma sa akeresolin enh at oe ama‘marked, that there are animals not of greater exten-
aticerssrc |

‘ever, are composed of members through which the |SuSripl nnce.Seed creme ot ether aohm Se oreenSSsommes,unt mele cm Be‘tion; and that these again are divisible into parts
ereaaspectsmal Tp or cram,‘ight, and, compared to us, ceases to be an object of‘sense, it neve surpassesin magnitude certaincomplete animals, and must to one of those animals,
ae
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Srstiemorateneecae haceSere areas‘of the earth, when we are told that its. ference
fee ae i erentisbutssem0 mle. _Ang Jimlana Ding§Sere ees Fe

Pena tet



(om Exranston. a

{for which reason aloo wo givo it the name of globe—the diameter af this giobe is calculated to be 7004‘miles; and this is the measurementwhich we employfor determiningthe greatest distances discoverable{in the ‘heavens. Of all the heavenly. bodies the| Moon is nearest to us, being distant only about 30
‘lew or 8864000 fet;butte fret computaon‘miles,oF 1,938,400,000 feet; but the first computation(of 30° diametersof the earth is the clearestidea.‘The Sunis about 400 times farther from us than the‘moon, and when we say his distance is 12,000 diame-{ers of the earth, we have a much clearer idea thanif it were expresoed in miles or in feet.‘You know that the earth performs a revolutionond the sun in the space of a_year, but thattheSun romaine fixed. Bonidos tho Ears there are ten‘other similar bodies, named planets,which revolveTound the sun; two of them at smaller distances,‘Mercury and Venus; and eight at greater distances,namely, Mars, Ceres, Pallas, Juno, Vesta, Jupiter,

Saturn, and tho GeorgianSidus. Ail the other starshich wo se, comet excepted, aro called xed;‘their distancefrom us is incomparably greaterfinn tat ofthe wun "Theirtances arone‘very unequal, which is the reason that somethese bodies greater than others. Bat the‘earest of thers,unquestionably, shove8000 times‘more distant than the sun: its distance from us,accordingly, exceeds 45,000,000 of timoe the earth's
diameter that Js, 388/80,000-00 mile; and thismultiplied by 6980, will givetation exprenedin foo Abd this her le is‘he distance only of those fixed stars which are thenearest to ue;—the most remote which we nee arePerhaps a hundred times farther of.* It is probable,the same time that al thewe sare taken Logtharconstituteonly & very small partof the whole uni- .gee athe sont tnt —der,
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verse, relatively to which these prodigious distances
cpt rater hana grin of etd compared otheSE Rear rereSes,stoneroe aeLayla

Yay,

ureasemy at yourhimemay bomia onerabe paigeer ane
wyattcee ween eeot rey rch ec oe oe
firearmSei ree reper at ee‘velocity. Let two persons, the one on horseback,Bh pire eenre aoe ere
immense anescermecarBe ilies es roegiant grea ncnegoce tare See antsSelocity!

‘The road is the same to him who rides andag eaeate oatfe cin oat teetyir de Tonk oerneemfecece,te ren, gt mean heSire Rages Se mere to teatm Bra MaheoatofSeetee hoe eer eneirate semeements at
Eelamcee teie eed Be oar teemployed. A body, therefore, whichin the sameSeoered Atay eh ae ceSmee Spee



or vavocrry, atime it panses through thrice the distance, itis eaid
comprehend, then, the ely of body, whenwe‘of & body, when weSeIiormedof the apace throughwii panesit's certain quantityof time, "In order to know teelociy of sy pact, when I walk to Lyizow, (abut‘league from Bevin), Thave observedthat 1 maka490 stops in & mint; and. one of my stope is equalto two fect and a half" My velocity,thoo, is euch‘as fo carry me 300 fost in a minute, and space 60times greater, of 16,00 fect in an hour. Wore‘therefore, to walk from hence to Magdeburg, it wouldtake exactly94 hours. Thia conveysan accurate‘doa of the velocity with which 1 am able to walk.Now it is casy to comprehend what is mean! by &fFesiororiessalocity For ifcourierwore 1Thence to in 19 hours,his velocityToldbe the double of fue; ihe wea! In sightTours, hia veloety would be triple. We remark a{ry grea diference inthe dograe of velocity.” Tho{ortolee furnishes an example ofa velocity extremelysmall. If she advances only one foot in a minute,fr velocity x 00 tien Ios han nef Tae‘ce3 fot in the smo ime, "We are lowingoquaintedwith velocition much greater. Thatof{he wind. admits of grest variation. A moderatewind goes at the rate of 10°feot in a second, or 600Foot ina minute; its velocity therefore ts the doublo(of mine. A wind that rane 90 feet in @ second, ot1200 in minute,ia rather strong; and a wind whichfics atthe rate of $0 fet inaseconds extremelyViolent, though its velocity is mea greatetThan mine, al would take two Youre and eny-four minutos to blow fom henoe to Magieburg.*"Tho velocity of sound comes next, which moves1143 feet in a tooond, and 68,800 in a minute. Thisvelocity, therefore, is 299 times greater than that of
siya tale esa arin es wel aro



uM OF SOUND, AND Fre YELOCTTY.
my pace; and were a cannon to be fired at Magde-Burgi the report could be heard at Berk word
celegaoementeecntorSots Ceara AesHeer mere, beesHea edrn soe igen oresePaeeiiremennmeeary
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feaan onanyO‘ducesit, as smell is emitted from the flower,by fll-Suton ac ineoeigearacoi ceerly entertained; but it is now demonstrated, thata
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mesh cn ti go fttea Behar in zeetn teSy comet eat "ou pfSra copeft more noes pee ofhearing.
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leehea how ocombie sounds diftren in rexpectStates tdserenash 9 aaRooms arvetle harmony. in het sandsre foer rire ne mune ie tathesharpouie! al ercy ey fhe ston| contains certain and determinate numberof vibra-+
Soe whee comple apc"
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ax bussonance.tons the higher isthe note. ‘The oefino manifl coun my teretore,be comparedtow seriee of dow equidivant from each other,

aoe aene ithe intervals between these dota be. ireater or smaller, the sound produced will te lowereThigher. Ircannot be double, tht the perceptionOf a simple sound is somewhat similar or ana{0 the aight of wuch a serie of dots equidistant fromteach other: we are enabled thos to represent totheye what the ear perceives on hearing sound. If{he distances between the dota ware Bot equal or‘were theee dots seatered sbour confusdly, theySotllie'a reoretenatonof conned nla, i‘Sonsistentwith harmony.” ‘Thisbelngiid dows, let{ts consider what effect wo soands smiled at onceBot prodace near. Fm endent takvosoundsare. equal, or if each performs the sameSentero eosin theamenthe ou wiin the very same manner ao by aote cad in meio thes two notes are tld tobein unison, which ia the simplest eccord: we. meanby the tenn ecco the blending of two or more
epectof low end highreshall porootveistot we shall perceivea mizeSat of wo erie of ares i enh of which ieIntervals are equal am ven batie one an the oe hereir intervalscorrespondingto the lower note, and the smallerfoShe Mgr. Thun misao thn accord of frea : fro seriesOrdots atanged on two lines A Dita6 DTs ee be 7 8 8 10 1

a anes}- iasibGG ib oniand in order to form a jut iden of thee two series,
emt have lnpeepof he order whchSubeietsamong them;\or,in other words of the re-{tion betweea the interes of the one ine sndof the
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Is preciselydouble that of note F. In orderto havethe perception ofthis accord, you have ouly to con-
det the proportion of one to two, which, ai ic

any wrtn th eye bythe reprint ofthe
foe Former empyedafecte he earn «watpact. You orl eoaly eames, te at‘more simple any proportionis or 7tinal! numbers, the more dsundy t present itself
{o the understanding, and conveys to ita. sentiment

‘Of aatinfaction. Architects likewine carefully sttendto ‘this maxim,as they uniformly employ in theirorks
proportions as simple’ an crcumatance per.Sit, “Biey ually mae the eight of door ad‘indo double thbent ancra oeDretad ty eal umber, caine ths in obviousEni gratelulto the understanding. Tho same thing

Hola good in msto: acorty are planing onlfact the md perceives he relation ing
Kronen he sound ad i reaton i 69 mockmore easily perceptitens itis expresod by amimbere. ‘Now, next t0 the relation of equality,
‘hich denotes fwo sounds in unison, the ratio of
Two to one is undocbtedly the most simple, and tin
{his which faraishes the tccord ofan octave: hence

Iinevideng, that this accord possesses many advane
tages above every other consonance.” Having this
‘explained the accord, o interval of two notes. do-
nominated by musicians an octave lots consider

toveral notes, as F, {vx teachof which ivan c=lave
higher than ih one. immediatly, preceding;since thea the interval of F from f, of f fom’ of 7

from of 7 fromf fa an octave, the interval of F1077 wil be a double octave, that of Fto 7 tile
fetave,and that of F to aquadrupe octave, Now,wile note F makes one vibration, note f makes
Tro, note r' makes four, note7 maken eight andsg makes sixteen: Bence we see, the! as an Oc-‘ve comeeponde int rlton of 1022 double

i
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‘octave must be in the ratio of 1 to 4, a triple in that
of 1 to 8, and a quadruple in that of 1 to 16. AndSerie ti not teva tt TBreeMoe as really ste the tye eeHose Stes say percept os ear aegle pe oli rept gnpitbib'outeors. When, terol, Saaga siehord, you have fixed the note F, it is not 80
‘easyto attune the double octave7 as the single f;STZAGIN Qa estanhe ts coloresSodgant wit nghoughoeineteat oven. "Thewe sett te itewie comBeenie i he termcomonnce, td tofWiseisnon tne they mayb ange aacing tothe following gradations=

3 Romario
HERCESSaneme5
Recaumonna vee‘VE Degree, ube quaatuje octave, in that of 1 10 38.

And goon 8 Jong 2 snd a pereptle. Sach

are the accorde denominated cansonances, to the
owiege af guch we hve er tana coneHead ih we"ksow atlg ot oar

arses comp GiaeMies cnaayetingte Bator cee ae

Explanliot oftees] must add one reat rex
SPU ite en ioe tae Poe

. Mittectiontries horoeutorslac fae other You ee the reason ofa

Secsomo he hapchor,heySodl dates lore you sve te ocate 6B

ER GAB cs be “fo giashe sath, reckeShing thee? An advo Sobends ons. certain series of musical Intervals, the ature of
Scala caked a te atoway ate,‘34 May, 1700.
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LETTER VI.] Of other Consonances.

Ir maybe affirmed, that the relations of 1 to 9, of1 to Aol 108,of 110 16, which we have hithertoConsidered, and which contain the progression of
‘octaves, ap all formed by the number9 only; sinceis'9 times9; 8,3 times4; 16,9 times& | Werewe to admit, therefore, the number 2 alone into

| Misi, eau ari atthe Knowledge of oly| the" accords of consonancee, which musicians callthe single, double or triple octave; and aa the num-
ber 307 its teahliation,feminhon ony the tum.tere 8 16, 30 64th, on being aways double theFrcnligallother nmoers would remain ankaown.fow, did an inatrument contain octaves only, as the
notes marked C, c, 2%) and were all others ex-
€luded,iteonld not produce anagreeable misic,onne-fount

of ifs too great simplicity. Let us introduce,then, together with: number the ‘number ke:wwise,andobuerve what necords Or consonances would

Dorthe result. “The ratio of 1 to 3 presents at once
two sounds, the one of which makes3 times morevibrations than the other in the same time.” ‘This

ratio i undoubtedly the most exsly to be compre:

| hended, next to that of 1 to 2; it will, accordingly,
| famish’ very pleasing consonances, bit of a natare

totaly dierent from that of octaves. Let us sup-
Pers thes hat nthe proportion of 1103, number‘corresponds to note €, since note¢ is expressedty number 2, number 3 gives a sound higher than

eatthe same tine ver han oie which ereto number 4. Now,the noteFibthatto which mosichns aft the letter aedthey denominato the intaral fom clo gah bocause in the keys of a harpsichord thatof g is the
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fh fom c, a8 ¢ d fg. If then number1duces the sound ©, amber2 will give ey nuhoerdare frome the oe7 a8 pote eata celts of gr the uber coneopondiog to

Beritmee Ser" Rising sl en Setanes the soundFre conepont toa nner Sic gesier oat a
ori We notes wth which the to naabers 3

‘and 3 furnishus, indicating noteC by 1,therefore,are,Gogeet eo
19 8 8,8, 1, 1.

once ita dear thn the ttioat 1103 expreseon
ant oral compounded oan octave avd any

fa ta tht interalon accountef he simplicity of‘femme which roproset Inara bey maxt tan
ecient. a” Monoeterd cond nkumong econDances to theAth: and the ear catches it 86 easily,That there eno diiculty in tuning ithe “Por as
freonoith our tn in yhelowest’ being g, the second2, the third s, and’ thefourth

33° and évery musician pats them in tune byiberear ‘only. A Hy howeteris not a0 essiy

tund ue tg cts ba he Eve heoryT'1o 8 i» more perceptible thana simple fith, a8from ts vor fometo, wich a preted oythe
proportion of to 8: Sal i's kewise Knowsby ebptionces that faving Sued the note Gis

Chole ator tot te Mgher stg thar 66 ate
fie G.I uny had man the mofo F number 3
Would mark hg ago Tso that

F, 2 12.4 © wouldbe marked by2546.6 13, whore, hom fie © the intervallavahe nthovedone?s ora: kontie homTio ae lo ith, asthe ratio oft 6 and of 81°55, I the same an that ot fo 4. Ror oweBtrings
perform tn he same lime, the one 4 ibntions, the other 6, the former string will meke,in angano mk



er ormm consoraxces. rytimo equal to half the first space of time, two vibra-tions; and the second,in the same time,will makethree:
"Now the sounds emitted from these stringsare the same in both cases; of consequence,the re-Iationof 4 to 6 expresses the same interval ux thatOf 21058, that ina Ah. Hence we have arrivedatthe knowledge of another interval contained in the

ratio of 8 to°4, which ia thatof to"; and conseurnaof0 oF of CfoF. “Moncane clla Jowih; hndbingexpreeed by greater numbersit is not so agrees ty a great il, as the fifth,and sill les 80,=octave. Number 3 having
farnished tus new accords or consonances, namely.
fhe fith and the fourth, before we call inany others,Jet usfake if again threetimes,in order to have thetomber

9, which wil give a higher note than note‘$, or z one octave and one fifth. Now, 7 is the oc-
fave of 7, andy the Ah of 7; number 9 then gives

‘the note 7, #0 that {| %, Zwillbe marked by6,8,0,12; and if these notes be

' taken in the lower octaves, the relations remaining

the same, we shall Have,
GRGe Gg oh BRB
6, 8, 9; 12, 16, 18; 94, 39, 36; 48, 64, 72; 96;which leads us to the knowledge of new intervals.
‘The fret is that of F to G, contained in the ratioof 810.9, which musicians ‘all & second, oF fone,

‘The second is that of G to f, contained in the ratio

of 9 to 16, called a seventh; and which is one second,gas ion en tana oie.” Thee propetons,being already expressedby very great numbers,fot feckoned among the conscnances; and musi
ans call them dissonancesor dacords‘Again, if we take three times the number 9, or
1, it will mark tone higher than ;, and precisely

afitshigherthan g, it willbe accordinglyhe tone2,‘and
its octave 7 will correspond to twice the num-bar 97, or 64, and its double octuve7 to twice the
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number54, of 108.- Lét us representthese tonessome tana ower,the manner lowing: |cG DF Gig & & B; & iS

M4, 27, 32, 96; 48, 5h 6, ‘72; 96, 108, 198,Be 4 h gs

146 193, 216, 256, 2885384,‘Hence we see, that the interval from D to F iscontained inthe ratio 97 to 38, nd that of to dinthe ratio of 39 to 64, the two terms of which arevie by. 2; and then, i place of thin relation,‘we have thitof 161097. "The fist intervalin called1 tree minor, or ltr third, and the other greaterfirth, ‘The nuraber 27 mightbe stil further tulti-Bitty3; Bt onic, tend no 0 fa, and wemit ourselves to number 27, resulting from 3 mule
tipled three timesby itself: other musical tones ati‘wanting are introduged by means of number 6, and
hallbe explained in my next Letter.‘4d May, 1760

LETTER Vi.

Of the Theeoe Tones of the Harpsichord,
‘Tae present subject of my correspondence with

your highness isto dry, thatI begin to apprehend itnaybe growing tiresome. "That 1 may not waste
igomuc inn ad ty revdfom he neey of recurring frequently to atopic 60 uninterest.ing, I send you by this conveyance three Letters atonce. "My jtention in undertaking it was fo render

Tibi the real org of musical ater, wih whichInvsicians themselves. are almost. totally. ‘unac-

eae, in noko eheory they are indeed forkpowlee of al thee sounds but rater thetccret power

of genuine harmony; operating so eftaciounly on their ears that they’ have been con-
~ {

re
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| trained, if1 may be allowedto say it to receive{ones actuallym ose, though they are fot hithertoFefecy agreed respecting thetet determinationpricifesof armory are tlimatelyreductomcmbersas have demooaratedy and thas beaemarked, thatthe pumber 3 furnishes octaves only,
bo that having fixed for example, the note F, we ate
conductedto the noies (.r£7. ‘The number afer-‘ward furnishes C, c,2 =, which differ one fifth fromThe preceding series; andthe repetition ofthis same
number 3 finishes! again the athe of the Sox
namely, Gz 5 7: tnd finaly, the third repetition
of this number8 adds further the notesDy dy ?-| The einciples of tary then, bing tached fotimplleity, seem to forbid our pushing father the
repetition of number 3; hitherto, accordingly, we

{eteony thlowing otto each oct16, 18, ‘94, 97, 39; which omtaial el et fur.‘avery copious music. But let us iatrodueo, inMddition to these, number 5, and observe the tone
‘hich ehall emit ‘ve vibrations wile Fenuits only
dues, Nowf makes two vibrations in the same fie‘Takes fout,andsix. The note in question, then,Inbetween 7 and 2. Its thal which musicians in?

dicateby liters, the accord of which with note Is
Aenmiated a freste rd ands found Yo prodice| a very agreeable concord, being expresed! by the‘ery wimple ratio of 4 to'8.  Parthen, note + with
Tot produces an accord contained inthe ritio of
50.6, whichis almost an agreeable as the former, |
fod whichis deaotninated ser thin, represented
iy the ratio of 97 to 9, and its diference from the

Bate nat percep te ear. Thi same
number 8 bing api to the other notes 6,64tril give us, ih ike manner, their greater third,
{kein the Second octave below, tha is to aay, the

notes « and P, which, being transposed, will give
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{he,fllowingnotes, with ther correponding emRF, G A Boo df188,135, 144, 160, 180, 169, 216, 940, 950,

‘Take away the notes Fs, and you will have the
incipal touches ofthe harpaichord, which, accord

to the ancients, constitute the genus denominatedddstonic, resulting’ from number 2, from number3{thrice repeated, and from number 8. Admitting

Stree varySqrecttewal various,ths benatymies very agreeable and various,of wich founded on thesimplicityalone of the‘Bumbers co notes. upon,+ Sppiyinga second time the number 5, we shall befurnished withthe thirds of the four new tones,A,E, B, Fs, which we have just found, we shall havette notes, Cs, Gs, Ds, and B, oo that now the octavein completed of the 18 tones received in music. Allthese tones derive their origin from the three num-
bers9, 3, and 6, multiplying 2 by itself,as often asthe ociaves require; but we carry the multiplicationof3 only to the third stage, and of 5 to the second.‘All the tones of the frst oclave are contained in the

folowing table, in whichyou wil se how the funda-mental numbers, 2,3, and 8, enter into the componi-

onof those which express the relation ofthese notes,
ut or © [9,2,2,2,9,9,9,8 . . /364]™Armmut # Cs [Zaaa5e.". > [400] 16
re" D [aia.9i9,3)3,32 2 2 cfasa] gere @De [23355 0-2 2 2 [la4so] 12som TE 2292935. |) ‘/4s0] 30

fF |o2290299,3,9 | Joi] 39

fi gh iaasass. | {|540] 98sol" G [23939933 °° {|s76| 36
sol# Gs |3)2)9)3,5,5.'. |! 1/600] 94Ta

“a [aoi9.3)919,3,5 5 2 /o40} 40sib,
Bb 13,3,3,55.".'. 2 2 ‘for! 35sin By [saaaenb 2 SS c/a) aatc” |aga9aa933 - ‘708 48
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While note © makes 384 vibrations,the tone Csgr eat te othe maya aaed bytheir corresponding numbers: note ¢ mill give, then,in the same time, double the number of ‘vibrations
markedby 364, that is 768. "And for the following‘octaves, You have only to muliiply these numbere by
Biby4 orby 8.” Accordingly,note z will ive twice"708, or 1536 vibrations; note'r twice 1886, or 3073

vibrations; and note twice 3072,or 6144 vibrations,In order to comprehend the formation of sounds by

means of these umber 3,3, and 5, it must be re-marked, thatthe points placed between the numbers
in the preceding number signify that they are malti-
plied into each other; thus; taking the tone Fs, for

Example, the expression 225,536, signs 2tultiplied by 9, that product by's, that again by 3,that again by 3, and Wat by 5. Now3 by makethatby 3 make 12, that by 3 make86, that by 3 make108,
ad that by 8 make’640. Hence itis seen thatthe differences between these tones are not equal

‘among themeeives; but that some are greater, and
fibers leas Thin in what rel harmony requires,
‘he inequality however. not being considerate, wecommonly look on all these differences as equal
enominating the interval from one note to another

femilones and thusthe octave is divided Into 19 nemones.” Many modern tusicians make them equal,

{tough his Be contraryto he principe of harmony,because no one Sith oF third is perfectly exact, andthe effect i the same asf these tones were not per-
feetly in tine. ‘They likewise admit, that we rust .

five up exactness ofaccord in order to obtain the
Sivantage of equality of semitones, so that the trans-

position from any one tone whatever to another mayWoo respect injure the melody. "They acknowledge,however,that the same piece played in the tone Gor a hal-tone higher, that is Cs, must considerably
alfect its nature. It is evident, therefore, that in

fell semitones ae not equa, whateverforarou. LI
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aaybe made by moriciaeto renter them sach;Techute true bavZony resist the execution ofadeign contradictory tote nature.” Sch, thea, the

Fenn oftheceleely in a nyEre dered fro the numbers 3,and Were we
Farther to introtuce number 7, hat of the Yones of

‘Scare woul be Jncesd an the art ofmeEarried fot higher degree of perfection. But herefhe mathematician gives wp the mosician to theGivection offs ext.

3a May, 190.

LETTER VIN.

Of the Plearre derived frm fe Musi.
Ir ina question as important curious, whenceiai hata Bopiece of ane exc wseatiment ofPleasure! The leaned dfer on this subject. ‘Some

Brig that is merecapan ta ie leaueProducedby music isnot foonded/on reason, becausehats gree tobe ngingtoaother FarFrom detiing the question, tis renders only more

Complicated. ‘The very point to be determined isflow comes it thatthe same piece of music prodacestftcis vo diferent ince alladnit that nothing
pens without reason” Others maintain tht the
Pisssure dered from fne music consate th the pee

Eepion ofthe order which pervadesit. ‘This opinionappeare at frst night sufficiently well founded, and
tenis a ore afenive.examinalion. Music pre-
tents object of two kinda in which order i esSen-
tia” ‘The one relates to the dierence ofthe sharp
or fat fonesy and you wil recllect, that consits

{enum of aonpero by sch noteEp the came time.” "Thiscaferene, which speres
Lible between the quickness of the vibrations of all
bounds, io what io propery ealled harmony. ‘he
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Senceeny ee encie
Uoceciat eaten Merene
‘rior, namely, tno measure, bywhich wo tien {0
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founded, has certainly the most perfect knowl
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vasionett pred, Por tne Litesspies st pee titet
thatthe pereeption alone of al the propostionsofaPiece of music is inaufficient to produce pleasure,

Reise sabre asFacoe amet eanSaadseeinng

ioe hme coeerent
Geek date aentiee™a yledge that occasions some trouble; which

Seri Grace re caeMit igen yore a
iFSecrest ona oe
Stain microme aemeant fee mer rereBien neat er ne afiaeta aaefares

nn = maarepee peers Vencmomeur ou‘the proportions, the very plan and design which the

Tiutbconsttcesthe peanare procuredby exqunteened ca lett

Tiusicfo an ear accustomed to relish the beautiesigs sie manne ee
Bopioe enn aieee teredfn eriexeon
itete ecageepeicetet eat wi

fa whichyou may coajecture,by tbe gesture andiu Joyceed

ney more pe ree
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ime with another excellent comparison. When

fan guot the sense, and dacover that tin perfolyexpressed in the of the enigms, you felavery sensible pleasure on making the discovery;bu
iasipd and incongruous enigmts produce none,Such are,if | may'be permitted to judge, the trueiples on which decisions respecting the excel-Fence of munca compositions are founded.

‘6th May, 1760.

LETTER IX.

: Compression of the Asr.

‘Tae explanation of sound, which I have had the

hhonour to present to your highness, leads me, for-‘ward to a more particular consideration of air,
‘hich, 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. wil be immediately

‘asked, what is air! Forit does not appearat first‘ight 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

fean walk, and move every limb in it, without expe-iencingthe slightest obstacle. But” you have onlyto move your hand brisklyto be sensible of someesistance,and evento perceivea stream of windited bythat rapid movement, "Now the wind isothingelse but air put in motion; and seeing itiscapable of producing effects s0 surprising, how is itoseible to doubt that air is

a material substance,‘Ind consequentlya body For the terms body and‘matter are synonymous.*

stab tip comaoed wands tom Shr tatooste wsSoseya ies, ae am Bap
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then be nadnp aa wae, which woul be any‘Drove by other experiments. Hence it appearsthat iris & Buid sbetance, cpable of compression,
ori other worn of being eaeed. 4 smalspace; and in this respect it difers entirerater. ‘For let thetabe A'BCDbe filled with thieTie

ig, nd attempt to introduce the pion, youTrl Sind‘it impossible to drive. it forward. Employforce you tay, you will gain nothing ; the{abe will burst aooner tanyou eat reduce theaterto a space scnaibly smallcr, ‘This then ia th ex:
sential diference between air and water: the later

IS'sunceptible of no compression, but air may bo

Compressed to any degree you please. ‘The morethe iris compressed the denser it becomes: thos

Be ar whch decoied & ceran apace, when com.Pressedor reduced to hal that pace,becomestwice{i donao, if reduced to a space10 times smaller, itIsrendored 10 tines more dense; and soon. Ihave

Aiready remarked, that could it be rendered 600

Eneaore denn, woul then bea denae sa rater,‘consequently as heavy; for weight increases ittis same Proportion as dont. "Ga the hearoet
tshatance wilh which we are acoainted in LikesWwe the moat dense.” It is found by experiment to
eto times heavir than. water: 0 that a mass of

sida the orm of web aoe oot would weigh0 times a masa of water of the same dimensions,

Now euch a mass of waver weigha 70 pounds; the
tans of gold therefore would weigh 10 mes 70,
that ia, 1850 pounds. It follows, that were it post
tible £9 compress air till it were reduced toa space
10 times 800, that in 15,900 mes amae, it would

Become an dense and as weighty a9 gold‘Bat itis very far from being pombe to carry the| compressionof airtothat degree, You mayai frat‘without difficulty drive forward the piston, but the

Tratren «et due an heme wrt ne“Toa Sram me
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farther you advance, the resistance becomes moreswerfil; and before you are able to reduce the alr

Joa space 10 times smaller, such a force must beemployed as would burst the tube, Unless it were‘of uncommon strength. And not only would suchforee be necessary f0 drive the pisian further, but

A el fore mond be regi fo keepin thatstate; for on the slightest relaxation of the power,the compressed air would drive i backward. "Themore compressed the airs, the more violent are its

fffors to expand, and to recover its natural stale.
‘Thin nwa wo cal heaping o ticityof thoAir, of which I propose to wreat in my next Letter.

‘auk May, 1760, ¢

:

. LETTER Xx.

Rarefaction and Elasticity of the Air,

nave remarked,that iris a uid sbout800 timesamore’than water; so ntcould wate, with.out
be (0 vapour, ‘over aspace‘somany times reser, and could. {becomeof consequence a0 many times more sultile, it

toni et Similar onaiatence with the ai-wbich‘we breathe, "But air haa 8 property which waterthas not, that of suffering compressioninto a smallerspace, and of being proportionaly condensed, ax Ijemoastrated inthe preceding letter. "And we die-

rer, in aranother propery no lom remarkable:is capable of being expanded overa greater space,and
this rendered sil more subtle. "This opera?tog in Clo the rarefactionof i.ou have onlyto take, as before, a tube ABGPe. 3, at the bottom of 2 >WHicn'A'C let therebea, FETRSLefn introducing the piston yt

as far antoeKRbe air
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‘equally expand through that space, and consequently
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er eeewould you draw back the piston; the water would
eee Sar een ara

SOTSEL had rosa
Si aea chet ed ra

may be, it makesunremitting efforts to ‘extend itselfye ete cae
i eee a Saree
arat Suele

Sal pthc a
‘the density; in other words, the more the air is
Seca t-tests a
those efforts, It will be demanded, perhaps, why the

tir now in my chamber does not make its escape by
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the door, being endowedwith an expensiitycowal ipl to gecorypatra”tnswer irobviois, “Thue woul infalbly: happen,424 not the external air make oqal efor to exfondfelt bat the efltis ofthe sr of the chamber toat and tat of the external air to. press iy

lag ep they bane each ter td omanfate otres.” Plad the external nr accidentally ne-
{eed a poner dre” of fey that re‘stity,t would fn pare force fa way into the

gfmber whee the ai.ung compreiod woudvie acre & of lasicy 1

cent wold secordingly letfl hy eli Offhetnteral became equalfo that ofthe externalar‘And should the ar ofthe chamber sudden becomemore deme, die sly gree tan tat of{Beater woul fre laayo;can iminishing, teas towdima a it Gocame equal tothe ertertd airs thecurrent would then cease, snd the sarin the Ghame
Ser woulbe in equim with the external. Freetr thensie n'a sate of rest only when has the
athe Gegree of eaniity with that which surrounds

Hi'and Ss soon a8 that of the one tract becomestrore or lees latte than the edjining, the equ
rium ean no longer subsist; but te slat) na
treater, the sr will expand tse ‘and slide to
Sires mhere {tis smaller: and from the motion
fhe ar revalls

the winds Hence itcomesto pasethat ley ofthe aiia sometime gredier,sometimes Tes, ia the sme pace: and this vritionie Tnenedy the tera the dene ion ofwhich ments partcuar consideration, T confineInyoelt at preset to tees. qalitee of ai, ie com.
‘Lisetin ahd rorefeton enseatingyou vo reclifin the more condeneed tm, the pester poweroffxpension of elasietyit segues: and “hat, omEe ony there i eed, he mor sieGuulty in diminished.” Experimental philosophers
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have invented one machine for rarefying sir, and
another for condonsing it: the former is called the
‘Sirpuonp, the liter the condenser. "These machines
Serve 10 perform many curious experiments, with
which you are already well acquainted. Ireserve

Yo mysoll, however, the liberty of recapitulating
some of them, becatse they are necessary to luce

it’ ana expla the nat ant properties of ai,‘which, as they powerfully contribute to the pros:
trvation of animals, and the. production of plants,
respon ue he inipartance o forming aut eaof then.

Mth Mey, 1760.

LETTER XI.

Grovity of the Air.

Inave endeavoured to demonstrate that the air

ie ald, endowed with he paicalie propery offuifering comprossion intoa smaller space, and ofSxpanding into 2 greater, when no obstacle inter-

owes, hispropery or,own by the name ofing, oF elasticity fromits Fesemblance toa spring,‘hich it requires an effort to unbend, and which re:
{uments form an s00n

a3 the effort cease, is accom-id by another, im common fo iwi al bodyErecerteamelygrevity or wig in vitos
whlchall bodies tondtowarés the centre ofthe earth,Zaty

whic they ate Under the secon of lingdorms anes pore. Toe eared ere very melvided, and very uncertain, repo end mechanical couse of this power; but ityexst-fnce is indubitable. Daily experience evinces it

We know even the quantity of it and can measare| itexacty. "For the weight of a body is nothing elsebat the omer which constrains it to descends and
as the weight of every body may be exactly meas-
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red, we know perfectlywell the effectof gravity,though the cause or that Invisible power which acts
‘pon all bedi, forcing them to" descent, may beabsolutely unknown ow. follows, thatthe morematter uty body contains, the heavier itis. Gold
End Iead are heavier than wood or feethora, a thoy
Contain more matter inthe same bulk,or nthe sameExtent

"Bot ao ait isa very subtle and thin subStance, adits gravity of consequencevery ie, thieriy usually eecepes our senses. ‘Experiments,Kowere, may be mate crate of proficng alconviction tht itponsoses gravity. You have scenSow tho air ayn rated in vemel or «tobe;snd by means of the sir-pump, this rarefaction maybe
carried far a almoot entirely to exhauat theBis, and to eavethe receiver sembly 8 vactum.You may make a tboABCD, Fig.4, into which Fig. 4.
a——Bo as perfec totouch the

feiokaadie marwera the two surfaces. orm the experi-ment with more advantage, let there be al the bot.
feo of he fe & ie spre hough whichthe ae may cca a fhe piston i posh forwardet aperar ten te cowely stopped, tht ot &Rie o at ay be included tebreen the potEndthe bottom of the tube. Having made this rtFangement, draw back the piston’ and the external
firsnot belng able to foes ts way into te tube,

{here will remain between the botion of the tbeand the piston a perfect vacuum, which may be ine
eaved it pleasre by continaing to druw Gack thePiston, "You may thus exclude t€e ir contained in

fveatel; and such vesot), reduced to' vacuum,
being fred inaccurate seals, wil be fund to weigh

Jess than when filed with air. Hence we dedusethis very important conclosiontat the ait'con
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120 subtile and so rarefied es to be no longer percep-

fible. Were you to descend,on the contrary, into‘avery deep pit, you would find the density of the ait‘continually increasing, from theincreaseof the massof
au prgsing downward yponit17th May, 1700.

LETTER XI.

Of the Atmorphere, and the Barometer.

solmendfray |proceed emi,algravity, remthe arth is surroundedon all sides by this Guid, andthat the space which it fills is called the atmosphere.It would be. absolutely impossible for a perfect

‘Yacuum 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 inceesant
efforts to dilate, would force itself into the empty

space and iit’ The atmosphere, therefore, occujet the whole region which surrounds the earth

{he inferior air is continually” compressed ty thesgh ofthe superior ai an that tat the degreeOf elasticity which results from this compression is
ble to form anequilibriumto the compressing power.‘Then, although this air is compressed only’ in a
downward. direction, it produces, in virtue’ of ita
elasticity, efforts to expand itself, not only down-
‘wards,but sideways also. For this reasan, the ‘airin-a chamber is as much compressed as the external,which appeared a paradox to certain philosophers:

for they reasonedthus: In a chamber, the inferiorair ia compressed only by the small quantity of su-

Tera sricomprosudbythe weight ofthe whatsair i com ‘weight ofthe wEinepery tie high of whch etmmene, "et
. the dificulty is at once removed, by the property
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which air possesses of expanding itself when com-
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ermaehorror of a vacuom which the fluid suspended
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force of the air which supports the weight of thefuid in the tube ; and as this force has a determinate

more than 33 feet in length, water will no longer
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hichit ia reducible into a smaller spaco,we are‘habled to ive an account ofseveral productions of

toth nature and art, shall begin with an explana-tfon of the erg, though I have no doubt but You
fare well acquainted with that instrument. Its con-
‘truction fe similar to that of the common gun but

Instead of powder, we employ condensed aftto daecharge the ballet

"in order to comprehendthe processof this opera:tion,{t must be observed that air can be compresvedonlyby a force proportional 10 the degree of con-densatlon waich you wish to obtain; in this sate ft

seento extend il ad te eforwhichtakentre precisely equal tothe foreo necessary tototheaize which it actaally couples. ‘The more,then, that the air is condensed,the more violent areita effortato dato; andi the ai ia raise to'a denetity twice an great aa when its free, which isthe
ane when we redice i to half the space which it
‘ceupies in its natural state, the foree with which it

fedeavours expand neal to the prewure of &column of water 35 feet high. Figure to yourselt
great cask of thie height filed with water; this
fild will undoubtedly make a stronger presaure on

the bation ofthe etal if you make's hole nit‘eur he bation,the water wl force talut with‘oasierable violence; and on stopping the apertureswith
your nge, you wil be abuany sensible ofthispressureofthe water. ‘The bottomofthe casksustding throoghout x aimilar pressure,” Nowa ves-321 containing aft twice as dense as that of the atmo-{phere most adeno precanyuch a resae; andFit were not auficiently strong to sustain ity wouldburst. ‘The sides, then, of ths vessel must be as

Strong as the bottom of the caak I have mentioned,In the same veesel the air were three times as

dean ax common t,heree withwhichI woud‘upon the sides mist be increased ia 4fon Of one more,and would be the sume whichis
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srastained by the bottom ofa cask full of wateroffeet in ‘You will euly conceive that thisforce must be very great, and that it must go on in-teasingin the same ratio, accordingto the differentAegroes of condensationofthe ai. This being laid‘down, there ia at the bottom of the airgun a cavity‘strongly fortied on all sides, into which the air it
Imopeand more compransed inorder to reduce it‘as high-a degreeof density as the force ensployedforthatparposecan admit. “The air confined in thisgavin

ail hereby neque a prodigiouspower taforce itself out; and if'an aperture 1s made, It willfy of with velocity proportional fo that power.low there is such an aperture, which terminates inthe cavity of the tube into which the ball is pot. TtIn closly stopped; tut when you wih to dibchangsthe piece, you open, for an instant, the valve whic+ hale 1" dnd he ae ranking forth, forcen ot theball with ll the velocity which we remark in shoot.
ing. "Every time you discharge the valve is Kept
open only 4 single moment; a certain quantity of

ah, therefore, and no more, can escape, and enoughstil will remain for several shots, But on dscha{ts density and. corresponding elasticity diminish
and for this reason, the latter discharges are less
forcible than the former, till the foreei at lengthentirely exhmusted. "Were the valveto remain open‘ny considerable time, more tir would make ite

‘scape, which would all go 10 waste for this forcecis upon the ball only while itis i the barrelofie gi ay soon a beh of i censaree for the ait.” Henceit appeare,1‘rere i posnble to cary the condensation of thisfluid a great deal farther,you would produce from‘the wind-gun the same effects as from the gunsand cannons in common use.*

“Alngunearnow comarca eo an wh te oatgel Uiiettnge pterpnon ate menue RatSitges rosea epi ed Uelmaaae o

‘Stover aoa mea an 2 ow
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‘The ait of ely in scoring ondeontg ence privipie._"Cunpowder'sony a vobetziceTired”Nature predator bee tne sae operiong‘hich we employ for compressing the ais ut caHoreca rate de “SiTeeth cenr at spent ia

ue nt sZtaywach inact “Tha tafe oresfre, which bates open thee lite envelopes theertytan nereie lc
See ee ed he meee

witness whee ars eee

Seicleethe wake rei ptingen.
rei a we vey atbcts prodaced from the condensationof a wi‘this single difference, that in the one it is the workeres end ee et thal etre eosMherefore in this, as in every thing else, how inf
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LETTER XIV.

‘The ved by Heat and Cold on allNoparg nie cists hn
aman thepropreleas meno, i hasPerrotta a

‘with at Bodiem not exceptingsuch ax are solid E
pmi oser
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Ecchanimn te pose, from a chnge anon n-Seasimi tercape1 case of the pyrometer, whichI have just men-
considerable space, on the slightest change producedfeist ear

EEEeatinetter

that the bar is becoming fonger ; and an the heat
irene ams atria ata

. eee ee
eee ira estatih, er cremmeeea

hortenttheclock gooe faster. Now itiaremarkd,
meaary doemarcetuat Boop

"ES ers git, Oe
sy difers greatly according to tho nature of the
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tabstance of which they are composed. In fivida,
Seehtaieintakee glane wheBG Pe eefe

tho glial taal Miga te i ant hetfo.
“On heating the ball A, the liquor willtoo. from M towards C; when it becomes ™Si eta Tete it ae cease |‘This

clearly proves hat thesameliquid oc xcipese genre eater sen
smallerwhen coll. I. is likewise clea, thatMaavtratee ooor mentoere aiatn a eopeem aaeree meer eeeos maseratm, gota!ii octane Sat nce
pet rll cosopyintie acs tenant
Preprton ie a" aera intra

ment then is Szceedingly ‘proper to indicate to ushealt See SP PraMent tate 038
Iter me Tas tok tna rake et

ianeaomaga ate‘ment is called the thermometer,* which pointsout
“Steamot msrar
eeeidSERRESerene

atedSeine arate coe Demat eg pa wa tk
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‘he changes thet take place in the temperature of

the air, and ofthe bodies that surroundus. It mustnot be confounded with the Berometer, whose ‘use
Isto indicate the gravityof the air,oF Father thefOorcewithwhich itis compressed. Thiscantion isthemore necessary, that the barometer and thermon-

ler have a cofisiderable resemblance: being bothflac tubes fied with mercury ; but their construc.{ion and the principles on which they are founded
are entirely diferent. ‘This qualityof bodiee, ex-tension by heat and contraction by cold, belongsTikewise in a very superiordegree to air. ‘I‘explain it at greater length in my next Letter.Teh Mey, 1700.

LETTER XV.

Changes produced inthe Atmosphere by Heet and Cold.
- Haar and cold produce the same effect on air as+ oneveryother body. Airis rarefedby heat, andcondensed

by cold. From what I have ‘aid of theslaniity of i, you en pereive That a certain‘quantity
of this’ Buid is not. determined tonly a certain space, anal othr bodies are; but byin tre hanperpetual tendencyto dilate, andscullydoen expand Tel,a long as it meetsno‘This property of air is denominated elasticity.‘When ths huis confined in yee it makes offortsinevery direction to burt it; nd thee effortsHence we come to thin conclusion, tht the elas:

‘icityof iris in exact proportionto its density; »0
dose. aye Rome. The sae commons thersetnee comma sone Unie Bae songs TrStal sonra cnpoye!arpabmepe pene
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that when it densityia double, its elanicity is Uke.‘wine doubled; ad that, in gencral, a certain degreeof
elasticity corresponds to a proportional degreeofdeamty” Xba beemazke However, thaiee place no longer than while the air preserves

thename degree af heat "Whenever iThecomenit acquires greater powerof expansion thanwhat corresponded to its density; and cold producesthe opposite effect, by diminishing its expansive
power. Inorder then to determine the elasticity ofmassof ar, itis not suicient to know ite densityYou must likewise know its degree of heat. Ya‘rder to vot this in a clear light, let us suppose two‘chambers closely shut on all sides, but united by adoor of communication: and that the heat in bothis equal. In order to this the sir in both chambere
must have the same. degree of density. For were

the air more dense, and consequently more elastic, inthe one than in the other, part of it would escapefrom the one, and force its. way into the other, tl

the density in both were the same. But let us sup-pose that one of the chambers has become hotter
{han the ther, th ar thereby acquiring greaterclasticity, would ofcourse force itself into the other,tod
ediethat which i found,hee into a smaleri

‘inboth chambers was broughtothe samedegree:“purge change thereelbe a currentof air through the door, from the cham-ber whichis more into that which is, less heated;sod when the equilibrium is restored, the air willbetore rarefied in the warm apartment, and more

Condensed in the cold; and yet the elasticityof both‘willbe the samo. From this it elealy folows, that
Fro masees of sir of different densities may have
the same elasticity, when the one is hotter than the

Son ittnayhppeo hat ith the oume degreeofon, it ma at with the. samedensity,thoy may be endowed with diferent dogroasof elasticity.
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‘72 CHANGES PRODUCED BY HEAT AND COLD.

fet he ttn eregitcrar sat bearerSrtirncrartearm gat|
Seas

endSAenh cere

Spieraire Seminhavens mabesirarmHie iee yer erat

happen that there were no wind overthe whole sur-
pepe yee

gereameaoe
this never happens, there must of necessity alwaysSes Miho mene aoaPon ans eanwareSe rede enumerateless violent winds are. Winds are hardly pereep-

Fossil to doubt hat conadrale levationssinge. Behrman ieeeprevails all over the earth the same degreeSita Ge ae heroGreif alee errs

SE Rea a oesdanaSpontactlea neeof heat thererust be always thesome: which isaoie a reeeaeee eeeTo of heat and old’ which we fee on tho sur.face of the earth, during the courseof a year, andgygnot one day; without taking into the seeaant thediierenceof climate, that is, the intolerable heats
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felt under the equator, and the dreadful cold whichConstantly prevas towards the poles of the earth
Experience itself, however, confirms the truth of
aE astoniohing fact.” "The snow and ice remain

equally, cunmey aod winter, on the mouatsineofSUiigShand;and are equally unchangeable on theirayanPera Sana edrery equator, and where there reigns,reverea coldexcennve aha ofthe platons, The height of these mountains 43 EngTemes, or 24000 feet, From thie it tay be
with confidence Concluded, that were it possible
Tbr uso ascend to the height of 24000 felt aboveSe cary wesoul aye mest ith eaeof

ca Ziad eacesaively severs:WEshould remark there no sensible diference dar.
ing either summer or wicter unter the equator, oFTer the poles. "At tis height and stil hugher, the
ato of the stmosphere is" univeraly,and at allfeasous, the same’vand the variations of heat and

fold take place near the surface of the earth alone,
{tis only fnthee inferior regions that the eect of

tha rayeof the aun becones perceptible, You have,idoubtedly, some curiosity to know the reason of
this Testa be the subject of the following Letter.Sia May, 170.

‘LETTER XvI.The Cold fit‘ igh Mountainsond at great Deis’Fat om high Mounts7m great Depths’
Ih very: thatwe should feel thesims Bogree of cold’ in af region, after we hare
Hentt certain eight, ay 2,000 fet: conse,esky niyocise bt inthe seeSean erent sols oF te aaa eaevou



“1” COLD FELT ON HIGH MOUNTAINS

.* ‘This variety, which takes place at theSERete acd sine
‘he sun, Tt appears at fist sight, that his iniuenc®Tur be the sume aboveand below, especially when
eethn wet of m0ehwee

Eos eentefye
._comptred tothe distance ofthe wun, which i aba

i nar fey "reretalc which ited

Deales

For ts pune {begin with remaring,Bare ag of ho bint mete heatSy abe eos a un heepage hls Recahhe
a dacor objets aro denominated anor,se ® Se tin Ogeeeye: diamond, wast, eal severe other faa,thoughsome are more or less transparentthanSiete "Sar ot ase ratte fouls Sang
Setittn te Rellchs eek

- Body not transparent,an wood, iron, Bc. Bodiessathotomttihiahsdgore. teatBasely atl ce ohfun, seta on fire opaque bodies, while the gas itselfSETch ai ceed fone

becomes somewhat warm, only because it is not

ape eae aeeeths tid, bing opaque tu iheviedbytea pau cy enepices Sotaody communicates that heat to alladjoiningbodies;the water accordingly derives heat from the bottom.‘Af the water be very deep, so that the rays cannot
spec gcvw eteSS
fe SS reneeoe‘a bieTsSet de cigs ccd8 tetGhenrimare eee



fimtwprep‘ioagh the san bears upon iPe at testty oopIhighor degree than rlase oF water, tfllowa that itules Sreeareseinen agrees

ferris irae Soraraeee A

erlearaca aeie iia as{nits temperate by the rays of the sun: exposed
Teompharesnot pefeciy tacopret Hs oveEe nooatSeer sey smearai vets olyIAS ieeemeeeeeeae of 34,00 foc aod boyoR, the ais 9 a‘ile and #0 pure, that it is ly transparent; andPelee Seymore aEb cosy deenaSerres Seca denneTonlePaci eta crestupon such as are adjacent. Henceyou will easily‘perceive that the rays of the sun cannot produceBratcha's ty tac aHoe sheat iaca aeeaeetShea e

{noch rion athe” as no infra’ there,Sheserncaaeae eetSno ee ee
‘The ity of Quito, in per is almost, under the
mimecores
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sbendanty temperate, and dere very lite fom
that of Paris, "Guito is situated at great height
feeluaeote sar tngFae se ea hate cand for SeveralFoe eetee tana un ection col tsER

or rer penta ugh sna
Droste wl mh hree Caeri iaatnest at alors tea ot

Rear ene rcal ten hor are oeeSeePie rh ait incontgusaronal sidesTope tice of which Ne ape ofthe sue ft‘Treotfectionfe soll and no solutioncan bo givenbut this :—That

the air ofQuito, being very elevated,‘must be much more subtile, and of less gravitythanIrsudfhe bomeneh aye Saneconsiderably lower, incontestably provesTrthtsof est

a Sooner tt, it un cone ls rp ead
heregoth eretndnelnowby exponene sirens macs essed
rmponowy sep o ea” net heFetter Sense Ise surpng
rypps, and lower still, if it were still possibleSee acre ot at eee Sea ae
Tera erin et ney he pas reapon®RYRear han ened seein nguanessee onthe ora ofthe ert end ste now whieh thoy
‘eect st very great depth ipmost tmpercepibe,2thingholdsreepeeting considerableThceamctingtons i

Sa ne180 Teen nett
2 rrr mt rn tg fnfaebronia)
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warren xv,Of Leh ndeSports
lane poke othoyefesn which wofermepar tmme

sin eee E
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ie esa mal

ohave taken lille interestin the solution oft. ‘They.herecrnaa tere eintyendowed with the quality of shining, of giving heatSeren an, vonage reeisteDa hg vorwidefetions, inconeeivably small, of the sun hissell, oFofetyok mec
wieean en Gr aeeeTecsives! though no part of the su of theaoeuedhte reewesoteFolocannta teeter pat)ene a TenaiePeet oped
lobules,which he alls the second elementhe sopPoses that the sum is in a stato of continual agitation,‘which he transmits to these globules, and pretendsSee amass a stie

| famgeerezirnearmor ns ee| Reedericme deet

‘Desceries,which laboured besides under other dilBerarieee

REEcain tn oe‘4
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1 nd maintained thatthe Inminonsraye arealy separatedfom tbe body of the'oun, and theFartlesofght hence enue with tht ticoncety-Bie veloc Sich bring them Sown tus i aboutSait misutge "This opaion, which is that of most

modern philosophers, particularly the English, is

fale een of cha, ginSE aye ecnncle ortho cus and ote tanaoee
biate vaso page om ouireconclableto Feason, "For were the sun emitingSlonnualy,

and inal irectoge, euch foods Offuinous mien witha velocity so prosigioun, he mustclip eis or out nde sronfons her tho tapes ofc any ages presThis, however, iscontradictedby observation. ItCannot be'n mater of dou, that a fountain whichShould emit steamsof water in al directions woudRexhmantol
la proporion tthe velocny of theSpiccion{ ouch ore toe wan ghee rays oxaedShiva veloc oo conceal” Let the periles+

Sich ayy of light ae formed be soppowed

Stem ou plese, nothing wil be

redeWatinned‘hat Tle emanation in potfea 1 all‘Suvisvistle, which proves Incontestay thet’ fdfem eer postohenr eed ovepot which Jou occupy. "Tne casefs very diffrent‘fom that of fount, which should emit tres
ot water in decoy For om Pt in the
fountain could farnish ‘only onestream recteddtoe -Est emit an nine number ditveingtnemeclves
sateetgan Thy crete owe failIncreunce

te expense of lulacus mater, whe‘Se nother feuty, and which inohms meni, nd ich ere ely
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quality, an an everywherefa aye of thes mstty and as everywhere terays ofthe sam mistSercromting the rays ofthe stars, thei collision mustsevilent the ekteme. How mos ha destinhanged by each collision’ ‘This collision. mtake place with respect tal luminous bodies vnatthe semetime. Each,bowever,appear ditinetly,without eufering the lightest dorangemen rom 27Biherscerain proof tht many rye may aan{throughthe same point without disturbing each other,which
seems irreconcilable to the system of emana”tion.
"Let two fountains be seta playing upon eachother and you wil immediatelyperceive the derent stream diaturbed and confounded: it must of

consequence be concluded, that the motion of the

"aye of light i very esenally diferent fom thatOf a Jet deau and in general from ‘all subatances

ont er parent bodies
hich fe rely traamitediaa recon‘supportersof thisaystem are under the necesof atingthat there bodies confain pore, disposed{nstraight lines, which issue from every pointof theforce traced ia al direction 1 bing none“ceivable

how there could be any line through which‘a ray of the sun might be transmitted with such,
Amazing velocity, and even without the. slightest

collision. "Here then are bodies wonderfully porous,‘hich have the appearance nevertheless of being
extremely solid, :

Final in ovder to ojoy. vision, Ui rays must
aquetint the eye anpancho abelaace ihthe same ‘velocity. All these dificullies taken,

together will, I doubt not, sufficiently convince you| that the system of emadation has tn no respecta| foundation in nature: and. you wil certainly be
astonished that it could have been ‘conceived by 20

great aman; and embraced by so many enlightened,‘philosgpbers... Hut it i long aince Cicero remarked
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{ha othngnomadcan be imaginedsf fd nofupporter tmnong philosophers For wy own pars,Pho uleathiosopler to adopt th opinionin"

‘Ith Fune, 1700.

LETTER Xxvun.

Diffelies tending th System of Emancivon.
Howsvm strange the doctrine of the celebraied

: [Neston may appear, thet Taye proceed from the ran
iy's continual emanation, ha, however, been v0
{eneraly received that it requires an effort of coa-

[Spe oa in Guan, "What honey Con,‘tributed to this is, no.doubt, the high reputation of. the great English philosopher, who iat discovered
: {he Suc lant the motion ofthe heavenly bodies;

fit wag this very diecovery which led hin 0 thersern of omnes
erat in ore 10, ago his hecry, was

ser he nbanly fing whole tact oeHeavens with a sulle mater, rough wich all theCelestial bodies move at periect liberty. But itis

ral Known, tha Sody moves a ir must meetWith a certain degree of resistance; fom which
Nacton conclodeds that However subtle the matter

Cf the beavens may be supposed the plane mst
counter some refstance't their mouooe., Bu,
said he, this motion is not subject to any resistance?{he imévenee space of the heevens, tertore, con:
fainano matter A perfectvacuumthen universallyalls. ‘This sone of the loading doctrinesoftheRlewtanian philosophy, that the immensity of the

pledbybe heavenly dies. ‘This beingad down,ren bodies This benTre fo beween ths wun and uy or at lat fom thesun down to the atmosphere of the earth, an abso.

\



sure oF NATION. aJute vacuum. In truth the artherwe ascend, thetoore subilewo find the ais tobe; from whence‘would apparently follow that at leagth the air wouldbe entirely lost. If the’space between the wun andthe
earth be an absolute vacuum, it is inopossitlethat ‘the rays should reach us in the way Of com.runication ae the sound of a bell is tranwoitted tyimeane of the air. “For ifthe air intervenig be.

ffreen the bell and our ear were to be annihilated,‘we should absolutely hear nothing, let the bell be
"Hiving ptblahedihen, a perfect beaving perfect vacuum be,

seanhe fevey tie teecemane 0 oteinion to te adopted but that of emanation; whicSi umingun bolic emitfaye whichare aeageBet ie emit rays which are afastenelyaaoft tana dated omri gered fore. mua be such ogve ib order t0 impress oa rays oHeit ‘that inconceivable velocity with which theyfan rom te sunt ws inthe pace o ight maeSie Dtlt un noe wheterthe tno be caEstat wth New lending doctrine wian absolute vacuum inthe heavens, ihat the planets
‘ay encounterno manner of resistance to their m0Hons "Youu conlaeon a moments eacuon,pace in which th heavenly bodies reyave,Instead oF emaiag 4 racist beiowiththe rays, not only ofthe sun, bat Likewise ofall ty
otherstars which are continaly passing through itfrom every quarter, and in all rections, within-crediie rapidity. ‘The heavenly bodies which trav-
‘ive these spaces, inntead of encountering a vacuum,‘oil meet with fie mattor of luminous rays in'&
Tersbip agitation, which must disturb these bodies

inde tons fash moe tani wore nae| eee anThus Newton,apprehensive lest a subtile matter,such as Descorigs'hnagined, should disturb the mo:



C) surrex oF muxaiox.
tions ofthe planets,nd recourse tos very strangetpoticatabd quite contradictory to his Own ines‘Som, a, on his hypothesis the planets must be ex-

Pa erateely orecoerave ready submitted to yow sever! ether iam
erable objectionsto the system of emanation; andharemsn ht i rind ined thetly remon which coud inluce Neto to adopt i,fifo

selfcontradictory ax wholly to" overturn i‘Au these considerations United, aveus no roomAo
bentate about the rejection ofthis wrange systemof the emanation of light, however respectable the

. Stthorty ofthe pilosgper who invented te
‘Newton was without doubt one ofthe greatest

uses that ever existed. His profound
know-Frage, and his acute penetration into the moet fid-dou rhyeterie of uature wil be a just object of

. Stnaration to the present tnd to every futvo tge

. But the errors of this great man should serve, toStanding? which, sterhaving waretothe gresswhi ing et

Foriegnanger ofngoginfo maacontradetion.
ieeenh woatneonandineesintenciaso hamiiating, nour researches nf the phenomenaof this visible world, which lies

open.tothe examina-fal Go! Tet utourselves with renpeetto tha,ef un fo ourscive wi thInvisible and which concern our eternal ealvatog?

On this important arcle a revelationwes absolutelycanny foun; ain we ooh forall orevOi ei th it proto veneration. WhenPresents0 ue thingy which ay appear inconcetrSieiseve bateel ie taperecton ofaman understanding, which ie a0apt tobe misled,tren no enue ject," Whenever heart. Drotended freethinkerinveighingagainst the truthErrelgion, and even ancering at if with the most
eaulicieney,Ley tomyeel,Poor Weak
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‘mortal, how inexpressibly more noble and sublime
Be the subjects which You treat so lightly. than
those respecting which the great Newton was 80

yma colt wh your highness fofecopia efecto ven emembtanee}‘ccsions00h Fane, 1760. eanently

LETTER XIX.

A diferent System reppctng the Nature of Rays andof Light, propre.

«cau Bare toon a th yam fe emanation0 Taye of ry under insuperable

gute2 fate ecko avacuaforthe. ce ins equally untenable ax| Het oP igi would comply aii two
Rage tty, ust be. adit fry th, oncethrough ‘which the heavenly bodies move is Aled
wrth a sbtile matter; secondly, rays are not an
Zeta emanation fromthe sun Sod other luminous

otis, in virtue of which part oftheir eubatance ie

olay emied fom them, scoring tthe oeTine of Newton"That eubile matter which fils the whole space inwhich the heavenly Uodies revolve is called ether.DOrits extreme subtlyno doubt can be entertained.I order to form an idea of i, we have only 10

attend to the nature of air, which, though extremelysabie, even on the surface of the earth, becomes

tuore end more o a8 we ascend; and entirely Cees,iTTimayuse the expression, when comesfo be lat|, tn'the tuber. ‘The ether then, is Lcewise aid ax
the air is, but incomparably finer and more subtile,swe are anurod thatthe heavenly bodios revolvefreely through it, without meeting any perceptible
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resistance, It is also, without doubt, possessed of
Eestiby meas of which haw tendency foxpd

Tel a aections, and fo penetrate latoStee where there wold oherwite Fes acai:

tat iby some accident the ether were forced
fut of any space. the surrounding fll would n-
stanly ruth fn and flit again.

Te vieofl elacly he ether ito be foundaot onlyithe reine whesve one stncre but it penetrates the almosphere universally,Baines tetbythepore of albodesand pases_ lien aly apore llodis ad pees
ofthe spam fo exhat the a Hom teclenou mustnot imagine that you have producedaiiRbsolute acum; forthe ether forcing el through, ihe pores of the teceiver, completly fils it in an
instant Having ‘filed’ glase tube’ of the: proper

engwith mercy, nd mmeraed 1 when foTight be sopposl tetthe part of the fae welKemi at the par of whiis higher ‘thanthe mercury isa vacuum, because theAit
completly exci a cannot penetrate{he
pores of glass, but this vacuum, whichis appe-ren only, in undoubtedly supplied by the ther, in-‘nating self without the smallest Aieulty-

Tein by this sobtity and clastiity of ether thatIshall by-and-by explain to you the femarkable phe-
fomenaof lactic.” It ts even highly probablethat ether bas an elatiity much superior to that ofa

and hat may ofth phenome of naire reproduced by meansof i For my own part,1 haveBo doubt that the compressionof the air inpowder is the effect of the elastic power of ether.Kat as we know by experiment tht the atin itis
bndensed almost 1000 times more than common

aat th teeclnty ewan:1s grater, the elasticty of the.ER eS Fis oc ant conadoehly000 eaal*



areas oF tao.tor tan tha of commonat*_Wo sal henFive a ust ide of ther, in considering itan a fuldiRman rene sir ai itn,Sather h ncompartymore stl, and Bows
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fsainno acerte, But itn tobe.Ghd Meee hen bondesterlghistirow outenake,
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LETTER XX.

OF the Propagation of Light.Te ion of light in the ether ising mane Sil to tlt of sound inthe irJust an tho vibrations occasioned in the particlesofair constitute sound, in like manner the vibration

OF tho particles of sther. consisght or humome rapes 0 in Ag engoe Sto ai‘on or concusrion of les of ether, which isseeti agee get
‘btdty, in virte of which it penetratesll bodiesTucks

fete, however,city the ray of ligtinmany different transmitting or

tbe propagation of the concussions, O¢ thieahafret af ge ta he von 1 confine yaa atPresent to the propagationof rays inthe ether itself,‘wich fll the mmesse space inwhichthe heavenlyTodiee revolve, ‘There the propagation takes place
Saporfect erty. ‘The frst ting which here pre-senta itself to the mind is the prodigious velocity
the rays of light, which i about 800000 tines‘more. rapid ‘of sound, though this
‘travelsno less than 1100 feet in & second.“This

amazing velocity would be suicient of itselfto overturn the system of emanation; but in that
which Ham stompingto estaba i iy naturalconsequence, from the principles laid down,a8Hope to demonstrate. ‘They ar the sume with ose‘onwhich is founded the propagation of sound in the‘ir; and this depends at once on its densityand elas-ticity. It is evident, that if the density of air were

| dlmthisnd, sound would be acclrated and ifthelawof the at wee increaodthe same thing‘would happen. If the densityof the air diminished,‘ind ita elasticity increased at once, we sbould have



ry RorsoaTionoF Liou,‘8 twofold reason for the increase of the velocityof
sound. Let us conceive, then, the density of thetir diminished,and its elasticity increased, tll itesony tdeltiity Docume egal io thowe of ether,‘and we should then no longer be surprisedthat the|

velocity of sound had become many thousands oftimes ‘than it actuallyis. For you willbeto remember, that according 10 the first‘wo formedof ether, this uid must be incon-cceivably rarer and more elastic than air. Now bothof
these qualities equally contribate to accelerate{he velocity of vibrations. From this explanation,ihe Jets recy of gh worn pe‘any thing irreconcilable to reason,that. itFetherperectlyHarmoninnwiththe pracpen inGown; ‘and the parallel between light and eound isfn this respect so firmly established,that we mayconfident osintainy that if air should become at‘ubtile and as elastic as ether, the velocity of sound‘woald become a rapid us thal of light"Thesubuiltyof ether, then, and ite grost elas-ky, ae thelreton which we amg for th pro.Agius velocity of the motion of light; and wo long‘a8 the ether preserves this same degree of subtiltyfad elasticity, this velocity must continue the same.‘Now it cannot be doubted thatthe ether has, throughthe whole universe, the same subtilty and the sameclasticty. "For were the ether lees elastic in onelace than in another, it would force itself into. it‘Ell the equilibrium was perfectly restored. ‘The

light of the stars, therefore, moves with as grestvelocity as that of the oun; and as the stare are at‘Amuoh greater distance from us than the sun, a much
greater quantityof time is requisite fo tranamat theirTays tous. However great the distanceof the un‘ay Appear, whose rays, nevertheless, reach the

Surface of our globe in eight minute, she xed starnearest

to us is atleast 400,000 times more distant‘han the oun; « ray of light issuing from that star



raorseanon oF 10H. wwill employ then 400,000 times eight mutesinTove© uth 8 hou or 2305 Saye,crac yearenetny.

lethenupraie of sx yar snche aye oflight ieouod fom that xed star, the Teast rota,

28bay te moat rani ner oven
Tetonsierabe toy troup thesecedeBe to Ay through the apace whic epeeFates uo from that star. Were God just now to‘rete enow huedetresame datas, couldSetbesnne ible ow llmorehan persadSpeeds oi rays Fegure timetofatethis dstance, Had one been Sreaind at theSoptaningof the word‘ thousand times more die:‘tant than that which I have mentioned, it could not
yetbe visible to us, however brilliant, as 6000 yearsEi mot yet lapaed since the creation, The etasher ofthe court of Brunswick,Mr. Jerusalem,Eoshapply introduced this thought in one of hissermons, Tho passage rans ios —CE a sth which you‘inhabit, to all the bodies of the vast universe, which
Soo far above you; iam into the immensity of

Sacg whieh lerases peovony the tows ratcteBich "your eyeo are able to discover,and thee‘Shove ight, om the moment of creation till now,

Teennty oflingo of Gos Joti this repre:rmenaty 0 ea ot God juts this repre:sentation.” (Sermon on the Heavens, and Eternal
Beatitude.)

ST fattgomyselt that thee reflectionswil exciteadetiro
of artner ivtrution respecting the #ystem,of igh rom which derived the they of colourmat tisoa,

Tih Janey 1700. ae
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LETTER XXII.

Biucidatons om the Nature of Iaaminows Bodies, and‘their Difference from Oper Bodies Whamined.
‘Tax sun being a luminous body, whose rays are‘universally diffused in all directions, you can nolonger be at « lose to account for this wonderful phe-nomenon, Which consists in the shaking or vibrationwith which all the particles of the sun are agitated.‘The parallelof a bel lends considerable assistancetowards the explanationof this fact. But it is ob-vious that the vibrations produced by light must be‘much more vehementand rapid than thove producedby sound, ether being. incomparably more subtle

‘han air.’ A feeble agitation not being capable of

‘taking the air 80 as to produce sound in it, that of‘bell, and that of all other sonorous bodies, are too{ecble relatively to ether to produce ia it the vibra-‘tion which constitutes light.

"You will recollect, that in order to excitea per-ceptible’ sound, more than 30, and lees than 7552

‘ibrations must be produced in

a second; the airBlog oo subtle to admit ofa sensible eect from aconsisting of less than 30 vibrations in a 200-‘ond, but not suficientlyso to receive one of morethan 7559 vibrationsin the second. A note higher‘than this coold not be at all heard. It is the sameithexpectto ther: 7562 vibrations producedinsecond could not possiblyact upon ity becauseofits greater subtilty. It requires vibrations much

‘more. frequent. Aa agitation so rapid-oouldnot| $288 place butin the minutest particles of bodioa‘whictlelode ourseaves. ‘The light ofthe sun, thea,in produced by avery violent agitation, which affects



“ ox ran warnsoF{bis infitely minste particle, each of which mutSEabs iunytensestne eyory sconeit isa silar agitation which Titewise producestho ight of the aed stare, and of ll fren suchCandle, tapers, torches, de, which give tigSod supply the'place of the fon. Guning the nightOn attentively Sberving the Same of & waxcight,you wil exaly perceives that inthe tent partEis Thee i contac ad ering tion;‘snd do nt apprehend that my syeem ia fable onis lef any conraioon,wi hat of NewtonTiiching” the minutes particee wit the velocityetn
then'is theexpansionof the naar ofis then, is thee ‘he naturebolle lominbur of thenaelves:forthere are Tamove boos which ae not eo immediately muchws{omovn aot the plmets which ar snr to out{dobe, "We see the moon only when and in so farshe in iluminated by the tan; and this i, the* Gave ofall erventil bade, fres excepted, whichEire aightof tet own. But other die, whichre denominated opaque, become vine to ur only‘when they are iluminatd by some hominous body.ina very dark night orin tn apartment vo costlyshut on every sdefint no ight can ind sdtainaie,13 prgoct wl You tr your eyes towards ttchjectswhich surround’you tm the ark you per-etre nothing. "But the foment a taper te ihre:‘iced, you immediately ace, not the taper only, bakfhe other bodies whet” were before invabe,”"Wehave here, then a very crecnaldiferencebetwoeslay‘and opaque tea. 1 hve alyaePloyedthe tm opue to Senate bodies which reor tranoparent; but it comes to thnost the ame{Sag il ye tutaccomodaterare to tecombon modes ‘though they are Dotferfecly accurate. ‘Luminousbodisa ar Yiable byBicirown ight and never sect our orgens of eight



towmove soores, 95more than when the darkness i otherwise moat pro-Found. Those which{here denominateopaque arerendered visible too only by means of ight that
Is foreign to them. "Wer perceive them not wile

therein a danefu aon they aetapped fos luminous boiy, whose rays strike upon{htm they Become vale, and they deapeat tetmomeat Sat foreign lightis withdrawn, Weis notven ancenary hn the ray of amino blyShoal fa apt ihem nimediely® aooteropqueody, when well laminated, produces nearly the
Sn’ efee, but ins feeler manner,

‘The moon is an excelent instance. We know

thatthe moon isan opaque body; but whensho iiit th mand we oe her drig hebight,
she : cree al faeFela, ntreoderyvioto us oes which weetset havapeeredtowfe aman.” PedPy ein an apartinent whowe aspect is

{owas thenorth, and to whiey of courte th
fayeof the sn cannot enter, it im howeven, pe.

fed clear, and Tam able fo dstinguish every ob.‘ect’ ‘What ean be the enoao of this cleamee, futat the whole heaven ig Muminated by the Sunt
ypto ny Spartina ad theater surroundLe ‘arte ‘ther surround.

SP ahecte, are Iewise. mingled, ether mme-
ditielyby the sun, or mediately by otherbodies, tothe action of that focus oflight;Soiaged tecinof thal cu ofLahBorisa far as chanatmastonnto my spartnen,Tenor lamintd int opr wt‘indownae high, wide, and well aced. ‘Tho laneBitte or no interruptionbeing’ an have alreadyFemerkod, 1 tranperant body, hich esly tank:ite the Tay of ght

en I comply exe th ight fom theapartment by ‘rindow-ahuters, nm e-Skool toa ote ofdarkness, and doce bo objoce
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‘of the Reflectionof Raye proposed.
dees pine

on of opaue totes sosoming vnble wentheyae illummated, it must be in general,thatSee
Sere erin wherBeart eres maceDanes foceiee itesBS seetietnie eutetet netSameereancrow2raf any enna reontykiled)an, thor havingscan eta Sat SeatedSree eer
Santee tent
SaiseeWhich proceed from the object to us. I shall after-Secrets,i‘on the subject of vision, and explain inwhat mannerShaeeNMaesfevaas Shs



‘REFLECTION OF RAYS. 7sa we soos ties oiy ea hy a
* ae

ho ae acd ie ar hee re
Soeare moet wiacte eles
tor be opaque bode, or of pultog them measly
the same state as luminous bodies are, which,

by anLlaiapaai rat sen nt eer gulpa

have examined the subject, assign reflection ax thecause of this phenomenon: it is therefore of the

Specietein araFRtanioe nywat re Eten am pin xe hya ene need eee

sxhoneleaeft br le reiinthereren ed ea

twocases. Let us supposeAB, Fig. 7.Fig.7 tobe the ledge! fabilliard~ aaBenner

Er'the direction of Dic, peraes

Be adicent ‘angles ACD= :Bon esjen ie

szedocedithe came lan DC, ‘he othecon by‘a the ite, forningwit AB an sealemde A.C E, this ie called th angie of incidence.
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98 REFLECTIONoF xavs.in the direction of the line C F, 90 that thie line
ne B GF arecty equalste angleof neeenceleB CF,exacily ‘angl lenceBee

“This tage BGT, formed by the Unenalek the tl reco,is called the angleof reeton. "And this law always takes place when ain motion meets with an obstacle. 7

‘A cannon-bal” shot aguist wall guffcionlystrongto resist it is reflected conformably to. thislnw. “it extends, in like manner,

to sounde whichBr fequenly rected rom certain bode; and youknow that thle reflectionof sound is called echo. Itcannot
be doubted, that the same thing frequentlytakes place with respect to the rays of light. The‘objects which we seein mirrors are represented to

tushy the reflection of rays, and every well polishedface reflects the rays of light which fall upon itIts undoubtedly certain, therefore, that there. are

casee without number in which the rays that fall on‘certain bodies are reflected; and philosophers have‘thence taken occasion to maintain, that opaque bodies‘re rendered visible by means of reflected rays.1 see just now houses opposite to my windows

"ke option af thoesplowoper ierays of aeto the opinionof those a, the raysofgin fll te utc of hoe house ar reted from them

; they enfer inte my apartment,and renter these houses vale to me” Inthe samemanner, if we believe those ers,the moonind the planet becornevaleand those are anacetonably
opaque bodies." ‘The rays of the sun whichfall on these: bodies,and illumigatethe parta whichare exposed to thei, are reflected,and are thenceteamed tos, jut af the bode were luminousof

themselves, According to this opinion, we see‘the moon and the planets only by the rays of the ouneh theyreich and you mua Gequently haveheard it that the light of the moon is a re-flectionofthe light of the sun In the samemanner
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‘but, as I have already said, these reflected rays never
Roomy
sade rekrens BraetSSrias wtseawte Seat oeSpearnaeeeas wesiesior aaa Sage antsep

Sealersre coosbodies by means of the rays reflected from their
An objection will perhaps be started, drawn from
setae owen capise aces eset caeew change. But this in no respect weaona mySect ged o ect nce atSereenaetcoin “ReesShly provesthat then guar ejecta ae etiowed2haseitace a acces
Seng maaraTete taken face, beer tho wma ad ordinaryScarceiow, it is ‘comprehend, that, nc
uate glean dtnguahed om the mannerieSa? eens ateeechenchara aesSeve

sea erases‘wile etecte kena chao nthreapes Ooopoo
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Sacral Sinan eragesereserenepit phen ro aes sie‘sublime to be rendered intelligible. I hope I shall‘be able to explain the phenomenon in question, inBel esl Oe phonepts

ensafem eM bekh Ope‘fodleniemisaed

become taleAut tie phenomenaof age Sdin which 1Ait enanens of orn Dodi hich 1
Seisesiverat ooeuer eyinated, it is not by rays reflected from its surfacesae eae reece bem fm ersfet bee cab bbe ae
feccis atin tehte aterick of mire,Soeie Geo,Ferenc, ta he aioe a omg ee iselraes for anopaatue body, however much iilumiseluminous bodies do. 7
ir bent atta at, reas tin memes batst deste hay wear teeSteed saat mse fa iefect of eer ouihe eg cnet yon ten operSshjn eet Taman by‘Uluminated, the minuter particles of its surface are

‘in.a state of agitation proper to produce in the ether
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sesionstrin ohyrpriest ee tePeeCsel‘effect, reys inust be diffused from every point of thesurface,in all directions—as experience evidently
Sie Hinata acer
wthich i flow that every point emits raya in all
Sacocoeeesetath ate ctbintineargrgeearesSeehe firiclaa testee CaS ia

Soe seeYt must be amited, then, that when an opaquea
rananeminrs oeRina ae es ea

the cave wit bois Iino Bf tema,
ie ight of te ifumisatng ny ore teasFelt oe iginlet ony:y daylight,‘ inthe hghtsime by‘apersorbyhe moda the at casea iagePeaddemicney anePesetaates
hoe archaea

Peeteee eer| SERRE Sho retsameclose room, or into the dark,nothingis then to beies nein tienespeter tart teetSn tr cmt mnoe
' Goce ight. But these same particles are s0-die-
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104 oPAque nopmes LOMINATED.

tion, or motion of vibration, proper to produce rays;fin'the more latense the lightfo which laminates‘hese
bodies, the more violent also is this agitation.‘As long as an page body minted, it in the‘same state an luminous bodies; its particles. are
tatedin the same manner,and are capable of ex-‘hing, of themselves,raya in the ether; with thisdiferenc, thatthe agitation kept up in. Tamineusbodies by'an intrinsic force subsists alwaysof itselt;Tiomentaryand hodaced by te notion ofthe ightmomentary, ince ‘motionwhich unite Semnomenon aad labours usder sone of the dticliosThich deermined us to abandon the other, namely,that founded on reflection. Whoever will take

tepube candidly Yoweigh all theve reasons must‘Admit their force. “But a very great dificulty
femaine be sored:Now coma that ninfate tn aged expat of prodecingwer eekthat this agitation should always continue nearly the
same, whatever diferene thre may be in he Aue

Tacknowledge, that were it impossible to answer
‘this question, it would be a great defect in ray the-ory, Though it would not smaunt tow completerehitation: for it containg nothing contradictory.
Sopposing’ I were ignorant how ifumination
dinces an agitationin the particlesof opaque bodies,this would only prove that the theory is incompletegaa tilt is démntrated to be absolutely imponslumination should produce this effect,

cumsube ut sal aferou p-a the mula pried of boden‘beh July, 1760.

|.
i
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Continuation of the same Subject,
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‘chord iv agitatedby the sound only of another chordSoetoroofartfrom thefiat, Bat ‘it must be cpmutyed tatite fo ba taTere amon oa rt
eryity rio re ome ttfirmation. In truth, the phenomenon obeorved by
ferte,ktan le penn eredieee
ee reauaaseePRFe feet totendieother willbegin of. itself to tremble,and will emitghrp o ul epian nieee,

ie een lcet‘motion of vibration similar to its own, the air, agi-

Senpeneaoe
Sutermsta ribaietherat Horeeinensmal men, htfn eem oe hn rerIeeret ne epen

by its tension accordwith those of the air. If the
izleac renohe I oehare ens ceEel eae tim mato ciety



‘OPAQUE BooiEs Livuwate, «10.

very vibration, as in the preceding case, but, onlAt the second, or the tid, or the fourth, which wlContinue to increase its tremulous motion, but less
‘than in the first case.

‘But ifthe vibrationsof the air have not any simplerelation
with that which corresponds to tho 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 ofthe Aid,
the following impulsions of the air destroy for the
Imost patt the effect which the frst might have pro-
duced and this is completely confirmed by expe-
Fience. “Thus, when a chord is shaken by a sound,
‘hat sound raust, in orderto its being perceptible,beprecisely the same with that of tho chord. Other
sounds which have a consonance with that of the

chord will produce, itis true, a similarbut less sen-‘ible effect,and diasonances will produce none at all,This phenomenon takes place sot only in musical
strings, but in all sonorous bodies whatever. One

bell will resound by the noise only of axother bellwhich io unison with ior at the distance of an
etave, a fith, ora third.
‘The instance of a person who could break glasses

be voice further confirms what Ihave aanced,
4 glass was presented to his) by striking ithe found ‘out the sane he thn Sega fo aqua inunion, andthe glans immediately caught the vibeton; proceedingto give to his voice all the force he‘war able always proserring he unison, the vibration‘ofthe glans became at lengths0 violent that it broke.itis cGnrmed then, by experienc hat chord andeveryother sonorous bodyis put into vibrationits Kindred sound. ‘The same phenomenon must

take place with regard to opaque bodies, of which| entnuier parea may be put into tao ofa{ation by illumination only—-which is the question{to solve. ‘The following Letter will con
'2 more ample discussion of it Pe

‘84h July, 1780. -
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LETTER XVI.

Conclusion: Clearness and Colour of Opaque Bodies‘msc

Arma what hasbeen Jotbite0 your comsideration,you wil go inger bo surreal asSpeenody uate of Scere. thanefoualone an agiton in its particles similarto thatOf
parce of laminouy Dotien, and whic veeShem vay ofproducingrae that render tneinibe, Whosthe greatobjectionto my explanation2 ity of epaq odin ihapply removed:‘hile the other theory, foundedon the TeGectionofTaye, has to encounter diffentieswhich grow i pro-Forlonan you attempt to make amore direct spBeatinof them fo kaown enomennTe in then an eetablohed ruth, that the particlesof the urfacesofall bodies which we see ‘undergoBiagiston sma wo that of «chord tx vibration,

"iraion are much more rapid, whether{bo that this wglation fs the effectof an lotrinaleforce, en in bodes luminous of themecives, or whe:ther ibe procethe ree of ihe we a‘pon the bodies,tdis to sny, by iiumination,ashe cae in onse vodies. Ttfae, then, tttoon, being an opaque body, reects tbe vethe wun, and tit by mechs ofl elected ghtshe{stendered visible foun, as commonly andefetood,Bur the rays ofthe wun, flingon the surfaceof hesoon
exenit pares acoaamion rm whichFeral eee a moon and then cuoringats= ‘ia image there; It's the same’ wit,

Bees, whl opie odin.” Taing the iuminetson wach Ge oease of; an



(OPAQUE BODIES ILLUMINATED. 109asso ssn eprse ty creo mieEeewastesae tas un gion eet
ree eetetnformor tt eeae

tay cdere nehwtLee ree Bh eee

Se oe eeneh, MoraServe their light’ for some time, though conveyedSere Hey i otei ene reedasa tinorem
gceesSieee
phgh ysSree crated Be aeoesmate Sbcmeareceie ieIt is undoubtedly certain, that we an infinite

alec eas are
ecording to the variety of the bodies themselves.ieee ahaaati riaecece soe,ster ien ode ema Te

ssreatirecrersecuee
FEeuee

natessteepSreecatsea eyie aly tngYon aorSet dire, rome Se re san nnfc, Sine teen ire aesbodies, respecting the number of vibrations whichEeeried=

Pars ahely cer athe tet pet| always be very great, and that the subtilty of etherrarer gay cathelfea Zaevcrs a erm eoBite Sime ay naan asoe ee
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in a second,and others 11,000, 19,000, 13,000, accord-Ione salen neoonad tie anyofeach win the che of musical chord whic
Shenaeo vation pre ns second nybetaried wnihout ond: and tence ite have dedthedifferenceof high and low notes. As this differ-fyrhina manner to percear set renter ttheaTmanner 80 particle 6 reneeBontaton of the whois theory of maneit cannothealed n grt ht ni rin oeency of tho vibrations of raya of Light mustproduce variation ‘parca“vision Tf, forExamples particle maken 1000 vibrations fatecon, and produces ray ofthe same epecien, theFoypich eer ina tn oe walete meresThat organ 10,00 times in'a second; sd Thisferent fom thoseproducedby = iderentpaviclerom Taierent pert
‘rich choull meke tore or fon vbrstces in
econ There wil be in vision ediferencesimi{Stet

whieh the ear perceive onjhesing harp orfat notes‘Your no doubt be desirous to know into whetthis aterence in vison i obo rool; aad what
Siterent"sewacn.creeond tie mbor tean ofthe vibrations never’GrayTurigetecond”Theve ine honour of foring, lat ven of sous Scatoned bythks Zittrence; aad tbat dference of colour fe "6{he organ of ison whet sharp or fa sounds are toih a Wearene,fore ion ongi, the important inquiry respecting the natureSt cou,wieas oh eyedte tentionFi crn Bome of them haveaed fa mtideatonof ight abeotely eaknowsfoe, Descoer maintain that colour e oniy8Seria sar of ight tn shade," ‘Nowion tae‘countsfor difference of colony by tringit uptothe ray ofthemun which, aceovding tim, area



areas or coceves. mnral whose matior may be more otTai titinsand dees stig "Ye PSE SScolours,
as red,Jellow, green,blue, violet, &c.arte see tal ices of tele hattas boos uit epecing sobre soveyene more =Mansa you he bok coat weehie ta e

Erte precede ceretine by ibepales‘thich present thems 19 the eye.‘12th July, 1760.

LETTER xxv

Nature

of Colin paterTe which prevalld reapectng the

seamasterichpera, reposting, i‘violent disputes among philosophers; each of whommade
an to Ahine, by maintaining ‘a peculiarSpates on tee mbes aya hemeelim oie in bates Romero pacedBaeos raghe d toe hemor epeeong vast wt tor the aeple"pcie donatesponred, ver blue,and anotherrroen the philPe eaeit ‘the contrary; and he accordingly aftrmeaa tete le oltng fel oles snd at thee

saotdi rete he‘tobytle cio ou ayeaylptesEn ey cntalyserrate Sch ant uth a elo whetit reheesHerrera teciee“Siker’to shom tus optaonTelmea ‘amut prsind tht colour ext oa at

{Gorton the rlgar tight etersbaietatHET atte aaned eh pure
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oF cotouns.of colours than themselves. But will re:Percale tnt thewe afetedretncmenis ro me
For. Every simple colour (inorder to distinguishfrom compound color) open 0 atin aea ber of vibrations, which are performedin a certain‘eo ie manbe f raonn, aden._, fitondetermines tered solo, other the Yoiow, another tne green another the bie, and atbe violet, whic are the simple colours representedtourinte rainbow,"fy theny the particles of the surface of certainbodies are dispdeed in auch a manner, that beingseine they sae in cn any pate
olour, I call such abody ed, just as the clownSeer ta Yee oolog ies tenonfor deviatingfrom the common mote of expression, Abd Taye
eneach 'W "umber af rato ieTecondmay, wi riety, be denominatedfel reyes2d taal. wien the Spc wewre ie affected by these same reys.andreneclrin eae‘them{= numbe of impulsions, seoatty equal inn second,‘we receive the sensation of the red colour.” Here
verything is clear; and Ieee po necessity for iSotting dn‘cod mysterious phrases, whlch reallyean nothing.

“Tho parallelbetweensound and ight isso perfec,that holds even inthe mises clreumsencee‘When
I'produced the. phenomenon of &musial‘hor, wilch may be evettad into bration bytheTesontnce ony of certain sounds, you will please toeeollect, that te one which gives the tnison ofthehorin quowion ithe most properto shake itandothersounde afecti enly in =Srv in conwonence with ie enexiclytue nam‘btoligt and colours; forthe diferent colours cor-

der fo dnplay tis oentrenoe,which“order fo display th phenomenon, Which completely confirms my assertion, let ark Toor bo
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Provided; make a small sperture in one of the shut-tera; before which, at some distance, place a body

‘ofa certain colour, say a piece of red cloth, 60 thatthen ita lumipe is raye may enter by the aper-fare into the darkened room The rae tus tans.tated into the room willbe red ll otherghtbeing excluded; and if you tol on the inside of the‘room, opposite to the aperture,a pieceof{he same colour, it willbe perfectly ilunined, andite red colour appearvery brilliant ; but if you substitate in its place a piece of green cloth, it will re-fain obscureand you will arly see, anythingofits colour. If you place on the outside, before the
fury apleco of green cloth, that within thechamber wil be perfe€ly Mumincd by the rays of

fhe ‘fra, and fa gree. Clout appeat very lively,‘The same hols goods to all oler colours; and Ido'n0t imagine that « more convincing demonstr-tion ofthe truth of my system can be demanded,‘We learn from it, that in order to illuminate a
body’ of certain colour, it is necessary that the

rays which fal upon it should have the same colour;those 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

spiritof wine i et on fre in #room,you knowtat36 ofspiritof wine is blue,that itnly ue rays, and hat every peeon i,fe roomappears very pale—their faces, thoug! ever

sMaeep, have the aspect of death. “The reasoniaSrident; the blue rae not being capable of exciting‘or putting in motion the red colourof the face, yousee on itonly a feeble and bluish colour: but if one
Of the company is dressed in blue, such dress will

‘appear uncommonly briliant. Now the rays of the| sun, thoseof waxtaper, or of 2 common candle,Hisminate
al bots almost equaly; fom whenceit in concluded that the raysof the sun containallcolours st once, though he himself appear yellowish
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‘In trath, when admit into » dark room thesg olathe sone colt, JeiowEE, Sole nay opel uaethes thy yopenet Alin ono ene
Std (releaepoder Slo

Seid mater ongmac peers mishShine Sth soa Honcy Wench

SE oats Sons colon bt tt inthe‘Compoundof all the simple colours; accordinglyweSPRRaT Wheaacte secepon oohSiow ato ak’a nt propery elorey ody se at when feces aes eck{ht cn Tenneson oration oF wheniPSamot pode rape te want of pe ereory rides th ciation ht cola” a te‘more particles there are found in any body not sus-sorb of ay oun of vrai ob era‘SPrmore Hach and obec t apeae
15th July, 1780.

LETTER XXIx.

repre of Boi ie th nmin
I mave already remarkedthat there are bodies,sotilal placer a espe wea eseI le faye geo setaa‘erty are denominated pelluid or ciaphanous, Tbe

thie lomerer, se aed a whch oe Faye of

Agi ateformedto wish ls propery toe‘mately appertains; and othertransparentbodies are
siertewceserneeeeieetind

a eerony nealSor Shireen avo



‘TRaMePARENCY OF SoDtEs. 8

endowed with it only by meansof the ether whichthey contain, and with which they are 90 blendedhal theagiationsexcited by the ight may be comrmunicated farther without being interrupted in their
._ But this transmissionis never performed20 freelyas inthe pure ether, though it always loves‘something; and this in proportionas the transparentbodyis more or less gross. The groseness may‘even become 80 considerable thatthe light shallbe‘whollylost in it; and then the bodyis no longerransparent.

‘Thus, though glase be a transparentbody reat lamp of gies several feet thick in not0. In like manner, however pure the water of&Fiver may be, you cannot see the bottom where itisTE
deep though you can very cay weet where“S Prumparency, then isa property of bodies rlthen, is a ae

tive onlytoct hikneen a when thi properyfs ascribed fo glass, to water, &c., it must alwaysSe understood With hi estcion, that thesebon‘ae not 100 gross; and that to every species thereis{certain
measure of thickness beyond which thebody ceases to be transparent. ‘There is not one‘opaque body, on the contrary, which may not iteelf

Become tranparent, if reduced toa pate extremelyfine. ‘Thus, though gold is not transparent, gol
leat9 and on examining the mincterpartilenof all bodies with a microseope they are found tobe transparent tay then bo wth truth affmedThat all bodies are transparent when reduced 10 a

‘certain degree of fineness; and that no one is #0"income ti denominate transparentspeodien whic preserve thi qual fo #crtaindegpee
of ticknen, though they love it when theyfobeyond tat bound. But with respect to ther,

Wis of its own nature perfectly transparent, and its
extent diminishes not this quality in the smallest
degree. ‘The prodigious distance of the fixed stars



is saarnaaser or toms

snot tte ge om ting epioSmaBt eer fem tee orate
Rempncy,sede aw ew akTae parecea o reEeReeioiceran Ee te ae mat te

actini een ee eeesmey ignoreae cine oe
Speearnytame, seme metsoem rte regi ofsaneiw uated eg cect stings
erieoft erenaes aei ote be rt eee Sea exerteet haan rat ie eae
Bosom,Te eons on mekpiericienhtheatregira eat eal eeFeo ameen’ ea hansome edSst ey dn hysepecs in fre itiro eaeeeeBeey es ee ean eesoli Smt ectoea petenf eearemoved, you would undoubtedly hear more dis-

Paaed
fi ic wou tenlor ahnothing could be heard from without, unless it werePeng elemwie et wee
ezrinoy feeleh aeTEESE arenes peneorSeperate opts rm lees wilei cecunningea ace(of tho wall, but likewive she’ strength of the sound.

a - Jd
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ruamraxencr o7 Booms. LITthe sound is very feeble, a very thin wall i sutt-cient to stop it; though a louder could find an easy
tramiason, ‘he sme thing olde ato bien
Decta not very Wellaary ivicble Unugh 8fie blackenedwith smoke; bu the ray of the wahFe hamniven through and tana pr.fetly

well the Image of that luminary. Astrono-‘mereemploythis method to observe itn; for with:‘out such precaution he would daazle the eye. “And‘when you happen to be in a dark room, with an
ogre te gate expowedte ua vanwil you at exe By oppost

poland ip apetire; the rays of Ge sen wilemcee rg,Tt is perceivable, atthe same time, that the lightfhenopech fun sang hogbody whch lively totheaeotaButa very strong light may love moctit Lote before i early extingulgbee, whileAfecblerlightie lost at once. "A pce of very thickfase, then, will not be transparent with respect tO
{Bic ny, hgh th mum maybe oe
“These remarks on transparent bodies lead me tothe theory of refraction, of which you have. tre-

Tea arwhich hl endareurto pce18hJay, 1760.

]
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bevren xxx

‘the Transmissionof Rays of Laght, through1 he THe Medan and thee Refiacaek
sy stg cote see mtn,

witha a et ste cria il re oe eeShierewanmacerantt waspentane temasHil i tow heeinreo
maresnarrughese hangi nett ommendte

pppheNae|irenejie fora eroSlitmeer
acter eeesrl pg nelsiesincnt econo nursie owiehe acyoeto lay down the principles,in conformityto whichily dive es

“Hite ry
sereea es
eneme ciBea eeaan og

pedir ae ats refr pa hh ee 2 ee,

Side wos emtis likewise perpendicular t0 the surfaceAB, 60



(OF RAYS OF LIGHT. 9

‘that E F shall be in one and the ‘same straightite. "Thisis the ony cave in which tere i 'n0Teftaction, But as ofen as the may doesnot fall
Ferpendcalariy on the surfice of fnother trans

Farent body doen nat parseits progress intheEe straight lines it recedes lessor more fomtot undergoes a ietaction

cere aorien the ste ,foekB of another trans.parent medium. Onenter-
Ei tirmediam,squirei proprei .the direction of theTine©Q, which is the line PC .

7 bat wil recedeFemiin te dreclon of

the line @'R,or 6 8. Ttrl
undergo’ then, a themat Gy bending, which we call refraction, which

Kejends perly the aiferenee of the two mer
diums,and partly‘on the obliquity of the directionatine my BC.

__ In order to comprehend the laws of this bending,

it fn neconary to explain certain terms employed i
ng thiectiuhe surface A B, which separates the two

modtime, that from whith the ray somes, at that

ito wich tnt i ealed the roy rece‘dly, The ray P C, which falls upon it, is called the in-
cident ray; and,‘aly, the ray CR, oF C'S. which pur-Semin he ether mediom, a couree diferent fom

GQ scaled the rotenor raced ray. "And. haveing drawn through the surfaceA B the perpendicular\ le GF, wo hy the angle PCE ormedbythe incidentray B © eit the perpendicular8 G,Be ane of tds: a Sly iw nage CF otSFY formed by the retractedCR or CS, with theDerpendicnlarCF, ts called the engir of refraction.
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oF sae oF-1i0nr.‘Therefore, Because ofthe bending which the myof
git undergoes he abe of serene akSeal to the ange of snedence FO for prow‘Sdeing tho ine PC t0Q, the angiea P CEandF GQ,being etal ao equ to each otes (Bch Ei‘ments,Book f, Prob. 16), as you will easly recol-Tet, "The angie QC F, then, i equal tothe angle ofincidence PCE; thereforethe le of retractionRCP or SCF is greater or lee. There are,then,oly two eases witch can exit the one, in whichthe’ refracted ray boing CB, the angle of refractionECFin ess than the angio of incidence PCE; andfhe ster in which the reacted ry being CS theapie of etactoni greater tha he angeof fece BU. in he formr cae we au that theet cular OFBother out the reacted ray © 8 revedes or de-‘ites from the perpendicular,tis necessary, then, to inquire in what eases thecone or the other’ of these canges will take place.

‘Roto shal id that tie phemoneaon dopedoo‘he aiference of te Jenatyof the two mola,orUigealythough sich of them Toprovefie 1‘cach of them. "To prove thin, imust £e recollected that ether is of Al mediaiasthe most ave and tha through which raye are trane-inited without the sligatest resistance, "After it the
fanged ir, water, gas than glam ie mogion,alr, water, glass ist mediamSore dows than water, war tan anal than
“his being aid down, wo bare ony to attend totheae two geoeral rea’Tat, When om*octun fw dns to On wich ren, ieacted tay approaches the more enecular, ‘This inthe cane in which the incident raybeing Bc, therefracteday is CR. Sily, When the‘ays pass {roms medium more dense to.one loss wo,{Re raced ray routes om theparpendicnlar.‘Thin is the cue in which the incident rey being,



mamicrow or mur, iPO he rotatedray in C8, Now,thi banding infprseror lar accortioga hetedderErregoct of diy hae ayes yung tromtint plaeeunderg agreserchona when{hey ue fr arts ter, In Soth eve oeter the rect rayesprosh he perpenInlke manner rye fal om fie trAtrg'a rene eration tian when fey pas omsro lf sr bata these ce tho foaeted ay
‘Reson trom the perpen
Fin mancebeFordathtrees Cewern hagocanetnd the eg seractionto achgatorth ag oelarac

resort Tiident ray Teedeefeter
tom ihe perpen te grente wil bothobending orrefachonotteray Xenon be

tween all these angles exists, and is determinable

byFeeney a tint now ecw foolerigKode Whar has benalteuty at eter

feranderianding what hve fare ropesotecsd Jy, 170,
Leven xxxt.

Refraction of Rays of diferent Colours.‘You have seen that when a ray of light passescoll om one transparentmean fo ster‘Pegsa nig ch, eld ectotal tht ihe retacios depends onthe obi afie ackence and the Sent ofthe medias “I

ie now ea spon you to temsthat svessy
Siyarrmecaeremce genes

Spinie f ea cei peat omeSeon serenamaeieee .
Vict



13 REFRACTION OF RAYS

of colours occasions likewise a small varity in theretraction. This arises undoubtedly from the  ci-

omntance thatthe rays which exit nus the sen‘ationsof diferent colours porform unequal num-bers of vibrations in the same times, and that theydifer among themselves, in the same manner as
sharperor fatter sounds do.” Thus,itis observablethat rays of red undergo the least bending or refrac-tion;

after them come the orange; the vyeliow, thearen, te uc td the ile flow nore; 6 that‘iolet-coloured rays unde st refractioniebeing always Inderstoodthat theobliquity of theincidence and the density of the mediums are thesame. Hence it is concloded that rays of differentcolours have not the same refrangibilty; that theted are the least,and the valet the most refrangible,then,P © Fig. 10, ia a raying, for example,from ar Fig. 10.Fitopines the anglo of incl.
dens wing PH therefractedGiduar CPs and i the ray bored, tho refracted ray willbe inthe

aretion Cred tit beorange,the refracted Fay wilCorenges and soot he rest,as may be seen in the Bgure,Al these rays deviate from the
line ©, which is P C produced,towards’ tho perpendicular © F; but the red ray

deviates the least from © Q, or undergoes the least‘efraction, and the violet recedes the farthest from
€G, and tndergoes the greatest refraction.

Now iP Cisaray ot fhe unt produces at oncesilts colouredray indicatedin be gure; anit4pieceof white paperis placed to receive them,ou wil in eect woe all thexe colours; hence it 1s{iirmed, that every ray of the sun contains at once

All the simple colours.” The same thing happensif
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Po inary of white ort proceeds froma witbody. "We see al the coloursproduced fromit byPezeuon coe it coset ta wi ook

Troubles athe ape colourae we fone{Sloe rayne ag po ai the colorofraynint' singe pn andthe aoa‘whitewil Be the resultsinter aver what roth snp cluenatacton Rdcmiges them icone“
Iowahe odor mich ft reset tey te these’1, red; 2 orange ; 3, yellow; 4, green; 8, blue; 6,dks mat 266 inl tat hres
Talc, ras dforene ot cols ares fo the
tanbet of varaion nick rays perro and

Shenae tine oer heito whch pe
thethemcarathe tresie epi colores ‘Belvo wea mamesSFrticl'to delgrato these colours; for betweenPato ant eran evenly force neraedsRoma bf Uitte hire LW spato names

ia afl toe ane leew er potacel the

eareaare, F ap ateg coh We top of watwk doeHadabe ue by effected sod reacted,yi etn lecbppeeinentSours Voumnstandettedyhare renared thatierleurslo eh oben aeoenahn he uh rose glowfra Keemalay bate doco Wid al tormedatelke det of one cele fo scar toadSeacts wanes ()aitagunh tines ages
Tiida ne of thm ase ne extoy

sr yen eg yeetntert et| Seay SareesEoceneRaconcieas errPoderyRemortgageog Tey
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oF ave,fhe other. A more copious languagemay perhapstenable another nation actuslly10 reckon greater‘Sumber of diferent colour: tod another, it ay be,tame kon aay for exampy wareSamm tocapresewhat wecall orange, Bom to thee£22 pl wich wr prev a the eateity ofthe Fou bat’ waich olbere Somprehendunder thefetos bare with fe
op RR @ AB

a eo8 ¢; E eGR;
H }‘Thewe colours may be compared to the notesofan octave esT neve Zoos hore, Yocanse ho Foon‘St colony's elles howe ofsouat; mney be expresodSy mutate: “There ia even an sppenrance,atStaining na tiemre fa ay cote roundfovapewt purple, jst asin ing from svn to wound,fn gorng beyord B. you come round foe, whiel isGoofocreabove 02°" as in mune we give tothese two notes the same name, because of theirreopnibance, th suo ting fakes pisos golonre,which, after having risen through the intervals of an‘clave, resume the seme uuoee or if you wi wecolours, like two sounds, in which the number of‘brations in tho one i precnely the doubl of the‘iG fs or hate and otto sae nefais priacipe it was that Pather Cast,Franco, comtived specie of music of colours, "Heconstructed a harpsichord, of which every Key dis-Bidet seabeiane fw cv color an pre.ded that this harpsichord, if ehlflly touched

‘would presets most agrooulo specaclovothe oye?Houvet the name ofthe Oeuer Herpeichord* and‘De rvamats resto on tas alaasocsps ina
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seemnytanned a

miatimtakemair et be
whether the representation of several shredsof clothPie

aTeaesyeaei

Of Awe Ct te me

Ye erttnofehoj sae iySheth er amarcanaSafa ent earsERLE,

agitatedby an intrinsic force, as in luminous bodies,
Seg A Bege OyenHee Gr ls ah el

Bair lt ee Pekrgtcc ur ty are

iecery Shecta tsSes ersnaa
Hefei he aia a eek

ayycioyPerotEveay ltSoS oececeee
erme cores cetiet oy chonSeeea harebernit ae| SERScprte oei oad tet eningigclarerthUS ahctematyeveae fetanySnTeepectingthis prejdice:2 ama degre of
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‘tion is sufficientto make you comprehend that theheavens are not an azure vault, to which the stars

Sroalged tke 90 many luminous sade, You arerfoctly convinced tint the. slars are immense

otic ctinconcetabl distances from un and whieh
move rey throughs space snot rtor wichBhd oly by that sable mater called ether,‘AndT will show you that this heaomeaon ito be‘ascribed to our atmosphere, which is not perfectly

trAeee itpossible to rise higher and higher aboveee possible :

the urtaceof thecarthe he he would become patetally more and more rare, til it ceaned to sit
elton, tnd woul at gt erly cone weScales hae reached te rpion of re ether‘Accordingly, in proportion as we ascend on moun:{aims the Wercury’in the barometer continues 10

fa, Thacruoe the stmoephere becomes ghar andTighter and then likewive itis remarked, thattheafte our oe haar becomes feyandtrere it posse to momt into pore ether, twSirely disappear: on looking ‘apwar, we shoaldfeo nothing tal, end the Deeveos woud sppoetbike mas for were no ry of ght ca Feachaverery tiog wear the appestance St back.
“phereis good reazon then for asking, Why thebeavengspear tobe be!This penomenonZouldbot oust wero ata reat media4p other Tac in that Case, w0 should receive from

Kase ofdapao great thatthe feble ightastre OF Gayl is 90 great tat the febleOf the stares absorbedby it. "You could not portsive the flame of aperia the day-time at any Gon
siderable distance ; but that same flame inthe nightSoul spear ey bilan och reetances. 1is clearly proves, that we must look forthe cause of the azure coloa of tho heavensta theWant of transparencyin the ai. ‘The airs loaded.with a great quanity of stall parices, which are



on var wzuvans at

not perfectly rent, but which, being illumi-
tedby the raya of the oun, receive from them &
Bekinof vraln otc pescn wayoftfi Wor ele fey 9Somnieto a from boing sminedRowse color of thet pailen i Boe; and
tus‘ crplaina the poonomenon the tr contlng a
ret quany of aSepia or maybe
EEG" ots ater parte ae lob, bt t's
Snlourexremely deli, and which beeSmos seat

Sibu oly ian enormous man of sir Ths,2° room, we percey stan of a ie beTheo ibis Pays ofthe whos simosphere ene
Tis cur eyes a tae, however delet the color
of each singly, their totality may produce a very
deep eotur

his i conto by another phenomenon, withwih yumt be pel negunited you lnk arheTiies moeiedaues sigan"atm proporton as your dance inerelesFrecquires« bushcas and thi gradually becomessecpe tnd deeper. Thn foes one ssa

of Tact nay te seon om MagdaDear thence tobe bive, but viewed from Salbersiak,Teepe green” The gret extent of sr between

‘Magdeburg, and these mountains is the reason of it.HoSerer feat or rare the tnepre oftheHoey be‘ there such s roan goanty ofiow atrv tno aye of whieh ene otofiver oace, ut fey representtolerable deepbie?
nbamerriereet
SEESLS Eee eee\ Sparcsysats ote fecpea Uae e bccae Se atiTherefeston ofthe Meeray omfas toa aegee moet
meeeaa ote eseeeed
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‘We romark 1similar phenomenon in a fog, whentoe ai is lode with a eat gunntty of opaque
Tall stance, you sesreey perceive th og batE'emall distance, you scarcely perceive tho fox:rotedistance incoatere, heveto iowmesvery perceptible; to auch a degree that iBimpooobic8 soo thoagh it. The water ofthefea appears green at a certain depth; but whenyoufake

up a emall quantity, ax mach, for instance, asaflare il conti. i guclenlydaphanows, wd

: nogeile oolar:at ina grat exten, whenwards 90many greenishTollected producea deep colour. =‘Ah July, 1700,

LETTER Xxxm.

Rays is @ distant luminous Point, andOF Rai 5
‘Aslong as therays produced by the rapid vibre-tionof the miner pl ot aboly moein tesame transparent medium, they preserve the same: {Sri ordie hemes iall directing, astraight lines. ‘These rays may be represeatthe sid of's circle or Pthor of a sphere, Which,

issuing from a centre, proceed in straight lines tothe circumference; and itis on account of thie re-

seman tatwe paythe nameerm ad, otay,
to express them, 5 thei oer not conmst offines bu of veryfapid‘vibrations, going continually forward,.in the direc-tion of stright lines; and, for this'reason, light

Ceratem nineteenqn vtyhe ore gre aeo.



vm roenee

‘be considered as straight lines, issuing from a
mmm sinhpe ii
entersce

ioe es op eee

feiracveed (2)

St the renter apiore AUD Bo Tho Hight, she,rearcareers Be em
Rey it Schaar tS

the luminous point. If we suppose thatthe radiusPea nairinses

Saree inane nous(Paget cere Dea
light at double the distance is four times more

Pe Sates tae ASE as emtwil appear,that ifthe earth were removed to doublehaeyeaa

Bretrema ogcih nrc.soofoPian tymigteg ed
HotesSt Ses ae
punseenreenreireimermtnerine| Seseieoetar nejeros to eenaes
eeSareesTact ther abou be no darkest Sam. Ba



190 oy nave, ANDO” THE VInUAL ANOLE,
‘sun, bot that it was 400,000 times farther from us,fits light will be 400,000 times 400,000, that iy160,000,000,000times more faint than that. of thesun, Hence we se, that the light of a fed sarisnothing comparedto that of the sun; and this is theTeaton that we do notfos the stare in the daytime;as a feeblet light always. in presenceof‘one much more bright, The same thing holds goodWil repect to candles,and ll other humisousYodies which administer less light in proportiontotheir distance from us; and you mut evequentlymarked, that however strong a lightmay be a{insufficientto assist us in reading a printed book,it‘you removefrom ito any considerable distance.‘There is still another circumstance closely con-nected

with what I have just observed, namely,that the’samo object appears smaller to us in proorion to lis distance,” A giant atgreat dix© does not appear taller than dwarf near us‘To
form a clearer judgment of this, it is necessaryto attend to the angles at which these objects areteen by us. :‘Let ussuppose, then, Fig. 19.

AB eg ih to be an‘object, or example,«aay od that the eye1ooke at it from

int 6. Draw tomhat point the straightlines AC. and BC,
which represent the
extremerays proceeding from the object to the eye;we call the angle formed at O the virus angle of{hat object forthe point." If we oo atthesame‘object from a smaller distance, at D, ihe visual angle‘D will be undoubtedly greater: hence it is clear,

that the more distant the same object is, the smalleri its visual angle; and the nearer it approaches, itsvisual angle becomes greater.
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Astronomers measure very accurately thevolt with we toe the Heavenly Dodie; sod eyave found thatthe visual angle Of the sun is some-

that more than half a degroe. If the sun weretries

a far from this angle would be reducedtte al and then it wil not seem, warping{hatit should furnish us four times less light.Ce an were 400 tes farter of, hn vu angleould become,s0 many mile Tee,and hen thatinary wo ho greater hana star. Wenat Werefore carefully Gntngulsh the apparent
tetof any cjelrom fs veal greatness,ia always an angle greateroF leas, accopaiedeieasl raeGntness

of the sun is an angle oAbout halla degree, whereas his real magaitad farthat of the earth; for the sun being a

his diameter is estimated tobe about 780,000

miles, while the diameter of the earth is-
iy 7912 Engiish miles.
Sh Jidy, 1700.

LETTER XXXIV.

OF the Assistance which Judgment lends to Vision

Wasr I have now submitted to you on thesominon of "yon belongs 10 open, which fas
branch of mixed mathematics, and which likewise

Sele a" coniderable "rank in "physis._ Besidescolar, the nature of which 1 have endeavouredo explain, iti the businessof optics to treatoManner i which vision ie pertormod, and of thediferent
angles under which objects are seen.coven mumfave aed remarted,ta te sameject may be viewed, sometimes under a‘ital angl,sometinea under sale, ais tessor more. distant from us. I say, further,that a
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small object may be viewedunder the same ange a8Sireat bn,whethe former ie very neat,ar theIafor very datant, "A small dish maybe placed tee*

feelin eyainsach amano ano cre th heltoy ofthe sony andy im reality, «plate of balafoot eampeter, a the’ cstance of 24 fet, exacy

Sores ean sod een ender he mun agefnd'el at a prodigious Serene herefwrecnthe sizeof pate and hat of fhe sum. Th
goathe fan tnof consequence, noahas prestothe sy ence, neniy st{hough realy much smallerbu ie tobe connie:fre hat the aun ealmoet 400 times more remote
‘fhevista tne ft point of wo much the‘iaual eng ea point of wo much the moreImportance In opticm that he images of the objectwitch pant themselves on the batiom of the eye
erent eerenehlkaMine greater or fect) are great

CUMS And wo we seo thjectsott oF ouedlvernly a0 far an thelr images as paiited onthe bot
{on ofthe eye, ty constitute the immosiate abject

+ ofvinion orseceation.One of these ages, there-fore lene ve tthe Knowledge only of tee things:Piri its fire and itn colours conduct tothe coe:

Clit ere ot of nar och aftach 2! Sgre, and such 4 colour. i is

tagnitede discovers the visu angle tnder which
Belek sppec toto aot Allyn paceonthe totoDf the eye makes us ecoabieof theAirection

of the external object relaively tong oFthat in which the rays emited rom i reach outoes

tee repric omit te phenomenom of isons a we only peresve, it, he guretnd colours; aly the oad enc: te eppetert
Bape, ant Sayhe Gran or teHacetritch

we conclade thatthe object existe: "Vision,Then, lacovers to us nothing respectingeither the



vem rom

‘teal magnitude ofobjects,or their distances. Thoughsimpetnataecea, Ta
i enatetnncperaca ss
Peece morte
ReScote caningDictucn mannan eeeSimoessatan Wpeernc iar ites

oe aanaie Panam ene
Sa see

SF orem pet gy tthe maenomen pty ts

trnaeng an ogealto that ot the terebodies which are seen under the same angle, it is
tot by vision they are deceived, but by their judg-

fier nne cures
SOSotaayeable caseof a man born blind,who obtained sightmeneof an operation, at an advancedperiod‘ofBrat srnraaa oat

of ofets Allobjects appeared 90 near that beruin them,AK content time and
SoA eran ena Serthe term ofchildhood, ant ofwhichwe afterwardpoe| PSEaio sat enoneop
Sere
‘svpieal yeeros fa fo sas. p4e?-—Beaa



14 EXPLANATION: OF CERTAD

Bote fou so moch th mor laren dnsRis mere, andreipocly, tat an ect sekappears clear and distinct is ear; and when Wap

FC's then tet painter, by weakening tho tats ofis than “

the objects whichthey wahwo remote, and+
Hfengtheaingthoae wich they would represent sxbourel cre doubted todetereour jujpoeet coo"formabiy tothe effect which they mean fo produce‘And

theysoecco so "perfect thal me onatomeofthe objects represented in pining sx moreAfsrnt than others, anuson whic cou not takePlace if vision Giocovered t0 ux the rel diatanceEni magntade of objects:
iat ngurt,170,

LETTER XXXV.

Esplnaton of cetcin Phenomena relating te Opie
aaYetta Jat een thation aloe incones
or the distance of objects; and that all we imagine
Sr es wets as the dance or maaltdeeftay object i the fect of judgment. “We mastatefuly diainguisthat which the temsen represent 0 from what judgment ad, in whichwewwho bare decaiad again the scedacy' of teTemes and who meant hence to infer the ince

tainty of all human knowledge,have‘confoundedtherepresentationof our seaneswtProRi sietr mode of reasoning: We eee the wento bigger than's trencher, ou 1 be infinitely
fear tere he senes of seeing deceiveserefore llour senses deceive un a lett we cal:not depend on them; therefore, al the knowledge‘we acquire by means of the senses is uncertain,



pesnounna RELATIVE To oFTICR 198tod probably false: we therefore know nothing.

Sea's the Seasoningofthe Skepicn who toat>vsingloously of their ingenuity though tereFe notlag oo ony unto enytat ery thi is

Gia; thd theresin une may make ningfren thin tlie palosophy.” Bot 1 i abnoe

fine thatthe night represents to the ronto bigger than pewter plat’ i determines nothingeter reapecting his magne’ 1s out jvige

Ee tne it Ses Wen te ha,wrever are not very distant, we ean
wih tolerate exactoees on ther dimessionsanaExtancen; andthe other senses, joined to the degreeSf iearaces with which we aes these sume object
readerour dgments suficenty certain.”"Now,astoonas we have the idea ofthe distanceof an object,wreform to cursevenikewire that of ia real tng?Tiude,

knowing tat it dependa on that datance.Hoes,
the moto istam we rockon an onjoct toyfhe reser we concinde inst magnitudes and re:

Sirol seatr re once i thesareesppoce.it We, of coure, frequently take obeay Battier of nich resi agate whenSocpeneion of uigaieat provects Our aking

faninto the account, “Tho reason i that & eryliye body maybe seen at great diiance, underfiteame
angie tsa smal objet placed near om‘herein anther phesomenon ‘wall town toavery one, and which’ ha. given occasion fo a‘Saputen Smong’ the learned and which itis 10%
sanyospe ll oon pearsEitvery aye st the Gimeof her rising to be! nloY a ‘when abe ha got 10 countersie

above the horizon though the vial angleof te apparent magntodsbe te same. The een,foo, at the time of sing and selng: appre 13
very one qreaier than at'noon, “What thes i teSGonfation ot the

fgets univer atafine Trin undoutedly becatewe judge tho oun



6 ‘EXPLANATIONOF ORRTADN
semenee ing isiemens wnaerint
‘Bat how come we toform such a judgment? Thecteenereetenerh trerecente traibetween them and us which seed! to increase theirEnacnelemare shoe eeEES cublaiin tate sua toessSairurtermmnatoreAkeais
eee eaeea epng te Sas be cea th tame oreBuen mecnee meineieee Gree emiSaree hereSebnetnuas asternLemme AG
ths earthy end the deed crete the
Se
Seif etationedat the Pot Ay if
Samet brateee aea

emmeraaie 7
siete daaeonsntsBi hr ba gente areOf light which pase through « transparent mediumich eras mre attHatter tetera

Sei iciractiname ircpraaanface ate Sey ele neest as abs geen ae?tial bodies appear much lees brilliant in the horizon,
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eves ys ple ew

to look directly even at the gun when he is in theSee ay oe hee in ee
‘

Pierehons aesRope vrei‘SPpeare to us more distant when ite light te woak-

Rreaoeseyernye in
likewise judgo her magnitude greater. And in gen-Sie eck tr a or
ir

Tors sualtothe angle Op, whic neiende alo be colo
(Gromta batogvoprond tbe at nach gratdasanee’ Ween‘Srecmedwo be Sitway betwee the borin tne te enh; Dr Seth
Sas

sung | rags2 Fy
iH
ii

i Le

Ma
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LETTER XXXVI
OF Sain,Tavs endeavouredto explain almost all that i¢‘usuallytreatedof in optics. All that remainsis tespoutof ado, You aready know too wal whet‘is meant by shade or shadow, to render it necessary

forme to avelliongon the mje. Shadowahfcpponesro thins fumloote bay and oa peaseboy which doesnot transolt.the rays oflight,‘The opaque body, then, prevents the rays of a lu-toed Eady fox geting Teh th andthe apacetwhich tne ray cantor rescefom hi interop

Tell ine shadow of tho opaque bodys on whatomen tote tame tng, saga nciace thatSpace in which the lfc boty is ot fo be see,Sis he pete boy daar tybeta’ lumigons Pew
prac———

body. ‘Drawtho:Pay adBM, A DN,

taalthBr
ens oe memayer A can into theREDE DN, and in wintedorplat wit hatth ee maybe pace 9, forexmpl. twillsttee the lasinous body. This pace the shadowGF the opaque body Lad we ee that Sone

ifthe boy tows which ts raya proceedbs iteclfof great magnitude, the determinationof the shadow



or manor. vsissomewhat different. There are three cases which
stostodylees than ibe opaque? ibe second, when
Soanare towome
we have now been considering, in which the lightTanne coment
Phe
ore

Tore
Fr

i reTo. ym dn theerzome ye
geek Dickies aeccs peer teitesSh ceiie tee BE SEN ay pes
Pia new ;the lu
ee
te
inne
iis,

=n

Fea| produced willmeet

point -O, and{he space of the shadow BO E becomes finite, andEse ete Ehretotparma Mot enh hk Toa
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‘no admission,and in which it ie impossible to seewin
eheeShere lotta reac

eisSE EatAste tinyOw
eetdts
iescclerah ctamins

aie arabana, omy

ieee titra da‘light of the stin is excluded.
EREeS ton or pe
setaiteitmeet

ly Plunge into the shadow of the earth either parBee ee eeeaeei dieebierea aie

Eee spawns “aoenea

Beh ao tireeceaaearPetturmereaut

Sine ieh mice ararertsStam cce, Aneta
eee reed‘but we are then in the shadowof the earth, wiBreech

Hitherto we ‘have considered only the cases in

CEN get istic wg

Becelid meee stomtre sometimes reflected, tnd sometimes brokenorStara
rninBiestateita cameae reflected from that surface; and when they pass
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fot one transparent medium to another, they un-Aigo retectoa, and tre in sone. sone bokea,Hee arse two other sciences. That which con
tsopce aad tht which han for ie objetvisioni ‘wl orits object vision,isreferenceto broken or refracted rays stormedSepinas

Optics treat of vision relatively to direct‘pnot ight shal pene you wih  aunay
tee fo ances cin ope{ey dolone phenomens which tre everyday pre-teinthemed och ive imposeTavetigatethe chusee and the properties. EvSiering to he electof ion ny eyoudios an object highly worthy of exclronty, tnd of engeging seston, adih Asst, 170.

LETTER XXXVIL

Capris, nd theefecion of Rays from pain

hon rae of Int fall ou wellolseday rays lig on a weltte they agree in uc a anna te‘ges onal side ao oqual among themselves.
lear igh, ot. AB, Fg.Fig rie the var.
5 of 2 common

tnoutpoint howe
oe ane ae

Pim, fall Upon the
| mivor Ofallthese

wich flapperSeuiarly on, "the
‘ror,vad which has this particular and remarkable



a oF caTorrnice,ETC.
property,that itis reflected upom itselfin the diree-Foror @ i jrt ap ona bilan, when theis strac icularty againstthe ledge,it isbal rkerlygeeeeray, as P M, is reflected in the line M'N, in suchamanner

as to make the angle A MN equal to the‘angle BMP; in which it in to be remarked, thatthe ray P M is named the incident ray, and M N theFeflected ray. In like manner,to the incidentEm wil coregpond theefecied ray m mi andconsequently, becauseof the. reflection, the. TaPM is contiaued in the direction ofthe line MN,and the ray P min the directionof mm, 20 that wehavethe angle A MN equal to BMP. and theangle Am n equal to the angle Bm.P. ‘This prop-orgy i than oouncod’ The angle of reactionsheays equal the ange of incidenesThaelarony taken notice of thie striking prop.+ bat my ‘at present is to. show wianteates eos eeeFrehit's evdent that an eye placed at N will ro.feeive from the luminous point P the reflected rayMUN; thus the ray which excites in that eye the
‘sensation of the body from whence it proceeded

omen in tho direction MN, Jats i the objct P‘were in somo point of that line; hence it follows{hat the eye must see the object Pin the direction
In ordér the more clearlyto elucidate this fact‘we must have recourse to geometry; and you willeeolleet with pleasure the propositions on which

the following reasoning ie founded,” Let the perpen.dicularray Pe produced on the other side the‘mirrorto R, 80 that QR shall be equal to PQ; 1will show you thatall the reflected rays MN and‘mn,
being produced behind the mirror, mut meetin that ola Fo, taking the two angles P @ iand BOM, they have fn the side MQ common

to both; thenthe side QR was made equal to theside PQ; and, finally, the angle PQ M being a right
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its adjacent ange RQ M mosUkewiebea‘angle (Huclid's Elements, Book 1. Prop. 13)refore these two triangle, having each ar equaltng
contin’ ty wo ea ue, all be everysway equal (Euclid, Book I. Prop."s): and. conseGeni Meanie FM ua ine angeihe ange A MCN, andthe angle 1, bengvertical, are equal t0'each other (Euclid, Sook.

Prop. 15); therefore also tho angle AM N stall

bevFiulothe ang MQ! Heat the angleofrofecton ‘ale equal 10 'she angie of ae

relected rtyim'mbeing’ profucel,woul! ikawmy mm acedy would likewise‘through the point Rand consequently produceEitho eye tesame fect asifibe ebctF tere ac.tually placed behind the mirror at Ry this point beingin the perpendicular P.Q fat the same GistanceasP fron the surface of the mirror, but on eifferent

fides. This will enable you to comprehend clearly
why” mirrore represent objects as if they. wer®

Dabind them; and why wo judge that these objects
are placed as far behind the surface ofthe mirrorashey realy ae before it. itis thus thatthe mirror{Eetapory object ater place, witout changHey Wher appearance, fo dtaguh ote mae
pared object the mage and weeay tat the images‘object the image, and we say thatthe imagesFopronoiad by redected rays are behind the ar,is denomination servesYo dutinguah real objectsfrom

the images of them represented in mirtors;and the images which we see in mirrors are per:
feo egal and winilar the ob mth thio
eon tat what ate sjet onthe eh appearinthe image onthe right, and reciprocally ‘Thus
Person wearing his word on the eft aide, appears
With it in the itror on his ight

‘From what has been said, is always easy to

softie the image of any object whatever bebiad the
rror.



ma aarureriin oF mvs

ForA3,Fig.18,being 18,

a nino a EP an nsShek tay: an aro:eae
Km BG un Hatothesrsof tnBianfootEehatte “qual toe 6,
Teidheinde adapthichwil 1 equate‘the object

E F, becauseG2fitisinll reopocs equa to the qundeateratreGEFH._ Temuet boaull frtner remarked,tht‘were you evan Wo cat of fromthe mirror spar, atGiant AC wan tho miror, the tage ef wouldbot bo changed” "And coussqconty,wna te mirroriota inget ate ling ofPendiclareEG and F H upon it, we mustlane of the mirror‘o be extended, us we produceines in geometry when we want to let fall perpendic-‘ular upon them. Mae anaee fate lale,Seach mirers, whise ourhs B pareSoarerendcosstvemsavoreprodoedere ect,Th dupa,100.
Lerren xxxvm.

Reflection of Rays Convex and Concave Mirrors.

Po ng ror‘Every thing relat to-the reflectionof rays issee teehee font te ngs te oneof whichis the pace of th mage which os reboctedrays represent; and the ether the relation of theTeloget the object. In ordinaryof lin mirrors,



ox anton usAe geoff ce oti th atSteoes het ta mir aasae aa ha of he ot rs miices cel enim oe To
ShansSromrieta Wasa
= igae nag iiorgeen ad Yae it
Bidet ary pt Se eeefeared a te

7 ery sate, corms oh
SORASa Eelier eo th ge wel labs
serine ean totie, Foc eo cesepia agerromaler entrehyaeto take a whole globe; any part of its surface what-Sa rok besa ofeedenominated spherical; and thereare two sorts of
seioe cong ier oaseeing Page abn on exe

Fes as alts Srof rece meh ceat Po
safety gi ih. erin ofSree! ay epee em

bea mirror,the seg-ment
of a sphere,man ots he

| Ifyou place before
Creal tors

Eetance, hs age .
dist » its imagei



148 anrizcttoxor navethe mbror,at the point D, the middlepoint ofthe radiosof the sphere © G; and the magnitudeof this imagewil be to that of the object in theelation of the lines CD and © E: it will there-feo in in ano much ale thani bot astheing 6D i aot mck sale hn the neI the abject B approaches to the mirror,#0Ukowiagwil it age” Th i lldeponstaeon geometrical principio, any ine

lida ay watever ony Bs rected in thedirection of MN, 20 tbat the angle B MN may be‘equal to the angio C ME. ‘Thu,when the eye isTN, receiving fhe retected ray M Ny it wll veo the‘Object E, according to that direction, and. will ob-
Soria,D wl be the Image ofthe object placedE, but smaller. “Its likewise caay to vec, thatthe‘snaller the aphere is, of which tbe miror'ia 8 s0g-‘ment, the more Likewiee isthe image diminished.T proceed to coneave mirror, the use of which iavery common on many occasions, Let A.C ByFig. 20, boa mir Mig30Sreephere, thoesasphere, wi

centreis G, and
GCaratin, tatts =jee re de

{2 imagewillThaar tes theIrror at D, the middle point ofthe radiua © @; forSano lb atrey EM om the bjtfalling on the surface of the mirror at the pointTrough ie pint Dy ad when the eye w placa atF n the oyeis placed. aNrit wil ee the object at D; but this image will be10 the eject in the ratio of © D to C E, and conne-{jnrly in ia cane emailer than it. ABd when you



recat mnsees. ur

‘the nearer to the mirror, the image re-tet theoe! bg pnced evena te cee,teinetere wise, Ifyou tig tottlforwardtD, th image wi retire failSjondEe "but ifthe objectBe placed sil farthersewer Caeinewl an shod‘When you lookat yourself in auch a mirror, atsume
iteireen D tnd G you face wil spearfaguibaly argos hs Ip exlaied by the fears

ti otection, virtue of which te tigi of ince
ease8M K is Lays equa tothe angl ofref:tonGMN. To ths species mua b refered burning mirrors, and every soncave mirror may be eitHiyed tobi, Ths remerhable propery tts
Ties particular explanation

Ta ABO, Hig bbe aconcave minor,whose centre is G, and instead of the ob- Fig. 91.
ject, ef, thosun be at BE his reflectedape wil ypreeot tho mag of eeu aDy'the.midale. point between C and G.
ew the marae of th mage wil beMaeraned i the exteme tye SC. 8 6.

‘This imageof the sun will be accordingly‘ey ened nal raytietakIi hl inage, they wilbecolected there,soleil bis wo machesore fees; wes

image D ls cmaier tan tho surface ofthe
Tri thepropertyat beatng thebodienonWhich they fall's welas that of ilumingting them;ence i ouows tat there must be at Da feat des

‘of heat; and when the mirror is. sufficientlySipe a Theat may become stronger than the most

re, in fae by meansof sacha miror youtnay bur in an iovagt any combuatible body, Xdtren elt tells of every hind. Itstho image



ow se

of the san alone which produces these surprising
ote gm i rots erg

iS fos enameFoes cay deepest aosfrom burning-gleses, of which | shall give some ac-

LETTER XXXIX.

Of Dioptrica.Havoro jined the principal phenomena of

iatit darafieree y meeeJect is to unfold the phenomenaof the refractionofays, which takes place when they pass through dif-
ferent it mediums.— A ray of light does‘not pursue the same straight line, itcontinuesah bir edEmenee, Aneieeeterestae
Ser micee mabe eee
which it pursues a rectilinear course, namely, when

it enters the other medium perpendicularly.
Sr aeseen

dioptrics are the glasses ‘in the construc-

Sune waste cmeefeieleeeuthing relatingto. them is reducibleto the figureof
patemeteyereomentear es

eed
Siyerin Goes aneartumpestim: Bd

|
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smcave., Their convexity or concavity is always
Seoalto that of a ephere,of which theFaius mustSEnown,itbeing considered as the mesure ofthecarve

of those surfaces. This being laid down, we‘Mad have soveral kinds of dioptric lasses
Fig. 22

‘The first species, No. I. Fig. 9, is that whose twofaccaare plaly, By euiing fciealar pose oat Of &
Plateof glase of equal thickness, we shall have oneofLisopedies which makes nochangeon objects etherato magutudeorditance, Glass No IL hasoneof

itasurfaces plan, andthe other convex andanch aretermed plano-conses.. ‘The thitdepecies, NO- II has
‘Sledplokecencene, Thetourth,NO.IV. hastwoconeThe fourth, No. TV. hastconetexeurfucen;andis called daleconces. Nov: bas{wo concave. surfaces, and is called doweconcove

Thespecies Nos. VI. Vil have onesurfaceconvexandthe otter concave and we give them the name. of
‘meniscus, “All these lenses are reducible two

Clanees; the one containing those in which convexityrevi anon,VE the other, conantyPredoizat namely, Now ly Vo Vilforier
class is simply denominated convex, and theIntter

concave. ‘These two classes are distinguishedby the following property.
et A By Bbw¥ conver glans exponed to 8| gabe pane peng throug ty undergo artes{nthe gla, and pas ityundergoaSabet vat te pee uch a manner, that



100 or biorraice:
fhe rays proceeding from the pointG Fig. 23°thal

mect'on the oer ede of teinthe pits. Thesame hing wilFill of tbe objec by ts aortaof tho object aElite retraced rays A, Bim, Cm wil ‘+ praue the same dredon a the objet

Wore le, gvfs and inverted,apd wlEppes nimeet Se‘iceCig thall be containedin the ditance CG: We say, then, that such afase represents the sheet F behind it

Ered this representation vealed
nd with the object eli the rato
tage,and of te glam ff te bjtc

C

JctRut lan the at i the ein were he focImage Fopresented ste f would be tha of thotan; thagh ery ama wil bo 0 brillant an toaria the eye, forall tho Taye which pase hrowgh{he glae meu in this image, and they exerci theseoulle power of giving ligt and heat. The heat

‘ov ia nearly us Many nes greater as the wurfaceof the glam exceeds i magnitade the image of thefind is Joe om which if tog bevryseespou ny protacethe groin eta of hesarable etetances plaedin the focunof chgle re tant conte "Metra einEleven iniedby and tor eect are prod[Er byout the ech of te mos active sn intense
“ihe reaton isthe same os inthe caso of burningmirrors "In both, the rays ofthe sun dised ove{ho whole surface of te miroror glass ae collectedinthe small epace of the sunimage, ‘The onlydiftsreoce

is, that in mirrors the reys ere collectedty oection, and in glanon by refraction. Suchin
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the effect of convex glasses, which are thicker in theSasageestame chance kere,
Bent lett bet StebelUnter ie tors concave, produces cone ebret,aaChiy attadicothsirn yyWUE Rathore ERG ee,
osc rath Fs hw
eo‘a refraction, on leaving the glassHint hed uote com tepomt grand \fse ee omen rae: tdRezo tes Sai eaSeer ree i aot

eee

eeecage at‘avery distant object behind them con.srry dina oes i he ceFath eoongr arte

Naeataace hanks aean act aoeno neeEy
eeeeeeeae een estad ice

| Continuation—Of Burning-glastes and their Focus.
Convex glasses furnish some further remarks,
ATifare lay bigeye opts‘of those glasses in general which are thicker in the
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de hnteresreefie sen oetri)iter ahencomoe basse crevided, however, that the convexity exceed the con-SiegNenesaePye eatily
baatpyserine eee oat ne ortheey dtm tenonihe ee of date ae rhb noneing. The reason is, that all the rays issuing fromin eyalee eethe reffaction of the glass into a single point. ‘The

aeae aeetea, aeeee,oe
NSon aca te woe TemBonmi a womergreenest

Pigghetn phytateee on omente creA Sa ce cote Se
PegsEe pl ie mnacoeeesar he Yi ealoeBC cml tatrefractionin the space A g B, and meetRips
nee Age wen‘the point F, which fall on the glass inthe angle A F B, are refracted so a toPee Ae meetinBe cine /, Dacateman‘the glass ; and an eye placedat O, behind the image,
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Wine disidice D pis amalor hanedistancoC Gy
Searmemensinertey of meeebe remarked, that the more convex the glass is, in
GBre oti cote
Pa
Pleeeseer peor aeElmar

ca Cteinagete then the sate diane ax hao fb wuor‘the lens. When the object, then, is distant,iy ehh tres alee‘bring the object to the glass, the farther the

Fee to fanctr
determinethe place of the image for every distance
ioaeiemeamere

glass, that is,the distance at which it collects the
fitry oN arttd
TiAde Aweeps

weipgoviian Se geneghpes of tine Ny, feSartpreTi rat mtiatof dey yafecesyrechadishh eo ae dts oft
focus, and itis extremely dificult to make them
exact. I once paid 150 crowns for one lens, whichTeoni to the academyof Petersburg; it has its



tnsravezames,

focus at the distance of 600 feet.* I am convinced
Reatt thay wishedto ans1 Seema tertFeTI, vepreentaion of the

fost in Ri ie rol you hate gay teholdwt that place's piece of white paper the parTe elt ee aan eater asSener ek Pee sent Phen a

tivepointwilythe perce ofthe pape ntsee arenes

. Eontent of atinart ta ich thePor tho seme colour tothe pont E-In lke foamfon pins faa nt ae the sane courseste peGFces an You waoe toe oa pape a oe potethe eectTeeeetts RabeotlectSeen
ca eee: Seca eeeSie et,Tis mrt pretywace PeteBaeinthe ser You wilthen eon sheet,San gaat ene catanettShean all the external objects. 96°painted, that you may trace them with and at yumee2Jandscapesand other views.ti Lagu, 0.

apap pee poms i areas Bet btSESSEC Bug nt tmentyc eeeS whoseaeSone eesSee eeeeee eensoeSal meoesBy See areaResSES mre tome mee oe 8,
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LETTER XL.

Of Vision, and the Structure of the Bye.
| lt ao soto J xn te benome ofrit cndocteiy one Stine proneUperations of nature that thehuman mind can eon:
Prat ebb eet" "he lerredo ier

Gree Sea tele conc oe a Se|
foweranl'winn ofthe Genin. We gurorer a|

the stractre of the eye perfections which the mostshallnot detain you at presentwith an anatomi-cal descriptionof the eyer It is sufficient 10 re
apen ne et et,Eeceretesnmeee
a lag etylaa|Se eahelrcmton of ey ch yom aterm coer,
Shee ere deere branch of Spe tay be?
Se Starrsme

seeps mga Pee

SeteealaeroSetieee
Eienbeanie eae ceEup ree onnnansssee
inno tySree
aerate canoeee erratesaieSS eevee aeSccaantemcs

Bee elas go it en pn ta 9-8‘ond atng appro os



ts crv aemt tet oe netpad ie called the comet ofa
Ehitinraesoee SNSrmenmncearSe»¥mycircalarand coloured, which * \(@ Wyai siemeaeeSa caereenseee eryBie AST Beanan aye
eatartme a
SY Sri gieeeeanneSey ocean TemesFesate emer

peceofia Saahhemianhic mtae atSe ee mart nenae ek pe IAM aZe than pan: I the anterior coat or carne; 3Seteeek Sth ieeeEereeertieteeneicat Sa eeeetng teearti Baral eaareBee er es ees IaraSe iae tat Para abetser tie AP pat Recie

emtte gen aonfurnished with a whitish tissue, adapted to the re-soe ne a teaeinai a aha ape

Bemah aciaiena iaeceewert ceSe Sark ea we eae
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ermvcruke oF THE EYE. 1st

thereso exactly that no artist couldMeerares tive at uck'e gras of pocoebon,‘And in order to see any object whatever, the objectimustalwaysbe painted on tho retina; and when,unfortunately, anyof the parts of the eye are in:{feerorlse teitransparency,the porson becomes‘But it is not sufficient, in orderto our socing ob-Jects, that their images should be painted on the re-tina; some are blind, though this takes place. Hencewe see that images paintedon the relina are not,afterall, the immediate object of vision, and thatthe perceptionof the soul iscommunicated someother way. ‘The retina is a reticulated contextureof nerves the most subtle, commanicating witha{pest nore, which, Coming from tho bri entersfhe eyeat 0. and is denominated the optic nerve.‘Then
pall errs ofthe retina ae gta bytherays oflight which form the image at the bottom oftheeye; and this agitationis transinitted by the opticnerv@
to the brain. It is there, undoubtedly, that‘meatal perceptionis formed; but the most dexterousanatomist is unable to pursue these nerves to theirtouree—the unionof the soul with the body mastfor ever remain a mystery.

1h August, 1780.

LETTER XLII.

Continuation. Wonders discoverable in the Structure

of the Bye.
Iz willnot be disagreeableto you,I hope, to con-template with mersSmcwhat mre ettonvely. te

‘wonders discoverable in the structure of the eye.

_ Apa test "the pup presents an object higilywolthy of admiration. Tt is that aperture whichwofindin the middieof the iris or star mm,by whichVou. 10
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Westin ou porto pethe ppt noreweahould be able tose ina greater degree of dank-
eno ie peore ee ton
Yes so dated by i that he could read Sad dal,
Guish the minutest objects in the dark. Cats, and

fperas weounc hvely ost tefl ach os ekthe huaspecies ad ows have theraal timexme lated to bear even a moderate degree of

hon te ppl of th human eg ae otcontac isnot" an act ofthe wil, man not
Siig he power of Sing’ of eng Se
Palle eave” Reson ke sour aah
Ba an, i ohne corey ad
Eaton en Paaee e ae

ie-not produced in an instant; it requires a lle
‘hariSpaceman
Fad

‘You must, no doubt, have remarked, that as often

weyou males coy eel Casakon tet arHel ltdad pace Se heatfu cerata tala Spay BeTa sal Gene, Monsees
Which it admitted to make a sensible impression

GT peeanage alydenly from darkness toe clear ight Phe popil
beingthen very much expand, the retina i rackin a Lively manner, you are quite dazzled, and under
Bascal ofthe ope

ih every rene chumatacy Dattap Shad Eile an onc cag
Meera nl a tye Soa ls

«pen. er trtmntettSeeser ea



160 WONDERS IN THE
place almost epostancouly wd independent ofawe ser raensray,td idepenieay2 Retea ulecnpe he camegenase Sata wane”a1 eteaaae ee ree aret‘The variabilityof the pupil is, however, an objectey aay ataSSRI Ney alge Ba etnaticulars

are discoverable, equally entitled to irasaga, 1780.

verre xu.Father Cotton —A renceMia Bye of en Anas end the rtfoed Bye CorePaee

‘Tu ‘iple on which the structureof the eye iscolinringl ouch he droin seewhichI explained therepresentation ofohigets onin Lexieth romanaof ogi oterrsetmise ee ei aa oe TeEollected in asingle pout by refraction; and sess
etipawt wiaion perach ea ry see canefultancts ofwhich tne eye i cososed. “Trentcreainferred from netcy hat 8 strcture moresenna ie amen, a eta oretransparent substance, would have been productiveSaar eS
Seaton Siac agioe

Seer teenFT artteld
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Creator, who has assuredly pursued the simplest

foudin ibe formation of al tis works.
ersone have aot been waning who, rom nothaving altentively examined the advantages real

tg fom thi apparent complain, presamed to‘censure this beautiful production of’ the Supreme

Seing witha levity worthy of censure. "They have
pretended ic was in their power to produce planImore simple Yor the stricture of the eye, because
they were ignorant of all the fonctions which that

ara had 26 icharge, Tal examine ti latheir; andT hopo fo convince you that it wouldbe highly defective, and. altogetver unworthy of
Ding ‘po in competition with tat which tually

Sach an eye therefore, would be reed to 2simple conver leas, A BCD, Fg. 2, whicollects, in a pointy al the rays coming from F&27-
fe andthe mime correponding pointiatheRE thin in only near to the truth. The
spherical form given to the surfaces of a
idns is lable to" this inconvenience, that it
does ot completely collet in one and the
fame point the rayy which passthrough its
fcentre and those which pass through is ex-

Eee There a avaye al ier‘ance, though almost impereeptile, in

‘experiments, by means ofwhich we receive
fhe imageon © pceof white paper, but if{his happened inthe eye ett would render vision
"hepersonsto whom Ihave boon allrecs towhom I hav been ;tun ty be pea oe ante ureftiagn ofthe em: hich stall have the properyfcollectinganew all the rays issuing fromthe point©

in pot heer they pa throu thefcéatte of through “the extremitice. I admit that{Sit taybe pon; butsponhe eno pee
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sees this with to the point O, at thesree,tle ralfeeds00 epeerafb auc fometSRS ete eiie re ew ea nt ey
stance. Accordinglywe see, when objects are re-
soderaeence rin eyimertcln vir enema

mh eee ananrer
perp trrhte
Sopcieenhatienciaeca te ny nceSeeeee
siete ene ce ee

= eeJens AB. were collected at’ the point ', this srouldbe the place of the red image. But if the point 0‘were wolet, the Tays would bo collected nearer to
‘the lens,at V. Again, as white is an assemblageofBile 2, Agim heacaofSi Stcrkee cramerrealioe con ge wi aie See ee reg) a
eco
room the external objects are represented on white
mimeeweeere
Bauertlrt encaseeesi pm_ WemFewledstha thie may bo done by means ofeerm may en mama ctint up cht he ezorn eer cred gesee ee



sravcrons or Te ars. 163

But the eye which the Creator has formedi sub-{ecto to do fal he Imperfections der whichImaginary construction ofthe reethinker labours,
dom has employed several ranparea wbetances inemployed sev ubtances in
{he formation‘of the eye, it is thereby securedanit all-the defects which characterian everywork of man. What a noble subject of contem-

Faton! How prtinent that gorston ofthe PuanIRF eleYormed heeal ot er} ondettl planted the car, shal Heat hear? "Pheeye aloneBring© masterpiece that far transcends tho human
‘deratandng wit an exalted oem mas we form‘Of Him who han bestowed thin wonderfal iy and‘hatin the highest perfection, not on man Galy, but
‘on the brite creation, nay,on the vilest of insects!

11h Auguct, 1700.

LETTER XLIV.

Perfoctons discoveraie in the Structure of the Bye.

‘Tus eye, then, infinitel ever sce ofsechaniam which human ak iscapableof pro-‘Gucing. Tho diferent transparent. substances of‘whieh tis composed have not only depres of den-
Sity capable of causing different refractions,but theirSpee twine detrmined i ach enaier,tatays proceeding from one point af the obotee eal Zaleciedin ‘one end the: same petsethoshat obec be more ew dts wetherbo situated directly or obliquely with respect to

the‘oye,and though sna undergo ireWier he lastchango tobe madin the natureapd figure of these sbstances, the eye would owe
B's "vantages which, we have een sdmising‘The strength of our sight is exactly proportioned to



164 eruvcrons oF mx rE.

the extent of our necessities; and far from com-dng nat objects 100 remoieeacape tis gen,
easly on in eonrary, to come one ofiE iia recon gi of ihe Supreme Baei must be firtber remarked, that inorderto seesaeco ent that te ayeswitch come from one’ point shoal be collectediaToten

"iin tewsnecnnyth he pon ofunin
shoul fal precisely onthe retina: i felther ebortof or Beyond 4 visto would become

onfanea. ‘Now, if for a certain datance of objects

{io pount of onionfa upon the retin thoes ofort dna ots woul lon spar witha theGye f thera: ndtv ofnarer ject‘would
fal! beyond the eye. In either case thereeal fe Caton‘ te image pitied ontheri,

"The eyes of every man therefor, areconstructed
for a certs Gntance.” Some persons se ditinclly

fi sch let aare wry mere teape,hom Mjopr, tat tn shore-ighted. Others onthe contrary tamed Presiyte, at dinely objoctefly which are very Sista” “And those who geo

Sintinety objcta at moderate distance are suidtohave god evee.” Both hove two however havethe power ofcontracting oF dilating the globe Of theyer to a certain degree, sad thereby of bringing
Bearer, or of removing, the Tetinn, which enables

them likens wo‘clearly bieite moreorthi, retell contr

{C render to eye more peroel abit Sant sorelyBe ered iodance merely .‘Thowewho have good eyes Geive most avantfrom thei srocture, as they are tus ns condition
__ toee Gtinlly object very distant andvery nea!but this never exteeds 8 certain nt "Theres,perhaps noone who can see distinctlyat the is,: Exnce'of an Sach an, conmguenty, ill les’ at a
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smaller dtanoe, Ifyou bold poe of wangclose to our eyes,yout wil oe the characters butsen sokney 3h ea pese fo oroeat of such igh porta?
Sid ag.

Lerter xy,

0Oasisos oer Property of Boy
Hara sow trae of litt proceed to the

canieatn os
property Connon. berfeo

rrr Wet aa fose, oi ta‘fluid, fall downward when they are not supported.
ecientarte eden PaFortraertad‘ib amine conte of nate tenapreefn eyingSeer trmmeed rib et ll pees he{algeoenoe paydiye tanayant‘Soadatdbown a Soe,"Tn eeepc thara incomeSeeaeis,Somes emeeEe eSTae piety emcee eefeaeseaaeaerentetaqistinorices Maaraneeae‘Gevtsees hemoer, be dca expenthereinte eneabd mrieaton of the Und ern he, he pl te core aad‘fal poseovine mechani sth te bru 9 peooram, ebSeoncamach kaos
hapee

TEESamsree
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hold a stone in my hand; if T let it go,it fallsto{he ground, and would fal stil farthet were therea ithe earth. While I writer my paper‘would fal to the ground were it not supportedbyThe table. ‘The: stine law applies, to every bodywith which we are acquainted. “There ia Hot oneThat would ot fall othe ground ift were not sup.
Potted on sloped bythe wayhe aut he phenomenon or of hisprope:sity ofall bodies, i Senominatedgrewty. Wheniis tid that bodies are heavy, or posses gravity, we‘ean that they have a propenaityto fall downward,toa

stay wold we romove what bors
"Rie ancients rere ite acquainted with this rop-

. erg Ting tele iat tor wore teal
Jue; ad such boca theytermedgh 0 daeand auch bodiea they termed light, toTinguish

them from those which have a tendency tofat Dat thas been discoveredy experiment oatitisthe
air which rales these eubatances aloft forIn apace voila at wellknown,by measDotthelair pump, that smoke and vapours descend assrellas stone,and that these subatancee are, oftheirDon nature heavy, like others. “When, therefore,

{hey rise into the ar, the same law acta upon them‘whieh acta upon a log of wood plunged into the

Mate, "Normhanlng 1 gral spans opsoon a you eae tts tel ad tri, Decneisnotco heney au water; and in virtue of  geoe-ral rule, al bodles tie fia fuld of more gravity
{BE youtow peo of iro, of cope, ofpiece of iron of copper, of silver,apd evenof led, ito veasel fulofyet kelver theySwim on the surface; and if you force them down: they reascend when ieft to themselves. Gold aloat

tink, because i fs heavier than quicksilver.” And
+ Po i ee
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Fort he mercury che barometer, “When, tee.

Fe might be objectedto this general property ofspre Maattions rae met

Eeis ier aosaaaes

peo that they may be row la, Dt hi
biti eralacara

setieirssineramar aaa
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esate ami ah ane ine LtSTE ei cae yarpaidghteatieh naeaSe. hr eaedie osseeeeley
Senetcremeto men. A body like this would not fall down-‘ward, though the floor were suddenly to be removed
oarey rere emt
Tike yet etn

nee geomet etchsr caper myeTebor giescrrictara hve Yaaeran seege reed‘88d August, 1760.
barren sure

Continuation. Of Specific Gravity.
vosmeteneentatgies etpopmatina rie eo procya a ih ree

awtte npnereeara pier=ence vaen
Seetiestyeeeseerib rp nt of ole,pedotodden “re ermprett, ihc

ee ctrenmnanememenyaaa venues



or srxcme onaviry. 169tody,oi t exiats without i,so that were this ex-ttnsle power to filin its operation, the body wouldtease
to beheary. Before we attempt asoltion ofthiss it wil be necessary to examine more carefullyAllthe circumstances counected with gravy.

"remark, frst that when you support. body to
provent its faling, if treats on table its pressure
Frequal tothe force with which it wouldong to fllanda thread fs afixed to i by which it maybefaspended, tho thread is stretchedby that foree; in‘other

words, by the gravity of that body; so that, ifthe thread were not of a certain strength, it would
break. We see, then, that all bodies exercise a

degreof fn athe chats which suppor them,Prsrentier ling ad tat heaton in pre‘nely the same as that which would make the bod}devcend it it were atiberty., When a sone is laid
‘pon a table, the table is pressed by it. You have
irto put your hand belween the stoneand the{able tobe sonable of tis foree, whieh may be inteamed to auch a degree as evento crush the hand.
‘This foree 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 "s pressed downward,

Srfetor this fore exists tn the body tnel or out
‘We have an ideaoo clear of the weightof bodies,tomato

omceasryo drei longr onthe weetoni remark, hat when to baie are fined oester, their weight too a added, so that the weight‘8F
the compound is equal to the sum of the weight‘of
the parts From this we see that the weight‘Of bodice may be very diferent We have aso the

fertain means of exattly measuring and comparing

thembythe of nance, whihas he propefrtyof resting in equilibrium, when the bodies,ins two scale, gro of equal gravity.” ta orgawo‘ake th compton, wengeson sie od mew.ou
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‘surement, of a certain determinate weight, such as 8
pound, and, by means of a good balance, all bodies
may be sod ther gravity asertainod,ae-‘cordingYo the numberof ich they contain.‘body too great to be put into the scale of balanceinay be diviled, and tho parte being veigied spe.rately, you have only to add the partic‘weight of a whole house, however large, may be
to nrccastno doubt, hav frequently remarked,fou asl, 90 2 iythat a mall piece of gold weighses much asa pieceof wood greatly superior i sea prof that tegravy of dies not aaya soplated ty tetIapitode:"a ‘ery amall ‘oly may be ofgreat‘weight,while a very large one may be light. Everyiy, then, mnepte of two meanurementaen. Ltrely diferent from ‘each other. ‘Theone deter.‘mines

its magnitude or extent, called likewise its‘Sze;
this ‘measurement belongs to the provinceof geometry, which teaches the method of measuringthemagnitudeor extent of bodies. ‘Tho ther modeof metvarement,by which the weight iy deter‘mined,in totaly diffrent, and serves to distinguishtBetalae

ofthe difereat substances of whichbeciee‘You can easily conceiveseveral massesof differ.. ‘ent substances,all of the same magnitude or extent;cach or exampleof & cubic Sure, whose length,breadth ‘and height shall be a foot. ‘Sucha mass,i it be of golds wonld weigh 1390 pounds if ofsilver,70 pounds} if of iron, 800 pounds, andif of‘rater, only 70 pounds. were it of air, it would weightno more.than the twelNh part of «pound. Prom

{his you see that the diffrent substancesof whichbodies are composed vary ‘considerably in respect
terms, which might appenr equivocal they were; ‘which wereor porecly uileniooa,‘Thun when i'l Sad,



anus artative To onary, 171hat golds heavier than snr iti otto be under:‘2 pound of gold is heavier than ast ilver; for a, pound of whatever aubstaica isaways
a pound, ahd hs always precisely th sameSeip fr the meaning ott having tro massesOf the same sizo, the one gold and the other silver,the weight of the mass of gold will exceed that of

the lve." And when it I aid that gold is 10times heavier than water, we mean, that having two

‘equal masses, the one of 21, 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

arecres, we sy noting of the abeolte weight‘of bodies, we only speak by way of comfind with reference ziways to masses of anequalge, Nair of impurtanc
whether the tae

Si sagan 0? ee

LETTER XLVI.

‘Terms relative to Gravity, and their true Import
Gnavrrr, or weight, seems s0 essential 10. the
natureof bodies, that itis elmost impossible to formthe ideaof a body divested of this quality. And iteinfluence is #0 universal in allour operations ‘uponbody, that we must in every instance pay attention
12. gravity oF weight. “As to our bwn personswhether we stand, sit, or lie,we continually feethe effect of the gravity of our own body: we could |never fall if the body were not,as well as all itsarts endowed with thi force. Language elf iregulated according to this propertyof bodies. Theplace

towards which a body tends in its descent weterm iow and the opposite direction frm the bodywwe term high.

1s must be remarked, that when a body, in falling,
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chp er cer atwards.. This line is likewise called vertical,by whichTee oeiie gam Taecaaaiek ton. ERNIE Lie eee

Set eiehere genial oaEhceh creeraethat otke
esi, Se ieee aseay ere

‘be stretched ont intoa straight line, and thatmb
ener area eect ae‘ith leaden ball st one ond, writen they call =‘plummet, to direct the perpendicularityof the wallsfers coernestLo

Tierr uh oe reta

aShenaeelgeri sac yorerintacanSch tae etscl
erie San rrgues fne Cay -
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stagnant,and rm down no longer, whereas all riverstrecontinuallyfowing towards places loss elevated.‘There are instruments by moans 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 calleda evel, and the application of i&is called the art of levelling.
‘Were you to draw a straight lino from any pointin your apartment at Berlin to a given point in yourapartment at Magdeburg, you might, by means of

such an instrument, ascertain whether this line were
horizontal or whetherone ofthese points were moreor less elevated than the other. I believe the point

St Berlin would be more elevated than that at bfag-
eburg: andI found this opinion on the course ofthe rivers Sprée, Havel, and Elbe. As the Sprée‘ie othe Havel tient of our be higherand, for the same reason, the Elbe must be lower

than the Havel: Bevin therefore stands higher tanMagdeburg, provided you compare two pointsat an *qual deqees of elevation from the ground; for
‘Were a straight line to be drawn from tho street
pavement. at Berlin to the pinnacle over the dome
Ht Magdeburg, that line would pethaps be hori-
7

lence you see how useful the art of taking levelsin when the conductingof water i conceae. Potagwatercan run only from a more to. less elevated‘situation, beforo digginga canal you must be well‘soured that one of the extremities is more elevated

han the other, and this discovered by taking the
‘In buildinga city, the streets should be 20 dis-osed,

as that, by means of a declivity on one side,the water may run off. It is otherwise in the con-struction ofhouses, th foors of which shoul be
perfectly horizontal, and without the smallest decliv-Fry, because there is no water to be discharged, ex-

cpt in the door of stables, which aro constructed
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with a gentle declivity. Astronomers take great
paki Sc enerote artiy level to correspond with the rel horiod inthe heavens. ‘The vertical line, produced upward,
marks the zenith.

SHA August, 1700,
LETTER XLVI.

Replyto certain Objections to the Earth's Spherical"Fgura lerteed Joon Goenly.
You know well, that tho figure of the earth isnearly that of. globe, Tt has indeed, been demon.strated, that its form is not perfectly spherical, but

‘somewhat fattened towards the poles. The difer-

fence, however, is so trifing,that it does not at allaffect the object Ihave in view. Neither does the

difference of mountain and valley excite any solidobjection to its globular figure; for its diameter

being 7012 Engle ‘mien th highest mountainabeing about five English milesin height, sink intonothing, compared to this prodigious mass."The: ancients hada very imperfect notion of theroal igure of the earth.ht was in general consias a huge massy substance, 98,23 CD, Figs 96,fattenedabove 4as A.B, and covered parly with

ert pari with water. ho.Goringother athe rac,A.B alone was habitable; and it was impossible tojo beyond the pointsA and B, which they considred as the extremities of the world. - When, in the
rogreas of discovery, it was found thatthe earth‘was noarly spherical, and universally habitable, 20
{hat there "were upon the globeaps dametrically‘opposite to us, he inhabitants of which are there-fore called our antipodes, becauso their feet are
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tamed directly towarde ours—this opinion met withtoch violent contradietion, that certain fathers of
ihe church represented it as a dreadful heresy, and

thundered out anathemas agains al who believedinUheTexisieace
ofthe ation, Aman howeverwould: now pass for an idiot who would call tin

question especialynce the opinion his bon on.med by the experienceof navigators, who havefrequently
sald round theibe But ster dffealty here. presents itself the solution of whichmust assist us in discoveringthe real direction ofeamiy.Te'tho circle AB, Fig. 20,say they,represente cart ariwoare at ky 78,99.‘urantipodenwil be diametrically op”ositeafB, Anwe,then,have tho headpward andthe feetcownward,ouran-tpodes must have the fee upward andthe head downward, supposing these

words to indicate the sane direction

Zi 'when we prononnce the same
words at the place where we are.

Foravigsor who have made thcirca of tho globe, obnerv ah their head andfeot had throughout. maintained the same_ positionTelatiely to the surface of the terrestnal globe.
‘Some persons, whom this phenomenon ‘embar-

rated former tought of expunge com.Furia of'a globe ser the turface-of which you
fee fies and other insects crawl on the unde? as‘wellas the upper part. But they did not considerthat

the insecta on the dependent surface adhere taieby their claws, and without this assistance would :
ily fall off ‘The antipode, then, must haveFis choes urnished with hooks to hold him fas othe‘surfaceof the earth; but though he has none,hedoes not fall, any more thanwe do. Besides,asweimagine ourselves to be on the uppermost surface of thd
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earth, theantipode has the same idea of his situa-shoict eeenceesomed

sistpreheatsaSe giae
ieBia cen,erete, aleeguard aod doemeerd, thereforer donot expres atmeses Pre

irae itn, but con of

deorergeny ihren ae a‘position which the power of gravity constrains them
spines ajar eyaetepeti pple eitsclerotic Yuieos

and it isnot long elapeed,when it would have been.feos eng cprie,etSomer
ee98h August, 1760.

erren xin

‘True Direction and Action of Gronty relatively tothe
‘Tuovon the surface of the earth is unequal, be-ferris ase borat

ii ieee great

fot the vera! line, inthe drection of which bodies‘fall, being perpendicular to it. If,then,the wholeiS ingey i, wiSi ree releseiSmeea ere



vent wert,

! zontal;at A'the line «A

fed Ear tcre
or downward; to persons at . :Kieeraktnt
ward, and the point « Dytet sicher atte raeihefaa alien taeitech teeterBeeATA Gettoa aera ca a
BettAculet hccatimtie

micssa ca temee alot dor irate
fom the earth: ad, universally, men having their

Feing produce inwardly, would meet atthe contreBs paradiseatfeat
tan eae oreFeri pectShade
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the sarwer mut be wht aproscos oars tesure ofthe ent in hey ere gow 10 0 ¢fatein te earth atwhateverpiace, and to cootsueLeduuwoward perperculasysYou woul a eatat :each be couse eflbe cart’. You wil remocterKev Yate one 0 nigh atthe ea of «BaeTeachingfo the centre of the earth, mentionedby‘Moupertar It iv troe, such a projectcould nevebe executed, as it would be necessary to dig to theGepth of 080 English milee; but thre i uo harmSn bopposing it, in order to dacover what would be
Matus eappcee, then, sch= then, such a Fig. 31.hole, Fig. 31,to at A,tat confanedbeyond fhe oon?._ He of the earth 0, the wholeJength of the diameter,

as far as.swore todobcentalhag is wpewereTires Before amg: tho
gicya avg Fasccentr of in ea? O wil tere
Pipaand slow someting mpportad: sy weould fall towards O. Dut having passcd beyondthe centre,to F, for example our gravity would (henhavo a tendency towards 0) this poiut and muchmore the poiat A, would appear downward, and thepointB opward."TThus the forme upward and downWard would. suddenly change thei signification,

though'we should have passed from A to By in hedirection of a straight line,

ih long as we as onthe passage rom A to O, weare descending ; but in going from O to B, we areSctoally rng for we ate rethoving from te centsOf the earth—ourown gravity being always directedtowards that point; so'that if we were fo fall, whe-
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| thee from E or from F, we should always fall 1o-‘wards the centre of the earth. Our antipode at B,ihe wanted to pass from B to A, would be in pre:cisely the same situation. From’ to the centre ©

hhe would have to descend; but fromO to A it wouldheallanasceat,”
These considerations lead un thus{0 define gravity or weight: It isa powerby which{i bodioe are forced towards the centre of the earth.‘The eame body which, being at A, is forced in the

direction Ay If transported to B, will be forced, by‘tho power of gravity, inthe direction BO, which

Airey gppoate othe other. By the dtection of
savy, then, we everywhere ropa he signa.fonof the terms upward and downoard, rise and ‘de-send, a3 gravity or weight has a very cosential in-

ffuence on all our operations and enterprives, and asevenour own bodies are animatedbyt 10 such‘ogres as universally to fee its effects.‘oth August, 1700,

LETTER L.

ferent Action of Gravity withrespect to certainPGiend Deans om theCorthe Earth
‘You aro now sensible thit all bodies are forced

aizoly towards tho centre of the ert and per~endictlarly to its wrface, by their gravity: ‘theFemondicalr aes a he surtice of spake sre
Eecordinglyconsidered asthe rections oie powerFit ait propriety ie the térm pour spplid 10rarity, an every thing capable of putting @ body inMotion i expressedby that name. "Thuswe ascribeower to horves, because they aro able to draw 'Mong a. chariot; or to the current of a river,oF tothe wind, became by their means mills may be potinmotion, ‘There can be no. doubt, therefore,
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rity isa power, as it-forcesbodies downward:eye hegieeo toge iegover:
Soeea namaesF
Galeey govern things 1 bocsfertbea icanae sto BeePeteber teteraaerate oe mee Aad re
Creare ares eet

Seateeiene caeBereccreclamemi nogetekarate seemsae t,t eaSoy,arecaaeofan Sk in ler ty heehh pleted

Hegre Wher owinga reno Goerae eeBe em Leh ee atpoate oregon.tn denenipa comes rees

Feae ssnen mence yee 7 tt ngeweserpin ine by ere ee
Seaameanticaare tareaeLac, aymeeeTahHi prafie troepaasioma esreeeo
Con eee
RRRee ete caesure’

body, boing transported¢ diferent places ofie tie ea cea eeScree ae
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| tet ua now retum to the aperture madein theearth through its centre; it is clear thata body attbo very centre mast entirely lose its gravity, 2018‘could no longer move in any direction whatever,allthose
of gravity tending continually towards. the{fager gravity atthe conte othe oarwil0atthe centre ofthe earth, if will fo,Tow hit it deacentingfo tig contre ia gravity willbergen imine ed we scorgly coneart Svcs sprit,taprtportioneitepproecesErcan, "You that beable then, i eitherintensitynor the directionof gravity i a confoquence fm ie ntare of every ety, cs not ealfa" intensityis variable; but kewive Tis direction,whch on ping fo the siode, bebe que

Contrary.

"Having travelled in idea to tho centre ofthe earth,lot os return tos surface, and ascendto the num:sof the fort mousing, "We eh derethere no sensible change in the grav ea,Shee vor ga steno blo tha hefreightoft by dlslsohee in proportion att re:Toves from the earth. You havebut to imegine
Sayerrmovng rom or ginilthe aun,or one ofthe fixed stats—it. wouldbe idieulousto taiek that sent 8 body must fallbeck tote cathas iis thmost a nothing{Siege las" Hencey tent mayb conlosed{hata body in removing from the earth must tne
forge 2 amnion of arity, hich wil become
Sle and wl, eo whydpa"Thore are reasons, however, which de
thata body removed to the distanceof the moon‘will still have some weight, though 3800 times less
fouy tovweigh S00poundson thecathyooayto-weig aon the earthy 0 ayis eapeblo of supportingit here, bt camMoeailsance ofthe moosacore
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it with one ofm for. thenit willwea ony ge ound apt rer removedwould weigh stil les. ‘We are certain, there-fore, tha gravity isa power which forces all bodies{erste centre of weary ta this power actowith the greatest force athe surfaceof th earth,{bd is diminished in proportion aa it removes from{ence whether by penetratingtowards th careorsisng above the rurface of the globe. I have‘ll muchto say on tis subject.30th Anguat, 1760.
LETTER LI.

. Gravityf the Moon.
1 mava said that a derrestrial body placed at thedimance ofthe moon would be reduced toe 3000art ofits weigh, or inolber word, would be forced{Gwar the ane of the earth wh «power 3600times leas than it has atthe eurfaceof the globe,‘This power, howerer, would be wuficien to makedesc oho cathy ik were no kngernporedistrae we are inespableof proving this by any exermett, a0 no meal exis Of raising ooryelves toucha height. ‘Phere is, however, «bodyat thatight—the moon:she muet thereforebe subjecttors tect of revit, and et wo see sho doce actfailtothe earth“To this Tanawer, that if the moon were at reststernerls tthe epd motion whchCarries her along preveats her from fang, "Therefre experimenté which prove the soiltyof this an-er

aay motion intomed tpoa yas Imumeatalysoy motion inpre i, falInline direction oft strght vertical ine, but if youthrow this stove, impressingon it a motion whichforces it out ofthat direction, i does net fal imme
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iately downward, but moves in a curve line beforei reaches the earth; and this will appear more

Seaibiy in proportion to the velocity’ impressed
‘PX’ cannon-bal discharged in a horizontal direction
dee nt come tothe eth til hasgo to acon.Aierble distance; and wore it fred fom the topof a hgh mountain it might perhaps dy seveIiles before it reached the ground. If the rection
ff cannon is farther elevated, andthe quan
and strengthofthepowder increase, tho all wibocariod

much farther. “This mightbe earied eofar that the ball should not light til it had reachedthe
antipodes: nay, farther still, til it should notfall at al, but return to the place’ where it was shot(ff; and thus perform a new tour round the globe.Tt would thus be alittle moon, making its revolu-

‘ions round the earth, like the real moon.

‘You wil now please to reflect on the height of‘the moon, and the prodigious velocity with which

she moves, and you will no longerbe surpnsed thetthe should’ not fall othe earth, though forced byty towards its centre. ‘There is another re-{fection which will place this in a clearer light. We
fave only fo connor thepth desrind ya stone‘thrown,Or a cannon-ball shot off,in an oblique di-rection.

It is always a curve, such a8 represented‘in the annexed figure.
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‘Let A be the summit of 2 mountain trom:betas tram nom tay |im the directionA EF B,fallsto the groundat B; |Eerares

Sacer}shefa rhdebe nce,|more he eeeepower of gravity, it would. not fall, hough Tet to
feo avy Sou nr a

ferhaving Jecerioed theeurve KEFB, care |Berns ciel Bgcare nent fm |
if it were destitute of gravity, the ball would not \describea curve, but proceed forwardin the direc-sets ort mes eaa aoPoti

Fessawn tv ene the momwhich assuredly does not move in a straight line;
sichee ere in atplatenPoop porCurve almost a circle, such as you would describe‘round the earth, with a radius equal to the moon's

Tt is very reasonable to demand, why the moonasa reale i rman ye moregay at pre aise, tenetihrem eriy setteet,‘cannonball Rred Of; there is good ground for rruaine
isa ty So eran ee
Ste eee eta teae‘eters me peer pct

Serratia, bested oaPaige ly tm rub oeshed iacmna fate
rath cena, aeBy pont caebiahed mathomatien paeiplon, the
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which

the moon mast pursue; and this is foundFel o ‘agree with thatin which the a‘aire; aid this is acompleie dencustaton ef =the truth of the anertion.

et Septenter, 1700.

LETTER Lil.

Discovery of Univeral Grovitation by Neston.

Gnarrry, then, or weigh,i a property ofall er-selinakewlihemoon,sin virtue of gravity moon preseee to:ware be cr nd ryree ber motionJust ao it drvctsdat of stone thrown, or of caneBon-ball
ted of"To.Newtonwe are indebted for this important diecovery. ‘Ts great English philosopher tnd geome.cf,
nageoo ay to benag ertppletreean apie fll pos his heedRas tate of ebections. "He reallyconecured
that gravy wan the eae ofthe pidefiling,
by overcoming the force which attached it{eisrash.” Any person whatever might baremate the same rection; :per porn Heme farther. Wonk thisreore Aways ate! upon he ie hd the tee bows aareata figher! He coldentrsnna doableBi a tho ight en equal to that othemoon” Here he found himself at alos to deter.mine whether the apple would fall or not” In cave it

sisaepeared hm, however, iyprobable, since it is impossible to conceiveothe eighthetro at which it would eco toit must atl have certain depres 0fring t towards the cath; therefor,i themoot‘were st the sme pace, she mun be pressed towardSivan bye pier sar ot which wood
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fotloneetn
cojectate

iat non mightRi on his) he contoctared that motion might= be the cane of tie, jat asa bomb frequently"This comparison ef tho moon of the moon to‘that of a bomb, determined him attentively to ex-amine this question ; and, aided by the most sublime
try, he discovered that the moon in her mo-somone decovgrd that moon in hereSearaeee pom PsSoak ei hagueaaeadeneotSee at ead ona aoe te eae satsieee ie Siew yu pnyeeae oanse ato msdle

Siesta don deerosoeParone renee
fies iteroma ptyof‘the earth, that not only all bodiesnear it, but, ti
Saeee te edenmen wc ar rete creme oe dence{iy anl richminiseeta: roportiona bedies. = aMr ste ae at ws ne
Ter

a poe aeee
ee ees18 tho cart, he consoled, that bouton adjacentteh pice poweas py and et be ane,

Sreyet one atSus gy mit brea ne‘reitwits tanepottd

te the taco ofttieSeaway we ae
soutienmem en rgoafive, which move round them just as the moon does
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round he earth could not be doled tht the
Toon of tin of Sapte Sontec by

elec arte cms 0 at Ne{hat ofthe aelten of Saturn bythts erationBeatie ca of tre: hehe sas
‘Stat Se oom mover rot he nth el

Geir rowpectv sas move round peso
Sar, atheplaneta homeeven move round theSun yence Nason few fe hao oa

Foti connie, "athewn rowed wisLOS eeefacial Clee erateuro,by a power which maybe called solargravity.Ths
fovdr suena t's roo’ Casassunt hn nrbeyond ue BantaSUSwet whlch olen ht is, uesame great philosopher discovered the meansof de-‘reli mabe oboe fom he Eavesot th

power tiny tia stato 4cSeeaParte Ba tcretsie pone ih etSn theattbrs Stad pve mastsTERR mtn in Eel te

sss hewaito raged porefepectng uo oton of thnetony entEB aler we ait rao gn ectSennw enoy a sence ,is sstonloing to think how moc of their pro-areal non owe loaner essen”pig Had nt vtec etrthead at ao haplyhate onte nowy might pre Sal hae Sen magSas ii of gun pcg Wo one{Gotheavenly bots, and  mulutnde of other poo-
{GiediyB atogeter worthy of yourstenson,et
fu stall thereforebe reaumod ina fiture Latier=”a Seni, et

SORTASEoeeeres
Se
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LETTER LIL

Ctntin. Of th Mil tration of the. feromly Bodies
‘Taz Newtonian System,

you will easily beliovemodest ft en tone awit good reno,povone had ‘hitherto hit apon a discoveryso ronyfortanateyandwhich ined at once such clear ightover
ec tan of epee ha eon[reese by several namea,of sich tin proper youKoeilafrmateeiaerua aeTt has been denominated the system of univeral

Titan; for Newton mutated, tat nov ovly{i car tthe havent edie in rnara eeowed’ with ‘stracting those

‘Thich surround teatwh ¢ power imiatto thetSf weight or amiy; ac Gre the termgreen, Thi power is howerer,totaly ieEiri; for we so fothng acing upon bode, andFreeing thm ttt te arth a en toxTire the hesvenly bodies“The loegcone, by which, iron and steel are at.tracted thou Gar belng abe to discern the cause,
Pemesapimnomenmmeni wine. Tourbe now certain tat this produced ty substanceextremely mbtile, which pooetates toroogh the

pores of the loadetoe and ofthe iron, i ay. how.rer be affrmod, that the londstone ‘attract fron,‘tian foo acid by rove the aneof speaking.does not exclade the true cause. "Itiay'ikewitebe alirmod, then, thatthe earth atal alti dha nary howe which= tistances and we’ may contSe weight of gravity of bodies a the edoct of the
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‘attraction of the earth, which acts even upon thetoon.

Again, the sun and all the planets are endowed| wit similar power of attrcton, which extends to| all bodies. In conformity to this manner of speak-ing, we say that the sun attracts the planeta, and
S85Spiernd Saturn ara ter renpctve aelites; hence Newton's eystem has ikewise been de-‘nominated the system Of attraction. "Aa there can

fo'on dob tl bes wry sear the moon mutikowise| to it by «power similar to grav-iy, i aay Lewiso bo aflemed tat the 008100
iructa adjoining bodies.

Te was natural to suppose, that this attractionofthe moon should extend as far as the earth, thoughitmust be undoubtedly very fecbo, xs we have seentat of the earth aon te gn tbe: now thetame philosopher han placed this also beyondreach of doubt, by demonstrating, that the flux and

teefhe ator o the ng of which Pal0 occasion ‘afterward, are caused
ttctionofihe noon itcannvlongorbe docked,iberetore, that Jupiter and Saturn. are reciprocallyattracted by their respective satellites; and that
fhe mun itself in nubjoct 0 the aitracton of the

plod hough hs tractive powerbe excodngy"This is the origin of tho system of universal st-traction, in whieh ite onittsine, and with good‘eason, that not only does the aun attract tho planets,but ie Feciprocally attracted by each of them; nay,that all the planets exert their attractive power pot
gach othr.) The cart, then is ttracin, not nlyby tho man, bt alo by ail th eter and thouear power bo slmost imperceptible compared {0that ofthewun, me ms‘You wil easly comprehend, thatthe mation of a

%, which is attracted not only by the sun, but
‘the other planeta, in however small a degree,
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parremniejrtaneneafen

Crumequely the uitncianof the oor pacts== ay:

Inet cause some small derangementof that motion,
papersinoecoemenay‘versal attraction to the highest possible degroe

ofgre‘80 that no one now presumes to disputeon wie ema hat amet rbSabres Scene et

iaocetamneeane
{ant om them. It laa general ule. as we shall ecmtscues

Seoe esate cme eeScien teeheeSaas
When, therfore «comet psn somewhat morere ge

fiat lane byt active powers ents own walSicietearame aScenacnm

‘motion of a comet has been deranged by the attrac-
Boosare
pastaoeaabe we feponphora irromth attectonof comets. meeeoevuee anrencog cai oemsamormnenion pote
Sisco
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LETTER LIV. .

Different Sentiments of Pilerophers repecting Unieered Gronn Tae Aiactate®
Ir in established,then, by reasons which cannotbe ‘controverted, that ‘universal gravitation per-

vadea all the heavenly bodios, by which they are

tracedtoward ach oer; aa a hia power a‘eater in proportion to theit proximity.hisac a ncontentabl Bt has Gon mado »sgnestion,whether wo ugh to giveit the nameGrins or atrctn.fhe name undoubtedlyia‘Biter ‘of inferenceuf eet in he aun,‘astronomer, accoslingly, attentive onlyAfioct of this power, given himself lite trouble todetermine whetherthe heavenly bodies are impelledtowarde each other, or whether they mutually at-
tmct one another; and the person who examines
the phenomens only is unconcerned whether the

tarth attracts bodies, or whether they are impelledtowards it by some invisible cause,
But in atiemptingto dive into the mysteries oftur, it of importanceto know if the heavenlyjes act upon exc impalaion, or‘racton; i ceri ubenysematey nelsthom towards euch other; orif they are endowedwi

a acre or cell gai, by which they are
Ratuly attracted, On ths exon phosopterere divided. Some are of opinion, that thi. phe
fomienon is analogousfo an itpulsion; others main.tain, with Newton and the English in general, that
‘Redasiata iw attraction.

{itmbe ‘observed, that th terme eat anae + that accordingly ita not fo be supposedthor fan intermedi
36 body between the sun ad the earth.
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inmeamathecasa arreeSautebaatEre ee aman eh amyo eye re

iplgenet Sree irs afei veenceoh ee
arecaty, meafee
accothe planetsin maguitude,its attractive force mustSomli grealer tin tisk "hey ikewise remarksginee naetenesi eurtreeitt eoreoraieerarioa amasthw

mse eercnneeegh ene eedSaree tas atiaealme, pe ey Se
iretaontoeet eieereaSarayeteeu rentoo would be diminished, as well as.the gravity of
seisespisayne tan
on their sis, any two bodies whatever at rest,
ISeinmaneonoleatewah her andiad(quence; but they inna, that in th case tho aitGentryanOlnee‘ifect; for if the whole: mass of tho earth, by ite
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trative free rode in every dy ony dah

ec which we oreive m the welt ct by.EPSTRSeiinestleten bs ah
peterfamay inesmt

iar eoliybecdnital atewewy att nay eluese4 gkitary elatedoutaASSES RectorateeeBie
oy pat opt ToreBe pan olfalaerr estaerableon this side ; and they produce in supportofEgy ot rpeine’ Sue's DebyePeesPane at aT epee teSiar aig etal send nomaRpeam carnecareertel ites rnFis itng hie cantrgeae as

crs beige cngns asSie toon nee

‘7th September, 1780.

, LETTER LY.

ery ih te HeyBb eemayFim

ouae well somiedwih te poperty of thoJoanne: tat of trating rn. Wor'have seen‘small bits of iron and steel, such as needles, when

SinafensteaeMu eecern ts eros as yoo hefing that impel them towards the Iondaton, we

“Ye tyttt.

ESS eaeSty i leacer
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say that the loadstone attracts them, and this phe-Pedeapen prien heen tdhowever,

that there is a very subtile, though invisi-Aree ee esduce i ane cnatetaoeof exyocuion srerogusted ty spresremen,8 ee re

Pie caeannySey ae ans"Though this abe peculiar to the loed-
“Tal

ie penmeona granta ae ee ily adapted to convey saitalic ena
Bee talfoaontingoserla8 endowed witoy eau anen't0 eoume’peropiliene thy sre verygrod,2 ueaaPerey ry‘Howevergreat, for example, a stone may be,iteras Erase saat ot oer BaieFansPeetersoad BerSee

tad eae iStansof ee pete ess wea eaNeena ei kacieedy ean
Taaction eae eae

SE ae ae era hat’ potuced Siratia,ee rayer oma dace oasisReh nee it rerace thereanon seatSeoatrom ecgeryeaBi rey amis Ray acena
raneeon eae Pe
‘cisely the gravity with which we see that they are

SSR hee he he rarity whichRsentry

fon of arco te we mane Ot{ weight of bodioe would be proportionablycoeomer Aerathe ak pret‘bodies in the universe,ab the sun, the planets, and
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| the moon, are endowed with a similar attractivePower; but greateror leee in proportion as theythemselves
are 40.‘As the sunis manythousands of times greater thanthe earth,his attractive power exceeds thatof theearth 80 imany hound tines "The mass of the‘oon

is calculated to be forty times less than thatofthe cari it wil follow that her etrctive foess0 many times lesa: ame ioeallthe hourenly bodies. rlih September, 1700.

LETTER LVI.

‘The seme Subject continued.

Ix virtue of the system of attraction,or universalageviation, cach‘ofthe heavenly bodies attracts al
Tost, and is reciprocaly attracted by them.‘in order to form a judgment of the force with

‘which these bodies attract the others, we have onl
SDconsier

two bodies whose sttraction is mutval.‘A herewo must atend to three things; fet,tobody attracting; wecondly, to the body attracted ;fd, finally, to tir distance’ for on these three
‘ircamatancea the altractive power depends.

“ig. 33.

et A, Fig. 38, bo the attracting body, and B the

body aitracted; both of them spherical, the heavenlyBoalon boing nary ofthis gure, "Takofor ther di‘ance fst oftheir Centres Aand B thats the straight



98 srrasoranor rex
lineA B. Now, with respect to the mass of the
‘attracting body A, it must be remarked, that thefesterthereat ao lb fporeSoage Say a CosacondyAaa eeeas great os B, this last would feel at attraction twiceAeneas

ectswe eet wr rn. Tatase Soest oe"amannet teFeodiceereioieg

‘If, then, the earth contained more or less matter
than it actually does, it would attract all adjacentSEGRE tal doom trondect ceos vite ordinmits” Sue etMeaae nea satesatary
happento change ty the ttracted bodyet a hag aa aFee ciateAt eam tn OySans iM toate is ea fe a

aries, t,o the power wit whch tEpa iowntes ‘Than fine bly war wienser ent A atttad neces EanBeis, Wits ne peerwi tiseIn order more clearly to elucidate this remark, weIhave only to substitute the earth in the place of the
Boyih strictedin nothing ise but thoweightA rh

sees hs te A esSpit peatnaeAweRes eaMerits ays tags dre eas

‘the same, the attraction which B feels precisely fol-
a etd

ramanchmettgely tetorm e; thus, they say the body B is attracted bybody A with a force al to its mass; -Cocahe erie naryee menting of ch Ca ema teaie arte
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creased. Thos, with respect tothe attracting bodyAhoa The rover ich exe reeis propoRional to its nae, 60 log a3that of B and the Gstance A'B continuethe sue,Tivoat farther observe, hat when we speck oftheity ofthe attracting bodyAy or ofthe attractedBy we mean he quanstyof mater which eachtid nother magtodermerey You wilecole, hat bodies difer considera inthis re-
| pectand that thee are somes whichin tery smalChapa contain prot Salo matergore

epee thersuch a contawry Hieint great space, "When, therefore, we here speakot tien, we are always tobe undeetood a eter
fing to he quantity of matter which they eoataan?
Ba ie wet veekaby th sees"Al that ow remain isto examin the third ci-

gxpwance, manely the tivhoce AB of he oodies, eopposing them fo contin aways the sae.
Wrinute be observed, tat aa the distance A'B ine
treanen, the attraction diminiahes and thst ax they
Sppronch nearer, inereuses: bu in conformity 1
Tiler which if W notoo eyto express, When theGintance becomes tice sa great the force withwhichfhe body Bin arated towardsthe body’ A wil be{orice two, or four fimes less and for tp he dee

{nce the attraction becomes thre times tree, thatfs'nite tines fos ifthe distance becotee’ er

tines pee, the ponerofction becomes forfimes four, that is wxteen times lesa, and n0 on.

Finally, fora distance a hundred timer greater, thewroy of araction wil be s hundred tives hu.

redor ten thousand times less. From ths it fo}
ther inpecefche. And rciprocly, when impercepuble. And, reciprocal, whenfhe'otace AH ver oma tho taco mayto" very considerable,though the bodiesmay beDo great magnitude,

SptTo
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LETTER LVI.

The same Subject continued.1 mave now demonstratedthat when 2, body Biassactsd byt boy A he power of auaclonfoe man oft itecng odyio that of tue aracied body By bu & padsfoveush's ogres on te dnt of these Sone,{hal W anol become’ vice, ic, four or vsEines grote, the pore of sgscuee Pod bosonsfour,

nine, sixteen, or twenty-five times less.Tr orto soeraia tho ‘ale of ne getttingwwe" muet mult into foelf he nua wise

Tine bow malt tine the Guten ts erenttoldpredielvilauoyhow muy me en aforver of sitanionhoo Becomes To put ths rue{nits clearest light,tmust be observed,that whenetmiliyt
ater inoue te produ rereTip Bum its euled i spor ‘TakYo fad thanedefare, emus! mulipy te nanbers by theavent below
Wangan 8

sent

3] 33/3) 313/413) 8vee
a |

men tenIsis clea, rom tha lst example thattheot mie aE a yor ih ka coeor oxy aunt whee’, ‘netSSulepty tial mmaber by ef a tthe Daaowing
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1 EWTSteure of snakes oatovar may boca‘nurobers whatevermiculated
in like manner. "‘Aa the distance of bodies, then, must be multipliediteelf,it is evident that the powerof attractionhaciakesas uchos the eqire of te distanceIacreans; or, that ihe oqare of the distance be:‘comesas many times greater as the powerof attrac-Son's diminished. ”

intresting subjects ofthis nature, mathematicanaceuploy expressionswhose signification it is properyou sould Know, becawee they sometimes occur
Inerenetn proportionto fhe auar ofthe dance,in e square

Ye rou calpoprtinallyto the square of theExtanco; butas the direct contrary takes place, and.‘a the attractive power diminishes as the square of‘he distance increases, we employ the term recipro-
fiverisecbrocaly proporcooa tots unre ofi are0Rfe'distance. It is 4 geometrical mode ofexpres-
sion, the moaning of which you perfeclly compre-Hood; andi reer to what I Rave Justbeen tempt.t6 explain.‘order to judge aright of the power which onees‘that this power is, first of all, proportionalto the mass of the attracting body thento that of‘ho body aracod; and Saaly, reciprocallyto the‘oquareof their distance. Hnce itis ovident, chat
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though the earth, andthe other planets are likewisepert attg cogre
beimpeoepibleon acount of thirproigiousdix‘rtiposing,therefore, the mam of xed tarotor that of the ‘son,ataril woul bo atracted towards twit a force ws4s towarde the nun; but ax the distance of theEred tariSoonie greater tantat ofiesan, ‘umber beng 160,000,000‘hat is, hundred and sixty thousand milions: the
owerwith wich act apoour globe ibatnd

sixty thousand miltoe of times las thanthat of the sun; ani, consequently,too feeble to‘produce any perceptibleeffect Por this reason,theEitractive Power of the Sed stars does not at alAifect the eartt's motion, nor that

of the planots andfhe oon ats ta of the am wich chy‘ogulates their motions, because his mannBia
onanf tiehe mans of ach lant,rrever, two planets totheir distance beComes fees than tht of the. sun,
their attractive power increases, and may become
fuficientiy perceptible. to. derange:their-motion,
Sach derangement has,in fact, been observed; andconmtittes ‘an irresistible proofof the system ofvera

ravatin, Accoringy,whet «comet{proachesvery near to a planet, 2iBtmay be coalderably fectedby i13th Reptember, 1760.

LETTER LVI.

Motion of the Heavenly Bois. Methodof determiningCy Tae fener rant

‘Faom what has been said respecting the powerswilzh al the hoevealy bodice tually ateec onck
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alee, proportionally 10 ther mans and distance

| Sortl Ele Zompraed ow tht mets| ra eeemiahessomyrend Aer in osTegc tines aceeney
Sorenrerewhich ia‘m exact knowledge of the motions of the heavenlySameera of sha motionsof teevenlyeet ot lan wnethr aa art: etSrriehenccibeu nt baal ara petee ee ee Pe

‘earth, or anyther point‘whatever of the universe.vam riya "Bee ein Sa ded wince ane

scat power nacecnseer he pans vracher of watioantes aadestel anche of mathematicsandiechanice10 the highest possible degree of perfor
eeeTaal Se meatestoa
et wlanpy ep," may yonide ah aameng en ye Not aly YonFane aEat
shiaei rer acento elySusi teens ancl se ots fn pres
Tig rooney sone geen

‘The greatest difficulty arises from the numberofFe ee‘of these were attracted towards only one single point,
there woul be very iti dielin the way’ andeee ee Re ate

| Piru abouts Sit pee beat
research, todatermine ite motion.” ‘The same thing
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would sppty to the other planets, Saturn, Jupiter,
Mare, Venus, and Mercury, if they were attracted
nlyby tho sun. But the Garth boing attracted,notaly by him, bt by all the other hegreny boothe question becomes infinitely mow’ complex andAiticult, from the great diversity of powers to which‘we must pay attention. " You may neglect, how.ever, the powers with which it is altracted towardsthe od star teeamse however, ormous tetmastes_may be, they are 80 prodigiously” disthatthe power whic they exerne pon the eaimag be conidereda un othng.‘Tus motion of the earth theetore, and of theother planets,will always be as perfecily the sameseit th ed ar ot ent" Bxoopng.hen,‘the power of the sun, we have only to consider thepower with which the planets mutually attract each‘ther. "Now, these powers are extremely  omall,

‘compared to those by which each planet is attractedtowards the sun, because the mass of the sun is |auch greater tha that of each planet. |‘As, however, these powers increase accordingaxthe distances diminish, #0 that a power four times{eater corresponds to a distance twice less; andaPower nine times less corresponds to a distanceThree times greater, and so on, according to the

‘oquares of the numbers, as I explained tho. subjectith preceding Letter, it mightbe pousbe fortwoplanet to approach

so near that ‘their attractivepowershall become‘equal to that of the sun, may,Greatly exceed iFortunately, this never takes place in our system,gat the lau alvayy remun'at rch a dntaneefrom each other, that their attractive power is overIncomparably smaller than that of te aun. For
this reason, without extending our views beyond

Trerypiset asatracedony bythe per ofor = ‘only. by the powertum, afd by that itis eagy to determinete motion.
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This, however, can take only when we are
Tepoesdayer ata winsror near tho ruth,fort we with to have more exit information, we

nt aloes ler pores witchtePlanetaact upon esch other™powers which rethe lie freguantes clearly obuetvedEtronemes; and fo tbe stipe oteTeedEnowledge of these in directod all the sagaTotrastronomers and geometricians. ¥
ih Soptonber, 170"

LETTER Lx.

System of the Universe.

In order the more clearlyto elucidatewhat Ihavetoon ‘sivancing rerpectuig the motonof ts heerelySlee owen whch peiceihe to present to you (eee Fig. 3, Fron)the aywtemof the mivereey or a‘deacription& teSenycaly bodien which compose it"We mun, st of ll, observe, thatthe fixed stare

sae bodies sntrey similar to the sun, and funinoae

fectsth they aro wa very great dace 8Kfcahat minry, sd lo ery dan om each‘ther; and that every one of them in perhaps ofqual agitwituso ar area‘Simed,that tho xed star nearestto us i at east400,000 times more distant than the sun.” Each of

iNe Rand wae nee deine to commtniat htsoihea acer nue of fee baiea
Jar to our earth, and, und iy inhabited like-Winey placed near them,but which we eannot see,om

accountof heir prodigious Stancecbetrrefias ws fist coniato fom ieee catogyto the ron, who serves to warin tnd 10 lum‘ie the earth and the other planeta. "We know,
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particularlysix of those bodies; they are ‘uotinBite of rvs bat cach of hom moves Tow She ey{in the direction of a cuvve line, somewhat differentffom «circle, and which is callod the anot's orb‘The sun himoelt is nearly in a stato ofrest,as well+ asall the fixed stars ; the motion which they appearto have being entirely owing to that of the earth.have acoordingty represented, on the annexed
sheet (ig. 37, Prone), wha i caled the SerSystem,which contains all the opaque bodios thatmove round the sun, and derive from him all thedenefite which he imparia to us. ‘This sign @ repre-
cieenropreceting th ouescibedbythe planire

00“that nearest to the un is Morr, marked‘sun rhtho i's ato ite cle you sos in tbe ooh‘epresents the body of Mercury, who performs his‘evolution round the sun in about 88 days.Next comes Vemur, marked by 2, who completes‘arevlution round the sun in seven months nearly.‘The third circle is the orbit of the orth, markedby the sign ©, and which completes a revolution.ound the sun fn a year. We have wo other mean-7 {ng, in trath, to the word year, but the time employedbye earth in performing‘revolation round the‘smn; and the durationof the commonyear nearlyhes to this solar year.ot wiile the earth fe moving round the sun,hore is another body moving round the earth, endKeeping the direction of its orbit; this is the Afoon,howe own trl, or orbit marked by Dy”two first planets, Mercury and Venus, haveno visible bodies which’ attend them; neitherhas‘Mars 2, which is the fourth, and performs his revo~ution in about two years,* "The next circle is the orbit of Jupiter, marked by
2, who performs his revolnton in ele Youre
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in the Plate, with their orbits, and markedby thefigures
1, 2, 3, 4.shun pe 'ho eaploye abstty yours inporfoveingone reralioa roundthe a Ths peach[Ratteed in hs coure by sven satelite, markedby the figures 12,345.02, Th then, ‘the“yas cota of ie

Baete Mereary venue 2 Shears 2, Kare 2opto 2, Stir. by and eightnen secondarypan”‘ets or eatdlites, namely, theMoon, the four tend:ita of Jupiter tho seveh of Saturand te i of‘Spal efatom contin, besides, sever! comet, theoom coved con

number ofwhich ts unknown, "The gure on’ the
Fate ropesensone of them, whose St aidesfromtnt of the planeta becdve Ns drawn otE20

exene lng sth a comet sometimesprosch very Ser to tho un, and sometimesTemoves to eucl an immense distance as entirely toSEtppeny. OF comes than eo Toma, atto Eeishes is rvoletions tn Hs Orie in tboet

sixty yous ths We the ‘ono that wan Viable fastyeuks?°s to the ether comet i'm cera that
They benloy noreral geomion In peroruing ose
revolution in their orbits; and as, in past ages, noSruct beerrtions were nadeof Wen, be eefgtalyithe dt wih rept to thereto, OF anethen, consisttbe clr ystems ach met probaly,very rel star tas one Tenerio itTH Bpeomder TT

eeeet nw fe eetPreahitn)gl pod
Erewimissa meee
be
Srpea es
AOSmE «meerfon. 18. “—
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LETTER LX.

The same Subject continued.Ix addition to whatT havo said respecting theHaeOtheexplanationof the res, Andsfret~ ol es. ANd,siniontheplanetsove have oo woolexat"in whi ‘move have no re

‘Snoein the heavens,aa the whole immensity ofinwhich they move is vacuum, or rather filed‘with that subtle matter which we call the ether,
‘Maguteoaof tepala olin thee ‘the ‘renot all insame plane,ax the figure presents them butif theOrbit whieh ie cr esrien roundthe aun.Treborof the five other planelato be partlyelo-‘aie, and pay daprenpod, with retrenca fotOF that the orbit of each planet bears upon it an
fbtique direction, making an intersection with the

Paper, under n certain angle, which itis impossibleTo Tepresent in a gure drawn upon a plane.

oe, ois of the panels nea circle,- ‘appears 1 indicate, but rather some:siacmenae Secsever, ‘very considerably from the circularform, "Tho orbit of Venus ie almost a perfect circlebut those

of the other planets are more or leas ex:tended lengthwise, so that theso planets are sometimes nearer to the sun, sometimes farther of"The oilsof comets are particulary distinguishable, being

‘greatly extended in length a8 representedin the fguro.-Ae to the moon, and the satellitesof Jupiter and Saturn, thei ont, 00, are nearly
‘Neithermustwe conceive thea asmovingin ons
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‘nd the same direction,as they appearon the plano{f the paper; for theydo nofremin in the same

ace, InP co themes cari outha ang with the primary planet to which they belong.ietius we mst understand the lines represented
fn the figure. Imagination must supply what itis
Impossible, ona plane surface, accurately to exhibit‘ou are now enabled to comprehend with case
‘bat the late Mr. de Fontenelle meant to display, in
hhis book on the ‘plurality of worlds. The earth,

‘th tsinhaitani, is sometimes denominatedorld; and every planet, nay, everyone of the sat:Giles saan ogal abo the sae apelinly probable that each of these bodies isHint ss tala the arth

‘Thereare twenty-nine worlds, then,in the solarsystem alone.” And every fixed star being sun,round
which a certain number of planets performtheir revolutions, and of which some have, undoubt.ily, their satelites, we have an almost infinite

umber of world, similar to our earth, considering‘that the number of stars perceptible to the unas:
fisted eye excoeds some thousands, and that the

felegeope discovers to us an incomparably greaternumber.

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

hhave as many worlds as there aro fixed stars. ButAf by the term world we understand the earth, withall the heavenly bodies, or all the beings which werecreated at once, itis clear that there can be but oneordto which wo refer everything thi ists,isin this sense the term world is employed in philos-
‘ophy, particularly in metaphysics; itis in this sense

wwe aay that there is bu one word the assemblageOf all created beings, past, as well as. present anfature, whose existence is subject to general laws.
‘When, therefore, philosophers dispate, whether



ot eesov rs oresoe want te tno got ay ged on hesurhe to ty zatSermeenetaioretrnd contewhich could have existed. a hpi dThencehn cnn!encomning ne,
ahwh en pret=

=SaatamarantedreGifted oor the euriaze OF our ride aad wich
Sopa ene

pa paiasr natecoors
acdnton man oe tymade between the plans of 2 world which shouldaiiat ees nasecee congaicthSam raee ote‘wouldbe involved in very little diffcalty;butin the other, where beings iteligent ind fres ‘con

stitute the principal part of the world, the determi-Se herinieeterebe oat btn ity rodefo tothe petction ofthe worktina mannerEiecacearerimac wantonEco tnt eer eet tenabet one to
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LETTER LXL

Small itves in the Motions of the Planets,rpcfoDis

aleliton, namely, the mo0u the four satelite Of
‘Tupiter, the seven of Saturn, and the siz of the Geor-
‘gum Sidus.

FrSenatortat eeeeen pie‘a are principallyattracted towards the sun,or thal

yesttutteiernie he Pe tne

their reciprocal attraction very considerable.
Feenstraty creation ‘be sufficiently regular, and easily deter
Seal rely on od cy ce

Be peer cement ach epson
Srrendrieh generic

cients SreyenaPatoptopi hyatig te toretodd
ples above: fora, re gre acquainted ‘with theBon aors id doeneneget oeExpjected. Thus the motion of the earth is some.Saree Tie te ein fe reaoeSee

fy Becton Comathat of pr, which, on acount‘of the prodigious



10 —matovarrmsot rn‘mass of this t, becomes considerable,mest alsraet becams concent aneSe eeees
Neeras YT ro‘though his mass be the greatest next to that of Je
Fther aan be very small, rodar en eel Mermuchabefii see's” “Featwh pearlSer eae ee met nce ote tea he sat

Eevee poss orc ttt muy Saveery imc eget i hs massCres a,re
Foote Reem’vee getsBy eae, ea hae hen ry tttsiSatsangeae arse Sates seteHarem te ee atece power hagoPepercapt epeeaadPere etn, a snas bane appocodtoeya oe er cing tn deoctetssnus Enter pice ows‘im the other planets, regard being had to their mass,
eeeee acc aol tsother aecondat anol, the principle of their motion:
tanksiat the atbetion hefeesromhence preatt

eefaite atayamas 6Saree hens of ne rtSree eet hate oe ota‘moon follows that of the earth, and that she remains,en ay ei wiehteates to oon
ele oor bem laced mack fer tromahii oon een aoe!‘than towards the sun, she would have become a pri~
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and performed her own revolutionsfous he ‘siny ut he ls So0 tino netor fo osthan ebe few the ran, hence it evident that hetmurt
exercise » muck fecbor influence upon hertian the earthdors. ‘The moon being prinlpaltract by two bodies, the aon and the earthy Hvilct thatthe determinationof her motion mmstSo'touch more difteatt than that of the primary *nea which ae ete fo the attraction of igEumonlyr excepting the alight derangoments whlInve beta menos,” ‘Tiemotgnl te noon hatcordingly in ‘cmberramod plovo,

flere: ta severve hey Ron ale t aeraforay
ture given time the exict place of themoa pence comprehend tat in order toom "comprehend tha

ict an oclpee whether of the moon or of the ban,emu fleacuay tomca he moonJlnce. Now in calculating eclipses formeriyy therei feqaly pteofa aor teSpee oct ice an hour earier oreb‘the calcdaton’ Whatever pois the ancteot
tetronomers tok fo determine the moony motion

‘Boy were tways very wie of the trot It wasTailthe gre Newt discovered the retl powers‘hich at ufo the moon tat we begun o approachTare gd nearerfotay afer ving waned
yarSala mstte Sonojocks and Me. Mayerof Gottingen, pursuingihe ac ch Ukad openedan aridateeot precision beyond wich tis rGoisgetNot much moro, then than ten years
Seer
‘etnor sr novel) have spa te ropes of Bi Soasae

Strat eo Maye hn whe pre o
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have elapsed since wo coal bust of any thing Ikepabhenpwhaeeigta tir weto‘that time, we are able to calculate eclipses 80 ex-
‘actly as not to make the mistake of a single minute ;
whereas before, there wasfrequently,the differenceof eight minutesand mere. To analysis, then, weseed fr tmponan decry. orecnpeatole advange aot tobe aotSa aTotalieFad September,1760.

terres La

Description of the Flus and Reflux of the Sea.
‘Ten attractivepower ofthe heavenly bodies ex.aree te erent bedseee ae, ea
earachegompone, ham a heSe ie one iors cach foal hee

ssi, ot oy ear cach ae fromTh tee be Bevan tomas fe est‘towards all the other heavenly bodies; and thatee cca attsThe aes
tony aya sion eased lowands the” oanybetes Aree pra eae edoan eee etdtiie pane aa he moan bern of he tatBree idee mae eatenasSree
neueraime ps60 times farther from the moon. Though,' ‘the

‘whats areigeare oohyenioe oneepeApct ntara eae
\



YUE AND REFLUX oF THE EA, 218tans of the moon were equal 10 that ofthe att{Geratraction fowards the moon would be 60 times

{helene or tepaviyofthe body. "Dut the naseor : ma

ofthe moni about70 mes Teo han tha of theath; hence theafractiepower of the Toon be-Somes sil 7 times 3600, thats, 259,00 times las

‘Bebe ganiy ofthe od‘un ough tan be many houndsofsine eter han he ath hee boa 3,00 tinestore Gotan from ‘us than te contre of the oerhy{End fortis reason the attractionofthe sun upon&one is extremely small compared 10s gravy.
Hencoyou see that the gravity of teretral bodies,‘Which i nothing else but the force with which they:
$y acted tar th cathy canna be peraiy"ateioby ihe avalon of the heavenly"Though this attrction, however,be very incon-sea, thee ents fom 1 8 emaral pe-omenon,wich long pustled er; 1 meanOcaor the ft the roxof ho au Tkcovars

0 fequettly, even in common converSST mance miter ofecm fotndFor thi reason, propose to explain more mittl thle alr phenrenon, alould teSaene which fod
T begin, then, with the description ofthe well

Inovaphnonenonefte festnite of heHEA ny ove enrant ta by Yr pein,Pareol tie eartac of our globe Ws covered With a

Mane of water, called tho em, or ho orem.” ThisEnmeaoe Seid ems bs vory ifeent tome rer end

lakes, which, according to che diferent seabonaofthe year, contain sometimes Tess water, sometimes

‘Bort, bean in the ten te gua of waterSirtines continues eary the se, {is howererSlimerved tat the water of the sea rises’ tnd Tals
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siternately with wonderful regularity twice every

ies ote Rousita grectent heightwlproeutybegintowable,iin pretest height wl presently bopa :taf hie decrease Soctinues for ait hotre, atthe oodof which ite depth will be at the lowest. It thenbogias again to rie, and the increase ikewise laste
siz hone, when I i again oti Groasest depth. it{immediatelybegins again to fall for six hours, andthea rises a many; 60 thatin the spaceof aboutvehalteranelyate gests and lett Gophearnves a Ke groatent and least depth.t's ths alternaie increase

and diminution o¢ thetowingand ebbing: tndmareparncaleay,thefx denote the tine during whichit increase. orMane and the rt tha tie of i deerate orfrhe flax and reflux together likewiseHada aeeefect of our present disquisiion.pitishrtal beremand, hat the dorencoween rs jing Keepa pace with the varia-Honsof the mon. At fall ang new moon the waterTises higher than st the quarters; and about the
timeof the vernal and autumnal equinoxes,in themonthsof March and September,ths alternate mo-lon of the sea is most considerable. A great. dit-{rence is likewise observed, according tothe situation of the coaat. ‘The ux in some places is nevermore than a few foet, while in otherethe rise isforty fot and spwani.” Such re the han intheorssot St alin Rancean ofrain BagIt

is further to be remarked, that thisphenomenon{a perveptible chiefly in the ovean, where there iv a‘abt extentof waler; and that in’seas boundedand
‘payPyegh 08 ta a ne aayOe
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Confined rach as the Batic ani the Medierencan,ivis much lees considerable. ‘The inferval from the| uxt the succeeding reflox isnot exactly six hours,| tat about leven minuto more; sothat the samechanges do not take place rat the samefourth ‘fall ot sot three-quarters af tn bout
Ine 90 at a revolton ofthirtyday I equineto’rng thom round to the same ou; now, tis isprecisely tho period of one revolution of tho moon,
Br the Interval between one new moon and that

‘which immediately follows.
‘60h September, 1760.

LETTER LxItt

Diferent Opinions of 8 respecting the Plus

valngsof teSe‘Wax the water of the sea rises at any place, weaxe not to imagine that it swells from any internal
fause,as milk: does when putin a vessel upon thefre. "The elevation of the ea is produced by areal

Increag of water flowing ‘atherom some otherlace.* It isa realcurret, which is very
Ee‘at sea, conveying the waters towards the place
‘whore the fu is

Tn orderto have clear comprehension of this,‘you must considerthat in the vast extent ofthe oceanthere are alwayepiaces where the waterinlow, whileit i highat others; and that itis conveyedfrom tbeformerto the latte. When the water rises at anylace, here i aways a current, conveyingit fomDther places, where its of course at that time low.Ie isan error, therefore, to imagine, with some tie

‘hore, that during the fux of the sea the total mane
2 reat pert te oto mrhb asiege SO A pls oa Sr



ne neem anea Mee rt, et ionoh” geea teatsSoea enraeereaces eke naeiaeaaFert ick ioe tien totemsEee rin y posershbThon whereitis ow.‘Such are the phenomena of the flux and reflux ofgee eater teenaetedeavouredto discover, but in vain. Kepler,in otherspat fat tate ae ReedSea eran SaaS
SeSie Eyamae

icaricarigharenrecaravaacts
fu weats were font Ie moose oeding oftheiorsip a eetco ceaEuanhaeDescartes, that French philosopher, endeav-ebiaitereereais

ent
Em cueme nereraneaefee two phenomens, For if high water, or thetopof the flux, happen to-day at noon, it will be lowaoEeeycena digmeeuamaetee 8Friguie atiseairig oasesieiaeessear ae afrom one day to another the same tides are later bycaei cht nny tenes ne‘moon's motion, which rises always three-quartersof
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st +t after the new and full moon, that is, at these

ire cteaeiiatea imcelevation of the water, during the fux, is smaller.
SeSee ee Se
ShportsdaaBanas eee eee‘tnd reffux of the sea was to be sought for in theets

‘Descartes accoringly balioved thet the mgon,inmaracas wa

eeea
Renae creas aepressedat the placesover which the moon was, andKemaaeieee memejin the ensuing tide; which, however, does not.hapfayBe eee eles
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iedka varavatal Greeaaa

‘This attempt of Descartes to explain the flux andTee
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LETTER LXIV. ~
Etnaee feBhiod Sahar Bing
Descanres’s

method of explaining the flux andrefi of theses, by the pressure of fhe moon uponeee

Sonate took forthe cate of i the attractionwhich the moon exercises upon the earth, and con-.
Sysin tebe‘ther phenometa at Ihave shown, coll actitera rereme
de ha

Seraona aiciin the direct ratio of their mass, and in the inverse
Prehended that its action must extend to the sea;RianneusSrarheceualars ayToateana beateeeetBe rpyae celle of oc i fefh agitation Known ‘us by thenameof dus and
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cane eh ae are oh ceof the earth are not al equal attractod towards the‘moon. "This inequality of attraction depends on the‘inequality of their distance from the centre of the
spoon L; 20 that a body is #o much the more power.fully attracted by the moon as its distance is less;Sr ce eae
rte

bodies diferoniysfied we or ore chet byraat
Sactoor aac ee eyedtowards the moon, they would equally obey thie
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aBstnows atpeal Pabeceamp an eetnin os el asethe powers which act on the different partsof the‘s¢a are not equal to one another, an agitation,orerangomont ust be the coneagonce‘We
have just seen that the different parts of the‘see aro attracted unequally by the moon, according

SSaraeeeresose teeee
seeas Tseiae rie meal sieapaar Saterbec easedTerm, makes tho oon uatergo the same changes an
jeaneeceet, eenseas apie te ee,
pogoyeypos scfiymed by constant experience.
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‘tovation and depressionof the sea, which succeed
seatereraterend eetopi ie ocLetter.
a,0

LETTER LXV.

‘The seme Subject continued. .
Yoo tae erthennan alainin the state of the earth, but in so far as she acts

Reauallyonits different parts. The reasonof it is,trould bo equally stmctedsand no coangeistheEe een meeraemecnn Gr

slmarrfally attracted to it than & body at © would be 5 it*walfapproachit then, with greater veloiy than hialast: henceit necessarily follows,that the bodyyee
‘moon; as if there were two chariots, the one at A,Soin becrraereare eaeeo ecAce

stts RES Th ie tierrafrom the centre C. Point
SSea hom Gn cot ofsoSE oa Seraeai oe: osiMeeracomematesSemeleente eas achsereemennineee tae raeSees eS aewhich are immediately

under her.Lak ws now, Thewinn, sttead to 2 body at P,
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five munutes from the frst period, she returns tothe‘oaith, raising the water eon the preceding day
And this is confirmed by uniform experienee..

“This alternate elovationand depression of the souat intervals of six houre and eleven minutes, having
such a perfect conformity with the moon, leaves Us

‘ap room to doubt that the flux and redux of the seaAte causedby tho attractive powerof the moon.Tt is a remarkable circumstance that sho acta

‘qualyon the sea in raising it, whether she i at her
Exampotunderit. "Thus appotedet fret ve‘pint under it. ery‘rangeio philosophers, who imagined thatthe moonImunt prodce under the horizonan effect contrarytothal

which she produce when in the zenith. ButYou seo clearythat the moon produces the’ same‘tect in these two diametrically opposite postions2 I have demonstratedin the gure above referred10, atthe aot ofthe moon ithe same at A andaD

th October, 1700.

LETTER LXVL

‘The same Subject continued.Faox what has boen said respecting the fax andrefx ofthe sea, you aust be sensible that the ayetem
of Newton which Ihave sdoped, ie deciycontrary to that of Descartes, According to

Tast, the moon exercises pressure,andthe wee mustsubside at places situated directly under her: but,fecording to Newion, abe acteby attraction, andforgen tho water to ie af thee very place,Experience, then, must determine which of these
‘two systemsis to be received. No more is necos-tary than to consult the obgervatons made with re-spect to the ocean, in order to see whethor the water
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‘water from other parta,someof them very distant,reinstates,‘ccumulationoft sufficient quantity of water;it i,then,very natural to supose that high waterat Ashould not take place for some time after the moon: has passed oriN. ‘hie chervatin, therefore ie0 far from overturning our system, that it tends‘stronglyto confirm it"There is no room to doubt thet the power whichhasa tendency t0 raise the sea must precedeitsgreatest

elovsion, nay, thet 2 considerabo. timeFast intervene, othe watr ust dow titer fromes very Temnote, that reWater mut be low, while‘ y igh at ke If thewater has to pase through strats, oF has its currentotherwise obstructed, high water will be still morecarded; and if in the ean its high water at{two hours after the moon has passed Mot N, it will‘ot be at the height in narrow and bounded seas for‘three hours or more: and this perfectly agrees withdaily observation.11th October, 1760.

LETTER LXVIL.‘The same Subject continued.
Yr is no longer, then, a matter of doubt, that thesus and rehash eu canod by the tractiveowerofthe moon. But there remains one dificulty|pore to be removed: Why is the motion of the sea‘uch more considerable atthe time of new and fal‘oon than at thequarters Ifthe Toon werehearer the earth

when

she is new, of fall, thanThy in the queen ar her pesinty woldin ny her ‘proximi interesseher power. But though the moon approtchesfhe earth sometimes more, sometimes teas, the di
|
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ference is always too amall to occasion a change 90considerable

in the fux and refux of the vea.‘Besides, this difference is not regulated by thenow and fall moon; and it may happen that the‘moon, in the intermediatequarters, should be nearerto us than when she is now or full. We must haveTecourse, therefore, to another cause capable of in-‘creasing the fux and reflux of the sea at the new4nd fall moon, and of diminishing it at the interme.diate quarters.‘The system of attraction shows us at frst, that itin the action of the sun which, joined to that of the
soon, furnaes a complet ection to all the phe-omens prevented iow by the Mux tod rear oftheoa. all that Ihave said respecting the
Toul patetothesn, whows tialspowerie sun,wsits likewise unoqually oa all the parts Of thearth, according a8 they are more or less remotefrom him. The attraction of the sun is even much,
sore intense than that of the moon, sit chietyregulates the motion of the earth, and carriesround

ita orbit.aidepentsontheinequay of tataction, withea, it ‘on the in E wit‘elation to the diferent points Of the surface of the

‘earth, which are more oF less attracted towards the
fs than ia centro-es have already shown You,{nexplainingthe effect of the moon. If all the partsof tho earthwere attracted equally, no change intheir mutual situation would take place. But thoughthe power of the sun be much greater than that of‘the moon, the inequality, with relation to different‘parts of tho earth, is nevertheless amaller,oa accountDf the great distance of the sun, which is 400 timesfarther from us than the moon.” The difference ofthe power with which the centre of the earth, and‘the points of its surface, are attracted towards the‘ean, is therefore very sumall ; and from calculations
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ctaally made, it is found to be three times lose,Dearly, than that of the moon upon these points:
Iwas scope of cuuming te ax antreeof‘3 axthe pea butt wouid be about three times lose thanthat which i the effect ofthe combined influence ofthese

two lominaris.iti idea atthe fu nd ra of teea are produced er of =the moon or that ihre are relly two tides ooee-towed, the one by the moon, the other by the sun,{tnd called the tuner tide und the solar de. "ThatOf the mooa, nearly three tmea greater, follows its‘motion, and'from ove day to abother ia rotardedthree-quartersof am hour; that which follows thection
‘of the sun would coostantly correspond tothe nse hous ofthe day i exited alone, ortherewere no moon, These two tides, the’ anafod the solar, together produce the fx ad. refx‘Of the sea: but ts the one and the other‘ake the watere of th sea lterastly to hse atfall, when it happens that these two’ causee” coointly make the tea rise and fal ts Nox an refiexterete much more considerable: but when tho one

teu rane hn en and he tb love ia‘same place, when they actin contrary directions,the one vil then be diitnished by the olor,andthe lanar tide will be weakened by the solar, Ae-erng’ax thease tides ans or check, eachther, the fux and ruiyx will thea be more or lossonaiderable.

‘Now, es at the time of new moon the sun and‘econ ire in the same parts of the heaveon, thelt‘Sdects boing perfectly in unison, the fax and redexttavt then be. ‘boeing equal to the eum of thefo tides, ‘This wil equily te poe st ue tine“offal moon, when the moon ie opposite to the eutyts we Know that she produces the same effecthough she. be in a point.of ¢ho heavens dames
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cally oppositeto the first. ‘The flux and redox
than at the frst and last quarters. For then the| power of the sun is exertedto lower the waters, aidThatof the moonto raise them. I is ovident, thore-fore,that at these seasonsthe fx and refhix mostbe Teas considerable: and sctual observation

con-firms it. :"might be sl further demonstrated by calcul.tion, ‘tht the effect ofthe moon, or of the eun,1somewhat greater when these bodies are at the

or equally distant from the two polesof theglobe: which Hagens atthe tine ofthe exuinoxee,fowardsthe end of the months of March and Septem=ber.
Hts found,to, tat atthattimehe tidearestrongest. It follows, all doubt, then,

the tes, or the fx and Tofu of the se, are
caused by the attractive power of the moon and of

the diferentpart of theseaThehappySepang:ifferent parts of the 4ea. stion of this phenomenon, which had 0 dreadfully
perplexed the ancients ss compete confirmationsystem of attraction,or of universal gravite-ton, ’on which is founded the mation of al the
STU October, 170.

LETTER LXVIILMore Accraof th DipteraportalsAcro th Dap repeting
Hvms given you a general but exact idea of

the powers which produce the principal phenomenaof de" enveres tad on whichae founded therotions of all the heavenly bodies, it is of import-

tee fo consider with more attention thove powers
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‘which are the principal points of the systemofSra nen, acai ia a, ies metually attrect each other in the ratio of their mass,god ratelyto tel Stance,In epnormity to 2reed The a ‘mannerinwhich moet of thephenann ‘nmalwe are aefounin forproven tat ti apponition ifoundedin coth; sod that the attraction, which differentbodies exercise upon each other may be considered‘221 mont undoubtedfact. Tt now remainsthat we{quire ino the cause

of these attractive powers;bet is esate elonge rater tothe province ofIpetaphics. than of waaibematcn, F dave ‘nottherefore fatter myself with the prospectof abeo-Int mec inteprosecutionof‘Aa it in certain that any two bodies whatever areatiracted to each other, te question ia, What isthetauve of this tiraction .On'thispoint philosophersfe vided” “The Engh alsa tht attractionit's property eesential to all the bodies in nature,tod lat thete bodies, hurried aloog by an irresst-Bl prommaty tnd nly o eproncy ant theywere i ng.‘iheponer ‘snaider thin opiion a abwar and contraryto the prio of rationalBBlcopiy. ey dont deny the fact they ven‘amit that powers exist which are the causes Of the
Fecprocal Tendencyaf dine towards each other:Estoy malta tat ny ae torigntothebodiee:that haybongi the eter or the wale saierwhich them, and that bodies may be putTh motion by the ether, just as we see that@ bodyHlsteednig fn reotvn cover preeiony |Thine, according to the Bret the causeofthe attraction rnideain the bodies themselves, andfs essential to their nature; and according 10 the |Iaetitis out of the bodies,and in the Sud which |survounde

them. to this cas, the term altruction |
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LETTER LXIX.

Notureand Essence of Bodies; or Estension, Mobiity,‘end Impenetrabitity of Body.
‘Tax metaphysical disqusition, Whether bodies
maybe endowed with aninternal ower of atract-ing each other, without being impelied

by an exter-wl forcescantbe terminated till we have exam‘more parti ‘nature of body in geneaL. ‘As this subjectfof the lant importae, not‘nly in mathematicsand physics, but in every branchof
philosophy,you mst permit imeto go into amorearticular detail of it.

safiatitinanked, What body1 However sbeardestionmay appear, as no one is qthe dideronce' between what in body and. what iRot, it is, however, dificult to ascertain the real
Sharacters which constitate the nature of bodies.

“The Cartesianssay it consists inextension, and thatwhatever is extended is abody.. They clearly un-
eretandthet extension han inthis ase treo dimen:tions,

nd that a engl dimension or extension infength
only, gives ony a line: and that two dimen-sions, length and breadth, form only a surface, whichstill is not a body. To constitute a body, therefore,‘we must have three dimensions, and every body

‘most have length, breadth, and depth or thickness;

in other words, an extension in three dimensions.Bat itis asked, at the same time, if every thingwhich has extension is « body. ‘This must be thease if the definition of Descaries be just. The idea:
which the vulgar form of spectres contain exten-sion; it is, however, denied. that. they are bodies.

‘Though thie idee be purely imaginary, it serves. 10rove, however, that something may have extension
‘withoat being body. Besieg the tea which wo



py sarens Ax
have of space contains, an extension. Tritreednsensione itelite, evertoloe,Tat pace along sot « body only farsesBice which bodes occupy andHatt eappoe tnt all ten things which ae atpresentin my apartment,ar and everything, wereEnnihilated by the divine Omnipotence, there wouldTemain sill in the spartment. the same. Tongth,breadth, and height, but without a body int. Here,then,it the possibiltyof an extension that shallnot be a body. Such a apace, withoutbody in it =Gate gractn; «veo, hen ereen wit1 may likewise be said according tothe vulgareranat ce cea{Se adeno i a sun fo conte{aise thatte Solitonef theCaieian ie aotexact.” But what more ia noceasry, besides exton-{ior thepony of boing tn motion for,ity, oF the in motion ; for,thag aoly teats whore may ete conesPio move it providedibe powersappliedtoBiter easton,” By ts opedencntedromthe’ clase of bodies,ea we’ see. that space, which‘only serves to receive boties, remains Imrmoveable,fEnisver motion te bodies Tha containsayIt is likewise said that, by the help of motion,bodiesare traneported fromone place to. anotherByphekie aren enertnd tat he placesapace remain unchangeable.Eowefer wit ihe rocuan wisch Ihave shove.sed ightundockdybe nord, and actly fxfo, ait follows the motion which carries round theearth itself; here, then, is a vacuum in motion, with-owtbeing@ body. The vulgar superstition,too, be~
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LETTER LXX

‘Tas instance of s spunge will tedused teen otjection te the inpancbebityotbodies which plunge ito waler appears completelyPeodtnnd byt Bt the prin ofthe angeEe vory far rom being 00,2 much a manner en thatne parle of the water'should_ occupythe sameplace with one particle of the spunge.” We know{at spunge laa very porous body sd that beforeis patitohe slr pores ae led wi ayton uh ar ern pore ofSpunge the air Ie expelled, and dscngegee elt
10 penetrationtaken pce nthe ofthe ir by theno 08 place, peleleva ie weit ya shia aleapeInakes ia escape from the place into which

Ti: teny a general apd essentialproperty of alla, thea, 9 genebodiee'to°be impenetne; and. consequently the

Ee.of this deation tat bo lial arGon ingentrlle extension 9

lea ure extended and impenetfable,but likewiaeNeippealy a at which atte same Se exImpenetrableis beyond contradiction &body.
Vaca fs scoring exeiced fom theclam of bain; fn ihgagh iba exten, anspenetrability; and ‘wherever.we meet. with&‘vacuum, there bodies may be introduced withoutTintingany thing ou of hs place.‘We
ust attempt to remove another dificutyraised aguinnt the inpenetrabiity of boaien. ThereEre, eay the objectors,bodies which admitof com‘rowan into wsmaler space a, fr example, wool,
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‘and especially air, which it is possible to reduce

Into spece a thousand times aalierthan what

‘occupies. It appears, then, that the different

ow of air are Wedveedin he name placeod tatconsequently they mutually penetrate.‘Thetis
however, nothingin thins for the airtoo is a body or a substance full of empty pores, or

filed with that id incomparaby ‘more, wbie,‘Which

we cal etter. In te frst caso no penetrationwill ensue, as the particles of air only approachnearer to each other according as the vacuum is
Miiiahed ain the othercae ihe ter finde‘of small passages by which to escape as{he particles of the tir approach each othe, bat all‘the while without any mutual penetration. For thisreason it is necessary to employ a greater force

when we want fo compress the air more: andif thetir were compressed fo auch t degree that ita mic
‘muto particles touched each other, we could not

‘earry the compression farther, because, were it pos-tible, the minute particles of the air most mutually

It is, then, a necessary and fundamentallaw inature, that no two bodies can penetrate each other,occupy the same place at once; and it is incon:formity
Yo thispinctle hat we must look for theTeal source of all the motions which we observe inall bodies and of the changes which befall them.

Astro bodies cannot continue thetmotion without‘Penetrating each other, it is absolutely necessaryBhatthe one should give place tothe other. "Ifthen,
footie ae movingfa he same Hine he nethe otherto the right, as it frequently‘pons at billiards, if each were to confinue its mo-
‘tion they must mutually penetrate; but this bei
innposetle, an soon a8 whey come fo touch mock
takes place, by which the motionof each body is‘almost instantly changed; and this shock is pro-
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ducedin nature only to prevent penetration. The
Pppreared= at tion; and in{his conan the real case of allthe changer which
"Wien all thene changes are attentively considered,‘re found always 10 take place in orderto‘eid somo penetration,which witoa hee changes‘ousthave ensued. . At the moment I am writing, 1

cheere that ifthe paper were penetrable,the on‘oulpane realy ino witout wring; but athe+ Paper Sustains the preseure of my”pen moistenedfrit ink, it receives fom it some particles which{orm these letters, which could not lappen if bodiesPenetratedeach other.This ‘of ali bodies, known by the termangryathen not only of thelat importanceively to every branch of human knowledge, but‘wo may consider it as the master-apring which Ta-{ure sete a-going in order t0 produce al her won-ders. It merits, then, an attentive examination,in‘order that we may be enabled to explain more clearlythe nature of bodies, and the principles of everyspecies of movement commonly called lows of
‘metion

‘95th October, 1760,
LETTER LXXL

Of the Motion of Bodie, real nd apparent.
‘Ars bodies are at rest or in motion. However+ evident this distinction may be, itis almost impos-

thle judge whether a body tin the ono tat orin the other. “The paper which I see on my tableveems to me really at rest but when I reflect that‘the whole earth is moving with that astonishing



.
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locity which I explained ina former Latter* mi

Toure, try table, and the paper must sbeclutely be
tured along withthe enme raplety.” ‘Thus every

thing that scemeto be a reet has in fealty the sametotfon as the earth

‘We must therefore distinguish between two indeof reat; the one. absolute, the other apparent. -Ab-folate reet takes piace when s. body’ Femaina con-
tantly ‘in the sue place, not with relation tothe
‘arthbut with relation tothe universe. Ifthe fixedstare remained always in the same place ofthe tn

‘erve, they would be at rest, hough they seem toInovevery rapidly; but an we are not certainof i,tre mont not pretend to affirm thatthe fixed starsBre
in a alate of absolute rest“A body 1s sud to be in a state of apparentrestwiten't

preserves the same aituation of the earth,Beis
ikewive to be presumed tht these terms, restand motion, have been introduced into o

Sat 'yetner appenrtsces an ath ta’ ngsenve Lair, without hesitation, that my table inat-

Teatas well an the whole earth; nd thatthe tuntd the fixed stars aren motion,and that8Fapid motion, although they aro really a rest. We
‘hould, therclore, be ascrbing strange and purely

tuetaphyeal ideas fo these cipressions, if we ute
deedy them ae rb man and it‘ploy, an some’ persons do, passagesfhe

Holy Sevres to prove hat the earth ak"EaSpmgeis riedfr poral wwe,and phlloao-is formed for genera use,re under the necessly of forminga pareulatfor themecives: “As we are incapeble t0Sud of abnolate rest, it i very natural for us to
‘Zenkerthove bodies saat ret Which preserve theseme situation relatively to the earth, a» its very
‘rotable the inkabiants of other pants LXewis

tae.



: m0 onionoF noptes.fom thet jdgment of rt rom tho same statinely ib thisrespociveplanet,"Weobservthat navigtor, cousinan at reatthe objects which preserve the same situation rela-
tivelyto ther vest, and that the cousta which they‘incaver appear to them tobe in motion; nd no oneibis orRing fant with thet unighe common

‘modes of expression. “There is, therefore,aEtfrnce Seven rst and soi real or ede:tnd between ree and motion apparent, oF relative toaban comer at he tine ei ate of re,‘théagh perhaps it may be in motion. ciplesSr lawsof motion relerehiey to the sbealut sala‘of bodies, that is, to their rest oF motion, real orthsolute.” Inorderto discover theae laws, oe begin

. ‘ith comiering a body engyandsbtracidlyrom"Thin hypothesis, though it never can take place, iinrealityr to saint ‘us in distinguish‘what in operonBy ie naaof olyroEat wish other Bodin ao capable operating
‘Let a body then be alone, and at rest; it may beasked, Will it continue at Feat oF will it bogia tomove! As there is no reason which should inclineto move to one side rather than to another, iteConcled that would emain always atresThefae thing nt Lappn_on the eapponion‘existence

of other bodies, provided they do not act{fhe body i goetion Hence rena thi funda‘mont Iw: When a body ts nce in 0 late of rest,and nothing esternal cts spon i tw ronan ahoaysSr elat sates ond ifs begin to move, (he couse of mo-Sign would be out of 0 tht there is nothing tn theitself which 4s capable of putting 1 in motion.

therefore, we seo a body which has been atea ogi to move, we may rst auared at thieTotion has bean occasioned by an exterior power;te therein nothing inthe body itself capable of put



AoTION oF Bootes. umfing i in motion; and if it were alone, and cut offfrom all communication with other bolies it would
romain aways a rest

However well oud this law may be, and how.ever alitled to rank with geometricn truth, thersSie persons litle accustomed to profound inveaign-

Hon?who pretend that itis contradictedby expe.Hence. ‘They allege the example of tread Yo which
noi append the sane i Fo attathe moment that the thread is cut, It i certain,
fay they thatthe ation by which the thread sent

itett ofmating he ana more ennmust fall bya powerwhlch le proper 03iteltand
internal proe“Th fact is certain; but tis evident, atthe sametime, that gravity ia the cause of the "descent, and

Dot an intefnal power inthe stone
"They say furthor, that gravity mayb an intrinsicpower’ altiched 10 the ‘nature of the stone; om

RTS mu rmased that grant i prodacedier bys subtle matter or by te altacton ofthe
arth, Inthe frst case, it cevinly is that sbilo

Biter which came ie doce the sonecoond, which appears favourable 10 our oppo-
nents eda with no propriety be aired that tho
ttone descends by an intansic powers it in rather
Etat hthe xn etchDroduceethe descent of the stone by its afracuivePower, forif theearthdidnot ex of were deprivedEris

attractive power, they admit that te stone‘would not descent,

Tis certain therefore, that the cause of the de-
scout doesnot reside in the stone itself: the cause

‘Shen is ahyaye extrinal, whetber it bo in the sabe
Iatier or inthe earth, supposing it to be endowed

‘with an atractive power as the patisane of atzso-on pretend, ‘Thi dificltybegremoved,the law‘hichhave laid down subsist infll force—namely,Tafa body once a ea wil vaye roman so wtete



us or womton.

lees itbe putin motion by some foreign cause, ‘ThisTew tus take place, provided the body bas been at
Testa giant thoogh was fa oon ieInetiately before; and when once Teduced to stato(Of re it'wil always preserve that state, nless somefae come Intervanto pt gain In motion.‘This principle being the foundation ofall mecbanics,it wan necensary for me to eatablish i with all pos:snpecan‘October, 1760.

LETTER LXXIL.

(Of Uniform, Accelerated, ond Retarded Motion.1 nrroun to the cave of « body placed in sach #manner as to bave no connesion with any other
Tot us suppose it to have received some’ motion,
from whatever cause; i remains thit we inquire,

Whar wil atereadhappen ot? Witt contoneIelmove' or wilt sudienly rtum t a state ofreat; of ar some time’ You must be sensible,{hat
thi in an inquiry of some importance, and-thetAll our reearchce respecting the motion of bodiesdepend upon it. Let us eximine it, by mean of

‘eksoning, we are able to resolve it.

“A body ie at eat ax long as it and all its partsremain in the samme place ; tnd iti in motion whenfhat body, or some of is parts ony, pase from’ onelaceto soother, Now, {nere aze’iwo thingsto beSeancn te detonate elo.‘The direction te the place towards which the bodyin cared, and the velocity isthe space, greater of
Fs Troigh whieh i moves na era tine,am permuaded yon have already juster ideasof iia{tar cond coonieat by hemos! tpl exenation. Tremark only, that as long as

serves the sume direction,it moves in 8 straightae



or nono. Pnsand ctproey,ss ong 280 tty mores2| phraeaaty sone 2ety nares at
‘whenit moves in a curve, itis continually changing
eee‘abody, then, Fig. 36, moves in the curve ABC;

rpm,

hs
when ia 4crction ef eal Ho A 3
when it is at B, its direction is the small line Bd;SE at og don 6 eeSELhe alte Oat te coal etbby the straight dotted lines A L, BM, CN; and itwil

be affrmed, that when the body pases throughfe diecion aie wen toeteenat A, it would move in the t line AL. It is

iearhSethpe eae StSee eco coe hte dom
BMand CN. by the straightA,ody eerste ume vlociy in its motionon Daypierstg vame alain. otsine mores houghevn ceco‘example, if a body moves in such a manneras alwayePerson heeleanor



a ua or worn.
motion miform, If another body proceedstwenty= feetin's second, its motion too would be form,Bevis vlc woul be wien roto ta of
‘om wha T have jot aud of te uniformity ofrotionit easy tycomprenend what snot uniformtmoton’for when fhe wlocky oft body snot equal
EXnodonett ern, When ieyetyfsco ite motion incedlorated; and when itis continually diminishing,sre uy ie retaded In tis lat cane, the velocBey

sme to evened to mech depres at itBody al tng cme oa of es,ving mado tues remarke on the velocity apddiac of moving Soin fant the cane asolitary boty, which 1 supose to be pt in motionty any caves whatever. “Re soon an if has bopun toove ima have soured a cna drs, ndferia vloty: andthegeeonisWilf er.loc er wilt wdorgo someaor "WeYelocify or wil ome stration’ “Weanoot stm that it wil be reduced to ate of retft'an instant, for in his casei cou not have hadhy motion, al motion Garlion howeverhort Now, an long an he motion Tarts iin cor
‘fn tty imposefo conceivewhy he bodya tre t conceiveshould go out of Hs ros, to ooe side rader than ©thes and ntng comes op hot exoni flows thatthe ody tn question wil always
THT proceed in ura line whchis ugrestatepine whch iTinie towards te decker of the qustion n?Fife alia ha vlof teF peak cannot ‘acae
mnor neeorahnoSeason cen‘ange, “Hence i concied that's body wil‘iweye continue 10 move with the sate velocity,



LAW OF MOTION AND REST. = MAD| and in the samo direction, or that it will proceed| SOntnaaly isthe arecton of a-ring with

at ever, deviating from it and, alwaye, with equalspeed. This motion will be performed, then, alwaysin a straight line, and with an equal velocity, without
‘ever being slackened or retarded; the body, there-
fore, wil neverbo reduced to a stat of rest"What has been said of a body, which T have sup-posed solitary, would happen i like mannerto ourobo if no other bodied. any intoenceapon itfor then it would be the tame thing as if they did nokint Thequstion, then, rensived. “A body in‘motion will alwaya preserve it inthe samefd withtheameonuslem some sera‘cause interpose cupable of altering its motion.

Fong, therefore, as body isnot subject to the ationof some external cause, it will remain at rest, if itfan once: been ina state of reat; or will bo movedfn the direction of a straight line, and always with

‘the same velocity, if it hasoncebeen put in motion;and thie is the frat and principal law of ature, on

“hich the whole science of motion must be founded.From it we deduce at once this conclusion,that as‘often as wo sce a body which was at reat put inmotion, or 1 body moving in a curve line, or whose

‘Velocity changes itis certain that an external cause{ets upon it. No chango can possibly take place
either an to direction or veloctty,but what is the‘operation ofa foreiga cause.
at November, 1700.

LETTER LXXI.

Principal Lasof Motionand Rest. Disputesof Phiph onthe See ee
Wirm whatever solidity this principle is estab-

Aisha that every body pa in mation Goatines to



6 ‘PRINCIPALLAW OF
move in the same direction, and with the same ve-
aprestc ent eeety ane scono
GiSeaiaearnotady eran errsecre omen msc men weBereSA rene ele pe

decry re sdnt oepears neceae caypinealDrie to pn wee oonnn cro,pie age i ae retreregc et tr ee+ when's body is put in motion, it has a tendency from
emceeneea
irae heesee err, aaBeye hot,eraseova.Bae See regeet ey eySeatereeme moaparesis

wa ateotf damnteontnick sunpoew veces ramosHay arene measin eri Tg mbitoe te heSeaPare ahh ny a ime, ey
‘preserving it fromany thing. in its own nature, that,Poea ee

‘Youtmtnvecile, hati thi contain in joteacaathe cnetwp fencecymeseeston, onze puf in motion, must always preserve thein sc matinsrrchangein it, Thus, in theexperimentsreferred td,
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had there bech no external cause which tended to| str the mtin, we shoo have been under the‘tbandoning our principe,"Beti wo attend oer thing we abl fod.
smanyobtaceeapponed vo the motion,that we nedto wonder it shoul! be 80 speedily extin-f In fact, iti frat the fiction on the billiard.
ambsdrence thot radbng gun’te ‘lotsvance wi ath.

‘Again, the ai, being a substance, ceunes likewise 8resistance. capable of diminishing the motion of

Todies. "To be convinced of thisy you have onlySG move Tour hand rapily trough he ar Ieevident, then, that in the case of the billiard-table,

itis the friction andthe resistanceof the air which‘counteractthe motion of the ball and soon reduceitto'a sate of reat.

‘Now, these causes are external,and it is easily‘comprehensibio.
that but for these obstacles. the‘motion of the ballmusthave alweyscontioned. The‘samo reasoning. is je to machines ofKinds,

in which the ffietion which ‘ota on the dif-ferent parts is 20 considerable,that it is visibly aery allclent case of soon reducing the machineTo rest.

Having, then, discovered the real causes which
‘produce,in the cases alleged, the extinctionof mo-‘tion, and that these causes are external, and not re-

+ shdontin the moving body, it i evidentyfalse, thatBodice have in thelrntar'propensty2 rest,” Ourprinciple, therefore, subeiats in fll force, and even

Aeguire ahional rength from the preceding Ob.Jections. Every body, then, always preserves. the

tmotion ‘which, ha once received,tnlos foreign‘cases interposeto change the direction, or the velSty, or both at once, And thus we Tategot do‘one phalanx of the adversarieswho combat our prin-the otteris moe formate, for theyar 0 aes
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‘than the celebrated Wolfian phi .‘They.dofat intel opniy ocare nganes oot ciple,aaythey even express much respect for it; bat they‘ance others which directlyoppose it‘They maintain,that all bodies, in virtueof theirature, are making continual efforts to change theirstate chat, when they reat ret, they make aneffort to move: and, if they are in motion,make con-{inual efforts to chenge their velocity and direction.‘They allege nothing in proof of this assertion, except‘certain crude reasonings,drawn from their system of‘metaphysics, which I shall bereafter take occasion tolay beforeyou. I only remark, at present, that this‘opinion is contradicted by the’ principle which weIhave oo firmly established ; and by experience, which‘nin perfect conformity with it :«In fact,

if it be true that body at rést rémains,in virtue ‘of ite nature,in that state,it must be un-doubtedly false that it should make, in virtue of itenature, continual eforts to change its stato. Andifit be true that body in motion preserves, in virtuefits nature, this motion, in the same direction, and‘with the eame velocity, i is impossible that the sameBody should, in virwe of ite nature, be making’ coa-Aint to change a mation,"These phil ‘ailemptingto maintain, attae same times betrue principle of motion, and thet‘own absurd opinion, have fallen into selt-contradic-Son, and thorebyeubveriedter own system. “I a‘thereforeplaced beyond the reach of dispute, that‘our principle is founded in the very nature of body,fand that whateveris contrary 10 it ought to bsbeninhed trom sound plovophy: and this same prin.ciple enables us 1 Cleari of certain subiien ia"Tieprcinota comionly expressedple is commonly in the twofollowing propositions: First, body once at raf‘willremean eternally at rest, voles it be putin motionby‘same ogtrnalor forvigh cou? Jy A body once
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bh mation wt prea crt, sa Stseenrace tea eco depeLarecteternenn eer nethfonm covclets the nistion of tho wholeclosesee coeie eteae

verre xx.OF ts netic of Bod Of Pedn ry me ht dy 0 fag ott rtsolsBy ta Nr,eteee ee aE mere grasen,hs egwgreese
Soo te mee ge oi
pepper ecirrtiry
sete pon mere
Faerytatoo inkrdnedo‘the

pur of expressing more succinctly our grandiemepergelexrnangmer mca ow andraearearay otote

wees te a eaeaea etsSareea ttey ee ao
peeen te meg ht 6 ty cr
mathe by ype eierdeee ner ec oa a aGh eit porerancor mata ae etn er a ee,nae he sae sii,hugh i ee raremark,

to prevent the possibility of confoundingSieg fovndbeanal reercheap gg ih eo aay
eel war cae emcee te
raz

FUT nana they oe compet se



290 ranrisoF novinster, have the of remsining in the sameBaia if they fe not drawn out of iby come exteral cause, Thia, then, na property foundedonthe atu of bodies, by which they endeavour toPreserve themschtes in VAs sane steve, whethor ofFestor motion, “This quality, with which all bodiesire endowed, and which is cosential to them, is called{orda and it enters as necessarily into their const-
ogres tat i wouldbe imposeile for a bodytosegs, ta efor8"Thsora wan Bvt iirofocedinto philosophybyva inthee who muintaved theta Godin Lave Prope,iy rn They onaoed,ody nomewatevening indole pero, who preterrst Sex‘rion,

and ascribed fo bodies an aversion to motion,farm sure eiguying mai to same ng og.‘awrtie came thing agece ‘But though the falseness of this opinioneen since defected, and though iti cerain thatbodies remain equally th their stae of motion as inSeen yor the tr tr an be{ained,to donatein general the property of all bodies{o continue in the same sate, whether of Testor of
Theexactiden of inertia, therefore, iof inertia, therefore, is a repog-nance

to every thing that has a tendency to change{he state ofbodionsfor_an8 body, in virtue of fxhtare, preserves the samme sate of fotion, oF of res,
tedeaanatbeLewncutoffs by extra euunefollows,tat. in order to a body's changingisMate, ih toast be forced out oft by some externalauas; without which it would always continue athe same state." Hence its that we give to ths‘xiernal cause the nue of power of fort. It is 8term in common use, thouga many by whomit it‘silyl are ba ery inperoc an ofvhat I have Jost said, you wil seo that theword force signin svery thing thst is capable af
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hanging tho stateof bodies, ‘Tao, when bayel Bs oot testo pet in sir oesie, rete tn fel an wat Cody ame:
wiieectee Por vlocy: tngmotest eeeatestan increase oc snonof fre.BER"

oec, therefore: alvaye out of te bodySiena ie! ie"changed forms have Seon thesaa uta eteren titaye te, aes Natawine tiosce Ron wrest scorapon$ Now, the inertiaby which {body tends topreeervesontthe ne ate eceteete boty Ae adcaratfree Changes shesateof any Waa theface las of oxy Seay

‘mertia which would maintain it in ithe ame staterelhna i veeBacarra ater the ues ate

fay oy be enero ew the Ue of tet
"i bodes are eodowed with thie inertia ina atas they contain matter. It is even by the inertia,
Babee,wathiney operarey changeorageeafn oyoeEee equ teen SchcnI we eclee that require ener free2 hungetn nt mrt buy, tae ba oftwechnntesego cnt gone thet the greatsee ore aa ee tee Gan the onalcoepay cont Raned hat ths gnglo croumenanee,Bis sendee mater senile to,ti elt hn ttheern nceptBoof measurementard thai iho sane’ wi thsseer,whichbay cousin; we derAdak

ewe heuyof mndyHorass recor ote mers te taeeTtne mae
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68 (CUANOESIN TEE‘To this, then, is reduced our | of bodiesfn poveral. "Fit, we how tha all bollee have aa
‘are impenetrable; and henee results their generalproperty, known by the name of inertia, by which‘they preserve themselves in their state ; that is,Oar armel oy i eee veal ost‘and when it is in motion, it is likewise by its inertia

prose ploaeoe change init As often ontoetsbetty eeFe ae at ere ek Trt casor seh stare Te pty tol toca searsout of the 7, and this is the just idea which weoeOaaeteee

LETTER LXXv.‘Changes which may take place in the State of Bodies.
‘Tar fundamental principle of mechanics,with theeetcc ateSee em a sree iyToe Ateceee prasad ee tesa” OoMeenatah Sst esoed weeformly in astraight line, that is, which should pre-er
ara aretl ey hae cea a camoeden nla inca nein nto ou ct of to dy et tnof its inertia, it remainsalways in the same state;wel ‘at wet the Boao rent a ostook place in virtue of its inertia.We would likewise be right in saying that thisset noes sco myeel acor, if any such existed, that these powers repipae-

‘
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destroyed each other in such a manner that

Sees fate site in wich t would bei mo| force acted upon it.
Tf it i saked,then, Why the body continuestospore int ane!tnwerioma‘w

aaked, Why ‘gu thusTove!
the question is totaly diferent.” It muntbe said, that fis motion has been impressed upon itby some external force if it was before at rest; batwould be impoesti to air any thing with er-

Sint sepectitg tne gantof rk trey bocease,: stytrctsoft ramaiy.Itstherefore aun?“ifaw foak Wo ipreaed otiontn every body atthe beginning of he world?or,WWao'was ibe pie moverhowe who pu hejon admit them, 3 beginning,Tereation; but they imagine tt God cresiedlltouien
at rest “Now, it may be annwored, That beshe could reat es coud impreae ation vpnTrem, ask tem in my tur, If they belive tobeimore easy to create 4 body at ret an in mor

out rhb equal regi th omnipotencefaa thie guetonblogsnttothe ronsFE Bes'wren a ody han once received mation, it
preserve that motion by its own nature, or byteEien he eames fa which ConyTema,unl «forceor some foreign cause, opponsTrobsiacleto

it: “As often then, at we obwerye thatEoSorot son te eineaTeet bopas fo move, cr Ut body’in moHon changes ifs direction ‘or velocity, wo mustinit that his change ne te cause out tthe body,total it is ocarond bya fregn fore. Fh,Seatone leftfo itself descend, the emuno of thetdencont in foreigfo se bodys and fn not om itsts snare tha tobyexchhnIhof foreign eat, o wich We giveth samefotly



annem

oor Sm sae tte saltsa firtee the ‘cfoc of a fren Toros te weesPoet tin ct iedJs geometrically true, ' we knownot the foreign
eg eyrdTie rise feeectsBoro mieSnoreateseae eeieog eeSeatnewearaecearte‘stone would describe a straight line in the air, andseen era emery eaeivcnian meget weesFeo alaeee oeHite caeeeame

velocity which ie had atthe instant when grav‘But as gravity acts continually, and upon alt bodies,cae ea seamanaomaha nemafiers Sener
venta my falling into that below it.” But the bodiespret eet. BettinaSpee oeacre
sae cit ert iarecter acm eeeRUA carte Miomne "fer homentra
Secale rereemeene
Sow yee more tnd oe Doar am Be -



‘eneof the heavenly bodies which movesin a straightsestntoe tte ieheeeGc aeraar cetkesefiuycgaanvnn rcKnown to us; they are the attractive powers which
Hegre eeriepoe

eeeapery fo, ndstk ee at arraigneBrion ihn whe rtmspt
ied uh fm swe ie

ie ef ha ecu
Eoyposnoemesseca

"This opinion, however, that attraction is essential
vpn, ogeetatnaose tyres oneBrat hy canmat

poor hetie ete ag oftearmee
Sein cums sera

SEs
Seatoneae
oe
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LETTER LXXVI.

System of the Monads of Wolf.Brrons I attempt to make you sensible of thetruth ofthe principle, that al odieof thamselvesalways preserve the same state of rest or motion, 1{unt remark, that if we consult experience oaly onthe subject, without thoroughly investigating it bythepowersof reasoning, we would be disposed10draw the direcly opposite conclusion, and to maintain, that bodies ways have a propensity tobe conowl changing Tle saa a wean Boing ithe whole universe but a perpetal change in thetof bode Bat wo havejn own what ae‘causes
whic 2 wetre sured)tat they are not tobe ound in theeis whose stat changed et ot of fhm."Tepincpthen, which we have caabinhedie10 far from being contradictedby experience, thatit{son the contraty, confirmed by it. "You will enaly

{edgeom tha ow serra great philosopher,fanexperiencenot acctrately understood,fave len late the error of maitaaing atlYodies are endowed with powers disposing them

contnunyfo change ter nate,ahtat Waltfas eanooed.He says1Experience shows us al bodes perpetually changingther state; 9. Whatever is capable of changing thethats of bode culled forcey 3. Alba tere.foro, te endo with fred capabl of changingthoy ite; very ody, therefore, i makingcontinual efit to change; 8. Now, tis forceTonge to body only so far as i containe matter; &JEG therfore a propery of mater foe continualchangingis own oie. Maer a compound‘ mulitide of pari,denominatedthe elements of
|
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‘matter; therefore, 8. As the compound can haveothing but what is founded in the nature of ia‘lements, every elementarypart must bo endowed‘with the power of changing tts own state. oo

rmjooodof parethey woulbe nolongerwaren they would be m0Slomenia,but their pars would be so. ‘Now,2simple being is likewlse denominated monad ; every‘monad, therefore, has the. power of continually
‘changing. its state. “Such is’ the foundationof thesyotemof monade, which you may have heard men-oned, though it dasa nat now make such a noeas it formerly did. I have marked by figures thoseveral propositions on which itis eslablishod, for‘he purpose of making a more distinct reference,inhe Feetios I mean to make uponthem.ve nothing to say respecting the first and sec-‘on; but tho third is very equivocal, and allogetherfalse, inthe senso in which it fa taken, — Without
meaning, o bay thatthe force which change thestate of bodies proceed from some spirit, I readily‘agree thattheforce by which the sate of every bodyis changed subsists in body, but it being always un-derstood that it subsists in another body, and never

in that whichundergoes the change ofsate; whichvail ity, that of perseveringfnvtho same sate.Ta 0 faihen, an fvene frees
subsist’ in bodies, it ought io be said that these
bodies, as longas they have certain connexionswithcach

other, may be capable of supplying forces bywhich the state of another body is changed. It fo
lows, that the fourth proposition must be absolutely
faleo; and the result, from all that went before,

‘athe that very Dy inendowedwiththe power‘f remaining in the same state, which is directly the

epponite ofthe conclusion which these pilsophere
‘And

I must here remark, that itis rather absurdfo give the name of fore fo that quality of bodies



ssn nonoov weer,
wich ay sna itty woeDZ ceermand bythe ttm force everything Tost‘capable of changing the state of bodies, the qualitysree Sent ee enericPoney pmee at eSee ccc, cen geri aeteieee it coinaor ne acePLertpoyiogBe re i se

SS eeeerencesero eh

Bitloeyhla tony ome orTint
Bt es clement Of matter, or monde if suchee ie Fescreeeeity, th sameSasori gol it of porno te oe<ertbese Phllawophers aitemptedto reduce the elcong Laon ome reehe deSiena earicesStenis nl speed BendSe veestate ; for, while I am writing, my soul continually

‘Bepend entirely wid T tnthovougsFerree err el er changesSerer nore‘ake piace inbodknazo tho fect af an Srancousdf fle, th inne daienen betmann teanal haina,tate Apaean psteadyaa oly of cow rey awill be entirely convinced of the falsehood of theib ety comical tu eal ote
‘piri is only a modification of matter, ‘These gen.en have no knowledgeof the real nature ofbodies.

|
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| LETTER LXXVIL

Origin and Nature of Powers.
I is undoubtedly very surprising, that if eve

body has a natural disposition to preserve itselfitthe
san sat and even to oppo all chang, allthe bodies in the universe shoud neveribelay be

continually changing their state. We are weil as
fured, that this Change can be produced only by a

Kerstotrenen! inthe body whine stain change‘here; then a we look for fhose pomere whichproduce the incessant changes that take place in all

Tre bodies ofthe universe; and which are, neverthe-Jas foreig to body"‘Mast
we then suppose, besides these existingbodies, particular beings which contain those powe

tre! onvare the powers themeelves particular aub-tancestxsting in the world! We knowbut of twoKindeof beings init the one which compretends allbodies abd the other all atllectual beings, namely,
the opts ad souls of men, and those of animale,
Must we establish, then, inthe worl, besides body

Ad opiitaya third speciesof beings, under the name{power
or force! or are they api whch aces.Stal change the sate of bolitaBoth of these labour under too many diteatios

tobe hasty stoped Though cannot be denedtha the aoe ote an of Beans ave the powerProducing enanges in their bodies, mere; howrer, aboundto maintainthat te motion ofaballonSoluteiatretarded andcetore!breert; that gravity wan Tepid coneDaal preseite wetie: downward andtant ooheavenly bodies, which in theirmotion,change both

—_
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direction and velocity, were subjected to the action
rennette enSerenal a bshear bodies a spirit, or angel, who directed its

Son ning ith wy raping Snph aren i rl seg‘we except animated bodies, that is, those of men.
piciiiecraiedace mntetcabatie ev are eeracBeg

ee a,aathange te state ot boleg exist sparsely. end oxeeia ele een et erat kee
iakene
og te pra toe eea alaecatiae tdsSata eae cesae

a retehear that the origin of force has, in all ages, been a
‘stumbling-blockto philosophers. ‘They have ‘all
SREYSo StTerteg meee aSepeioe bee pea Taeeines ibis Sato e inefeversata eared a eeepeemd rei ate

say. then, thatbowevercrange itcn azn alany roe my spe,ee ature 2 Gann ainettens
Sarpee ghee ee eeothers. ‘Ido not say that a body ever ite.er ery cata ceeSerese{ehine bottom of tis mystery reepectingThe organErber eater tte‘a if no others existed,



‘oniois AND XATURE oF rowsns, 261Let the bodyA, Fig. 92, be at reat, and let thetotb have rected Solon inthe direction BA,
Fig. 20.

with a certain velocity. This being laid down, the
SayAe puedo contin ayeat et andthe body's to continueta motion slong the srkghtline B A, alwaye with the same vlocty,and bothtoy Billa lengthten come totouch the body A.villa length then come‘WaliwiibetheoonoquncelAslong tated Aremains at rest, the body B could not continue its

Totton without passing through thebodyA, thats‘rithout
penetrating it itis impossible, then, thatTach

body should preserve itself nits state, orithoutfhe one's penetrating the other. But this penetra:ton ia impouaibi : impenctrablity being 8 property
common al bodies

TE being impos, then, that both the one andtho other should preacrve is state, the body A mustBeolutely bognfo move, to make way for the bodyBy that X may continue’ its motion, of, that te

body B, having come close to thebody A, must havei ation dentro: on the wateof lha bothinned,en mc axis necensary minsondfton to continue afterward eackin Bis properinte, without motual penetration.

bothmut sectly undergo ¢ change ofthirmua iy za thelrfiat, andthe enuveo¢ thn change iffy existsinthe" impenctrabiltyof ‘the bodies themeclvos;
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since every cause capable of changing the state ofbodies is denominated form, it ie thea, of neces-
Bity, the impenetrabiity of the bodies themselves
hlproacen the force by which thie changeitected,

in fact, as impenetrability implies the impossibil-
. ity that bodies should mutually penetrate, each of

them opposes itselfto ull penetfation, even in theminutes parts; and {0 oppose itself to penetration
Grnothing else bat to exert the force necessary to
Prevent it. As often, then, an two or more bodies
Eannot preserve themselves in their state without
‘mutual penetration, their impenetrablity always ex-
feria the force necessary10 change it as far an isequi to preveat the aightet degree of pone:

tion,

thatec'ofytaof the forces whien aro continuallyorigin of which are

changing their state in this world; and this fe the
ioeolin of the rel myer whch hn perlexed philosophers so grievously,
Tt November, 170,

LETTER LXXVINL.

The same Subject. of the last posePrinciple of the least posible
You have now made very considerable progressin the Knowledge of nature, rom the explanation of

the real origin ofthe powers capeble of thefae of ouion;an you treat preent in a om.ike to corp cay why ton of ifworld are subject to an inceesan ate,Tom rest to motion, or from motion toet.First, we are certain thatthe world ia flied withmatter” “Here below, it ia evident that the spece
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URAST POSSIBLE ACTION. 263

which the gross bodies sensible to feel-Iiasis occupied by th uy and that when we makea'vacuum in any’ space the ether” instantly sac-
coeds, and it likewise fills the space in which the

Beare bios move, AN space being thus falit is impossible thata body in motion con.tinue ita single instant without meeting others,

through which it must pass if they were not impene-
teal “And aw this penetrability of bodies ex:
eres aways and universally force whichpreventsall penetration, it is not at all surprising, then, that

etl oberv erptal changes in the stat ofie, though every one has a tendency to preservefae inthe same slate. vie
1they cou penetrate eachother feey, nothing

in ite state; but Being TmpenetraNe there mackthence necessarily result force sufficient to provent
all penetration; and no more results than what isprecisely needful.

‘While they carr continue in the same state, with
out any injury to impenetrability, they then exert
no force, and bodies remain in their state; itis only
{o prevent penetration that impenetrability becomes

| active, and suppliesa force sufficient to oppose it.| When, therefore,a small force ulices to preventpenetration, impenetrability exerts. that and no

faore bat when reat fore is necessary for this

oar‘impenetrabiity is ever in a condition toSupply it.
i, though impenetrability supplies these pow.

re iis impale say tait endowed tha
Seterminate force; it i ratherin conditionto sup-plyall kinds of force, great or smal, according toGircumetances; it is even an inexhaustible source
fofthem. As long as bodies are endowed with im-
penetrability, this is a source which cannot be dried

Ep; this force absolutely must be exerted, or bodies‘lust mutually penetrato,which is contrary to nature,

_—
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tien aie emmaat oebody’ it results always from that of all bodies atSetetearscian tan ofFein monk iy ri a meatEerimemejarine iinWeheTee rots ma en eyce cmiyebeetsist ery acca
SyGra eee
Soyagente sos
ere anesterewireea encesiyrennermeta enonmea tie

i

oes tnt ie tpnack

simmons
terraou elacEibsh oe ovr, ce

Biotinegw mametron rb tea ceearse fon rseeies cae cng eines mestbecov,etn wemee
rrentie petran bt when ihe obangepo.nthesae af Se nietfo refetph

aoe ren reia atefotis le renting the per iico Panefnoemprodaestat ithe change of late whic It ope-tes yt cee

portional; and, ‘consequently, when two or more
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srncres oF rowsns, 08

Coatingino tate whos penetretng thelor,$'tmotol action mut take pace, which i always tboSmallest
tat wan espablo of preventing penetration,"You wil hod here, thereto, beyort al expecta:tion, the foundation of the aystem of the late Mr

| de Maxpertty so much ered up by sme, and 90 e-
feat Sacked wer." spots ny ta of| the feast possibs seton; by which he metns that

ial the anges whic apy artocavethich produces them isthe Wess at ca be,

erenerwhch are energie athis principle to yoo, iin evidenttat iisforte fotdd'in hevey naar of ay, andfat those who deny are/much in the fone,

though stil ese tha tows who would furn fansFiditle." Youwilairesdy, prtaps have remarked,

that cenaln peony om eat tne. aoupertes te. everyopportanity of laughing

the pil feb pre acl ellthe hole continved dows to the cente of the earth;at fortunately, tot suers nothing by thelr ples

oy,Newent, 700.

LETTER LXXIK.Onthe Question, Are there anyother Species of Powers?‘Tax origin of powers, founded on the immpenetra-| allt eii ve ae endearingpplininby oo means inconsistent wt
eftnoce who mista that the soulsof en andthose of Bun fav te power of tng oo Ueodie ‘Tere i nothing fo hinder the existenceoftwo Kinds of power, witch produce ‘ll the changes| tatfate plate in he worldhe one crgrtay‘ch direst origi Gom theimpenetrabuityle Hae
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bodies; and the other spit ‘whichthe souls of»seis

tePath pephgeared
other,that it is not permitted, in philosophy,to cone,sat

=Be etngenerbratoan sei ey mamas regiiciices ences Seiteiuicamoneicene ceceiag etSe tr aeee heSees lg i panty
elie pr ee here

TEESE, etn, of te oo 8cabaret mired oe
pallor prety

‘the rules of a rational philosophy, to introduce anew ™ofpowers before their existenceis incontest- &seieeimren trina eeeicta ©Se
Lee mre ¢enaeseweer |

scsemeter wh eurouns bom fat ‘this ime |eatinLieieteashat reali
aeeeto give ‘to these powers which impel bodies to-
Ege ack geoctenaes BriceFea eM agKayTn fac, the eubtile mattermg wall have a.ei a odyeetae
pibraetrmeneame ier ace
EresTae ag cn a rr wichtehLtoana rk
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Biate space was not filled with a subtle matter,theely of atracion mightvery well be edmitd,
‘8 no such case exists, we have consequently

‘reason to doubt, nay, even to reject it. We know,
then, "but of two source ofall the

powers whichproduce these changes, the impenetrahility of body,[ie
the ction of spit‘aednciplenof lf reject ikewiothi la andmini tn pry maeubecan[Remo when ts alge, Oat, necrding ott,‘God himeel, who spnt, could ‘not have thejpower of acting upon bods, which eavours strotf ath. ay are ccna retuee Pefeeble reply, that it is by infinity God is ableto actfel ep ht on Gd a tat| sir t's upon a body, theimpotence necomiy| recollaon God himeelf’ And who can deny that

‘our eoul sete upon our body’ I um to aucha degreemasterof my members, thatI ean put them in action‘as please. ‘The same thing may be affirmed like-

‘Wise of the brute creation; and as, according to thetystem of  Descarer, at which we have good reason{2 smile, beasts are mere machines, without any

feoling, like a watch, an the Wolffans would have itmen t00 are merely machines. .
"Those some philosophers,in their speculations, golikewise

oo fara 1 deny the fst species of pow.rs,of which they know nothing. "For not beingtbl
to comprehend how one body actaupon another,‘hey boldly deny its action; and maintainthat all thechanges which befall a body are produced by its

‘own powers.

"Tey are ihe philosophers whom I formerly men-tioned, as denying the fret principle of mechanics,

respecting the preservation ofthe same state, whichi
tulicieny to ouvert thts whole sytem." Thefervor into which they have fallen, as Thave already

remarked, arises from their reasoning inconelusively



268 srRcinsOF TOWERS,sopesting the whichbodies prseat toSP Tnef condted procptataly,from oberringttinoat al bodies continally changing their wate,ar they contained in tenecives te powers bY
it iy neal exert thomelvn tocnawere they aught fo have drawn the readyfo eoochesanePeis thue that, by considering objects in a sper. |foil manner, we tary into the grosest errors TSve alrendy puntd Out the defects of this reason"igs bet ont fallen into vor they bave abandoned{Bfwavesfo the tost abwird ens,” ‘They feetsecret these internal powers tothe peima'y ele:‘meats of mater, which, them,are con:nual efbrta to’ changs tir safe, nd. Conslodedfrom i that ll be ehtnges to which every element{i nbsoted tre produced by its own power, ndtattwo elements,or simple beings, cannot‘act uponeach other. This being laid down, it was necessary
Side stn la bg, o al wero‘eting upon body, boweree, aeBoing; End thet anbotieere compenedofDoings, they wore under the necessity oftlvo at bodice could act upon each otter.‘It was in vain to object to them the case of bodiessiicringins oan on ater an ibeSr tbei vatewhich resultsfrom je Obetinaelyfroponecsed in favour of the hdl of thei re.Eee thy scaredto sadn they cheeFate nin every ody, tom ie aeture, produces the change befallsit, and thatthe slate bs nothing fo do wih tht iefo’the caus af ty and they Go of in eemph atthocauee of ity prae sablonty of a pilowoply bo far beyood the

Spittalige Fon re ow, intion #0 estimate Wt abconding to i real ime‘95th November,1760.
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LETTER LXXX.

Of the Nature of Spirits.

I riarren myself that you are now convinced of
the solidity of the reasonings on which T have. ex-
tabled the knowledge of dio, and thatof fhepowerswhich change thestateof them. The wholeJPtounded on experiments the moat decisive,and onesciplen dictated by revon, They sanaEbwurdity, nor are they contradicted by otherprin-iples equally cerin.” tie not long sace anyreue-
fecalprogres was made in enearchen of thieKind. Such strange idean were formerly entertainedTeapecting the ‘natureof bodies, that ll kinds ofpowers were ascribed to them, of which some most
Receesarly destroy the others,

Certain plonophers hare even gone 0 fara 0imagine that matter self might be endowed ‘withthe faculty of thought. These gentlemen, knownbby the name of materialists, maintain that our souls,

and all spirits in. genera are material; or rather,they deny the existence. of souls and spirits. But‘whign once we have got into the right road to theoowindg of bodienrine rbrio ofwhich{hal qaltyby whichthey ate eabjctedto powesstapalle of changing ialtho ofle of cl it those phantomsof pow-Sebo which Tafedvanoh ewe andnotingoppear a more stwurdity than to dim thatFrater i ceptof thought. ‘To ain10 Jods{0 emon, posses mental felngto reletrate gualites incompatiblewith the natureofTodies; and beings invested with thom mun be of @Giferent nature. “Such are souls and spirte; andHe whopomouse the aie inthehighest do*
+.
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‘Thera i, thn, a infinite diference between bodysant opt” Exteosion tere, and penetrability
eallhexcode af onghemae he proper.
Teor iiy,bate in eed withthe entfefectiog, willing & ot dneraig ia troteettne obit preferay to another.‘There tw here

folie ation uraynor inertTees material gales are faintly remove {om

rile asked, What is spirit! 1 acknowledge myiguortace in'yopect of laa roplyThat eeStoot eu what" a a we know nothingof theSature
of episai i Dot, the Jeon omrtada Cantthis world con.-

: or mete,Pl and bags tumaiotal of il, hie nro of‘a nature entirely different,as they manifest them.tates fo ny roernn wich ve no relation foeachother. Theos two species of beings are, never:{Bees oatsated andupnhe aonEilatdh ofintligestbingy a loadeaetat oprts cova the peincipl |ei ee orth a Tein ae ‘abetteditiaerlyto serve them. Yor Use enson thhat the soul of aninals re i's union so intimateTiBh Mee hodio. Not only do the souls perceireAivgite forgot sceaanbotycede |Tiyreastouean cctveintaesbeort the aoe of‘the world. |

aaiyi, nadver ll os tbe. renien pattyofis, and ever wll bo, the aGe divineOnmipotence“a mysiery whiel we all‘over besa soaniad. We aze perfectly seala‘that the human soul cannot act i on all
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the parts of the body; as soon as certainnerve igft ean no longer los ‘ay nd: fom which{ay bo conctaeltt th sol has power oly overfhe’

extrmion of the nerves, which al terminateft eins portion oh rin he pac of when{he most alIAl anatomistle unable exactly to a0.ign. To this, hen, tho power of the soul ta re-siicied. But that of God being unlimited, extendsto the whole universe and exetsitelfby means| hich fr exceed our comprehension| abe Newer,

LETTER LXXxx1.Of the Union between the Sul end the Boy,‘As spirit and bodiesare beings or mbatance,ofsa iatu totally Geren, the word contain, then,fo kinds of substances; the one pinta, and theer crpel or mater "he et aan whiehtubslts between them merits ‘avery perticulra|
nis non of soul and body,in every animal,anion of ia ieunos rooted phenomenon,” Ii relied tg{hinge ine ove tbat the sul feleor peresiven, althe Sang ich tefl ieby,by enw of tetunsee, whic, as you know perfecly wel sre iveIS nol vsng Rearing eeling ating,sd touching, By ths hn, te soul tskogSun body bak ext of. Totehing andtangert iol hoe object only whieh aren medsnine“ = emeling, objects ataEhtecey bearag oats to danben tact sloarotound sigh procaree for us the knowiedgeofCSE pina mreis in wheehe object ako a presi om ota ne oat
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‘senses ; but still this is not eufficient—itis{har'th

organ of such tense should beperieclytomas Ge arts boning ft et beSermge You il ecole at oer ae,the oljecia most be painted dstinety inthe bottomote eye, on the redna; bat al tis representationfn ot ‘the object of the soul; one may be blind,Though itis perfecdy well Gefised. "The renain ¢ontetture Of nerves te eootiuation ‘of which

{Srrptedby anyinjury dove to tis nerve, caled tho: ferroped by an oe to tis nerve,
eve Yoere wil bo no sgh however perfoct‘Se representation on the relia maybeen the sume with expec fo te oer sons, allof erat by egopv eedenvoy the hnpresetoa mason the seg sa{2th seneston, upto is Sit origin tn the beta,‘There then, ia th brain certain place whers
Tessteri heoesheeit cient inpresnoasmae pon‘™Fyomthese impressions, the soul dezives all theXnowiedge thasof things oot of Heel, tenes it{Reonhes andy hiconanorete, reflection, and eveieclrry pti inoweige!mech ote wrkofthe sol, fn which the body hanno share, "Butihe
i een comes6 Irom ih bene‘Soro eto pore orto fn wha pues infat2 ot fol, wha pasesTene’ "Tie actly denominated Jesag’ ot“Tus fculy ia orsonst and the cou, pearly poasve,soée noting,trhlh body precenstot eevee merowsons™ *ut i possenees in is tum an activ faculty, bysmoaueof which thas the power of foeuctey”12pty, and of producing motions in it a pleaware sia‘Sie Consists powerover tho body.” Thus I'am



sme sou. AnD 2oDr. mmAble to moemy hands and my feet by an actofPils ank What motions are my agers makingoy *Torte thin lester! My soul, however, cannot act

ime on ty on of ny fogere’ nie foaeagl one tt moony it eteenary that serFi moetles should be putin actions ante acion
quia exert tel by tenn of eves terminating

posewill wish ty ner Yo move? wil tolonger‘rill wiah ty tnger 10 overa will lokgerBey Be reroySulie power eyfoul extends only fo x small portion‘hers alte betwee nies senetion in ikewiss
Teatrcted to this plac ofthe brain.

"The eal, then united only wih these extremikon of tho nerven,on which it has not only theperro atins tl nr of wie cnomEr"a's mirror every thing tht takes a2Sion on the orgunnof it body, "What, wonderfuldros, to beable to conciie, fom the aight

Changes which take place in the’ extremity of theSerer at wile Scio sh ut of theve
"R tre, for example, produces on the retina,

it raean ina thick spores miabat how feeble tumt the impression be which the

Berve eis fom lt ts preston, baw‘ver, coninne slong the nerves upto their origin,Swick exetes fn the ool tho den Of that tee,Trward, the lightest impressions which the soul
maker on fhe entoation of tho nervor er istantly
Commonicated fo the macles, which, putin tet,

‘he menber which i wile 10 "wove, exacly

to choy it onters
drawingfg foe ft eure ettThelwontsof he Creator inate surpen the pesof te =

tector of human si ee‘3d Decener, 700.
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: LETTER LXXXtL

Digs Spt lative oh Sujet
In onder w elucidate the two union of saul

anf se fou te irfal nion of aseb tote may compen aoe
Sages Soten tne knowicage af. Sie Spugot eroom Sow ele,feo of nee i ee cara prRebeka
aeepee

oval Set nl ealteSerer he ne eeFoe eertede oatoom, heri comms he ean fhErie ecented

they are, however, very proper to supply the soal
The nction by which the soul. operating on theextenhe saneal opr eteBite ats payer os perpen tee pionease as aoe ParrTESEES pemen The comproon howe 7FeoaerFanaa
a oraartireget 0 foe‘ing, as the man placed in the dark room ; it is muchtng, gman ace a oo ach‘are sensations highly agreeableto it, and othersdeamona Son peeefrom a bad tootht ‘This,however,is no more thanSeeere Meta in Pcsnain tar, wal yet haees aoe



THE SOUL AND BODY. Pt)

In whatever light we consider the strict union ofsoul and body, which constitutes the essence of
living man, i must ever remain an inexplicable
mystery; snd in all ages philosophers have taken
fruitless paing, in the hope of arriving at a satisfac.
tory solution.” Various systems have been devised

fortis parose,"The dret is, that by which a real infuence isestablished of body on soul, and of soul on body ; 90
that thebody, bymeans of the senses, supe thewith ile reeptions of extern 3{nt cat the sou,by ating immediatly on fhenerves in their origin, excites in the body the mo-tion of its members: though itis at the same time
acknowledged that the manner of this mutual in-
fiuence is absolutely unknown to us. We must

uadoubicdlyhave recoure to the omnipotence of‘God, who fas given to every soul a power over theportion of matter containing the extremities of the
Rerves of the body, so that the power of every soul
is restrictedto « smallpart of the body, whereasthepowerof God extends to all the bodiesof the uni-Yerse. This system seems the moet conformableto{ruth, though we are very far from pretending tohavo'a

particular knowledge of it.‘The bther two aystome are the invention of philosopters, who boldy deny the posfty of Fellntdence of spirit upon, bodies; though they areunder the necessity of allowing it 10 the SupremeBoing. |Accordingto them, the body cannot supplythe soul with the frst ideas of external things, Borthe soul produce any motion in the body.
‘One of thane two systemswas the vention ofDescartes; it goesby the nameof the system of ce-‘avional couses. Accordingt this philosopher, whenthe organs of sense are excited by exterior bodies,(Godin imprents on the soul tthe ameinstant, the ideas of these bodies; and when thesoul wills that any member of this body shold



co wre
‘move, still it is God whe immediately oncheswa meenody abou vee machine of such sdmurable coor
Sees
ee, tingly, soon lost much of itsSee
eelFo ltve no. doubt ently heardmentediscontigto thi f pre-established hareSee eeerman iv sl uate ny oo mabtanesFaassieee

estefoe eeeStier oe

trios the body's having the eat here tn te tat?
SeemakesSepa neeSarees Soe

See eaBae

eee

‘hand, Leidnite says that God, having foreseen my

«tat invites afte proper orgesaakon maySee
hand necessarily ice af the ‘saroo instant,and, in like manner, that all the motions of the mem-
See ireeroe
Streepena iraae

‘withthe determinationsof the soul,Sian
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LETTER LXXxm.

Esamintionf the System of precstaiched Harmony.
“in OSecbon toe‘Tweas was a time when the system of pre-etab-Ushod harmony had acquired sucha high feputationeral Gry, at ar cal in GntionSranto incor the fnputaion of ignorance, erbigoty.‘hettapporrs of this nye si, Byroa oft the omnipotenesand omniscienes of theSupreme fcing were set in thet claret light, and{ht was ingocsile for any one who beloved

{ess exalted perfection of Goa tocnertins doubt
of the th of ths subline ayetem,
Infact ay they, we sce that poor pitiful mortals

areca conrucing machines oinetonlyfs to hil tho vulgar spectator with antonishment”

{halGodyhavingKnown fromall eternity a tat myving koawn from alter

foul woul! wis and desire at every nyeant, shoud
ive Been ale to construct och a oachne, whic,Mt overy Tostant, should produce motions conform:

this othe deermmationy of my ou!” Nowy haTmnchine is precielymy body, which i unitedfo royfoul only by ths harmony, fo that ifthe organifon of ty boty were deranged a ech Segre0to be no Dnger in harmonysath my soul, tne body‘would no mare belong to me than the body of thi
Teceos intees6 Aaa i he cmeora derangement of my body, God shoudGhat gf's Minoceroe 00thtia motions wore iatach

hermony with the determinations of my soulfat raise its paw atthe moment{ willed thisBody wold then e ming,nl wuld aang20a Say presto sow bangs wiht
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having undergone iteef,on that account any change
"Md. Lebuds himeelf bas compared the soul andthe body 10 two clocks, which continually indicate

the same hour. A clown who should see this beau{ifal harmony of these two clocks would undoubt-

cely conclude that they acted upon each other but
‘he would be under a mistake, or the one performs{is motions independentlyof the other. The souland the body are likewisetwo machines totally in-Aependentthe one being epiriul,the oxher mate-rial; but their operations are always in a harmony> completo, tha we are induced tobelieve thembelong to exch other, and that the one has a real in-
fluence upon the aber, which is, however, a mere

Tn order to form a jadgment of this aystem, I re-‘mark, first, That it cannot be denied to be possible{for God to create a machine which ahould be alwaysJn harmonywith the operationsof my soul butto'me that my body belongs10 me by otherTigitsthen och a harmony, however beautifal itmay be: and I believeyou will not. be disposedTBamtily to adopt a system which is founded on thisiniple alone, thal no spirit an act upon a body:nd that, reciprocally, a body cannot act upon,oFsenply ideas 16 spit ‘This principe is, beside
ecting inlet paving boen mpl eeTespocting simple bein ‘completely re-

REE ee te eben rhe eeof acting upon bodies ite nt sbeotely inponebiethat a pint, such as the human soul, should be ablelikewise to’act upon a body. Accordingly, wedofot pretend fo aay tat our sul ata upon all bodies,‘at-only upon a small particle of matter, with re-

‘ect towhich it has recoived the power of God him‘ef though to exercise it in a manner which we are‘Utterly unable to comprehend.



;

rasieranuiosD wanwonr. . 279

Further, the system of pre-established harmony

_abours under other great difiaties. Accordingi the puldees Krow edgy from toewithout any contribution onthe part ofTheboy and the senses. ‘Thos, when I ead in the
Bz, tt he pope is dou and came to theedge of the pope's death the gazette and my
reading have nothing to do with the communication
of this Knowledge, as thee circumstances respect

‘uy ay body att my sense, which have noaner of connexion with my soul. But, conformably
{o this aystem, my aoul derives, a the same time,
from its own proper fund the ideaa which it has of
this same pope, it concludes he must abyoltely

be dead, and this knowledge comes to it with the
eating ofthe gaat, o hab imagine tho reading of te guzetefurniahed mo with thisknowledge,

though Tally derived fom the proper fund of
"Dt thi ea i prtctly aban. ow was itpotnible for me 20 boldly to assert thatthe pope
‘oun necessarilyhave died atthe moment mentionediE

the aa, ad that ony fom fhe nen whichhad of the pope's condition and health, though
perhaps Iksew nothing about him, while 1am

, ay beter ‘aunt with ay tution,without knowing, however, whit shall befall me to:
morrow.

| Minke manner, when you do me the honourtoread
these letieresand dere the knowledge of ome{rath
from them, its your soul which extracts thatEruth
from i Grape find, without my con.ftibuuing at all fot by my letters.” The reading ofthem serves only

to maintain the harmony which the{retor meant fo ena betweentheoantheEisonly a formality er supertnousIwly respect tothe nowledge tei Tahal never:
Theless contin to tender you my instructions.
th December, 1700



0 sveTauoF

erven uxxxry,
sow Oi.rp autor spin ab oedapmiaoreie aterdareiy,nceene te fteo ere meretraerencesof aSome eres ereneayee‘sary of the machine of his body, as the motion of

Sicahe ew tgty ak rr co ee YeSee
SareeaomePattieate feces aehy
nenhoelceatceespect to the thief, whom it would be absurdtomeeeaeSSheaw aerahatareaa

agi ely ogoTigre! elo sete,court having st to him that; ling to Mr.Seay ng ersintA,onei ree no makSece cored meeeseen ea, econaeSee ate cilareneraeS eyesemrenetagaaafingerset fePbetieeneh meen
pred *

il yn this took ref at Ma ;, whereFelco erro a



rissrnssumnrs mssort. 381But tho parnansof this eystem have alsmantainodfat the pre-stablishod harmony by zoTeun encroached Se human tbr Tey heeTeeterate nea e eeartty eesof
the or ization of the body, and that, in ‘this.Pepe Here rst‘ teensy ni mteer sch Ba atheneildetermincine. tat inecany be anonoP pmickment though ‘the corpora ‘ction wasfeennryr nih einai ofan action conseToveat ormotons of fe bet has aeDetar oeeee

Strip fos, ‘Latur socava sy lho esol

Ot eettetcraneemtroabery Gad bal fresen ht nin awfeo it ndoral chsetBet 'erodone;precod fthe samo tse the mo:

fhe Sune lr Commnn otsit"cident Uhepia'toclf he gece oeof thenj of ‘the. body, ut that the ineteton feiw ay wihtStatog at acount os ‘clade

‘s'Notithtanding thi reasoning th natithstnding this reasoning, th sopptretho system of pre-established harmonywil alwaysfind themsetves erg mich embaranedtoaaaJ thelibertyof the determination of the soul. For,selem ahs sel as Sl stag a’hie Meagh os mabre total dideent oon a

os BH Se remtnttceprokaced tars‘occasionedby those which precede, and theseby others anteriorto them, and 000,#0 at Key,— Bhageeec ether ao neem as tke mations
Srmarhnes nfo ey Gey ten aot ayeon
arene andl on is mepoeatoes ot

Seok ns scecoh te couorolyaetefoil recollect that, acortng to this sytem,the soul derives o one ea from the body,not



183 uimxryoF srmurs,being in any real connexion with it; bet all from itern proper fan. Present ees ow fom thous‘hietproceded, and are & neceeeary consequences‘of thea; oo tha the soul i noting lege than ieatergown dete, which rprates a eoltonm aeShick ae thereforeax Gite undo fa power and‘Sonsequently allt actionsare founded on‘ent state—tbat on the im (receding)aadSoon tre w necewory eect of te fest aio itich
Kwa crete, over which i cartanly couldTrveno power andofsansequencecould note ree,In depriving men of their Aberty, all ther actionsbocome necessary, and can no longer bo considered

"*So'ooeSf tnexe pilosophers has hitherto beenjo 0000sblsto emove theo duties; tnd thet nlvers:ries have a right to object to them, that this opinionis subversive of allmorality,and

makes everycrimeIPunoasedythe groseet impity. We most totEma
evnere atconsequences, ywvery naturally fromfhetrfrncpins"fhe arco of ery w «eamling Slock In pdosophy and it is extremely aiicai saercloar ofthe dangers which preston al18th December,1700.

LETTER LXXXV.Of the Liberty of Spirits; ond « Reply to Objections
goin Liberty.To ificultieson the subject of liberty,reson ster of bet,‘Test ofdiatingunttngwith suticiet etenoa between the nature of spirit and that of body. The

Wolffian philosophers even go so far as to put spirits



sununrr or ermurrs, aaend the elements of ‘on the same ting, and(Grete tou tho ono dos the othr the, make of‘monads, the nature of which, according to them, con-tiesik the power of chaigingthet tat "fomfehonce remlt ithe changes fa bodice, ant al Us
‘prinad elous of epince, then, i tis aystom, ie ctual state ofbodio ta of opts tlre doeriaaton fat

Sei imately precedente thestone‘Mel precedingsat, iti evident tat iporty imines it in evieot that ort f'notmore at aurbute of spn than tieof bay AsTDeboly, iis imposoble to coneive. in Teastfhado’
kin for ery aloe supeite power of commitiogof stag o of maeponding anaction and isto direc oppoete toEE pees iby. "WoutHot? thom, beFiculgal to expect that a watch should pint toTay other hour than wut i octal does? end teih of ping omit account” Woud‘ot bo sbeerdto By into passion ata puppet, be-fause after several thee gestures, it hed Teed te

‘Ailthe changes which take place in bodies, and‘wai ibe changes which tke place in bodies,ithe‘ acl to he saa offenaotoo,are thon ence the

RRS phatsd a stn oe ato lage a todie can take pce betEsalyouch ar do tak place: what reapocte body,{Serle is ua bloc Stoner pase nor anslowers tngeaioully spiceof weckesien eyconstructed, the commendation which

we bestowhon i rovers tothe atint; tho machine ect usDDlsteree in what pswoe; the ari, to, ie oweresponsiblefor the defects of a clumsy and awkwardImachine, the machine itselfisent innocent.leytro surly in no pect renpounle; no‘wall, no punishment can possibly atach to them;



a

“me oom
‘ellthe changes and motions produced in them arete cmers sot motos sree tegare commen te eeafeigeetappamiatcipaie I

_ Sepa earsSe cone cae roe mr i etSiena porn of nt te mck dere ieTent ae Rept eatinPope feat orersEe Era ite Datos Tos SloeSegteredeas PeleeBeret cnimeot bee, erScorer
Shagence of ca ayeaeen ae ekSEU Taha yeTy
eeBat he st of en ae bone neem oe

etthe oblecuons commonly modeto humaa libertyYeoy mala 0are these) opti tinea ore mame never oe.
Sarre hae ieals wr om ein eeEaigmicctersaraneossetet de Tree of tak ehhheceredetermine the actions of men, just as the motion‘of a ball on th bilan able is determined by thery idSect trowel ecoteaf.
But it must be considered that the motives whichBe mo ace recesreeg ame were ey ulin rerSEO" mona eatoe a,ereemae re pase et‘wery powerful motives to undertake a journey to
‘Magdoburg—aregard to my promise—the prospect.



umery

oF semirs. 88of enjoying the felicity of paying my respects to‘your highness;but I am perfectly sensible,at theete;ha wan aotfredtots and tat‘was entirely in my own powerto take that journey,‘eto lave fomaiedseBerin But body impaledby any power necooany obeyn and it cantbeshiedtat twas a Ubety to obey or oot ait‘The motive which determines« spirit to{ta resolves is of a nature holy erent fomcou oF forct acting upon body. Here the llcitEivays voluntary, att tho soul hee power over‘voluntary, and the wer over it.On thie i founded the inputaliy of he actions ofA apint, which makes if Fesponilefor thom, andth is the trae foundation of right and wrong.
‘Steen spnt ant iy, the queron respectingtery pes ery nd icyft 1780.

. LETTER LXXxvL.

The same Subject continued. ,
‘Tae difference whichI have Just establishedbe-tween the motioes conformably to which spirits act,and the causes OF powers which act on bodies, dis:scorers tus the te foundation of ubery.‘imagine« puppet #0 ‘constructed, witvwhecle'andsprings as tobe able to approachmyPocket and to pick out my watch without my por-Eciving it This action, being wneceearycouse:of the 0 ma of the machine, couldSECT coundorol un rotbery, and Lshoud renedor myself ridiculous if T got into a passion at it,‘and ineisted on having the machine hanged. Every‘One would say that the puppet was innocent, and



786 Lomeery oF arms.
of commiting » blamoable action; itsoulbe, beside, equally indifernt to the puppetto be hanged or placed on a throne. Butiartist had. contrivedthis machineon purpose toochmight somite the ingzouly ieplayed onthe"i onectmn {shoul rector myc ohigedtobang‘him to justiceas a thiet._ It follows, thet,that evenfeat

begs ora apr, ald tht sprit sloarent being, or a piri ‘a6
Fesponsiié forthe scions.
‘iatevery man examine his own actions, nd hewill alwaysfind that he was not foreed into them,though he might be induced by motives. It his aotions are commendable, he iaperfectly conscious‘of meriting the praisesbestowed upon him. How-semanasteenie cannot In thio cao; the eatinen of his ber1s intimately connected with that bertt they are inseparable, Ttis enter-tain Ghat whore the iberty oftotter iv coo-

Seroed, bat i imposeoer tbe deceived re.‘one's Own. example, onSarl
iads eee sath‘imagine it tobe areal thie, and that it likewise wastri

reopect ohn own ery 1Impostorwit 0 his own liberty it imBima mtako; anno deem Ree ee, be ts 9{n fact. It might likewise happen that the’clownin‘question, undecelved as to the puppet, should after-‘rand consideru doxterous thief as & machino, des-{tate ofall sentiment andof liberty: here he would,{all into the opposite error; butas to his Own ao-tions he will never

be mistaken.Tt woul thereforebe ndcuous to affemthat itmight ible for a watch to imagine that itssd ara rely, ato btn that now paistonnine because it pleasesto do 20, but could point40 any other hour if it thought proper: the watch



bers or war, a

rsptyiea vo
Seueror es are
Demeraratenaccordir suppoeit spiritor soul, which neces-SPM Tice caters

TLhoe, eete ones

saeBret ptware eucam eyek

Habel peo nd eaeeaieee cerca ae ivanPOLata al So ae
by-and-bylay down my pen, and riseto take aaayctSi haatSE

eneeee rer aten, and of rising fo walk; and it wouldbe impos-FeettetSEES cht eee!heres he 6 i,al eT ati ee aday, such an action, it does not follow that I shall

Reta rare Gaia SenaSeahetSal‘ Jf proper to go on to writs, God foresaw that| Siig ses uncelrarias
matineelyhotel

} tenrhentteByes
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LY ‘
18 maryov srmre,‘in conformity to these effects, when simple mortals,suchas wear, frequently exercive a similarSeicnoe "You can can‘imagineto youn "awaking cousdeati’ advantage ow know60 Yowfbr cera be will not fl to aval himeclt of‘Your knowledge of this, however,has no influence‘upon the man; he goes into it with the fall deter.‘ination of his own mind, as if you had never speat
fetter Soqontedwithmen axlthei dopowtons,ter en, iriti not tobe doubted that he could have foresees‘heir actions,in all situations. ‘The preecienceofGed, with reapect to the fre actions of spirits, ia‘everthelese founded on another ‘thatof the changeswhich mest take piace in the eorpo-Teal world, where all is under the power of necesatty.‘Thiadiatintionshall be the opbjectof my next Letier.90th December,1760.

LETTER LXXXvuL.Influence of the Liberty of Spirits upon Brente.
I the world contained bodies only, and if thechanges which take place in it were comfepetcn ofthe ie of mode,cory tethe powers with which they act upon each other,all efents would be necessary, and would depend 96fhe it arrangementwhich the Creaioe had oatTahaof the odin of the unvere;so that thisnt once eat it ‘mapoe-sible Yor other events afterward to take place tusnhowe which happen ia th actual order of things‘The world. would undoubtedlybe in this case’. ‘mere machine, similar. to a walch, which, once‘wonnd up, afterward produces all the moticns bywhich we masabeetime,



sanary or ernie

| te rol «monolok oh «ia et Fe eehad‘virtue of its. construction, without any fresh appli-
ES Een enMe

Se Litea Saat niRep cnet Berm, eto et

lates the airs,or by winding it up, it is an ex-Tofteilelato eee‘ization
of the machine, no longer appertains to it.fat Sataaletens| sein Shee Sod ager aissanity 3 pga

STAs ara neeA miracle, consequently, is an immediate effectoc a isSemeur hon as, ie

aes eh aratrratie seta
see Fash" ee freon" Sae wosBUta ae atte iadlstin’ that ease it might be said, that all evente take
Patinoanne peceny ech
guest enghie hte cee oe
tears ios et Sey Bette

ies Bienwht tay ltataneous "thetpoten peeroe

&t the organization of my body as that of he
Setceeay at toaih ol dad
Sieteih Soa te hy a illie iayeTt pay Tatay mong ik ope of eat leweesaut,consequently, sccotdingto this system,



200 uunearyoF srmuire,tho mivare ia merely corporeal, and events are =Doceaayeet ofthe printtive organization witchGod nes Yeats ia te universethepowerof prodeeing molonin ther bode,2 power o ‘motion in theirwhich ther orpesatonlone would not have protSoced, the ayeiom of the universe is nota mere

Tonchine, and evente do not necessary fake placetain the precedingcave.‘The universe wil present oven of two kindsoF inhococe; wAich ure corel orSepeadentence,which arecorporeal, or onthe machine, as the motion and phenomena of the
{hove ofwatch,and dpend entirelyon te pntots on the pamtive eatalehmeat ofthe unrerses ‘Tee Sere
dependon the soul, united tothe body of men endfnlmala,and are so longer necessary, aa the pre-eding but result rou he Hier, an om the Wi,ofthese spin beings,These feo Kinds of reat ditingiah the wsivereefrom tere machine, ad ree to ark feymore worthyof the:Almighty Crestor who fie "The governmentof the asveree wil Ukewisevor inpte us with the meat subline sea of theSovereignwindom soi goodness of God.Te nan ore ha ery. wick in ahrsolatey eoveial to pir ban8 ‘ate.noe onthe events of the world, "You have only toomsier.the fal covecqucnces of those, warm,
‘which si eral from frumen scion determinedbyTeir wil or their eaprce,

cia Which take fac’ do not doped oely on thewill of men and animals, "Their power ie veryTite, being restricted to a small’ portion of thebran, fn'which all the nerve terminate and this‘ctionia confined 0 the communicationof an tmbremion ofa cerein motion on the meters, Which



may afterward operate on other bodies, and theseSUITEGgen eee

evryih mtr of et en

SERS cae hares
ieep tenn See meee

we

sarery day‘see the best concerted projects failing,
RieianmeneeeBeles alecearntater

suai maceet

els ierecait cara neue tee
iret tradi, camace notoae

‘ateuteon he crested this universe‘Thisreflection plunges'us into an abyss of wonder
2a ee
sn object worthy of entering into the original planReese hae
Fatal

OfBNaptMr
tycoon i yen nth

ches pins sea a,moc avers ae eresEeirscama wor a oe



208 ov xvaurs,
duced by natural ceuses ; such are the phenomens ofthotenvenlyRoti eclpes, empet, whirwindsearthquakes, dic. ‘These are called natural pho-‘Romena, because itis understood that neither men‘or animals are active in the production of themn.igre aog aoe tom up byte rot, trough theYiolence

of the wind, we call ita netural effect ; butif it were done by the strength of man, or the pro-
oan ofan elephant,no Spe woudcall thlsinistonor destroyedby th hai ws sy’ the0, OF |Wongate of hi clay wan Satara bait che miechief were done by the invasion of an enemy,we‘roto longer doom in cane of 10 be naar‘such an ovilwere to be produced by 0 miracle,or by the. immediate power of God, we would eay
trove sccanonediy fea oremalewe weal wo,were men or wethat cae; give i the name of ether natral of‘suporuatura, We would characterizesuch an eventfimply by the name of ‘ction, which denotes andec

that i mitersatatoy sopernatral: ‘taf doponds on the iberty ofan inteligent agen.”"Thus, when Quintus Curtioa givesus a detailof{Binthe Knowledgeofthe ovebroughtshout oytons the knowledge of the eve aboutfhe voluntary determinationsof that Reo. Sock‘an action always supposes freedom of resolution in

sprit! being: a powerof determination whichGepends upon his will,and of whichhe is master.Vtay,of which he is master; for thereis a great‘arielof motions,the, Production of which, wereWwe to determine to wil them ever #9 much, weshould not, however,be obeyed, because over suchmovements

we have no power.Tam not master rend al the motions performedi my own body; that of my heart and of my Blood
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‘tv not subject to. my power, or to the empire of myRatt wey ee ome
| RS See

BER eur acaSty

Sige may ho eenone appaprite tem all thene dierent kinds ofSel etaatedenna
oth ate geenaac

Rroiedceecmeteroge

oie ferratalnecba aesuice ta Saetcpe et

SERIE es Pieae
Zoe renee weno
‘thing of these, in particular, unless by oonjecture
merely ; and in this we are frequently very grossly

mistaken. got alone possesses this knowledge in
From these bro kinds of events there arises a

is ben.OF ts Be lladable fmiobe aexample. The strokes impressed on the balls de~

epauletsCatt

Besa can catsSee

‘In general, mostof the events which take place on
RES Me eachee

Beitik Eats ae



24 QUESTION RESPECTING
tary exertions of men or beasts ; but the is
Seeen ter: i eaeof importance to remark, that God acts in a mannerabt Lives orattiodectoptic “CassSeeat na toot,formably to which all changes necessarily take piace ;‘as bodies are merely passive beings, which preserve

Jomo tae pon thet by Olnra eel forseeeee creat foe

oF constraint,bat are governed of God by precept‘ith respectto bodies, the willof God is alwaysmeFeather reera Las a eatenee ogee NetPoe Hn araad the he wor GeassPe shal To bo tasine, ea Gent
Pression, commandment which men: 10 abey;amr eT:2a ce mek fs the Meee he conta isae freretl ou be omySeer cert’ deenascratch

opase tee eeeSi iterencorf"Tike doe ectns etapa nagat

rien

ak Doaneen
LETTER LXXXIX.

‘the Question ting the best World ieOf he eonstingte i ont porYor know wel that it has been made a question,Se todined. thatthe word pestecdy cor ‘cannot‘be doubted, that the world ly correspondsto



‘TRE ORIGIN OF EVIL. 296the plan which God proposed to himeelf when hecreed

‘he to bodies and material productions, ther ax-

satgeen and acre ay tat corny ayat have ben better Please to recallet teeSooderfl strc of he ey and you wal eeeea singta it conformation ofaEis paras perfectly afapted ofall th end inview,that ofreproveatingCintcty exterior object, Howich siren Secnnyio heey ope oyu iathat state during the coureof a whole lie’ ‘TheStlees which compose it must be’ preserved. fom

Zorropsion twas hecenary to make provision thatthey should be constantly Penewed and maintained
in a suitable state.

eaten ey marlon berenlator pata of our bodes sn thoseoflanSod even ofthe vest nec. "And the structure ofthse last 4 mach the more admirable,on accountoftheir
amalnes, that cehoul perectiy easy allthe

rants whieh he peclasfoeach spin "Lattn elaming Oly tho soooof seeingin eee soryByechthey ding object aoite, £93Dara to ecape ur  eximinationsiga othamenje discoverthe sume perfection in plans; ev‘hing in them concurs totheir formation,to theeovis fon jodcn of har over ofrite or oftheir seta.” Wht prodigy, tobehold splat trey sprng from amalgral castinto
the earth, by the help of the nutritious juicesih which te tal aust” he profanePound inthe bowels ofte ears are no Ibs wonder.(fils every part of ature fs capable of exheuting

‘Ott ulon powers of reeeerch without permting
{rio penetrlc al the wonders of tx comtractons |
Nay, were utterly lost while we retoct how every
‘substance—earth,water, air, and fire—concurin theProduction of all organized bodies ; and finaly, how
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296 QUESTION RESPECTING
the arrangementof ll the heareslyBodie fs 90Eateneee Arent tdsemi goneSean tis manner,it wil beCE nee era nae

teen men who maintained, that the universe ‘was
Revdlofmerence, wihow tegen Betfhe tet mere chance, eho any cei, Pator ihe datita Norevebansknowledge 0 nature, and whom fear of the justiceWr Bent chet ee nclnewednng issof God es pe green rom acknoyleing Him,‘who created the whole universe, and, from the re-

Tans wn ae J beet agente
Teriigett perfection, 7 ne Mat ee created inSee xodneae of man seems tobese
lene a a eens SasSeager,of he pero eats We‘world; end these evils haver at all times, speared

ctoptie ihesr poses Sodpepei ierei ote CoFase Migseetes ecm eT SY jrele
See enSedS
Pepeetre d

Ossiequestion eepecting the origin of evil—the
a ony orca omeSow otbesBose thers and divines, "Some ‘haveereee ee asic ti par at ohemer, thaminegone rest iatREPUas tn het We Saoa aed aaaShs" oplainought iobingo lepetaton" stese so tons tatnea and holinessof God. Others, finaly, comsSerta genio tery wel neattomprehets md these Tareees os



sa onueut oF avi aor

Godisvupremey good and holy; Hei he authorot io wort,and’ ilar word sare with crimes
tpparnlydic to recone beinwy op,ical to recone buyin my opinion,‘agreat partof theaigiculty ‘vanishes as onesweRES Tobmod’ jst idof opin ad of te lbetyorementia| toi that Gou Mawel cannot divest &

ors quality.
God Saving crated spits, andthe sous of men,

‘remark, first, that spirits are beings infinitely more
tucallont than bodes, and, secondly, tht at he

foment of cain ea war aod fineIRvrequiite 12 the formation ot eel ncunationn

fherel therefore, oo dfiealy naling that Godraed aia," Butieing tho ange apintatoShoeot lierty ov eleg eopete of seatwithout a power to sin, to create'n spirit possessedWitte
over of lang has nothey infopestent‘rth ain perfection, Seunve spt coud not berested dente of tat power

‘God has, besides, dono every thing to prevent

crimes, by prescribing to spirits precept ie ob;Sceanbe’Of" which mit aeays nde? tom pond

Sad huppy, Thore leo othe’ metbod of resingSpateslic cannot be sthjoct To any contin
SETiP ome of them have abaoed ely benyaadius thes commandment tnrein.steer

igand worthy of nainens wittaymeat ofthe Day

anfheeramae ysosctionoreo econ.siderodnrvely, that won hve boon bate sot

{Drereaie such Spins, ay God forenw they nist

taek ns eel. “ttsfar vaptoes uae,Ainerstandings
for we Know not whether the plan‘fino word ald subsist witnot thems “Welw,‘of

the contrary by experience, ha te wickednessof some mon Trequcmly coetbuten Yo the cones:

‘oan amendment of othersand thershy sonductathem to happiness. This consideration alone is
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snffictent to justify the existence of evil

Sores 004 Loe ch power over the comeequasoss‘of human wickedness, every one may reat senured,

that in conformingfo the commandmentof God, all‘ents which come fo peas, however calamitoon theySeyoperto hm, ar aye sot the dvestonor ad‘oaly terminate i hie troe hapPits providenceof God, which extendsto everyRtistactory slucon of ihe question reepectng theation of on respectingPermissionand the origin of evil. This ikewe itBre foundationof all religion,the alone“ object of‘which iso promote the esivaiion of mankind.">‘ch December, 1700.
LETTER XC.

Connesion ofthe preceding Considerationswith Rel“Reply
tthe Obechons ofthe Philosophical‘Gyeiems egeinst Preyer.

Barons1 proceed fartherin my lessons onsoontnd pysicnfihak imy daty to pot oa
{Wyre comesion ihrenowerer ‘snd abeurd the sentimentsof certain phlveophere tty be hey te #0 Soe
Felel Srer reins posoawi coche whack4

.

whi!

ie not conformable to theitsystem of _From tin source are dened pont of the wots aadKeresien in vligin. Several plosophcal eysieme
<tueeeiares mentee arenSesotho Peres rt gmpsSree Sees epeacevaSoe
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to religion; butin that casoResot men, ithe pid of plosophers knew whatEras top" Rou? sound linophy sametimes seen in opposition religion, tat oppositionintoreapparent fas ral; and we mur nt ulyCurselveeYo be dazziod with the epeciousness"ieeta with considering on objection which l-

oat ‘A the pilospiea apse fave stated‘ageinst prayer Religion prescribes ths us ourAfty, with an assurance tha God wl hear and sn-
‘wer our vows and prayers,provitod they are con-{ormable to" the precepts which he has given Us,
Philosophy, on the other hang instructs us that al
frente ake place jn strict conformity to the cours
‘ot'nature, established from the begianing and thet
fur prayers can effect no change Whalevéry tnlaas

wwe pretend to expect that God shouldbe continually
Tals oectioneo tho preter yey hat aagionis obfection has the greater weight tut veigionTeel teaches the doctine of Gods having ealished the course of all even, and that nothing eancometo paso but wha! God foresaw from all ter.igs Tl rele, say he objector, tat odshoud think of altering this setled course, in com-

Bltace with ay payee which men nigh ations
‘Bot remark, fst, that whea God éetablished the

course of the universe, and arranged all the events
‘which must come fo pase init, he paid attention to

al the circumstances which should accompany each
rent; and parca to the dapoitony thedesires, and prayers of every intelligent being and{hat the arrangement ofall vents was disposed in

Retest, ary with lien Gremtaneen, +, thereforeya an addresses to God a prayer
‘worthy of being heard, it mist not be imagined that
auch prayer came not o the Knowledge of Godt

_.
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the momen twas formed. ‘Thatprayerwat al-uty heard from aetety; ail the FatherofHlorciesdcened it worthy of being unawered, he aangethe wn expressly ia favor of that prayer,that the aocompllaimenshould boa consequehesSt ine natural course of event It thus hat God

fhavere the payer often without werkiag'8mince,

"The etablishmentof the cour of the universe,fied once for ll far rom renderingprayer unnccee:fyer teen at antlerby coneying{2s ti comoltoryrah ta al ole pryertanebeen already, from the beginning, presencd at thefet af the iron oftheimg aod Sha thoyfhve been afimitied fto the plan ofthe universe,seThotires conformeblyto which eventa were 10° beTogulaied, in sabeerviencytothe infite wisdom ofBe Creator

‘Can any one believe tat our condition wonld be

beter Gold oe bnoldgeof ou papers te{ore we presentedthem, and that He shuld then beGepovedto change tn cur favour the order of thecouse of nature’ This might well be ireconcllsfie to hinwislom,and inconsiatontwith hisadorabeperfectons. ‘Would there not thn,be reasontoBoy that thoworldwas 8 very taperect work? hatGta was eniely dponed 0 be favourable: to the
sith men bt ft nnn rece ther was
Bh counotek le wereeentelly to disregardthe wants of tnteligent oinge,sl

ovenconte the pana pat otThe enlvere! For townat purpose create iis me-terial worl, repleniabed with Zo many great won-
dorm i ete were no fateligent beings, capable of

Sdmiing i nad of being elevated by ito te adora-fon of God, and to the ‘moet intimateanion with{ete Gresar,in which, undoabtedy, ther highedt
Selcity conus?
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Hence, it must absolutelybe conclnded, that in-telligent beings and ther salvation must have beenthe
inal objec tn anbordnaton to whch Gedregulated the arrangement of this world; and we

have every reasonto ret assured that all the eventsqed
SlePies in are tn the mat eligiFetmonywil he an of al Ineigent bey{o-contct them Yo Their tue bappinea bt wil‘out constraint, beeause of their Hoery, which i a8

fave apnea extension ito Daly. Thereie'therefore "no. grount for surprise that ‘therehoa bn ntelget beings which sal ever rachity.Ta tUie consezion of spirits with vente consiststhe
Divine Providence, of which every individualhas the consolation of being'a partaker; 0 that

very man may rest assured that, from all eternity,
fre entered info the plan of the universe. How

Ought the coaeraionto temasgrcoaeneeour joy inthe providence of God, on wiFeligin 1s founded! "You see, thedy hat” on thaside religion “and philosophyare by no meanaatvariance’
3d January, 1761.

LETTER XcI.

‘Tha Liberty of Ineligent Beings in Harmony withtheetie ofthe Corton Religions
Laneare isa quality 20 ensentialto every spiritualblag ths Got imac eaaot dvtheof utashe canned abo ofexteninoF a tefrertie, without ently destroying or antiis to divest a apint ot ibe ln ‘would bethe same thing'asto anniiate i" ‘This must beUnderstood of the epritor soa! itseif; and not ofthe
Actonof the boy which the aol directsom:aie
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persuasive motives; and I beliove that all pomsible

Bases are adapted by Providence to our condition,euch a manner thatthe most abandoned wretchesfight derive from them the most powerful motives

{2 Sonvernon they would batten fo the: andhata miracle would not produce a better effect on
fea vious apna: they might bo aed by 1fora bmn tl would tt Beaune beter,1 &a co-operates in our conversion,
Dishing us with motives the most efleacious,ab by{Re cemafancen and opportuntin woh Hs prve

Tf, for example, « man who hears an awakening
sermon is afected by i repent, and is converted,
the set of his toul fs evidently his Own work but

the occasion ofthe sermon, which he was 80 happy

set bear precy at th Lin whetHe wanRie Digs Providence overruled that ctreumotance,fo salutary to him, In facty without the oppor:
ftnty, over which the man had no power, he would
have peraated ina sinful course,

lope you wil sony comprehend the seaingof acl edpentionn ay tine Man can do nhingof himeeify all copends on divine grace’ it ie
{hat workeih to wil aod to do." “The favourable

Circumstances which Providence supplies to. men

Se auficient to elucidate these expression, withoutHaving recourse to a ecretforee, which ects by comettraint on human Uberty; as thees circumstances

Be rosted of Co,eoaormy fo ie toe confummate wiadon), i the view of conducting every
{intelligent being to bappiness and salvation unless

bo wilfully rejects the means by whichhe mighthave
aftained trae feliity.®uh January, 1781.

tahag et 8
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' LETTER XH.

Blecidationrepectngthe Nature of Spirits
+ tn onder more clerty10 elucidatewhat I haveJur anid feapscag he liferonce betroen buy tnd
apirit—foriti imposible tobe too atentiveto whatcationta dierece a i xed at‘olhing in commonwith body, norSF opine td neceearyto eojoln theExtension,

merit, and impenetabity are theWitbece bork wilnott lmpen‘without snertia, without impenetrabiity. All phi:Toeophere are agreed. tha! extension cannot have

Paveinvengectet spit" Iheelevenrth,for very ihg extended is divisible, and you canform the idea otis pais; buts spirit in usceptible
Sultorotistad par Every oitt se somplotsorof i onybeing,to the exclttonof all pare,i cannot thente edirmed that spit has length, breadth, oF
thickness, Ta 8 wordall that we conceiveof x=tension must be excluded from the idea of a apni
Ten appt, eerthu pita havemaguitode,they sust resemble. geometrical points,Ee"
detain Oi with ita hy have altelength, breadth,nor depth, "Would it be a verycchrate Idea 16 represent to ourelves a spirit by &ESubematiel point fhe whelani philosophersfave profeasod this opinion, and considered «pirioets ig nately ea ar ote ont beDerrof ut a gndovedhen nemeiieftansport themselves fo"an instant to the greatestinanoos. They maintained, that in virtueof thisxtreme minotonees, millions Of spina might be
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tectovd i hesl wpace; hey even ma iaon, How many sprit could dance onthe
ton "According toey all tdiaecomot particles extemely mite, divested of sl magu>fdo-and they give them the num of mounds’ ASonad, then, ms mobwance destitute of all extenefiom; tod oh diving a body fil you come to particles 20 minute an fo be negeoptble of wo fartoerAivision, you have got tothe Walffan mona, which ;
‘ier iets om te ont sleptunt ony in thi thatthe minatest particles of dat

fot frp licen el ad tats or‘Tito i sll necessary fo obtain real ona,

Now scoring fo Mz Walfot sly aisare composed of movado, but every spit menomad andthe Suprome Being, {tremble an1‘rite isis iewive attonad, ‘This doesnot eoavey
T'rery magnseent Hea of God, of spi and of
the edule of men. T'eannot conceive that my eoul
Bvootting more than a being somlay fe tat
Faiticles 6a body, or tat i reduced almost to a

Boi sper to. el es apo tingFahne Kat err al

ndtgter wihtform a body,x aip of paper, for example, to lightaPipe of ttacco, "Bat fae sipporters of tis optionpi the ground, tha a's cpr bas 00 augerSent ut Fecha resembles pometealpoint Let te examine the sobty of oot exe
ofremark,rst, that an aapritin a being ofa naturetotally diferent rom thatof body, itt abaurd toSpay lt land whieh mop maga, ndEY

cone, woud Bo fly fa howtmany fect or ince long a spit i or how many
ma oor ae ie rgaly 10. tinge which have length OFwei nde a eae a ie peaking of ing it" e



06 areasoF srs,rere tobe saked, how many fetlongan our wa,or bow it weighed. “I canfconfdentiy afr, that an Hout is not equal to alinefa handed fect or often feet, oof one fot Fwy‘ther standard of measure; but it by no means fol-ows that an hour most be a geometrical point. Anhour is ofa ature entirely diferent andi 8 impoe-tie foal to ay wanda whch mepoce &Teneth which may be expressed by fet or inches,"The same thing holds good as to spirit. I canalways boldy firm, that £epint ia not ten feet, nora hundred feet nor any other numberof feet; but it

doce not hence follow, that x apt is pointy any.‘more than that an hour must be one, because it exmotbe meanuredby fet or inches. "A'sprithen, i nokmona or any epee timate aaaFaricles ito wh may be divided;und youEre perfectly able to comprehend, thata spirit maytive no extension, without being,on that account&fputaramonn. We mon tesarepunsevery‘ofextensionfrom that of epi“To uatyIn what place doce a sprit resdet wouldbefor the same resnon, keine an sbeurd question,{G10 comaectapn with place i to teri exte™tionto it. Nomorecan {say in what place an how{ty though assuredly an hour is something; some
Shag etfsny exit wiht being tachedto aertain place. 1 can, inlikemamer,firm thatToad tor in any parca Pace witioaa beingor in any ‘withoutdeduced aa consequence that my soul bas thereforeto exintence juntas it may be with truth affirmedSe boar ao pang, tt ext ther in ayheadnor ont of my head. A spinexist,thea,$Boogh fin were pisces ot our rebection{urn on the per hich a ait hs of sctng{odyte an a most undoubtedly prone ibre .Sif soul the, doesnot exitin a particular place,
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but it acta there; and as God possesses the powerof acting upon sil oan, nti enpect we wayHr ia everywhere, though hie existence i attactorno place.101k Jemuary, 1701.

LETTER XCHIL

The Subject continued. Reflections on the State oSubj Refetn f
‘You will probably be éurprised at the sentimentwhich Ihave just now vested to advance, that

bpisi,ini oftheir ature, aeInno pace, Iniming, I shall perhaps be infor a man who denies the'existenceOf spin, andConsequently that of God, But T have already do-Tonstaed
hat something may exis, and have &Fealty,

witoat being altiched t9 any one, place‘Phe exampledrawn from an hour thoughfeb e-‘moves the greatest dificulties, though there is anInaite
diference between an hour and a spirit.‘Th ide which I form of spire appears 9 meSoatllertnd ttgeomet! plate snd who ree ma jel points, and who re-‘dace God himself to tia clan. What ean be more

stockingthn to confound ali gpsan the Soxme Being among the rest, with the minutestEeien into which& body is divisible, and fo Tankfeat
in the oame clans with thee puicle, whiehJes notin the power of the learned term monad to‘ennoble!

"To be in a certain place isan attribute belonging‘only to corporeal things: and as spirits are of a tor

{ally diferent nature, i ibnot a matter of worprisetofy; thal they ae nt tobe found in anyplace andFf under so aprebomnlon a ropa the ela‘idations which have submittedfo you on this ub-
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Jct. It thusI exaltthe natore of spirits infinaioethat of atin md‘Every spirit i» 2 being that thinks, reflects, ea

tons, deliberate, ats freely, an, in one word that
Iiver: whereas body has no other qualitiestut thataf bing tends, nunceptble of tin, and neDenetrable, from’ whence resulta this "universal
{uality, that every Body remain In the same state
Sr inng as there ls no eceesity of mutual penetra

tion, or of their undergoing some change; and in‘ane of the necessity oftheir penetrating eachother,
iPiheycaine ema heir sae telpen i jes the powers reatEEinge the stat,ue ar tole bocoeeny to pro-‘ental penetration,.

In this consistall the changes which fe place, inbodies: all is passive, and necessarily befels them{in conformity'%0 the laws of motion, ‘There i
ody, nether inteligence, nor will, nor iberty:

{Sea ae theeupreminentain of wi, whiletoi ent aren unoepie of theit i spirit likewise, which produces in the cor-

poreal world the principal eve, te ilostrions ac-Tone of intelligent beings, which are all the effect

of ts iniente witchfb tl Of hen exereogSpon
‘thet bodies. 5, which evbis over is body, cannot butbe Sonsideredas git. of God, who has established this wonderful uniontween soul an body. And a8 1 fnd my soul itoch 2 union with s certain particle of my body,

Senos the a may ata te etmy soul is in that spotShey hy oval rosin, wowbere,fells rere to{hit pce omy body only in vr of ts aetionandl its power

it i also the infuence of the soul upon the body‘which constitutes its life which continues se long |4s this unison subsists, of aa the organization of thebody remains entire." Death, then,is nothing else



or wove arren pears. 208but the dissolution ofthis union, andthe soul has noheedto bo transported elsewhere; for, abit ridesEo pace al lacen must be nigra to‘and,consequently, fitehoul pease Ged, atermy deat,{o ‘enabiah& new union between my soa and alfrganiaed body in the moon, T shoul instantly be{nthe moon, without the trouble of along jourey.

povec'yer srengasisedvoy ie pce f solder over an in fhe moon,
Be'equaly here abd in the moon; apd this involves
to anyfearon ia oly wich‘cannot be in ‘two places at ones, but there ishothing to prevent spirit, which has no relation ‘0

pace, fa virtue ofits nature, to act alte same time‘on‘soveral bodies, ntoated in Paces very remote

Ean each eran inthe espace gitbeuid, with truth dat it was inal thee plates atones. :

anionicof Gods ta ispower eonsont eof God: itis re{othe ole universe,ad ll the Uice whichContains it appears to me,of consequence,an i=expression, 10 sny'that God existe every-Whore, asthe existence Of a sprit has no relationqo'puace, It is more consonant with proprietytoFy God i everywhere presenus now compare tha idea with that of the

‘Woltians, who, representing Deity under the wea ofZ point, eilach Him to onefixed place, a, in fect, &paint chnnot be in sever placedst chce’ and howBrit posible to reconcile the Divine omnipotence
within idea of a point

‘Death being4 ditsoltion of the union subaatingbetween the toul ad body during life, we aro en:Aled to form some ide of fhe state ofthe soul herdeath, Av the soul daring life, derive al ts knowfedge through the medium’ of the senes, being de=ieee oughte meio i omeninEirongh tbe senses,it 00 longer knows what in
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ons. You will please to recollect, that thection Uetreen the woul andthe body costing we,{oid
infuence; by tho one, the soul perceives andfeels
al that pases ina certain part of te bran;fii by the other i asthe power of stingon thatfame portion ofthe bran, sad of producing certain‘otis inte

‘Anatomists have taken insite pains to discoverthi ao the rain, which jotelle te eatfhe soul; not that te sol etal esdes there,forit in not confined to any pace, but beestse ins

power of sting is atached to that spot, Tt maybeIg that tho soul fs present there; but not thatxia there, or that ft existence i United tit
‘Pais part of the bruins undoubtedly that wick
{il the nerves terminate now, snatomiata telus
that this termination in ia coin portion Of the
Eratoy'which they tern thal body” They
Therefore we may consider asthe seat of tbe aout;
tbl the Crestor laa bested upon eyery ou! sock

Spowerover thisealous membrane of his body that
Atonpretpanestra ietrive able 10 producereciprocal Here,Then, we ‘observe a twotold action: the" one, byswtich the boty sets upon the sour~and the oche,

Uy whichthe soul 'scla upon the body;bat thes+ dona’ are ifitely tern from those: whieh
Borie exercise poo other bodies
"Te oul front union with the corps calla,

faiscomeced wit whclbody,EF mens of honerveswich ao thence unrorelyElrased. Now, te nerves aro fires so wonderfllyonstracted an 0 all appearance fled with Bid
0 'sbtlo, thatthe alightant change which they un.

flag ne extremly i aly commitedfo the omer extremity n ihe bein, where the sectofthe sul ns "And, reciprocally, the aight m=
pressionnae bythe aoal onthe extremitiesof thoBervesin the copur calor, in ionmediately wane
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mitted the whole extent of every nervesSatis twat tho cles and members of Car‘bodies are put in motion, and obey the commandsof. the soul.‘This wonderful stracture of the body places it in1 very close connexion with all exterior objects,
whether near or remote, which may act upon it,

either by immediatecontact, as in feelingand tast-ing, or by their exhalation, as in smeling.” Bodiesat great distance act on the sense of hearing whenthey make a noise, and exert in the sir vibrationswhich strike our ears; they act likewise upon the
Sight when they of ‘lumined,and tana intoOur eyes the ra} which consistin likefmena ins corn vito cated" Tn that meium much more subtile than the air, which we call‘ther.

Its thus that bodies, both near and remote,‘ay act upon the nerves of our body, and produce‘certain impressions inthe corpus callarum, from whichthe soul derives its perceptions.‘From, every thing, therefore, which makes an im-

resign on our nerves, there rewuts a certain change‘the brain, of which the soul has a perception, andthereby sogire the idea ofthe abject which causedit. We have here, then, two things to be exam-
fined: the one is corporeal, oF material, which is the
Impreasion gr the change produced jn the corpusfanum of the brain; the otber spiritual, namely,: {the perception,

of the information, which the soulderives rom i si, iT may ao exprete mysell‘from the contemplationof what passesin the corpuscalloram, that all our knowledge is derived.‘You must permit me to enterinto a moretity dotall his importantale.” Let um det,‘consider
one single sense, say that of smelling,‘whch, being he least complicated,eceme the mostEeePotner senses anthilaed,and that a roee was |applied to the nose; its exhalationwould at onbe
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‘excite x certain agitation inthe nerves of the nose
which thence transmitted to the corpus callonum, will
‘ccaion there likewiae some. change and fn this

=e the aia rcamntanemice sabeeto our rengution. Tis aight change,Proodin the corpus callono, is then percervedthe sod, and itthence acquires the ides ofthe smellfof rong; and this isthe rival operation which

fanlace bt mesma! Ex whatmeerlone, anit depends on the incompretensibleunion which the Crestorhas established between theody and the sou

the corps alan i excel the wal thethere is excited in

‘ea ofthe aml ota rose or the contemplation ofthin change furnishes tothe wou! a certain idea, that
ofthe smell of arose, but nothing more; for a the
other senses are suspended, the soul ean form n>
fdgment of the nature of the object itelf which
uggested this idea-the idea of the amellof rose
Alone was excited in the soul, Hence we compre:

hhend thatthe sotl doesnot form this idea of ieelffor ie would have remained unknown but for the

Presence of arose.” Bat further, the soul is not in-
Liferent with reapect to it; the perception of this

| ea is agreeable; the soul itself fs somehow inter:
tested init Accordingly, we eay thatthe soul feels
{ecodour ofthe roses ad’ thie’ perception we call
section,

vieie eae wih a theoer sean: evryobject by which they are struck excites intheCalionen a corn change, which the soa ooverveetwit a sensation agreeable or disagreesble, and from
hich it derives the idea of the object which caused
Fu"Tale iden accompanied with a seneation 90

uch the stronger and ore intone, es the pres.tion made on the corpus cllaum is taors lively. It
i than thatthe sou by contemplating the changes

Brecon the corp salou f thera,sequeneet
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‘eas, and in affected by them; and this is what we‘understand by the term sensetion®
Th January, 1761.

_

LETTER Xcv.

Of the Faculties of the Sou, end of Judgment.

Hapwo no other sense but that of smelling,ourknowledge would be very limited; we should thenIhave no other sensation than that of odours, the
diversity of which, were it ever so great, could not

TE uch interest” our sol bing restricted toia that agreeable smells woul ‘someies of ploarare and such an are dnagrecable woulExcite some diagust,

‘But this very circumstance carries us forward to
Sones gress, aod apetber dogstiog It cussmell is le, and another disgust onDot be a matier of doubt, that agrocable smells. ex-
ie inthe corpus calloum a diferent agitation from

{hat which i produced by the dhngreeablo; bathhow comes it that one agitationin the corpus callo-‘rum can give pleasure to the soul, while shother is
Offensive, and even frequently becomes insuppor.

able’ The cause ofthis difference resides no longer
in body and mater; we must look for it i thetue of the soul itself, which enjoys a certain plea-
sure in feeling certain agitations, while others ex:

k ite uneasiness ; and the Feal cause of this effect we3 Go-not know.

‘Hence we comprehend that the soul docs morethan simply perceive what passes in the brain,otterval calories i wtjine © senationsjulgueat
Teepocting what it fads agreeable or disguating, and
whetrneldlio thesrshs enacingLetsEES ipar cioeam ts wehy aes seen de
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consequently exercises, besides the faulty of per-
tcetving, another anda different fal, that of dg.
ings ai thindentin whol erent rom thosimple ideaof a smell"he same conmideaion, ofthe ene of smelingapi, acorn alotherct ofthe outWhen the amell arechanged, when youspply 10the tones carnation afters rows the od! his botonly’ perception ofboth smells, but likewise te-
‘marks # diference between them. Hence we con

clude, that the soul still retains the preceding ideato.comapare it with that which follows: ia this con: +

site rmanzeer 0 memory, by which we hav heFerrerof recling ea aniscadent and pal. Now{he real soareeof memory is entirely concealed fromun,
We know well that the body has mach to 40in it; for experience nesures un, that disease, andaso scien whch beta he ody weaken and

ently destroy the memory: itinequally certain,A the mine time thatthe recollect ofteas Iethe proper work of the soul A recollected idea is
fssentilly diferent from aa idea excited by an ob-

Fok, die pate ecaectn af tenn whichaoda ttnrayfer mm tatwhich Thadwhile Twas looking atthe sun.
, “'Some authors pretend, that when we recallanidea hore happens int bran tn agiaionsilarto that which fst produced it: but if thin were thefc I should nctually aoe the sun; it would 0

| onger bea recollected idea. They admit, indeed,
that the agitation which accompanies the recalled .
idea is much weaker than that from which te oig-

hal idea proceeded: but stiltam not satisfied withthis; fort would thence follow, that when f recall
the ideaof tho sun, it would be much the same ax‘when face the moon, th light of which, you wil

Jswe,6,remerber is about 200,00 trace weaker‘hat of the aan But actuallyto look at the

-.-
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‘000,an simply to recollect the wun are two thingsSooty dite,"We may say with trth thatthe recollected ideas
Sapectsonly te ool SA ope te fyte. ts ony the soul; e body,Setoe! iden i accompaniedwith s certain agiitioninthe brain, whereas the recollected one is destituteezine wo oy tas ton wihfake wise oatect sctlag on my eccged titow{tity suis sensation, but it can with Do pro-
ovacolectand to fel alweya rematawe thingseco remaln twoabeoluely diferent.‘When, therefore, the soul compares two diferentsmells, when it har the idea of te ove from thefnco of an object acting’ on the senee of smelling,nd that of the other from recollection thas in fagk{wo ideas at once, the actual idea and the TecolIected idea, and in'pronouncingwhether of the twoiors or ev sgreatieor danger i exerignParaacl Gn rom at bywhe onlyateplatswhat ie presetaBaihe ao prone wal or operations,whena succession of several diferent mal{Rorwe stack ith achof they ntig are and a notionisherby

teguted Sf pas aod Prosea, and even offhowe of hich i hen alveodytad t‘whieh
has

xperience,thar win dene th ra of sxc inastochas it undergoes ev ‘acces.tively; and hence reels the ide of duredom, endof tne.” Finally, on remarking the diversity of wearSalons wih eycoed eas ler bogie reckontne, te, three, 0 thoogh thin shoud not go far-{r, fom want of signsor namep. wherewith totmark oumbore. For supposing«man has fst be:fr fo ex, and who hus hitherto experieoed‘v0Sensationsbut those of which Ihave been speaking,
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far from having created a language for himself, he

nly Kaows how to exert his ft faculles onthe
Sinple ean which th sense of smeling presenta
weegaehe,at thean qetion anamired the capacity of forming to himeeTeasot avery ofthe presen, ofthe pst and evenOf the future: afterward, of sdocession, of the da
tation of time, and of namber, or atleast of the ele.

Tents of these ideas, Some’ authors pretend, that| uch a'man could not acquire the iea‘of the dura:| Hon'ot time withouta succession of diferentsen-tations; but i appears tome that the same senna:fion, the smell ofthe row, for example, being con-Lined for a considerable time togetherhe would botierentyaectrd by i than he. wou i worePresently withdrawn. A very long duration of theame seteation would at Tength become tiresome,
Which would necessarily excite in him the idea of

aration.” It mast certainly be allowed, that his soul‘would be sensible ofa very diferent effect ifthe sen-ation were continued tong, than it lasted only for
‘|S moment; and the soul will clearly perceive the
difference: it will accordingly have some iden of
‘duration andof time, without any variation of the| Sensations.

syturerefesions hihi oumaen condits sennaione, are what. propery belong to.apintuaity, the body furnishing oaly simple vensa-

ons: he perepllont theseenaxionslw readyfan act of tho soul's spirituality; for x body can

POU Yanary8hemery Das



a8 ov rus weauers,

LETTER XCV1.
Crnecton of the Existence of whatwe percere bytheyoannak vay th Rah oie apaodalate.
_ In all the sensations which we experience whennef ose in suck by any ae iitalter of high Importanceto remark, that the soul
totnlyacureaundea conformed ofbotmprensionTia othe nerves,tu hat it nen,at be eaetime, there must existan exteriorobject which fur-ishedthis idea. ‘Though babit makes us considerthis judgment as extremely natural yet wo have

reavon tobe astonished at itywhen we examine more‘itentively what then passes in our brain.“Anexamplewill place this ina clear light. shallsuppose you looking atthe full moon by night; theaye which enter into your eyes will at once paint1 the retina an image similar to the moon, for theflaue ‘prea of fo retin are by th aye patKit avbration similar that which agate thoweof the moon." Now the reinabeing only a contex-ture of nerves extremely subtile, you easily com-

Drehend that theee nerves must’ Benes undergo’ 8Exrain aghation, which wil be tara 1 the‘originof fhe nervesin the brain. Therewill be ex:ted, therefore, ikewine in tha! portionof the brain‘ceriain agitation, which ia the eal object that theoul contemplates, and from which it derives a
ticleof knowledge, whichisthe idea of the moon,Consequently,the idea of the moon is nothing elseatthe comemplauon ofthis wight agitation seeorigin of the nerves.tne actirityof the soulfe #0 much attached tothe spot in which the nerves terminste that if abao-lely knows nothing of the images painted an the
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begof rycalmocesof esl ef ao rhew

aster ped icn are, Thewal borers

Seeseat moon ee
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hse piemene,feed he ln NE sng

sureen as ayicraSareeerin Sane isenothingeven of the images which are the immediateowing sen ofhe mageswhe arsimple

‘that there is at the ‘bottom ey, eye aontHye muh en ie he

Bean ongh me ean, eastrei cocina ahr

EE
‘cause of such impression, and that this body is theee

TFnragnor
sod Sticha ee etsguitckeStan een ee
‘undoubtedly certain, that in this we deceive our-sedi crn al ie we dees,ooriRieere he reais
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osophers have lost their way more than onceinendeavouring toave this iii.»ve just oa moon takesace al repoto al thebode wich we we.‘consequence is not apparent,

that there mustieodinot of om, teins om:ranmdergonnns or impressions. Thisapplies even.{to our own limba, and to our whole body, of which

‘re know nothing but by mee of the teen, andof the impresions which they make inthe. Brain:if, then, these impressions, and the ideas which the

fal derive rom them, prove nothing a tthe ex-{tence of body, thatof our own body becomesStony oubetl
"You will not therefore:-be surprised, that. there

shouldbe philosophers who have openly denied the‘etistenceof bodies; and in truth ft is not easytoefute them, “They derive a very srong argumentfrom dreams,in which we imagine that we see 90many bodies which have no existence. "It is aid‘with trath, that then it is pure illusion; but what

Assurance have we that we are not under the powerof « similar illusion when awake? According to
these

philosopher itis not an illusion: the Boulthey admit, perceives a certain impreseion—an idea;ut
they boldly deny it to bea conoqunce, thatbodies really exist which correspond to those ideas.‘The supporters of this system are called idealists,

because they admit the ideas only of material things:and absolutely deny their existence, “They may
likewise be denominated spiritualiee, ua they maine

fal that no beings exist excep spirits‘And

as we do not know other spirits but by‘means of the senses, or of ideas, there are philoso-DDhers who go oo far as to deny the existenceof all‘Spirits, their own soul excepted, of the existenceofTile every one ts completely convinesd, Theos‘te called egotists, becausethey pretend that nothing‘Sata bt hour own soul
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To them are opposed the philosophers whom we
| denominate maceratory, wa deny te existence Of
Sprit and’ maintain that every thing which exina
EPimatier and that what we callout soul in onlymatter extremely aubile and thereby rendered cape-Biot tought

Sth Jonuory, 1701.

LETTER XCVIL.

Refetaton of the Teel,

1 wan it were in my power to furnish you withtho tra nocesory 1cbubel the Wea andthe
fgotnt, by demorytrating, that therein areal eon.
Erionbothoenour scneafons andthe obec inetelven which they represent; but the more1 unkof ithe more I feel my own incapacity.

1 woud be ridiculous ta think of engaging withthe eotita; for'aiman who imegnes he aloe ex:

fata and who doesnot believe i my existence,wouldSct'in contraction to hi own gyatem if he pid

thy sialon to my emia, wc, aconi, would ‘be that ‘of an taginary’ Being Tt it[bie ahd fan conteheeatIs iapoestble fo convince ofthe existence of bodies

fmcael determined to deny i Toophho such phiJosophersexisted,it would be highlyta-teresting to be’ able 10. convince ourelven tat asign of oar eval oxperinces smwatons i sey$0‘wih
certainty cooeinied that bodies Ukerise exit;nd that, when my aotl in afeted by the anaation‘9f the moon may thence boldly afr the éitence

But the tnion which the Creator has eatabishedbotwoet to pul andthe bre ist myetary 40 Une
fathomablehat all ur Kowiedge of it amountsaly tot: certain impreseionn nadein he rua,
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and the ideas of the soul: it in enough for ue toJknow that certain impressions made in the brain ex-site certain teas in the, youl, and that these ideasae representationsof objects externally existing,Henemee slaterae‘Thus, when my brain excites in my soul the senea-tion of a tree, oF of a house, I pronounce, without
hesitation, thet « tree, or a house, really existe out

‘of me, of which I know the place, the size, and otherperties. Accordingly, we find neither man nor

Beast who calls this truth in question, Ifa clownshould take it info his head to conceive ‘such a

doubt, and should say, for example, he does not be-
lieve that his bail’ exists, though he stands in his
presence, he wouldbe taken for amadman, and withfood reason, bt when philosopher advance nachfeotiments, he expects we should admire hisknow‘and sagacty, which infnitely surpass the ap-rebensions ef the vulger.

Te appears to me, accordingly, abundantly certain

that ach extrayaiat sentiments would never have
been maintained, but from pride and an afectationof singularity; and you will eadiy beliove that thecommon

pedple ave, inthis respect, much more{good sense than those learned gentlemen who derivehho other advantage from their researches but thatfof bewildering themselves in a labyrinth of ehimo-
Tas, unintelligible to the rest of mankind.

Let it be established, then, a8 certain rule, that

‘every sensation not only excites inthe soul an'idea,Dut shows it, 1 mayso express myself,an externalobject, of whose existence it gives fall assurance
‘without practising a deception. A very formidable
Objection, however, is started against this, arising

from droams and the reverie of sick perons‘which the soul experiencesa great variety of senaa-Hoontebe rhich nowhere exiat. ‘The only re-‘ection

I shall suggest on this subjects, that it mustbbe very naturalfor us to judge that the objects,the
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sensation of which the soul experiences, really exist,ieire jue afer thn manne oven le, Houthen we deceive ourscives: but it does not thencefollow that we likewise Seceive ourselves when weare uwake, “In order to remove thie objection, it ie‘eceasaryto know betterthe difference of the sate‘Of the man who fe asleep and of him who wakes;{nd none, perheps, know this less than the learned,‘which must rarely be'a matter of some surpriseqh ter of
ih Sonuary,1781.

LETTER XcvIl.

The Faculty Reminiscence, Memory,Tate,Sigh ond Compo Hats

Yor ar by thi ime genabe that object by act-tog span ar aeocs excite in the sol enanionsfromiwhich we Jodge that they really exiet out‘bn ‘Though the impressions which Occasion thewe‘ennations are made inthe brain, they present, then,{5h oa ampecienof image simi f the object‘hich the soal perecives, and which i called theJenrle
ides, because it is excited by the senses.‘Thos, on seting a dog the soul acquires the idea ofit;'abd itis by means of the senses that the: pou!comes to the knowledge of external object, andfcqures sensible.ideas of them, whichare thefoundation

of all our attainments in Knowledge.hie faculty ofthe woul by which it acquires thenowledge of external thing, is denominated thefacltyof perception, 20 doubt,on.Sondrfaios wie theCreatorha etlDotween the sou! and the brain. Now the soul hasSEiT anther eel tht ofrecaingWear sey‘communicated by the sensop; and this facultySStnedremincence, Or omagbtin. Thu, beviog



snscrure ov rusceiras, 88ance smn an slept, onwlbe abet eastfhe idea of that animal, hough it jsno longer before
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ceding ideas being ‘extinguished, as if we had neverPort in, therefore, a faculty essential to reasonable
welts Maret uly coment rewgmae
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means follows, however, that we have i always in
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if you should happen. for example, to forget the

demonstration of the Pythagorean theorem, with
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representedto us by the senses; but we ourselves{Bh recoloctod det on he made! o he ses,ts faras wo remember them.‘The

doctrine of ideas is of the last importance forthe purpose of a thorough disquisition of the real
sources ofhuman knowlege “And; ot, ideas areing int complce.."A simpleiain which the eeseeing &toae‘inguiah, and remarks no parts diferent from eact‘other. Such is, for example, the idea ofa smell, otOfa spot on a substance of one colour; such is like-wise that of a star, in which we perceive only one
Taminous point." A’ complex idea isa representation

{in which the soul is able to distinguish several differ-‘entthings. “When, for instance, we look attentively

‘at the moon, we discover several Jark spots, sur-Tounded by ‘contours more Iuminous; we remark

ie eround,gure ‘when bei full and herhorned figure when waxing or waning. "On viewinghher through the telescope, there aremany other parteulars distinguishable, eee
beholdngtRoe paleof fo garden?" When‘not OF

a fine garden? WhenYondote ke Hour to ea ih ter, you wilin it the diflerent traits of the characters,hich
you can with eave distinguish rom each‘ther. “This, then, is a complex idea, as it contains

& variety of simple ideas. Not only. this Letter,
taken in whole, presents a complex idea, from its
onaiting of a plurality of words but every word
too is a complex idea, being composed of several

characters: nay, every character is one, trom theStogalarty of the orm which itoguahes it from‘thers; but the elements or points which constitutefvery character may be conaidered as simple ideas,
inasmuch as you n0 longer perceive in them any
diversity. "A greater degree of attention will Like-
‘wise discover. some variety io these eleweuts,oa‘viewing them through a microscope,
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Jo ochre; but the more attention that we employ
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It is further nece ‘that the representationinthe brain should be well expressed, and contain theSuratme calcres mrssSie peaou caraaesehit ksictpsu te paeceva cama, tieiconla ert oniasSaESrubae Pact ay betietha aotite carly ie Soe raysaclepamelaigeteSeahinertiafat mat connSereLe ee foentsBeata hee ‘EC yenites afee tn aed iseagateer,mreSereaaha a rrtan tkeTerie asta acvar bey Sesar ee aeeects meat tate aeaeSicecicsady aches SotivokleteESane we y
pneler oh oat age

Aen es rca
Se ee are,occa iT ea eine ete

Perio eernaerdserene ayia afe eyeeeereSe ieneGea gsSatcrreny ae mi soeSerratia i a

{2,0 spesdily acquired, that even a child, ater &ttle application, can read with astonishing quick-
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en. To rating apiece of wring, we mast haveavery distinct idea of every charatier; thus alte
tion Je susceptible of a very high degree of perfec.

2 ee sy wil podith what amazing rapidity will a prodcient inmusic execute the most dificult pieces though. he
never saw it before! It is certain that his attention

ust have run over all the note, one after another,
and that he remarked the signification of each, His
Mtention, however, is not confined onlyto’ theseRoten; it presides kee over the moon of theIngers, not one of which ‘moves but by an extrier of the soul; he remarks lkowie, atthe eetime,

how the other performers execute their parts,vin, upon the whole, altogether surprising to what
a height the aldress of tie human’ mind may be
‘carried by application and exercise. Show the samme
piece of musie toa beginner; how much time does
Ferequiteto impress on his mind the siguifeationof

every note, and to give him a complete idea of& ‘while the iuaster acquires it by almost a single
“This ability extends equally to all other kinds of

cnjet, "in which one shan ay tly suresEnbthet. There are persons who, withone glanceBe’
peron patsng Delve hem, aureadistinct idea; not only of al the features of the face,but the particulars of his whole dress, dowh tothe

minutes trifles, while others are incapable of re-

makinghe most king ereumstances,‘We observe, in this respect,an infite diferenceamong men. ‘Some promptly catch all the diferentmarks of an object, and form to themselves adistinet

ea of whi hat formed by others extremely‘obscure, "This dilference depends, not onlyon menpenetration, but likewise on the nature ofthe objects.Rinusician catches atoncethe whole plece of musie,and
acquires a distinc! idea of ity but present himstn a ieeeof writing in Chinese charternd
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bo wil have only very obscure ideas indeed of suchtring: the Chicas onthe contrary, wil know stEee pa i real port of acy Saracen batwill,

in his turn, understand nothing of musical notes.Fhe Goins nerve in 4 aot wc he everta before a thoosandpatios which escape the‘Maton of ther the rchect dar, bySingle ance, in a building, many thingsother, Fi much gresle degreeof stention,ould not eve dacorosedsit i always net to form distinct ideasof the‘objects presented to our senses; in other words, tofeank ll the parteof which ihey are composed,od the matke which divnguish ahd characreras

‘them. jFrom there observations you will easly com-preheodthe uviion of custo obecurs and Seer,{Etoconfusedand distinct "The more distincttheyae, the more they contribute to the advancement ofknowledge.

32 February,1761.

LETTER C.he ABatractioof Notion, Notions general ondOe Mette”Of Gomes end Speed
‘Tux senses represent objects only which exist

sternly and senate ideas ll rte to thems atof theee sensible ideas the woul forms to ieelf

fare‘f other Mey wich winded esivedfrom >, but which no longer represent objectsmal eicngoraml ook at the fall mon, andfey enon nyo ent form tanof yovnness, but Y caanot afr’ that foundaoes‘exists of itself. The moon is round, but the roundfigure doesnot exit separately out ofthe oon Ik‘is the same with respect to all other figures ; and
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trhenT wee a triangular, or aguare table, may hareIeMlon fe wml of eons, srkgure nth swt oar party fomEm sbject possess er

"The ideasof numbers have the same origin. Har-ing seen fro or tre person, the soul forms the12 Sto or tne wihout ataching it any gerte
the perene Having ready acquired foeof
three, the soul is ableto proceed, and to form theeas of greater numbers, of Toor, oy ten, a hundred,1 ihousad,and so om without ever having preciselyteen ao many things together. "A single tnsanes,

therefore in which we fave aven two or the OF
ects, may carry the. soul forward to the forma:

iin rt ie of einer mane, be they evr vo

CSP same thing ol to Bren and you havetho power of forming 19 youse the idea 3a ply.

oy ith He sey or zaphough you everffave seen an object of that form, and though no onesuch, perhaps, ever existe.

ere the soll exerts anew facalty, whichis called‘the power of abstruction; this takes place when the
‘soul fixes its attention on only:gine quantity‘or quality‘of the objectand considers it separately, an ifSteen longer attached fo he eject We, forInstance I pt my hand ons heated stone and onefine

my attention to the heat ony, I form (rom itthe
eyo heat whichis mo lng attachedto feBone "hp eno beatin ote by attractionagit's parted from the tone; andthe soul mightfave dened the same idea fom toucting& pieceWod nates or By unin te hand at Bot

‘Thon, by means of abstraction, the soul forms a

shcard ln eas of te quaates ad propericnof object, by separating them afterward from tne

shjecis tromgelvees asvtrhen L sees red coat, and{my attention ony oa the colour form te des
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‘of red, separate from the cost; and itis obvious that‘red flower, or any other substance of that colour,
‘would have enabled me to form the same idea.

"These ideas, acquired by abstraction, are denomi-nated novons, {0 distinguish them from sensible ideas,

which represent to veobecs relly existing,
ein alleged that the powerof abstraction fa pre;rogaive of me, and of ser rational Beings, andthat the beasts are entirely destitute of. A beastnny experience the same senmtion of hot water thatwwe do, but is unable to separate the idea of heat andThatof the water itself: it knows heat only in s0 faran it is connected with the water, but has not the

tetra idva of heat which we have. Its said that‘these notions are_ general heas, 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 hent were attached to a certain stone, which fret
Supplied me with that idea,1 could not afirm that‘wood or other bodies were hot. ‘Hence itis evident,

That these notions, or general ideas,are not ettachedto certain objects, as sensible ideas are, and as they
inguin an fom the bra creation, they rap.erly exalt him to a degree of rationality wholly

Ungusinable by the beast,“There is stil farthera species of notions, likewiseformed
by abstraction, which supply the soul withthe most Important subjects on which to-employ ite

Romere: thewe are the ideas of genus fd oecierml see a pear-tree, a cherry-tree,an apple-tree,anvonk, fy ail thee eas are ferent f
nevertheless remark in them several things which
they have in common; as the trunk, the branches,

and the roots; Totopshor onlyat thode things whicthe diferent ideas have in common, and the objectIR'ehich all such qualies meet Tcl ree. ‘Than
the idea of tree which I have formed in this manner

n'a general notion, and comprehendsthe sensible



ABSTRACTION OF NOTIONS. 333Seas ofthe pear-treo the apple-tre, and, in generalevery treethat extn, Pen
Now, the tree which corresponds to my idea of

treo nowhere exiala; itis mot the peattre, forthen the applo would not be comprehended under
i for th sare Feson ita notte chery toe northe plam, nor the oak, de. in a word, it exis
‘only’ in my sool; itis only an idea, but'whih is

‘east ian ini! mambo eject,” In kemanner, when I speak of& il too isafenera notion, which comprehends athe cherry:

Th thsfotpt ete toEater ebereytroe would be’ eld 7‘With respect to general nations, every existing
‘object, comprehended under one, is denominated an_

sda th general ded, say that oftherie,i donor orgs. ‘Thesefro words ‘ig neary thesame tapbut genonIn'the more comprehensive, including in ta vanetyfof epocion. ‘Thus the not of tree may be cox
steedar onus a icades he ndons ofpearfrees, appe-trees, oaks, fis, and 60. on, which are

fect, and of 9 may oer, acho which on.{ins a great numberof existing individuals.

"Thismannerof forming general eas i, therefore,Likewise.
performod by aintraction® and it iy herechiely thatthe soul exerts the activity and performe{ho operations from which all our knowledge is dex

Hed. Without these general notions, we shoud
‘fer nothing from the brates.

Teh February, 178.
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: LETTER cl.

ite Nature, Advantages, and Necessity,engages i Nee, Adm ndNecCultoction of Knowledge.
‘Weareven apitode a man may have to exercise

thapowerot suratand efuiah bat wiheral iden, he canmake no considerable progress‘Fithout
the aid of language, spoken. or writen,swords which are only ceria sige corresporstingswords, which are only cerasigue ©{o our ideas, and whose sigitestion ie setiledbyfustom,orthetacit consentof sever et who lve"I would appear from thi, that the only purposeof language tomankind is matully to communtcatetheir sentiments, and that 2 solitary man might €0

very well without it; but a
lille redection only isUFiangedge, ce ouchto pursue tod citrate totedigi. SekSpeemsamsOe‘Toprove this, Lremark, frat that we have scarcelya

ord ta ay lnguage’ hae siuieation i a{achedto one odivdua object. If each cherry-treoina whole country had ila proper name,os welevery penr-tree, ind, in genera, every. indvidoalfre] what an tours Complication in language‘would result fom it! Were:{ under the necessityOF rpoying particle tert denote vey aoeOf erin my Bares, orf hou om caresfhink'6t to give each » particular name, this
beae unelees to myself eto other.
ithe, ery imperct eerton of te,azunge fo say that men have, fromthe fst, impowedShall individual objects certain namesto servethem |



or tasacios. 308

forsiqns, ‘The words of a language express generalnotionn; and you wil rately ‘fadove whieh marks‘nlya tingle indivgual. ‘The name Aleonder theret i applicable 10 one particular persons, but
‘Son ite somponnd name.” There try nave boca
tanythousandsof Alexanders, andthe opine greatxtchds To an infite numberof things” Ita asthat all men bear names,to distinguish then fromothers though these names maybe Trequently com.‘mono

many."Phe eavence of a language consists rater in ite
containing words fo dente general notions ay that
of tree corresponds tox profigiows numberof indi
‘dual beingn "These worea serve not only 40 con

vey to others, who understand the sume Rnguage,TE same iden which I afix tothe words: but they
tre likewise reat sutstance omen represent
{isiea to mpecie, Wihow the word tree whice
Fepresets tome the general notion of tee, Imus

Tilgive to mel! once a eherry-tree, a penttreet an appletree, fy ey and thence extract

iy oflan's ama” iaTanly opyresethe mind, and speedily involve tinthe resent perleniy.” ‘But having, once for al
determined to express by the term tree the general
Retin formed Oy racing em awaye ekShee i my aoa Yoe ene notion, without my Baring
Sceasiontecollect ts origins and sceordgly, the
Sword tree alone, forthe moat par, conetttee the

ertie voa wihol therepent of anyfel tre.

‘The word man iy in lke manne, a sign to denote
the general notion of what all men have fa commons
n't would be very diet wo tell orto make the

meronof ath an conan Woolsray that he io alving two eqed einZoek would ikewive be inkided inthis desertion,Would you sayin words of Plato's defiton thai

eis'a iwolegged saimal withow feathers?” You
_~
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‘have only to stip the cock of his feathers, in orderto batthe Piston man.
do not know whether those who say that man isam animal endowed with reason, express themselves,more accurately; for how often do we take for mencertain bing of whose rationality we have os.surance. On viewingan army, I have not the leastSoobt that every soldier ie a men, though I have notthe smallest proof that they aro all endowed withreason. If Iwere to make an enumerationof allthe members necessary to constitute a™man, sometien would always be found defectivein on, pertapein soyera of these, or we might fad somo beat‘who had them all. "On' investigating, therefore, theorigin of the general notion of man, it is almost
Ipomleto sy wherein cont(0 one, however, has any doubt respecting the sig-Rifeation‘f the word; becaue every one, wishingto excite this notion in his soul, has only’ to thi
on teword men if bewri on papeor heard i , according’ as the respectiveHague of any Se may be.fence we se that, forthe most part, the objectsof our thoughtsare not so much the thingsselves, an the words by which theso things are de-noted in + which greatly fecilitatesthe ex-exciseof thought. What fdea, in fact, do we asoo-inte with the terms virtue, liberty, goodness, dc.Not surely a sensible image ; but the sont, harfence formedthe sbrract fotionswish correspond‘bonght, n pce of te thing which theydnote,ings which 8

Ty hayeeeeait wan necessaryto make, inorder {o arriveat theFeconilreds they werethen tobe comparedwit‘considered
; they werethe duties imposed on them; in consequence ofthis,‘wo give the tame of virtue to the disposition which‘timdn has to regulate his actions to hie
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‘duties. But, on hearing the word virtue rapidly|found inconvereation, do we sways connect with{it this complex notion! And what idea is excited{n the mind on hearing the particle and Or also prosnounced’ tis readily seen that these words importepecies of connexion; bot take what pains you

lense to describe this connexion, you wil ind yourekeif under the necessity of employing other words,
hone siguieation it would be eqoaly difieule t6
Explain; and if I were Yo attempt an explanation of
the import ofthe particle ond, I most make frequent
tse of that very particle

‘You are now enabled to judge of what‘Sdrantage
caepegeage we should hardly be in'tcondition to‘we a in‘ condition to

‘think at all. 7
10h February, 1701.

LETTER CH.

Of the Perfectons of @ Judgments and

Mian of Propelion force OX mogteeeal parler '
1 nave been endeavouringto show youhow neces.sary language is to man, ot only for the mot

onimunfeaton of sentimentand thought, but like:write for the improvement of the mindand the ex:tension
of knowlodge."These signs or worda represent, then, generaltions, oach of which is applicable to an infinite um.bor of objects” as, for instance, the idea of hot, andof heat, to every individual object which is hot; and

the idea or general notion of tree applicable toterydalree ina gardenor oes whetherhervies, peas, oaks, or re, de.
‘Hence You tust be sensible how one language

smay be ore perfect an abotber. "A languageou 13
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always is v0 in tion as it is in a conditiontoexprom

a preter number of general notions, formed{Bat we amt satiate the perfection fslanguage,‘we must estimal mn of a

Formerly, there wae no word in the Russian lan-
guageto express what we call justice, This ‘wasSertainly a very great defect, as the idea of justice

is of very great importance ina great number of ourJudgmentand reasonings, andavi is ecarcely pos-ableto think of the thing itself without a term ex:Prossive oft. They have accordingly supplied this
Eefect 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 is nothing ele but the afirms-ton, or negation, that notion is applicable, or in-
applicable; and when such judgment is expressed

it'word, we cal i apropio." "To give an oxample: All men are moria, in a proposition which
fontaine two notions; the frst; that of men in

feneraland th second, tat of moni, whichEomprehends whalever is mortal. "The judgment

Sonata pronouncing taming (At ie Rtnof mortality is oppicable to all men. This in a judg-‘ent, and being expressed in words, i in ation; and beeateefans,we cal t ax aprmatee
roontin:TEA denied, wo woul cll it negate,Tach as this, Nomanis righieous.. These two propo:titions, which I have introduced a8 examples, tre

‘eunersl, because the one alfa of all hen that‘they are mortal, and the other denies that they are
"toreare likewise prtalar popotins, bothre are Likewise iRegative and affirmative; a8 Some men are learned,‘Some men are not wise. What is here affirmed,‘and denied, isnot applicableto all men, but to someof them.
Hencewe derive four species of propositions.
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‘The fet in that of efrmatin and universal propon-‘Hons, form of which in geveral i:
rn 2.

rropntoshfof which i pera‘The third is that of affirmative propositions, but
porticatar, contained inthis form:

‘And nal, te fourth that of nepative and, foally, whe fourth that of negatiadarpropotions, of which the forma

Some A is not B.Al these propositions contain essentially two no-tions, Aand'B, which areclled the terms of he prop-fon the, frat of which airs or etn oewhich
we say is applicable, oF inapplicable, to theFrat isthe attabute Thus, n the proposiion,allmen are mortal, the word man, or men, is the subject,

nd the word mortal the atirbute these words are

‘uch used in log, which teaches the rles of just

*Tiese four pecien of propositions may likewiseberepresentedby igures, so ay to exhibit thelr nature{otheeye Tats! bares snnane towards

‘comprehending more distinctly wherein he accuracySof a chain of reasoning consitn

‘Awa general notion contains an infnite numberof
individual objects, we may consider it asa spacefm which they ar all contained. “Thus,

for'the notion af man we form a space, Fig. 41.
Pig Aiyin which we conceive allmen
tobe comprehended. For the ‘notion
Of mortal" we form anotherPig. 4, inswhich we conceive every thing mortal
{0 be comprehended." Aad when| af Fig. 49.frm ll men ere moril it inthe same

{hing with afirming that the Set Ggure
Is contained in the second.



0 OF sYLLoouxE.

1. Hage itohat he repenntation oftinal
tral popingin witch tespace A. Se. 43,whichornate er tea

SCRattainhegta cswT
Atosoetveuiera openoni etncspaceskind Batwmich yyAalways: the subject, und Bo Fig. 44.‘the atersbute, will be representedthus,Tet ne epee toursother; because

we say no A is B,orifn cmpetedd neon Aina the
stempte pope FggourmetEraa esris oajreeneliece 9,Atostr br ata|Speke hsion ehoTW"For

mrt pre ropations, as, some. is not B, a part of the Fig. 46.
Mn fgre ree bope’ (lf)i rece ne!

siccooperaichMth February, 1761.

‘Byllogisms, and their different Forms, when the firstor Proposition is universal,
‘Tuese circles, or rather these spaces,for it is ofgelapeanceatueoteStal soe anf gS ie nat
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to explain; whereas by means of these signs the
whole is rendered sensible to the eye. We may.
Trnploytn; epacestovmed at leefo repressevery genera ‘notion, and mark the subject of a .Biteby another which contnins8. "The nature. oftho propionic senys nora eer tat be

tpaceof Ain wholly contained inthe apace orthat it's parly contained in that space’ or that a
arta eta ou of the sce BY on aay shat
Bheapuce A wboly oof Bt

See?
Sakae 9a her eoro

Lacie te emt

©)()
COs) G0»)ry rastrerd

rs7



us oF svutocus.
‘The two last cases, which particular

ins seen to contain a owt ai in DtEos wher tb a get per of whic i+ contained,

or not c in B. It is even possiBie inthe cae of particular propoition, tht thenotion A'may containthe notion 8 en-rely,
as in Fig. 47; and that, at the Fig. 47,sere time it lear from the, gure, &of the space A may be in the spaceBaadhate prt of A tay notbe fn ByNow,if A wets, for example, the idea offree in general, and B that of oak, whichin contsined wholly in the iret the following propo-sitionsmight be formed:1. All oaks are trees.II, Some trees are oaks.

atte mall, Some eee ae not aka,fo manner, if of two spacesone is entcf the therain Fig Ai cn anwellay‘Ais B, a3 no Bis A; anil 1 were to say po man is‘tree, and'no tree is a man,
Ire ed cin wher ie fro notionsare 8in 3 it mayPartin

commomgot AaBIf, SomeBis A.AIL SomeA is not B.
mi IV.Some Bis not A.is may sufficeto show you how all propositionssay be representedby Siguren; but tir groatntlye notin reasons which,fen,

Becoject lato drawtig cancin rom certaingiven propositions. This method will discover-to

1s the true forms of all syliogisms.‘Let us beginby an affirmative universal proposi-tion:
BreryAis By Fg. 43, where the space A ie‘whollyin the space By and let us see how a third‘otion C must be referred to each of the other twonotions A and B, in order to draw a fair conclusion,is evident in the follawingcases,
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ine in the notion B, Fig 48; hencere- /“-%
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soenariee==
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IIL. But if notion C were wholly out ofnotionB,1k would likewise be wholly out of notion A, ae weBTCA hcl enoye
“= Every Ais B:

Ne

eRe Reta reRSA ali

ton A, bocause this last is wholly Ye)in the ‘notion B (Fig. 64). Hence

maa it»
ooo ee CE

YEESI he ga
whole of notion B, part of notion C
will certainly fall into notion A (Fig. ©
Shona eeaie

‘the first propositirn is affirmative and universal.
Let us now suppose the first proposition to be

negative and universal; namely,

ohavaeeratiySharamsHaRe comet
TTeRSe vie meee

ck HieGeemtecy

utof notion A (Fig 88). Hence ®Rey™

io A is B:But Every Cis B:meni BEE



o srLt0ctws. us

HL IfnotionCis entirely com. Fig. 87.probended in noton Arie must NC
Niobe nll excided omution (ig 5),."Hencea ey ®im of ths form:

een hs No.AisB:
‘Therefore NoCis B

TL, If totionC has part contained in notionA.that
part ‘most certanly’be omt of notion Bs a8Ag ds, oni Pi. 60 and 0." ence wapogims.

No Ais B:

Bat Some Cis-A,or some A is C:Therefore Some C is not B.

Fig. 58 Fig.09. | Fig. 60.

TV, In like manner if notion C hasa part conetained in B, that part will certainly be out of A a9

feign alo ig, and 68. Hence theo
oon SOR NGA is BYBut Some Cis , or some Bis C:‘Therefore Some is not A.

Fig. 61. Fig.

@@ CLE
Fig.
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As to the other forms, in which the frat propos.tion’ is particular, alrmative, or negatives shalt

Berintother Lester how thy ayboron190 trary, 178,
LETTER CIV.

Different Formsof Sylogizms, whase feat Proposition
1M prtedar.Inthe preceding Letter have presented you withsue erent forms of alagims or mproaaoo-Ingo, which derive thir origin from the Bt propo-sition, when i is universalaftrmative, or negative,

Te ail remains that lay before you those mylla-
fim whoee frat proposition is parcular,afftms-
tive, or negative, inorderto have’ al posible formeof

sylogam ta ead ofrconch,
12h eo, the Sit propeiion, aaa andpariclar, be expressed inthis general form—

Some

Ais B oer ig. 49);in which ‘part of the notion A is contained in the |
Let us introduce a third notion C, which, being

referred to notion A, will elther be’ Contained in

Hotion A, as In Fig. 6485, and 60; or will have aart in the notow A, asin Pig. 07,68, and 00; oF
Will be entirely out of notion A, aa in Fig. 20, 7
tnd 72, "No. conclusion ‘can be’ drawn ia’ any of
these easesa it might be possible for notion © tobeentirely within notion B, ofa par,or not at allFc Fig. 65. Fig. 68.
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Fig. 07. Fig. 08, Fig. 00,

@:)CO 5Fig. 70. Fm. Pen.

But iP notion C contains in itself notion A, it is

griin. that itwiiewie contain apart of tonBlas in Fg. 73 and 74. Hence results this formof syllogisns
Some A is B:

But Every A is C:
‘Therefore Some Cis B.

Fig. 73. Fig. 74.

Its the anno when we comparo notionC with no-tion B: we can draw no conclusion unless notionGcontains notion B entirely (Fig. 75 and 76); for
Fig. 7. Fig. 78.

in that case as notion A has part contained in no-tion B, the same part will than certainly be coo-



,

‘MS = DEFEREWTYORMS OF SYLLOOMES.‘tained likewise in C. Hence we obtain this formof syllogiem : SomeA is B:

a s

‘of notion A is out of notion B. GB)aea etm aoe
semoiertanarwasn Talmae

ateBut EveryAis C:nando

Tag

erie is

Tkowine eottaisy be out of © (Fp. 50 and t-
pl

a)
‘Hencethis form of syllogism:ns,

‘ThereforeSome A is not C.It may be of ure to collect al thee forms of etJogism into one table, in order to consider them ats‘single glance.
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L Every AisB: XI. No Ais B:But Every Cis A:| "ButSomeC is B:‘Therefore Every C in B. | Therefore SomeC is not A.iLEveyAB:Xi, NoAwB:But Some C is A But Some Bis ©:

‘Therefore Some C is B. | Therefore Some C is not Ae
U,_ EveryAisB:|XIIL Some Ais B:But NoCisB But EveryA in C:‘Therefore No Cis A. [Therefore Some C is B.

iv. Every AlsBXIV. Some Ais B:

But No Bis C: But EveryBisC:‘Therefore No Cis A. [Therefore Some Cis A.

V. Every AisB: |XV. _— SomeAisnotB:But SomeCisnotB| "But EveryA is C:‘Theroore Some C is notA. [Therefore SomeC is not B.
VE Every Ais BJXVI_— Some ignotB:

But Every BisC:| But Every Cis B:‘Therefore Some Cis A. [Therefore SomeA is netC.
Vi. NoAisB: (XVII. Every AisB:

But Every CisA)" But Some A is C:‘Therefore No C is B, [Therefore Some C is B.
‘Vill NoAisB: [xviii NoAisB:

But Every Cis But very Ais C:‘Therefore No Cis A. |Therefore SomeC is not Be
IX NoAisB; |IX.  NoAisB:

But Some C is A. But EveryBis C:‘Therefore SomeC in notB.| Therefore SomeCis not AX — NoAisB: (XX. EveryAisBBut SomeA isC: But Every AisC:‘Therefore
Some C is not B.|Therefore Some C is B.Vou. LGg
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Of these twenty formsI remark, that XVI.is theoo herons fo roma atXVih‘if you write C for A, and A forC, and begin withroca
ci ite See

‘two principles, respecting the nature of containing
pee

igem!mea
TL. Whateveris out the containingmust likewiseBe reetiad

SOMEeeenceal
Ee aecw pron

tand the third the conclusion. Now, the advantage

oi ewe ome fire ont aon
Benony meted of decoveringante tage ony ped ofacreing
Sara aria awar hee
‘and the other the minor. major Ps

LETTER CV.

Analysis of some Syllogiams,

te youre pt stetona fraA 7a eeetloi ti are none 7m pasnae



citer ayorzo omy

en 0 VINTUOUS MAN 18 A SLANDERERBut sows StANDERERS ARE LEARNED MEN:

thing hollewith pegand ts al the others whiehgue li i cope aloe cutBr
level ea te aie “ha

tise Bvruous men, that of slandcrerand 78%
that of earnednen. the ®sietemt

SiGe minder omer! @
Fis wa inthe wood pe 2°
tion, that some men comprehended in

therefore, some part of space C is in B,



Va

292° axatym Op sox eviiocmes.

‘nd that the whole space B is out of space A, it isevident IRN The eae prt o pce € ma heeine be out of space A, that is, ome learnedmen areot virtuous,

“It must be carefully remarked, that this conclu.sion respects only the part * of hotion C, which ie
comprehendedin notionBy foras to the restit isUncertain whether it be likewise excluded from

notion A, as in Fig. 85, oF wholly contained in i, as

in Fig. 8, or only in part, asin Fig. 87.
Fig. 85. Fig. 86. Fig. 87.

Now, this being Tet uncertain, the remainder otspace € falls nol at all under ‘consideration; theeaclsion in imitedto that only which is certain,hat is to say,the same part of spaceC containin spaceB is certainlyout of space A, for this last"The Jistnes ofl the other form of syogjustnessof all the other formsof syllogismaay be demonstrated in ike manner: bu alose‘which deviate from the nineteen forms laid down,
or which are not comprehended under them are

elite of foundation, an lead to eror and false.
‘You will clearly discern the fault of such 3 lo.gism, by an example, not reducible to any of theRineteen forms:

There Ronmee wee:
(ore soMe VIRTUOUS MEN ARE NOT LEARNED."This third proposition may perhapsbe tree, bat{it does not follow from the premises. THEY too(Che premises) may very well bo true, and in the

‘resent instance they actually are 00: but the third
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4not, for that, a fair conclusion; because it is contrary to the nature of just syllogism, in which the

conclusion always mast be tue when the premisesfare 0. Accordingly, the fault of the form above

proposed is immediately discovered, by casting your
pehonFig. 62 "Let gpace A conan al he leured,‘pace B all the avaricious, and space C all the vita
us. Now, the first proposition is represented by
ig. in which pa = of space’ A (he learned)
is contained in spaceB (the avaricious); but it bytno means follows, Fig. 89, that partof space C mustbe out of space A

Fig. 88. Fig. 89,

It i even pone for space C to be entitywithin space Ay'xs in Fig. 60, or entirely out of i
as in Fig. 01, and at the same time entirelyout ofspace B.

Fg. 90. Fig. 01,

‘A syllogism of this form, accordingly, is totally
false and absurd

‘Another example will put the matter beyond a
doubt:

sows TEES ARE o4n3:

Butxo one i A ri:‘Therefore
sowe rine ane nor TREES,‘This fora is preciselythe same withthe procedGi
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{ng, and the falachood of the conclusion ia manifestthough the premises are undoubtedly true.

‘But whenever a syllogism is reducible to one ofthe above nineteen forms, you maybe assured thatifthe
tre premise are tithe conclusion unges-

Honablearaysis oto, "Tience you perceive how,from certain kaown truths, you attain others before |
‘unknown; and that all the feasonings by which we
Semonstrate so many tris In may be |reduced to formal syllogisms. It is not necessary,

However, tht or rasonings shoul alwaysbe pro-posed in the syllogistic form, provided the fonda
Ireatalprincigea tthe same. "In conversation, iiscouse and in wong, we rather make 8 pointavoiding

T mont farther remark, that as the truthof theremiss brings forward hat of the conclsion, itJoes not thenee necesearily follow, that when ‘one
‘or both of the. premises are false, the conclusion

‘ust be oo likewise; but iti certain, that when theConclusion is false, one of the premises, or both,
Absolutely must bo’ false; for if they were true, it
‘wouldbe impossible that the conclusion should befase.

Thave still some further reflections to eub-ritfo you otis wubjct which i the foundation38 Gertaity ofall the knowledgewe acquireih Febuary, 178.

LETTER CVI. {Different Figures and Modes of Syllogioms.

‘Tur reflections which I have still to make on the

subject of syllogism may be reduced to the follow: |

ing ails ; |"A syllogista contains only three notions, named |terms, it 8 far a8 they are representedby words.For though a syllogism contains three propasitian~ |



oves or srusomen, = 6fsck poy tino ritbe considered that each term is twice employed in.
Pescehen brand

The threenotions are‘markedbyre lettaneA, B,C,which are the three terms of this iam ;
TESLA Weetheaeh t
FneeeeeFTPee aan carwfly Alig ihre thse

spmocerme laean:_Teoof th, mane

sory orem Aus fume bah one,
oe ee cen oe te ce eae

the gz or A cet te ao
Fren:oer oe eatswe ae[ ‘The notion /earned is the minor term, that of virsnc et rent may em oo

cae Ee tn onter ofthe proposon, i aasics fis rirofSoPisoni. tsast ares ieopeesRein ery ties rand, connie

Lo nica terre i\ Beage nove Soe rerpTcarstemeester he mae tmsaaoa ee
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Th nerdrp emi emir trothe subjectof theconclusion; and hence it has the namethosjer ppt ofa syllogism contaon inof a yllopiem containthe mean term, with the major terms or predicate

otheConclusion; and the minor propositioncontaingje mean term, withthe minor datas or sulject ol

‘Nive Syllogaims are distinguished under dierentcas heeerding as the. mean rm occopes theMeerrie Std in the proms
Togicane hive eotablstd fo fgures of eyo~

sine hich are tht defined
"Tus fretguehat a which the mean termtue etject major proponiton, andthe prea

tale inte mor.

he send rain which the mean term iatho predicate Af both the jor propolton and the
Mri iedpr hat a ih the men er io
{he subject in the major and minor propositions."TheJourth figure is that in which the mean termis the predicate in the major proposition, and the
fajeetin he minor,
Lt Pe the minor term,or subject of he conclusion; Q the major term, or predicate, of the concluc‘sion; and M the mean term: the four figures of

mewillbe represented in the manner follow-
Figure First,

‘Major Proposition | M —-—— Q+ MMC Brepociton |B =Solana | Poa
‘Figure Second.

‘Major Proposition | Q ——-—— Msees Fpeciton | neContain | P ——— Q
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Figure ThirdMajor Proposition | M-——Kins Repeatn | th —— FConclusion | P —-—— Q

Figure Fourth.Major Proposition | Q -——— MMinor Proposition | xPCondsion | P —— Q
'V. Again according asthe propositions themelvesaro antforel or parlctla ditatie or agate,

Ese dgure conta several forma eed ede ik
Order the more clery tg repreent these modes ofSieh Bere, re ark. by tho ice aeraStirmative propositions; by th feter B, universalBegative propositions; by the letter J, particular
affirmative propositions: and, finally, by the letter
0; particular negative propositions: or else,

“A reprosents & universal afinaive proposition.

E erecta universal negative propomtionI represents pata anativepropoatonrepresentaa particular negative proponiion.Vas Hence our hineteen forme of syllogism abore
described ste reducible to the four Bgures which T
‘nave Jot laid down, an the following tan:

1. Modesof the First FigureAst Mode 24 Mode.

Tk wad teempot Every PisM:| put SomePs Mt:‘Thorefore Every Pin Q. |Therefore Some P is Q.

“wed.| ath Mode
HAE BO.

No Mis Q: No MisQ:Bot Bvery PieM: | But SomePi M:ThewfreNOP la @. | ThereforeSone Pi ot
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TL. Modes of the Second Figure,1st Mode, 4] 94 Mode,AE. E. ‘0. 0.

Every Q is M. BreryQisM:But No FisM: But Some Pisnot MtThereforeNoP ie Qe\ |TheroreSome P in not3 Mode, “ah Mode,
EAE Bal 0.

No Qis M: No QisM:But Every PisM: | But SomePia MzThereforeNoFin. |ThereforeSome P ia not.
TUL Modes of the ‘Third Figure,

st Mode, 9 Mode.wie TAT.

‘every Ming: BomeM is Q:ButEveryMisP:| ButEveryMie Pi‘Therefore Some P is Q. | Therefore Some Pis Q.3 Mode. “ah Mode,Mil. BAO.

Every Mis Q. No Mis gsBut Soma MigP: | But EveryMi Ps‘Therefore Some Pin Q. | Therefore Soe’? is nodGy‘th Mode, ‘th Mode,BL. 0. 0.4.0.

Notting: SomeMisnotQ:But Some Mis P: But EveryMis P:‘Tharfore SomePia ot Q. |ThetfoeSame’? ie ot @.
TV. Modes of the Fourth FigureIst Mode, 9 Mode,

ML oo Ta owvery Qis ‘Some Q is MsBot EveryMis P:] Dat EveryMis Pi‘Therefore Some P is Q. |Therefore Some Pit Q,
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Ba Mode. 4th Mode.
‘AEE. EA. :

Every Q is M: No Q is M:But Now is P: But EveryMis P:‘TherioreNo Pie Q. |ThereforeSome P is not Q.
8th Mode,

E10.

NoQ is M:
But Some M is P:

‘Therefore Some P is not Q.

You see, then, thatthe first figure has four modes,
fhe second four, the third six the fourth fives 20
that the whole of these modes together is nineteen

being precisely tho same forms which {Rave aboveexplained, and have just now disposed in the fourfigures. In other respects the justness of each of
{ewe modes has been already demonstrated by tho
spaces which Temployedto mark the notions. "Theiy diference constin this that here Take useof the letters P, Q, M, instead of A, B, C.28h February, 1761,

LETTER CVI.

Observationsond Reflections on the differentModes of‘Syllgiom.
I marrax myself that the following reflections

vwill contributenota ite to place the nature of syl-Togisme ina clearer light. You most pay pertcaar
Attention 10 the species of the propositions which
compose the syllogisms of each of our four figures,
{hat isto say, whether they are,

1. Universal affirmative, the sign ofwhicheA ; of,8. Universal negative, the sign ofwhichis; of,
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8 Particular afirmatve the sgn of which a; or,
“Particular negative, the sign of which is 0;

ant you will realy admit thefstesy of the fl,Somat reconeTooe nance ae bth promines oggprpponions Logics hve Hesse form ths
‘From tteo negative propositions no conclusion can be

"Te reason ig evident; for lying downP and Qte reazon i evident for

asthe ferme of the conclusionand Mas the mea{erm if both premises are nogave, te allrmatvon

seaony au Gar eroyoroutot M:itisaccordingly imposible to condey thug epectngie coneray oa‘conformityof the notions andQ. Though {knewKory tht he ase were atoaadthat neither were the Cele Romane, thiswould notfence inthe leno infor ie wheter therere Goals or att, ‘Two negulive recsaes,

Sertaono cocunion,Bodh prentone sro et BO ove instance paricw-tapropio hesce tite inopetev portcdar proportions no conchsioncom- pertialar prope

‘Thum for example because some learned men are
por some sre len, ponteence thatthe who are poct are malevalen,or tt they ae not 90. Ifyou reflect eve so iletn the natureof a consequence, you must ime:lately perceive that two: particular premises lead{eine sancnion whatever

Tit, estherof the premie is negtive,the conchaesion too peteagi

“This the third mde which logic prescribes
‘When somethingis deniedin the pretest smeposable tain any ting in the conclanon weFran abeolutelydeny there Ukewine. ‘Ths rule
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poreneernonesov ezcenms. 8h
sey ete ty a the oveof ego,vitaeats of rnBae frie te a eadandesBe re‘This is the fourth rule prescribedin ‘logic. Theeprint ped fs, Thefenerifweapea ony ofaoie none ofthe promiace,re rosa cot apeeinae of a irmie
fenana ds ante
ain len eth premaes refetch conc,
opiateha ee Se
EeivecaieswateertaraaadBesides universal and particular propositions,wipe enean paride reneRSae eecoh mn a eodhe amet ELS ion taeing several beings in itself; {ris the proper name of
Became geanterransa!
emis raceyes
onigtor wome beings comprehendedin tho notion,sage

oe conan ee SeNow, say these authors, when we speak of only 8Erte crete Se
omea ere oatmine eal feemay
eae

_—.~
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‘not speak of all the beings comprehendedin the no-tion of the subject, whereas& universal propositiontpep of awit excep. "Th, when

the subject hs proposion ite notion ofae ehjoctof tin ropnahion tno sobaeanmotes, Uris ebjectotkennalits extont—its fon ia exprosaly re

to'somey andSy parca popotonsarebentilly distinguish from universal, as they torn

aye art of the beings comprehended ia thelrIbis clealy evident, from{his romar tht «singer mast be considered as snverslann speckngof an individual ay Virgiyit im nofeopeat resis tie notch

of the aie, which ie‘Virg himeelt, but rather admits it in all ite extent ;rel propecTonsailots ogo propecer ise

‘tons, re following 18 accordigly 3 very good
” ”-Vouraine 18 4 PHILOSOPHER:

But Vouraine 18 4 Poet: -
‘Therefore sot rorra uns ruiuonorusns

‘And it would be faulty if fhe two premises were

Pera thi loge belongs0 gure tan hesy hi og Rfrst modo ofthe form A. AI. ‘The individual ideaof Voltaire isthe moan iat, which is the mubject

tboth major and minor; and this is the characterot igure thi. |Flymug roma hatniente havespoken fe propanitions, which 00Woncuats, te one ehichs atedor Gexid,ound
prepaniny, logic pcatbes pecuaa.

octPsa deren at, °° reer Pee
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rere meron, 8

MitePndDcn

odipaptines crate! appara

aaa die Sita a{howe which {have lid before you, and which are
Soatsiond tiefous Sgares above explained. But
hich contain more thantwo notions, and rempect-Ing which other rules are to be obmerved ih order toAedes irconclanons from tem.iSe A ew com

son are thoao which sro called hypothetical oF eon.
See onetyomer

sya vo ed,
spe raoases re a hater,

‘Now theso two. propositions mutt be. connected
Oth St, thatthe former cannotbe true, with
uae Grea stn,proach of peace, we are warranted in saying, that,Fisica ata atote ASS iat
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3060 arrererneut raoroaoe.
‘then, with the addition of some other zshen, ihe in of ome ih reecehewn te psc wns sate ne
lors al'Whon wearo Ul har poe sl eryFann

4 7fay acres meenna3 oe foessal rete nao yt coSylofanewk gy be fn rendad

AuBO tera D:pu ane:

‘ThereforeCm D."end For.7 ‘If Aw B,C wai ae D:Parton
heres83 tot 3‘Tyme Frou ne Syst conlsion; and you

+ Bin Dee Tologiog oma a tant Se aie: '

TensFor.haem:
Pottore

Tersons OTE D.nd nas Frm.Presi
buon:

Teese AB:Taece eth laclou_ Toth example uddocedTisgs ean ase Teed eas |
oad ems oueerre areca ROTH, PELOR

Dat en a rare reer:
1 runtouadyve that Toe gusto may noti ia

Freeeele i ie ery Poel hak‘peace may be approaching. |
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1 thf eal ren
fee aa

re tly hp

Pettmeerer anSeta orcas waBeadlt

a ae ah ce aes ana

ene
"td anaelonfry

fallacious ; but the two precedingare certainly good,sarees a errehate

Sic rete
Sir cenit geen

TEBE wie;thtoeh A Ed‘the other, C will be D, the consequent. Logic pre-
ae aatiiet

ieee
EEetmoon
Teeiw nt te een ma
wctieat
pe
ober a saogna tt ata
icanetreetera
te a i er taao

wasgigs eee re
ERT REE SLE Aye cae

tty titn eneae,'L But such a substanceis not body;
aeeetaee
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oF sxxerions =~TL But such 2 substanceis body 5Thereforeitianctepe
‘But itis enfirely unnecessary to detain you longer
"1th March, 1761.

LETTER CIX.OF the Impression of Benaations om the Soul.
Havre endeavoured

to unfold the ofJogi whose object Iti olny down ballsrlesfor right reasoning, I must still detain you a litte
eere

* from real objects, which strike our senses; and axfaras they are struck with any object, « sensationcerresmelng eryexcel in Sa, ‘Notuy & te Sonten repre 9 the ou ihe en ofIntnceoat of wy sf tsofportanceto roma,{hat th sensati isnot indifferent 0 the sou, basways accompaniod with some pleasure or dingust,‘ova greater of less degree. ‘his meas,
tho ide of any objec the sok doo sa oe whet
{he fateationby which the sol JeagreeoF‘agreeably orinagrocably affected, that in let; but ft tll pre-tacven the iden of the object ite Not that ihei ever or eSirorer Sans cee‘the power of awakening or recalling the idom at
‘This facatty of the soul, by which it is emsbled toropollec deus once perceived i called reminiewhich contains the ‘source of emery. opedOf the power of recalling past ideas, that of per-
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ceiving would answer little or no purpose ifTost every moment the recollectionof iaeas onceBereta wo shoul avays be inthe wate of new:infants that is in a state of the moet profoundguorance. "Reminiscence, then, is the most. pro-

tous it which the Cresior has toatowed othegout of man, andere it pitality shins in theErigiot aire for by ane of the fet theseal rafal ins io te stan Knowledge
ptt tough recollected i theideas toueee

cheer eenfom thm in This, unt they are not companied2 the seaation nor wth fe coovictin, hat the‘Objects really exis Ifyou havo once been 2 spec{ator of a confagration,you can recall the idea of itIheneveryou wil without imagining, however, thatweyngtneyou may not avetagesof ck &‘ery long time you may not have thought of such a‘onagration,but without having lost the powerofrecalling
theidea fit.Tt the same wi ope lhe ows whichswe have once. perceived; but it frequently happensiat we love almost entirely the Tecollection, of i

“Sther words, forget them.” Wo remark, nevertho-Teas, very great éiference between ideas forgoten‘and’ ideas wholly unknown, oF such ss we hoveri," Wit epee otefit a soon a The mangobject Vial afresh fo our senses,we mach‘more canly exch the See of fy and we FecollectPerfectly,that itis the samo whichwo had foreBeton: ie woul not be the case had wo everitis here the materislsta boast of having found a
font ti extrerelclon the oul i othingit ia ihe wou icicibale mater, én which exer ject‘gro capable of making tome
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lse but the idea of the objects and that as long atft remains,the recollection is preserved; but that‘we forget it when the impression is totally effaced.‘this reasoning were solid, ideas must noces-sarily remain always prosent with us till wo forget
thom when ve leas! tal the impression weresm when we please: and if the ir werettacel, now cule mater eclc atk orm‘had that impression,on receiving it afreshtitbe very certain that the action of objectstw the scnees Produces some changeta:the tra,{his change ia very different from the idea whichie

cpctaicedby spdthe, sntimentof pearreor ‘aa well as the judgment rest 4‘het cif ich exused thir impression, equallyrequire 2 being wholly diferent from matter, and enowed with qualitiesof quite a different nature.‘Our advances in knowledge are not limited toideas perceived: the same ideas recollected in the‘memory form for us, by abstraction, general ideasof them, which containat once « gest number ofHnaividal ideas;and bow many abetract deus do‘we form respecting the qualities and accidentsof‘Objects which have'no relation to any thing corposeas a tas oi EE‘This, a ors understanding,which comprebendsbut 2 part of the facultienofthe soul; the other pat is not lees extensive,namely,‘the will tnd fidety, on which depend all our resol:‘ionsand actions. ‘There is nothing in the body.relative

to thin quality by which the soul freely de-ermines itself to certain actions, even after matureGeliberation. It pays regard to motives, without

betng Yoreed to wdbat to their influence and.SE i £0senifoi a wel ast al srtit would be as impossible to imagineTrithou
liberty,ata body without extension. GodRimself
could’ hot divest a spirit of this essentialPIPIN by tia accordingly, that wo are enabled to
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solve all the perplexing questions respecting the
‘origin of evi the permission of siny thd the ex.
intence of all the ctlamtien by which the world i»porowed; ther great and only source inhuman
10th Marek, 1781.

LETTER Cx.

Of the Origin and Permission of Evils andof Sin.
‘Tasorigin and permissionof evil in the worldissn ees Stich les un all gee Gesty perianal‘heologiannand philosophers. Tobelieve thst God,‘Being supremely good, should have created this

Irovdtntoneo overwbeinodwih wichavacety‘of evil appeare so contradictory, that some

thomas ztuet othe necting@ principles, the one supremelysupremely or "This wan't opton, saerainedby’ the ancient heretica ‘Known ta history by the

name of Manicheans; who, seeing no othet wey of
Scouting for he originof er, wore racedfoii atemy, Though the quertonbe extremelycomplicate, his singe rem,that bert ie‘Tully. sential spirits, dispels at once« greatfart ofthe diffculicewhich would otherwise 6 i.‘surmountable.
sauna hen Gohceed man, ae tonto prevent sin, hin Ibert being. susceptibo constraint. Bi, aba bo fol it would Have
been better not t0 create such and such men, orspirit, who,as God must have foreseen, would abuseir berty, and plunge into sin. T should deemrater rtf enor pon th dco,ad topre-{end teJodo ofthe choice which God might favebeen afe to make in creating sprite; and perhapethe plan of the universe Teauiredthe existence of
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hes seuod Ret he oly reat et te_ FUSS tor orate es anaeeeaeerties wensee card
Sane owed runner,a aeey eh talneshe as“tr ihereforesapedooable provameata tion to ia

ss a Gl on ye raed SeatSie iga ou mmropt a avery feSs eis epouche ies rallywei eee menteeioeaecee Se eee we
ence cine sree th etc beakceeoeTeac

tefl Ae hire ofspiritsor reasonable beings, oaght to have been re-Faerie Brine Onsicatie Oe welBrae are ae eee Oe,BR Oa aoe or conte ha otra2 Rayon ee orcomer nee etdSee eta hoe and tema toefee Seb inpnSa toayer tanla Thcmitre Securesoptioni asin fants god, hee ates ingte inne them ogres ne a ene found
Bly Snirwoul Zonyahaere eee

"lobe ihe ey rt oer an inpete d

cee eechewo eavesea rtFea ean ene a tr heaBe ro a eeoe
into evil. Religion discovers to us likewise 90 many
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‘ther means which God employs to reclaim us from

ur wanderings that on ths se, we may ret confidently assured that God has omiited nothing which
could have prevented the malignant explosions of
‘men, aut of other reasonable beings.

‘Bit those who bewilder themselves in such doubts
respecting the origin and the permiason of ei inthe'wori perpetually confound the corporeal withthe spiritual world; they imagine that spirits are, as

bodih smcepiblsaf cnuan Severe dinei frequen le of preventing, among the

dren ofa family, the soldiers of at srmy,or the inhabitants
of a city, the, ape eruption of perversedispositions; butit mustbe carefully remarked thatthis constraint extends onlyto whet is corporeal;tious

codes teliguant ssf enjoyed the owtvicious and as ait he‘unbounded license.

Human governments most rest contented with

this exterior or apparent trangllity, and give themselves little trouble about the real dispositions of
men's minds; but before God the thoughts all lie

‘open, and perverse inclinations, however concealedfom’ men, are as abominable in his sight as if theyhhad brokenout into the most atrociousactions. Mensuffer themselves tobe dazzled by false appearances;but God has ‘respect to. the Teal dispositions of
covery spirit, according” a6 they. are ‘virtuous or
Yicious, independently of the actions Which flow

"The Holy Scriptures contain to this th* er in to this purpose themont pointed declarations, and inform'us that be‘who meditates only the destructionof his neighbour,taflerng Nimelf fo be hurried away bya ait ofhatred, is as criminal in tho sight ofGodas the ao-‘tal murderer; and that he who indulges a covetousSesire of another's property is, in His eetimation,as‘mich a thiefas he who really steals.Tn this roapect, therefore, thegovernmentof God
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cover spict, or rational beings is infinitely dierentfomthet phuch men exorose over men fice tomescreeand we eyeimap tasforeramentwhe potas te Sst fe yercfSante oy tegmtf Ga. RnFetlection Of which we aught neverto Tobe sight.th Merch 101

LETTER CXLOF Mora end PhysicalEviWer complaint s made of te evils whichval in the wor «dation of Tie no Eroames takes place;—more! :‘The cas of onl’ evis cosaina the pervoro ofTiclous inclinations, the dispositions of apis o-
What is evil or rina, witch ie undoutedly theHost irons calamity athe grain impefoc-
truthwith regard to spirit, ite impoesibletocenceive¢ ope depoetie etuieehy toen whenthoy ovine. rom tho eternal Brew of vty oe

stein thee foie emai fomrtenthe only espe of renderings sies fay nite an ego hePower of God Hinvelt "Every spint ailicted to

ioe is noceneariy miserable and usles i esurn £0{iui my Canot come tsa end: wach theIaeaI formot demons of wicked and inferoal spirits‘Stnies ich fot appear conan whatSeriptare suggets onthe aechTnddls make a jen ofthis bt ax men cannotproen to be the tetofl rata ing thernlowedlybeings nich more depraved than theBot pagan of mann a dere Boekave alrey mad i appear that Une existance of ao



yout am rican wns 8tny cryet net enoot oreanyobjection against Me ntact of this world,Shee ceannee
elland inttely sopehor fo everyThingthcas rn cm cro

eeeyeensod at aeSee cen tse sofferfecton. Now, pinta eine‘essentially free,ees ew cisn y seme
acewe Pen i ee cometoatae alconteoctiyi Omar.beer

rocataeeae a nae‘of the evil whieh he commits; and, consequenty,
Ce mace caceeeneStee te anil a eeepee it roelBeret gee eee wea
Be crenageecesraepoke
etnsolvnana
carter che, tpn scx a

selena a ere rNBal Microdeamet oe metEenamen gern bom

ie Seis omen ec ene

‘quences arecommunicatedby means of bodies, itisseruy comer eersteShes Wt do cea pm eedPate nwmeenett
Sei ee arene cee

‘the point ofcommittinga murder would snatch theSealrings ene roe eeTees Meow a em eencacust etytaeSeelope etal fe coteasers



ws wu mm

father,or, who prevented him, does not thereby render
‘We mayneverthelessconfidently maintain, that
Sisireeence rinetMths perncoos pepeeeof is wowan bearseeeIniserabie should we be! We frequentsec that
SegoeS Reeeteseee
Sortser si cestneWwhst'was tended. itcannotbesented a the sameSoSoe eecee

that. the world would be infinitely better govemedSe canes

at ee
crush fo death a tyrant before he could realize hisSoe

iene Seeeee

{he good in pouecion ofthe pouceal enjoymentofSee aea

hele, bot pa in’ cova to execute thls maeSeeger



wuwrencr oF ravmoan Enz. 875‘of worth; while the good are oppresredand over-Stheimed by the most senate evil, pune, dears,Tmorifestons, lows of goods, and fn genera by

‘very species of etlamiy” and that at ast the goodfala the ba mot nal die, which appears{0 be the prstert of al evi

ooking onthe world inthis point of view, one iatempted to elm question the supreme wisdom andfookness of the Creator, boo hazard which
fo mut take great care fo avoid.

teh Mare,

LETTER oxn.Reply to Complaintsof theEsisenceof Physical Bi.
Sena, nines limited tothe.rset

and the montof every delight onl be veryAi area iat troe felicity conssta in mental
‘Tanqulityand astisaction,whichare seldom if evercoompanted with that brllaney of condition which
S'couttiered ar eoch en tnechmchie Woesng by
those who judge only from appearances

"Tae inmiietney of temporal good things to ren-
aero py tecomes il ore anaen weome 10 febect on our real destination, Dewth doesSot puts period to our exitence,i aiher ramiEe ino ahothor fey which is1 endure for over‘The faculties of on tou ad ‘our attainments ti”

Knowledge, wil en 0 doubt be caredto the highstpcos ar on hn ao at SrTappinese, depends, ate cannot

i an -"Hike inte perfections of the Supremesich eum encore oly ughaSood, shat then'shine inthe brightest lustre, and
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oF Parmoan amt.‘tall become the principal object of our contempla-tion, admiration,and adoration. ‘There,not oashail our under fot the mod exhaustsStoresof pure and perfect knowledge,but we shallbh permitted to hope for admiseion into favour withthe Supreme Being, adi spite afr the most e-dering expressions of his Tove. How “haprydoSpecialyiyi heireallypres thoughte, avourywhich he bestows are marred by many infusions of
bitterness! What will it then be, in the life to come,‘when God himself shall shed abroad Aut love oorKeerte—a love, the effects of which aall never be tn.{crrptednor estroyed’ ‘Thin shall thenceforwardconstitute a felicity inGnitely surpassing all that we“in onder to in these Me faC inexpressi
roereowing om the love of te Supreme Betg,‘it is natural ¢! on our part, we should be, penefated with sentiments of tho most lively afection{o Bim (TWigDlwod non sbmolutelyrogues inSs cea partion, witchWe oad Doincapable of participating init; ‘ispositionCoste var, te tai of which i hee ofGoa, ‘our neighbour. ainfof virtue; then, should be our chief, our only object{this life, where we exist but for this end—toBie eidioeneroreren worthy of partingRupreme and eternal felicity. ofPoint of view, we mast form a© ghooventtwhich Beal tein thi ee tenetthe[Rosseasion of the good things of this wor ot ren,wus happy; iti rather 2 situation which moat
ccaconc 1 vast property wore{he cartan moan of rendering unhappy. we ight‘be suffered to complain of adversity ; but adversity:

rather have the effect of conSrming our virtueand inthis view, all the complaints of en reepoct-
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ing th physical eis of if are likewise completlyme away. :
‘You have no difficulty, then, in comprehending

that God had the most solid reasons forsdmitinginto the world so many calamities and miseries, as
the whole obviously contributes to our salvation.” It
is unquestionably true that these calamities are, for
‘the most part, natural consequences of human cor-

upton:a insvery thing that we,mustineipally admire thewisdomof the Supreme Being,tho Knows how fo overrule the most vicious actions
Torour ial happy  naveseached uch
a tanalyof rue, hed ty not been oppressedand

tormented by cruelty and injustice.1
have already remarked, that bad actions aressuch
only with regard to those who commit them:ihe

deternation oftheirsol sone i cimialtheaction
its a thing purely corporeal, nas4s, consideredIndependent ofthe personwho com-mits i, there is nothing either good or evil in thecease. "A mason falling from the roo! of a house‘upon aman as certainly kills him as the most deter-bined aassin. The action is abnluelythe ane:t the masonis not guilty in the slightest degree;‘whereas the assassin deserves the severestaiment. Thus, however criminal ations may be withregard to those who committhem, we must consider‘hem in quite diferent light a they affect ourselves,or

produce an infuence on our sain,fe ought therefore to reflect, that nothing canDfall us but what Is perfectly consonant to the

sovereign wisdom of God. ‘Phe wicked may be
{uly of inlutice towards wo, but we cannot ton‘whole sufer from it; no one can ever injure us,
Ghough he may greatly hurt himself; and in every

Bing tht comes 0,pass we Ought alwaysfo ac-Knowledge God, as if it befell us immediately by

Ais expen appointment, Wo may, moreover,rst



878 naa peermarioxoF MAN;
ssmuredthat it ie not from caprice, or merely to vexSartuatGod tepones Taw createin whichwe tre<odcered ut hat they est fib tormitaakaur true happiness. ‘Those who consideral eventsSn gh el on hae se etn of Dingconvinced

that God exercnes a peculiar care vet‘iat March, 176.

LETTER OXIIL‘The reat Destinationof Man ; Unfuinessand Neces-st of Adversity.
[Lorn you have no doubts remaining with respecttot reat quation How he evn ofthis word‘an be Feoondled ‘visiontoms of to Creator! "Thesolutionof i econ:{eotaby founded on the ree deetnation of man, andof othe ineligent beings, whoee existence is notIinltedto this fe, ‘The moment that we lve sightof this important truth, we find ourselves involved55 fe eretet perpecy an an ere ceedgalyfr tis ik would searedbe inpsae% databish w consistencybetween the peof God and the distrases and miseries with which‘hia world is oppressed. Thote miserieswoud bebt too real; and it were abeolutely impoosibie toexplain, hwth promprtyof the wicked, an the"70 many good people, could consist wifhe Divine jatice”‘Bat no sooner do we reflect that this hie is butthe commencementof our existence, and that ft isaTiticeof hing i cntraly changed,and Soare‘obligedto forme very diferent foagment OF thePylr i which hi ie Supers i be overproaThao already remarked, thatthe prosperity which
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wwe enjoy in this world is the reverse of a suitable
repartion for uure fe and for renderingueIrony ofthe felity which here await ws," How:ver important to our happiness the possessionthe good things of this world may spear, thisquality pertains to them onlyin 90 far as they areImpreed with the signature of Divine goodnenyindependent of which ‘no earthly possessionsconaitute

our felicity.eal hapines if be fund only in God hse;all other delights are but an empty shade, and are
capableof yielding only a momentary satiafaction.‘Accordinglywe seo that those who enjoy them inthe greatest abundance are quickly satiated; and
this apparent felicity serves only

to inflame theirthom from theSupreme Goed, intead of bringingem from tl " Cthem nearerto Him, Bat true felicity consistsinf perfect union with God, which cannot subeiet
‘without a ove and a confidence in his. goodness
Eanscending‘ating and thin lve rege, 8Certain disposition of soul, for which we must bemakingpreperationinti is"This disposition is virtue, the foundation of whichin contained in these two great precepta:,

‘Phow shalt love the Lord thy God with all hy heart,sth a hy ea with al fy srg and ith ll
‘hy mind;soa ih er which i io mi it:‘Thou shalt love as thyselfvery other Gnpoitin of goal witch deviaton—*from these two preceptsis vicious, and aieclutelysmmorty ioparake of te apps” ts ihe fora viousmanto enfoy happiness intheFife to come, as fora deat man to Feliah the pleasurefof an exquisitepiece of music. He mustbe for‘ever excluded from it, not by an arbitrary decree of‘God, but by the very hature of the thing;a vickous



380 OF TRUR HAPPINESS.
‘man not being, from his own nature, susceptible of
meaFre enterea gomomy of ho
Secacersae
Taare ie pee aieeorere meee

say be with rath atmos hatin igIndeed the
remeron en imernesRomecaceetnrae en tmis irected byPr in the view ofrenderring:‘me truly everlastingly 7, how ought this
mea craneuy, rchSay en eee
eali

soircomeseneme etto which libertyis so essential that no degreeofieee eeeom dpe ota
eee,SoSemoetran,os aeBie ie eestor eaoee

Reeeenee arntth mee eh en re red aeee tatesee ake Seeo
Sear,
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LETTER XIV.

Of true 1. Conversion of Sinners. Reply

a fon‘wr hi iohe spe ano otherpartis Mees wi Sacerpetromie geet es |eofeo Ci go me
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whichit is imposeible fora moment to doubt, the‘njoyment ofthis happiness neceesadry requires,on‘our part, a certain disposition, founded on supreme

love'to God, and the moat perfect chantytowarda‘Our neighbour; 0 thatall those who are destituteof this disposition destroy their own pretensions to
celestial felicity; and wicked men are from their
very nature necessarily excluded from it, it being
impossible for God himself to render them happy.
For the Divine Omnipotence extends only to things
‘which are in their natre possible and liberty is $0
‘essential to spirits that no degree of constraintcantake

placo with respect to them.1
nly by motives therefore, that eprite canbe determined to that ‘which is. good; now, whatmotives could be proposed to the apostles and otherdisciples of Jesus Christ, to embrace a virtuous lifo,more powerful than the instructions of their divine

Master, his miracles, his sufferings, his death and

resurrection, of which they were witnesses. Allthese striking events, united to a doctrine the mostsublime, must have excited in their hearts the most
fervent ove and the most profound veneration for

God, whom they could not but consider and adoreas at once their heavenly Father and the absoluteLord of the whole universe. ‘These lively impres-
‘sions must necessarily have stifled in their breasts

‘every vicious propensity, and have confirmed them
mahie salary eect on he mind of theis salut ‘on the minds oftas nothing iyi of tel miraculous or wienenroaches

in the smallest degree on their liberty,{hough the event be supernatra, "Tho great re:uisite was simplya heart docile and uncorrupted by‘Vice and passion. ‘The mission, then, of Jesus Christ{nto the world produced in the minds of the spos-tles this disposition, #0 necessaryto the attainmentandthe
enjoyment of supreme happiness; and thtrmission still supplies the samo motives to pursue the
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ts if T were maintaining that the power of man isSificieat for his conversion; but this reproach af
fects me not, a8 1am conscious of intendingto place{Ee foodnen a God ie cert ght te‘work of conversion, man makes perfect use of his
Iiberty, wich in uausceptible of constraint but
‘man always determined by motives. Now these

Rotives are ugpeiedty Ihe cieintancen ndonjunctures of fis condition. ‘They depend enStely'on Dine Frovidence,which’roglates ‘all
rents conformably to the laws of sovereign wis-
dom.” It is God, therefore, who places men every
{fatent in circutustances tho mos favourably and

ffom which they may derive motives the most powrfl to produce their conversion; so that men are
ways indebted to God for the means which promote
their salvation.

1 have already remarked, that however wickedthe actions of men may be, they have no power over
their consequences, and that God, when he created

the world, aranged the course ofall ever ao tatvery man shouldbe every instant placed in circumStanees fo him the most talutary.” Happy the man
‘who he wiadom fo turn them 10 good decoant!

"Tals conviction must operate fa us the happiesteffects; unbounded love to God, with firm relianceon his and the pavest charity towards
Str giouses oe Spreme Dg at‘ated an itis consolatory, ar

AESHs withite the moe‘sthime adefecealyPropareus for he enjoyment of lie se~ PSR Aare 901.
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Tre PandeinyHe FS‘of Truth, and Classes of Information derioed from it.
‘Havino taken the liberty to lay beforecertian hay men re atSeacme rate clr taiShon abrorecrenteeile tatoe chet at
ae

I shall now have the honour of to:stanteme crateledge, and the means we have of being assured ofemia scaraca wecoraiee canaaintokEpps mies cceenGhee ree
Bheternaaa indeSeahatcnantat Gly arateSareea epeeRao eaeeutERTcity etemoa keme stor:see ciara aiemessnecessarythat we shouldbe in a ition to edgeHorcamacemenceae he

effect I remark, first, that all truths within our reachemia aner ncn teactin aesenate inal Maa tesete? aerate teeSasha iieere see
‘three classes all human knowledge is com- |



mown xxow.E008. 35Proofs
of the fst clas are reducible to thesetaen and are thar expressed:

hist, for sto om coninced oft byss de ofyee.‘i's thos {snow that the magnet atracte irom,becnate Tec and experience furnishes me wilt{ncontestableproofs of ie fack Truthafhs claseto callodseanhe,becuase they are founded on thetengoor on experience.ros of he cod can ae founded on rathsation:
TR rn fr Lam ademerinpen of just Tanning.or by for opps.i

i an print fe eer,which prescrbesrules for teanning consequently.vis thas we know thatthe three angles of a rectTinea tangle are together equal toto right anglesIn thin cane do not say T sce ior that iy sesnesConvince me of ity but am serirod ofa frth byShrove of ressning. Truths ofthis clase are

Called imuiecaty and here we must rank all the
tra ofgooey cnteer een gauch a they ae eipported by demonstration.” Youfaustbe vente tht uch trot ave wholly diferxt fom thoe ofthe fat clas, sopport of which‘re adduce no otber proofs but the netses, oF experHence, wich aneure un that the fact in oy‘Wermny not know the cause of ie In te exanOf the munqnets we do not know how the asiractonOf th ironies necenary eect ofthe ntare ofthemagnet and’ of irony butwe are ntthe les. con:ed of he rth ofthe etFrofteClase arg as certain‘ thowsof the ect{he prots which "we have of them are ‘entre
aifRfroceod othe third claseof trata, thatoffit,to the third .switth'we boleve becuse persone Worthyof eed,Ritem or ben we



086 rommaiowoF woman xhewiEDoE.
‘Thai trum, for several eretalepersons hans aewent gfehis ln ccordingtyinch al Karri cYou believe,no doubt, that there was formerly«Frolo hme master of the Kingiom of ers,

‘masterntylomeclytet sich porwon ote ox,irate ‘ach

a person ever.Bur we belove lt'on the authority of the authors
Toubtof thelrAdel. Bot foay fet beposseir

Sdelity. But may it no{hat thewe authors have concerted to decave wat‘We have every reason to reject such an inainuation;sand we are as mach convinced of the truth of thesefact, at Teast of & great part of them, as of truthsOf the first and second clanses.‘The prools of theee three ‘classes of truths areextremely diferent; but if they are solid, each initing they man ogalyprodace conviction. You‘cannot possibly doubt that Russiansand AustriansBrave been at Berlin, thowgh you did not see them:‘his, thea, is to you a truth of the third clos, aapuseliers it onthe report of other; but io we it‘one of the frst clas, because 1 saw them, and‘conversed with them; and many others were asfared of their presence by means of thelrwenses.‘You have, nevertheless,a8 complete convictionof{the fact as we have.‘Bet Moreh, 170, i
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