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Preface to the 
Second Edition 

I n this new edition two changes have been made in the texts 
reproduced in facsimile, one of major importance, the other minor. 
The minor change is the removal from the bottom of our page 104 
of three lines of a footnote that bear no relation to the second letter 
from Pardies to Newton (21 May 1672). Of far greater significance is 
the fact that in the previous edition Bentley's sermons were printed 
with their title pages reversed. 

The new edition makes a few minor corrections or emendations in 
the editorial introductions to the several sections, but it has not 
proved practical to have these introductions—some of which have 
become classics—entirely rewritten for this new edition. A major 
thrust of the original General Introduction was a program for 
further needed research on the scientific work and influence of Isaac 
Newton. Written more than two decades ago, those remarks have 
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VI PREFACE TO THE SECOND EDITION 

become obsolete and irrelevant today, and accordingly have been 
suppressed; almost all of the General Introduction has been written 
anew for this second edition. In the years since 1958, when the first 
edition was published, there has grown up an international industry 
of Newtonian scholarship of such magnitude that it may be doubted 
whether any scholar can find time to read its literature in full while 
engaged in creative research. I have included a comprehensive 
guide to this literature in my book-length article on Newton, in 
volume 10 of the Dictionary of Scientific Biography, edited by Charles 
Coulston Gillispie (New York: Charles Scribner's Sons, 1974), 
accompanied by a guide to the Soviet literature on Newton, pre-
pared by A. P. Youschkevitch, which should serve any reader who 
may wish to pursue further any of the topics that are included in the 
present volume. But I have given references below (pp. 498ff) to 
some other bibliographical guides to the Newtonian scholarly 
literature and I have called attention to some major scholarly 
studies that may bear directly on the several editorial introductions; 
I have additionally indicated a few instances in which recent 
research may require some alteration or qualification of an opinion 
or conclusion expressed in those introductions; and I have added 
some supplementary notes on the texts of Newton's papers and 
letters. The pagination of this edition corresponds to that of the 
original with the exception of the front matter (paginated in Roman 
numerals) and the index, so that scholarly references to either 
edition will be valid in the other. It may be recorded that the 
current academic affiliations of the contributors of introductions to 
the several sections are as follows: Marie Boas Hall, Imperial 
College (London); Charles Coulston Gillispie, Princeton University; 
Thomas S. Kuhn, Princeton University; Robert E. Schofield, Case 
Western Reserve University. 

It is sad to record that death has removed from our circle one of 
the authors of an editorial introduction, Perry Miller, and other 
scholars whose help was gratefully acknowledged in the first edition: 
Professor A. Koyre, Professor H. W. Turnbull, Dr. A. N. L. Munby, 
and Professor Ε. N. da C. Andrade. 

With pleasure I reacknowledge a debt to Bern Dibner, who has 
once again made possible the publication of this work, through a 
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grant from the Burndy Library, Norwalk, Connecticut, of which he 
is the founder, director, and chief moving spirit. Once again I 
happily record our thanks to him for his continued support and 
encouragement of scholarly research in the history of science and for 
his enthusiastic encouragement of all our endeavors. 

J a n u a r y 1 9 7 7 I . BERNARD COHEN 



Preface to the 
First Edition 

ς 
kJ tuden t s of intellectual history and the history of science need no 
reminder that the majestic figure of Isaac Newton dominates the 
18th century. The "Age of Newton" must be studied in the works 
of Newton himself, as well as in the writings of his commentators 
and the scientific books and articles that either continued the 
investigations undertaken by Newton or ventured into new domains 
of knowledge which he had not explored. The intention of the 
present volume is to bring together for the first time Newton's 
scattered papers and letters on natural philosophy (excluding math-
ematics, pure theology, and biblical chronology) as they were actu-
ally available in print during most of the 18th century, that is, prior 
to Horsley's edition of Newton's works in 1779-1785. Newton's two 
major books on physical science, the Principia and the Opticks, are 
today readily accessible, and in print; this volume complements 
them by placing in the hands of students all of Newton's related 
publications issued during his lifetime or soon after his death. The 
Principia, the Opticks, and the papers collected in this volume thus 
represent the complete corpus of Newton's writings on physical 
science that actually influenced the scientists and thinking men of 
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the "Age of Newton"; the Optical Lectures, however interesting, were 
of less importance in conditioning the advance of science or mod-
erating the general climate of opinion on the frame of the universe 
or the mechanism of nature. 

Since the aim of this volume is to present to the modern scholar 
the very works studied during Newton's life and the decades fol-
lowing his death, each document is reproduced in facsimile from 
the original publication; a facsimile is provided of a standard 
translation into English of those documents which are in Latin. 
Since many of Newton's communications are letters, as was cus-
tomary in the 17th and 18th centuries, there have also been included 
facsimiles of the printed letters and documents written by others 
that were the occasion of each of Newton's communications. In 
every case, the page numbers of the originals have been kept, so 
that the scholar will have available to him in facsimile the actual 
pages of many rare works which are not to be found in all libraries, 
and certainly not on the shelves of students who wish to study the 
development of physical thought in the age of Newton. 

In addition to Newton's own letters and papers, and documents 
immediately relating to them, several Newtonian productions of 
rarity have been included. Fontenelle's eloge is the first published 
biography of Newton and was widely read in England and abroad. 
Halley's review of the Principia and the account of the theory of the 
tides which he wrote for James II are as useful today as they were 
then, serving to orient the nonspecialist to some major aspects of 
Newton's monumental achievement. Finally, all students of Newton 
will be grateful for a "Newtonian index" to Birch's History of the 
Royal Society. 

The editor wishes to acknowledge the kindness of the scholars 
who have aided this cooperative venture by contributing prefaces 
to the several sections of the volume: Marie Boas, University of 
California (Los Angeles); Charles Coulston Gillispie, Princeton 
University; Thomas S. Kuhn, University of California (Berkeley); 
and Perry Miller, Harvard University. Dr. Robert E. Schofield, of 
the University of Kansas, has helped in every stage of preparing 
the book and has written several contributions to it. 

The editor respectfully acknowledges the stimulation to the pro-
duction of this volume given by Professor A. Koyre of the Ecole 
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Pratique des Hautes Etudes of the University of Paris (Sorbonne), 
who urged upon him the necessity of producing it. The editor 
gratefully records the sincere interest in the history of science of 
Mr. Bern Dibner, the guiding spirit in the formation of the Burndy 
Library of the history of science in Norwalk, Connecticut, who has 
sponsored many important publications in the history of science as 
well as this one. Valuable information was provided by Professor 
H. W. Turnbull, editor of the projected edition of Newton's corre-
spondence, Mr. A. N. L. Munby, Librarian of King's College, 
Cambridge, and Curator of the Keynes Collection of Newton 
Manuscripts, and Professor E. N. da C. Andrade of London, master 
interpreter of science in our day, whose many publications on 
Newton and his times have provided illumination with an elegance 
and charm all too rare in the current literature of the history 
of science. 

The editor hopes that this volume may be conceived as a trans-
atlantic tribute to the Royal Society of London, whose role was of 
such major importance in the development of Newton's thought. 
All scholars who have had the privilege of using the great library 
of the Royal Society are aware of the feeling of awe that arises from 
confronting the manuscripts that record the major progress of science 
in a continuous succession of almost three centuries; the remem-
brance of that experience is always tempered by a warm feeling of 
gratitude for the extreme kindness and helpfulness of the present 
and past librarians, Messrs. I. Kaye and H. W. Robinson, and 
especially of the Assistant Secretary, Dr. D. C. Martin. In saluting 
the Royal Society, and its two Newtonian scholars, Professors 
Andrade and Turnbull, a word may be said about the forthcoming 
Royal Society edition of Newton's correspondence, being prepared 
under Professor Turnbull 's editorship. This task, of immense com-
plexity and beset by extremely difficult questions at every turn, will 
prove to be one of the most important collections of source material 
for the study of 17th-century science. Based upon a careful study 
of the manuscripts, it will provide a complete and accurate text of 
each document. Hence the student who wishes to know exactly 
what Newton wrote, or exactly what Newton's correspondents 
wrote, must always turn to the Royal Society edition of Newton's 
correspondence. But for the student who wishes to find out what 
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the men of the late 17th and the 18th century actually read, 
on which they based whatever they in turn said or wrote, there can 
be no substitute for the original printed versions which are gathered 
together in the present volume. 

The publication of this volume was made possible through a 
grant from the Burndy Library, Norwalk, Connecticut. All readers 
will share our gratitude to the Burndy Library and to its scholarly 
director, Bern Dibner, for continued generous support of research 
in the history of science. Unfortunately, owing to circumstances 
beyond our control, there has been a delay of almost three years 
between the initial completion of the volume and its present 
publication. 

1 9 5 6 I . BERNARD COHEN 
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General Introduction 
I. BERNARD COHEN 

Q 
k_/cholars are unanimous in describing the 18th century as the 
"age of Newton," but the exact sense of this phrase requires some 
clarification. Pope's couplet, about nature and her laws being "hid 
in night" until God created Newton "and all was light," has prob-
ably misled the many historians who have quoted it and it betrays a 
wonderful ignorance of the nature of science. We do not understand 
nature by the revelation of single laws, but rather by an apparently 
endless sequence of discoveries and of theories invented to explain 
them. If any stage of this sequence seems to represent so great an 
advance that it marks a new era, it may appear as a revelation but 
the revelation is never complete. The greatest work in science is as 
much characterized by the creation of new questions for the next 
generations as by the formulation of partial answers to questions 
raised in the past. Newton may be esteemed as the dominating 
figure of the 18th century—and even, to some degree, the 19th— 
because the questions he raised were so fundamental that the best 
brains in science were hardly up to answering them. 

Those who have written about the "age of Newton" have tended 
to concentrate their attention on the Principia, admittedly his mas-

3 
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terpiece and one of the greatest productions of the human mind, 
and on the problems Newton solved rather than the fruitful ques-
tions his work raised. In Newton's lifetime as during the 18th 
century—and ever since—the Principia was a formidable book to 
read and, prior to the appearance of the second edition in 1713, it 
was also a difficult book to obtain, owing to the small size of the 
original edition, which has been estimated at somewhere between 
300 and 400 copies.1 

The difficulty in reading the Principia arose not merely from the 
technical nature of the subject matter—terrestrial and celestial 
mechanics, and the motion of bodies under a variety of conditions of 
resistance—but also from the austere mathematical style of presen-
tation. In the last of the three "books" into which the Principia is 
divided, Newton tells the reader that he had purposely chosen to 
make this part of his treatise difficult, so as to make it inaccessible to 
a non-mathematical reader. It is in this third "book" that Newton 
applies to the real astronomical world of sun, planets, moons, and 
stars those abstract and "mathematical principles of natural phi-
losophy"2 that he had developed in the earlier parts. " O n this 
subject" of the System of the World he writes: 

I composed an earlier version of Book 3 in popular form, so tha t it might 
be more widely read. But those who have not sufficiently grasped the 
principles set down here certainly will not perceive the force of the conclu-
sions, nor will they lay aside preconceptions to which they have become 
accustomed over many years; and therefore, to avoid lengthy disputations, 
I have translated the substance of the earlier version into propositions in a 
mathemat ica l style, so tha t they may be read only by those who have first 
mastered the principles.3 

1 This estimate was made by A. N. L. Munby, "The Distribution of the First 
Edition of Newton's Principia," Notes and Records of the Royal Society of London 10, 
28-39 (1952); see, further, I. B. Cohen, Introduction to Newton's 'Principia' (Cam-
bridge: at the University Press; Cambridge, Mass.: Harvard University Press, 
1971), p. 138. 

2 Tha t is, in the first two "books" (De motu corporum) Newton develops "mathe-
matical principles" of motion, and then in the "third book" shows how these 
principles may be used in "natural philosophy." 

3 Quoted from a new translation of the Principia (by I. B. Cohen and Anne 
Whitman), opening of Book 3. 
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Evidently, those who became acquainted with Newton's concepts, 
methods, and achievements must have used sources other than the 
Principia. 

In the 18th century there were three major introductions to the 
Newtonian natural philosophy (or the principles of Newtonian 
physics) available to scientists and non-scientists: the books by 
Pemberton, Voltaire, and Maclaurin.4 But even before these three 
works had been written, Richard Bentley had produced the first 
general account of the Newtonian principles for the non-mathe-
matical reader: the final two sermons in a set of eight that inaugu-
rated the series founded by Robert Boyle.5 This pair of sermons 
constituted the concluding sections of Bentley's Confutation of 
Atheism, in an argument taken "from the Origin and Frame of the 
World," reproduced on pages 313-394 below. Like other Boyle 
Lectures, these were often reprinted during the 18th century, and 
thus served as a convenient entry into the nontechnical aspects of 
the Newtonian principles. (Their initial publication was in 1693, a 
bare six years after the appearance of the Principia,)6 As Perry Miller 
points out (pages 273-274 below), Bentley's two sermons have a 
special significance that by far transcends their having been "the 
first popular a t tempt" to make known the "sublime discoveries" of 
Newton; additionally they "set a precedent for the entire Enlight-
enment" in showing, by Newtonian principles, that "the order of 

4 Henry Pemberton, A View of Sir Isaac Newton's Philosophy (London: S. Palmer, 
1728—facs. repr. by Johnson Reprint Corporation, New York and London, 1972); 
Colin MacLaurin, An Account of Sir Isaac Newton's Philosophical Discoveries (London: 
printed for the Author's Children, 1748—facs. repr. by Johnson Reprint Corpora-
tion, New York and London, 1968); Voltaire's Elements of Sir Isaac Newton's 
Philosophy, an English translation by John Hanna (London: printed for Stephen 
Austen, 1738—facs. repr. by Frank Cass & Co., London, 1967) appeared in the 
same year as the original French version; the later (corrected and expanded) 
French edition has never been translated into English. 

5 For details see p. 272 below; and, further, the works by Margaret C. Jacob, 
cited in the Supplement, §IV. 

6 Among the Newtonians who gave Boyle Lecture Sermons in succession to 
Bentley were John Harris, Samuel Clarke, William Whiston, William Derham, 
Thomas Burnet; for a list of Boyle Lecturers from 1692 to 1961, see John F. Fulton, 
A Bibliography of the Honourable Robert Boyle (second ed.; Oxford: at the Clarendon 
Press, 1961), Appendix I, pp. 197-200. As William B. Todd observed (in his "Note 
on the Printing of Bentley Sermons"), there were two separate issues of the first 
edition in the year 1693. 
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the universe could not have been produced mechanically." A 
companion reprint (pages 279-312 below) is a set of four letters 
written by Newton to Bentley while the latter was getting his 
sermons ready for publication; when these letters were published in 
a pamphlet in 1756, Samuel Johnson (in the Literary Magazine, 1756, 
vol. 1, p. 89) observed that they "contain many positions of great 
importance," and concluded: "There can be no regular system 
produced but by a voluntary and meaning agent." 

Also of benefit to English readers, a book review by Edmond 
Halley became available soon after the publication of the Principia. 
Halley's review is more than ordinarily interesting since he not only 
edited Newton's manuscript for the printer and saw the work 
through the press, but had been primarily responsible for getting 
Newton to write it in the first place.7 The review, printed below on 
pages 405-411, appeared in the Philosophical Transactions of the 
Royal Society of London, a journal then being published by Halley 
himself. An "advertisement" (reprinted below on p. 411) accompa-
nied his review, apologizing for the fact that the publication "of 
these Transactions has for some Months last past been interrupted" 
because Halley had had the entire "care of the Edition of this Book 
of Mr. Newton"; and he added that in the publication of the 
Principia, "he conceives he hath been more serviceable to the Com-
monwealth of Learning" than he would have been in merely issuing 
the Philosophical Transactions on an uninterrupted schedule. It may 
be observed that Halley was indirectly critical of Newton for having 
failed to give Kepler credit for the law of areas and the law of 
elliptical orbits.8 Halley also pointed out (correctly) that one of the 
notable features of the Principia was Newton's "great skill" in using 
the new mathematics, by which Halley meant Newton's own 
"method of infinite Series." 

In addition to these documents of Bentley and Halley,9 this 

7 Halley also ended u p paying the p r in t ing costs; see my Introduction, Ch . I l l 
(§§1-2), Ch. IV (§8), Ch. V (§3), and Suppl . VII . O n three o ther reviews of the first 
edit ion of the Principia (one in Lat in and two in French), see pp. 399, 429 below, 
and my Introduction, Ch . VI. 

8 See p. 406 below; in the Principia, Newton gives Kepler credit only for having 
found the thi rd (or "ha rmon ic" ) law. 

9 The re is also repr inted (pp. 412-424 below) an account of Newton ' s theory of 
the tides, "ex t rac ted" by Hal ley from the Principia and "presented . . . to . . . King 
J a m e s . " 
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volume contains yet another of the general accounts of Newton's 
achievements, one that was widely read on its publication: Fonte-
nelle's eloge of Newton—the first biography of that great man. The 
text, printed (on pages 444-474 below) from one of the three almost 
simultaneous English translations, adds the Continental point of 
view, since Fontenelle's account of Newton's life and achievement 
was in fact the official memorial written for the Paris Academie 
Royale des Sciences, of which Newton had been elected an associe 
etranger in 1699. As Charles Gillispie shows in his introduction (page 
436 below), Fontenelle obtained his biographical information from 
John Conduitt, who had married Newton's niece. Conduitt had 
intended to write a biography of Newton and had sought informa-
tion from everyone who had known him.10 

Fontenelle's life of Newton is a primary document in the history 
of the struggle to liberate French science and thought from the 
shackles of the Cartesian philosophy, for which Fontenelle had 
greater sympathy than for the Newtonian philosophy which it was 
his duty to expound in the official eloge. This feature of the eloge 
highlights the anomaly about Newton's position as associe etranger of 
the Academie Royale des Sciences (Paris), since his Principia was so 
largely devoted to an attack on the Cartesian philosophy, which was 
then the reigning system in France. Not only did Newton show in 
the Principia that the "hypothesis of vortices" is inconsistent with 
observed phenomena, but his Opticks also confuted the Cartesian 
system. We know that Newton's antagonism to Descartes was ex-
treme, that he not only made a pointed attack on Cartesian physics 
again and again in the Principia, but in his own copy of Descartes' 
geometry "marked in many places with his own hand, Error, Enor, 
non est Geom."n So strong was this feeling on the part of Newton that 

1 0 The biographical materials assembled by Conduitt, and his own notes and 
sketches toward a full biography, are conveniently located in the library of King's 
College, Cambridge (Keynes M S 130), together with a copy of the memoir sent by 
Conduitt to Fontenelle, and various supporting documents and correspondence 
(Keynes M S 129), and related letters and manuscripts (Keynes M S S 130 - 137) ; 
these are described in Sotheby's Catalogue of the Newton Papers, sold by order of the 
Viscount Lymington (London, 1936), lot numbers 2 1 2 - 2 2 1 , pp. 53 -60 . 

1 1 Quoted from Sir David Brewster, Memoirs of the Life, Writings, and Discoveries of 
Sir Isaac Newton (Edinburgh: Thomas Constable and Co., 1875—facs. repr. by 
Johnson Reprint Corporation, New York and London, 1965, with an introduction 
by R. S. Westfall), vol. 1, p. 22n. Newton's own copy of the Geometrie has only 
recently turned up in the Trinity College Library; his marginal comments are now 
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we are led to suspect that the title of his masterpiece, Philosophice 
Naturalis Principia Mathematica, was intended to show its superiority 
over Descartes's Principia Philosophice, of which a copy of the edition 
of 1656 in quarto was in his library. And it is tempting to suspect 
further that when Newton altered the H Y P O T H E S E S at the 
beginning of Book Three of the Principia (in the first edition of 1687) 
to "Hypothesis," "Phasnomena," and "Regulae Philosophandi," the 
latter were intended to supplant Descartes' "Regulae ad Direc-
tionem Ingenii."12 

Newton is generally said to be one of the first group of eight 
associes Strangers elected to the Academie Royale des Sciences, and 
the official list of members includes his title as premier titulaire. The 
manuscript Registres show, however, that he was the last of the 
eight to be chosen, and that the choice was made only on the fourth 
discussion of the question. Under the new charter of 1699, there was 
place for eight associes Strangers, of whom the first three were G. G. 
Leibniz, E. W. v. Tschirnhaus, and Domenico Guglielmini, who 
were already members when named to the new title on 28 January 
1699. According to the manuscript Registres, on Saturday 14 Feb-
ruary 1699, "On a resolu ä la pluralite des voix de proposer au Roy 
M r s . Hartsoeker, et Bernoulli, l'aine et le cadet, pour Associez 
Etrangers," the Bernoullis being the brothers Jacques and Jean (Ier). 

seen to be something qui te different f rom the general devaluat ion of Descartes ' 
book previously supposed. R a t h e r t h a n an all-inclusive "Error . Error. Non est 
geom." reported by Brewster (and previously by Condui t t ) , Newton ' s margina l 
annota t ions pr imar i ly indicate an " E r r o r " here and there; the marginal entry "non 
geom." was in tended to note such mat te rs as tha t the Car tes ian classification of 
curves is not really a par t of geometry so much as it is of algebra. 

12 O n the stages of t ransformat ion of these "Hypotheses" to "Phaenomena" and 
"Regulae Phi losophandi ," see I. B. Cohen, "Hypotheses in Newton 's Phi losophy," 
Physis, rivista internazionale di storia delta scienza 8, 163-184 (1966), and Introduction to 
Newton's 'Principia', Ch. VI , 6. 

A reader of Newton 's Principia would never guess how impor tan t an influence 
Descartes had been on the format ion of Newton ' s concepts of dynamics and even 
his formula t ion of the "Laws of Mot ion , " and would suppose tha t Descartes ' role 
had been l imited to being a target for Newton ' s attacks. In fact, J . -L. Lagrange 
concluded tha t the ma in purpose for which Newton had wri t ten Book 2 was to 
destroy the basis of the Cartes ian theory of vortices. Nevertheless, scholarly 
research of the last two decades has revealed how impor t an t Descartes ' writ ings 
had been in the fo rmula t ion of Newton ian dynamics, a fact which Newton so 
purposively sought to conceal. 
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Then, according to the Registres, on Saturday 21 February, "M r . 
Roemer qui a ete autrefois membre de l'Academie et qui est 
retourne en Dannemarc depuis longtemps, et M r . Newton ont ete 
nommes pour les deux places qui restoient d'Associes Etrangers."1 3 

It is well known that Newton was deeply concerned with the 
subject of chemistry and the constitution and composition of mat-
ter. There is more than a hint about this in the original Preface to 
the Principia, as well as elsewhere in that treatise, and as a subject it 
looms large in a suppressed conclusion written out for the first 
edition.14 In Newton's lifetime, and during the 18th century, his 
major writing on chemistry to be widely circulated in print was the 
tract "De Natura Acidorum," printed below (pages 255-258) in 
both an original Latin and English version. This is accompanied by 
his "Scala Graduum Caloris," published anonymously in the Philo-
sophical Transactions, and which, as Marie Boas Hall points out in her 
Introduction (page 243 below), "is the source for Newton's Law of 
Cooling." The Introduction (page 243) also wisely notes that these 
two papers are not alchemical, and that they differ notably (as do 
his other "chemical papers") from the "approach to chemical 
problems . . . of an alchemist."15 

In Newton's lifetime these two primary texts on chemistry were 
not his only publications on this subject; there were also the Queries 
printed at the end of his Opticks, which were revised and expanded 
in the several successive editions,16 notably the final 31st Query. 
These later Queries also express Newton's final and mature views 
concerning the aether, which differ in several significant details from 

13 O n this topic, see I. B. Cohen, "Isaac Newton, Hans Sloane and the Academie 
Royale des Sciences," pp. 60-117 of I. B. Cohen and Rene Taton, eds., L'aventure de 
la science, Melanges Alexandre Koyre, vol. 1 (Paris: Hermann, 1964), esp. §11 
("Newton & the Academie des Sciences"). 

1 4 These two important documents (the partial draft of the preface and the 
suppressed conclusion) were brought to light and published by A. Rupert Hal l and 
Marie Boas Hall in their volume of Unpublished Scientific Papers of Isaac Newton 
(Cambridge: at the University Press, 1962), part IV, §§3,7. 

15 Some other scholars—notably Betty J o Teeter Dobbs, P. Rattansi, Richard S. 
Westfal l—would argue for a closer link between Newton's alleged alchemy and 
chemistry, and even between this alchemy and the general principles of Newtonian 
physics (including dynamics); see the Supplement, §111. 

16 See pages 14-15 below. 
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his early concept of the aether.17 Newton wrote out two separate 
expositions at large concerning the aether, as he had conceived it 
during the 1670s. One of these makes up a long "letter" (really what 
was then called an "epistolary discourse") addressed to Robert 
Boyle and dated 1678, first printed by Thomas Birch in his biogra-
phy of Boyle, published in 1744, and reprinted below on pages 
249-254.18 

Newton's letter to Boyle was reprinted at least twice in the 18th 
century, in the second edition of Boyle's works (1772) and sepa-
rately—with a commentary by Bryan Robinson—in 1745.19 In this 
letter Newton attempted to show that the aether was responsible for 
the cohesion of bodies, played a part in the actions of acids and 
other chemical reactions, operated to produce and maintain the 
gaseous state, caused various optical phenomena, and could be 
considered "the cause of gravity." This letter was widely studied in 
the middle of the 18th century, and its influence on chemists and 
physicists was marked. It was quoted or cited by many students of 
electricity and affected the form that was taken by theories of 
electrical action.20 The hypothesis of the aether also turns up in 
Newton's optical papers, published in the Philosophical Transactions 
during his young manhood, and was the subject of a famous long 
paper read at the Royal Society in 1675 and published by Birch in 
his History of the Royal Society in 1757; it is reprinted on pages 178-191 
below. Finally, the possibility of an aether arises as a topic of some 
importance in the letters Newton wrote to Richard Bentley in 
1692/3, which were published in 1756.21 

The concept of the aether entered into, and bound together, a 
number of different types of phenomena studied by Newton. In the 

17 These differences have been explored by A. R. and Μ. B. Hall , Henry Guerlac, 
R. S. Westfall, and J o a n L. Hawes. 

18 Birch was also responsible for the printing of Newton's other statement of the 
1670s on the aether and its possible role in physical phenomena; see pp. 178-191 
below. 

1 9 See J. F. Fulton, Bibliography of Boyle. 
2 0 See I. B. Cohen, Franklin and Newton (Philadelphia: American Philosophical 

Society 1956: Cambridge, Mass.: Harvard University Press, 1966; a new edition is 
forthcoming). 

2 1 That is, Newton argues (p. 303 below) that "Gravity must be caused by an 
Agent acting constantly according to certain Laws; but whether this Agent be 
material or immaterial, I have left to the Consideration of my Readers." 
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letter to Boyle (page 250 below), the aether is supposed "to stand 
rarer" in the "pores" of "all gross bodies" than "in free spaces, and 
so much the rarer as their pores are less." This "aetherial substance" 
is postulated to be "diffused through all places," and to be "capable 
of contraction and dilation, strongly elastic, and, in a word, much 
like air in all respects, but far more subtile." And then Newton is led 
to "suppose (with others)" that the aether may be "the cause" of the 
following phenomena: the refraction or bending of light, at the 
surface of bodies, toward the perpendicular; the cohesion of metal 
objects with flat polished surfaces, in a vessel evacuated of air; the 
fact that a column of mercury "stands sometimes up to the top of a 
glass pipe . . . higher than 30 inches" in a barometer tube; the 
coherence of the parts of all bodies (or at least "one of the main 
causes" of this phenomenon); filtration; the rise of water in capillary 
tubes; and, possibly, the pervasion of the "pores of bodies" by 
"menstruums" (or acids) which dissolve them. This same aether may 
cause the bending of light near the edges of opaque bodies (diffrac-
tion), as observed by Grimaldi. Finally, Newton "set down one 
conjecture more" (page 253 below), that in the action of this aether 
one might find "the cause of gravity"; this came into his mind as he 
"was writing this letter." In his presentation to the Royal Society in 
1675 (see pages 182-183 below), Newton additionally suggested the 
possibility that the action of a "certain aethereal spirit included 
within the dura mater" enables the mind (soul or will) to communi-
cate its commands to the muscles, and that the aether may explain 
how "the muscles are contracted and dilated to cause animal 
motion." 

It is now generally acknowledged that Newton's views concerning 
an aether went through different successive stages. Following the 
early period up to the 1670s (including the writing of the letter to 
Boyle and the paper for the Royal Society), during which Newton 
gave serious consideration to the aether, he seems to have abandoned 
any firm commitment to the possibility of there being such an aether 
at all. Thus, the Principia, written in 1685-1686, during this second 
stage, is relatively free of references to the aether.22 Before long, 

22 But in Book 3, Newton does write of an "aura aetherea" that fills the celestial 
spaces and would appear to be much like air in its physical properties, although 
much "rarer" and "far more subtle," since it does not impede the free motion of 
planets and comets. This discussion of an "aura aetherea" (or "aetherial atmos-
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Newton had come back full circle to considerations of an aether, 
albeit a somewhat different one from that of the 1670s and earlier. 
In part, he was stimulated to consider the aether anew by the 
scheme proposed by Nicolas Fatio de Duillier, which had the 
particular virtue among aether theories of explaining not only how 
bodies near the earth or other large body would be attracted, but 
also how all such attractions between two bodies would be mu-
tual—equal in magnitude but opposite in direction.23 Newton was 
also greatly stimulated by the electrical experiments of Francis 
Hawksbee and introduced into the Principia a vague paragraph 
about a "most subtle spirit," the action of which—he then be-
lieved—was the cause of most of the phenomena said in the 1670s to 
have been possibly caused by the aether.24 This "spirit" is referred to 

phere") is in t roduced specifically to explain how the vapors exuded by comets, 
when hea ted near the sun, "r ise" so as to point away f rom the sun—jus t as smoke 
particles are carried upwards by the hea ted air in a chimney. Newton evidently 
wrote out this discussion of comets ' tails (which appears also in the pre l iminary 
version of Book 3, publ ished pos thumously as De mundi systemate liber [London, 
1728] a n d in t ransla t ion as A Treatise of the System of the World [London, 1728]) 
before he performed an exper iment (in which he compared the oscillatory mot ion 
of a p e n d u l u m with a bob consisting of an emp ty wooden box wi th the similar 
mot ion of tha t same p e n d u l u m when the box was filled wi th meta l ) which 
allegedly proved tha t there can be no aether—at least of a sort tha t can resist 
mot ion. See, on this topic, m y Introduction to Newton's 'Principia', pp. 103-104; also 
R. S. Westfall, "Uneasi ly Fi t ful Reflections on Fits of Easy Transmiss ion," pp. 
88-104 of Rober t Pal ter , ed., The Annus Mirabilis of Sir Isaac Newton 1666-1966 
(Cambr idge , Mass., a n d London: T h e Μ. I. T. Press, 1970), a n d R. S. Westfall, 
Force in Newton's Physics (London: M a c d o n a l d ; New York: Amer ican Elsevier, 
1971), pp. 375-377, where it is a rgued (wi thout evidence) tha t this exper iment may 
be " tenta t ively placed abou t 1679"; see also Hen ry Guerlac, "Newton ' s Opt ica l 
Aether , " Notes and Records of the Royal Society of London 22, 45-57 (1967). 

T h e exper iment is described f rom " m e m o r y " in the concluding par t of the 
General Scholium at the end of Book 2, Sec. 7 in the first edit ion of the Principia 
(1687): t ransferred to Book 2, Sec. 6, in the second edi t ion (1713). T h e discussion of 
the " a u r a aetherea" occurs in Book 3 (p. 514 of the final edi t ion, 1726), toward the 
conclusion of the lengthy " E x e m p l u m " following Prop. 41 (in the fifth pa ragraph 
f rom the end.) 

2 3 O n Fatio 's aether-theory of gravitat ion, see Newton, Correspondence, vol. 3, pp. 
69-70, 309; and on Newton ' s enthusiasm for this theory, see A. R. and Μ. B. Hal l , 
Unpublished Scientific Papers, pp. 312-317, a n d m y Introduction to Newton's 'Principia', 
pp. 184-185. 

2 4 A. R . and Μ. B. Hal l first revealed the s tar t l ing fact tha t this " sp i r i t " was to 
be unders tood in relation to electricity; see their Unpublished Scientific Papers, pp. 
207-213, 348, 357, 361-362. 
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in the concluding General Scholium tha t first appeared in the 
second edition of the Principia (1713). Here Newton stated his 
famous slogan, Hypotheses non fingo (" I f rame, or feign, no hypothe-
ses"), and asserted tha t it is enough to account mathemat ica l ly for 
the motion of moon and planets and for the tides, even though the 
cause or mechanism of gravitational action remained unknown. But 
then he gave his readers a h int 

. . . concerning a certain very subtle spirit pervading gross bodies and 
lying hidden in them; by its force and actions, the particles of bodies 
mutually attract one another at very small distances and cohere when they 
become contiguous; and electrified bodies act at greater distances, repelling 
as well as attracting neighboring corpuscles; and light is emitted, reflected, 
refracted, inflected, and heats bodies; and all sensation is excited, and the 
limbs of animals move at command of the will, namely, by the vibrations 
of this spirit being propagated through the solid fibers of the nerves from 
the external organs of the senses to the brain and from the brain into the 
muscles. But these things cannot be explained in a few words; furthermore, 
there is not a sufficient number of the experiments needed to determine and 
demonstrate accurately the laws governing the actions of this spirit. 

This list of phenomena is remarkably similar to the phenomena 
discussed in the two documents of the 1670s, the letter to Boyle and 
the presentation to the Royal Society. On ly gravitation is omitted. 

This paragraph is pr inted again, wi thout alteration, in the third 
and u l t imate edition of the Principia in 1726. In the English trans-
lation published by Andrew Mot t e in 1729, shortly after Newton 's 
death, the phrase " this spiri t" is rendered as "this electric and 
elastic spirit ," even though—as A. Ruper t Hal l and Mar ie Boas 
Hal l discovered—the words "electric and elastic" are not to be 
found in the M S drawn up for the printer , nor in the pr inted second 
(1713) and third (1727) editions.2 5 But these words do occur in 
Lat in in an emendat ion m a d e by Newton in his own hand in his 
personal annota ted copy of the second edition, one tha t he evidently 
in tended to introduce into a third edition.2 6 W h y he never did so, 
we do not know. Mot te ' s version, therefore, accurately represents 
Newton's thoughts at some post-1713 date, bu t perhaps not his final 

2 5 A. Rupe r t Hal l and Mar ie Boas Hal l , "Newton ' s Electric Spiri t : Four 
Oddi t ies ," Isis 50, 473-476 (1959). 

2 6 A. Koyre and I. B. Cohen , "Newton ' s 'electric & elastic' Spir i t ," Isis 51, 337 
(1960). 
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opinion as of 1727. In the meanwhile, Newton's later version of the 
aether had been revealed to the public in the last Queries he put 
into his Opticks. 

In the second (1717, 1718) and third (1721) English editions of 
the Opticks, the Queries at the end of Book III were enlarged from 
the original sixteen in the first edition (1704) to thirty-one. Query 17 
takes up the problem of vibrations in the medium in which light 
travels, vibrations which put the rays of light into "fits" of easy 
reflection and easy transmission; Query 18 deals with further prop-
erties of this medium in relation to radiant heat; Queries 19 and 20 
suggest that variations or differences in the "density" of the 
"aetherial medium" may account for refraction and inflection. In 
Query 21 Newton addressed himself to gravitation, the possibility 
that variations in the "density" of the "medium" may produce 
gravitation since the "medium" is much rarer within dense bodies 
such as the sun, planets, comets, stars, than in empty celestial space. 
Query 22 is devoted to the demonstration that this "aether" can 
offer a negligible resistance to the motion of planets and comets. 
Finally, in Query 23 vision is said to result chiefly from vibrations of 
this medium propagated through the optic nerve, and in Query 24 
the vibrations of the medium are related to animal sensation being 
conveyed to the brain. 

In 1706, two years after the first English edition and seven years 
before the second Latin edition of the Principia with the famous 
concluding General Scholium, a Latin version of the Opticks was 
published, prepared by Samuel Clarke at Newton's request. In this 
edition the number of Queries was increased from the original 
sixteen to twenty-three. But the new Queries in this Latin version do 
not correspond to Queries 17-23 in the second and third English 
editions of the Opticks; they do not deal with the aether at all. These 
new Queries of 1706 rather correspond to Queries 25-31 in the later 
English editions of the Opticks. 

When Newton brought out the second English edition of the 
Opticks in 1717, he printed for the first time the Queries there 
numbered 17-24, which presented his general views on the nature, 
properties, and effects of a supposed aether; and these were followed 
by revised English versions of the Queries he had added in the Latin 
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version of 1706, now renumbered 25-31. In respect to these new 
Queries about the aether, Newton said (in this English edition of the 
Opticks, 1717), that "to shew that I do not take gravity for an 
essential property of bodies, I have added one question concerning 
its cause, chusing to propose it by way of a question, because I am 
not yet satisfied about it for want of experiments." 

For the scientists of the 18th century, there were thus three major 
sources for Newton's views on an aether: the letter to Boyle and 
Newton's "Hypothesis" of 1675 (published below on pages 178-190, 
250-253) and Queries 17-24 of the later English and Latin editions 
of the Opticks. The phenomena which Isaac Newton had hoped to 
account for27 are remarkably similar in the two documents of the 
1670s, those Queries 17-24, and in the final paragraph about the 
"most subtle spirit" in the concluding General Scholium of the 
Principia. Accordingly, there is a mystery as to why Newton permit-
ted this paragraph of the General Scholium to remain in the 
Principia in the third edition of 1726, when he apparently no longer 
was committed to a belief in a "spiritus electricus," and when we 
would accordingly have supposed that he would either have elimi-
nated this paragraph altogether, or have substituted for it a revised 
version based on the concept of an "aether" or an "aetherial me-
d ium" that had been expressed in the Opticks. In his own inter-
leaved copy of the second edition of the Principia he, in fact, did 
indicate that the final paragraph of the General Scholium should be 
cancelled, but it remained in the third edition just the same. The 
continuing presence of this paragraph, after the later explicit refer-
ences to the aether in the Opticks, naturally gives rise to the question 
as to how closely this "electrical spirit" of the General Scholium was 
associated with (or even was identical to) the aether in the last 
Queries of the Opticks,28 But it must be kept in mind that gravita-

27 These include the reflection, refraction, and inflection (diffraction) of light; the 
transmission of radiant heat; gravity; the transmission of sensation to the brain via 
the nerves, and the control of the action of the muscles by the will, acting through 
the action of the nerves; and possibly capillarity; the cohering of bodies; and even 
some aspects of chemical action. 

28 For conflicting views on this question, compare A. R. and Μ. B. Hall, 
Unpublished Scientific Papers, p. 208, and R. S. Westfall, Force in Newton's Physics, pp. 
392-393. 



ι 6 I. BERNARD COHEN 

tion was conspicuously absent from the list of phenomena in the 
final paragraph of the General Scholium, al though it was featured 
in the last Queries in the Opticks and had appeared also in the two 
statements on the aether of the 1670s.29 

Although Newton expressed his thoughts on the aether in the 
guise of Queries in the Opticks, his fellow scientists and their succes-
sors were well aware that he was merely using the form of rhetorical 
questions to explain how his "hypothesis" of the aether could ac-
count for phenomena. 3 0 And, despite the slogan Hypotheses non fingo 
in the General Scholium, there was no lack of awareness that 
Newton had never really been as adverse to hypotheses as many of 
his commentators have supposed. Certainly after the publication of 
his "Hypothesis" of the 1670s in Birch's volume of 1757, no one 
could believe that this greatest of scientists had in fact eschewed 
hypotheses in relation to his scientific thought. 

Newton's speculations were studied very carefully during the next 
two centuries, and they produced important consequences. The 
writings about a universal "f luid" gave sanction to the creation of 
other imponderable fluids, such as the electrical fluid and the fluid 
of caloric (or heat); bu t the development of the concepts of these 
fluids did not slavishly follow Newton's principle of "density." The 
scientists who tried to explain electrical phenomena by variations in 
density of some "subtle fluid" were not able to produce results of 

29 The striking similarity of Newton's views of the 1670s and his views in the 
Queries, despite the differences between the earlier " thick" aether and the later 
tenuous or " th in" aetherial medium, may be seen in Query 21, where Newton says: 
"Is not this Medium much rarer within the dense Bodies of the Sun, Stars, Planets 
and Comets, than in the empty celestial Spaces between them? And in passing 
from them to great distances, doth it not grow denser and denser perpetually, and 
thereby cause the gravity of those great Bodies towards one another, and of their 
parts towards the Bodies; every Body endeavouring to go from the denser parts of 
the Medium towards the rarer?" 

T h e Opticks is available in a convenient reprint (New York: Dover Publications, 
1952), with a foreword by Albert Einstein, an introduction by Sir Edmund 
Whittaker, a preface by I. B. Cohen, and an analytical table of contents prepared 
by Duane H. D. Roller; a new edition (in press) has a revised preface. 

30 See my Franklin and Newton, p. 164. Newtonians would say that Newton had 
"explained" something in the Opticks "by way of Query." 



GENERAL INTRODUCTION 17 

importance, while those who sought to identify the "electric fluid" 
or the "fluid of heat" with Newton's universal aether appear never to 
have advanced much beyond the stage of hypothesis and specula-
tion. Those who really advanced the theories of heat and of elec-
tricity in the 18th century began with the concept of a particulate 
"elastic fluid," much like Newton's aether, composed of particles 
that mutually repel one another; and then went on to develop such 
properties of these fluids as were directly related to the outcome of 
experiments.31 By the 19th century, the use of such concepts as fluid 
of heat or electricity lost favor, especially when it was recognized 
that the use of the word "fluid" in the sense of flowing or transfer 
from one body to another implied the existence of a material or 
quasi-material substance that was far from being warranted, much 
less required, by the phenomena. 

Newton's strong stand against theories based on simple "action-
at-a distance" is said to have inspired Faraday in his attempts to 
understand electric and magnetic phenomena. In particular, Fara-
day "loved to quote" a passage from one of the letters that Newton 
wrote to Bentley,32 and which Maxwell also repeated with enthusi-
astic approval. The passage in question (see page 302 below) reads 
as follows: 

It is inconceivable, that inanimate brute Matter should, without the 
Mediation of something else, which is not material, operate upon, and 
affect other Matter without mutual Contact, as it must be, if Gravitation in 
the Sense of Epicurus, be essential and inherent in it. And this is one Reason 
why I desired you would not ascribe innate Gravity to me. That Gravity 
should be innate, inherent, and essential to Matter, so that one Body may 
act upon another at a Distance thro' a Vacuum, without the Mediation of 
any thing else, by and through which their Action and Force may be 
conveyed from one to another, is to me so great an Absurdity, that I believe 
no Man who has in philosophical Matters a competent Faculty of thinking, 
can ever fall into it. 

Thus Newton, by concentrating attention on what happens in the 
space between bodies rather than on the bodies themselves, pre-

31 Ibid., Part Four (Ch. 9), and passim. 
3 2 J o h n Tyndall, Faraday as a Discoverer (London: Longmans, Green, and Co., 

1870), p. 82. 
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pared the way for the fruitful concept of "field," in particular for 
Faraday's version of it as a set of "strains" in the aetherial medium 
around charged or magnetized bodies—the famous theory of "lines 
of force." In turn, Faraday's research led to Clerk Maxwell's theory 
of "displacement currents" in the aether, and Clerk Maxwell's 
electromagnetic theory may be considered legitimately the high 
point of "classical" physics, the physics of the 19th century. To be 
sure, since the acceptance of Einstein's restricted theory of relativity 
(published in 1905), the concept of the aether, along with all New-
tonian "absolute" space and time, has vanished from the discourse 
of physics—apparently having served a useful function for at least 
two centuries but needed no longer. It is not amiss, however, to note 
that P. A. M. Dirac, one of the most distinguished physicists of our 
era, has raised the question of whether the aether is completely 
dispensable. 

Even in the early 19th century, some physicists discerned inherent 
difficulties in applying the concept of the aether in the fashion 
proposed by Newton. John Playfair put the whole problem in 
succinct form: 

It is very true that an elastic fluid, of which the density followed the 
inverse ratio of the distance from a given point, would urge the bodies 
immersed in it, and impervious to it, toward that point with forces inversely 
as the squares of the distances from it; but what could maintain an elastic 
fluid in this condition, or with its density varying according to this law, is 
a thing as inexplicable as the gravity which it was meant to explain. The 
nature of an elastic fluid must be, in the absence of all inequality of 
pressure, to become everywhere of the same density. If the causes that 
produce so marked and so general a deviation from this rule be not 
assigned, we can only be said to have substituted one difficulty for an-
other.33 

3 3 J o h n Playfair, "Dissertation Third: Exhibit ing a General View of the Progress 
of Mathematical and Physical Science since the Revival of Letters in Europe," 
pages 433-572 of Dissertations on the History of Metaphysical and Ethical, and Mathe-
matical and Physical Science, by Dugald Stuart, the Right Hon. Sir James Mackin-
tosh, John Playfair, and Sir J o h n Leslie (Edinburgh: A d a m and Charles Black, 
1835), Section IV, "Astronomy." 
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Another difficulty came from the fact that the sether as postulated 
by Newton acted as it did because the particles of which it was 
supposed to be made were mutually repulsive. While this very fact 
delights the student of Newton in affording an example of that 
atomism which was fundamental to the Newtonian view of nature, 
it raises the thorny question why a wholly inexplicable short-range 
repulsive force between tiny particles of aether may be considered 
more satisfying than an equally inexplicable long-range attraction 
between gross bodies. 

The profound puzzle of Newton's views on the aether disturbs 
Pope's view that after the revelation according to the Principia "all 
was light." Newton's discussion of how nature might produce the 
forces whose laws he had illuminated is, therefore, essential to our 
understanding of the whole Newtonian natural philosophy. The 
development of physics in the 18th and 19th centuries cannot be 
studied without a clear view of Newton's own statements on what 
we may call the mechanism of nature's actions. To this end, the 
present volume reprints, with commentaries, the original documents 
that were the vehicles for transmitting Newton's speculations—and 
it does so in the exact form in which scientists and philosophers and 
men of learning studied them during most of the 18th century, and 
afterwards. 

Newton's published writings on the physical sciences, as known to 
the 18th century, included the two treatises that were printed in his 
lifetime, the Principia and the Opticks, plus two posthumous works, 
the Lectiones Optica and De Mundi Systemate, a tract on the motion of 
the moon34 and a series of papers or letters on optics, published in 
the Philosophical Transactions. These papers include Newton's famous 
presentation (pages 47-59 below) of his studies of dispersion and the 
composition of sunlight, and the description (pages 61-66 below) of 
the new reflecting telescope he had invented after becoming con-
vinced that chromatic aberration severely limited the potential of 

3 4 For the history and bibl iography of Newton's tract , see Isaac Newton's Theory of 
the Moon's Motion, with an Introduct ion by I. B . Cohen ( L o n d o n : Dawson, 1975); 
Newton's Treatise on the System of the World has been reprinted with an introduction 
by I. B . C o h e n (London: Dawsons o f Pal l M a l l , 1969) ; an edition of the Lectiones 
Opticas is being readied for publ icat ion by Alan Shapiro. 
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telescopes using glass lenses. As Thomas S. K u h n points out in his 
Introduction (page 27 below), Newton's paper on light and color is 
for many reasons one of the most significant papers ever published 
by the Royal Society; for it is the first printed work by Isaac 
Newton, and it is apparently the first announcement of a major 
scientific discovery in an "art icle" published in a scientific journal . 
These optical papers make up more than half of the Newtonian 
texts printed below; collecting them together was a major raison 
d'etre of this volume. 

Newton had evidently expected his fundamenta l paper on his 
prismatic experiments to be greeted with the plaudits of the cogno-
scenti all over the scientific world. But, instead, there was letter after 
letter of criticism, and Newton felt himself obliged to respond to 
them all. No wonder that he said, in exasperation, that " a m a n must 
either resolve to put out nothing new, or to become a slave to defend 
i t ." 3 5 He later expressed this same sentiment even more bitterly by 
declaring science to be "such an impertinently litigious Lady that a 
man had as good be engaged in Law suits as have to do with her ." 3 6 

In his Introduction to Newton's optical papers, T. S. K u h n 
stresses certain significant aspects of Newton's observations of the 
elongated spectrum produced by sunlight entering a dark room 
through a small round hole in the shutter and then passing through 
a prism (pages 31-33), and the ways in which Newton sought to 
destroy the "modification theory." In particular, K u h n lays stress on 
the "oddi ty" of a discrepancy between the actual length of the 
spectrum and the length predicted by the older theory. But what 
may be even more significant to us today is the difference between 
Newton's "precise and detailed description of his experimental 
appara tus" and what K u h n calls Newton's "imaginative idealiza-
tion of his experimental results." 

Newton's paper on what he called the "celebrated phaenomena of 
colours" is, as K u h n has noted "almost autobiographical in its 
development." But there has been a long-standing puzzle ever since 
the publication by Ruper t Hal l in 1948 of portions of one of 

3 5 Isaac Newton to Henry Oldenburg, 18 November 1676, Correspondence, vol. 2, 
p. 183. 

3 6Isaac Newton to Edmond Halley, 20 June 1686, Correspondence, vol. 2, p. 437. 
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Newton's early notebooks in which he discusses the properties of 
light rays in terms of "globules" with differing finite velocities, 
interacting with themselves and other bodies according to the laws 
of impact.37 Kuhn has alerted us to the discrepancy between these 
clearly expressed early views and the mode of presentation in that 
paper of Newton's. More recent studies, notably by Jos. A. Lohne, 
have shown how difficult it is to accept as simple truth the historical 
narrative proposed by Newton at the beginning of the letter read to 
the Royal Society on 8 February 1672, which became Newton's first 
published work.38 In another analysis of Newton's narrative, A. I. 
Sabra has concluded that not even "the 'fortunate Newton' could 
have been fortunate enough to have achieved this result in such a 
smooth manner ." 3 9 

The collection of all of the letters and papers by Newton in the 
Philosophical Transactions from 1672 to 1676, plus the related pub-
lished communications (from M. de Berce, Sir Robert Moray, Pere 
Ignatius Gaston Pardies, Robert Hooke, Christiaan Huygens, 
Franciscus Linus, and Anthony Lucas) has been supplemented by a 
paper of Hooke's (pages 110-115 below) and the text of Newton's 
lengthy presentation to the Royal Society (including the explication 
of his hypothesis of the aether). These two documents had been read 
at meetings of the Royal Society, but were not published in the 
Philosophical Transactions, remaining unprinted until they both ap-
peared in 1757 in Birch's History of the Royal Society. Since all too few 
readers in the 20th century are familiar with Latin, the early 
19th-century translations of all Latin documents have been in-
cluded. 

The papers and letters assembled in this volume enable the 
reader to read the sources of Newtonian natural philosophy availa-
ble in the age of Newton, other than his four published books, and 

3 7 A. Rupert Hall , "Sir Isaac Newton's Note-Book, 1661-1665," Cambridge His-
torical Journal 9, 239-250 (1948). 

3 8 J . A. Lohne, "Experimentum Crucis, " Notes and Records of the Royal Society of 
London 23, 169-199 (1968) and "Isaac Newton: the Rise of a Scientist, 1661-1671," 
idem 20, 125-139 (1965). 

3 9 A. I. Sabra, Theories of Light from Descartes to Newton (London: Oldbourne, 
1967), p. 246. 
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in facsimiles of the very printed pages that were available to stu-
dents of science and philosophy in the 17th and 18th centuries. The 
present volume thus illustrates one of two very different aspects of 
Newtonian scholarship, which are complementary to each other. 
T h e first of these is to understand Newton's complex personality 
and the nature of the creative process as illustrated by the whole 
range of his intellectual activity; the second, to trace the influence of 
what he wrote on the development of physical thought and general 
culture. Fully to comprehend Newton requires a knowledge of 
everything that he wrote, and is still difficult today because there is 
not yet available a complete edition of his works, say comparable to 
the great editions of the Opere of Galileo or the Oeuvres completes of 
Christiaan Huygens. Yet in 1976, contrasted with 1958 (when the 
present volume appeared for the first time), the ever-growing tre-
mendous international Newtonian "scholarly industry" has brought 
to light many documentary sources that i l luminate aspects of his 
complex personality in strikingly new ways. We know much more 
than ever before about Newton's thoughts concerning sources of 
"ancient wisdom," 4 0 of his actual alchemical concerns, of the 
philosophical and metaphysical bases of much of his scientific 
thinking, of the stages in growth of his great mathemat ical creative 
talent, and of his actual experiments and observations. O n e of the 
true novelties or revaluations has been the discovery that Descartes 
was so seminal an influence on the development of Newton's phi-
losophy, his principles of physics, and even his mathematics. 

Two great bodies of source materials concerning Newton's inner 
life and development are available in the Royal Society's edition of 
Newton's Correspondence (of which the first volume appeared some 
time after the first edition of the present work was published), and 
the great edition of Newton's Mathematical Writings edited by D. T. 
Whiteside, both being published by Cambridge University Press. 
These two collections of texts and documents, however, differ from 
the present volume to the degree that they are based upon private or 

40 O n this topic see J . E. McGuire and P. M. Rattansi , "Newton and the 'Pipes 
of Pan ' , " Notes and Records of the Royal Society of London 21, 108-143 (1966) and I. B. 
Cohen, " 'Quan tum in se est': Newton's Concept of Inertia in relation to Descartes 
and Lucretius," idem 19, 131-155 (1964). 
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manuscript sources, rather than the actual texts which influenced 
and conditioned the Age of Reason, or Age of the Enlightenment. A 
great edition, based upon complete manuscript sources, may even 
provide pitfalls for scholars who may use its texts on those occasions 
when recourse should have been had to the printed documents 
actually available in the 17th or the 18th century, as has happened 
more than once to scholars using the splendid editions of the 
complete works of Galileo and Huygens. 

T h e differences in style41 (chiefly spelling, punctuat ion, para-
graphing, capitalization, italicization) between the 17th- and 
18th-century versions and the contemporary one are not of very 
much significance. But whoever quoted portions of Newton's papers 
and letters in the 17th and 18th centuries (that is, when Newton's 
scientific writings on optics were still influential or were still pro-
viding subjects of debate within the sciences), did so from the 
versions which are printed in the present volume and not from the 
various manuscripts which have served as the basis of the scholarly 
edition of the Correspondence,42 T h e texts printed here are thus the 
very ones read in print when the topics to which they are devoted 
were at the forefront of scientific discussion. 

This collection of Newton's papers and letters on natural philos-
ophy provides the exciting experience—alas! no longer possible, 
owing to the terse and formal style of our scientific journals—of 
reading how one of the world's greatest scientists said he made one 
of his major discoveries. We are rapidly transported backward in 
t ime through almost three centuries to the t ime of Newton, as we 
follow the reactions of the scientists of his day to that discovery and 
as we read Newton's answers to each objection: sometimes patient 
and kind, but at other times curt and even rude. We may "listen" to 
the long paper as it was read to the Royal Society and perhaps 
understand why Newton did not want to have it published. Above 
all, we may glimpse some of Newton's innermost thoughts about the 

4 1 The differences between the versions printed below and those in the Corre-
spondence (edited from M S texts) have been listed in the Notes on the Texts 
prepared for the present edition. 

4 2 Some of the letters were printed in full by Samuel Horsley in his edition of 
Newton's Opera quce exstant omnia, 5 vols. (London: John Nichols, 1779-1785). 
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mechanism of nature, the creation of the universe, and the need for 
proving by the "phaenomena" about us that there was a creating 
God and that the universe was His handiwork. Like the scientists, 
philosophers, and ordinary thinking men of the 18th century, we 
cannot help being moved at the enormity of the fundamental 
questions to which Newton addressed himself and, like them, we 
will appreciate the ingenuity of his speculations and the often lofty 
and poetic rapture that was the result of his profound insight. 



II. 

Newton's Papers on the Improvement of 
the Telescope and on Physical Optics 





Newton's 
Optical Papers 

THOMAS S . K U H N 

T h e original publication of the optical papers of Isaac Newton 
marked the beginning of an era in the development of the physical 
sciences. These papers, reprinted below, were the first public pro-
nouncements by the man who has been to all subsequent genera-
tions the archetype of preeminent scientific creativity, and their 
appearance in early volumes of the Philosophical Transactions of the 
Royal Society of London constituted the first major contribution to 
science made through a technical journal, the medium that rapidly 
became the standard mode of communication among scientists. 

Until the last third of the seventeenth century most original con-
tributions to the sciences appeared in books, usually in large books: 
Copernicus' De Revolutionibus (1543), Kepler's Astronomia Nova 
(1609), Galileo's Dialogo (1632), Descartes's Dioptnque (1637), or 
Boyle's Experiments and Considerations Touching Colours (1664). In such 
books the author's original contributions were usually lost within a 
systematic exposition of a larger subject matter, so that construc-
tive interchange of scientific experiment and hypothesis was 
hampered by premature systematization or, as in the case of Boyle, 

27 
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by the mere bulk of the experimental compilation.1 Each scientist 
tended to erect his own system upon his own experiments; those 
experiments that could not support an entire system were fre-
quently lost to the embryonic profession. 

The first important breaches of this traditional mode of presen-
tation occurred in the decade of 1660. The chartering of the Royal 
Society in 1662 and of the Academie Royale des Sciences in 1666, 
the first publication of the Journal des Sgavans and of the Philosophical 
Transactions in 1665, gave institutional expression and sanction to 
the new conception of science as a cooperative enterprise with 
utilitarian goals. The immediate objective of the individual scien-
tist became the experimental contribution to an ult imate recon-
struction of a system of nature rather than the construction of the 
system itself, and the journal article—an immediate report on 
technical experimentation or a preliminary interpretation of ex-
periments—began to replace the book as the unit communique of 
the scientist. 

Newton was the first to advance through this new medium an 
experimentally based proposal for the radical reform of a scientific 
theory, and his proposal was the first to arouse international dis-
cussion and debate within the columns of a scientific journal . 
Through the discussion, in which all the participants modified their 
positions, a consensus of scientific opinion was obtained. Within 
this novel pat tern of public announcement , discussion, and ulti-
mate achievement of professional consensus science has advanced 
ever since. 

Newton's optical papers have a further importance to the stu-
dent of the development of scientific thought. These brief and oc-
casionally hasty communications to the editor of the Philosophical 
Transactions yield an insight into the personality and mental proc-
esses of their author that is obscured by the more usual approach 

1 For example, Experiments IV and V in Part III of Boyle's Colours are almost 
identical with the first and last of the three experiments that Newton employed 
in his first published presentation of the new theory of light and color. In Experi-
ment I V Boyle generates a spectrum and in V he uses a lens to invert the order 
of the colors. But in Boyle's Baconian compilation these are but two among hun-
dreds of experimental items. There is no evidence that they had the slightest effect 
on Boyle's contemporaries or successors. See The Works of the Honourable Robert 
Boyle, ed. Thomas Birch (London, 1744), vol. 2, p. 42. 
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to Newton through his Principia (1687) and Opticks (1704). In these 
later monumental creations, from which has emerged our picture 
of Newton the Olympian father of modern science, the creative 
role of the author is deliberately hidden by the superfluity of docu-
mentation and illustration and by the formality and impersonality 
of the organization.2 It is primarily in his early papers, as in his 
letters, his notes, and his largely unpublished manuscripts, that 
Newton the creative scientist is to be discovered. And the shock of 
the discovery may be considerable, for this Newton does not always 
fit our ideal image. 

Newton's first paper, the "New Theory about Light and Colors," 
is almost autobiographical in its development, and so it facilitates, 
more than any of Newton's other published scientific works, the 
search for the sources of the novel optical concepts that he drew 
from the "celebrated phaenomena of colours."3 The prismatic 
colors to which Newton referred had been well known for centuries: 
white objects viewed through a triangular glass prism are seen with 
rainbow fringes at their edges; a beam of sunlight refracted by a 
prism produces all the colors of the rainbow at the screen upon 
which it falls. Seneca recorded the observations, which must be as 
old as shattered glass; Witelo, in the 13th century, employed a 
water-filled globe to generate rainbow colors; by the 17th century 
prisms, because of their striking colors, were an important item in 
the negotiations of the Jesuits in China.4 Before Newton began his 
experiments at least four natural philosophers, Descartes, Marcus 
Marci, Boyle, and Grimaldi, had discussed in optical treatises the 
colored iris produced by a prism, and Hooke had based much of 
his theory of light upon the colors generated by a single refraction 
of sunlight at an air-water interface.5 The "phaenomena" were 

2 The "Queries" that Newton appended to the Opticks are the one portion of his 
later published scientific works in which he allowed the fecundity of his creative 
imagination to appear. These speculative postscripts to his last technical work do pro-
vide a more intimate view of their author. Of course even the Opticks proper is a 
less impersonal work than the Principia, but, despite the frequent informality of 
literary style, the contents and organization are those of a treatise. 

3 The phrase is Newton's. See the beginning of the first optical paper, below. 
4 Joseph Priestley, The History and Present State of Discoveries Relating to Vision, 

Light, and Colours (London, 1722), pp. 7, 21, 169. 
5 Descartes's discussion of the prism occurs in Discours VIII of Les meteores 

(1637). For Boyle's experiments see note 1, above. Marci's experiments are de-
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indeed "celebrated." Newton, when he repeated them for his own 
edification, can have had no reason to anticipate a result that he 
would later describe as " the oddest, if not the most considerable 
detection, which hath hitherto been made in the operations of 
nature."6 

But Newton's version of the experiment differed in an essential 
respect from that employed by most of his predecessors; further-
more, as we shall see, Newton's optical education and experience 
were not those of the earlier experimentalists who had employed 
the prism. Previously, when white light had been passed through 
a prism, the image of the refracted beam had normally been ob-
served on a screen placed close to the prism.7 With such an ar-
rangement of the apparatus, the diverging beams of "pure" colors 
had little opportunity to separate before striking the screen, and 
the shape of the image cast on the screen was therefore identical 
with that produced by the unrefracted beam. But in passing 
through the prism the beam had acquired a red-orange fringe 
along one edge and a blue-violet fringe along the other. 

The colored fringes on an otherwise unaltered beam of white 
light seemed to bear out an ancient theory of the na ture of the 
rainbow's colors, a theory which held that a succession of modifi-
cations of sunlight by the droplets of a rain cloud produced the 
colors of the bow. In the century and a half preceding Newton's 
work such a theory was repeatedly and variously reformulated and 
applied to the colored iris generated by the prism. In all theories 
the colors were viewed as a minor perturbation restricted primarily 
to the edges of the homogeneous beam of sunlight. They were due 

scribed in his Thaumantias liber de arcu coelesti . . . (Prague, 1648) and are discussed 
by L. Rosenfeld in Isis 17, 325-330 (1932). Grimaldi's Physico-mathesis de limine . . . 
(Bologna, 1665) includes many discussions of prism experiments. Hooke's theory 
and experiments appear in his Micrographia (1665), reprinted by R. T. Gunther as 
vol. XIII of Early Science in Oxford (Oxford, 1938), pp. 47-67. There is no reason 
to suppose that Newton in 1672 knew of the work of either Marci or Grimaldi, 
but it is an index of the state of optical experimentation in the 17th century that 
Grimaldi, Marci, and Boyle had, among them, performed all three of the experi-
ments that Newton employed in his first optical paper. 

6 Letter from Newton to Oldenburg, the secretary of the Royal Society, dated 
Cambridge, 18 January, 1671/2. Thomas Birch, The History of the Royal Society of 
London (London, 1757), vol. 3, p. 5. 

7 See particularly Descartes's diagrams and discussion, cited in note 5, above. 
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to a mixture of light and shade at the region of contact between 
the refracted beam and the dark (Descartes); or they were a con-
sequence of the varying "condensat ion" and "rarefact ion" pro-
duced at the edges of the beam by the variation in the angle at 
which rays from the finite sun were incident upon the prism 
(Grimaldi); or they were generated by some other mechanical 
modification (Hooke and the later Cartesians). 

There was no consensus as to the nature of the particular modi-
fication that tinted white light, but there was agreement that there 
was only one such modification and that its positive or negative 
application (for example, condensation or rarefaction) to white 
light could produce only two primary colors. These two colors, 
usually red and blue, represented the extreme applications of the 
modification, so that their mixture in appropriate proportions 
would generate any other color by producing the corresponding 
intermediate degree of modification. More recent experiments 
have, of course, shown that two primary colors will not suffice, but 
color-mixing experiments performed with crude equipment are ex-
tremely deceptive, a fact that may also account for Newton's ini-
tially surprising assertion that spectral yellow and blue combine 
to produce a green.8 

All of the modification theories of prismatic colors fail ultimately 
because of their inability to account quantitatively for the elonga-
tion of the spectrum observed when, as in Newton's version of the 
experiment, the screen is placed a long distance from the prism. 
But even with the equipment so arranged, it is not immediately 
apparent that the elongation of the spectrum is incompatible with 
the modification theories. For since the sun has a finite breadth, 
rays from different portions of its disk are incident upon the prism 
at different angles, and even in the absence of dispersion this dif-

8 In modern terminology, blue and yellow light are complementary; that is, they 
mix to give white. The green produced when blue and yellow pigments are mixed 
is the result of subtractive color mixing, a process different from the mixing of 
spectral colors. But in fact a long-wavelength spectral blue and a short-wave-
length spectral red can be combined to produce a light-green tint. By combining 
in different proportions a blue near the green region of the spectrum with a red 
near the yellow it is actually possible to produce a number of shades of blue, 
green, red, yellow, and intermediate colors. The two-color theories were not so 
foreign to experience as has been imagined. 
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ference in angle of incidence will normally produce an elongation 
of the refracted beam qualitatively similar to that observed by 
Newton. Those of Newton's predecessors who, like Grimaldi, had 
noted the elongation of the spectrum had employed this device to 
account for it, and this was the explanation given by the Jesuit 
Ignatius Pardies, in his first letter objecting to Newton's theory.9 

To destroy the modification theory it was necessary to notice a 
quantitative discrepancy between the elongation predicted by that 
theory and the elongation actually observed, and this required an 
experimenter with a knowledge of the mathematical law govern-
ing refraction (not announced until 1637) and with considerable 
experience in applying the law to optical problems. In 1666 these 
qualifications were uniquely Newton's. Descartes, who shared New-
ton's mathematical interests, had performed the experiment with 
the screen close to the prism, and had noted no elongation. Boyle 
and Hooke, whose apparatus probably generated an elongated 
spectrum, shared with Grimaldi a prevalent indifference to the 
power of mathematics in physics. 

It was, then, the large elongation produced in the Newtonian 
version of the experiment plus the recognition that the size of the 
spectrum was not that predicted by Snel's new law of refraction 
that transformed a routine repetition of a common experiment 
into the "oddest . . . detection, which hath hitherto been made in 
the operations of nature." The oddity was not the spectrum itself, 
but the discrepancy between the observed length of the spectrum 
and the length predicted by existing theory. And this discrepancy, 
emphasized and investigated with far more mathematical detail 
in Newton's earlier oral presentations of the experiment, forced 
Newton to search for a new theory.10 

9 Ignace Gaston Pardies, S.J. (1636-1673), was born at Pau in Southern 
France. At the time of his dispute with Newton he was the professor of rhetoric 
at the College Louis-le-grand in Paris. 

10 Newton first presented his new theory in a series of lectures delivered at 
Cambridge during 1669. The lectures were not printed until 1728, after his death, 
when they appeared in an English translation from the Latin manuscript. A 
Latin edition, containing lectures for the years 1669, 1670, and 1671, appeared in 
1729. Certain of the features emphasized in the present discussion emerge with 
even greater clarity from the lectures than from the first optical paper. The two 
may profitably be read together. 
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Newton found the clue to the new theory in the geometrical ideali-
zation that he reported as the shape of the spectrum rather than 
in the elongation that had caused the search. His beam of sun-
light was a cylinder V4 inch in diameter, formed by allowing sun-
light to enter his chamber through a circular hole in his "window 
shuts." After refraction the beam fell upon the opposite wall of the 
room, distant 22 feet from the prism, where, according to Newton, 
it produced an elongated spectrum, 131A inches in length, bounded 
by parallel sides 25/s inches apart, and capped by semicircular ends. 
The shape suggested its own interpretation. For the semicircular 
"caps" could be viewed as the residua of the shape imposed by the 
circular hole in the shutter, and the spectrum could then be 
analyzed into an infinite series of differently colored overlapping 
circles whose centers lay on a straight line perpendicular to the 
axis of the prism. In his early lectures, as in the later Opticks, New-
ton frequently sketched the spectrum in this way, one end formed 
by a pure blue circular image of the original hole, the other 
formed by a pure red image, and the intermediate region com-
posed of a number of variously colored circles displaced along the 
axis of the spectrum. By this device the existing laws of refraction, 
which for Newton's arrangement of the prism predicted a circular 
image, could be preserved. But the law now had to be applied, not 
to the incident beam as a whole, but to every one of the colored 
beams contained in the original beam. Sunlight was a mixture of 
all the colors of the rainbow; each of the incident colored beams 
obeyed the laws of optics; but each was refracted through a dif-
ferent angle in its passage through the prism. This was the essence 
of Newton's new theory, derived primarily from the reported shape 
of the spectrum.11 

11 The preceding reconstruction of Newton's research follows the essentially 
autobiographical narrative provided by Newton himself in the first of the optical 
papers. It may require important modification as a result of a recent study of 
Newton's manuscripts by A. R. Hall, "Sir Isaac Newton's Note-Book, 1661-1665," 
Cambridge Historical Journal 9, 239-250 (1948). On this topic, see the references to 
further studies in the Supplement. 

Hall believes that Newton discovered the variation of refractive index with color 
by observing a two-colored thread through a prism, and he suggests that the 
experiment in which a beam of sunlight is passed through a prism was not 
performed until a later date. For a variety of reasons I find this portion of Hall's 
reconstruction implausible. The textual and historical evidence available, though 
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The reported shape leaves a puzzle illustrative of the nature of 
Newton's genius. Though the spectrum described cries aloud for 
the interpretation that Newton provided, it is very doubtful that 
he saw any such shape. Only the central 2-inch strip of his 25/e-
inch-wide spectrum was illuminated uniformly by light from 
the disk of the sun. The balance of the width of the spectrum con-
sisted of a penumbral region in which the various colors gradually 
shaded off into the black. Since the eye can distinguish red much 
farther into the penumbral region than it can distinguish blue, 
Newton probably saw a figure appreciably narrower and more 
pointed at the blue end than at the red.12 This is the shape that 
Newton's bitterest and least intelligent critic, Franciscus Linus, de-
scribed, and this is the only one of Linus's criticisms to which New-
ton never responded.13 Newton combined a precise and detailed 

not decisive, persuades me that Newton had already passed a beam of sunlight 
through a prism when he performed the experiments that Hall has discovered in 
the "Note-Book." 

If so, Newton 's account of the development of the new theory remains auto-
biographical in the sense that the prism experiment did provide the initial im-
petus as well as an important clue for the new theory, as discussed above. But, as 
Hall does conclusively show, the implication of Newton's account is wrong in that 
Newton did not proceed so directly or so immediately from the first prism experi-
ment to the final version of the theory as the first paper would imply. When he 
made the entries in his college notebook, Newton h a d not arrived at the final 
form of the new theory. So far as I can tell f rom the f ragments reproduced by 
Hall , Newton then believed that different colors were refracted through different 
angles, but he still held that the individual colors were generated within the prism 
by modifications of the initially homogeneous white light. This intermediate stage 
of Newton's thought provides a fascinating field for further study. 

12 It is impossible to be precise about the actual shape of the spectrum viewed 
by Newton. The sensitivity of the human eye to short-wavelength blue varies from 
one individual to another, and the relative intensity of the blue in the spectrum 
is also a function of atmospheric conditions. 

13 Linus's description occurs midway through the first pa ragraph of his second 
letter of criticism. Although the position of Linus's prism was different from that 
of Newton's, the "sharp cone or pyramis" described by Linus is due to the same 
penumbra l effects that must have caused the sides of Newton's spectrum to de-
viate from parallelism. 

Franciscus Linus (Francis Hall or Line), S.J., was born in London in 1595. Dur-
ing his controversy with Newton he was a teacher of mathemat ics and Hebrew 
at the English college of Liege. He spent much of his later life attempting to 
reconcile the results of 17th-century experimentat ion with Aristotelian physics. 
Linus was the author of the " funiculus" hypothesis by which he claimed to ex-
plain the results of Boyle's barometer experiments without recourse to the vacuum 



NEWTON'S OPTICAL PAPERS 35 

description of his experimental apparatus with an imaginative 
idealization of his experimental results. 

Newton's leap from the full and unintelligible complexity of the 
observable phenomenon to the geometrical idealization underlying 
it is symptomatic of the intellectual extrapolations that mark his 
contributions to science. And he was apparently aware of and 
concerned with the extrapolation, though he made it explicit in 
none of his communications to the Royal Society. In the optical 
lectures, which he delivered in Cambridge prior to the composi-
tion of his first published paper, Newton included a description of 
two experiments that he had designed to investigate the shape of 
the spectrum produced without a penumbral region. In one of 
these he used a lens, placed one focal length in front of the screen, 
to refocus the colored circular sun images of which the spectrum 
was composed. In a second he utilized the planet Venus, effectively 
a point source, instead of the sun in order to generate his spectrum. 
He had justified his extrapolation to himself, but, except for im-
plicit references to the problem in his correspondence with Moray 
and in the Opticks, he did not tell his readers how to follow him. 

Newton's announcement in 1672 of the discoveries made six to 
eight years earlier induced a great controversy within the columns 
of the Philosophical Transactions,14 The prismatic colors that he dis-
cussed were well known, at least qualitatively, and there was 
or atmospheric pressure, and experiments designed to refute him led to the dis-
covery of Boyle's Law. Linus died in 1675, midway through the dispute with New-
ton, but his cause was taken up by two of his students, Gascoigne and Lucas. 

Anthony Lucas (1633-1693), another British Jesuit, appears to have been a 
meticulous experimenter. His inability to obtain the large dispersion reported by 
Newton must have been due to his use of a different sort of glass. Lucas's experi-
mental "proofs" of the inadequacy of Newton's theory are a fascinating index of 
the difficulties in designing unequivocal dispersion experiments. In most experi-
ments the effects are so small that they can be fitted to any theory, so incisive 
documentation of a particular theory requires careful selection from the multi-
plicity of available phenomena. At first glance Newton's failure to answer any of 
Lucas's experimental criticism seems strange, particularly since Newton did re-
spond at such length to the one remark by Lucas that did not reflect at all upon 
the validity of Newton's conclusions. But see the discussion, below, of Newton's 
attitude toward controversy. 

14 A. R. Hall, "Sir Isaac Newton's Note-Book," has pointed out that Newton 
probably intended to write "1665" rather than "1666" for the date of the prism 
experiment which opens his first paper. He also argues that Newton's work with 
the prism may have begun as early as 1664. 
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widespread conviction among 17th-century opticians that they 
could be adequately treated by existing optical theories. No won-
der there was resentment of a newcomer who claimed that precise 
analysis of a well-known effect necessitated discarding established 
theories. Opponents could easily find grounds for rejecting the 
proposals. They could, for example, deny the existence of the ex-
perimental effect. The sun is an unreliable and a moving source of 
light; the prism generates a number of emergent beams, only one 
of which satisfies Newton's description; quantitative results vary 
with the sort of glass employed in the prism. Alternatively, they 
could accept Newton's experimental results, but deny the necessity 
or even the validity of his interpretation. 

The nature and psychological sources of the controversy were 
typical, but the reaction was less severe than that usually produced 
by so radical a proposal. Newton's predecessors had all employed 
some form of modification theory, but, having reached no con-
sensus on the nature of the modification, they lacked a stable base 
for a counterattack. And Newton's experimental documentation 
of his theory is a classic in its simplicity and its incisiveness. The 
modification theorists might finally have explained the elongation 
of the spectrum, but how could they have evaded the implications 
of the experimentum crucis? An innovator in the sciences has never 
stood on surer ground. 

As a result the controversy that followed the original announce-
ment is of particular interest today for the light it sheds upon New-
ton's character.15 In particular the controversial literature illumi-
nates the genesis of Newton's relation with the Royal Society's 
curator, Robert Hooke, with whom he later engaged in a priority 
battle over the inverse-square law of gravitation.16 Hooke's claim 
to the authorship of the inverse-square law almost caused Newton 
to omit the Third Book of the Principia, and it was apparently 

15 There are, however, many points of technical interest in the debate. These 
are discussed more fully in L. Rosenfeld, "La theorie des couleurs de Newton et 
ses adversaires," Isis 9, 44 -65 (1927). A stimulating elementary account of some 
of the same material has been provided by M. Roberts and E. R. Thomas, New-
ton and the Origin of Colours (London: G. Bell & Sons, 1934). 

16 For bibliography and a definitive account of the gravitation controversy, see 
A. Koyre, "An Unpublished Letter of Robert Hooke to Isaac Newton," Isis 43, 
312-337 (1952). 
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Hooke's continuing opposition to Newton's optical theories that 
caused Newton to delay publication of the Opticks until long after 
his own active research in the field had ended. Hooke died in 1703, 
and the Opticks, much of which had existed in manuscript for years, 
first appeared in the following year. 

Newton's first paper was read to the assembled members of the 
Royal Society on February 8, 1671/2. On February 15 Hooke de-
livered, at the request of the Society's members, a report on and 
evaluation of Newton's work. Coming from a senior member of the 
profession, a man already established as the most original optical 
experimentalist of the day, the report was most judicious, though 
it contained important errors and displayed Hooke's typically 
Baconian indifference to quantitative mathematical formulations. 
Hooke praised and confirmed Newton's experimental results, and 
he conceded that the theory which Newton had derived from them 
was entirely adequate to explain the effects. His only major criti-
cism (excepting the remarks on telescopes, for which see below) is 
that Newton's interpretation was not a necessary consequence of the 
experiments. Hooke felt that Newton had performed too few experi-
ments to justify the theory, that another theory (his own) could 
equally well explain Newton's experiments, and that other experi-
ments (particularly his own on the colors of thin films) could not 
be explained by Newton's theory. 

Hooke's Baconian criticism is an index of the prevalent meth-
odological emphasis upon experimentation, an emphasis that made 
the "experimental history" a typical scientific product of the day. 
Most members of the Royal Society would have concurred. But 
Hooke was quite wrong in thinking that his own version of the 
modification theory could explain Newton's results; at least he 
never gave a satisfactory explanation of the production of colors.17 

On the other hand, Hooke was right that Newton's theory could 

17 The difficulty in adapting a pressure-wave theory of light like Hooke's to the 
various color phenomena explored by Newton is well illustrated by the experience 
of Huygens, who brought these theories to their most perfect 17th-century form in 
his Tratte de la lumiere (1690). Huygens wrote Leibniz that he had "said nothing 
respecting colours in my Traite de la lumiere, finding this subject very difficult, and 
particularly from the great number of different ways in which colours are pro-
duced." Sir David Brewster, Memoirs of the Life, Writings, and Discoveries of Sir Isaac 
Newton (Edinburgh, 1855), vol. 1, p. 95 n. 
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not explain some of the experiments upon which Hooke had based 
his own theory. In particular, Newton's theory, as of 1672, would 
not explain either diffraction or the colors of thin sheets of mica, 
both of which Hooke had described in his Micrographia (1665). Nor 
would Newton's theory explain the colors produced by confining 
air between sheets of glass, an observation that Hooke reported to 
the Society on April 4 and June 19 in his further examination of 
Newton's doctrine.18 The latter communication, incidentally, in-
cluded a clear description of the phenomenon usually known as 
"Newton's rings," and it seems probable that Newton borrowed 
it from Hooke and employed it to develop a revised theory ade-
quate to handle Hooke's experiments. For Newton, in his long letters 
of December and January 1675/6, did succeed in solving Hooke's 
problems to his own satisfaction and to that of most of his con-
temporaries. But to do so he had to modify his original theory by 
the introduction of an explicit aethereal medium which could trans-
mit impulses as pressure waves, and this was an immense step 
toward Hooke's theory. Hooke, of course, did not accept even this 
later modification. He always felt that Newton's use of both cor-
puscles and aether impulses violated Occam's injunction against 
the needless multiplication of conceptual entities.19 

In the final analysis Hooke was wrong. As Newton clearly 
showed in his belated reply, Hooke's pulse theory of light was in-
capable of accounting for linear propagation; nor could Hooke's 
modification theory of color account either for the experimentum 
crucis or for any of the novel color-mixing experiments that Newton 
apparently designed specifically to meet Hooke's objections. This 
much of the reply was effective, and Newton might better have 
begun and ended with the elaboration of these arguments, for 
Hooke had challenged neither Newton's experiments nor the 
adequacy of his theory to resolve the experiments. But this is not 
what Newton did. In his lengthy and gratuitously caustic response, 
whose incongruity with Hooke's critique has escaped attention 
since the two have not before been printed together,20 Newton at-

18 Birch, History of the Royal Society, vol. 3, pp. 41 & 54. 
19 Ibid., p. 295. 
"Oldenburg, the secretary of the Royal Society and editor of the Philosophical 

Transactions, is known to have hated Hooke. This may well explain his failure to 
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tacked Hooke on three apparently incompatible grounds: Hooke 
had attributed to Newton a corpuscular theory that Newton had 
not developed; Hooke's impulse theory was not basically incom-
patible with the corpuscular theory (which Newton had disowned); 
and Hooke's impulse theory was incapable of accounting for the 
phenomena. Newton might have employed any of these three lines 
of at tack alone—though only the third seems both relevant and 
accura te—but it is difficult to see how anything but consuming 
passion could have led him to employ them concurrently. 

Newton was a man of passions. It is difficult to read many of his 
responses to criticism without concurring in a recent judgment of 
Newton's personality by the late Lord Keynes. After a lengthy ex-
amination of Newton's manuscripts Keynes wrote: 

For in vulgar modern terms Newton was profoundly neurotic of a 
not unfamiliar type, but—I should say from the records—a most ex-
treme example. His deepest instincts were occult, esoteric, semantic— 
with profound shrinking from the world, a paralyzing fear of exposing 
his thoughts, his beliefs, his discoveries in all nakedness to the inspec-
tion and criticism of the world. "Of the most fearful, cautious and sus-
picious temper that I ever knew," said Whiston, his successor in the 
Lucasian Chair. The too well-known conflicts and ignoble quarrels 
with Hooke, Flamsteed, Leibnitz are only too clear an evidence of this. 
Like all his type he was wholly aloof from women. He parted with and 
published nothing except under the extreme pressure of friends.21 

Newton's fear of exposure and the correlated compulsion to be 
invariably and entirely immune to criticism show throughout the 
controversial writings. They are apparent in both the tone and the 
substance of his reply to Hooke, where they are also combined 
with the beginning of that tendency to deny the apparent implica-
tions of earlier writings (rather than either defending them or ad-

print Hooke's critique with Newton's reply. The omission must have seemed a 
gratuitous insult to Hooke, particularly in view of the tone and substance of New-
ton's comments. 

21J. M. Keynes, "Newton the Man," in the Royal Society's Newton Tercentenary 
Celebrations (Cambridge, 1947), p. 28. These documents can be put to other uses, 
however. Examine, for an opinion of the Hooke-Newton exchange directly opposed 
to the one given above, the analysis provided by Brewster, Memoirs, vol.1, pp. 8 6 -
92. But Brewster cannot avoid providing repeated illustrations of Newton's efforts 
to escape from controversy (for example, pp. 95-99) . 
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mitting to a change of mind) which has so consistently misled sub-
sequent students of his work. Did Hooke really misinterpret the 
intent of Newton's remarks on the difficulties of constructing re-
fracting telescopes? Is Newton honest in rejecting the corpuscular 
hypothesis that Hooke ascribes to him? Or, to take a later and far 
clearer example, is not Newton convicted of an irrationally moti-
vated lie in his reply to Huygens's remarks about the composition 
of the color white? In his first paper Newton had said, in discussing 
colors: 

But the most . . . wonderful composition is that of Whiteness . . . 'Tis 
ever compounded, and to its composition are requisite all the aforesaid 
primary Colours, mixed in a due proportion . . . Hence therefore it 
comes to pass, that Whiteness is the usual colour of Light; for Light is a 
confused aggregate of Rays indued with all sorts of Colours . . . if any 
one predominate, the Light must incline to that colour. 

Yet when Huygens suggested that the combination of yellow and 
blue might generate white, Newton admitted the possibility but 
claimed that he had never meant anything else. The apparent 
contradiction he reconciled by saying that Huygens's white would 
be different from his own by virtue of its composition. Newton's 
position was correct in the reply, but surely he had changed his 
mind in reaching it. 

The same defensiveness had more serious consequences in New-
ton's writings on telescopes. Here Newton's influence appears to 
have been predominantly negative. His own work on telescopes was 
of little practical importance, and his remarks on design were fre-
quently wrong. Although he built the first working reflector, he 
was never able to perfect the model sufficiently to enable it to com-
pete with existing refractors, and so his position was not very dif-
ferent from that of the contemporary and independent designers, 
James Gregory and Guillaume Cassegrain.22 The reflecting tele-
scope remained a curious toy on the shelves of the Royal Society 

22 James Gregory (1638-1675), a Scottish mathematician, described a reflecting 
telescope in his Optica Promota (1633), and Newton had studied Gregory's design 
when he started his own. Sieur Guillaume Cassegrain was a modeler and founder 
of statues in the employ of Louis XIV. His design was surely independent of 
Newton's and may have been independent of Gregory's. Both Gregory and 
Cassegrain tried to build reflectors but were unable to polish adequate mirrors. 
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until, in 1722, James Hadley succeeded in grinding a parabolic 
mirror. But as soon as the reflector could compete with the refrac-
tor, Newton's design was discarded in favor of the designs by 
Gregory and Cassegrain that Newton had so vehemently criticized 
for essentially irrelevant reasons.23 

Far more important in the development of telescopes were New-
ton's mistakes in the evaluation of optical aberrations. Having 
been led to the reflecting telescope by the discovery of the chro-
matic aberration caused by the variation of refractive index with 
color, Newton always insisted that chromatic rather than spherical 
aberration imposed the major limitation upon the power of refract-
ing telescopes. Newton's theoretical comparisons of the two were 
both mathematically and optically correct, but, as Huygens 
pointed out in his comment, Newton's interpretation of the calcu-
lations was incompatible with the observed performance of spheri-
cal lenses. Newton explained the discrepancy correctly as due to 
the small effect on the eye of the widely dispersed red and blue 
rays, but he failed to notice that in practice this made chromatic 
aberrations little or no more important than spherical. So New-
ton continued to insist upon the practical superiority of reflectors.24 

23 On Newton's contributions to the development of telescopes see Louis Bell, 
The Telescope (New York, 1922). 

"The study of Newton's most important and damaging error in his writings on 
the telescope is complicated rather than clarified by the papers reprinted below. 
In his Opticks (Book I, Part II, Experiment 8) Newton "proved" that it was im-
possible to build an achromatic lens, that is, a lens compounded from two or more 
materials so differing in dispersive power that they will refract a ray of white light 
without separating the colors in it. Newton claimed to have found by experiment 
that when a beam of light was passed through a succession of prisms of glass and 
water a spectrum was invariably generated unless the emergent and incident beams 
were parallel. He concluded that any combination of materials which could cor-
rect dispersion would also nullify refraction, so that no achromatic lens was possi-
ble. The error may well have hindered the development of achromatic lenses. 

To get the experimental result Newton must either have shut his eyes, used 
sugar to raise the refractive index of his water, or employed a variety of glass 
with unusually low dispersive power. All three of these explanations have been 
advanced by subsequent historians, most of whom have also expressed surprise 
at Newton's readiness to draw so general a conclusion from such slight experi-
mental evidence. For a full account of the development of achromatic lenses see 
Ν. V. E. Nordenmark and J . Nordstrom, "Om uppfinningen av den akromatiska 
och aplanatiska linsen," Lychnos 4, 1-52 (1938); 5, 313-384 (1939). The second 
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Subsequent history bore out the judgment expressed by Huygens 
in his last letter of the optics controversy that until it became pos-
sible to grind nonspherical mirrors the future of practical telescopic 
observations would be associated with refractors of long focal 
length and consequently low aberrations.25 

But among the aspects of Newton's thought that are illuminated 
by recognition of his dread of controversy, the most important is 
his attitude toward "hypotheses." Like most of his contemporaries, 
Newton was guided throughout his scientific career by the concep-
tion of the universe as a gigantic machine whose components are 
microscopic corpuscles moving and interacting in accordance with 
immutable laws.26 Most of Newton's work in physics can be viewed 
appropriately as a part of a consistent campaign to discover the 
mathematical laws governing the aggregation and motion of the 
corpuscles of a mechanical "clock-work universe," and many of his 
specifically optical, chemical, or dynamical writings are difficult 
to comprehend without reference to the corpuscular metaphysic 
which played an active role in their creation.27 Yet from most of 

portion of the article includes some appendices and an abstract in English. 
It is apparent from the optical papers below that Newton's theorem concerning 

the relation of dispersion and refractive index was the best possible refutation for 
three of his early critics. It nullified the objections of Hooke and Huygens, who had 
urged that more attention be given to the perfection of refracting telescopes, and 
it made it certain that Lucas had erred in reporting the small dispersion of his prism. 
For this reason most historians have argued that the theorem developed in the 
Opticks was in Newton's mind, at least implicitly, from the beginning of his optical 
researches and that this is why he failed to consider more seriously the merits of 
his opponents ' positions. But—and this is where the new complication enters—I 
can find no way of interpret ing the text of Newton's response to Hooke without 
supposing that Newton is there proposing an achromatic lens made by compound-
ing a water lens with two convexo-concave lenses of glass. 

O n this topic, see the works by D. T. Whiteside and Zev Bechler, referred to in 
the Supplement. 

2 5 T h e letters to and from Huygens reprinted below are only a part of a larger 
correspondence, most of which was not published until recently. L. T. More dis-
cusses the complete correspondence more fully in his biography, Isaac Newton (New 
York, 1934). T h e letters themselves will be found in volume VII of the Oeuvres 
computes de Christiaan Huygens (The Hague, 1888-1944). 

26 M. Boas, "The Establishment of the Mechanical Philosophy," Osiris 10, 412-
541 (1952). 

27 For the role of the metaphysic in Newton's chemistry see the next section of 
this book. For its role in Newton's dynamics, see A. Koyre, " T h e Significance of 
the Newtonian Synthesis," Archives internationales d'histoires des sciences 29, 291-311 
(1950), and T. S. Kuhn , The Copemican Revolution (Cambridge, Mass., 1957), chap. 7. 
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his published writings Newton tried, never completely successfully, 
to eliminate just these hypothetical and therefore controversial 
elements. 

In the notebook in which he recorded the progress of his early 
optical research Newton continually referred to light rays as com-
posed of "globules," traveling with finite velocities and interacting 
in accordance with the known laws of impact.2 8 But in his first 
published paper Newton omitted all explicit reference to particular 
corpuscular mechanisms which determine the behavior of light. He 
substituted geometrical entities ("rays") for physical entities (cor-
puscles moving in definite paths); and he contented himself with a 
retrospective argument showing that the experimentally determined 
properties of the rays must make light a substance rather than a 
quality. In his controversy with Hooke, who seems to have known 
more about the hypotheses than Newton had allowed to enter in 
his published discussion, he reneged on even this argument , and 
thus continued a retreat that had begun in his first paper and de-
veloped further in his letters to Pardies. 

Tha t this is a genuine retreat from the defense of metaphysical 
hypotheses which Newton believed and employed creatively is 
amply, if incompletely, attested by the inconsistencies in his dis-
cussions and use of hypotheses throughout the optical papers 
printed below. In the first paper light was a substance. In the let-
ters to Pardies light was either a substance or a quality, but the 
definition of light rays in terms of "indefinitely small . . . inde-

28 For example: "Though 2 rays be equally swift yet if one ray be lesse y" ye 

other that ray shall have so much lesse effect on ye sensorium as it has lesse motion 
y" ye others &c. 

"Whence supposing y1 there are loose particles in ye pores of a body bearing pro-
portion to ye greater rays, as 9:12 & ye less globulus is in proportion to ye greater 

as 2:9, ye greater globulus by impinging on such a particle will loose — parts of 
2 · its motion ye less glob, will loose — parts of its motion & ye remaining motion of 

ye glob, will have almost such a proportion to one another as their quantity have 
5 1 4 

viz.y:y::9:1—w is almost 2 ye lesse glob. & such a body may produce blews and 

purples. But if ye particles on wch ye globuli reflect are equal to ye lesse globulus 

it shall loose its motion & ye greater glob, shall loose — parts of its motion and 
such a body may be red or yellow." Hall, "Sir Isaac Newton's Note-Book," 
p. 248. 
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pendent" parts made light again corporeal. In the same letter 
Newton proclaimed that his observations and theories could be 
reconciled with the pressure hypotheses of either Hooke or Descartes, 
but in the letter to Hooke he forcefully demonstrated the inade-
quacy of all pressure hypotheses to explain the phenomena of 
light and colors. Newton denied his adherence to the corpuscular 
hypothesis, and he stated that his credence was restricted to laws 
that could be proved by experiment, but he returned to the pattern 
of his notebook by employing implicitly the hypothetical scatter-
ings of corpuscles at points of focus to prove the disadvantages of 
the Gregorian telescope.29 In 1672 he denied the utility of hypoth-
eses when presenting a theory which he believed could be made 
independent of them, but in dealing with the colors of thin films 
in the important letters of 1675/6 he employed explicit hypotheses, 
presumably because the new subject matter of these letters could 
not otherwise be elaborated. Significantly, it was just these later 
letters, from which large segments of Books II and III of the Opticks 
were transcribed, that Newton refused to publish until after 
Hooke's death. Of all his optical writings, these letters best reflect 
the procedures of Newton at work.30 

Much of modern science inherits from Newton the admirable 
pragmatic aim, never completely realized, of eliminating from the 
final reports of scientific discovery all reference to the more specu-
lative hypotheses that played a role in the process of discovery. 
The desirability of this Newtonian mode of presenting theories is 
well illustrated by the subsequent history of Newton's own hypoth-

29 Brewster, Memoirs, p. 50 n. 
30 These critically important letters, reprinted below, deserve far more study 

and discussion than they here receive. But such discussion necessarily assumes the 
proportion of a critical analysis of the second and third books of the Opticks for 
which these letters provided a draft, and the space for such an analysis is not here 
available. For a discussion of the central ideas in these later letters, as they emerge 
in the Opticks, see I. B. Cohen's introduction to the recent reissue of the Opticks 
(New York, 1952). 

Space limitations also prevent my discussing Newton's posthumously published 
design of "An instrument for observing the Moon's Distance from the fixed Stars 
at Sea." When written this paper contained important novelties of design, but 
before it was published these new features had been independently incorporated 
in practical navigational instruments by several designers. On these instruments 
see Lloyd Brown, The Story of Maps (Boston, 1949), pp. 191 ff. 
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eses. The next great step in optics, the development of an adequate 
wave theory, was retarded by the grip of Newton's corpuscular 
hypotheses upon the scientific mind. But Newton's remarks about 
the role of hypotheses in science were dictated by personal idio-
syncrasy as often as by philosophical acumen; repeatedly he re-
nounces hypotheses simply to avoid debate. And so he has seemed 
to support the further assertion that scientific research can and 
should be confined to the experimental pursuit of mathematical 
regularity—that hypotheses which transcend the immediate evi-
dence of experiment have no place in science. Careful examina-
tion of Newton's less systematic published writings provides no evi-
dence that Newton imposed upon himself so drastic a restriction 
upon scientific imagination. 

The achievements initiated by Newton's own imagination are 
unsurpassed, and it is primarily the magnitude of his achievements 
that directs attention to the man. If the resulting study displays 
error and idiosyncrasy in Newton's complex and difficult person-
ality, it cannot lessen his unparalleled accomplishments. It can 
alter only our image of the requisites for preeminent scientific 
achievement. But this alteration is a goal worth pursuing: a true 
image of the successful scientist is a first condition for understand-
ing science. 
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( 3075 ) Numb,80. 

PHILOSOPHICAL 
T R A N S A C T I O N S . 

February 19. 

The C O N T E N T S . 
A Letter of Mr.Iiaac NevrtoD3Matbtmaticl^ProfejJbr in the Vniverfi. 

ty of Cambridgej containing hit New Theory about Light and Co-
lon : Where Light is detlaredto be not Similar or Homogeneal, but 
conßßing of dißormrays} fome of rvbieb are more refrangible than 0· 
thers : And Colors are affirm a to be not Qualifications of Light, de-
rtv'd from J^efra&ions of natural Bodies, {as 'tis generally believed j) 
but Original and Connate properties, which in divers rays are divers: 
Where feveral Obfervations and Experiments are alledgedto prove the 
[aid Theory. An Accompt of fome Books: I. Α Deßription of the 
EAST-INDIAN COASTS, MALABAR^ COfiJOMANDEL, 
CEYLON&c.in Dutch, by Phil.Baldaus. II. Aotonii le Grand 
JNST1TVTJ0 PHlLOSOPHI&Jecundum principia Renati 
Des· Cartes; novd metkodo adornata (3 explicat a. III . An Effay 
to the Advancement of MVSlCK^t, by Thomas Salmon Sil. A. 
Advertißment about Thason Smyrnseus» An Index for the Trails 
of the Tear \6ηι. 

A Letter of Mr. Ifaac Newton, Profefjor of the Mathematics in the 
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S I R , 

TO perform my late promife to you, I (hall without Further 
ceremony acquaint you, that in the beginning of the Year 

1666 (at which time lapplyed my ietf to the grinding of Optick 
glaffes of other figures than Spherical,) I procured me a Triangu-
lar glafs-Prifme, to try therewith the celebrated Phenomena o f 

G g g g Colours, 
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Colours. A n d in order thereto having darkened my chamber,and 
made a fmall hole in my window-lhuts, to let in a convenient 
quantity o f the Suns light, I placed my Prifme at his entrance,that 
it might be thereby refra&ed to the oppofite wall. It was at firft 
a very pleafingdivertifement, to view the vivid and intenfe co-
lours produced t h e r e b y ; but after a while applying ray felf to con-
fider them more c i rcumfpeä ly , I became furprifea to fee them iu 
an oblong form * which, according to the received laws o f Refra-
ä i o n , I expe&ed Ihould have been circular• 

T h e y were terminated at the fides with ftreight lines, but at the 
ends, the decay o f light was ίο gradual, that ic was difficult to de-
termine juftly, what was their figure; yet they feemed femieir-
(ulart 

Comparing the length o f this coloured SpeUrumwith its breadth, 
I found it about five times greater 3 a disproportion fo extrava* 
gant, that it excited me to a more then ordinary curiofity o f ex-
amining, from whence it might proceed* I could fcarce think, 
that the various Thicknefs o f the glafs, or the termination with ilia* 
d o w or darknefs, could have any Influence on light to produce 
fuch an e f f e ä 3 yet I thought-it not amifs, firft to examine thofe 
circumftances, a n d f o t r y e d , what would happen by traofmitting 
light through parts of the glafs o f divers thicknefles, or through 
holes in the window o f divers bigneffes, or by fetting the Prifme 
without f o , that the light might pals through it, and be refra&ed 
before it was terminated by the hole : But I found none o f thofe 
circumftances material. T h e fafhion of the colours was in all thefe 
cafes the fame. 

T h e n I fufpe&ed, whether by any untvenneft in the glafs, or o-
ther contingent irregularity, thefe colours might be thus dilated. 
And to try this, I took another Prifme like the former, and fo 
placed it, that the light, paifing through them both , might be re« 
f r a & e d contrary ways, and f o by the latter returned into that 
courfe.from which the former had diverted it. For , by this means 
I thought,the regular effe&s o f the firft Prifme would be deftroyed 
by the fecond Prifme, but the irregular ones more augmented, by 
the multiplicity o f refraftions« T h e event was, that the light, 
which by the firft Prifme was diffufed into an oblong form, was by 
the fecond reduced into an orbicular one with as much regularity, 
as wh€n it did not at all pafs through them» So that, what ever was 
the caufe of that length,'twas not any contingent irregularity. 
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I then proceeded to examin more critically, what might be ef-

fected by the difference of the incidence of Rays coming from di-
vers parts of the Sun ; and to that end, meafured the feveral lines 
and angles, belonging to the Image. Its diftance from the hole 
or Pfifme was 22 f o o t ; its utmoft length i g i inches 3 its breadth 

the diameter of the hole o f an inch j the angle, with the 
Rays, tending towards the middle of the image, made with thofe 
lines, in which they would have proceeded without refraftion,was 
44 deg.Jö'. And the vertical Angle o f the Prifme, 63 deg. 12'. 
Alfo the Refra&ions on both fides the Prifme, that, is, o f the In-
cident, and Emergent Rays, were as near, as I could make them; 
equal,and confequently about 54 deg. 4'. And the Rays fell per-

Eendicularly upon the wall» Now fubduäing the diameter of the 
ole from the length and breadth of the Image, thereu remains 13 

Inches the length, and 2|- the breadth, comprehended by thqle 
Rays, which palled through the center of the faid hole, and con« 
fequently the angle o f the hole, which that breadth fubtended, 
was about 31', anfwerable to the Suns Diameter; but the angle, 
which its length fubtended, was more then five fuch diameters, 
namely 2 deg. 49'» 

Having made thefe obfervations, I firft computed from them 
the refraftive power of that glafs, and found it meafured by the 
ratio of the fines, ao to 31. And then, by that rette, I computed 
the Refradions of two Rays flowing frem oppofite parts of the 
Sun's difcuty fo as to differ 31' in their obliquity of Incidence, and 
found, that the emergent Rays fhould have comprehended an 
angle of about 31', as they did, before they were incident 

But becaufe this computation was founded on the Hypothefis 
of the proportionality of the fines of Incidence, and Refra&ion, 
which though by my own Experience I could not imagine to be 
fo erroneous, as to make that Angle but 31', which in reality was 
2 deg. 49' ·•> yet my curiofity caufedme again to take my Prifme. 
And having placed it at my window, as before, I obferved,that by 
turning it a little about its axis to and fro, fo as to vary its obli-
quity to the light, more then an angle o f 4 or 5 degrees,the Co-
lours were not thereby fenfibly tranflated from their plaGe on the. 
wall, and confequently by that variation o f Incidence, the quan-
tity of Refra&ion was not fenfibly varied. By this Experiment 
therefore, as well as by the former computation , it was evident, 
that the difference of the Iacidence of Rays, flowing from divers 

G g g g 2 parts 
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parts o f the Sun, could not make them after decuflation diverge 
at a ienfibly greater angle, than chat at which they before conver-
ged ; which b e i n g , at moil, but about 31 or 32 minutes, there 
ftill remained fome other cauie to be found out, from whence it 
could be 2 degr. 49'. 

T h e n I began to iufpeft , whether the Rays , after their trajeiSti« 
on through the Prifme, did not move in curve lines, and accord-
ing to their more or leis curvity tend to divers parts o f the wall. 
And it increafed my fuipition, when I remembred that I had often 
feen a Tennis ball, ftruck with an oblique Racket , deicribe iuch a 
curve line. F o r , a circular as well as a progreffive motion being 
communicated to it by that ftroak, its parts on that fide, where 
the motions confpire, muft prefs and beat the contiguous Air 
more violently than on the other, and there excite a relu&ancy 
and rea&ion o f the Air proportionably greater. And for the fame 
reaion, if the Rays o f light fhould poffibly be globular bodies, 
and by their oblique pafiage out o f one medium into another ac-
quire a circulating motion,they ought to feel the greater refiftance 
f tom the ambient iEther, on that fide, where the motions con« 
fpire, and thence be continually bowed to the other. But not* 
withftanding this plaufible ground o f fufpi t ion, when I came t o 
examine it, I could obferve no fuch curvity in them. A n d be· 
fides (which was enough for my purpofe) I obferved , that the 
difference 'twixt the length o f the Image, and diameter o f the 
hole, through which the light was tranfmitted,was proportionable 
to their diftance. 

T h e gradual removal o f theie fufpitions,at length led me to the 
ExperimentumCrticisp which was this: I took two boards, and pla-
ced one o f them clofe behind the Prifme at the window , f o that 
the light might pafs through a fmall hole, made in it for the pur-
pofe, and fall on the other board« which I placed at about i a feet 
diftance, having firft made a fmall hole in it alfo, f o r i o m e o f that 
Incident light to pafs through. T h e n I placed another Prifme be« 
hind this iecond board, fo that the light, t r a j e ä e d through both 
the boards, might pafs through that alfo, and be again refrafted 
before it arrived at the wall« This done, I took the firft Prifme in 
my hand , and turtied it to and fro {lowly about its Axis, fo much 
as to make the fe veral parts o f the Image,Caft on the iecond board, 
fucccflively pafs through the hole in i t , that I might obferve to 
what places on the wall the iecond Prifme would refraft them. 

A n d 
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And I faw by the variation o f thofe places, that the light, tending 
to that end of the Image, towards which the refraction of the firlt 
Prifme was made, did in the iecond Prifme fufi'er a Refra&ion 
confiderably greater then the light tending to the other end. And 
fo the true caufe of the length of that Image was detected to bz 
no other, then that Light confifts of J{ays differently refrangible, 
which,without any refpeCt to a difference in their incidence,were, 
according to their degrees ofrefrangibility, tranfmitted towards 
divers parts of the wall. 

When I underftood this, I left o f f my aforefaid Glafs works; 
for I faw, that the perfection of Telefcopes was hitherto limited, 
not fo much for want of elafles truly figured according to the pre-
fcriptionsof Optick Authors, (which all men have hitherto ima-
gined,) as becaufe that Light it felf is a Hcterogeneout mixture of 
differently refrangible J{ayr. So that,were a glafs fo exaCtly figured, 
as to colledfc any one fort of rays into one point, it could not col« 
left thofe alio into the fame point, which having the fame Inci-
dence upon the fame Medium are apt to fuffer a different refracti-
on. "Nay, I wondered, that feeing the difference of refrangibili-
ty was fo great, as I found it,Telefcopes ihould arrive to that per« 
feCtton they are now at. For,meafuring the refractions in one of 
my Priimes, I found, that fuppofing the common fine of Inci-
dence upon one of its planes was 44 parts, the fine of refraCtion of 
the utmoft Rays on the red end o f the Colours, made out of the 
glafs into the Air, would be 68 parts, and the fine of refraCtion of 
the utmoft rays on the other end, 69 parts: So that the difference 
is about a 34^/; or 2 $th part of the whole refraCtion. A n d c i n f e -
quenriy, the objeft-glafs of any Telefcope cannot colleCt all the 
rays, which come from one point of an objcCt fo as to make them 
convene at its focus in lefs room then in a circular fpace , whofs 
diameter is the 5oi£partof the Diameter of its Aperture ; which 
is an irregularity, fome hundreds of times greater, then a circu-
larly figured Lens, o f f ο fmal I a fe&ion as the ObjeCt glaffes of 
long TelefcOpes are,would caufe by the unfitnefs of its figure,were 
Light uniform. 

This made me take fyfleUions into cocfideration, and finding 
them regular, fo that the Angle of Reflection of all forts of Rays 
was equal to their Angle of Incidence; I underftood,thai by their 
mediation Optick inftruments might be brought to any degree of 
perfection imaginable, provided a Reflecting fubftance cotild be 

found, 
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found, which would poliih as finely as Glafs, and reflett as much 
light, as glafs tran[mus> and the art of communicating to it a Pa-
rabolic\ figure be alfo attained. Eut there feemed very great dif-
ficulties, and 1 have almoft thought them infuperable, when I fur-
ther confidered, that every irregularity in a reflecting fuperficies 
makes the rays ftray 5 or 6 times more out o f their due c o u r i e , 
than the like irregularities in a refra&ing one : So that a much 
greater curiofity would be here requifite, than in figuring glafles 
tor Refra&ion. 

Amidft thefe thoughts I was forced iromCambrtdge by the Inter-
vening Plague, and it was more then two years,before I proceed-
ed further. But then having thought on a tender way o f polifh-
ing, proper for metall, whereby, as I imagined, the figure alio 
would be corrected to the lait j I began to try, what might be ef-
fected in this kind, and by degrees fo far perfe&ed anlnftrument 
( in the effential parts o f it like that I fent to Lendon,) by which I 
could difcern Jupiters 4 Concomitants, and ihewed them divers 
times to two others o f my acquaintance. I could alfo difcera the 
Moon«ljke phafe o f Venus, but not very diftin&ly, nor without 
iome nicenefs in difpofiog the Inftrument. 

From that time I was interrupted till this laft Autumn, when I 
made the other. And as that was feofibly better then the ftrft 
(efpecially for D a y - O b j e & s , ) f o I doubt nor, but they will be ftill 
brought to a much greater perfection by their endeavours, w h o , 
as you inform me, are taking care about it at London. 

I have iometimes thought to make a Microfcope, which in like 
manner fhould have, inftead o f an Objedt-glais , a R e f l e A i n g 
piece of metall. And this I hope they will alfo take into confi-
deration^For thofe Inftruments feem as capable o f improvement 
as Telefcopes, and perhaps more, becaufe but one ref leöive piece 
o f metall is requifite in them5as you may perceive by the annexed 
diagram, where A Β 
reprefenteth the ob-

je<ä metall, C D the Λ 
eye glafs,F their c o m · - A 
mon Focus,and Ο the ^ f s . - ^ V - - - - - - — — — O y U 
other focus o f the me/ ^ II 
tall, in which the ob- " " 
j e f t is placed. 

But 
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B u t to return f r o m this digreif ion, I told y o u , that Light is not 
fimilar, or homogenea! ,but confi f tsoff lV#önwRays, fomeof which 
are tnore refrangible than others ; S o that o f thofe, which are 
alike incident on the fame medium, f o m e ihall be more refra&ed 
than others, and that not by any virtue o f the glais, or other ex« 
t e r n a l c a u f e , but f r o m a predi ipof i t ion , which every particular 
R a y hath to fufFer a particular degree o f Refradtion, 

I.Ihall now proceed to acquaint you with another m o r e notable 
difformity in its R a y s , wherein the Origin of Colours is u n f o l d e d : 
Concerning which I fliall lay d o w n the DoUrine firft, and then, for 
its examination, g ive you an inftance or two o f the Experiments, 
as a ipecimen o f the reft. 

T h e Dodfcrine y o u will find comprehended and illuftrated in 
the fo l lowing propofitions* 

1 . As the Rays o f light differ in degrees o f Refrangibi l i ty , ίο 
they alio differ in their difpofition to exhibit this or that particu» 
Iar colour. Colours are not gratifications of Light) derived from 
R e f r a & i o n s , or Ref le&ions o f natural Bodies (as 'tis generally b-*. 
l ieved, ) but Original and connate properties, which in diyers Rays are 
divers* Some R a y s are di fpofed to exhibit a red colour and no 
other} fome a yellow and no other, f o m e a green and no other, 
and f o o f the reft . N o r are there only R a y s proper and p a r t x u . 
Iar to the more eminent colours^ but even to all their intermediate 
gradations. 

2. T o the fame degree o f Refrangibi l i ty ever belongs the fame 
c o l o u r , and to the fame colour ever belongs the fame d e g r e j o f 
Refrangibi l i ty . T h e leafl ~Refrangible Rays are all difpofed to e x . 
hibit a Red co lour , and contrarily thofe Rays, which are di fpofed 
to exhibit a Red colour, are all the leaft r e f r a n g i b l e : So the τηοβ 
refrangiblt R a y s are all d i fpofed to exhibit a deep Violet Colour,and 
contrarily thofe which are apt to exhibit fuch a violet co lour , are 
a lhhe moft Refrangible , A n d f o to all the intermediate colours 
in a continued feries belong-interm«diate degrees of refrang bili-
t.y* And this Analogy 'twixt colours, and refrangibility, is very 
precife a n d f t r i f t ; the R a y s always either € * a & l y agreeing in 
both, or proportional ly d i fagreeiögin both. 

ς . T h e fpecies of co lour , and degree of Refrangibi l i ty proper 
to any particular fort o f R a y s , is a o t mutable b y Refract ion , nor 
b y Ref le&icm f r o m natural bodies, nor by any other caufe, that 
I could yet obierve. W h e n any one fort o f R a y s hath been well 

parted 
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parted from thofe of other kinds, it hath afterwards obftinately 
retained its c o l o u r , notwithftanding my utmoft endeavours to 
change it. I have refra&ed it with Prifmes, and refle&ed it with 
Bodies, which in Day-light were o f other colours; I have inter-
cepted it with the coloured film of Air interceding two compref* 
fed plates of glafs 5 tranfmitted it through coloured Mediums,and 
through Mediums irradiated with other forts of Rays, and di-
verily terminated it; and yet could never produce any new co-
lour out o f it. It would by contraäing or dilating become more 
brisk, or faint, and by the lofs o f many R a y s , in fome cafes 
very obfcure and dark; but J could never fee it changed in. 
fpecie» 

Yet feeming tranfmutations of Colours may be made, where 
there is any mixture o f divers forts of Rays. For in iuch mixtures, 
the component colours appear not, but, by their mutual allaying 
each other, conftitute a midling colour. And therefore, if by 
refraction, or any other of the aforefaid caufes, the difform Rays, 
latent in fuch a mixture, be feparated, there (hall emerge colours 
different from the colour o f the compofition. Which colours 
are not New generated,but only made Apparent by being parted; 
for if they be again intirely mix't and blended together, they will 
again compofe that colour, which they did before feparation,And 
for the fame reaion, Tranfmutations made by the convening o f 
divers colours are not real; for when the difform Rays are again 
fevered, they will exhibit the very fame colours, which they did 
before they entered the compofition; as you fee, Blew and Yellew 
powders, when finely mixed, appear to the naked eye Green, and 
yet the Colours of the Component corpufcles are not thereby 
really tranfmuted, but only blended. For, when viewed with a 
good Micrcfcope,they ftill appear BUw and 2V/«i»interfperiedly. 

5. There are therefore two forts o f Colours* The one original 
and fimple, the other compounded of thefe. The Original or pri« 
m iry colours are, Red, Yellorv, Green, Blew, and a Vielet-.purple, 
together with Orange, Indico, and an indefinite variety of Inter-
mediate gradations. 

6. The fame colours in Specie with thefe Primary ones may be 
alio produced by compofition: For , a mixture of Yellow and Blew 
m ikes Green5 of J{ed and Yellow makes Orange; o f Orange and Yeh 
lomß>green makes yellow. And in general, if any two Colours be 
mixed, which in the feries o f thofe, generated by the Prifme,are 

not 
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not too far diftaot one from another, they by their mutual alloy 
compound that colour, which in the faid feries appeareth in the 
mid* way between them» But thofe, which are iituated at too 
great a diftance, do not fo. Orange and Indtco produce not the 
intermediate G r e e n , nor Scarlet and Green the intermediate 
yellow. 

7. But the m o ft furprifing.and wonderful compoiition was that 
of Wbitenefi* There is no one fort o f Rays which alone can ex? 
hibit this. 'Tis ever compounded,and to its compoiition are re-
quifite all the aforefaid primary Colours, mixed in a due propor« 
tion. 1 have often with Admiration beheld, that all the Colours 
o f the Prifme being made to converge, and thereby to be again 
mixed as they were in the light before it was Incident upon the 
Prifme» reproduced light, intirely and perfectly white, and not 
at all fenfibly differing from a direft Light o f the S u n , unlefs 
when the glafles, I ufed,were not fufficiently clear ; for then they 
would a little incline it to their colour. 

8. Hence therefore it comes to pafs,thatWbttentfs is the ufual co · 
lour of Light $ for , Light is a Confufed aggregate o f Rays indued 
with all iorts of Colors,as they are promifcuoufly darted from the 
various parts of luminous bod ies* And o f fuch Λ confufed aggre-
g a t e ^ I faid,is generated Whitenefs, if there be a due proporti-
on o f the Ingredients; but if any one predominate,the Light mutt 
incline to that c o l o u r ; as it happens in the Blew flame o f Brim-
(tone; the yellow flame o f a Candle ; and the various colours o f 
the Fixed ftars. 

9. Thefe things confidered, the manner, how colours are p r o · 
duced by the Prifme, is evident. For, o f the Rays, conftituting 
the incident light, finCe thofe which differ in Colour proportio · 
nally differ in Refrangibil ity, they by their unequal! refradions 
muft be fevered and diiperfed into an oblong form in an orderly 
fucceilion from the leaft refra&ed Scarlet to the moil ref r a ä e a 
Violet. And for the fame reaion it is, that objefts, when looked 
upon through a Prifme,appear coloured. For,the difform Rays, 
by their unequal Refra&ions, are made to diverge towards fe-
veral parts or the Retina, and there exprefs the Images o f things 
coloured, as in the former cafe they did the Suns Image upon a 
wall. And by this inequality of refradions they become not 
only coloured, but alfo very confufed and indiftinft 

10. Why the Colours o f the Rainbow appear in falling drops 
H h h h of 
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o f R a i n , is al io f r o m hence ev ident . F o r , thofe d r o p s , w h i c h re-

fra<5fc the R a y S j d i f p o f e d to appear purple , in greate f t quantity t e 

t h e Spe&atoTS e y e , r e f r a i t the R a y s o f other forts f o m u c h le fs , 

as to m a k e them pafs bef ide it and fuch are the drops 011 the in-

fide o f the Primary B o w , and on the out f ide o f the Secondary o r 

E x t e r i o u r one . S o thofe d r o p s , which r e f r a d in greate f t plenty 

the R a y s , apt t o appear red , toward the Spectators e y e , r e f r a f t 

t h o f e o f o t h e r iorts ίο m u c h more,as to m a k e them pais bef ide i t» 

and iuch arc the drops on the exter iour part o f the Primary, and 

interiour part o f the Secondary B o w . 

1 1 . T h e o d d P h e n o m e n a of an infuf ion o f Lignum Nephriticum, 

Leaf gold, Fragments of coloured glafs, and f o m e other tranfparently 

c o l o u r e d bodies , appear ing in o n e pof i t ion o f o n e c o l o u r , a n d o f 

another in another , are on thefe g r o u n d s 110 l o n g e r riddles». F o r , 

t h o f e are fubftances apt to ref led: o n e f o r t o f l ight and tranfmit 

another 5 as m a y b e feen in a dark r o o m , b y i l luminating them 

with fimilar or u n c o r a p o u n d e d light* F o r , then they appear o f 

that c o l o u r o n l y , with w h i c h they are i l luminated, but y e t in o n e 

pof i t ion m o r e viv id and luminous than in a n o t h e r , a c c o r d i n g l y 

as they are d i f p o f e d m o r e o r lefs to r e f l e f t o r tranfmit the incident 

colour* 

12. F r o m hence al fo is mani fe f t t h e r e a i o n o f an u n e x p e & e d 

E x p e r i m e n t , which M r . Hoo\ f o m e w h e r e in his Micrography re-

lates to h a v e m a d e with t w o w e d g - l i k e tranfparent veiTels,fiU'd the 

o n e with a r e d , the other with a b lew l iquor : namely,that t h o u g h 

they w e r e feveral ly tranfparent e n o u g h , yet both together b e c a m e 

o p a k e i F o r , i f o n e tranfmitted only red,and the other only b l e w , 

n o rays could pafs through b o t h . 

13. I m i g h t add m o r e inftances o f this nature, but I fliall c o n -

chide with this general o n e , that the C o l o u r s o f all natural B o d i e s 

have no other o r i g i n than this, that they are variouf ly qualif ied t o 

refle<ä o n e for t o f l ight in greater plenty then another. A n d this 

1 h a v e exper imented in a d a r k R o o m b y i l luminating thofe b o d i e s 

with u n c o m p o u n d e d light o f divers colours . F o r b y that means 

any b o d y m a y b e m a d e t o appear o f any colour . T h e y h a v e 

there n o appropriate c o l o u r , b u t e v e r appear o f the c o -

lour o f the light caft u p o n them, but y e t with this d i f f e r e n c e , 

that they are m o f t brisk and vivid in the light o f their o w n d a y . 

l ight-colour . Minium appeareth there o f any c o l o u r indi f ferent ly , 

with w h i c h ' t i s i l lustrated, but y e t m o f t luminous in r e d , and f o 
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Btft appeareth indifferently of any colour with which 'tis illuftra* 
ted, but yet moft luminous in blew. And therefore Minium re-
fle&eth Rays of any colour, but moil: copioufly thofe indued with 
red j and confequently when illuftrated with day-lighr, that is, 
with all forts of Rays promifcuoufly blended, thofe qualified with 
red (hall abound moft in the reflected light, and by their preva-
lence caufe it to appear of that colour» And for the fame reafon 
Bife, reflecting blew moft copioufly, (hall appear blew by the ex» 
cefs of thoie Rays in its refledted light j and the like of other bo« 
dies* And that this is the intire and adequate caufe of their co* 
lours, is manifeft, becauie they have no power to change or alter 
the colours of any fort of Rays incident apart, but put on all co* 
lours indifferently, with which they are inlightned. 

Theie things being fo, it can be no longer difputed, whether 
there be colours in the dark, nor whether they be the qualities 
of the objeäs we fee, no nor perhaps, whether Light be a Body» 
For, fince Colours are the qualities of Light, having its Rays for 
their intire and immediate iabje&j how can we think thofe Rays 
qualities alfo, unlefs one quality may be the fubje& of andfuftain 
another; which in effeäisto call itSubßance. We fhould not 
knowBodies for fubftances,were it not for their fenfible qualities, 
and the principal of thofe being now found due to fomething 
elfe, we have as good reafon to believe that to be a Subftance 
alfo. 

Befides, whoever thought any quality to be a heterogeneous ag-
gregate, fuch as Light is difcovered to be. But, to determine 
more abfolutely, what Light is, after what manner refra&ed, and 
by what modes or actions it produceth in our minds the Phan-
tafms of Colours, is not fo eafie, And I fftdll not mingle con-
je&ures with certainties. 

Reviewing what I have written, I fee the difcourfe it felf will 
lead to divers Experiments fufficient for its examination : And 
therefore I ihall not trouble you further, than to defcribe one of 
thofe,which I have already infinuated. 

Iu a darkened Room make a hole in the (but of a window, 
whofe diameter may conveniently be about a third part of an 
inch, to admit a convenient quanti y of the Suns light: And there 
place a clear and colourlefs Prifme, to refrad the entring light 
towards the further part of the Room,which,as I faid,will thereby 
be diffufed into an oblong coloured Image. Then place a Lens of 

Η h h h 2 about 
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about three foot radius (fuppofe a broad Obje&-g!afs o f a three 
foot Telefcope,) at the diftance of about four or five foot from 
thence, through which all thofe colours may at once be tranfmit-
ted, and made by its Refraction to convene at a further diftance 
of about ten or twelve feet, i f at that diftance you intercept this 
light with a iheet of white paper, you will fee the colours convert-
ed into whitenefs again by being mingled. But it is requifite.thac 
thePrifme and Lens be placed fteddy, and that the paper , on 
which the colours are caft, be moved to and fro $ for, by fuch 
motioDj you will not only find, at what diftance the whitenefs is 
moft perfeft,but alfo fee.how the colours gradually convene, and 
vanilh into whitenefs, and afterwards having crofled one another 
in that place where they compound Whitenels, are again diffipa-
ted, and levered, and in an inverted order retain the fame co-
lours, which they had before they entered the compofition. Y o u 
may alfo fee, that, if any o f che Colours at the Lens be intercept-
ed, the Whitenefs will be changed into the other colours. And 
therefore, that the compofition o f whitenefs be perfedt.care muft 
be taken, that none of the colours fall belides the Lens. 

In the annexed defign of this Experiment, A B C expreffeth 
the Prifm fet endwiie to fight, cloie by the hole F of the window 

Ε G . Its vertical Angle A C Β may conveniently be about 60 
«Jegrees: Μ Ν defigneth the Lens, Its breadth 2 J or 3 inches 
S F one of the ftreight lines, in which difform Rays may be con-
ceived to flow fucceffively from the Sun, F P,and V R. two o f 
thofe Rays unequally refraded,which the Lens makes to converge 
towards Q , and after decuffation to diverge again. And Η I the 
paper, at divers diftances, on which the colours are p r o j e ß e d : 
which in Q , conftitute IVbiteneJs, but are tied and Tel/otv in R,r, and 
I, and BAwaud Purple in P , p ,and ». 

Η 
ι 1 
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I f you proceed further to try the impoffibility of changing any 

uncompounded colour (which 1 have aflerted in the third and 
thirteenth Propofitiom,) 'tis requifite that the Room be made ve< 
ry dark, leaft any fcattering ljght,mixing with the cotour,difturb 
and allay it, and render it compound, contrary to the defign of 
the Experiment. 'Tis alio requifite, that there be a perfe&er re-
paration of the Colours, than,after the manner above defcribed, 
can be made by the Ref raä ion of one fingle Prifme, and how to 
make fuch further feparations,will fcarce be difficult to them,that 
confider the difcovered laws of Refractions. But if tryal fhall 
be made with colours not throughly feparated, there mult be al-
lowed changes proportionable to the mixture. Thus if com» 
pound Yellow light fall upon Blew Btfe} the Bife will not appear 
perfectly yellow, but rather green, becauie there are in the yel-
low mixture many rays indued with green, and Green being lefs 
remote f rom the ufual blew colour of Biie than yellow, is ihe 
more copioufly reflected by it» 

In like manner, if any one of the Prifmatick colours, iuppofe 
Red, be intercepted, on defign to try the aflerted impofiibility 
of reproducing that Colour out of the others which are preter-
mitted j 'tis neceflary,either that the colours be very well parted 
before the red be intercepted,, or that together with the red the 
neighbouring colours, into which any red is fecretly difperfed, 
(that is, the yellow, and perhaps green too) be intercepted, or 
elfe, that allowance be made for the emerging of ίο much red out 
of the yellow green, as may poffibly have been diffufed, and 
icatteringly blended in thofe colours. And if thefe things be ob-
ferved, the new Produ&ion of Red, or any intercepted colour 
will be found impoffible. 

This,I conceive, is enough for an Introduction to Experiments 
of this kind ; which if any of the J{.Seeiety fhall be fo curious as to 
proiecute,I ihould be very glad to be informed with what fuccefs: 
That,if any thing leem to be defeftive.or to thwart this relation, I 
may have an opportunity of giving further dire&ion about it, or 
of acknowledging my errors, if I have committed any. 

Softtr this Learned and very Ingenious Letter i which having 
been by that lllußrioHs Company, before whom it was read, with 
much applauie committed to the consideration of fome of their 
Fellows,well veried in this argument, the Reader may poffibly in 
an other Tra3 be informed of (ome report given in upon this Di(-
couric. J n 
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An Jccompt of a New Catadioptrical Telefcope invented by Mr. 
Newton, Fellow of the ^ .Society, and rrofeßür of the Ma> 
thematjques intkeVmveifity of Cambridge. 

ΤHis Excellent Mathematician having given us, in the 
Traufadtions of February laft, an account of the cauie, 

which induced him to think upon Reflecting Te le icopes , in-
ftead of J^efraRing ones, hath thereupon prefented the Cu« 
rious World with an Effay of what may be performed by 
fuch Telefcopes 5 by which it is found, that Telefcopical 
Tubes may be confiderably Ihortued without prejudice 
to their magnifying effe<5t, 

This new inftrument is compoied of two Metallinfpccu· 
lums, the one Goncave, (inftead of an Objedt-glais) the 
other Plain 5 and alfo of a fmall p lano-convex Eye« 
Clais. 

By Figure I . of Tab. I* the ftmtture of it may be eafily 
imagined ; viz. That the T u b e of this Teleicope ie open at 
the end which refpedts the objed: 3 that the other end is clofe, 
where the faid Concave is l a id , and that near the open end 
there is a flat oval fpeculum^ made as fmall as may be,the lefs to 
o b f t r u f t the entrance of the rays of Light , and inclined to» 
wards the upper part of the Tube , where is a little hole fur-
niih't with the iaid Eye-glafs. So that the rays coming f rom 
the o b j e ä , do firft fall on the Concave placed at the bot ' 
tome of the T u b e ; and are thence refle&ed toward the 0» 
ther end of it, where they meet with the flat ipeculumj ob« 
liquity pofited, by the refledtion of which they are dire&ed 
to the little plano-convex G la f s , and fo to the f p e ä a t o r s 
Eye, who lookiDg downwards fees the Obje<5t, which the 
Teleicope is turned to* 

T o underf tand this more diftin&Iy and fully, the Reader 
may pleafe to look upon the (aid Figure, in wfoich 

A Β is the Concave fpeculumt of which the radius or iemu 
diameter is iaf or 13 inches* 

CD another metalline fpeculum) who ie fu r face is flat, and 
the circumference oval. 

G A 
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G D an Iron wire s holding a ring o f brafs, in which the 

ipeculum CD is fixed» 
F, a fraall Eye.glafs flat above, and convex below, o f the 

twelfth part o f an ineh if not le is ; forafmuch as the 
metal collects the Spn's rays at 6j inches diftance, and the 
Eye-glafsatlefs than τ of an inch diftance from its vertex : 
Befides that the Author (as he informs us) knew their di-
menfions by the tools to which they were ground, and par· 
ticulaily meafuringthe diameter of the hemifpherical Con-
cave , in which the Eye.glafs was wrought, found it the fixth 
part o f an inch. 

GGG, the fore part o f the T u b e fafto'd to a brafs-ring 
H I , to keep it immoveable. 

Ρ i ^ L , f h e hind-pare o f the T u b e , faftn'd to another 
brafs-ring Ρ Q.. 

0,an Iron h o o k faftn'd to the Ring Ρ Q j and furniih't 
with a fcrew N, thereby to advance or draw back the hind-
part o f the T u b e , and fo by that means to put the Jpecula 
in their due diftance. 

M Q G I a crooked Iron fuftaining the T u b e , and fail-
ned by the nail R to the Ball and Socket S , whereby the 
T u b e may be turned every way. 

T h e Center o f the flat fpecttlum C D , muft be placed in 
the fame point o f the Tube's Axe , where falls the perpen-
dicular to this A x e , drawn to the fame from the center 
o f the little Eye.glafs : which point is here marked 
a t T . 

And to give the Reader fome fatisfaftion tounderftand, in 
what degree it reprefents things diftindt, and free from co-
lours, and to know the aperture by which it admits light s 
he may compare the diftances o f the joctu Ε from the ver-
tex's o f the little Eye glafs and the ConcaveJt"peculum, that is, 
E F , τ o f an inch, and Ε T V , 63 inches; and the ratio will 
be found as ι to ; 8 j whereby it appears, that the O b j c & s 
will be magnified about 38 times. T o which proportion b 
very confentaneous, an Obfervation o f the C r o w n on the 
weather-cock,about goo feet diftant.For the fcheme X f i g . 9 . . 
reprefents it bigger by at times in d iameter , when ieen 

through 
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through this, than through an ordinary Telefcope of about 
1 foot long. And fo fuppoling this ordinary one to mag» 
nifie 13 or 14 times , as by the defcription it Ihould, this new 
one by the Experiment muft magnifie near as much as hath 
been affigned» 

Thus far as to the ftru&ure of this Telefcope» Concern-
ing the Metalline matter, fit for thefe refle&mg Speculumt, 
the Inventor hath alio confidered the fame, as may be feen 
by two of his Letters, written to the Publilher from Cam-
bridge Jan. 18. and 29. 16g. to this effe<ä, 

1« That for a fit metalline iubftance, he would give this 
Caution > that whileft men feek for a white, hard and du-
rable metallin compofition, they refolve not upon iuch an 
one, as is full of fmall pores, only diicoverable by a Micro-
icope. For though fuch an one may to appearance take a 
good polifli, yet the edges of thofe imall pores will wear 
away fafter in the poliihing than the other parts of the me-
tal ; and fo, however the Metal feem polite, yet it ihall not 
refleÄ with iuch an accurate regularity as it ought to do. 
Thus Tin-glafs mixt with ordinary Bell-metall makes it more 
white and apt to refleft a greater quantity o f l i g h t j but 
withall its fumes, raifed in tne fufion, like fo many aerial 
bubles ,fill the metall full of thofe Microfcopieal pores, fidt 
white Arfenick both blanches the Metall and leaves it folid 
without any fuch pores.efpecially if the fufion hath not been 
too violent. What the Stellate Regulut of Mars ( which I 
have fometimes ufed) or other fuch like fubftance will do, 
deferves particular examination. 

T o this he adds this further intimation, that Putty or other 
fuch like powder, with which 'tis poliihed, by the Charp 
angles of its particles fretteth the metall, if it be notvee 
ry fine, and fills it full o f fuch fmall holes, as he fpeak-
eth of. Wherefore care muft be taken of that, before 
judgment be given, whether the metall be throughout the 
body of it porous or not. 

2. He not having tried, as he faith, many proportions 
of the Arfenick and Metall, does not affirm, which is ab· 
folutely beft, but thinks, there may conveniently be ufed 

any 
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any quantity of Arfenick equalling in weight between a fixt 
and eight part of the Copper, a greater proportion making 
the Metal brittle* 

The way, which he ufed, was this. He firft melted the 
Copper alone, then put in the Arfenick, which being melted, 
he ftirred them a little together,bewaring in the mean time, 
not to draw in breath near the pernicious fumes. After thisj 
he put in Tin, and again fo foon as that was melted ( which 
was very fuddenly) he ftirred them well together, and im-
mediately powred them off» 

He faith, he knows not, whether by letting them ftand 
longer on the fire after the Tin was melted, a higher degree 
of fufion would have made the metall porous ; but he thought 
that way he proceeded to be fafeft. 

He addt9 that in that metall, which he fent to there 
was no Arfenick, but a fmall proportion of Silver 5 as he re-
members,one (hilling in three ounces of metall.But he thought 
withall, that the Silver did as much harm in making the me« 
tallfoft, and ίο lefs fit to be polifh't, as good in rendring it 
white and luminous* 

At another time he mixed Arfenick one ounce, Copper fix 
ounces,and Tin two ounces: And this an Acquaintance of his 
hath,as he intimates,poliih't better,than he did the other. 

As to the objection, that with this kind of Perfpedtives, ob» 
jedfo are difficultly found, he anfwers in another letter of his 
to the Publifher, of Jan. 6. i f f - , that that is the inconveni-
ence of all Tubes that magnifie much $ and that after a little 
ufe the inconvenience will grow left, feeing that himfelf could 
readily enough find any day-Obje&s, by knowing which way 
they were pofited from other obje&s that he accidentally faw 
in i t ; but in the night to find Stars, heacknowledges it to be 
more troublefome 5 which yet may, in his opinion, be eafily 
remedied by two fights affixed to the Iron rod, by which the 
Tube is iufteined 5 or by an ordinary perfpe&ive glais faftn'd 
to the fame frame with the Tube, and dire&ed towards the 
fame o b j e d , as Des-Carte/ in his Dioptricks hath defcri-
bed for remedying the fame inconvenience of his beft Te-
lefcopes. 

L 1 1 1 S$ 
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So far the Inventors Letter t touching tits Inßrtment: o f which 
having communicated the defcription to Monfieur Cbriflian 
Hubens de J^lichem, we received from him an Anfwer to this 
effeCt, in his Letter o f Febr. 13« 1672. ft.m 

I fee by the Defcription, you have fent me o f Mr. Newtons 
admirable Telefcope, that he hath well coofidered the advan-
tage, which a Concave fpeculum hath above Convex glajjes in 
collecting the parallel rays, which certainly according to the 
calculation, 1 have made thereof, is very great» Hence it 
is, that he can give a far greater aperture to that fpeculum, 
than to an Object-glafs o f the fame diftance o f the focus, and 
confequently that he can much more magnifie objeCts this 
way, than by an ordinary Telefcope. Befides, by it he a-
voids an inconvenience, which is inieparable from convex 
Object·GlaiTes, which is the Obliquity o f both their furfaces, 
which vitiateth the refraction o f the rays that pafs towards 
the fides o f the glafs , and does more hurt than men 
are aware of. Again, by the meer re f lex ion o f the metallin 
jpeculum there are not fo many rays loft, as in Glaffes, which 
reflect a confiderable quantity by each o f their furfaces, and 
befides intercept many o f them by the obicurity o f their 
matter* 

Mean time, the main bufinefs will b e , to find a matter for 
this (peculnm that will bear f o g o o d and even a poliih as Glaf-
f e s , and a way o f giving this poliih without vitiating the 
fpherical figure. Hitherto I have found no Specula, that had 
near fo good a poliih as G l a f s ; and if M. Newton hath not 
already found a way to make it better, than ordinarily I ap-
prehend, his Telefcopes will not fo well diftinguifh obje<Sfcs, 
as thofe with Glafies. But 'tis worth while to fearch for a 
remedy to this inconvenience, and I defpair not of finding 
one. I believe, that Μ ̂ Newton hath not been without con-
fidering the advantage, which a Parabolical fpeculum would 
have above a Spherical one in this conftru&ion5 but that he 
defpairs, as well as I d o , of working other furfaces than 
fpherical ones with due exaCtnefs; though elfe it be more 
eafie to make a Parabolical than Elliptical or Hyperbolical ones, 
by reafon o f a certain propriety o f the Parabolic\ Conoid,which 
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is, that all the Se&ions parallel to the Axis make the fame Pa« 
rabola. 

Thus far M. Hugemtu his judicious Letter 5 to the latter part 
of which, concerning the grinding Parabolical Conoids, Mr. 
Newton faith, inhisLetter to the Publiflier of Feb. 20. 7 1 . 
that though he with himdefpairs of performing that work by 
Geometrical rules, yet he doubts not but that the thing may 
in fome mcafure be accomplifhed by Mechanical de· 
vifes. 

To all which I cannot but fubjoyn an Extratt of a Letter, received 
very lately, (March 19th) from the Inventor ef this new Te* 
le[c»pei from Cambridge, 

IN my Iaft Letter I gave you occafion to fufpeft, that the 
Inftrument which I ient you, is in iome re fpeft or other 

indifpofed, or that the metals are tarniflied. And by your 
Letter of March 16» I am fully confirmed in that opinioD.For, 
whileft I had it, it reprefented the Moon in fome parts of it as 
diftin&ly, as other Telefcopes uiually do which magnifie as 
much as that. Yet I very well know, that that Inftrument 
hath its imperfedh'ons both in the compofition of themetall, 
and in its being badly caft, as you may perceive by a fcabrous 
phce near the middle of the metall of it on the polifhed fide, 
and alio in the figure of that metall near that fcabrous place. 
And in all thofe reipe&s that inftrument is capable of further 
improvement» 

You feem to intimate, that the proportion of 38 to 1 holds 
only for its magnifying Objefts at imall diftances» But if for 
iuch diftances, fuppoie 500 feet, it magnifie at that rate, by 
the rules of Opticks it muft for the greateft diftance imagi-
nable magnifie more than to 1 which is fo confiderable 
a diminishing, that it may be even then as 38 to 1 . 

Here is made another Inftrument like the former , 
which does very welU Yefterday I compared it with a fix 
foot Telefcope, and found it not only to magnifie more, but 
alfo more diftinöly. And to day I found, that I could read 
in one of the Philofophical Tranfaüiont, placed in the Sun's 

L I U a light, 
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light, at ao hundred foot diftaoce, and that at an hundred 
and twenty foot diftance I could difcern fome of the words. 
When I made this tryal, its Aperture Cdefined next the Eye) 
was equivalent to more than an inch and a third part of the 
Objefc-metalU This may be of fome ufe to thole that (hall 
endeavour any thing in Reflexions ·, for hereby they will in 
fome meafure be enabled to judge of the goodnefs ©f their 
Inftruments, &c. 

Ν. B. The Reader may exped: in the next Month another 
Letter, which camc fome what too late to be here infer tedj 
containing a Table, calculated by the fame Mr. Nervttn, a-
bout the feveral Apertures and Charges aniwermg the feveral 
Lengths of thefe Telefcopes. 
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/ i r .Newton 's letter to the Tuhlijber of March 2 6.167 2. contain-

ing fame more fuggefliom about bis JNerv Tele [cope, and a T a b l e 
of Apertures *«^Charges for the jeveral Lengths of that In* 

Jtrumeiu. 

S I R 

Since my'laft Letter I have farther compared the two Te-
lefcopes, and find that of Metal to repreient as well the 

Moon,as neerer Obje<ftj, iomethingdift inder than the other. 
But I muft tell you alfo,thatI am not very well affured o f the 
goodnefs o f that other, which I borrowed to make the Com-
parifon;and therefore defire,that the other Experiment fliould 
be rather confided in, of reading at the diftance of between 
a l o o and 1 3 0 foot , at which I and others could read with it 
in the Tranfeftions, as I found by meaiure : At which rime 
the aperture was 1 J - o f an I n c h ; which 1 knew by trying 
that an obftacle of that breadth was requifite to intercept all 
the lieht, which came f rom one point of the objett 

I ihould tell y o u a l f o , that the little plain piece of metail, 
next the eye-glafs, is not truly figured: whereby it happens, 
that o b i e d s are not fo d i f t ind at the middle as at the edges 
And I hope, that by corred ing i t s figure, ( i n which I find 
more difficulty than one would e x p e ö O they will appear all 
over d i f t ind , and d i f t inder in the middle than at the edges. 
And I doubt not but that the performances will then be 

But yet I find,that there is more light loft by ref ledion o f 
the metall which I have hitherto ufed than by tranfm.ffion 
through g la f fes : for which reaion a fhal ower charge would 
probably do better for obfcure o b j e d s j iuppofe fuchan one, 
as would make it magnifie , 4 or 3a ««net. But for bright 
« W f c s at anv diftance, it feems capable of magnifying 38 or 
Ä i Ä fufficient diftinftnefi . And for all o b j e d s the 
fame Charge , I believe, may with advantage be allowed, , f 
t h e fteely matter, imployed at W o « , be « o r e ftrongly re. 
fleftive than this which I have ufed. 

T h e performances of one of theie Inftruments o f any length 
being known, it will appear by this fol lowing T M e , w h a t may 
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be expefted from thofe of other Lengths by this way, if Art 
can accompliih what is promifcd by the Theory. In the firfi 
Column is exprefied the Length of the Teleicope in feet \ 
which doubled gives the femidiameter of the Sphere,on which 
the concave metall is to be ground. In the fecendcolumn are 
the proportions of the Apertures for thofe fcveral Lengths. 
And in the third, column are the Proportions of the Charges, or 
diameter of the fpheres, on which the convex fuperficies of 
the eye'glaffes are to be ground. 

Ltngths· jfptrturti. C'xtfjet. 
X > IOO IOO 
I l68 1 1 9 
2 282 1 4 1 

3 383 157 
4 476 168 
5 562 1 7 8 
6 645 l86 

8 800 200 
10 940 2 1 1 
1 2 1084 23 1 
1 6 »345 238 
20 1 5 9 1 254 
2 4 1824 263 

The uie of this Table will beft appear by example.· 
Suppoie therefore a half foot Teleicope may diftinftly mag-
nifie 30 times with an inch Aperture,and it being required to 
know, what ought to be the analogoas conftitution and per-
formance of a four foot Telefcope: By the fecond column, 
as 1 0 0 to 4 7 6 ; ίο are the Apertures, as alio the number of 
times which they magnifie. And confequently fince the half 
foot Tube hath an inch aperture and magnifieth 30 times; a 
four foot Tube proportionally fhould have 4,·^ inches aper-
ture, and magnifie 149 times. And by the third column, as 
1 0 0 to 1685 fo are their Charges : And therefore if the dia-
meter of the convexity of theeye-glafs for a half foot Telef-
cope be ^ of an inch, that for a four foot ihould be that 
is, about I of an inch« 

O o o o 2 In 
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In like manner, if a half foot Teleicope may diftinöly mag-

nify e 36 times with of an Inch Aperture 5 a four foot Te-
lefcope ihould with equal diftindtnefsmagnifie 17 1 times with 
6 inches Aperture 5 and one of fix foot lhculd magnifie »3t 
times with 8f inches Aperture; audio of other lengths. But 
what the event will really be, we rauft wait ro fee determined 
by experience. Only this I thought fit to infinuate, that they 
which intend to make trials in other lengths, may more rea-
dily know how to defign their Ir.ftruments. Thus for a four 
foot Tube, fince the Aperture ihould be 5 or 6 inches, there 
will be required a piece of metal 7 or 8 inches broad at Ieaft, 
becaufe the figure will fcarcely be true to the edges. And the 
thicknefs of the metal muft be proportional to the breadth, 
leaft it bend in the grinding. The metalls being poliibed , 
there may be tryals made with feveral eye>glafles , to Had, 
what Charge may with be ft advantage be made ufe 
of. 

An ExtraB of another Letter of the fame to the Publtfher, dated 
March 30. 1672. by way of Anftotr to feme Objeaiont^ made 
by an Ingenious French Philofopber to the New Reflecting Tel(f-
tope• 

S I R , 

I Doubt not but Μ.Λ. will allow the advantage of reflexion 
in the Theory to be very great, when he ihall have infor-

med himfelf of the different Refrangibility of the feveral ray« 
of l'ght. And for the pra&ique part, it is in fome meafure 
manifeft by the Inftruments already made, to what degree 
of vivacity and brightnefs a metaline fubftacce may be po-
liihed. Nor is it improbable but that there may be new way$ 
of poliihing found out for metal, which will far excell thoie 
chat are yet in ufe. And when a-metal is once well polifhed, 
it will be a long while prefervedfromtarnithing, if diligence 
be ufed to keep it dry and clofe, ihutupfrom Air: For the 
principal caufe oftarniihing feems to be, thecondenfing o f 
moifture on its poltfhed furface, which by an Acid ipiric, 

whetf-
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Wherewith the Atmoiphere is impregnated, corrodes and 
rufts it i or at leaft , at its exhaling,' leaves it covered o-
yer with a thin skin, confiding partly o f an earthly fe-
diment o f that moifture, and partly o f the duft , which 
flying to and fro in the Air had felled and adhered to 
it. 

When there is not occafion to make frequent ufe o f 
the inftrument, there may be other waies to preferve 
the metal for a long time ; as perhaps by immerging 
it in Spirit of wine or fome other convenient liquor« 
And i f they chance to tarnifli ; yet their poliih may Jbe 
»«covered by rubbing them with a fofc piecc o f leather, 
or other tender iubftance, without the affiftance of any 
fretting powders, unleis they happen to be rufty .· for 
then they muft be new poliined. 

I am very fenfible, that metal refle&s lefs light thaa 
glafs tranfmits; and for that inconvenience, I gave you 
a remedy in my laft L e t t e r , by affigning a ihallower 
charge in proportion to the Aperture, than is ufed in o-
ther Telefcopes. But, as I have found fome metaline 
fubftances to be more ftrongly refledtive, and to poliih 
bet ter , and be freer from tarniihing than others ; ίο I 
hope there may in time be found out fome fubftance 
much freer from thefe inconveniences , than any yec 
known* 
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Air. Ifaac Newton'/ Conßderations upm part of a Letter of 
Monßuur de Berce printed in the Eight French Memoire, con. 
ceming the Cata drioptrical Telefcope^ pretended to bejmprov'd 
and refined by Ad. CaiTegrain. 

That tie Reader may he enabled the better to Judge of the whole 
by comparing together the contrivances both of Air, Newton and 
Mr. Ga {Tegra in ; it mil be necejjary, to borrow from the /aid 
French Memoire vehat ü there faid conctrningthem: which ü as 

foil owes. 

I Send you ( faith M. de Berce to the Publisher of the Me-
moire ^) the Copy of the Letter, which M. Cafjagrain hath 

written to me concerning the proportions of Sr. Samuel 
Morelands Trumpet. And as for the Telefcope of Mr. New. 
ton it hath as much furprifed m e , as the fame Per fon, that 
hath found out the proportions of the Trumpet. For'tis now 
about three months,that that perion communicated to me the 
figure of a Telefcope, which was almoft like it, and which he 
had invented j but which I look upon as more witty, I ihall 
here give you the deicription of it in Ihort. 

AHCD. is a ftrong T u b e , in the bottom of which there 
is a great concave Speculum C D , pierced in the midie E . 

F, is a convex Specu!umi fo di fpofed, as to its convexity , 
that it reflects the Species, which it receives from the great Spe· 
culum, towards the hole E, where is an Eye-glais, which one 
looketh through. 

The advantage, which I find in this Inftrumeet above that 
of Mr· Newian3 is firft, that the mouth or aperture A B o f t h e 
Tube may be of whatbignefs you pleafe; and confequently 
you may have many more rays tlpon the Concave Speculum, 
than upon that, of which you have given us the defcriptioD. 

The reflexion of the rays will be very natural, finceitwill 
be made upon the axis it felf 3 and therefore more vivid. 
3. Thev i f ionof i t will be fo much the morepleafing, in that 
you ihall not be incommoded by the great light, by reafon o f 
the bottom C D , which hideth the whole face« Befides that 

y o u l 
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you'I have leis difficulty in difcovcring the Qbje&s , than ia 
that of Mr, Newtons. 

A 

Ό 
So far this French Author. To which wtfoall netν fubjain the 

Confiaeratiens of Mr. N e w t o n , mrve received them fromhim 
in a Letter, mitten from Cambridge May 4th 1672,0* follows. 

S 1 R 
I Should be very glad to meet with any improvement of 

the Catadioptrical Te le icope ; but that defign of it, which 
(as you informe meJMr.Caffegrainhath communicated 3months 
fince, and is now printed in o n e of the French Memoires^ I 
fear will not anfwer Expefration. F o r , when I firft applied my-
ielf to try the e f feös οί Reflexions, Mr. Gregory's Optica Pro-
meta ( printed in the year 1669 ) being fallen into my hands, 
where there is an Inftrument ( defcribed pag. 9 4 ) like thac 
o fMonf ieur Caßegrain's with a hole in the midf tof the Objett-
Metal to tranimit the Light to an Eye-glafs placed behind i t ; 
I had thence an occafion of confidering that fort of conftru&i-
ons, and found their difadvantages ίο great, that I faw it ne-
ceflary, before I attempted any thing in the Pra&ique, to al-
ter the defign of them, and place the Eye glais at the fide of 
the Tube rather than at the midie« 

The difadvantages o f it you will underftand by thefe parti-
culars. i»There will be more light loft in the Metal by reflexion 
from the little convexfpeculum, than from the Oval plane. F o r , 
it is an obvious obiervation, that Light is moft copioufly re-
fle&edfrom anyiubftance when incident moft obl iquely . iThe 
convex speculum will not refled: the rays fo truly as the oval 
plane, unlefs it be of an Hyperbolique figure $ which is in-
comparably more difficult to forme than a plane; and if tru-

R r r r 2 ly 
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ly formed, yet would only re f le&thoferays truly, which re-
fpe<$ the axir. 3 1 he errours of the faid convex will be much 
augmented by the too great diftance, through which the r a y s . 
ref lcßed from i t , mult pafs before their arrival at the Eye-
glais. For which reaion 1 find it convenient to make the Tube 
no wider than is neceflary, that the Eye glafs be placed as 
near to the Oval plane, as is poffible, without obftru&ing any 
ufeiul light in its paflage to the obje<ä metal» 4. The errors o f 
the obje<ä-metal will be more augmented by reflexion f rom 
the con vex than from the plane, becaufe of the inclination or 
deflexion of the convex on all fides from the points, 00 which 
every ray oaght to be incident. 5, For thefe reafons there is re-
cjuifite an extraordinary exa&nefs in the figure of the little 
convex, whereas I find by experience, that it is much more 
difficult to communicate an exa<5t figure to fuch imall pieces of 
Metal, than to thofe that are greater. 6 Becaufe the errors at 
the perimeter of the concave Objedt-Meral, caufedby the 
Sphericalnefs ofrts figure,are much augmented by the convex, 
it will not with diftin&nefs bear fo large an aperture,as in the' 
other conftruftion. 7. By reaion that the little convex condu-
ces very much to the magnifying virtue o f the inftrument, 
which the Oval plane doth not, it will magnify much more in 
proportion to theSphere,on which the greatconcaveis grouad, 
than in th? other def ign; And ίο magnifying Objects much 
more than it ought to do in proportion to its aperture, it mult 
repreient them very obfeure and d a r k ; and not only fo , but 
alio confufed by reafon of its being overcharged. N o r is 
there any convenient remedy for this. For, if the Jittle con-
vex be made of a larger Sphere, that will caufe a greater in-
convenience by intercepting too many of the beft rayes j or, i f 
the Charge o f the Eye-glais be made ίο much lhallower as is 
neceflary,the angle of vifion will thereby become ίο little,thac 
it will be very difficult and troubleiome to find an objedt, and 
ofthat object, when found, there will be but a very imall part 
ieen at once. 

By this you may perceive, that the three advantages, which 
Monfieur Caßegrain propounds to himfelf, arc rather difad-
vantages* For, according to his defign, the aperture o f the 

iuftrnment 
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inftrument will be but fmall,the objeÄ dark and coufufed,and 
alfo difficult to be found. Nor do I fee, why the reflexion is 
more upon the fame «Armand ίο more natural in one cafe than 
in the other: fince the axis it felf is refle&ed towards the Eye 
by the Oval plain5 and the Eye may be defended from ex-
ternal light as well at the fide, as at the bottome of the Tube* 

You lee therefore, that the advantages of this defign are 
none, but the diiadvantages fo great and unavoidable, thr t l 
fear it will never be put in pra&iie with good effe<S* And whea 
I confider, that by reafon of its refemblance with other Te-
kicopes it is iomething more obvious than r he other conftrudt« 
ion j I am apt to believe, that thofe,who have attempted any 
thing in Catoptricks, have ever tryed it in the firft place, and 
that their bad iuccels in that attempt hath been the caufe, why 
nothing hath been done in reflexion«. For,Mr. Gregory, fpeak-
ing of theie inftruments in the aforefaid book pag 9 5-, foyethi 
De mechanic» herum ipeculorum & lentium ^ab alitsfrußra tenta* 

ego in mechanicis minus verfatus nihil dico. So that there have 
been tryals made of thefe Telefcopes, but yet in vain. And I 
am informed,that about 7 or 8 years fince,Mr. Gregory himfelf, 
at London, caufed one of fix ioot to be made by Mr, Reive, 
which I take to have been according to the aforefaid defign 
defcribed in his book ; becaufe, though made by a skilful Ar-
tiftj yet it was without iuccefs, 

I could willi therefore, Mr, Caffegrain had tryed h;s defign 
before he divulged it .· But if,for farther fatisfaäion, he pleafe 
hereafter to try i t , I believe the fucceis will inform him, that 
fuchprojeäsare o f little moment till they be pat in pra&ife. 

Some Experimentspropts'd in relation to Mn Newtons Theory of 
light, printed in Numb. 80 j together with the Obfervdtiens made 
thereupon by the Author of that Theory j communicated in Λ 
Letter oj hit from Cambridge, April 13. 1673, 

I . - ^ T ^ O c o n t r a Ä the beams o f the Sun without the hole o f 
χ the w i n d o w , and to place the prifm between the 

focus o f the Lent and the hole,fpoken o f in M.Newtons theory 
o f light, 

II . T o 
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II .To cover over both Ends of the Prifm with paper at ieveral 
diftances f rom the middle ; or with moveable rings,to fee,how 
that will vary or divide the length of the figure, infifted upon 
in the faid Theory. 

HI . T o move the Prifm f o , as the End may turn about the 
middle being fteady. 

I V . T o move the prifm by (hoving it.tillfirft the one lide,than 
the midle, than the other fide pafs over the hole, obferving the 
fame Parallelifm. 

The Olfirvations, made upon thefepropofah. 

ISuppofe the defign of the Propoier of thefe Experiments 
is, to have their events exprefled , with fuch observations 

as may occur concerning them, i. Touching the/fr/?, I have 
obferv 'd , that the Solar image falling on a paper placed at the 

/eon of the Lens, was by the interpofed Priim drawn out in 
length proportional to the Prifms reflexion or diftance from 
t h a t / k « / . And the chief obfervable here, which I remem-
ber, was, that the Streight edges of the oblong image were 
diftinfter than they would have been without the Lent. 

Confidering that the rays coming from the Planet Venus are 
much lefs inclined one to another , than thoie 3 which come 
f rom the oppofice parts of the Suns di fque; I o n c e t r y e d a n 
experiment or two w i t h e r light. And to make it fufEcient-
ly ftrong, I found it necelliry to colledt it firft by a broad len/t 
and then interpofing a Prifm between the lens and hsfocus at 
fuch diftance, that all the light might pafs through the Pr i fmj 
I found the focus, which before appeared like a lucid point, to 
be drawn out into a long fplendid line by the Priims reflexion» 
I have fometimes defigned to try,how a fixti tar,feen through 

a long Telefcope, would appear by interpofing a Prifm be-
tween the Telefcope and my eye» But by the appearance of 
Venus, viewed with my naked eye through a Prifm, I prefage 
the event. 

».Concerning the fecondexperiment,I haveoccafionally ob-
ferved, that by covering both ends of the Prifm with Paper at 
feveral diftances f rom the midle , the breadth of the Solar 
image will be increafed or diminilhed as m u c h , as is the aper-

turc 
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ture o f the Prifm without any variation o f the length; Or , i f 
the aperture be augmented on all fides, the image on all fides 
will be fo much and no more augmented. 

3. O f the third experiment I have occafion tofpeak in my 
anfwer to another perfon $ where you'l fiud the effedts o f two 
Prifms in all crofs pofitions o f one ro another defcribed» But 
if one Prifm alone be turned about , the coloured image 
will only be tranflated from place to p lace , defcribing a cir-
cle or iome other Coniek Sedtion on the wall , on which it u 
pro je&ed, without fuffering any alteration in its ibape, unleis 
fuchas may arife from the obliquity ofthe wallorcaiual change 
o f the Priims obliquity to the Suns rays. 

4. T h e effe<St ot the fourth experiment I have already infi-
nuated telling you(inpag.3076 ofthe Tran(aBtont') that Lighr, 
paffing through parts o f the Prifm of divers thickneffes, did 
ftill exhibit the fame Phenomena. 

Note.thatthe long exes o f the two Prifms in the e x p e r i m e n t 
defcribed in the faid pag. 30 76 o f the TranfaRioru, were para!» 
lei one to another» And for the reft o f their pofition,yoU will 
beft apprehend it 
by this Scheme j 
where let E G de-
fign the window; 
F the hole in i t , 
through which the 
light arrives at the 
Prifms 5 A B C the 
firß Pr i fm, which 
refrafts the light 
towards PT.paint« 
ing there the co« 
lour in an oblong 

f o r m ; and tfy the feeond Prifm, which refracts back again the 
rays to CL where the long image P T i s contracted into a round 
ooe . 

T h e plane to BC, and fiy to AC, I fuppofe parallel, that 
the rays may be equally refracted contrary ways in both Prifms. 
Aod the Prifms muit be placed very uear to one another ι F o r 

if 
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if their diitance be fo great,that colours begin to appear in. the 
light before its incidence on the fecoud Pri£ra, thofc colours 
will not be deftroyed by the contrary refractions of thacPriim. 

Theie things being obferved,the round image Qjwill appear 
of the fame bignefs, which it doth when both the Prifms are 
taken away,that the light may pafs directly towardsQfrom the 
hole without any refra&ion at all. And its diameter will equal 
the breadth of the long image PT, if thofe images be equally 
diftant f rom the Prifms, 

If an accurate confederation of thefe refra&ions be defigned, 
it is convenient,that a Lens be placed in the hole F,or immedi-
ately after the P r i fms /o that its foeus be at the image Qor PT . 
For,thereby the Perimeter of the image Qand the ftraighr fides 
o f t h e image P T will become much better defined than other-
wife. 
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A Latin Letter written t o the Publiflier April 9 . 1 6 7 4 . η ft.· 
b y Ignatius Gafton Pardies P. Prof , o f the Mathema-
ticks in the Parifian Col ledge o f Clermont; containing 
fotae Animadverfions upon Mr.//<«<? iVentfo/i, Prof , o f the 
Mathematicks in the Univerfity o f Cambridge ̂  his Theory of 
Light, printed in Ν \ 80» 

T Egi ingenioßjjimam Hypotbeßn de Lumine & Coloribas 

, Clarijfimi NewConi, Et quia nonnulUm Ego operant dedt 
itt ißa contemplations atqus Experiments peragendis, perferibam ad 
Tepauca, qu£ mihi circa novam tfiam doUrinam occurrerunt. 

Circa ipfam Luminis naturam ilfadprofeRo extraordinaritim vide* 
tar, quod ait vir eruditißimtis, Lumen conßare ex aggregatione-
infinitorum propemodum radiorumy qui fuäpte indole {uum quijqm 
colorem refer ant retineantque, atque adeo nati apti fint eerta qua* 
dam G? pecuhari ratione, plus ahj, alij minus, refringi : Radios 
ejufmodi, dum promifiui in apert0 lumine confaaduntur, nullatentit 
di/cerni. fed candorem potius referre ; in refraftione verb ßngulos 
uniut coloris ab aliis alterius colorü fecerniy φ hoc modo fecretos, 

fub proprio (g nativo colore appar ere : Ea corpora fub aliquo color ζ, 
v. g„ rubrot videri, qua apta fint refleftere aut tranjmittere radi-
os folummodo rubres, (3c. 

ißac tarn ex traor dinar ia Hypothefis3 qu£t at ipfe obfervat, Di-
optrics fundamentΛ evertit, praxefque haStenus inßitutas inutilet 
reddit, tota nititur illo Experiment Prifmatis Cryflallini, ubi ra* 
dij per foramen fentßrce intra obfeurum cubiculum ingrejji, ac deitide 
in parietem impaüi, aut in cbarta recepti, non in rotundum confor-
matt, ut ipfi , ad regul is refra&ionutn receptas attendenti, 
expedtandum videbatur, fed in oblongamßguram extenß apparu· 
erunt: Vnde conclufit, oblongam ejufmodi figuram ex eo ejfe, quod 
ponnulli radij minus, nonnuüi magis refringerentur, 

Sed mibi quidem videtur juxta communes & receptas Dioptric* 
leges figuram illam^ nonrotnndam3 fed oblongam eßeoportere. Cum 
enim radij ex oppoßtis difci Solaris partibus procedentes, variam 
babeant in ipfo tranfitu Prifmatis inclinationem, varii quoque re-
fringi debent i ut citm unorum inclinatio 30 fait em minutis major 
6t inclinatione aliorum, major quoque evadat Hierum Jtefraßio. Χ χ χ χ Jgitur 



8o PARDIES' FIRST LETTER 

C 4 0 8 8 ; 

Igitur Radii oppofiti, ex altera fuperficie Prifmatis emeroentes ma-
gis divergunt & divaricantur, qutrnβ nallatenui, out faltem a-
qualiter, omnes infraUi procefftfjent. RefraUio aatem ißa radtarum 
fit folummodo versus em partes que fingi poffunt in plants ad axem 
Prifmatis reUis j nulla autem refraWtonis inaqualittu contingit 
versus eas partes, qua intelliguntar in plants axi parallelis ; nt 
facile demonflrart petefi: fuperficies enim due Prtfmatis cenjert 
poffunt inter fe paralleite, ratione habita ad inclinationem axis^um 
fingula ipfi axi paraBelaßnt. JiefraUio autem per duns parallels 
flanas (uperficies nulla computatur, quia quantum a primafuperficie 
radius in unam partem torquetur , t ant um ab altera in oppufitam 
partem detorquetur. Igitur cum radij folares e foramine per Prif. 
ma tr&nfmijß ad later a quidem nonfrangantur, procedunt ulterius9 

perinde ac fi nulla Prifmatis fuperficies «bßitifp^ (hahitl·, inquam, 
ratitne filtern ad lateralem tllam divaricattempt j) at verb cum 
iidem radij adfuperiores feu inferiores partes, alij quidem magist 

alij verb minus, utpote inaqualiter inclinati, infringantur 3 necefje 
eß eos magis inter fe diwricari, adeöque 0 in lengiorem figttram 
extendi. 

gain β calculus rite obeatur 5 ut radij laterales inventi funt h 
CI. N e w t o n o in ea latitudine qua fubtendit arcum %\\qui or cut 
refpondet diametro Solts j it a nullus dubito s quin ilia inventa 
quoque altitudo imaginis, qua 2 gradus & 49' fubtendit 5 fit ilia 
ipfa qua eidem diametro Solis peß inetquales refraUiones *n illo 
fp/o cafu refpondeat*· 

ίί ftnckculari FI angt* 

Et reverk, pofito 
Prifmate A B C , cu-

jus angulus A fit 60 
grad. Radio D Ε ,qui 
faciat cum perpendi-
culari EH angulum 
30 grad. Invenio il-
ium, dum emergitper 
F G, faeere cum per* 

& ri pofito alio radio d 
lumj6gr. ii'.Atve-

E, qui cum perpendi-
culatt 
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culari Ε Η faciat angulum 29*. 30', invenio ilium, dum emirgit 
per f g, facer e cum perpendiculari fi} angulum 78". 45'. Vnde ißi 
duo radij DE, d Ε, quiprocedere fupponuntur ex oppofitii partibus 
difci Solaris, f aciuntque inter fe angulum 30', iidem dum emergunt 
per tineas F g, f g , it a divergunt ut confiituant angulum inter fe 2 
gr, 23'. Quod fi duo aly radij aßümerentur magis accedentes ad 
perpendicularem Ε Η, (v.g. qui cum eademperpendicularifacerentt 

unus quidtm,angulum 290. 30', alter vere}29°t o'j) tunc iidem ra-
dij emergentes magis adhuc divergerent3 conflituerentque angulum 
majorem etiamaliquando plus quam trium graduum. Et pr&terea 
augetur ulterius ißa intercapedo rtfraÜorum radiorum ex eo, qu6d 
duo radij D E , d E,c one ur rentes in E, itiico incipiunt divaricart, 
atque impingunt in duo punRa disjunUa alterius fuperficiei, nempe 
in F & in {.^uapropter nen [ufficit ad obeundum rite Cdleulum, ex 
longitudine imaginit imp aft £ in ehartam jubtrahere magnitudinem fs-
raminis feneßrä j quandoquidem etiam poßto for amine indivifibili 
Ε, adhuc fieret aliud veluti foramen latum in alia fuperficie , nempe 

F f . 

Qupd etiamvocat E x p e r i m e n t u m c r u c i s , mihi quidem videtur 
quadrare cum vulgaribus reeeptis Refraclionum regulit. Nam, ut 
modo oflendi, radij folares, qui accedentes convergentes faciunt 
angulum 30', tgredientes deinde etum pofl indivifibile foramen di~ 
vergnnt in angulum duorum trium gr ad» g>uapropter non mirum) 

β ifii radij, ßgillatim impingentes in alterum Prifma, perextguo 
item apertum for amine, incequaliterinfringantur) cumfit imqualis 
illorum inclinatio. Neque refert, quod ißi radij attollantur out 
deprimantur per eonverfionem primi Prifmatis, manente immoto fe-
cunde Prifmate,(quod tameninomni cafu ßeri non poteß) vel qu6d 
manente prima immohiltjecmdum moveatur,ut fueeeßive radios co~ 
loratos totius imaginis excipiat & per proprium foramen tranfmittat; 
utroltbet enim modo necejje eft radios illos extremes, hoc efly R u b r u m 

ξ$ Viohceum,ineidere in feenndum Prijma fub i'mquali anguloi a· 
deoque eorundem refraUionem ejp insqualem, ut V i o l a c e o r u m fit 
major. 

Cumigitur manifefia caufa appareat oblonge ejufmadifigura radi-
orum, caufaque iSa ex ip(a natura Rjfraftionis onatur 5 non vide 
;ur necejfe recurrere adaliam Hypotheßn, aut admitteredtverfam il-
lah. radiorum frangibilitatem. 

X x x x 2 9nod 
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§hiod deinde excogkavit de C o l o r i b i n " , tiludquidem egrt, 
fie con/equitur ex precede tit e Hypothfi ; veruntumm nenn till as 
tS ipfum pai/tur difficult at es. Nam quod ait3 nullum colorem, 
Jed potius c a n d o r etil apparere, ubi omnes omnium colorum 
radij promijcue confunduntur, id verb non videtur conforme om-
nibus phanomtnis. Certe qua varietiones cernuntur in permißi-
one dtverforum corporum , diverfis co'oribus mbutorum 9 ed-
dc-m omnwo ob(ervantur in permißione diver forum radiorum divetßs 
item coloribus imbutorum : Aique optimi ipfe advertit, quod qtitm-
admodum ex fiavo ξ$ cteruleo corpore exfarg.it viridis colorj ita ex 
βανο & caruleo radio viridis item color ejjicitur. Quare β omnet 
omnium colorum radii fimnl cmfunderentur, neceße ejjet in ißa hypo-
thcfi, utille color appauret, qui r ever a apparet inpermixtione om-
nium pigment or um, Atquißißay hoc eft, rubrum fimul & flavum 
una cum c<erulee purpureo altifque omnibus, fi qua fint, conte* 
rantur (3 cenfundanturi non jam Candidus, fed objeurtu Jatur 
color exfurget. Ergo fjmilis color appareret in famine or dinar io^ 
quod conßaret ex aggregatione omnium colorum. 

Prtterea nihil prima afpeUu magis ingeniofum magifqtte aptum 
videtur, quam quod ail circa experimental» acutißimt H o o k i i , 

quo duo diverfi liquor es ̂  quorum alter rubeus, alter caruleasy β--
terque ßgillatim pellucidus, fimul permixtit opaci evadunt. id at*· 
tern ait Clarijfmus N e w t o n u s ex eo ortri, quod unus liquor folos 
rubees natus fit tranfmittere, alter verb folos flavos , unde pert 
mifti vullos tranfmittent. Hoc , inquam, videtur ßatim valde 
eppefitum ^ nihil minus tamen ex eo conficeretur 3 quod fimilts 
opacita's fieret in permißione quorumcunque liquor um qui ejjent du 
verji color is · quod tamen verum non eß. 

M r . N e w t o n s 
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Mr. Newtons Letter of Jpril 1 3 , 1 6 7 2 . ft. v. writteD to the 
Publilher, being an Aalwer to the fore-goiog Letter of 
P. Far dies, 

ACcepi Obfervationes J{everendi Patrts Ignatii Pardies in 
Epiflolam meam de Lucis RefraÜtombus Ö Colortbus ad 

TV confcriptam: quo nomine me Uli valde devinSlum agnofco 5 aiq ut 
hoc difficultatibus, qttaspropojuit, cluendis refcribo. Imprimis ait9 
longitadinem folarts lmaginis d refract one Prifmatis effcBam non 
alia indigere causifluam diversa radiorum ab oppißtis parttbus fo-
larts (tif-i profluentium incidentia, adeoque non probare diverfam 
refrangtbihtatem diverforum radiorum, Et, quo aßertionis ejus ve* 
ritatem confirmet, ofiendit cafum, in quo ex diverfa incidentia 30 
tninutorurn, differentia refraftienü potefl eße 2 grad, 23, min. vel 
etiam paulo major , preut exigit mettm experimentum. Sed hallu-
tinatus tfl R, P. Nam refraü tones a diverfa parte Prifmatis quan-
tum potefl in a quale s flatuit, cum tamen ego tum in experiments, 
tum in calculo de experiments iftis inito, äquales adhibuerimjit in 
Epiflola pr<efata videre efi. Sit ergo ABC Prifmatis feUio ad 
axem ejus perpendicularis, F L (ß J<^G radii duo in χ (medio fo-
raminis) dnußantes & in Prifma illud incidentes ad G Ö 
fintque eorum refracii G Η Ö L m, ac denub HI is? m n, Et 

cum refraUtones ad latus A C a quale j eße refraSiionibm adlatus S C 
quam proxme fuppofnerim 5 Si AC £2 Β C flatuantur aqualia, ft mi-
lts er it radiorum G Η & Lm ad AB baßn Prifmatis inclinatio j 
adeoque attg% CLm=:ang. CfiG & ang. CmL = ang. CG Η• 
Qupre etiam rejraH tones in G (3 m äquales erunf, ut £s> in t ($ Η ,· 

η 

atqus 
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at que adeo ang. KßA^ang* η τη Β, & angtF LJ—ang.BHl 
proinde refraUorum Hl & mn eadem erit ad invicem tncünatio a$ 
tß incidentium radiär um FL & Kfi- Sit ergo angulus FKIgo min„ 
aqualisnempe folari diametro, & erit angulus, quem Hl & mn 
comprehendunt, etiam 30 min.β modo radii FL & KG aqualiter re* 
frangibilesßatuantur.At mihi experienti proätit angulut iäe ctrciter 
a grad. 49. min. quem radius HI, extremum violaceum color em, (3 
mn^csruleumexbibens, conßitueres ac proinde radios illos diverfi-
mode refrangibiles effe, ßve refraUiones /ecundum difparemßnuum 
incidentice & refraHionis rationemperagi neceffano concedendum eß. 

Addit praterea R,P. quodnonfufßrit ad obeundum rite calculum, 
ex longitadint imaginis impaftλ in C bar tarn fubtrabere magnitudinem 
foraminis feneßra 5 quandoquidem ttiam pofito foramine indivifibili, 
adhuc fieret aliudν eluti foramen latum in poßeriori fuperficie prifma. 
tis• Alibitamen videtur9 bis non obßantibus, quod refraUionesra· 
dtorumjn anteriori £que ac in poßeriorifuperficie Prifmatis dccußan-
tium,ex adhibitis prineipiis pojftnt rite computari. Sed β res (ecits 
ejjety laütudo hiatus in poßeriori fuperficie, quod ad inßar forami-
nis eß, baud efficeret errorem duorumminutorum fecunderumj in 
rebus praUicis non operapretinm duco ad minutiös tßas attendere. 

Uli infuper experimento, quod Crucis vocaveram, nihil adverfa* 
tur RfP) dum contendit} intequales radiorum, diverßs coloribus im-
butorum, refra&iones ex inxqualibus incidentiis ejfeHasfuijfe• Nam 
radiis per duo admodumparva, ab invicem dißantia & immot a fo-
ramina,tranfeuntibus, incidentiee illee, prout ego experimentum inftu 
tut, omnino äquales erant, & tarnen refra&iones liquido intequales. 
Sin tlle de experimentts noßris dubitet, oro,»t radiorum diverßs co-
loribus prceditorum refra&iones ex incidentiis paribus menfuret> & 
ftntiet in<equale s eße. Si modus ille, quem ego ad hoc negotium ad-
hibui, minus placeat (quo tarnen nullus poteß ejfe luculentiorj) facile 
eß alios excogitare 3 ftcut (ä alios ipfe baud paucot cum fruüu ex« 
pertus fum. 

Contra Tbeoriam dt Coloribus obijcitur^ qubd pulver es diver fo-
rum colorumpermißi.noncandidumfedfubobfeurum & fufcum color em 
exbibent. Mihi vero albus, niger, (3 omnes intermedii fufci, qui ab 
albo G? nigra permißis componipojfunt, non fpecie coloris fed quanti-
tate lucis tantum differre videntur. Et tum in mißione pigmentorunuy 

ßngula cotpufcula non nifi. proprium colorem refle&anttadeoq^maxima 
pars 
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pars lutis tncidenlis fupprimatur & retineatur 3 Inx reflexafubobfca-
ra evade quafieain tenebrts 'permißa^deo ut tioti intetijum alboremt 

fed qualem mgredwis permiflte conßcitjooc eflfu[eum,exhibere deb eat» 
Obijcitur dein de, quod it liquoribus quibujcunque diverfi colorij in 

todemvaje commißis ̂ eque ac in diverfisvaßs contentis^opacitas oriri 
debet i quedtamen, ait, verum non effe. Sed non video· con fequeti-
tiam. Namplurimi liquores agunt in ft invicem,(3 novumfibi mu-
tuo partium contexturamfecreto inducunt} unde opacis diaphanijoel 
varus eoloribus^ ex eoloribus permiflorum nuBo medo ortundis,pr&du 
ti evaderepoffunt. Et bac de causa experimenta bujufmodi minus 
apta femper exißimavi3 a quibus conclußones deduct pojfint. Subnoto 
tamen, quod ad hoc experimentum requiruntur liquores faturis t3 in* 
tenfis eoloribuspraditit quiperpaucos nifiproprii coloris radios tranf-
tnittant 3 quälet raro occurrunt, ut videbitur illuminando liquores 
eum diverfis eoloribus Prifmaticis in obfeurato cubiculo. Nampauci 
reperientur} qui inpropriis eoloribus fatis diaphani appareant, inque 
alienis opaci. Convenit praterea, ut adbibiti colores ßnt inter fe op' 
poßti} quälet exißimofore rubrum ζ$ c<eruleum} vel flavum (3 vio* 
Uceum, vel etiamviridem & purpureum ill um qui coc cine 0 affinis eß. 
Et ex bujufmodi liquoribus nonnulli (quorum partes tingentes non eon« 
gredimtur) fortaße permifti evadentopaciores. Sed de eventu nihil 
Jvm follicitusi tum quod luculentius eß experimentum in liquoribus 
feorßmexißentibus3 tum quod experimentum iBud (β cut & Iridis 9 

TinSlura Nephritic*, (3 aliorum corporum naturalium phenomena) 
non adprobandam fed ad illußrandam tantitm doUrinam propofui. 

Quod R. P. Theoriam noflram Hypothefin vocat, amice habeo, 
fiquidem ipß nondumconßet, Sed alio tamen conßlio propofueram, (£ 
nihil aliud continere videttir quam proprietates quaidem Lucis , 
quits jam inventus prob are baud difficile exifiimo, & quaβ non veras 
tße cognofcerem} pro futili (3 inani [peculatione mallem repudiate, 
quam pro mea Hypotheß agnofeere. Quid verb cenferi mereatur3ex 
rtfponßonibus adantmadverßones Domini N N . for tafle ftatim pro-
dituris clanut patebif. Intereavale, t3 perge amare 

TibidevinBiJfmum 

J Newton 
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Some Animadversions on the Theory of Light of Mr. ISAAC NEWTON, 

Prof, of Mathematics in the University of Cambridge, printed in 
N°. 80. In a Letter of April 9, 1672, N. S. from IGNATIUS GAS-

TON PARDIES* P. Prof, of Mathematics in the Parisian College of 
Clermont. Translated from the Latin. N° 84, p. 4087. 
I have read Mr. Newton's very ingenious hypothesis of light and colours. 

* Ignatius Gaston Pardies, a French Jesuit, and professor of mathematics in the Parisian college 
of Clermont, was bornin l6'3ö. He entered the Jesuits order at 16, and after some time he devoted 
himself entirely to mathematics and natural philosophy. In this latter branch he followed the opi-
nions of Descartes, though he feebly affected the contrary. H e died at Paris in 1673, aged only 37, 
of a contagious disorder caught at the Bicetre, where he officiated as a preacher and a confessor. He 
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And as I have given some attention to that subject, and also made experiments, 
I shall here inform you of what has occurred to me on that new doctrine. 

It seems very extraordinary that the learned author should make light to con-
sist of an almost infinite number of rays, endued with a natural disposition of 
retaining and exhibiting their own proper colours, and that are disposed in a 
certain peculiar way to be refracted, some in a greater, and others in a less de-
gree : that these rays which, while promiscuously blended· together in open 
daylight, are undiscernible, and exhibit only the colour of whiteness, should 
notwithstanding in refraction have rays of one colour separated from those of all 
others, and, thus separated, appear in their proper and native colours: and that 
bodies should appear of a certain colour, red for instance, which are adapted to 
reflect or transmit rays of that colour only. 

This extraordinary hypothesis, which, as he observes, overturns the very 
basis of dioptrics, and renders useless the practice hitherto known, is founded 
entirely on the experiment of the prism, in which rays entering into a dark, 
room through a hole in the window-shutter, and then falling on the wall, or 
received on a paper, did not form a round figure, as he expected according to 
the received rules of refraction, but appeared extended into an oblong form: 
whence he concluded, that this oblong figure was owing to the different refran-
gibility of the rays of light. 

But it appears to me that, according to the common and received laws of 
dioptrics, the figure ought to be, not round but oblong. For since the rays 
proceeding from the opposite parts of the sun's disk, are variously inclined in 
their passage to the prism, they ought also to be variously refracted; that since 
the inclination of some rays is at least 30' more than that of others, their re-
fraction must also be greater. Therefore the opposite rays, emerging from the 
other surface of the prism, become more diverging, than if they had proceeded 
-without any refraction, or at least with an equal one. Now that refraction of 
the rays is made only towards those parts, which may be supposed to be in the 
planes perpendicular to the axis of the prism ; for there is no inequality of re-
fraction towards those parts which are conceived to be in planes parallel to the 
axis, as may easily be demonstrated: for the two surfaces of the prism may be 

was author of several ingenious works, which are written in a manner remarkably neat and clear, by 
which he acquired considerable credit, and by his talent as a teacher; but, unfortunately for him, lost 
himself by the above imprudent attack on Sir I. Newton's theory of light and colours His works 
were chiefly, 1. Elements of Geometry, translated into English by Dr. John Harris, secretary ot the 
Royal Society. 2. Discourse on the Knowledge of Beasts. 3. Statics, or the science of Moving 
Forces. 4. Two machines for drawing dials. 5. Discourse on Local motion, (j, Horologium Thau-
manticum Duplex. 7. Dissertation on the Nature and Motion of Comets. 
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considered as parallel, with respect to the inclination to the axis* since they are 
both parallel to it. But the refraction through two parallel plane surfaces is 
accounted none, because by how much a ray is refracted one way by the first 
surface, by just so much is it refracted the contrary way by the other surface. 
Therefore since the solar rays, transmitted by a hole through a prism, are not 
refracted sideways, they proceed in that respect as if no prism at all stood in their 
way, that is with regard to the lateral divarication ; but when the same rays on 
the superior and inferior parts, are refracted, some more, some less, as being 
unequally inclined, they must needs diverge more, and consequently be extended 
in an oblong figure. 

But when a calculation is rightly made, as the lateral rays were found by Mr. 
Newton, of a breadth that subtended an arc of 3 l ' , which answers to the sun's 
diameter; so there is no doubt but the length of the image, which subtended 
2° 49', would correspond with the same diameter after the unequal refractions. 
Thus, supposing the prism at ABC, (fig. 7, pi. .15,) having the angle A of 
6o°; and a ray D E making with the perpendicular E H an angle of 30°; after 
emerging in the line F G , I find it makes with the perpendicular FI an angle of 
76° 11'. But taking another ray dE, which makes with the perpendicular EIJ 
an angle of 30,, I find that, when it emerges by f g , it makes with the per-
pendicular f i , an angle of 78° 45'. Hence those two rays D E , .dE, which are 
supposed to proceed from opposite parte of the solar disk, and formjqg between 
them an angle of 30', where they emerge by the lines F G , f g , they diverge 
so as to form between them an angle of 1° 23'. And if two other rays were 
assumed approaching nearer the perpendicular E H , as suppose one of them 
forming with it an angle of ig° 90', and the other 2g°; these rays, after 
emerging, would diverge still more, and for m a greater angle, even sometimes 
more than 3e. And besides, this distance between the refracted rays is further 
increased, on this account, that the two. ray« DE, dEj, meetiijg in E, begin im-
mediately to diverge, and then fall on two distant points of the second surface?, 
viz. in F and f. Therefore, in order to render the calculation just, it is not 
sufficient barely to subduct the diameter of the hole from the length of the 
image; for supposing the hole Ε to be invisible, or almost nothing, yet there 
would be formed a great hole as it were, in Ff , in the second surface of the 
prism. 

What the author calls the Experimentum Crucis, seems also to agree with the 
commonly received laws of refraction. For, as was just now shown, the sun's 
rays, which approaching and converging from an angle of 30', coming from an 
invisible hole, do afterwards diverge in an angle of two or three degrees. It is 
not then to be wondered at, if these rays falling severally on a-second prism, 

7 
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and having a very small hole in it, be unequally refracted, since their inclina-
tion is unequal. Nor does it alter the case, that those rays are raised or de-
pressed by the rotation of the first prism, the second remaining immoveable, 
(which however cannot be done in all cases, or contrarywise, the second being 
turned while the first is fixed, that it may successively receive the coloured rays 
of the whole image, and transmit them through its proper hole; for in either 
case it is necessary that the extreme rays, viz. the red and the violet, should 
fall on the second prism under unequal angles, and consequently that their 
refraction be unequal, that of the violet being the greater. 

Since then, here is an evident cause of· that oblong figure of the rays, and 
that cause such as arises from the very nature of refraction; it seems needless to 
have recourse to another hypothesis, or to admit of that diverse refrangibility of 
the rays. 

The author's notion of colours indeed follows very well from the preceding 
hypothesis; yet it is not without its difficulties. For when he says, that all the 
rays being promiscuously blended together, yield no colour, but rather a white-
ness, this does not seem conformable to all the phenomena. Doubtless the 
same variations that are seen in the mixture of divers bodies of different colours, 
are also observed in the mixture of different rays of various colours: and the 
author himself has well observed, that as a green colour arises from a yellow and 
a blue body, so likewise a green colour is produced from a yellow and a blue 
ray. Therefore, if all the rays of the several colours be blended together, it is 
necessary in that hypothesis, that that colour should appear, which in reality 
arises on mixing together the several sorts of painters colours. That is, as the 
red, yellow, blue, purple; and all the others, when mixed together, produce, 
not a white, but an obscure sated colour. So also ordinary light should appear 
of the same colour, being a like aggregate of all the colours. 

Indeed nothing can be more ingenious and proper, than what he says about 
Mr. Hook's -experiment, in which are two different liquors, the one red, the 
other blue, and eich apart transparent, yet when mixed together they become 
opaque·: this the ingenious author thus explains: that the one liquor is disposed 
to transmit only the red rays, the other only the yellow; hence, both being 
mixed together, they transmit none at all. But it should seem that the like 
opacity shoukt take place on the mixture of liquors of any other different colours: 
which however1 is for enough from the truth. 

VOL I . 
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Mr. NEWTONS Letter of April 13, 1672, 0 . S. written to the Editor, 
being an Answer to the foregoing Letter of F. PARDJES. Translated 
from the Latin. N° 84, p. 4091. 

I received, Sir, the observations of the Rev. Father Ignatius Pardies, on my 
letter concerning the refractions and colours of light: for which I acknowledge 
myself much obliged to him; and shall here clear up the difficulties he com-
plains of. In the first place, he says that the length of the solar image pro-
duced by the refraction of the prism, requires no other cause to account for it, 
than the different incidence of the tays from opposite parts of the sun's disk; 
and that therefore it does not prove a different refrangibility in the different 
rays. And, to prove the truth of his assertion, he states a case, in which from 
a difference of 30' in the incidence, the difference of the refraction may be 2° 
23', or rather more, as my experiment requires. But the Rev. Father is under a 
mistake. For he has made the refractions by the different parts of the prism to 
be as unequal as possible, whereas in the experiments, and in the calculation 
from them, I employed equal refractions. Thus, let ABC (fig. 8, pi. 15,) be a 
section of the prism perpendicular to its axis; FL and KG two rays crossing 
each other in x, the middle of the hole, and incident on the prism at G and L ; 
which let be first refracted into GH and Lm, and then into HI and mn. And 
since I supposed the refractions at the side AC are nearly equal to those at the 
side BC; if AC and BC be equal, the inclination of the rays GH and Lm, to 
the base AB of the prism, will be similar ; and therefore the angle CLm=the 
angle CHG, and the angle CmL=the angle CGH. Therefore the refrac-
tions in G and m will be also equal, as well as those at L -and Η ; consequently 
the angle KGA=the angle nmB, and the angle FLA=the angle BHI; 
and hence the inclination of the refracted rays HI and mn will be the same with 
that of the incident rays FL and KG» Therefore let the angle FxK of 30' be 
equal to the sun's diameter, then the angle made by HI and mn will be also of 
30', provided the rays FL and KG be equally refrangible. But my experi-
ment gave that angle about 2° 49', which is constituted by the jay HI of the 
extreme violet colour, and by the ray m η which gives the blue; and therefore 
those rays were differently refrangible, or the refractions were necessarily pro-
duced according to the unequal ratio of the sines of incidence and refraction. 

The Rev. Father further adds, that to make a just calculation, it is sufficient 
to subtract the magnitude of the window hole from the length of the image on 
the paper; since, even supposing the hole indivisible, yet there would be 
formed as it were a broad hole in the posterior surface of the prism. But yet it 
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seems to nie, that the refractions of rays crossing each other, both in the an-
terior and posterior surface of the prism, may be justly calculated from my 
principles. But if the case were otherwise, the breadth of the hole in the 
posterior surface, if such there be, would hardly produce an error of two seconds; 
and in practice such niceties may well be neglected. 

Wha t the Rev. Father contends is not inconsistent with what I called the 
Experimentum Crucis, viz. that the unequal refractions of rays endued with 
different colours, were produced by unequal incidences: for transmitting rays 

through two very small immoveable holes, and at a distance from each other, 
the incidences, as I made the experiment, were always equal, and yet the re-
fractions were manifestly unequal. If he has any doubt of our experiment, I 
request that he may measure the refractions of the said rays of divers colours 
from equal incidences, and he will then see that they are unequal. But if he 
dislikes the manner in which I have performed this matter (than which however 
nothing-can be clearer) it is easy to devise other ways; as indeed I myself have 
tried several other methods with advantage. 

Against the theory of colours it is objected, that powders of divers colours 
mixed together, do not yield a white, but an obscure and dusky colour. But 
to me, white, black, and all the intermediate dusky colours, which can be 
compounded of mixtures of white and black, do not differ as to their species, 
but only as to their quantity of light. And since in the mixture of painters* 
colours, each corpuscle reflects only its own proper colour, and therefore the 
greatest part of the incident light is suppressed and retained; the reflected light 
will become obscure, and as if mixed with darkness, so that it exhibits not an 
intense whiteness, but an obscure dusky colour. 

Again it is objected that an opacity ought equally to arise from a mixture of 
any liquors of different colours in the same vessel, as from the same liquors 
contained in different vessels; which however he says is not true. But I see no 
consequence in this. For many liquors act mutually on each other, and acquire 
a new texture of parts; hence they may become opaque, or diaphanous, or of 
various colours, in no manner owing to the colours of the compound. And 
on that account I have always esteemed experiments of this kind not so proper 
to draw conclusions from. It must also be noted that this experiment requires 
liquors of full and intense colours, which transmit very few rays besides those 
of their own colours; such as rarely occur, as will be seen by illuminating 
liquors with different prismatic colours in a dark room. For few will be found 
diaphanous enough in their own proper colours, and opaque in the others. Be-
sides, it is proper that the colours employed be opposites, such as I count red 
and blue to be, or yellow and violet, or green, and that purple which ap-

4 z 2 
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proaches to searlet. And perhaps some of these liquors mixed together, whose 
tinging parts do not coalesce, will become more opaque. But I am not solicit-
ous about the event, both as the experiment is clearer in liquors apart, and as 
-the experiment (like the phaenomena of the iris, and the tincture of lignum 
nephriticum, and of other natural bodies) I proposed not to prove but only to 
illustrate the doctrine. 

I do not take it amiss that the Rev. Father calls my theory an hypothesis, 
inasmuch as he was not acquainted with it. But my design was quite different, 
for it seems to contain only certain properties of light, which, now discovered, I 
think easy to be proved, and which if I had not considered them as true, I 
would rather have them rejected as vain and «mpty speculation, than acknow-
ledged even as an hypothesis. 
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Α Stritt of Quere's propounded by Mr. Ifaac N e w t o n , to be de-
termindby Experiments, poßtively and direUly concluding bit 
new Theory of Light and Colour t$ and here recommended to tb$ 
Indullry of tbe Lovers of Experimental Pbilofopby, at tbey were 
generoußy imparted to tbe Publißtr in a Letter of tbe fatd Mr. 
N e w t o n s of July 8 . 1 6 7 2 . 

IN the mean while give me leave, Sir, to infinuate,that I can-
not think it e f feäual for determining truth, to examin tbe 

feveral waies by which Phasaomeoa may be explained, unlefs 
where there can be a perfedfc enumeration o f all thoie waiet* 
Y o u know,the properMethod for inquiring after the properties 
o f things is,to deduce them from Experiments. And I told you, 
that the Theory,which I propounded, was evinced to me, not 
by inferring'tis thus becaufe not o therwi fe , that i s , not by 
deducing it only from a confutation o f contrary fuppoiitions, 
but by deriving it from Experiments concluding pofitively 
and dire&ly* T h e way therefore to examin it is, b y c o n f i -
dering, whether the Experiments which I propound do prove 
thoie parts of the T h e o r y , to which they are applyed; or by 
profecuting other Experiments which the T h e o r y may iug-
geft for its examination. And this I would have done iu a due 
Method ·, the Laws o f RefraUion being throughly inquired in-
to and determined before the nature o f Colours be taken into 
confederation. It may not be amiis to proceed according to 
the Series o f thefe Queries; which I could wiih were determi* 
ned by the Event of proper Experiments · declared by thofe 
that may have thecuriofi iy to examin them. 

i . Whether rays, that arc alike incident on the fame Medu 
um9 have ««^»a/refraÄions j and how'great are the inequa-
lities of their refra&ions at any incidence ? 

9. W h a t is the Law according to which each ray is more 
©rief; refra&ed ; whether it be that the fame ray is everre-
fra&ed according to the fame ratio o f the fines o f incidence 
and re fra i t ion; ai d divers rayf,according to divers ratios5 or 
that therefra&ion o f each ray is greater or lefs without any 
certain rule ? That it, whether each ray have a certain de« 
gree o f refrangibility according to which its refra&ion is per-
tormed j or is re fra&ed without that regularity/* 

3. Where-
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5. Whether rays, which are endued with particular degrees 

of refrangibility, when they are by any means feparated, have 
particular colours conftantiy belonging to them} the leaft 
refrangiblejivar/tfj the molt refrangible,^/» Violet 3 themid-
dlz,Sea-green 3 and others,other colours ? And on the contrary? 

4» Whether the colour of any fort of rays apart may be 
changed by refraction > 

5. Whether colours by coaleicing do really change one an-
other to produce a new colour.or produce it by mixing only $ 

6. Whether a due mixture of rays, indued with all variety 
of colours, produces Light perfectly like that of the Sun.and 
which hath all the fame properties,and exhibits the fame Phe-
nomena ? 

7. Whether the component colours of each mixture be re« 
ally changed 3 or be only feparated when from that mixture 
various colours are produced again by Refradtion ? 

8* Whether there be any othT colours produced by refra-
&ion than fuch, as ought to refult from the colours belonging 
to the diverfly refrangible rays by their being feparated or 
mixed by that refradhon ? 

T o determine by Experiments thefe and fach like Quire's 
which involve the propounded Theory, feems the molt pro-
per and diredfc way to a conclufion. And therefore I could 
wiih all objedtions were iufpended, taken from Htfotbefij or 
any other heads than thefe two 3 Of Ihewing the inefficiency 
of Experiments to determine thefe gutre' j or prove apy other 
parts of my Theory, by affigning the flaws and defedts in my 
conclufioRS drawn from them» Or of producing other Ex-
periments which diredtly contradidt me, if any fuch may feem 
to occur. For if the Experimerfts, which I urge, be defective, 
it cannot be difficult to fliow the defedts >* but if valid , then by 
proving the Theory they mult render all Objections invalid. 

So far this accurate Propofer; whofe Method appearing to be 
molt genuine and proper to the purpole it is propounded for, 
and deferving therefore to be confidered and put to trial by 
Philofophers, abroad as well as at homes the Pubhiher,to 
invite and gratify Forraigners, was willing to deliver the a-
bove recited Extradt of Mr* Newlons Letter in the language 
alfo of the Learned, as followeth j Z z z z 1 Ex< 
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Excerptum ex tfaaei tiewtoni Epiftola, nuper adEditorem fcript,qua 

ipfe genuinam fuggeric Methodum, doftrinam fuam i t Luc & Co· 
loribus, antehac propofitam^vincendi , fubjefta c c r t o r u m ^ « ^ 
torum, debitis Experimentes folvcndoruro» feric. 

I let At mihi hac occAfione tibi fignificAre, nequaquam cenfere me, ejficAcem 
_j earn e)fe determinAndx veritatis rAtionem,qua divtrß examinantur mc'i 

di, qui bus Phenomena explicari pojfnut, niß tibi perfeil A fMerit omnium iflo-
rum modorum Enumeratio. Nofti, genuin Am proprietates rerum invefiigandi 
Methodum ejfe, qua ill* Ab Experiments deducuntur. Ac jam Ante tibidix-
eram \ Theoriam A mepropoßtam eviSlam mibifuijfe, non quideminfe-
rendo rem ita fe habere quia haud fe habeat aliter, i. e. non earn de-
ducendo duntaxAt d contrartArum fuppofitionum confutAtione fed ipfam ab 
Experimentis, ροΓκϊνέ & direfte concludencibus, derivando. Ve-
rs itaque rAtio earn examinandt htc er it, β confideremtu fcilicet, mm Ex~ 
ferimentAA mepropofita ill At TheoriA partes , quibut Accommoiantur, revt-
ra probent , νel β AUA profeqUAmur Experiment a , qua Ab ipfa Theoria Ad 
examinandAm cAm fuggerantur. jitque hoc ipfum Aiethodo genuinafieri ve-
lim \perveßtgatitprimum AC determinatis Legibtu Refraftionis, priufquAm 
Colorum naturA difquirAtur. Prater rem itaquehAudfore crediderim,dif-
quifitionem hanc exfequent'tum Quaefitorum ferie inßituere j qua quidem ut 
A folertibw fagacibufqut natura Afyßu jronunciatis Experimentorum Even-
tibus ,dirimantur ,in votis quam maximkhabeo.EAfunt; 

Primo, NumrAdii, qui atquali incident!a in idem medium inciduntyRe· 
fraEl tones habeant inxquales , η »Antique fint refraüionum ,quas illi fubeunt, 
inxqualitates in quavit incidentia ? 

Secund0,<2#<«>M»» ea Lex fit, juxtA quAm rAditu quilibet magis m'tnufve 
refringitur} fitni ,quod idem radim femper rtfringAtur fecHndttm eAndern ra · 
tuner» Sinuum Incidentia & RtfrAÜionis S diver β AUtem radii, fecunditm 
rationes diver/as ? An ν er ο, quod cujujlibet rAdit refrattio major minorve 
fit Abfqtte alia regula cert A ? Hoc eft, Vtrum ttnufquifque radix* cert um ha* 
beat gradum RrfrAngibilitatu, juxtA quem fiAt ipfiw refraäit; an verb re~ 
frtngAtur fine ijtA regularitAte f 

Tertio, Ν um radii, eertis gradibtu refrangibilitatis praditi, quando^quo. 
demttm cumque modo Jecernmtur %certos obtineAnt colores ipfis proprios ·,puta 
radii minimi omnium refrAngibtles, Ctccineum '·> mAxime refrangibilet, fa. 
turum VioUcettm s intermedin fub-Viridem\ AM, alios? Et e contra. 

Quarto, Ν um color cujufvit getter it r Antrum feorfim exftentium 
mutari pojftnt Refraftione ? 

Quinto, Vtrum colores eoalefcendo revera feinvicem mutent adprodu-
cendum colorem novum '·} an verb eum producant nonnifi f t invicem com· 
mifcenäo ? 

Sexto, Ν um debit A radiorum mifcela , cmnigtna colorumvarietAte pra. 
dita, Luc em producat Solari luci fimillimam·, quaque eafdem omninoprr. 
f rietAtes obtincAt^AdtmqHt Phinom:na exhibfjtt t 

Septimtf 
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Septimo, Vtrunt componentts cujufvü mifctU colons revtr* mutentur \ 

an verb fecernantur dnntaxaty (juando ex mixtur a illavarii colorts rurfum 

producHHtHr per Refraflionem ? 
0&MO,Denturne Μ aIH colons Refraüiore prodttüi prater eos,tjuos ortr* 

oportet Λ Color ihm, ad radios diverfimodi refr angibt les pcrtintntibm, dam 
Uli refraftione ift λfecernantur ν el mifcentur ? 

Per Experiment* determinan hac fimilUve £l*aßta, qu<e propoßtam 
Theoriam involvunt, maxim e genuin a direftaque vide tar ad Conclttfionem 
via : Proindeejue omnes velim Objeäionesfufvendi, qua ah Hypotheßbus de-
fumstntur ullifve Fontibus aliis , quam huduobus, e/nibw nempe vel oil en Φ 
datur Experimenter um ad determinanda hxc ζΐίΐίμΛτ* prtbandafve alias alias 
Theoria met partes infußicientia, h.ülucinationes defeftufque in Conclaßoni-
bus meii inde deäutfü indigitando ·, vel alia producantur Experiment a, e dia-
metro mihi oppoßta, β qui talia occurrere videantftr. Si enim Experiments 
ant Λ me urgenter* labor ant defettibtu , difficile hand fMerit eos oftendere b 
β vera valida fuerint, eo ipfo dum Theoriam meam ajferunt probantque om-
nei Objettiones convellnnt. 



PARDIES' SECOND LETTER 97 

C 5 0 1 2 ) 

A Second Letter of P. Pardies, written to the Publiiher from Pari/ 
May 2 1 . 1672. to lAt.Newms Anfwer , made to hisfirit Letter» 
printed in Numb. 84. 

REddita mihifunt tue literλ cum Obfervationibus Clarijfimi atque Inge, 
nioflimi Newtoni, quibus ad meat difficulties refpondit. Eat eg» 

legi not.t fine maxima voluptate : Et primum, quodattinet ad ipfum Expert -
mentum majori* Latitudinis celorum quam exigeret vulgaris Thesria Re-
frailionum i fateor, me inxquales refrattiones in oppofitis Prifmatis facie-
bu4 fuppofutffie, nee nil at emu advertise in Uteris relatis in Tranfaftioni-
bus, obfervatamfuijfe a Newtono majorem illam latitudinem in eo cafu in 
quo refrattiones ponerentur rectproce xqual es, eo modo quo hie in iflis obfer-
vationibus dicitur. Sed nec m eo tempore in iifdem Tranfaft ionibus vide 
re licuit, cum eas non potuerimrecuperare. Citm igitur, nunc videam,etiam 
in eo Cufu obfervatam majorem illam Celorum latitudinem } certe ex hoc ca· 
pite nihil mihi ulterius reft at difficult at is : Ex hoc, inquam, capite } nam A-
liunde videtur pojfe reddi ratio illius Phanomeni abjque iflavaria Radiorum 
Refrangibilitate. Etenim inea Hypothefi, quam fuße ex ρ lie at no ft er Gr i -
m aid us, inquafupponitnr Lumen eye fubfiantia quadam rapidijfime mot λ , 
pojfet fieri aliqua diffiufio luminis poft tranfitum foraminis & decuffationem 
radiorum. Item in ea Hypothefi, qua lumen ponitHr progredi per certas quaf-
dam materia ftthilis Vnaniationes^ ut explicat fubtilifiimm Hookius, pof-
funt explicaricokres per cert am quandam dijfufionem atque expanfionem Z/n-
duiatio»um,qna fiat ad latera radiorum ultra foramen, ipfo contagh ipfaque 
materia continuation. Certe ego talem adhibeo hypothefin in Diflertatione 
de motu unduladonis, qua efifexta pars meorum MechanicorumS ut ρο-
ή am, colores iftos apparent es fieri ex fola ilia Communicatione motionis, qua 
4b Vndulationibus dirette procedentibut ad latera effundatur: Vt, fi radii 

intraates per foramen a projrediantuv 
versus b, mauUtiones quidem dir eile 
terminari deberent (habende rationem ad 
motum retlum & naturalem) ad lineam 
reft Am a b ; nihilominus tamen, propter 
continuitatem materia,fit aliqua commu-
nicatio commotionis verfus latera c c, 
ubi tremula quadam & crifpans fuccuf-
fio excitatur : Atque fi in ilia laterali 
cr if pat tone confifiere color es fupponatur, 
exifitmo omnia phenomena celorum ex-

plicari potfe, tit fnfius in ea , quam dixi, Dijfertatione expono. Jguibus 
item pofitis apparet etiam, cur ultra quam ferat radiorum ipforum divari-
eatio, expandi color um latitudinem necejfe fit• Verum ifia obiter hie tant'ttm 
adiotaffe fufficiat. 

£§d 
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JluodAtinttdt, trrorem, quior tri poffet incalculi, exet, quod dixerAm, 

veluti for amine fatlo in poft ertort facie prifmatu ; errorem , inquam, il-
ium eon poffe indncere fenftbilem varietatem : id optime annotatum eft ; 
neque eft exiftimavi, in de multum augeri colerum latitudinem , fed tan-
tummodo accuratam calculi rationem indicare volui: Quaprottcr etiam &• 
ego in praxi negligendam banc cautionern cenfeo. 

Circa Experimentum c ru r i s , nequaquam dubito , quo minus in fu» 
txperimento talem ßTum adbibuerit, in Ψ'.ο arqualis inclinatit fuerit RA~ 
diorum ineidentium } quandoquidem id ita α Je pneftitum expreffe affir-
vtat. Verum id non ego pet er am conijcere ex in qua in TranfaAioni -
bus leger am \ ubi ponuntur duo exigua & maxime diftantia foramina, & 
mum Prifm4 prope prim urn foramen quod eft in fenestra ·, per quod 
Prifma radij color at i erumpentes incidunt in alt er um diftans foramen, 
jiddebatur tut em, quod ad hoc Mt omnes Uli radii fuccejfivc inciderent in 
fecund um illud foramen , convert ebatur primum Prifma fupra axem : 
At qui hoc modo neceffe eft mutari inclinationem radiorum qui incidunt in 
fecundum foramen : atque ind'tcavi ego in Uteris , quod perinde fe fe res 
habtret, five manente primo PrifmAte immtbili, fecundum foramen attolle-
retur aut deprimeretur, ut poffet fuccejjtve radios omnes depitta imaginis 
Solaris excipere ·, five manente ifto fecund0 foramine immobili, primum 
prifma convtrteretur, ut ita tadtm imago fit urn mutaret, atque in fo · 
ramert impingere fecundum omnes fuccefftvi partes poffet. Sed alias fine 
dubio adhibuit caut'ttnes folertijfmus Newtonus . 

circa Colorcs objtceram , tptimi foluta exiftimo. J2yod au-
tem Theoriam iftam , appellarim Hypothefin , id certe ego nullo ad-
hibito confilio feci j atque nomen ufurpavi qutd primum occur> it : qua-
propter velim ut He per contemptum adhibitam vocem ejufmtdi exiftimet. 
Prtclara fant inventa femper ego magni feci, Clariffimttm vero NcwtO-
nura imprimis fufpicio ac venertr. 

A a a a a 3 Mr» Newtons 
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M r , Newtons A n f w e r to the f o r e g o i n g Letter . 

iN Obfervationibw R. PatrüJ. Pardies, quas adte denuo confcripfit, an 

wajiu fit HnmmitatU argumentum quod meis refponfionibus vim omnem 
at tri butt 5 an Inge mi, quod ObjeSlitnes proponit·, qua, fi no* probe toUantur, 
Boclrinam nosiramfrufiraripojfint, vix dixerim. Όtrttmque fane ad de. 
tetminandam veritatem optime conducity eßcitque ut acceptis quam lubentif-
fime refpondeam. 

Ait R. P. ^aoVabfque varia diverforum radiorum refrangibilitate pof-
ßbile fit explicate longitudinem colorum·, puta ex Hypothefi P. G r i m a l d i , 
per dtffufionem luminis, quod fupponitur ejfe fubftantia quxdam rapidijfimr 
mota ; vel ex Hypothefi H o o k i i rtoHri,per diffufionem netexpanfionem Vn· 
dulationum, quas fiatuit in atbere a lucidU corporibus etecitatas quaquaver-
fum propagari. Addo, quod ex Hypothefi Cartef iana poteft etiam effingi 
confimilis diffufio conattu vel preffionis globulorum , perinde ut in expltca· 
tione Caudae Comttx fupponitur. Et eadem diffufio vel expanfio juxtaa-
liam quamvis Hypothefin, in qua lumen flatuitur effe vti, aflio, qualitat, 
vel fubftantia. qudibet d luminofis corporibus mdique emijfa , ejfingi po-
ttfi. 

Vt his refpondeam, animadvertendum eft, quod DoBrina ilia, quam de 
Refraäione &Coleribus explicui, in qutbufdam Lucis Proprietat ibus fo-
lummodo conftitit, ntgleäis Hypotheiibus per qua* Proprietät es ilia expli-
cate debent. Optimus enim & tutiffimus philofophandi modus videtur t ut 
imprimis rerum proprietates diligenter inquiramus. & per experimentaßa-
biliamus · ae dein tardius contendamus ad Hypothecs pro ear'um expltca· 
tione. Nam Hypothefes ad explicattdas rerum proprietates tantitm accom-
modari debent, & noη ad determinandai ufurpari, nifi quatenus expert-
menta fubminißrare pejfint. Et ftquis ex fola Hypothelium pojjibilitate 
de veritate rerum conjetturam faciat, non video quo patio quicquam certi 
in ulla fcientia determinate pojfit S fiquidem alias atque alias Hypothefes 
ftmper liceat excogitate, qua novas difficulties fuppeditare videbuntur. 
£>uamobrem ab HypOtheiiuiu contemplation , tanquam improprio argu-
ment andi loco, hie abfiinendum ejfe cenfui, & vim ObjeElionis abfird* 
hendam , ut pleniorem & magis generalem refponfionem aecipiat. 

Itaque per Lumen intelligo quodlibet Ens vel entis potefiatem (five Jit 
fubftantia, five quavis ejus vis, attio, vel qualitas) quod α corpore lucido 
retld pergens aptum fit ad excitandam vifionem ϊ & per radios Luminis 
intelligo minima* vel quaslibet indefinite parvas ejus partes, qua ab invi· 
cem non dependent ·, quales funt illi omnts radii, quos lucentia corpora vel 
(mul vel fuceeffive fecundum reiias tineas emittmt. Nam ilU tum col-
laterals tum fucceffiVA partes luminis funt independentes '·, fiquidem una 
abfque aliis tntercipt pojjjnt, & in quaslibet piagas feorfim reßefli velre-

fringi. Et hoc pracognito, ObjeSlionis vis omnis in eo fit a erit; Quod co-
lore} per aliquant Luminis ultra foramen diffufionem, qua non oritur ab in«· 

quali 
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quali diverfurUm tailor urn {[eft luminis independent tum partium) refrangibt-

litate , in loxgum diduci pojjtnt. 

£luod atttem neu Aliunde oblongentur, menftravi in Literis relatis in P l l l l . 
T r a n f a d i o n i b u s , N u m . 8 0 . Et ut r At tones fact/ins percipiantur , non 

gravabor jam fufiits explicate. 

Scilicet ex obfervattone, quod radii poft refrattionem non incurvabantur, 

fed reft ά ad parietem prtgrejj! fuere, pat nit, eandemfuijfeeorumad fe mu-

tuo inclinationem c»m modo exierunt Prifmate, at que cum impegerunt in 

parietem ·, & frotnde Longitudo color um ex inclinationeraditrum emerfit quam 

inter refringendum obtinucre, hoc efl, ex quantitate refrailionis quam fin-

guli radii in Prifmate patiebantur : Adeoque citm color um longitude latitU' 
dinem aliquot victbus ex obfervattone fuperavit, fequitur, majorem fuijfe iu-

tqualitem refrattionum quam potuit or'tri ex inaqualitate incidentiarum. 

£luinimo ex figuraimaginis colorat£, quod nempe non fuit Ovalis, fed ad 

later a duabus par alle lis r eil is lineis terminatat pat frit, earn ex indefinite 

multis imaginibus Solis, per in<tqualem refrattionem in longum diftraSlis% & 

ferie continua difpofitis, conftitui; adeoque radios A fingulis partibus folatis 

Difci provenientes per totam fere long-itudinem colorum difpergi j φ proinde 

fimiliter incidentium in Äquales ejfe refra-Sliones. id quod aliis etiam indiciis 

oftendi poffet. 

Con ft at itaque diver fas ejfe refraüiones, ubi pares funt incidentU, Sei 

amplius inquirendum eil·, ZJnde oriatur ilia diver fit as j An fit a caufa alim 

qua interta & irregularis vel cert a lege, fecundttm quam radius quilibet 

apt us eft determinatam aliquam refraUienem pati. Per incertas & irregu-

läres caufas intellige afper'ttates in fuperftcie, vel venas diver fit denfitatis in 

interiori parte vitri ex que Prifma confiaturhitem irregulärem (ttumpororum, 

ques nomuüi ob luminis tranfmijfionem direfto tramite per vitrum emmfa-

riam traijei ftatuunt i nec non tremores intqxales eommotiones partium 

athtris , λ er is, vel vitri j radlorum in refringente fuferficie fe mutuofor~ 

taffe comprimentium refulturam ab invicem ·, ejufdem cujufque radii divifi-

ortem ac diffipationem in partes divergentes, quas vel numero finitas vel in-

definite mnltas in fuperficie aliqua continuatim jacentes imaginan lie eat ·, vel 

quamvis aliam diffufionem & dilatationem Luminis quam pojfumus exregitare, 

non ort am ex diverfa pradifpofitione cujufque radii ad refrattionem, in certo 

aliquo & conftanti gradu patiendam. 

jthiod aut em diverfa refraBio non ort a fit ex ullis ejufmodi caufii incertis 

& irregttlaribus, probavi per Experimentum duorum confimilium Prifmatum 

IN contrario fitu juxta-pafitorum, it Λ ut pofterius contraria fua refrafttone 

retro-fiefteret radios> & fic reguläres effeftus prioris deftrueret , fed per 

iteratas refrafttones augeret irreguläres. Vtpete fi prius Prifma diffunde-

ret ac divergere faceret paralleles radios ·, e.g. per afperam polituram, inA-

quabilem denfitatem, aut irregulärem fitum pororum Prifmttis ; vel per 

tremules motus partium <etberis3aeris aut vitri \ vel per dilatationem luminis 

propter partium ejus (i.e. radier Mm) fe mutno comprimentium relaxationem 

verfa adjacentia fjratia,quie vel mile vel minus cenftiyato lumirn irradiantur · 

ve! 
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vel denimue per cujttfque radii dilatationem aut dijfraftionem Ih compares di* 
vergentes radios: turn fane poßerius Prifma magis diffunder et ac dtfpparet 
radios per dittos irregularitates it her is, airis, ant vitritvel per iteratam di. 
latationem lumms a refringentis fuperficici refifientia demo conßipati ac dif-
fufi, vel etiam per cujufque radti a priori dijfra^lione orti iter At am diffraZlte-
nem ac divifionem in longe p!fir es divergentes radios. Et fie Lumen magis 
difpergeretur per refr actionem fecundi Prifmatis, & in pHrietem project am 
Imagine») duplo longiorem minimum exhiberet, quam per folam fefratiionem 
prior is Prifmatti exhiberi potui(ftt. ^Amobrem cum , expsrientik teile % 
refrattiofecnndi Prifmatis adeo non difpergat lumen ut contrahat & in prißi-
num ft at um repeat, efficiatque ut in forma Coni poftea progrediatur, perinde 
ac ft mllam omnino refraftionem pajfum fuiftet '·> concedenaum efi,Diffufionem 
Luminu, a rtfrattione anterior is Prifmatis effettam^non oriri ah alt qua pr<t-
f/ttarum can far um, ant alia quavis irregularit ate, feddiverft refrangibili-
tati diver for um radiorumfolummodo tribuendam effe S utpote quk radius muf-
quifque, ex infita difpofitione taut am refratlionem in ptfieriori Prifmate ac in 
priori pajfus,reducitur inpArAllelifmum cumfeipfo't & fic omnes radii ad f t 
mutuo eafdem inclinations rtfumunt quas ante refrattiones habnere. 

Demum, ut htc omnia fumme confirmarem, adject Experimentum illui 
quod jam nomine Crucis pafftm infignitur : de cujus conditionibus cum R. P. 
dubitaverit,placuit jamdefignare Schemate. Sit BC anterior tabula, cui 
JPrifma A immediate prJfigitur, fit que D Ε altera tabula, quafi duodecim 
pedibus abinde difianr, cui fuffigitur alter um Prifma F. TabuU autem ad χ 
& y it a perforentur, ut altquantulum lucis ab anteriori Prifmate refratta, 

trat jet poffit per utrumque foramen ad fecundum PrifmA, inque to denuo re» 
fringi. Jam Prifma ant er in* circa axem reciproco motu convert at ur, & co-
lor es in Tabulam pofteriorem D Ε procidentes,per vices attollentur ac depri -
mentur, eoque patio alius at que alius color fucceffive pro arbitrio traijei pot eft 
per foramen ejus y ad poßeritts Prifma, dum cateri coloresin Tabulam im-
pingn η t : Et videbii ,radios diverfis coloribus praditos diverfampati rtfrattio-

nem 
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ntm in ilto pofteritri Prifmdte, ex eo quod ad diver ft locA parietis vel cujuf-
vü ob ft AC tili GH, pedibw aliquot nlteriut remoti, allabentttr } put A v i o -
iacei radii ad H, rubri ad G, & intcrmedii ad IOCA intermedia : & tame» 
propter determinatam pofitionemforaminum necejfe eft ut fimilu fit incidentia 
radiorum cujufq tie co I or is per utrum^ue trajeffii. Atque ita ex men far A coif.' 
ft At radios, diverfis color ib us ajfetlos, habere diverfas leges refraElionum. 

Sedfufpicor unde adduftw fit R.P. in dubitationem j nempe videtur etil»* 
taffe primum Prifma A poft Tabulam Β C,at que ita convertendo circa Ax-
em, vcrifimile eft inclinationem radier um qui interjacent foramina propter in-
termediam refrattitnem fuijfe mutatam. At ex defcriptione expo fit h in Phi l . 
T r a n f a f t i o n i b u s debutt Tabula ilia collocari poft * vid. mm 80 ρ 3078* 
Prifma,ut radii inter foramina in direüum jacerent, 9u* vttia Latlniitay'-
quemadmodum ex verbis'·> I took t w o Boards and "<>»t; Capiebam duas 
placed one of them c lo fe behind the Pr i fm Tabulas ]igneas,unnm-
at the W i n d o w * , conftare poteft. Et ußu Ex- qun " l " " 1 i m " « d i i c e r J colxocabam poft PrUma 
permentt idem tnnttit. acj fe B cft r a m . 

Ex abundant* placet obfervare, quod in h»c Experimente colorata Lux ab 
refrafiionem fecundi Prifmatis longe minus difunditur ac divaricat, quam 
cum alba exilfit, adeb ut imago ad G vel Ηfit pent circularis ·, prxfertim fi 
Prifmata ftatuantur parallela& i» contrario fituangulorum, prout in Sehe-
mAte defignantur. ]Ktnetiam, fi praterea diameter for Aminis y adaquet la-
titudinem colorum, nulla erit ej ufdem colorat λ lucis in longum dijfufto^ fed 
imago, qua a quopiam colore ad G vel Η effingitur, (pofitis circularib*ts fo-
raminibiu, & refrattionepofterioris Prifmatis non majori quam priori*, ra-
diifque ad obftaculum quam proxime perpendicularibm,) erit plane circularis„ 
Id quod arguit difufionem, dequafupraegimus, non ex contagione vel con -
tinuitAte mAteria mdulantis aut celerrime motΛ velfimilibus can fit ortam-efe, 
fed ex cert a refraSlionum cujufq ue generis radiär um lege. Cur aut em Imx<rs 
ilia in ttno cafu fit circularis, & in aliis mnnihil oblongata, & quomodo dijftt-
fio lucis in longitudinem in quolibet cafu pro arbitrio mimi.poffit,A Geometrit 
determinandum & cum experientia conferendum relinqus. 

Ρ oft quam Proprietates Lucis his&fimilibus experimentis fat is exploratt 
fuerint, fpettandt radios tan quam ejus five collaterals five fuccejpvas parter, 
de quibut expert* fimus per independentiam quod fint AIT tnvicem diftiacla · 
Hypothefes exinde dijudicand^ funt, & qua non pojfunt conciliari rcijciend<e. 
Sed levifßmi negotii eft, accommodare Hypothefes ad hanc Dvtlrinam. Nam 

fiquis Hypothefin Cartei ianam defendtre velit, dicendum eft, globtdos e(ft 
inaqtta'.es · velprejfioms globulorumeffe ali.u aliis fortiores, & ind: diver-
fimode refrangibiUs, & aptat ad excitandam fenfatioieem diverforum colorum. 
Et fic juxta Hypothefin C l . H o o k i i dicendum eft, Ondulationes <ttheris ejfe 
a/i'ti majores five craffiores aliis. Atque ita in extern. Hac enim videtur 
ejfe fummi neceffaria Lex & Conditio Hypothef ium, in qui bus Naturalia 
corpora ponuntur conftare ex quamplurimis corpufculis acervatim context is, ut 
Λ diver fit luceutium corpufculis ,vel ejttfdem corpufculi diverfis partibus (prout 
nutu,ßgura,m«lc,aut aliis qualitaiibus d\fferm)inaquales prejfiQnes,motionei 

am 
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ant mot Λ corpufcula per dthera quaquaverfum traijciafitur, ex quibus ,confuse 
mifiii, lux conftitui fupponetur. Et nihil duriut e j f e petejl in i f i u Hypothe-
fibus quam contraria fuppofitio. 

Ex apertura five dilatatione Lncis inpofteriori facie Prifmatis^quam R. P. 
dixit e j f e veluti foramen, f u f f i c i t , quod error non emerget fenßbilis fi mtdo 
aliquis emergeret. J^odβ calculus juxta Obfervattones precise ineatur, 
error trit mllus. Nam diametroforaminis ä longitudine Imaginis fu&dutta, 
reft ab it longitude quam Imago haberet fi modi foramen ante Prifma e j f e t indi-
vifibile , idque non obßante prafata lucis dilatatione in pofteriori facie P r i f . 
matis ; ut facile oftenditur. Deinde ex data ilia longitndine Imaginis,ac di-
fianttaaforamine indivifibili, ut & ptfititne & forma Prifmatis, & ad id 
inclination incidentium radiorum, ac angulo,qum refratti radii, ad medium 
Imaginis tendentes, cum a centro Selis incidentibus conftituunt, c&tera omnia 
determinants. Et qua determinant refraEliones & pofitiones radiorttm,fuf-
ficiunt adcalsulum iftarumrefrattisnumriti ineundum. Sedresnontanti e j f e 
videtur ut mtram inferat. 

Quod R.P.DoElrinam noftram Hypothef in vocavtrit, non aliunde faSlum 
e j f e credo quam quod vocabulum ufurpavit quod prim um occurrit; fiquidem 
mos obtinuit ut q vie quid exponitur in Philofophia dicatxr Hyptthefit. Et egt 
fane non alio etnfili» vocabulum ißud reprehends quam Mt tie invalefceret ap-
pell at io qua rette Philofophantibus prajudicit e j f e p o f f e t . R.Patris vero can-
dor in omnibus confpicitur \ indeque modus ejferendi Benevolentiam, qui mihi 
minime convenit. Jguod tarnen noßra non difplicent,vehement er gaudeo. Vale. 
Dab. C a n c a b r i g . n m o J u n i i 1 6 7 2 . 

Hac refponßo adiü.P.Tgnatium Pardies max tranfmijfa id e f e c i t , ut ille 
die9· J u l i i 1 6 7 2 . refcriberet G allice in hunc fenfum '•> 

Omnino mihi fat is fecit novi i f ima r c f p o n f i o , a D n . Newton» ad nieas 
Jnftant ias data. Novi f i imus fcrupulus , qui mihi haerebac c irca Ex-
perimentum CV*«/.penitus fu i t exemptus. Atque nunc plane ex F igura 
ipfius intel l igo quod non intellexeram ante. Experimentuia peraituro 
cum f u e r i t i t t o m o d o , nil habeo quod in eo defiderem amplius. R e m 
mihi pergra tamfecer i s , fi ipfi fingularem meum ingeni i & doftr inae 
e ju ; culcum contefter is , & pro i l l o ftudio maxima« grat ias agas .quo 
v o l u i t Annotat iones meas examinare i i fque refpondere. Praeter ex-
i ft imationem i l l am, quam jam ante de acumine ejus concepcram, a f -
teftus hie off ic iofus magnopere me ipfi dev inx i t . 
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A second Letter of P. PARDIES, written, to the Editor from Paris, 
May 2 1 , 1672, to Mr. NEWTONS Answer made to hu first Letter, 
printed in N". 84. N°. 85,. p.. 5012. Translated from the Latin. 
I have received your letter, with the observations of the very ingenious M r . 

Newton, in which he answers my difficulties, which I have read with great 
pleasure. And first, with' respect to that experiment of the greater breadth of 
the colours than what is required by the common theory of refractions; I con-
fess that I supposed the refractions at the opposite sides of the prism unequal, 
till informed by the letter in the Transactions, that the greater breadth was 
observed by Newton in that case in which the refractions are supposed recipro-
cally equal, in the manner mentioned in those observations. But since I now see 
that it was in that case that the greater breadth of the colours was observed, on 
that head I find no further difficulty. I say on that head; for the greater 
length of the image may be otherwise accounted for, than by the different 
pefrangibility of the rays. For according to that hypothesis, which is. explained 
at large by Grimaldi, and in which it is supposed that light is a certain substance 
very rapidly moved, there may take place some diffusion of the rays of light 
after their passage and decussation in the hole- Also on that other hypothesis, 
in which light is made to proceed by certain undulations of a subtile matter, as 
explained by Mr. Hook, colours may be explained by a certain diffusion and ex-
pansion of the undulations, made on the sides of the rays beyond the hole by 

that there is no other channel by which the chyle is conveyed into the blood than that of the thoracic 
duct, which generally opens -into the left subclavian vein at the angle formed by it and the internal 
jugular vein. Sometimes however it i« inserted directly into the internal jugular.] 
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the influence and continuation of the subtile matter. Indeed I admit such an 

hypothesis in " the Dissertation on the Motion of Undulation," which is the 

sixth part of my mechanics, as I suppose that those apparent colours are the 

sole effect of that communication of motion which is diffused laterally by the di-

rect undulations. A s if the rays entering by the hole a, (fig. 9, pi. ] 5) should 

proceed towards b, the undulations ought indeed to terminate directly, with re-

gard to their direct and natural motion, at the right line ab ; yet nevertheless, 

because of the continuity of the matter, there is some communication of the 

motion towards the sides cc, where it becomes tremulous and undulatory. And 

if colours be supposed to consist in the lateral undulation, all their phenomena 

may be explained in this manner, as I have shown in the dissertation before-

mentioned ; by which also the reason will appear, why the breadth of the co-

lours must be expanded beyond the divergency of the rays themselves. 

A s to what he says of the error, which might arise in the calculation, from 

what I mentioned like a hole made in the posterior face of the prism, that that 

error could not cause any sensible variation ; his remark is very proper : neither 

have I judged that hence the breadth of the colours would be much in-

creased, but I wished only to indicate an accurate mode of calculation: and 

therefore I also think this caution may be neglected in practice. 

A s to the Experimentum Crucis, I make no doubt that the incident rays had 

an equal inclination, since the author expressly affirms it. But that is what I 

could not gather from what I read in the Transactions; where it is stated, that 

there are two small and very distant holes, and one prism near the first hole in 

the window; through which prism the coloured rays escaping, fall on the other 

distant hole. And it is added, that the first prism was turned round its axis, to 

cause all the rays to fall successively on the second hole. Now in this case the 

inclination of the rays which fall on the second hole, must necessarily be changed: 

and I hinted in my letter, that it would be the same thing, whether the second 

hole were raised or depressed, for all the rays pointing to the sun's image, to 

fall successively on it, while the first prism was invariable; or whether, the 

second hole being immoveable, the first prism were turned round, so that the 

same image might change its situation, and all its parts successively fall on the 

second hole. But no doubt the sagacious" Newton used other precautions. 

i s to what I objected about colours, I am well satisfied with the solutions. 

And as to my calling the author's theory an hypothesis, that was done without 

any design, having only used that word as first occurring to me ; and therefore 

request it may not be thought as done out of any disrespect. I have always 

esteemed ingenious discoveries, and the excellent Newton I very highly admire 

and honour. 

5 A 1 
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Mr. NEWTON'S Answer to the foregoing Letter. N° 85 , p. 3014 , 
Translated from the Latin. 

In the observations of the Rev. F . Pardies, one can hardly determine whe-
ther there is more of humanity and candour, in allowing my arguments their 
due weight, or penetration and genius in starting objections. And doubtless 
these are very proper qualifications in researches after tiruth. But to proceed, 
F . Pardies says, that the length of the coloured image can be explained, with-
out having recourse to the divers refrangibility of the rays of l ight; as suppose 
by the hypothesis of F . Grimaldi, viz. by a diffusion of light, which is supposed 
to be a certain substance put into very rapid motion; or by M r . Hook's hypo-
thesis, by a diffusion and expansion of undulations; which, being formed in the 
sether by lucid bodies, is propagated every way. T o which may be added the 
hypothesis of Descartes, in which a similar diffusion of conatusy or pression of the 
globules, may be conceived, like as is supposed in accounting for the tails of 
comets. And the same diffusion or expansion may be devised according to any 
other hypotheses, in which light is supposed to be a power, action, quality, or 
certain substance emitted every way from luminous bodies. 

In answer to this, it is to be observed that the doctrine which I explained 
concerning refraction and colpurs, consists only in certain properties of light, 
without regarding any hypotheses, by which those properties might be explain-
ed. For the best and safest method of philosophizing seems to be, first to in-
quire diligently into the properties of things, and establishing those properties 
by experiments and then to proceed more slowly to hypotheses for the expla-
nation of them. For hypotheses should be subservient only in explaining the 
properties of things, but not assumed in determining them; unless so far as 
they may furnish experiments. For if the possibility of hypotheses is to be the 
test of the truth and reality of things, I see not how certainty cän be obtained 
in any science; since numerous hypotheses may be devised, which shall seem to 
overcome new difficulties. Hence it has been here thought necessary to lay 
aside all hypotheses, as foreign to the purpose, that the force of the objection 
should be abstractedly considered, and, receive a more full and general answer. 

By light therefore I understand, any being or power of a being, (whether a 
substance or any power, action, or quality of it, which proceeding directly 
from a lucid body, is apt to excrte vision. And by the rays of light I understand 
its least or indefinitely small parts, which are independent of each other ; such 
as are all those rays which lucid bodies emit in right lines, either successively or 
all together. For the collateral as well as the successive parts of light are inde.-
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pendent; since some of thp. parts may be intercepted without the others, and 
be separately reflected or refracted towards different sides. This being pre-
mised, the whole force of the objection will lie in this, that colours may be length-
ened out by some certain diffusion of light beyond the hole, which does not arise 
from the unequal refraction of the different rays, or of the independent parts 
of light. And that the image is no otherwise lengthened^ was shown in my 
letter in N u m b - 80 of the Transactions ; and to confirm the whole in the strictest 
manner, I added that experiment now known by the name Experimentum Cru-
cis ; of the conditions of which, since the Rev. Father has some doubt, I have 
thought fit to represent it by a scheme. Let BC (fig. 10, pi. J 5) then be the 
anterior board, to which the prism A is immediately prefixed, and let D E be 
the other board, at the distance of about 12 feet from the former, to which the 
other prism Ρ is affixed. And let the boards be perforated at oc and y in such 
a manner, that a little of the light refracted by the former prism may pass 
through both the holes to the second prism, and be there refracted again. Now 
let the former prism be turned about its axis with a reciprocal motion; then the 
colours falling on the latter board D E will be raised and depressed by tu rns : and 
thus the several colours may at pleasure be made to pass successively through the 
hole y to the latter prism, while all the other colours fall on the board. T h e n 
you will see that the said rays of different colours will be differently refracted at 
the latter prism, as they will be seen on different places of the opposite wall, or 
of any obstacle G H , at the distance of some feet from i t ; as suppose the violet 
rays at H , the red at G , and the intermediate rays at the intermediate places: 
and yet, because of the determinate position of the holes, the incidence of the 
rays of each colour through both must be similar. And thus it appears, by 
measuring, that the rays of different colours have different laws of refractions. 

But I suspect what it was that caused the Rev. Father to doubt ; viz. it seems 
he placed his first prism A behind the board Β C, and thus by turning it about 
its axis, it is probable that the inclination of the rays intercepted between the 
two holes may have suffered some change by the intermediate refraction. B u t 
by the description before given in the Transactions, the first board ought to be 
placed after the prism, that the rays may pass in a straight direction between 
the- holes, agreeably to my words ; " I took two boards, and placed one of them 
close behind the prism at the window." And the design of the experiment re-
quires the same thing. 

I t may be further observed, that in this experiment, because of the refraction of 
the second prism, the coloured light is much less diffused and less divergent, than 
when it is quite white, so that the image at G or Η is nearly circular ; espe-
cially if the prisms be placed parallel, and their angles in a contrary position, as 
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ip the present figure. And besides, if the diameter of the hole y be equal to 
the breadth of t ie colours, the coloured light .will not be diffused lengthwise $ 
but the image, which is formed by any colour at G or H, will be manifestly 
circular; supposing the bole« tp be circular, and the refraction of the latter 
prism not to be greater than that of the former,, and the rays to be nearly per-
pendicular to the obstacle. This shows that the diffusion, above-mentioned, 
does not arise from the influence or continuity of the undulating matter, pr 
matter put into a rapid motion> or any such like.causes, but from a certain lair 
of refractions for every species of rays. But why the image is in one case circu-
lar, and in others a little oblong, and how the diffusion of light lengthwise may 
in any case be diminished at pleasure, I leave to be determined by geometri-
cians, and compared with experiments. 

After the properties of light shall, by these and such like experiments, have 
been sufficiently explored, by considering its rays either as collateral or sucoea-
sive parts of it, of which we have found by their independence that they arte 
distinct from one another; hypotheses are thence to be judged of, and thoee 
to be rejected which cannot be reconciled with the phenomena. But it is an 
easy matter to accommodate hypotheses to this doctrine. For if any one wish 
to defend the Cartesian hypothesis, he need only «ay that the globules ere un-
equal, or that the pressures of eome of the .globules are stronger than others, 
and that hence they become differently refrangible, and proper to excite the 
sensation of different colours. And thus also according to Hook's hypothesis, 
it may be said, that some undulations of the aether »re larger or deeper than 
others- Afld so of the rest. For this seems to be the most necessary law and 
condition of hypotheses, in whieh natural bodies are supposed, to consist of .a 
multitude of corpuscu]es cohering together, and that from the different particles 
of lucid bodies, or from the different parts of the same corpuscule, (as they may 
happen to differ in motion, figure, bulk, or other qualities) unequal pressions, 
motions, or moved corpuscules, may be propagated every way through the aether, 
of the confused mixture of which light may be Supposed to be constituted, 
And there car be nothing more difficult in these hypotheses than the contrary 
supposition. 

As to that aperture or dilatation of the light in the posterior face of the prism, 
which the Rev. Father supposes to resemble a hole, it is sufficient that no sensi-
ble error can arise from it, if any at all. For if a calculation be made precisely 
according to the observations, the error will be found nothing. For by sub-
tracting the diameter of the hole from the length of the image, there will remain 
that length which the image would have, if the hole before the prism were an 
indivisible point, and that notwithstanding the aforesaid dilatation of the light 

1 
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in the posterior face of the prism; as is easily shown. Then from that given 
length of the image, and its distance from the indivisible-hole, as also from the 
position and form of the prism, and besides from the inclination of the incident 
rays, and from the angle whiph the refracted rays bending to the middle of the 
image make with those that are incident from* the sun's centre, all other things 
may be determined. And the same data that determined the refractions and 
positions of the rays, are sufficient for an accurate calculation of these refrac-
tions. But this matter seems not to be of importance enough to be much re-
garded. 

As to the Rev. Father's calling our doctrine an hypothesis, I believe it only 
proceeded from his using the word which first occurred to him, as a practice has 
arisen of calling by the name hypothesis whatever is explained in philosophy : 
and the reason of my making exception to the word, was to prevent the preva-
lence of a term, which might be prejudicial to true philoaoynyt 

The above answer being sent to the Rev. Father Ig. Pardies, he returned his 
acknowledgement in a note as below. 

I am quite satisfied with Mr . Newton's new answer to me- The last scruple 
which I had, about the Experimentum Chicis, is fully removed. And I now 
clearly perceive by his figure what I did not before understand. When the ex-
periment was performed after his manner, every thing succeeded, and I have-
nothing further to desire. 



I 10 HOOKE'S CRITIQUE OF NEWTON'S THEORY 

T H E H I S T O R Y O F T H E [ x 67l* 

Mr. HOOKE'S confederations upon Mr. NEWTON'S difcourfe on light and co-
lours were read. Mr. HOOKS was thanked for the pains taken in bringing in 
fuch ingenious reflections ; and it was ordered, that this paper ihoüld be regiftred', 
and a copy of it immediately fent to Mr. NEWTON : ana that in the mean time 
the printing of Mr. NEWTON'S difcourfe by itfelf might go on, if he did net con-
tradift i t ; and that Mr. HQOKE'S paper might be printed afterwards, it not be-
ing thought fit to print them together, left Mr. NEWTON ihould look upon it 
as a difrefpelt, in printing fo. fudden a refutation of a difcourfe of his, which had 
met with fo much applaufe at the Society but a few days before. 

Mr. HOOKE'S paper was as follows: 

" I have perufed the difcourfe of M r . NEWTON about colours and refra&ions, 
and I was not a little pleafed with the nicenefs and curiofity of his obfervations. 

" But, tho'· I wholly agree with him as to the truth of thofe he hath alledged, 

' Letter-book, vol. v. p. 155. » Regulier, voL iv. p. 148. 

" as 
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" as having, by many hundreds of trials, found them l o ; yet as to his hypo-
" thefis of folving the phenomena of colours thereby, I confefs, I cannot fee yet 
" any undeniable argument to convince me of the certainty thereof. For all 
" the experiments and obfervations I have hitherto made, nay, and even thofe 
" very experiments, which he alledgeth, do feem to me to prove, that while 
" is nothing but a pulfe or motion, propagated through an homogeneous, uni-
" form»· and transparent medium : and that colour is nothing but the difiuib-
" ance of that light, by the communication of that pulfe to other tranfparent me-
" diums, that is, by the refrailion thereof: that whitenefs and blacknefs are no-
" thing but the plenty or fcarcity of the undiiturbed rays of l ight : and that 
" the two colours (than the which there are not more uncompounded in nature) 
" are nothing but the effe<5ts of a compounded pulfe, or difturbed propagation 
" of motion caufed by refra&ion. 

M But, how certain foever I think myfelf of my hypothefis (which I did not take 
" up without firft trying fome hundreds of experiments) yet I Ihould be very glad 
" to meet with one experimentum crucis from Mr . N E W T O N , that ihould divorce me 
" from it. But it is not that, which he fo calls, will do the tu rn ; for the fame phae-
" nomenon will be folved by my hypothefis, as well as by his, without any man-
" ner of difficulty or (training: nay, I will undertake to (hew another hypothefis, 
" differing from both .his and mine, that ihall do the fame thing. 

" Tha t the ray of light is as it were fplit or rarified by refraction, is moil cer-
" tain ; and that thereby a differing pulfe is propagated, both on thofe fides, and 
" in all the middle parts of the ray, is eafy to be conceived :. and alfo, that differ-
" ing pulfes or compound motions ihould make differing imprefiions on the eye, 
" brain, or fenfe, is alfp eafy to be conceived : and that, whatever refracting me-
" dium does again reduce it to its primitive fimple motion by deilroying the ad-
" ventiiious, does likewife reitore it to its primitive whitenefs and Simplicity. 

" But why there is a neceflity, that all thofe motions, or whatever elfe it be 
" that makes colours, ihould be originally in the fimple rays of light, I do not 
" yet undesrftafli the necefiity of, no more than that all thofe founds muft be in 
" the air of the bellows, which are afterwards heard to ifilie from the organ-
u pi pee j or in the firing, which are afterwards, by different (toppings and ftrik-
" ingj produced ; which (triog (by the way) is a pretty reprefentation of the (hape 
*' of a refra&ed ray to the eye; and the manner of it may be fomewhat imagined 
" by the ßmUitade thereof: for the ray is like the firing, (trained between the 
" lumiaous objeit and the eye, and the ftop or fingers is like the refradting fur-
" facc, Ό0 the one fide of which the firing hath no motion, on the other a vi-
" beating one. Now we may fay indeed and imagine, that the reft or fireight-
" nefs of the firing is caufed by the cefiation of motions, or coalition of all vi-
" feralions; and that all the vibrations are dormant in i t : but yet it feems more 
" .natural to me to imagine it the other way. 

" And 
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" And I am a little troubled, that this fuppofition ihould make Mr. NEWTON? 
" wholly lay afide the thoughts of improving telefcopes and microfcopes by re-
" fractions; fince it is not improbable, but that he, that hath made fo very good an 
" improvement of telefcopes by his own trials upon refledtion, would, if he had 
" profecuted it, have done more by refradtion. And that refledtion is not the 
" only way of improving telefcopes, I may poffibly hereafter lhew fome proof 
" of. The truth is, the difficulty of removing that inconvenience of the fplit-
" ting of the ray, and confequently of the effedt of colours, is very great ·, but 
" yet not infuperable. I have made many trials, both for telefcopes and mi-
" crofcopes by refledtion, which I have mentioned in my Micrographia, but de-
" ferted it as to telefcopes, when I confidered, that the focus of the fpherical con-
" cave is not a point but a line, and that the rays are lefs true »efledted to a 
" point by a concave, than refradted by a convex·, which made me feek that by 
w refradtion, which I found could not rationally be expedted by refledtion : nor 
" indeed could I find any effedt of it by one of fix foot radius, which, about fe· 

ven or eight years fince, Mr . R E E V E made for Mr. GREGORY, with which I 
" made feveral trials·, but it now appears it was for want of a good encheiria 
" (from which caufe many good experiments have been loft) both which confi-
*' derations difcouragecT me from attempting further that way 5 efpecially fince I 
" found the parabola much more difficult to defcribe, than the hyperbola or el-
" lipfis. And I was wholly taken from the thoughts of it, by lighting on divers 
" ways, which in theory anfwered all I could wiih for ; tho' having much more 
" bufinefs, I could not attend to bring them into ufe for telefcopes·, tho* for mi-
" crofcopes I have for a good while ufed it. Thus much as to the preamble; I 
" lhall now confider the propofitions themfelves. 

" Firft then, Mr. N E W T O N alledgeth, that as the rays of light differ in re-
«* frangibility, fo they differ in their difpofition to exibit this or that colour: 
" with which I do in the main agree; that is, that the ray by refradtion is, as it 
" were, fplit or rarified, and that the one fide, namely that which is moft refradted 
" gives a blue, and that which is leaft a red: the intermediate are the diluting^ 
" and intermixtures of thofe two, which I thus explain. The motion of light in 
" an uniform medium, in which it is generated, is propagated by fimple and 
" uniform pulfes or waves, which are at right angles, with the line of diredtion ; 
" but falling obliquely on the refradting medium, it receives another imprefllon 
" or motion, which difturbs the former motion, fomewhat like the vibration of a 
" firing : and that, which was before a line, now becomes a triangular fuperfi-
w cies, in which the pulfe is not propagated at right angles with its line of direc-
" tion, but afcew, as I have more at large explained in my Micrographia; and 
" that, which makes excurfions on the one fide, imprefies a compound motion on 
" the bottom o f t h e e j e , of which we have the imagination or red ·, and that, 
" which makes excurfions on the other, caufes a fenfation, which we imagine a 

blue i and fo of all the intermediate dikitings of thoie colours. Now, that the 
intermediate are nothing but the dilutings of thole two primary, 1 hope I have 

" ftifficiently proved by the experiment of the two wedge-like boxes, defcribed 
" in my Micrographia. Upon this account I cannot afient to the latter part of 

" t h e 
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44 the propofition, that colours are not qualifications of light, derived from refrac-
" tions, or refeftions of natural bodies, but original and connate properties, &c . 

44 T h e fecond propofition I wholly, allow, not exailly in the fenfe there meant, 
" but with my manner of exprefllng i t ; that is, that part of the fplit ray, which is 
44 moil bent, exhibits a blue, that which is leaft, a red, and the middle parts midling 
" colours; and that thofe parts will always exhibit thofe colours till the com-
44 pound motions are deftroyed, and reduced by other motions to one fimple and 
44 uniform pulfe as it was at firft. 

44 And this will eafily explain and give a reafon of the phasnomena of the third 
44 propofition, to which I do readily afient in all cafes, except where the fplit ray 
44 is made by another refraftion, to become intire and uniform, again to diverge 
44 and feparate, which explains his fourth propofition. 

" But as to the fifth, that there are an indefinite variety of primary or original 
colours, amongft which are yellow, green, violet, purple, orange, &c. and. 

44 an infinite number of intermediate gradations, I cannot afient thereunto, as 
44 fuppofing it wholly ufelefs to multiply entities without neceflity, fince I have 
" elfewhere ihewn, that all the varieties of colours in the world may be made 
44 of two. I agree in the fixth, but cannot approve of his way of explicating 
44 the feventh. How the fplit ray being made doth produce a clear and uniform 
" light, 1 have before ihewed ; that is, by being united thereby from a fuperfi-
*4 cial motion, which is fufceptible of two, to a lineary, which is fuiceptible o f 
44 one only motion ; and it is as eafy to conceive how all thofe motions again ap-
44 pear after the rays are again fplit or rarified. H e , that (hall but a little confider 
44 the undulations on the furface of a fmall river of water, in a gutter, or the· 
44 like, will eafily fee the whole manner curiouily exemplified. 

44 The eighth propofition'I cannot at all aflent to, for the reafons above ·, and 
44 the reafons of the blue flame of brimftone, of the yellow of a candle, the 
44 green of copper, and the various colours of the ftars, and other luminous bo-
44 dies, I take to proceed from quite another caufe, eafily explained by my for-
" mer bypothefis. 

44 I agree with the obfervations of the ninth, tenth, and eleventh, though not 
44 with his theory, as finding it not abfolutely neceflary, being as eafily and na-
44 turally explained and folved by my hypothefis. 

44 T h e reafon of the phasnomena of my experiment, which he alledgeth, is 
44 as eafily folvable by mv hypothefis as by h is ; as are alfo thofe r which are men-
44 tioned in the thirteenth. I do not therefore fee any abfolute neceflity to be-
44 lieve his theory demonstrated, fince I can afiiire Mr. NEWTON, I cannot only 
44: folve all the phenomena of light and colours by the hypothefis I have for-

merly printed, and now explicate them by, but by two or three other very dif— 
44 fering 



HOOKE'S CRITIQUE OF NEWTON'S THEORY 

1 4 T H E H I S T O R Y O F T H E [I 

" fering from it, and from this., which he hath defcribed in his ingenious dif-
courie. 

" Nor would I be underitood to have faid all this againft his theory, as it is 
an hypothefis·, for I do moil readily agree with them in every part thereof, and 

" eileem it very fubtil and ingenious, and capable of folving all the phenomena 
" of colours: but I cannot think it to be the only hypothefis, nor fo certain as 
" mathematical demonilrations. 

" But grant his firft propofition, that light is a body, and that as many co-
" lours as degrees thereof as there may be, fo many forts of bodies there may 
" be, all which compounded together would make whi te ; and grant further, 
" that all luminous bodies are compounded of fuch fubilances condenfed, and 
" that whilft they fhine, they do continually fend out an indefinite quantity there-
" of, every way in orbem, which in a moment of t ime doth difperfe itfelf to the 
" utmoil and moil indefinite bounds of the univerfe; granting thefe, I fay, I 
*' do fuppofe there will be no great difficulty to demonftrate all the reft of his 
•" curious theory : though yet, methinks, all the coloured bodies in the world 
" compounded together ihould not make a white body, and I fhould be glad 
" to fee an experiment of that kind done on the other fide. If my fuppofition 

be granted, that light is nothing but a fimple and uniform motion, or pulfe 
" of a homogeneous and adopted (that is a tranfparent) medium, propagated from 
" the luminous body in orbem, to all imaginable diftances in a moment of time,. 
" and that that motion is firft begun by fome other kind of motion in the lu-
" rninous body ·, fuch as by the difiblution of lulphureous bodies by the air, or 
" by the working of the air, or the feveral component parts one upon another, 
" in rotten wood, or putrifying fiih, or by an external ftroke, as in diamond, fu-
" gar, the fea-water, or two flints or cryilal rubbed together ·, and that this 
" motion is propagated through all bodies fufceptible thereof, but is blended or 
" mixt with other adventitious motions, generated by the obliquity of the ftroke 
" upon a refracting body; and that, fo long as thole motions remain diftindt in 

the fame part of the medium or propagated ray, fo long they produce the fame 
effedt, but when blended by other motions, they produce other effects: and 

" fuppofing, that by a direft contrary motion to the newly imprefled, that ad-
x t ventitious one be defiroyed and reduced to the firft fimple motion ; I believe 
" M r . NEWTON will think it no difficult matter, by my hypothefis, to folve all the 
" phasnomena, not only of the prifm, tinged liquors, and folid bodies, but of 
" the colours of plated bodies, which feem to have the greateil difficulty. It 
" is true, I can, in my fuppofition, conceive the white or uniform motion of 

light to be compounded of the compound motions of all the other colours, 
·" as any one ftraic and uniform motion may be compounded of thoufands of 

compound motions, in the fame manner as DESCARTES explicates the reafon 
" of the refradtion·, but I fee no neceffity of it. If Mr . NEWTON hath any 

argument, that he fuppofes an abfolute demonftration of his theory, I Ihould be 
8 " very 
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" very glad to be convinced by it, the phenomena of light and colours being, in 
" my opinion, as well worthy of contemplation, as any thing elfe in the world." 
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Ifaac Newtons Anfwer to fome Confiderations upon bis Dot 

Urine of Light and Colors 5 »hieb DoUrine was printed in 
Numb. 80. ofthefe TraBs. 

S 1J{, I have already told you, that at the perufal o f the con-
fiderations, y o u lent me, on my Letter concerning Refrac-

tions and Colors, I found nothing, chat, as I conceived,might 
not without difficulty be aniwer'd. And though I find the 
Conßderer fomewhat more concem'd for an Hypothecs, than I 
expe&ed} yet I doubt not, but we have one common defign j 
I mean, a fincere endeavour after knowledge, without valuing 
uncertain fpeculations for their iubtleties, or defpifing cer-
tainties for their plainnefs : And on confidence o f this it is, 
that I make this return to his diicourfe.* 

The firfi thing that offers it felf 

islers a p - b l e . o m e . a n d l begin 
tecaufe in the tody of this S.nfwr W i t h It becaule It IS ί θ . T h e C o n f i -
are u be mn -with the chief partis*- e r i s p i e a / e d to reprehend me 
larf, -wham the Anfwerer war r j . u - i . t_ e • 
cm,rn'd. for laying afide the thoughts of im-

i onhePraBHu, f»rt of Of Κ Τ ^ Ύ Ρ " ? ^A'f'"*»»<· 
tii»it,. I f he had obliged me by a private 

' Letter on this occasion, I would 
have acquainted him with my fucceffes on the Tryals 1 have 
made of that kind, which I lhall now fay have been lefs than 
I fometimes expe&ed, and perhaps than he at prefent hopes 
for. But fince he is pleafed to take it for granted, that I have 
let this f u b j e ö pais without due examination, I fliall refer him 

. . . to my former Letter, * by which 
"* Irmitd in Numb. 80· tf tiefi „ ·π „ , 
Tre#s. that conjecture will appear to be 

un-grounded» For, what I faid 
there, was inrefpeft o f Telefcopes of the ordinary conftruÄi» 
on, lignifying, that their improvement is not to be expected 
from the well-figuring o f Glades, as Opticians have imagin'd j 
but I defpaired not of their improvement by other conftru-
öions 5 which made me cautious to infert nothing that might 
intimate the contrary. For, although fucceffive refradfcions 
that are all made the iame way, do necefTarily more and more 
augment the errors of the firft refra&ion 5 yet it feem'd not 
impoilible for contr*rj refraftions fo to corredfc each others 
inequalities, as to make their difference regularj and, if that 

coulfl 
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could be conveniently efFedfced, there would be no further dif-
ficulty. N o w to this end I examin'd, what may be done not 
only by GlaJffe* alone, but more efpecially by a Complication of 
divers fucceffive Mediums, as by two or more Glanes or Cry-
ftals with Water o r fome other fluid between them; all which 
together may perform the office of one Glafs, efpecially of the 
Objeft-g lafs , on whoie conftrudfcion the perfedtton o f the in-
ftrument chiefly depends. But what the reiults in Theory or 
by Tryals have been, I may poffibly find a m o r e proper occa-
fion to declare. 

T o the Aflertien, that Rays are lefs true reflected to a point 
by a Concave, than refracted by a Convex, I cannot allent5 nor 
do I underftand, that the focus o f the latter is lefs a line than 
that o f the former. T h e truth o f the contrary you will rather 
perceive by this following Table, computed for fuch a Reflec. 
ting Concave, and Refracting convex, on fuppofition that they 
have equal Apertures, and colled* parallel rays at an equal di-
fiance from their vertex j which diftance being divided into 
15000 parts, the Diameter o f the Concave Sphere will be 
60000 o f t h o f e parts, and of the Convex, 10000 3 fuppofing 
the sines o f Incidence and Refradtion to be, in round num-
bers, as 2 to 3« A n d this Table ihews, how much the exterior 
rays, at feveral Apertures, fall fhort o f their principal focus. 

The f Arts ofthe Axis intereepted 
The Diameter between the verlex And the ray:, 
of the Aperture.; Reflected• 

The Error by 
RefraEliotti 

By this you may perceive, that the Errors of the Refracting 
convex are ίο far from being/«//, that they are more than fix-
teen times greater than the like errors of the J{efiectingConcave, 
efpecially in great Apertures 5 and that without reipedl to the 
Heterogeneous conftitution of light. So that, however the 
contrary fuppofition might make the Author of thefe Animad« 
v^rfionsrejeäÄi/feftfofl/asufeleis for the promoting of Op-

K k k k k a tiques 
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tiques» yet I muft for this a« well as other coniideratio ns pre 
fer them in the Theory before Refractions. 

Whether the Parabola be more difficult to defcribethan the 
Hyperbola or Ellipßt, may be a Qtuerc : But 1 fee n o abfolute 
neceffity of endeavouring after any of their defcriptions. For, 
if Metals can be ground truly Spherical, they will bear as great 
Apertures, as I believe men will be well able to communicate 
an exact polifh to. And for Dioptrique Telefcopes, I told 
you, that the difficulty confifted not in the Figure of the glafs, 
but in the Difformity of Refra&ions : Which if it did nor» I 
could tell you a better and more eafie remedy than the ufe 
of the Conic SeBions, 

Thus much concerning the ?rattique 
*· o f th> T h t t r i v t l part of Optiqucs. 1 ihall uow take a view 

cf the Confederations on my Theories. And 
thoie confift in afcribing an Hjpothefis to me,which is not mine ; 
in Aflerting an Hypotbefis, which, as to the principal parts, is 
not againft me5 in Granting the greateft part of my difcourfe 
ifexplicated by that Hypotbefit 5 and in Denying iome things, 
the trath of which would haveappear'd by an experimental 
examination. 

Of thefe Particulars I, ihall difcourfe in 
m i ' order. And firft of the Hypotkeß,, which 

is afcribed to me in theie words: But grant 
hit firß(uppoßtio», that light is a bodyt and that as many colours or 
degrees as there may beifo many bodies there maybe s all which com-
ponndedtogether would make White, &c. This , it feems, is taken 
fc r my Hypothecs. 'Tis true, that from my Theory I argue the 
Corporeity of Light j but I do it without any abfolute pofitive-
nefs, as the word perhaps intimates $ and make it at moft but a 
very plaufible confequeme of the Do&rine, and not a funda-
mental Suppofition, nor fo much as any part of it ; which was 
wholly comprehended in the precedent Propofitions. And I 
fomewhat wonder, how the Objector could imagine, that,when 
1 had aflerted the Theory with the greateft rigour, I fliould 
be fo forgetful as afterwards to aflert the fundamental fuppo-
fition it felf with no more than a perhaps* Had I intended any 
iuch Hypothefis, I fhould fomewhere have explained it. But I 
knew, that the Propertiesy which I declar'd of Light) were in 

f ο rife 
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f o m e meafure capable o f being explicated not only by that, 
but by many other Mechanical Hypothefis. And therefore I 
chofe to decline them all, and to fpeak of Light in gentr&l 
terms, confidering itabftra<äly,as fomethiog or other propa« 
gated every way in ftreight line» f rom luminous bodies, with, 
out determining, what that Thing is; whether a confufed 
Mixture of difform qualities, or Modes of bodies, or o f Bos 
bies themselves, or o f any Virtues» Powers» or Beings what-
foever* And for the fame reafon I cho/e to ipeak o f Colours 
according to the information o f our Senfes, as if they were 
Qualities o f L ight without us. Whereas by that Hypotheßs ί 
muft have confidered them rather as Modes o f Senfation, e x . 
cited in the mind by various motions, figures, or fizes o f the 
corpuicles o f L ' g h t , making various Mechanical impreffions 
on the O r g a n of Senfe 5 as 1 expreifed it in that place, where I 
ipake of the Corporeity o f Light . 

But fuppofing I had propounded that Hypothifij, I uoder-
ftand not, why the O b j e & o r ihould fo much endeavour to op-
poieit» For certainly it has a much greater affinity with his 
own Hypotheßs, than he ieems to be aware o f } the Vibrations 
of the JEther being as ufeful and necefTary in this, as in his.For, 
aßuming the Rays o f Light to be fmall bodies, emitted every 
way from Shining iubftances, thofe, when they impinge on 
any R e f r a & i n g or Ref le&ing fuperficies, muft as neccflarily 
excite Vibrations in the either, as Stones do in water when 
thrown into it* And fuppofing thefe Vibrations to be of fe= 
veral depths or thickneffes, accordingly as they are exc.ted by 
the ikid corpuicular rays o f various fizes aud velocities^of what 
u(e they will be for explicating the manner of Reflection and 
Refract ion, the production of Heat by the Sunbeams, the Ε < 
miffion of Light from burning putrifying, or other fubftancej, 
whole parts are vehemently agitated, the Phenomena o f thin 
traofparent Plates and Bubles, and o f all Natural bodies, the 
Manner o f Vifion, and the Difference o f Colors, as alio their 
Harmony aad Difcord j 1 (hall leave to their confideration, 
who may think it worth their endeavor to apply this Hypothffti 
to the fülutioo o i phenomena* 

T« 
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In the fecond place, I told you,that the Objectors f fypothtf/ , 

as to the fundamental part of It, is 

S Ä Ä Ä Ä ! D o t a s ; i n f t m e · ΐ ! » < f u „ d a m „ t a i 
ßitutimof that and tiUthn Mecha- Suppofition is ; That the parti of 
MbS1"**' "t<mfvtmaik " mj bodies, when briskly agitated, do ex-

cite Vibrations in the Mther, which are 
propagated every way from thofe bodies in βτeight lines^ and caufe a 
Senfation of Light by beating and dajbing againfl the bottom of the 
Eye, (ometbing after the manner that Vibrations in the Air caufe a 
Senfation of Sound by beating againfl the Organs of Hearing. Now, 
the moft free and natural Application of this Hypotheßs to the 
Solution of phenomena I take to be this: That the agitated parts 
of bodies, according to their feveral fizes, figures, and mo« 
tions, do excite Vibrations in the atberoi various depths or 
bignefles,which being protnifcuoüfly propagated through that 
Medium to our Eyes,efFe<9: in us a Senfation of Light o i a White 
colour i but if by any means thofe of unequal bignefles be fe* 
parated from one another, the largeft beget a Senfation of a 
««/colour, the leaft or ihorteft, of a deep Violett and the in-
termedial ones, of intermediat colors; much after the man-
ner that bodies, according to their feveral fizes, fhapes, and 
motions, excite vibrations in the Air of various bignefles, 
which, according to thofe bignefles, make feveral Tones in 
Sound: That the largeft Vibrations are beft able to over-
come the refiftance o f a Refra&iog fuperficies, and fo break 
through it with leaft Refradion 5 whence the Vibrations of 
feveral bignefles, that is, the Rays of feveral Colors, which 
are blended together in Light, muft be parted from one ano-
ther by Refra<5tion, and fo caufe the fhxnomena of Pnfinet and 
other refrafting fubftances: And that it depends on the thick -
nefsofa thin tranfparent Plate orBuble, whether a Vibration 
lhall be refle&edat its further fuperficies,or tranfmitted j fo that, 
according to the number o f vibrations, interceding the two 
fuperficies,they may be reflected or tranfmitted for many fuc-
ceffive thicknefles. And fince the Vibrations which make 
Β lew and Violett are fuppofed ihorter than thofe which make 
Äe</and Tellow, they muft be reflected at a lcfs thicknefs of the 
Plate : Which is fufficient to explicate all the ordinary fhteno* 
mena of thofe Plates or Bubles, and alfo o f all natural bodies, 

whofe 
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whofe parts are [like ίο many f ragments of inch Plates, 

T h e i e feem to be the moi l plain, genuine and neceflary 
condit ions οΐύύ% Hyfotbeßr. And they agree fo ju f t l ywi th m y 
T h e o r y , that if the Animadver(or think fit to apply them, he 
need no t , on that accoun t , apprehend a divorce from ir, But 
yet how he will defend it f r o m other difficulties, I know not . 
For , to me, the Fundamenta l Suppofition it ielf feems impof-
fible · namely,That the Waves or Vibrations of any FIuid,can, 
l.ke the Rays of L igh t , be propagated in S freight lines,without 
a continual and very extravagant fpreading and bending every 
way into the quiefcent Medium, where they are terminated 
by it. I miftake, if there be not both Experiment and D e · 
monftrat ion to the contrary. And as to the other two or three 
Hypotbefesy which he mentions, I had rather believe them fub-
je t t to the like difficulties,than f u f p e & t h e ^ w V w e ^ r / ü r f h o u l d 
ieledt the worft for his own. 

W h a t I have i a ido f this, may be eafily applied to all other 
Mechanical Hypothefes, in which Light is fuppofed to be caufed 
by any Preffion or Motion whatfoever, excited in the xther by 
the agitated parts of Luminous bodies.For : i t feems impoffible, 
that any of thofe Motions or Preffions can be propagated in 
Streight lines without the like fpreading every way into the 
fliadow'd Medium j on which they border . But yet , if any 
man can think it poffible, he muft at leaft allow,that thofe Mo--
tions or Endeavors to mot ion , caufed in the <etker by the feve-
ral parts of any Lucid body that differ in fize^ figure, and agi-
tation, muft neceiTarily be unequal .· Which is enough to de-
nominate Light an Aggregat oidiffbrm rays, according to any 
o f t h o f e Hypothefes» Ana if thofeOriginai inequalities may 
fuffice to difference the Rays in Colour and Refrangibi l i ty, I 
fee no reafon, why they, that adhere to any o f t h o f e hypothefes, 
ihould feek for other Caufes of thefe Effe&s, ünlefs ( to ufe the 
Objectors a r g u m e n t ) they will multiply entities without ce-
ceffity. 

T h e third thing to be confidered is, the Condition of the 
jinimadverfors Conceffions, which 
is, that I would explicate my Theo- *· eFth'Animadyerfor's cmuf. 

, , . r T , λ . j - c i ι j and tbur hmtt*tmttbn Hypo-

ries by his Hypothecs·. And if I cou ld 
comply with him id that p o i n t , there 
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there would be little or no difference between U s . For he 
grants, that without any reipect to a different Incidence o f 
rays there are different Refractions , but he would have it ex-
plicated, not by the different Refrangibility of feveralRays, 
but by the Splittiug and Rarefying ot sethercal pulfes. He 
grants my third, fourth and fixtb Propofitions; the ienfe of 
which is, That Un=compounded Colors are unchangeable,aad 
that Compounded ones are changeable only by refolving them 
into the colors, of which they are compounded ; and that all 
the Changes, which cau be wrought in Colours, are effc&ed 
only by varioufly mixing or parting them: But he grants them 
on condition that I will explicate Colors by the two fides of a 
fplit pulie, and fo make but two Jpeciet of them, accounting 
all other Colors in the world to be but various degrees and di-
lutings of thofe two. And he further grants, that Wkiteneße is 
produced by the Convention of all Colors; but then I muft ah 
low it to be not only by Mixture of thofe Colors, but by a far-
ther Uniting of the parts of the Ray fuppofed to be formerly 
fplit. 

I f I would proceed to examine theie his Explications, 1 
think it would be no difficult matter to fhew, that they are not 
only injußicient^bm in iome refpectsto me (at leaft) un-inttJli-
gible, For, though it be eafie to conceive, how Motion may b e 
dilated and fpread, or how parallel motions may become di-
verging j yet I underftand not, by what artifice any Linear 
motion can by a refracting fuperficies be infinitely dilated and 
rarefied, fo as to become Superficial: Or, if that be fuppofed, 
yet I underftand as little, why it ihould be fplit at fo i'mall an 
angle only, and not rather fpread and difperied through the 
whole angle of Refraction. And further, though I can eafily 
imagine, how Unlike motions may crofs one another5 yet I 
cannot well conceive,how they fhould coalefce into one uniform 
motion, and then part again, and recover their former Un-
likenefs 5 notwithftanding that I conjecture the ways,by which 
the Animadverfor may enaeavour to explain it. So that the Di-
rect, uniform and undifturbed Pulfes ihould be fplit and di-
Jfturbed by Refraction j and yet the Oblique and difturbed 
Pulfes perfift without fplitting or further difturbance by fol-
lowing Refractions, is (to me) as unintelligible. And there is 



NEWTON'S ANSWER TO HOOKE 123 

( 5089 ; 
as great a difficulty ία the Number of Colours} as you will fee 
hereafter. 

But whatever be the advantages . 
or diiadvantages of this Hypotbeßs, 
I hope I may be excuied from ta· thefts, 
king it up* fince I do not thiok it 
needful to explicate my Doärine by any Hypotbefis at all. For 
if Light becoofider'd abftradtedly without refpe&to any Hy~ 
potkeßt, I can as eafily conceive, that the feveral parts of a (hi-
ning body may emit rays ofdiffering colours and other quali* 
ties, of all which Light is conftituted, at that the feveral parts 
of a falie or uneven ftring, or of uneavenly agitated water in 
a Brook or Cataradfc, or the feveral Pipes of an Organ inip'u 
red all at once, or all the variety of Sounding bodies in the 
world together, fhould produce founds of feveral Tones, and 
propagate them through the Air confufedly intermixt. And, 
if there were any natural bodies that could reficft founds of one 
tone, and ftifle or tranjmit thofe of another; .then, as the Echo 
of a confufed Aggregat of all Tones would be that particular 
Tone , which the Echoing body is difpofed to relied: j fo,fince 
(even by the Animadverfor'j conceffions) there are bodies apt 
to reflect rays of one colour, and ftifle or tranfmit thofe of ano-
ther j I can as eafily conceive, that thofe bodies, when illumi-
nated by a mixture of all colours, muft appear of that colour 
only which they refletä. 

But when the Objector would infinuate a difficulty io thefe 
things, by alluding to Sounds in the ftring of a Mufical inftru-
ment before percuffion,or in the Air of an Organ Bellowes be« 
fore its arrival at the Pipes5 I muft confefs, I onderftand it as 
little, as if one had fpoken of Light ina piece of Wood before 
it be fet on fire, or in the oyl of a Lamp before it aicend up ths 
match to feed the flame. 

You fee therefore, how much , f#r , . _ , . . , 
. · • /· j L L· r t • l j 7· Tbtatfficuitits of the Animadver» It is befides the bufineis in hand, fo r s difc\Hr[e *hflraa<j / H y -
to diipute about Hypetlefij. For pothefes, and ctnßdcr'd mate gw 
which reaion I fhall now in the 
laft place,proceed to abftraft the 
difficulties in the Animadverfors difcowfe, a n d , w i t h o u t having 
regard to any Hypotbeßt, confider them in general term*. And 
Aey may be reduced to thefe 3 g u t r t t : L l l l l i.Whe-
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1. W h e t h e r the unequal R e f r a d i o n s , made without r e f p e f t 
to any inequality of incidence, be cauied by the different R e -
frangibility o f ieveral R a y s ; or by the fplitting, breaking o r 
diffipatiug the fame R a y into d iverg ing parts ? 

2. Whether there b e more than two forts of Colours > 
3. W h e t h e r Whitenefs be a mixture of all Colours ? 

„ ^ , r , . T h e F * r / ? o f t h e f e Quaret y o u 
3i That the.Riyu not fpht. cr any c j 1 J j • . ,J. 
Hbcr^dihnd. m a Y fiod already d e t e r m m d b y 

an Experiment in my former L e t -
ter ; the dcf ign o f which W3S to fliew, T h a t the length o f the 
colour 'd Image proceeded not f rom any unevenneis iu the 
Glafs, or any other contingent irregularity in the R e f r a ä i o n s . 
A m o u g f t other Irregularities I k n o w not, what is m o r e obvi* 
ous to fufpedt, than a fortuitous dilating and ipreading o f 
L i g h t after f o m e fuch manner, as Des-Cartes hath defcr ibedin 
his ^Ethereal Refra&ions f o r explicating the Tayle o f a Cometj 
o r as the A nimadv er for now fuppofes to be e f f e & e d by the 
»Splitting aad R a r i f y i n g of his iEthereal |pulfes. And t o p : e 
vent the fufpicion o f any fuch Irregularities, I told y o u , that 
I r e f r a & e d the L i g h t contrary ways with t w o Prifmes fuccef-
fively, to deftroy thereby the Regular e f f e ä s o f the firjl Priime 
b y the (econd, and j o di fcover the Irregular e f f e ä s by augment, 
i n g t h e m with iterated r e f r a d i o n s . N o w , a m o n g f t o t h e r Ir-
regularities, i f t h e f i r ß Pri fme had fpread and diifipated every 
ray into an indefinit number o f d iverging parts, the fecond 
fhould in l ike manner have fpread and diifipated every o n e o f 
thofe parts into a further indefinite number, whereby the I-
m a g e would have been ftill more dilated, contrary to the e-
vent* A n d this ought to have hapned, becaufe thofe Linear 
d iverg ing parts depend not on one another for the manner o f 
their R e f r a & i o n , but are every one o f them as truly and c o m -
pleatly R a y s as h i whole was before its Incidences as may ap-
pear by intercepting them feverally. 

T h e reafonablenefs of this proceeding will perhaps better 
appear by acquainting y o u with this further circumftance* I 
fometimes placed the fecond Priime in a pofition Tranfver fe to 
the firß, on defign to try, if it would make the long Image be-
come four-fquare by refra&ions croff ing thofe that had drawn 
the round Image into a long one» F o r , i f a m o n g f t other Ir-
regularities the R e f r a Ä i o n o f the firft Prifme, did by Splict i i^ 

dilate 
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dilate a Linear ray into a Superficial, the Crofs refraAions of 
that fecond Prifme ought by further fplitting to dilate and draw 
that Superficial ray into a Pyramidal (olid. Bur, upon tryal, 
I found it otherwife ; the Image being as regularly O b · 
long as before, and iacliQ'd to both the PrifmCs at an angle o f 
45· degrees, 

I tryed alio all other Pofitions of the fecond Prifme, by tur-
ning the Ends about its middle part; and in 00 cafe could cb-
ierve any fuch Irregularity. T h e Image was ever alike incli-
ned to both Prifmes, its Breadth anfwering to the Suns Dia-
meter, and its length being greater or leis accordingly as the 
Refractions more or lefs agreed, or contradicted one ano-
ther» 

And by thefe Obfervations, fince the Breadth o f the Image 
was not augmented by theCrofs refraction of the fetond?r\lme, 
that refraition muft have been perform'd without any fplitting 
or dilating o f the ray ; and therefore at leaft the Light inci-
dent on that Prifme muft be granted au Aggregat of Rays un-
equal!/ refrangible in my fenfe. And fince the (mage was e-
qually inclin'd to both Prifmes, and confequently the Refra* 
äions alike in both, it argues,that they were perform'd accor-
ding to fome Confiant Law without any irregularity. 

T o determine thefecpndQnx-
re,the Ammadverfir referrs to an I ß Z ' t " " " °"£i' 
Experiment made with two 
Wedge-like boxes, recited in the Micrography of the Ingenious 
Mr« HooJ{Obferv. 10, pag. 73. the defign of which was to 
produce all Colours out o f a mixture o f two. But there is, I 
conceive, a double d e f e ä in this inftance» For, it appears 
not, that by this Experiment all colours can be produced out 
of two 5 and, if they could, yet the Inference would uot fol-
low-

That«// Colours cannot by that Experiment be produced 
out o f two, will appear by confidering, that the T inäure of 
Aloes, which afforded one of thofe Colours, was not all over 
ofone uniform colour, but appear"d yellow near the edge of 
the Box,and red at other places where it was thicker: affording 
all variety o f colours from zpale yellow to a deep red orScarler, 
according to the various thicknefs of the liquor. And fo the 

L 1 1 1 1 2 folutioa 
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ioliition of Copper, which afforded the other colour, was of 
various Βlews and Indigo t. So that inftead of two colours, 
here is a great variety made ufc of for the produ&ion of all o-
thers. Thus, for infiancetto produce all forts of Greens}the ie-
veral degrees of Teltow and pale f/(w muft be mixed $ but to 
compound Purples, the Scarlet and deep Blew are to be the In-
gredients. 

Now, if the Animadverfor contend, that all the Reds and Tel-
tows of the one Liquor, or Blens and Indigo's of the other, are 
only various degrees and diluting* of the lame Colour, and not 
divers colours, that is a Begging of the Queftion : And I 
ihould as fcon grant, that the two Thirds or Sixths in Mufick 
are but feveral degrees of the fame found, and not divers 
founds. Certainly it is much better to believe our Senfes, in-
forming us, that Red and yellotv are divers colours, and to make 
it aPhilofophical ^aare, Why the fame Liquor doth, accor-
ding to its various thickncis, appear of thole divers colours, 
than to fuppofe them to be the fame colour becaufe exhibited 
by the fame liquor ? For, if that were a fufficient reafon, theo 
Έίετν and muft alfo be the fame colour, fince they are 
both exhibited by the fame Tin&ure of NephritickjVood. But 
that they are divers colours, you will more fully underftand by 
the reafon, which, in my Judgments this .· The Tin<äure of 
Aloes is qualified to transmit maß eaßly the rays indued with redt 

moil difficultly the rays indued with violet^ and with intermedü 
at degrees offacility the rays indued with intermediat co!ours«So 
that where the liquor is very thin, it may fuffice to intercept 
nioft of the violet, and yet tranfmit moft of the other colours; 
all which together muft compound a middle Colour, that is, a 
faint yellow. And where it is fo much thicker as alfo to inter-
cept moft of the Blew and Green, the remaining Greeny fellow, 
and Red,it muft compound an 0*enge. And where the thick-
nefs is fo great, thaticarce any rays can pais through itbe-
fides thofe indued with 7\td, muft appear of that coiourjand 
that fo much the deeper aod obicurer, by how the liquor is 
thicker» And the fame may be underftood of the various de-
grees of Blew, exhibited by the Solution ofCopper, by reafon of 
its diipofition to intercept J{ed moft eafily, and trjrflfmic a deep 
Slew or Indigo*Colour moft freely. 

Bft 
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But» fuppofing that aliColours might,according ίο this ex* 

pcrimenc,be produced outof/nw by mixture j yet it follow' 
nor, that thofe two are the only Originalcolour^ and that fo r 

a double reafon. Firß^ becauie thofe two are Dot themielve8 

Original colours, bur compounded ofothers; there being no 
liquor nor any other body in nature,whofe colour in Day· light 
is wholly un-compounded. And then̂  becaufe, thoügh thofe 
rwo were Original, and all others might be compounded of 
them, yet it follows not, that they cannot be otherwiie produ-
ced, For I faid, that they had a double Origin, the iame Co-
lours toienfe being in fomecafes compounded and in others 
un compounded; and fufSdently declared io my third and 
fourth Propofitions, and in the Conclafion, by what Properties 
theone might be known and diftinguiih'c from the other. Bur, 
becauie I luipedby fome Cireumftances, that thzDißinBion 
might not be rightly apprehended, I fhall once more declare 
it, and further explain it by Examples. 

That Colour is Primary or Original, which cannot by any 
Art be changed, and whofe R.ays are wet alike refrangible : 
And that Compounded, which is changeable into other colours, 
and whole Rays are not alikf refrangible. For infiance, to 
know, whether the colour of any Green obje&be compouu» 
dedor not, view it through a Prime, and if it appear conjufed, 
and the edges tinged withBfcm, Te!iovt>) or any variety of o-
ther colours, then is that Green compounded of fuch colours 
as at its edges emerge out of i t : But if it appear dißinBt and 
well defin'd, and entirely Green to the very edges, without 
any other colours emerging, it is of an Original and un-com-
pounded Green. In like manner, if a refra&ed beam of l ight " , 
being caft on a white wall, exhibit a Green colour^ to know 
whether that be compounded, refra&the beam with an in-
terpoied Prifme 5 and if you find any DifFormity in the refra-
ctions, and the Green be transform'd into Blewy Yellow fit any 
•atiety of other colours, you may conclude, that it was com-
pounded of thofe which emerge: But if the Refra&ions be 
uniform, and the Gr«» perfift without any change of colour, 
then is it Original and un compounded, Andthe reafon why 
I call it fo, is, becauie-a Green indued with fuch properties can-
not be produced by any mixingofother colours. 

Now 
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Nowji f two Gr«« Objects may to the naked eye appear of 

the fame colour, and yet o n e o f t h e m t h r o n g h a prifme feera 
cenfufed and variegated with other colours at the edges, and 
the other dißin8 and entirely Green »or, if there may be two 
Beams of Light, which falling on a white wall do to the na-
ked eye exhibit the fame Green colour, and yet one of them, 
when tranfmitted through a Prifme, be uniformly and regu-
larly refracted,and retain its colour unchanged, and the other 
be irregularly refracted and to divaricate into a multitude of 
other colours j I fuppofe, theie two greens will in both cafes be 
granted of a different Origin and conftitution. And if by 
mixing colours, a green cannot be compounded with the pro* 
perties of the Unchangeable Green, I think, I may call that ao 
Vn-componnded colour, eipecially fince its rays are alike refran-
gible,and uniform in all refpects. 

The fame rule is to be obferv'd in examining, whether J{ed9 
Orenge, YellorvJMerpj or any other colour be compounded or 
not. And, by the way, fince all White obje&s through the 
Prifme appear confus'd and terminated with colours, Whitenefs 
muft, according to this diftin&ion, be ever compounded, and 
that the molt of all colours, becaufe it is the moft confus'd and 
changed by Refradtfons« 

From hence I may take occafion to communicate a way fo r 
the improvement oiMtcrofcepes by R.efra&ion. The way is, 
by illuminating the Obje f t in a darkned room with Light of 
any convenient colour not too much compounded: for by that 
meaus the Microfcope will with diftindinefs bear a deeper 
Charge and larger Aperture, eipecially if its conftrudfcion be 
fuch, as I may hereafter defcribe j for, the advantage in Or -
dinary Microfcopes will not be fo fenfible. 

_ , There remains now the third 
* ' cf Q u * r e to be confider'd, which is, 

Whether Wbitentft be an Uniform 
Colour, or a diffimilar Mixture of all colours? The Experiment 
•which I brought to decide it, the Animadvtrfer thinks may be 
otherwiie explained, and ίο concludes nothing. But he might 
eafily have fatisfied himfelf by trying, what would be the re« 
fult of a Mixture of all colours. And that very Experiment 
might have fatisfied him, if he hadplea iedto examine it by 
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the various circumftances» O n e circumftance I there decfa-
red, o f which I fee no notice taken; and it is* T h a t i f any co--
iour at the Lent be intercepted, the Wbitenefs will be chaDged 
into the other c o l o u r s : If all the colours but red be intercep-
ted, that R e d alone in the concourfe or croffing of the Rays 
will not conftitute Whitenefs, but continues as much R e d as 
b e f o r e ; and fo o f the other colours. So that the bufinefs is 
not only to iliew, how rays, which before the concourfe exhi-
bit colours, do in the concourfe exhibit White 5 but to fhew, 
H o w in the fame place, where the feveral forts o f rays apart 
exhibit feveral colours,a Confaf ion o f all together makeWhite . 
F o r inftance, if red alotiebe firft traufmitted to the paper ac 
the place o f concourfe, and then the other colours be let fall 
on that R e d , the Queftion will be, Whether they convert it in* 
C > White, by miring with it only, as Blew falling on Yel low 
light is fuppos'd to compound Green 5 or, Whether there be 
iume further change wrought in the colours by their mutual 
a & i n g on one another, until!, like contrary Peripatetic quail* 
ties, they become aifimilated. And he that (hall explicate this 
h i t Cafe mechanically, muft conquer a double impoffibility; 
He muft/?j$ fhew, that many unlike motions in a Fluid can by 
claihing ίο a f t on one another, and change each other, as to 
become one Uniform motion ; and that an Uniform mo-
tion can of it (elf, without any new unequal impreffions, de-
part into a great variety o f motions regularly un-equal. And 
after this he muft further tell me, W h y all O b j e & s appear 
not o f the fame Colour, that is, why their colours in the Air, 
where the rays that convey them every way are confufedly 
mixt^do not affimilate one another and become Uniform be-
f o r e they arrive at the Spe&ators eye ? 

But i f there be yet any doubting,*tii better to put the Event 
on farther Circumftances o f the Experiment, than to acquieice 
in the poffibility o f a n y Hypothetical Explication. As, for in· 
f iance, by trying,What will be the apparition of ihefe colours 
in a very quick Confecatioa o f one another. And this may be 
eafily periorm'd by the rapid gyration o f a Wheel with [many 
Spoaks or coggs in its perimeter, whofe Interftices and thick· 
nefies may be equal and of fuch a largencis, that, if the Wheel 
£>e interpoied between the Prifine and the white concourfe 

o f 
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o f the colours, one half of the Colours may be intercepted by 
a fpoake or cogg , and the other half pafs through an inter· 
ftice. T h e Wheel being in this pofture, you may firit turn it 
i lowly about, to fee all the colours fall lucceffively on the 
fame place of the paper, held at their aforefaid concourfe ; 
and if you then accelerate its gyration, until the Confecution 
of thofe colours be fo quick, that you cannot diftinguilh 
thetn feverally, the refulting colour will be a Whitenefs per-
fectly like that, which an en-refracted beam o f Light exhibits, 
when in like manner fuccefTively interrupted by tne fpoaks or 
coggs of that circulating Wheel» And that this tvhitenep is 
produced by a fucceffive Intermixture o f the Colours, with-
out their being affimilated , or reduc'd to any Unifor-
mity, is certainly beyond all doubr, unleis things that exift 
not at the iame time may notwithstanding a f t on one a* 
nother. 

There are yet other Circumftances, by which the Truth 
might have been decided} as by viewing the White concourfe 
o f the Colours through another Priirae plac'd clofe to the eye, 
by whofe Refraction that whitenefs may appear again tranf· 
form'd into Colours: And then, to examine their Origin, i f an 
Afliftant intercept any o f the colours at the Lens before their 
arrival at the Whitenefs, the fame colours will vaniih from a-
mougft thofe, into which that Whitenefs is converted by the 
fecond Prifme, Now, if the rays which disappear be the fame 
with thofe that are intercepted, then it muft be acknowled? 
ged, that the fecond Prifme makes no new colours in any rays, 
which were not in them before their concourfe at the paper* 
Which is a plain indication, that the rays o f feveral colours re-
main diftinft from one another in the Whitenefs, and that from 
their/rw/0«/difpofitions are deriv'd the Colours of the fecond 
Prifme. A n d , by the way, what is ikld o f their Colors may be 
applied to their Refrangibility. 

Theaforefaid Wheel may be alfo here made u f e o f j and, i f 
its gyration be neither too quick nor two flow, the fuc-
cefsionof the colours may be difcern'd through the Prifme, 
whilft to the naked eye of a Byilander they exhibit white« 
neis. 

There is fomething ftill remaining to be faid of this Expert. 

merit 



N E W T O N ' S ANSWER T O H O O K E 

( s o * * ; 
mcnt. Bat tfais, I conceive, is enough to enforce i t , and fo to de·' 
cidethe controverfy. How-ever, I (hall now proceed to (hew force 
other ways of producing Whitenefs by mixtures, fince I perfwade ray 
(elf, that this AiTertion above the red appears Paradoxical, and is 
with moft difficulty admitted. And becaufe the Animadverfor defires 
an inftance of it in Bodies of divers colours, I (hall begin with that. 
But in order thereto itrauftbe ionfider'd, thatfuch colour'd Bodies 
re f ledbut fome part of the Light incident on them ; as is evidenc 
by the 13 Propoßtion : And therefore the Light refleded from an A g -
gregat of them will be much weakned by the lofs of many rays.' 
Whence a perfed and intenfe Whitenefs is not to be expeded, but 
rather a Co lour between thofe of Light and Shadow, or fuch a 
G r a y or D i r t y colour as may be made by mixing White and Black 
together. 

And that fuch a Colour will refult, may be colleded from the 
colour of Dttfi found in every corner of an houfe, which hath been 
obferv'd to confift of many colour'd particles. There may be alfo 
produced the like Dirty colour by mixing feveral Painters colours 
together. And the fame may be effeded by Painting a. Top (fuch 
as Boys play with) of divers colours. For, when it is made 
to circulate by whipping i t , it will appear of fuch a dirty co-
lour. 

N o w , the Compounding of thefe colours is proper to my pur-
pofe, becaufe they differ not from Whitenefs in the Species οf co-
l o u r , but only in degree of Luminoufnefs: which Cdid not the An-
imadverfor concede it) I might thus evince. A beam of the Suns 
Light being tranfmitted into a darkned room, if you illuminate a 
iheet of White Paper by that Light, refleded from a body of a-
ny colour, the paper will always appear of the colour of that bo-
d y , by whofe reflefted light it is illuminated. If it be a red bo· 
dy , the paper will be reds if a green body, it will be green; and fo 
o f the other colours. The reafon is, that the fibers or threds, o f 
which the paper conlifts, are all transparent and fpecular ; and fuch 
fubftances arc known to refled colours without changing them. T o 
know therefore, to what Species of colour a Grey belongs, place a-
ny Gray body(fuppofe a Mixture of Painters colours,)in the faid Light, 
and the paper, being illuminated by its reflexion, (hall appear White. 
And the fame thing will happen, if it be illuminated by reflexion 
from a Mwtfubftance. 

Thefe therefore are all of one Species ; but yet they feem diftin-
guilht not only by degrees of Lummoufnefs, but alfo n y fome other 
I n e q u a l i t i e s , w h e r e b y t h e y become m o r e harih or p l e a f a n t . And t h e 
diftindion feems to be, that Greys and p e r h a p s Blacks a r e made b y an 
u n e v e n defedof Light, confiding as it were of m a n y l i t t l e veine 
or ftreams, which differ «ither in Luminoufnefs o r in t h e Unequal di-

M m ra m m ßributioa 
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Anbutionofdiverfly cotourM rays ·, fach a« ought tobe caus'd by 
Reflexion from a Mixture of white and black, or of diverfly eo. 
lour'd corpufcles, But when fuch impertedly mixt Light is by a f e -
cund Reflexion from the paper more evenly and uniformly blended, 
it becomes more pleafant, and exhibits a faint or fhadowM Whice-
nefs. And that fuch little irregularities as thefc may caufethefe dif-
fereaces, is not improbable, if we confider, how much variety may 
be caufed in Sounds of the fame tone by irregular and uneven jar-
rings. And befid'es, theft differences are ίο little, that I have fome-
times doubced, whetherthey beany at all, when I have con(ider'd 
that a Black and White Body being plac'd together, the one in a 
Strong light, and the other in a very faint light, fo proporti-
onal that they might appear equally luminous } it has been dif-
ficult to diftinguiih them, whenview'd at diftance, unlefs when the 
Black feem'd more blewifh ; and the White body ina light ftill 
fainter, hath, in comparifon of the Black body, it felf appear'd 
Black. 

This leads me to another Way of Compounding TVhiteneft ·, which 
is, That if four or five Bodies of the more eminent coloure, o r a 
Paper painted all over, in feveral parts of i t , with thofe fevtrai 
colours ina due proportion, be placed in the faid Beam of Light j 
the Light, reflcded from thofe Colours to another White paper, 
held at a convenient diftance, (hall make that paper appear White. 
If it be held too near the Colours, its parts will feem of thofe colours 
t int are neareft them·, but by removing it further, that all its parti 
raav be equally illuminated by all the colours, they will be more and 
more diluted, until they become perfedUy White. And you may 
further obferve, that if any of the colours be intercepted, the paper 
wiU no l o n g e r appear White, but of the other colours which are not 
intercepted Now, that this whitenefs is a Mixture of the feveralJy 
coloured rays, falling ^onfufedly on the p ^ 

whkhromTfrom7rYe7arcdours, would in no Qualities differ from 
o n e another, but a l l o f t h e m exhibit the fame colour to theSpedU-
tor , contrary to what he fees. 

N o t m u c h unlike this Inftanceit is,That,if a poliiht piece of Metal 
befo placed, that the colours appear in it as ina Looking-glafs. 
and then the Metal be made rough, that by a confus d reflex-
ion thofe apparent colours may be blended together they ihall 
disappear, and by their mixture caufe the Metall to look 
White. B o t 
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But further to cnforce this Experiment. i f , infiead of the Paedr 

any White Froth, confifting of final] bubles, beiiluminated bv re-
flexion from the aforefaid Colours , it fhall to the naked eve feem 
White , and yet through a good Microfcope the feveral Colours will 
appear d i f h n d on the bubles, as if feen by reflexion from fo r n a n v 

fpherical furfaces. W i t h my raked eye, being very near, I have J . 
f o d i f c e r n d the feveral colours on eachbubie * and yet at a greater 
diliance, where I could not diftinguiih them apart, the Froth hath 
appeared entirely White. And at the famediftance, when I look'd 
intently, I have feen the colours di f t indly on eachbubie· and vet 
by (training my eyes as if I would look at fomething far off beyond 
them, thereby to render the Vifion confus'd, the Froth has appear'd 
without any other colour than Whitenefs. And what h here iaid 
of Froths,may eafily be underftood of the Paper or Metal in the fore 
going Experiments. For , their parts are fpecular bodies, like theft 
Bubles ·. And.perhaps with an excellent Microfcope the Colours ma» 
be alfo feen intermixedly refleded from them 7 

In proportioning the feverally Colour 'd bodies to produce tiiefe 
effeds there may be fome nicenefs* and it will be more convenient 
to make ufe of the colours of the Prifme, caft on a Wall , by who fe 
reflexion the Paper, Metal, Froth, and other White fubftances may 
beiiluminated. A n d l ufually made my Tryals this way, becaufe 

L^s^"7*^*1^*0» ** 
T o this way of Compounding Whitenefs may be referred that ο 

ther by Mixing light after it hath been trajeded through trao&a-
rently colour d fubftances. For inß«*c*t if no Light be admitted in-
to a room but only through Colour 'd glafs, whofe feveral parts 
are of feveral colours m a pretty equal proportion; all White things 
in the room fliall appear W h i t e , if they be not held too near the 
Glafs- And yet this l ight, with which they are illuminated, can-
not poffibly be uniform, becaufe, if the Rays, which at their entrance 
are of divers colours, do m their progrefs through the room fuffer 
wiy alteration to be reduced to an Uniformity; the Glafs would not 
intheremoteft parts of the room appear of the very fame colour 
which it doth when the Spectators eye is very near it : N o r would 
the rays, when tranfmitted into another dark room through a little 
hole in an oppolite door or partition-wall, pro/ed on a Paper the 
Species or reprefentation of the glafs in its proper colours. 

A n d , by the by, this feems a very fit and cogent Inflrance of fome 
other parts of my Theory, and particularly o f the 1 3 Fropofitim. For 
in this room al natural Bodies whatever appear in their proper col 
lours And all the Fhtnmen* of colours in nature, made either bv 
R e f r a d i o n or without i t , are here the fame as in the Open Air 
mow, the Lightinthis room being fuch a Diffimilar raixtu-e as 

Μ m m m m ζ 
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* have defcrib'd in my Theory, the Caufes of all tbefe Phenomena 
mu£ be the fame that 1 have there aflign'd. And I fee no reafon to 
fu fped , that the fame PhanomertA ihould have other caufes in the O -
pen Air. 

The fuccefs of this Experiment may be eafily con jedur 'd by the ap-
pearances of things in a Church or Chappel, whofe windores are of 
colour'd glafs '·, or in the Open A.r, when it is illuftrated with Clouds 
of various colours. 

There are yet other ways, by which I have produced wbitenefs ·, as 
by carting feveral Colours from two or more Prifmes upon the fame 
place ^ by Ref rad ing a B< a η of L>ght with two or tbree Prifmes fuc-
c,efiively, to make the diverging colours converge again ; by Refle-
d i n g one colour to another; and by looking through a Prifme on an 
Objed of many colours ·, and, (which is equivalent to the above men. 
t ion 'd way of mixing colours by concave Wedges fill'd with colour'd 
liquors,) I have obferv'd the fliadows of a painted GUfs-window to 
become White, where thofe of many colours have at a great diftance 
interfered. But yet, for further iat isfadion, the AnimAdverfor may-
t ry , if he pleafe, the effeds of four or five of fuch Wedges filled with 
liquors of as many feveral colours. 

Befides all thefe, the Colours of Water-bubbles and. other thin pellu-
cid fubftances afford feveral inftances of Whitenefs produced by 
their mixture ·, with one of which I fhall conclude this particular. Let 
fome Water , in which a convenient quantity of Soap or waihball is 
diffolv'd, be agitated into Froth, and , after that froth has flood a 
while without further agitation, till you fee the bubbles, of which 
i t confifts,begin to break, there will appear a great variety of colours 
all over the top of every bubble, if you view them near at hand ; bur,' 
if you view them at fo great a diftance that you cannot diftinguiih the 
colours one from anotner,the Froth will appear perfedly Whi te . 

Thus much concerning the defign 
j ι. that the Experimentum crucis and fubftance of the A»imAdverfar's 
is/nth. C o n f u t a t i o n s . There are yet fome 

particulars to be taken notice of , be-
fore I conclude ; as the denyal of the ExferimeittumaCrucis. On this 
I chofe to lay the whole ftrefs of my difcourfe ·, which therefore was 
the principal thing t o hive been objeded againft. _ But I cannot be 
convinced ot its infufficicncy by a bare denyal without affigning a 
B e a f o n f o r i t . l a m apt to believe, it has been mifunderftood ; for 
otherwife it would have prevented the difcourfes about Rar i fy ing 
and Splitting of rays s becaufe the defign o f i t is, t o Ihew, that Rays 
of divers colours, confider'd a part, do at Εη*Αΐ Incidences fuffer Vn-
tq»al Refradions , without [being fplit , rarificd, or any wayi dig 
la ted. 

In 
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In the Confiderjuions of ray firft and 

lecond Propor t ions , the Ammadvtrfor ,2· Smt particulars ucmmtnitdi* 
bath rcndred my Doctrine of Vm-equal }urtb(r c°Bf'da''t:">· 
Rtfrangibility very imperfect and maim-
ed, by explicating it wholly by the Splitting of rays ; whereas I chiefly 
intended it in thofe Refractions that are perform'd without that fup-
pos'd I r regular i ty ·, fuch as the Expcrimentum Crucu might have in -
form'd him of . And, in general I find, that , whillt he hath endea-
voured to explicate my Propolitions Hypothetic ally, the more material 
fuggeftions, by which I defign'd to recommend them, have efcap'd 
his conlideration fuch as are, The Unchangeablenefs of the degree 
of Refrangibility peculiar to any for t of rays·, the ftrift Analogy be-
tween the degrees of Refrangibility and Colours \ the Diß in f t ion 
between compounded aad uncompounded colours > the Unchangea< 
blenefs of un-compounded colours} and the Aflertion, that i f any one 
of the Prifmatique colours be wholly intercepted, that colour cannot 
be new produced out of the remaining Light by any further Ref rac-
t ionor Reflexion whatfoever. And of what ftrength and efficacy 
thefe Particulars are for enforcing the Tbetry, I defire therefore may 
be now confider Jd. 
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An ExiraS of a Letter lately written by dn tngenioui ptrfon 
Paris, containingfome Confiderations upon Mr. Newtons 
Urine"vf Colors at alfe upon the effeüt of the different Refra· 
ftions of the Rays in Telefcoptcal Glaßti• 

I Have ieen,how M r . e n d e a v o u r s to maintain his new 
Theory concerning Colours. Me thinks, that the muft im« 

portant Objection, which is made againft him by way of g)H£· 
re, is that, Whether there be more than two forts of Colours. 
For my part, I believe, that an Hypotkefis, that ihould explain 
mechanically and by the nature of motion the Colors Jel/ow 
and Slew, would be fufficient for all the r e f t , in regard that 
thofe others, being only more deeply charged ( as appears by 
the Prifmes of Mr. HooklJ do produce the dark or deep-Red 
and Blew; and that of thefefour all the other colors may be 
compounded. Neither do I fee, why Mr. Newton doth not con-
tent himfelf with the two Colors,Yellow and Blewjfor it will 
be much moreeafy to Bod en Hypothefis by Motion, that may 
explicate thefe two differences, than for fo many diversities as 
there are of others Colors. And till he hath found this Hypo· 
thefit, he hath not taught us, what it is wherein confifts the na-
ture and difference of ColourSjbut only this accident (which 
certainly is very confiderablej of their dißerent Refrattgibi-
lit/* 

As for the composition of White made by all the Colors to-
gether, it may poffibly be, that Teltow and Blew might alio be 
fufficient for that: Which is worth while to try 5 and it 
may be done by the Experiment,which Mr .Newton propofeth, 
by receiving againft a wall of a darkn'd room the Colours of 
the Prifme, and to caft their refleöed light upon white pa-
per. Here you muft hinder the Colors of the extremities, viz. 
the Red and Purple, from (hiking againft the wall, and leave 
only the intermediate Colors,·yellow,green and blew, to fee, 
whether the light of thefe alone would not make the paper 
appear white,as well as when they all give light. I even doubt, 
whether the lighteftjplace of the yellow color may not all a -
lone produce that cfteä,and I mean to try it at the firft con-
veniency 5 for this thought never camc into my mind but juft 

novjt 
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now. Mean time you may f e e , that i f thefe Experiments d o 
fucceed, it can no more be faid, that all the Colors are Decena-
ry ro compound White, and that 'tis very probable,that all (he 
reft are nothing but degrees of Teltow and Blew, morfc or left 
charged. 

La f t ly , touching the E f f e f t o f the different Refra&ions of 
the Rays in Telefcopical Glailes, 'tis certain, that Experience 
agrees not with what Mr. Newton holds» For to confider 
only a pidure, which is made by an objeft-glafs of υ feet in 
a dark room, we fee, it is too diftinft and too well defioed to 
be produced by rayes,that ihould ftray the 50th, 
part * o f the Aperture. So that, (as I believe i T f t Z T * . 
I have told you here to fore) the difference of ton, faith i„ 

the Refrangibility doth not, it may be, alwayes 
fol low the fame proportion in the great aod 3079. 
fmall inclinations of the Rayes upon the fur face 
o f the G la f r 
Mr. Newtons Anfmr to the foregoing Letter further explaining 

his Theory of Light and Colors, and particularly that of White-
nefs 5 together with his continued hopes of ptrfeQing Telefcopes 
bj Refit&iotis rather than Refraäiont. 

Concerning the bufinefs of Co lors ; in my faying that 
when Monfieur N. hath ihewn how White may 

be produced out o f t w o uncompounded colors,! will tell him, 
why he can conclude nothing from that · my meaning was, 
that fuch a White, f w e r e there any fuch,) would have diffe» 
rent properties f rom the White, which I had refpe<3 to3 when 
I defcribed my Theory , that is, from the White of the Sun's 
immediate light 5 of the ordinary o b j t ä s of our ienfes , and 
o f all white Phenomena that have hitherto fain under my ob-
iervai ior* And thofe d fferent properties would evince it to 
be of a different conftitution : Infomueh that fach a produfti-
on o f white would be fo far from contradi&ing, that it would 
rather iiluftrate and confirm my Theory j becsufe by the dif-
ference of that from other whites it would appear,.that orhtr 
Whites are not compounded of only two colours like that. 
And therefore if Monfieur N. would prove any thing,it is re~ 
quifite that he d o not ooly produce out o f t w o primitive C o -
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lors a white which to the naked eye (hall appear like other 
whites, but alio (hall agree with them in all other proper-
tics. 

But to let you underftand wherein fuch a white would 
differ from other whites and why from thence it would fol-
low that other whites are otherwiic compounded, I (ball lay 
down this pofition» 

Tthat a compounded color can be refelved into no more ßmpleco. 
lets then tbo(e of which it it compounded. 

This feerns to be felf evident, and I have alio tryed it ieve-
ral ways, and particularly by this which 
follows. Let * reprefent an oblong piece A & 

of white-paper about t or} of an inch | j ] | 
broad,and illuminated in a dark room 
with a mixture of two colours caft upon Β 
it from two Prifms, iuppoie a deep blew 
andicarlet, which muft fcverally be as 
uncompounded as they can convenient-
ly be made. Then at a convenient di* (J Ύ 
fiance,fiippofe of fix or eight yards,view 
it through a clcar triangular glafs or cryftal Prifcn held paral-
lel to the paper, and you (hall fee the two colors parted from 
one another in the fathion of two images of the paper,as they 
are reprefented at C and >, where fuppofe β the (carlct and y 
the blew, without green or any other color between 
them. 

Now from the aforefaid Pofition I deduce thefe two con-
clufions. 1« That if there were found out a way to compound 
white of two fimple colors only,that white would be agaia re-
folvable into no more than two. a. That if other whites fas 
that of the Suns light, be reiolvable into more than two 
fimple colours (as I find by Experiment that they are ) then 
they muft be compounded of more than two. 

T o make this plainer, fuppofc that A reprefents a white bo-
dy illuminated by a diredt beam of theSun tranfmitted through 
a fmall hole into a dark room, and «fuch another body illu-
minated by a mixture of two fimple colors, which if poilible 

may 
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n a y make it alio appear of a white color exaftly like A. Thea 
at a convenient diftance view thefe two whites through a 
Prifm,and A will be changed into a feries of all colors, Red, 
Yellow,Green, Blew, Purple,with their intermediate degrees 
(iicceediug in order from Β to C* But «, according to the a -
forefaid Experiment, will only yield thofe two colors of 
which'twas compounded, and thofe not conterminate like 
the colors at BC,but feparate from one another as at c and γ , 
by means of the different refrangibility of the rays to which 
they belong. And thus by comparing thefe two whites, they 
would appear to be of a different conftitution, and A to con-
fift of more colors then <*. So that what Monfieur N. contends 
for, would rather advance my Theory by the acceisof a new 
kind of white thaa conclude againft it. But I fee 00 hopes, 
o f compounding fuch a white» 

As for Monfieur N.his expreffion,that I maintain my do&rine 
with fome concern, I confefs it was a little ungrateful to mc 
to meet with obje&ions which had been anfwered before, 
without having the leaft reafon given me why thofe anfwers 
were inefficient. The anfwers which I fpeak of are in the 
Tranfa&ionsfrom/Mg. 5 0 9 3 1 0 ^ , 5102* And particularly in 
pagt 5095 j to (hew that there are other fimple colors befides 
blew and yellow, I inftance in a fimple or bomogeneal Green, 
fuch as cannot be made by mixing blew and yellow or any o ( 

ther colours. Aod there alfo I.ihew w h y , fuppofing that all 
colors might be produced out of t w o , yet it would not fol-
low that thofe two are the only Original colors. The rcafons 
I defire you would compare with what hath been now faidof 
White. And fo the neccffity of all colors to produce white 
might have appear'd by theExperiment^ig. 5097,where 1 fay, 
that if any color at the Lens be intercepted, the whitened 
(which is compounded of them allj will be changed into (the 
refult o f ) the other colors. 

However, fince there feems to have happened fome mif-
underftanding between us, lihall endeavor to explain myfelf 
a little further in thefe things according, to the following me-
thod. 

Dtfinl· 
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Definitions. 

ι I call that Light homogeneal, fimilar or uniform, whole 
rays are equally refrangible. 

%> Arid that heterogcoeal,whole rays are unequally refran-
gible. 

Note.There are but three affeäione of Light in which Ihav« 
obferved its rays to differ* via.R.efrangibility, Reflcxibility, 
and Color, and thofe rays which agree in refrangibility a· 
gree alfo in the other two,and therefore may well be defined 
homogeneal, efpecially fince men ufually call thoie things ho-
mogeneal,which are fo in all qualities that come under their 
kaowledg, though in other qualities that their knowlcdgex* 
tends not to there may poffibty be fome heterogeneity* 

3. Thofe colors I call fimple, or homogeneal, which are ex-
hibited by homogeneal light. 

4. And thofe compound or heterogeneal,which are exhibi-
ted by heterogeneal light. 

5» Different colors I call not only the more eminent fpe-
cies,red,yellow, green, blew, purple, but all other the minu-
ted gradations; much after the fame manner that not only 
the more emio»nt degrees In Mufick, but all the leaft gradati* 
ons are efteemad different founds. 

Propofitiont. 

The Sun's light confifts of rays differing by indefinite 
degrees o f Refrangibility. 

2. Rays which differ in refrangibility, when parted from 
one another do proportionally differ in the colors which they 
exhibit. Theie two Propofitions are matter of 

3. There are as many fimple or homogeneal colors as de· 
greesof refrangibility. For, to every degree of refrangibi-
lity belongs a different color,by Prop.iAad that color is fimple 
by Def. 1• and 3. 

4. Whitenefs in all refpe&s like that of the Sun's immediate 
light and o f all the ufual objedb of our fenfes cannot be com-
pounded of two fimple colors alone. For fuch a compofition 
muft be made by rays that have only two degrees o f refran-
gibility, by Def. 1. and 3 5 and therefore it cannot be like that 
o f the Sunslightjby Prop. 1 5 Nor,for the fame re?.fon, like that 
o f ordinary white objeits. 

5. Whitenef· 
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5» Whitenefsin all refpeds like that o f the Sim's immedi-
ate l ight cannot b e compounded o f fimple colors without an 
indefinite variety o f them. For to fuch a compofition there 
are requifite rays indued with all the indefinite degrees o f r<« 
frangibility,by Prop. i . Aud thofe infer as many fimple colors, 
by Def. i . and 3. and Prop, 2. and 3. 

T o make theie a lictle plainer, I have added alio the Pro-
pofitions that follow. 

6. T h e rays o f light d o not a d on one another in pafiing 
through the fame Medium. This appears by feveral pafiages 
in thcTranfaQions pag. 5097, 5098, ; ioo , and 5101 . and is 
capable o f further proof. 

7. T h e rays o f light fuffer not any change o f their qualities 
from refradion. 

8. N o r afterwards from the adjacent quiet Medium. Thefe 
t w o Propofitions aremanifeft facto io homogeneal light, 
whofe color and refrangibility is not at all changeable either 
by refraction or by the concermioation of a quiet Medium. 
And as for heterogeneal light, it is but an aggregate o f ieveral 
forts o f homogeneal light, no one fort of which iuflers any 
more alteration than if it were alone, becauie the rays a d not 
on one another, by Prop, 6. And therefore the aggregate can 
fuffer none. Thefe two Propofitiont alfo might be further pro-
ved apart by Experiments, too long to be here defcribea· 

9. There can no homogeneal colors be educed out o f light 
by refra&ion which were cot commixt in it before : Becauie, 
by Prop• 7 , and 8,R.efra&ion changeth not the qualities o f the 
rays, but only feparates thofe which have divers qualities, by 
meaues o f their different Refrangibility, 

ι o. T h e Sun's light is an aggregate o f an indefiaite varie. 
ety of homogeneal c o l o r s ; by Prop. i , 3, and 9. And hence 
it i s , that I call homogeneal colors alfo primitive or original. 
And thus much concerning Colors. 

Monfieur N. has thought fit toiafinuate,that the aberration 
o f rays ( by theirdifferent refrangibility) is not fo confide-
rable a difadvantage in glafles as I feemed to be wiHiog to 
make men believe,when I propounded concave mirrors as the 
only hopes o f perfecting Telefcopes. But if he pleafe to take 
his pen and compute the errors o f a Glafs and Speculum that 

O o o 0 0 0 c o l l e d 
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c o l l e d rays at equal diftances, he will find how much he is 
miftaken, and that I have Dot been extravaganzas he imagins, 
in preferring Reflexions. And as for what he fays of the diffi-
culty of the praxis, I know it is very difficult, and by thofe 
ways which he attempted it I believe it unprafticablc. But 
there is a way infinuated in the 7ratifaftiottt /><«£. 3 080. by which 
it is net improbable but that as much may be done in largeTe* 
leicopes, as I have thereby done in ihort ones, but yet not 
without more tbenordinary diligence and curiofity. 
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An Extract of Λ/r.Ifaac Newton's Letter, written to the Yubli-
fher from Cambridge April 3. 1673. concerning the Number 
of Colors, and the Neceßtty of mixing them all for the pro-
duQion White $ as alfe touching the Caufe why α fiüure cafi 
by Glajjes into a darned room appear sfo diflinft notwithßand-
ing its Irregular refraBion : (Which Lett er, being an Imme-
diat anfiver to that from Paris, printed N*.g6,p,6o86. ofthefe 
T r a d s , fhould alfo, if it had not been miflaid, have immedi · 
ateljf followed the fame.) 

IT feems to me,that N. takes an improper way o f examining 
the nature of Colors^whilft he proceeds upon compounding 

thofe that are already compounded $ as he doth in the former 
part o f his Letter* Perhaps he would fooner fatisfie himfelf 
by refolving Light into Colors, as far as may be done by Art , 
and then by examining the properties of thofe colors apart, 
and afterwards by trying theef ieäs o f re-conjoining two or 
more or all ofthofe; andlaßly , by feparating them again to 
examine, what changes that re-conjunäion had wrought in 
them. This,I conftfs, will prove a tedious and difficult task 
to do it as it ought to be done 5 but I could not be fatisfied, 
till I had gone through it. However,! only propound itaand 
leave every man to his own method. 

As to the Contents of his Letter,I concetve,my former An-
fwer to the gu<ere about the Number o f Colors is fufficient, which 
was to this etftft ; That all Colors cannot praftically be deri-
ved out of the Tellow and Blew, and confcquently that thofe 
Hjpothefes are ground lefs which imply they may. If you ask, 
What colors cannct be derived out o f yellow and blew} I an-
fwer,none ofall rhofe which I defio'd t o b e Original; and i f 
he can (he w by experiment,how they may,I will acknowledge 
my (eIf in an error. Nor is it eafier to frame an Hjpothefis by 
aflüming only two Original colors rather than an mdefinit 
varie-y ; unlefs it be eafier to fuppofe, that there are but two 
figures,iizcs and degrees of velocity or force o f the ./Ethereal 
corpufcles or pulfes,rather then indefinit variety ; which cer-
tainly would be a harihfuppofition. N o man wonders at the 
indefinit variety of Waves o f the Sea,or offands 00 the fhorei 

but, 
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but, were they all but two fiz s, it wrmiA Le q yuzling 
phanomenou. And I ihould think it as unaccountable, if the 
f e v e r a l parts or corpufcles, of which a ihining body.confifts, 
which muft befuppos'd of various figures, fizes and motions, 
ihould impreis but two forts of motion on the ad jicent Ethe-
real medium, or any other way beget but two forts of Rays . 
But to examine.how Colors may be zx$\tAx\dhypotbeticalIy)'u 
be fid es my purpoie. I never intended to ibew, wherein con-
fifts the Nature and Difference ot colors,but only to ihew, that 
defaäo they are Original and Immutable qualities ot the Rays 
which exhibit them ; and to leave it to others to explicate by 
Mechanical Hypothecs the Nature and Difference of thofe 
qualities: which I take to be no difficult matter. But I would 
not be underftood, as if their Difference confifted in the Difc 
ferent Refrangibility ofthofc rays s for,that different Refrao-
gibility conduces to their produftion no ctherwife, than by 
feparating the Rays whofe qualities they are. Whence it is, 
that the fame Rays exhibit the fame Colors when feparated by 
any other means 5 as by their different Reflexibility, a quality 
Dot yet difcourfed of. 

In the next particular, where Ν, would ihew, that it is not 
necefiary to mix all Colors for the production of White ·, the 
mixture o f Tellow) Green and Blew, without Red and Violetf 

which he propounds for that end, will not produce whitetbut 
Green 5 and thebrighteft part of the Yellow will afford no o-
ther colour but Yellow, if the Experiment be made in a room 
well darkn'd,as it o u g h t b e c a u f e the Colour'd light is much 
weaken'd by the Refkxion, and fo apt to be diluted by the 
mixing of any other (battering light. But yet there is an Ex-
periment or two mention'd in my Letter in the Tranßßions 
Numb,Ζ 8, by which I have produced White out of two colors 
alone, and that varioufly, as out of Orange and a /»// Blew, and 
out o f Red and pale Blew, and out of Tellon> and Violet, as a l fo 
out of other pairs of Intermedin colors. The moft conveni-
ent Experiment (or pc rforming this5was that of carting the co-
lors of one Prifme upon thofe of another, after a due manner. 
But what N. can deduce from hence, I fee not. For the two 
colors were compounded o^ all others, and fo the refulting 
White, ( to fpeak properly,,) was compounded of them all, 

Qc[ q q q q 2 and 
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and ouly Je-ffomprmnded of thofe two. For inflame, the 
Orange was compounded of Red, Orange, Yellow and iome 
Green ; and the S / w , o f Violet,full Blew,light blew,and fome 
Green,with all their Intermediat degrees ·, and confcqueotly 
the Orange and Blew together made an Aggregate of all co-
lors to conftitute the White. Thusjif one mix red,orange and 
yel low Powders to make an Orange 5 and green5blew and vi-
olet colors to make a Blew 3 and laftly, the two mixtures, to 
make a G r e y ; that Grey,though de· compounded o f no more 
than two Mixtures} is yet compounded of all the fix Powders, 
as truly as if the powders had been all mixt at once. 

This is fo plain, that I conceive there can be no further 
fcruple $ efpecially to them who know how to examine,whe-
ther a colour be fimple or compounded,and of what colors it 
is compounded 3 which haviDg explained in another place, I 
need not now repeat. If thercforeN. would conclude any thing, 
he muft ihew, how White may be produced out of two Vn> 
compounded colors j which when he hath done, I will further 
tell him,why he can conclude nothing from that.But I believe, 
there cannot be found an Experiment o f that kind j becaufe, 
as I remember,! once tryed,by gradual fucceifion,the mixture 
of all pairs of Un-compounded colors 5 and, though fome o f 
them were paler, and nearer to White, than others, yet none 
could be truly call'd White* But it being fome years fince this 
tryal was made, I remember not well the circumftances, and 
therefore recommend it to others to be tryed again* 

In the 1 aft place, had I thought, the Diftinftnefs o f the Ρί-
öure,which (for inflance") a T w e l f f o o t Obje f t glafs cafts into 
a darken'd room,to be fo contrary to me as N. is pleafed to af-
firm,! ihould have waved my Theory in that point before I 
propounded it. For, that I had thought on that dif f iculty, 

you may eafily guefs by an exprefinn, fome-
* j·«Numb. 80. w h c r c jD m y firß Letter *, to this purpofejThat 

I wonder'd,how Telefcopes could be brought 
to fo grrat perfection by FLefra&ions which were lb Irregular. 
But,to take away the difficulty,! muft acquaint y >11 yiri?,That, 
though I put the grearcft Lateral error of th·.' r^ys from one 
anothe r :o be about ^ of the G r i f t s diameter ·•, ynt heir grea-
ter error from the Points on which they ought to fall, wilj be 

b«t 
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but ~ of that diameter : And then^that the rays, whofe error 
is fo great,are but very few ία companion to thofe, which are 
refracted more Juftly 3 for, the rays which fall upon.the mid-
dle-parts of the Glafs, arerefra&ed with fufficient exadfcnefs, 
as alio are thole that fall near theperimeter and have a mean de-
gree ofRefirangibility j So that there remain only the rays, 
which fall near the perimeter and are moß or leaft refrangible 
to caufe any feofible confufion in the Pifture. And thefe are 
yet fo much further weaken'd by the greater fpace, through 
which they are fcatter'd, that the Light which falls on the due 
p ior, is infinitely more denfc than that which falls oaany 
01 her point roundabout it. Which though it may feem a 
Paradox, yet is certainly demonftrable. Yea, although the 
Light, which paffes through the middle parts of the Glafs, 
were wholly intercepted, yet would the remaining light con-
vene infinitely more denfeat the due points,than at other pla-
ces. And by this excefs of Den(ny,the Light, which falls in 
or invifibly »e<ir the juft point,may,I conceive, ftrike the fen-

forium fo vigoroufly,that the imprefs of the weak light, which 
errs round about ic}(hall,io companion, not be ftrong enough 
to be animadverted,or to caufe any more fenfible confufion in 
the Pifture than is found by Experience. 

This,I conceive,is enough to fhew5Why the Pi&ure appears 
fo diftinft,notwithftanding the Irregular refraäion, But, if 
this fätisfie not,N. may try,if he pleafe,how diftinft the Pifture 
will appear,when all the Lent is cover'd excepting a little hole 
next its edge on one fid? only : And>if in this cafe he plcafe to 
meafure the breadth of the colors thus made at the edge of the 
Suns pifture, he will perhaps find it to approach nearer to my 
proportion than he expe&s. 

Am 
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An Anfmr (J* the former Letter,) written to the Vnblifher June 
1 0 . 1 6 7 3 . by the fame Parißan Philtfopherjhat 1v<ts lately faid to 
have mitten the Letter already extant in Ν$6,p.6o86. 

TOuching the Solutions,given by M.Newton to the 
icruples by me propos'd about hisTheory of Co-

lors,there were matter to anfwer them, aod to form new diffi-
culties ; but feeing that he maintains his opinion with lo much 
concern,I lift not to difpute. But what means it,I pray, that 
he f a i t h ; Though 1ßouldßiew him,that the White could be produ-
ced of only twoVn-compounded colors flet I could conclude nothing 

from that. And yet he hath affirm'd in p. 3083. of the Tranf 
aSionti that tocompofe the White, all primitive colors are 
neceflary. 

As to the manner,whereby he reconciles the effeft of Con-
vex glailes for fo well aflembling the rays, with what he efta-
blifhes concerning the different refrangibility, I am fatisfied 
with it $ but then he is alfo to acknowledge,that this aberrati-
on of the rays is not ίο difadvantagious to Optic glailes as he 
feems to have been willing to make us believe, when he pro-
pofed Concave fpeculums as the only hopes of perfecting Tele-
fcopes. His invention certainly was very good § but,as far as 
I could perceive by experience, the defeft of the Matter ren-
ders it as impollible to execute, as the difficulty of the Form 
obftruds the ufe of the Hyperbole of Μ „Des^Cartet: So that, in 
my opinion,we mud ftick to our Spheric Glailes,whom we are 
already fo much obliged to,and that are yet capable of great-
er perfeäion,as well by increafing the length of Telcfcopes,as 
by corre&ing the nature of Glafs it felf. So far He. 

to this Letter it to be referrdthat, which η already extant in 
N.p6.p.6c8/. 4S being an Anfwer thereto• 
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PHILOSOPHICAL 
T R A N S A C T I O N S . 

Januar. 25. 

The C O N T E N T S . 
A Letter of Franc. Linus, animadverting on Mr. Newtons theory of 

Light and Colorspvith an Anfwer thereunto. Ext rafts oftwo Let-
ters written by Mr,Flaniftead}e/an Afironomicalnature.Some Ob-
servations and Experiments made by Mr Lifter, touching the Ef-
fore fie nee of certain Mineral Globes; an odd figured iris; a Gloflo-
petra tricufpis non-ferratajffrrtewLapides )\idiic\,for kind foand 
in England;the Eletfrical power of Stones in relation to a Vegetable 
Rofin;the Flower andSeed of Mußroms;& the fpeedy vitrifying the 
whole body of Antimony by Cawk.An Accompt offome Books )l.Tra£fs 
containing i.Sufpicions about fome Hidden Qualities in the Air ,with 
an Appendix touching Celefltal Magnets and fome other particulars·. 
2. Animadverfuns upon Mr.Hobbs's PROBLEM AT Α de VA-
CUO.3.A Difcourfe oftheCaufeofAttraliion bj SUCTlOfcBv the 
Honourable R.Boyle, Efy.Fell.oftheR.Society. II. K.P.Claudii 
Franc.Milliet deChales CURSUSfeu MUNDUS MATHEMA-
TlCUSfrc.ULThe SPHERE c/M.Manilius made anEnglijbPo-
em, with Annotations, and an Aßronomical Appendix: By Edward 
$herbum,Efq.]V.AVONA,or a Tranfient View of the benefit of ma-
king Rivers of thit Kingdom Navigable\by R.S. W.An Effaytofa-
cilitatethe EDUCATION of YOUTH, &c. by M, Lewis 0/Tot-
tenham. 

A Letter ofthe Learn'd Franc. Linus, to a Friend of his in London, 
animadverting upon Mr. Ifaac Newton'J Theory of Light and Co-
lors, formerly printed in thefe Tra Us. 

Honoured Sir, 
Τ TNderftanding, that things of the nature I now write, are al-

ways welcom unto yoft,from what hand foever they come,I 
thoughr good,though unknown to you,togiveyou notice,That per-
iling lately the Philofophical Tranfaffions, to fee what I could find 
therein,in order to a littleTreatife ofOpticks I have in handjl light-
ed in page 3 c 7 5. upon a later of Mr Afaac Newton,Trohftor of Mi-
thematicks in the Univerfity of Cambridge^wherein he fpeaks of an 

F f E x -
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Experiment hetryed,by letting the Sunbeams through a little hole 
into a darkchamberjwhich paffing through a glafs J'rifm to the op-
pofite wall, exhibited therea Spettrum of divers colours, but in a 
form much more long then broad: whereas according to the receiv-
ed Laws of Refradtion, it fliould rather have appeared in a circular 
form.WhereupoQConcei ving a defeö. in thofe ufual Laws of Refra-
öion, he frames his new Theory of Light, giving to feveral rays,fe-
veral refrangibilities, without refpeä to their Angles of Inci-
dence, &c. 

Truly,Sir,I doubt not of what this learned Author here affirms; 
and have my felf fometimes in like circumftances obferved the like 
difference between the length and breadth of this coloured Spe-
ctrum ; but never found it fo when the sky was clear and free from 
clouds,near the Sun:but then only appeared this difference of length 
and breadth, when the Sun either fhined through a white cloud, or 
enlightned fome fiich clouds near unto it.And then indeed it was no 
marvel, the faid SpcQrttm fliould be longer then broad ; fincethe 
cloud or clouds, fo enlightned, were in order to thofe colours like 
toa great Sun,making a far greater Angle of Interferon in the faid 
hole,then the true rays of the Sun do make; and therefore are able to 
enlighten the whole length of the Prifm,and not only fome (mall part 
thereof,as we fee enlighcned by the true Sun-beams coming through 
the fame little hole. And this we behold alfo in the true Sun-beams, 
when they enlighten the whole Prifm:for,although in a clear Heaven, 
the rays of the Sun,paifing through the faid hole,never make a Spe-
Brum longer then broad,becaufe they then occupy but a fmall pare 
of the Prifm 5 yet if the hole befo much bigger as to enlighten the 
whole Prifm, you fhall prefently fee the length of the Speftrum 
mudiexceeditS-brcadlb i which excefs will be always fo much the 
greater,as the length of the Prifm exceeds its breadth» From whence 
I conclude, that the Speftwm,this learned Author faw much longer 
then broad, was not efftöed by the true Sun-beams, but by rays 
proceeding from fome bright cloud,as is faid-and by confequence, 
that the Theory of Light grounded upon that Experiment cannot 
fubfift. 

What I have herefaid,needs no other confirmation than meer ex-
perience,which any one way quickly try; neither have I only tryed 
the fame upon this occafion,but near 30 years ago ihewed the fame, 
together with divers other Experiments of Light, to that worthy 
Promoter of Experimental Philofophy, Sr. Kenelm Digby, who 
coming into thefeparts to take the Spa w-Waters,reforted oftentimes 

to 
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to my darkned Chamber, to fee thofe various Phenomena of l ight 
tftade by divers Refradtions and Reflexions, and took Notes upon 
them; which induftry ifthey alfo had ufed,who endeavour to expli-
cate the aforefaid difference between the length and breadth of this 
coloured SpeStrum, by the received Laws ofRefraftion, would ne-
ver have taken fo impofliblea task in hand. 

The reft is,Honoured Sir, that it is far from my intent,that the mi-
ftake here mentioned do any way derogate from that learned perfon: 
Which truly might have happened to my felf, if at my firft tryal 
thereof,the Sun had been in a white cloud,as it ieems,it happened to 
"him» Wherefore ceafing further to trouble you, I reft, 

Yours to command, Francis Linw. 
6 Oöob.1674. 

Sir, An Anfaer to this Letter. 

ΤΗ Ε Letter you thought fit to write by way of Animadverfi-
on upon Mr. Newton's new Theory of Light and Colors, 

grounded upon an Experiment of letting the Sun-beams through a 
little hole into a dark chamber, feems to need no other Anfwer but 
this, That you would be pleafed to look upon and confider the 
Scheme in Mr.Nevptons 2d Anfwer to P.Pardies in Numi/.$$.of the 
Fh.Tranfatfionstfvd reft aflured,that the Experiment,as it is repre-
fented, was tryed in clear days, and the Prifin placed clofe to the 
ho!e in the window,fo that the Light had no room to diverge,and the 
colour'd Image made not parallel (as in that conjeflure) buttranf-
verfe totheaxisof the Prifin, 

London, Decemb.17.1674. 
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A Letter $f Mr. Franc. Linus, written to the Fubliße? from Liege 
the 25th of Febr.i 675. ft.n. being Λ Reply to the Letter printed 
in Numb, n o .by veay of Anfveer to a former Letter of the fame 
Mr. Linus, concerning Mr.Ifaac Newton's Theory of Light and 
Colours. 

Honoured Sir, 

IN yours of Dee. 17.which Γ received about the end of fan.you 
fay,I may reft aflured, Firß, that the Experiment was made in 

clear days. Secondly, that the Prifm was placed clofe to the hole, 
fo that the light had no room to diverge: And thirdly, that the I-
mage was not Parallel (as I conjeöured ) but Tranfverie to the 
Axis of the Prifm. Truly, Sir, if thefe Aflertions be admitted, 
they do indeed direöly cutoff whit I faid of Mr. Newton's being 
deceived by a bright cloud. But if we compare them with Mr. 
Newtons Relation of the Experiment in the Fhil.Tranfatfions^N. 
%ογ.·$οη6. it will evidently appear, they cannot be admitted as 
being direöly contrary to what is there delivered. For there he 
tells us, the ends of the coloured Image, he faw on the oppofic 
wall, near five times as long as broad, feemed to be Semicircular. 
Now thefe Semicircular Ends are never feen in a clear day, as Ex-
perience fliews. From whence follows againft the firß Aflertion, 
That the Experiment was not made in a clear day.Neither are thofe 
Semicircular Ends ever feen, when the Priiro is placed clofe to 
the Hole ; which contraditts the fecond Aflertton. Neither are 
they ever feen, when the Image is Tranfverfe to the length or Axis 
of the Prifm ; which direöly oppofes the third Attertion. But if 
in any of thefe three Cafes, the Image be made fo much longer than 
broad (as eafily it may,by turning the Prifm a little about its Ax-
is) near five times as long as broad,than the one End thereof will run 
out into a iharp Cone or Pyramis like the flame of a Candle,and the 
other into a Cone fomewhat more blunt; both which are far from 
feeming Semicircular : Whereas, if the Image be trade not in a 
clear day,but with a bright cloud,and the Prifm not placed clofe 
to the Hole, but in a competent diftance from the fame (as you fee 
it p'aced in the Scheme of the Experiment in N.84./>. 4091.J 
then thefe Semicircular Ends always appear with the fides there-
of ftraight lines juft as Mr. Newton there defcribes them. Neither 

T t t h 
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is the length of the Image Tranfverfe, but Parallel to the length of 
the Prifoj. Out of all which evidently follows, that the Expe-
ritnent was not made in a clear day ; nor with the Prifm dole to 
the Hole; nor yet with the Image Tranfverfe(as is now affirmed,) 
but by a bright Cloud, and a Parallel Image ( as I conjeflured;) 
and I hope you will alio now fay, I had good reafon fo to conje-
cture, fince it fo well agrees with the Relation. And Experience 
will alfo fliew you, if you pleafe to make tryal, as it was made, in 
a dark Chamber,and obferve the difference between fuch an Image 
made by a bright Cloud, and another made by the immediate ray es 
of the Sun: For, the former you (ball always find Parallel, with 
the Ends Semicircular; but the latter you (ball find TraoiVerfe, 
with the Ends Pyramidical, as aforefaid, whenfuever it appears fo 
much longer than broad. 

More might be faidout of the fame Relation, to fliew that the 
image was not Tranfverfe. For, if it bad been Tranfverfe, Mr. 
Newton, fo well skilled in Opticks, could not hare been furprifed 
(as he lays be was) to fee the length thereof fo much to exceed the 
breadth; it being a thing fo obvious and eafie to be explicated by 
the ordinary Rules of Refraflion. That other place alfo , in the 
next p*gc 3077.(where he fays,the Incident Refraflions were made 
in the Experiment equal to the Emergent,) proves again that the 
faid oblong Image wasnot Tranfverfe, but Parallel. For it is 
impoffible, the Tranfverfe Image ihonld be fo much longer than 
broad, unlefs thofe two Refraflions be made very unequal, as both 
the computation according to the common Rules of Refraflion 
and Experience teftifie. Wherefore Mr. Newton had no reaibn to 
tax fin pag. 4091.) P. P*rdies of Hal Iucination,for making inp/tge 
4088. thofe two Refraflions very unequal: For, that learned 
Optike very well few, that in a clear day fo great an inequality 
of length and breadth could not be made, unlefs thofe two Refra-
flions were alfo made very unequal. Thefe places, I fay, might be 
added to the former, and further here explicated if need were; but 
there being no need, I ceafe to detain you any longer herein. 

Mr. 
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Mr. Ifaac Newton'/ ConfidtrAtitas on the firmer Reply; together 
with further Dir eft ions, how to mike the Experiments controver-
ted aright: Written to the Publisher from Cambridge, Novemb. r 3; 
1675. 

SIR, 

WTHen you flbew'd me Mr. Line's fecond Letter, I remember 
I told you, that I thought ail anfwer in writing would be 

infignificant, becaufe the difpute was notaboutany Ratiocination, 
but my veracity in relating an Experiment, which he denies will 
fucceed as i t is defcribed in my printed Letters: For this is to be 
decided not by difcourfe, buc new tryal of the Experiment.What 
it is that impofes upon Mr. Line I cannot imagin; but I fufpeft he 
has not tryed the Experiment fince he acquainted himfelf with my 
Theory, but depends upon his old notions taken up before he had 
any hint given to obferve the figure of the coloured Image. I fliall 
deiire hiui therefore, before he returns any anfwer, to try it once 
more for his facisfaäion, and that according to this manner. 

Let him take any Prifiue, and hold it fo that its Axis may be 
perpendicular to the Sun's rays, and in this poiture let it be placed 
as clofe as may be to the hole through which the Sun fliines into a 
dark room, which hole may be about the bignefsof a Peafe. Then 
let him turn the Prifm flowly about its Axis, and he fliall fee the 
colours move upon the oppofite wall firft towards that place to 
which the Sun's direä light would pafs, if the Prifm were taken 
away, and then back again. When they are in the middle of thefe 
two contrary motions, that is,when they areneareft that place to 
which the Sun's direft ray tends, there let him flop j for then are 
the rays equally refrafled on both fides the Prifm. In this pofture 
of the Prifm let him obferve the figure of the colours, and he ihall 
find it not round as he contends,but oblong,and fo much the more 
oblong as the Angle of the Prifm, comprehended by the redrafting 
plains, is bigger, and the wall, on which the colours are caft,more 
diftant from the Prifm 3 the colours red, yellow, green, blew,pur-
ple, fucceeding in order nor from one fide of the figure to the o-
ther, as in Mr .Line's conjeöure,but from one end to the other; and 
the length of the Figure being not parallel but ttanverfe to the 
Axis of the Prifm. After this manner I ufed to try the Experi-

T 1 1 2 menc 
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ment: F o r i have try 'd it o f t e n ; fometimes to obferve the circum-
ßahcesof it , fometimes in order to fur eher Experiments,and fome-
times to fliow it to others, and in all my tryals the fuccefs was the 
fame» But whereas Mr. Line thinks,! tryed it in a cloudy day,and 
placed the Prifm atagreatdif tancefrom the hole of the window; 
the Experiment will not fucceed well if the day be not c lear , and 
the Prifm placed clofe to the hole, or fo near at leaft, that all the 
Son's light that comes from the hole may pafs through the Prifm 
alio, fo as to appear in a round form if intercepted by a paper im-
mediately after it has pail the Prifm. 

When Mr. Litte has tryed this, I could wifli,he would proceed 
a little further to try that which I call'd the Exprimentum Cruets, 
feeing ( i f I mif- remember not) he denies that as well as the other. 
For when he has tryed them (which by his denying them, I know 
he has not done yet as they fhould be tryed)! prefume he will reft 
fatisfied. 

Three o r four days after you gave me a fight of Mr.Line's fecond 
Letter, I remember I thereupon ihow'd the firft of thefe two Expe-
riments to thatGentleman whom you found with roe,when yougave 
methat vifit,and whilft I wasihewing it to Υλχα,Α,Η. (amember of 
the R.Soeiety) came in and Iihewed it to him alfo.And you may re* 
member,that R, H. two or three years agoe in a Letter read before 
theR.SWefyand tranfmitted to me,gave teftimony not only to the 
Experiments queftioned by Mr.Line,but to all thofe fet down in 
my firft Letter about Colours, as having tryed them himfelf; and 
when you read Mr. Line's Letter at a meeting of the faid Society 
and was pleafed to do me the favour to propound the Experi-
ment to be tryed in their prefence, R.H. fpake of it to them as 
a thing not to be queftioned. But if it have not yet been tryed be-
fore them, and any of them, upon Mr.Line's confidence,doubt of 
ir, I promife when I fliall have the happinefs to be at any tnore of 
their AiTemblies, upon the leaft hint, to fhew 'em the tryal of i t ; 
and'l hope, I fliall not be troublefome, becaufe it may be tryed 
(though not foperfefl ly)even without darkning a room, or the 
ex pence ofany more time than half a quarter of an hour ; although, 
if Mr .Line perfift in his denyal of i t , I could wiihic might be 
tryed fooner the re , than I ihall have an opportunity to be among 
them. 

An 
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J» Ex trait of Another Letter of e^fr . Newton, mitten to the Pu-
blisher the 10th of January 167 «, relating to the fame Argu-
ment. 

Β IY Mr. Gafcoins Letter*one might fufpeft, that Mr.· 
Linus tryed the Experiment fome other way than I 

d i d ; and thereforeI ihallexped, till his friends 
have tryed itaccording to my late Directions. In 
which tryal it may poflibly be a further guidance t v S ^ f t b e Ε 
to them,toacquaint them, that the Prifin cafts bliiher, vecemb. 15» 
from it feveral Images: One is,that Oblong one o f ' t 7 5 , ,fiom r t l & t ' 
_ . . . . Τ 1 1 · · I L where Mr.Oafcoines, 
Colours· which I mean ; and this is made by two having been a S c h o . 

Refraftions only. Another there is, made by two l«QfMr.z»»«r,now 
RefraÖions and an intervening Reflexion ; and [ „ " " ^ ^ ο ΐ ί ϊ ά 
this is Round&nd Colottrlefs, if the Anglesof the thefe words , to 
Prifm beexadly equal; but if the Angles at the whic

u
h Mr. λ«»/«, 

η η Λ . 1 f L 1 · ι ι I t i l to whom! cwa* com-
Reflecting bafe be not equal, it will be colour a, municated , feems 
and that fo much the more, by how much unequal· here to have refpefli 
Jer the Angles are, but yet not much unround, un- Th^fimemlglt 
lefs the angles be very unequal. A third /mage anda$ain, and cau 
there is, made by one fingle Reflexion, and this is e»>P°r< 

I t \ I t r »·, 1 , . to fee it , nor ever 
always round and colour left* The only danger is made difficulty/be* 
inroiftakingtheyicoW for the ßrß'. But they are whotl~ 
diftinguifhable not only by the Length and Lively J f £ 
colors of theßrß, but by it's different Motion *a*d»h£it,orfitW' 
too: For, whilft the Prifm is turned continually '/'A' W d f r \ *· _ 1 . / . I i » · 1 J'* infant. So that, 
the fame way about u's axu, the fecond and third fa point 0f Expert-
move fwiftly, andgoalwaysonthefameway till ^ Newton 
theydifappear; but the firfi moves flow, and 21"! hufide'Than 
grows continually flower till it be ftationary, and "rehire on tht 
then turns back again and goes back fafter and fa- ^ ^ 
iter, till it vaniliiin the place where it began to thediverfitj «/ pia-
appear. fr,fm> »rthe 

' iigntfi of the Hale, or 
fome other filch cir-

cumfiance , it tht e auft cftht differtnet letwixt them, Mr. Newron'f Experiment 
will htrdly β and. 

If without darkning their Room they hold the Prifm at their 
wiudow in the Sun's open Light, in fuch a pofture that it's axis be 

perpen 
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perpendicular to the Sun-beams.and then turn it about its λ*«·,they 
cannot mifs of feting t h e f i r ß Image; which having found,they may 
double up a paper once or twice, and make a round hole in the 
middle of it about * or ^of an inch broad, and hold the paper im-
mediately before the Prifm, that the Sun may fliine on the Prifm 
through that hole ; and the Prifm being ftay'd, and held ßeddy ία 
that pofture which makes the Image Stationary ; i f the Image then 
fall d i r e ä l y on an oppofite wall, or on a flieet o f paper placcd at 
the wall, fuppofe 15 or 20 foot from the Prifm, or further o f f j they 
will fee the Image in fuch an Obleng figure as I have defcribed,with 
the Red at one end, the Violet at the other, and a Blewiß green in 
the middle : And if they obfeure their Room, as much as they can, 
b y drawing curtains o r otherwife, it wil l make the Colours the 
more confpicuous. 

This direftion I have fet down, that no b o d y , into wfcofe hands 
aPrifm ihall happen,may find difficulty or trouble i-n trying it.Buc 
when Mr.Linus's friends have tryed it thus, they may proceed to 
repeat it in a dark Room with a lefs hole made in theirwindow fliur. 
And then I fliall defire,that they will fend you a full and clear de-
f c r i p t i o n , H o w they tryed it, exprefling the length, breadth and 
angles o f the Pri fm; its pofition to the Incident rays and to the 
window ihut ; the bignefs o f the hole in the window ihut through 
which the Sun ihined on the Pri fm; what fide of the Prifm the Sun 
fljin'd o n ; and at what fide the light came out of it again ; the di-
ftance of the Prifm from the oppofite paper or wall on which the 
R e f r a ö e d light was caft perpendicularly ; and the length,breadth 
and figure of the fpace there illuminated by that light,and the fci-
tuationof each colour within that figure. A n d , it they pleafe to 
illuftrate their defcription with a Scheme or two, it will make the 
bufmefs plainer. By this means, if there be any difference in our 
way of experimenting, I fliall be the better enabled to difcern it 
and give them not ice, where the failure is, and how to reftifie it. I 
ihould be glad too, if they would favour me with a defcription o f 
the Experiment,as it hath been hitherto tryed by M r . L i n u s , that I 
may have an opportunity to confider, what there is in that which 
makes againft me. 

So far Mr. Newtonjwhich was thought fit to make publ ick with 
the reft,that fo the Curious every where, who have a mind to try 
the Experiment, may find the fuller direflions for their tryal. 

An 
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J psrttcukr Anfrper of Mr. Ifaak Newton to Mr. Linus his Letter, 
printed in Numb. 1 2 1 . p.499. About an Experiment relating to the 
Nerv Doftrine of Light and Colours·. This An freer fent from Cam-
bridge in a Letter to the J^nblifier Febr. 29. 167-·. 

Sir, 

BY reading Mr. Linus's Letter when youfliew'd it to roe at Lotu 
don,I retained only a general remembrance,that Mr. Linus de-

ny'd whatl affirmed,and fa could lately fay nothing in particular to 
i t ; but having the opportunity to read it again vaNumb. 1 2 1 . of 
the Tranfatfions, I perceive he would perfwade you, that the in-
formation you gave him about the Experiment is as inconfiftent 
with my printed Letters as with experience; and therefore, left 
any who have not read thofe Letters ihould take my filence in thie 
point for an acknowledgment, I thought it not amifs, to fend you 
fometh»ng in anfwer to this alfo. 

He 
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He tells you that,Whereas you aßure him, tirß, that the Experiment 

vat made in clear days 3 fecondly,that tbt Prifm was faced clofe tc the 
holefo that the light had no room to diverge, and thirdly, that the Image 
was not parallel hut tranfverfe to the axü of the Prifm: If thefe Jlf-
fertions be compared with my Relation of the Experiment in the Phil, 
tranfatfion N. 8o./>. 3076. it mil evidently appear, they cannot he 
admitted at being dire Uly contrary to what is there delivered. His 
reafons are thefe: 

Firft, that I faid, the ends of the long Image feemed femicircular, 
which, faies he, never happens in any of the three cafes above faid. But 
this is not to fet me at odds with my felf, but with the experiment* 
for it is there defcribed to happen in them all; and I ftill fay, it doth 
happen in them. Let others try the Experiment, and judge. 

Further he faies,that the Prifm Uplaced at a diftance from the hole 
in the Scheme of the Experiment in N. 84. ρ 409 r. Bur, what if it 
were fo there ? For, that is the Scheme of a demonftration> not of the 
experiment, and would have ferved for the demonftration, had the 
diftance been put twenty times greater than it is. In the Schemes 
of the Experiment N. 80.p. 3086, and N . 82.p. 50t 6. it is repre-
fented clofe, and clofe enough in the Scheme, N. 83. p.40 61: But 
Mr.Linus thought fit to wink at thefe, and pitch npon the Scheme 
of a Demonftration, and fuch a Scheme too as hath no hole at all 
reprefentedinir. For, the Scheme-f Numb. 84. ^ 4 9 1 is this; 

c ^sm. 
in which the rays are not f o far diftant from one a- \ 
notherat GL, but that the hole, had I expreft it, \ 
might have been put there, and yet have compre- \ 
bended them. But if we ihould pot the hole at χ, \ 
their decuflation 5 yet will it not be any thing to his \ 
purpofe 5 the diftance * G or * L being but about 0 

half the bteadth of a fide of the Prifm ( £ A C ) £f 
which I conceive is not the twentieth part of 4 A 9 *** 
the diftance requifite in his conjeäure. 

t See Fig. I. Thirdly, 
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3 .He fays,that more might be faid out of my relation tofiewjhat the 
Imxge was not tranfvers, for if it had been tranfvers, / could not have 
been furprizedias I faid 11vas)to fee the length thereof jo much exceed 
the breadth jt beinga thing fo obvious & eafie to be explicated by the or-
dinary rules ofRefratfion.&ut on the contrary,it may rather be fa id , 
thati f the I mage had been paral lel , I could not have been furpri* 
zed to fee the length thereof fotnuch exceed the breadth, it being 
a thing fo extreanily obvious as not to need any explication. F o r 
who chat had but common fenfe,and faw the whole Prifm or a good 
part of it illuminated, could not e x p e ö the light fliould have the 
fame long figure upon the wall that it had when it came out of the 
Prifm ? Mr. Linus therefore, while he wou.'d ßrengrhtn bis argu-
ment by reprefcnting me well skilled inOpt icks , does but over-
throw i t. But whereas he fayes, I could not have been furprtzed at the 
lengthy had the Image been parallel, it being a thing fo obvioue and eafy 
to be explicated by the ordinary rules ofrefraftion·. Let any Man take 
the Experiment intireas I have tbtrc delivered it,that is, with this 
condition, that the refractions on bothßdes the Prifm were equal, and 
try if he can reconcile it with the ordinary rules of refraöion. On 
the contrary,he may find the impoflibility o f fitch a reconciliation, 
demonftrated in my Anfwer to 1\ Pardies Λί. 8 4 , ^ . 4 0 9 1 . 

In the laft place,he objeös,that my faying in N.80,^.3077, that 
the incident refrattions were in the Experiment equal to the emer-
gent, proves again, that the long Image was parallel. And yet that 
very faying is a fufficient argument, that I meant the contrary, be . 
caufeit b( comes wholly impertinent,if a p p l y ' d to a para 11 el image; 
but in the ο her cafe is a very necefiary circumHance. What is ad-
ded therefore of P. Par dies,might have b e e n f p a r e d , efpecially 
fince that Learned Perfon under it ood my d i f cour fe to be meant 
o f a tranfvers Image, and acquiefced in my Anfwers. 

This i n a n f w e r t o Mr. Linw s L e t t e r : And now to takeaway 
the like fufp ic ions from his Friends, if my declaration of my 
meaning fatisfie nor, I iliall note fome further paflfages in my Let-
ters, whereby they may tee, how I was to be underftood from the 
beginning, as totheaforeiaid three circumftances* 

For the Day; I exprefs every where that the Experiment was 
tried in the Sun's l ight,and in N . 8 0 . ^ . 3 0 7 7 , that the breadth o f 
the Image by meafureanftvered to the Su» s diameter: But becaafe 
it is pretended, I was impofed upon, I would ask, what the E x -
periment as it is advanced to that which I called the Exfertmen-

tum 
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tum Crttcüy can have to do with a cloudy day } For, if the Expe-
rimentum Cruets (which is that which I depend on) can have no-
thing to do with a cloudy day,then is it to no purpofe to talk of a 
cloudy day in thefiril Experimenc,which does but lead on to that. 
But if this fatisfie not, let the Tranfaifions N. 83 . / . 4060, be con-
fulted: For. there I tell you, how by applying a Lens to the Prifm, 
the ftreight edges of the oblong Image became diftinöer than they 
would have been without the Lens: A circumftance which cannot 
happen inMr.JU»«*'s cafeof a bright Cloud. 

For the Fefition of the Trifin $ I tell you N.%®. ρ.·}οη6, that it 
was placed at the Suns entrance into the Chamber,and in/» 3 ο 8 5.1 
bad to make a hole in the fliut,and there place the Prifm,and in the 
next page I fay again, that the Prifm ABC is to be fet clofe by the 
hole F of the window E G ; and accordingly reprefent it clofe in 
the Figure. Alfoin pag. 3077 I tell you, that the diftance of the 
Image from the hole or prifm was 22 foot ; which is as much as to 
fay, that the Prifm (fuppofe that fide of it next the hole) was as 
far from the Image as the hole it f e l f w a s , and confequently that 
the Prifm and Hole were contiguous. Alfo in p, 30 7 8,where inftead 
of the Window fliut I made ufe of a hole in a loofe board , I tell 
you exprefly, that I placed the board clofe behind the Prifm. All 
thefepaiTages are in my very firft Letter about Colours; and who 
therefore would imagine, that any one that had read that Letter 
fliouldfomuch asfufj3eö,that I placed thePriiln, I fay notatfo 
great a diftance as Mr.Linui fuppofes,but at any diftance worth 
confidering ? 

Laftly, for the Pofition of the Image, it is reprefented tranfvers 
to the axis of the Prifm in the figures ^ .80.^ .3086. N.S^.p. 4 0 6 1 , 
and iV.8 5. p. 5016. And in N . 8 8./>. 509 3, where I made ufe of two 
crofs Prifms, I tell you exprefly, that the Image was crofs to both 
of them at an angle of 45 degrees. The calca'ations alfo N. 80. p. 
3077. are not to be underftood without fuppofing the Image crofs. 
Nor are my notions about different Refrangibility otherwife in-
telligible: For in Mr. Linus's fuppofition, the rays that go to the 
two ends of the Image,are equally refra&ed.So for colours,the red, 
according to my defcription, falls at one end of the image, and the 
blew at the other 5 which cannot happen but in a tranfvers Image. 
The fame pofition is ^fodemonftrable from what I faid in N> 80. 
p . 3076, about turning the long Image into a round one, by the 

D d d d contrary 
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contrary refradtionof a fecond Prifm, further explained in Num. 
83. γ. 4061 . For this is not tobe done in Mr. Lüw furmife of a 
parallel image,and therefore had Mr. Urns confidered it> he could 
never have run inro that furmife. 

This i fuppofe is enough tomanifeft the three particulars; any 
one of which being evidenced,is fufficient to take away the fcruple. 
And therefore Mr. Linus Friends need not fear but that the further 
dire&ions I fent them lately for trying the Experiment are the fame 
with thofe I have follow'd from the beginning 5 nor trouble thein-
felves about any thing but to try the Experiment right. But yer, 
becaufe Mr. Gafioin has been pleafed to infinuate his fufpicion that 
I do differ from himfelf in thofe directions, I fliall not fcruple here 
to reduce them into particulars, and flbtw where each particular 
is to be found. 

1.Then,heisto get aPrifm with an angle about 60 or 65 degrees, 
N. 80, f . 3077, and p. 3086. If the anglebeabout 63 degrees, 
as that was which I made ufe of N . 80. f . 3 0 7 7 , he will find all 
things fucceed exaöly as I defcribed them there. But if it be bigger 
or Itfj, as 30, 40, 50, or 70 degrees, the Refraftion will be accord-
ingly bigger or lefs, and confequently the Image longer or ihorter. 
If his Prifm be pretty nearly equilateral (fuch as I füppofe are ufu-
ally fold in other places as well as in England ) he may make ufe of 
the biggeft angle. But he mnft be fure to place the Prifm fo, that 
the Refraftion be made by the two planes which comprehend this 
angle. I could almoft fufpeö, by confidering fome circumftances 
in Mr. L i W s Letter, that his error was in this point, he expefling 
the Image ihould become as long by a little refraflion as by a great 
one; which yet being too grofs an error to be fufpeöed of any O-
ptician, I fay nothing of it, but only hint this to Mr. Gafeth, that 
he may examine all things. 

2. Having fuch a Prifm, he tnuft place it fo, that its Axis be per-
pendicular to the rays N, 84,^. 4091 Jin. 1 8 , 1 9 . A little error 
in this point makes no fenfible variation of the effefl·. 

3. The Prifm muft be fo placed, that the Refraöions on both fides 
be equal N . 80, p. 3 0 7 7 : which howit was to be readily done by 
turning it about its Axis, and flaying it when you fee the Image 
reft between too contrary motions, as I explained in my late De-
fer iptions,fo I hinted before^.80.^.3077,^0. 34,35,36« Ifthere 
ihould be a little error in this point alfo, it can do no hurt. 

4 The 
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4* The Diameter of rhehole I put £ ofan inch N . 8o, 307 7 , 

and placed the Prifm cloie to it, even fo clofe as to be contiguous* 
AT. So,p. 3077, tin. 4, 5. But yet there needs nocuriofity in thefe 
circumitances. The hole may be of any other bignefs,and the Prifm 
at a diftance from the hole,, provided things be fo ordered, that 
the light appear of a round form, if intercepted perpendicularly at 
its coming out of the Frifm. Nor needs there any curiofity in the day. 
The clearer it is the better; but if it be a little cloudy, that cannot 
much prejudice the Experiment, fo the Sun do but ihine dif l inöly 
through the cloud» 

Thefe things being thus ordered, if the refraäed light fall per-
pendicularly on a wall or paper at 20 foot ormore from the Prifm, 
it will appear in an oblong form, crofs to theaxis of the Prifm,red 
at one end,and violet at the other} the length five times the breadth 
(more or left according to the quantity of the refraition,) the fides, 
ftreight lines, parallel to one another, and the ends confufed, but 
yet feeming femi· circular. 

I hope therefore,Mr. JLinu's Friends will not entertain them-
felvesany further about incongruousfurmifes, but try the Experi-
ment as Mr. Gafcoiη has promifed. And then, fince Mr. Gafcoin tells 
you, That the Experiment being of it [elf extracrdi»Ary And furpri-
zing, and befides ujhering in neve Principles into Of ticks,quite con-
trary to the common And received, it will be hard to ferjwade it as a 
truth, till it be made fo vifible to all as it were a Jhame to deny it·, if he 
efteem it fo extraordinary, he may have the priviledg of making 
it fo vifible to all, that it will be a ihame to deny it. F o r , I dare 
fay, after his teftimonynobody elfe wi l l fcrupleit . And I make no 
queft ionbuthewil l hit o f i t , it being fo plain and eafy, that I am 
very much at a lofs to imagine what way Mr .Linus took tomifs. 
Dat. Cambridge Feb. 29. r 67^. 
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Fy.v. 

A Letter from Liege concerning Mr. Newton'* Experiment 
of the coloured Speftrum 5 together with fome Exceptions 
againß his Theory of Light and Colours. 

Honrd Sir, 

MR Gafioigne having received your obliging Letter o f 
Jan.iS, with freih direöions from Mr. Newton; but 

wanting convenience to make the Experiment according to the 
faid inftruftions, he has requefled me to fupply his want, in 
compliance with his requeft I have made many T r i a l s ; the 
iffiie whereof I here acquaint you w i t h : next, with fome ex-
ceptions, grounded on Experiments, againft MY.Newton's new 
T h e o r y o f Light and Colours. 

The vertical angle o f my Prifm was 60 </<g;thediftance o f the 
Wal l , whereon the coloured Sfeftrumappeared,from the Win-
dow,about 1 8 f o o t ; The diameter o f the Hole in the Window-

ftuts in length the line a,which upon occafions I con-
^ traced to half the faid diameters but ftill with equal 

fuccefs as to the main of the Experiment. The refracti-
ons on both fides the Prifm, were as near as J could make them, 

equal, 
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equal,and coofequently about 48 dtg.\o\ rhe refraäive power 
of Glafs being computed according to the Ratio of the Sines 
2 to 3. The diftance of the Prifm from the hole in the Shuts 
wasabout 2 inches: The Room darkned to that degree as to 
equal the darkeft night, while the hole in the Shuts was co-
vered. 

Now as to the ifiue of my Trials 5 I conftantly found the 
length of the coloured image (tranfverfe to the axis of the 
Pri fm) confidtrably greater than its brtadth, as ofien as the 
Experiment was madeon a clear day 5 but if a bright Cloud 
were near the Sun, I found it fometiines exaftly as Mr. Line 
wrote you, namely broader than long, efpecially while the 
Prifm was placed at a great diftance from the hole. Which 
Experiment will nor, I conceive, be queilioned by Mr,New-
ton,it being foagreeable to the received laws of Refraflions. 
And indeed the Obfervations of thefe two Learned perfons, as 
to this particular, are eafily reconcileable to each other , and 
both to truth 5 Mr Newton (as appears by his Letter of Nov. 
laft, wherein more fully he delivers his mind) contending only 
for the length of the Image (tranfverfe to the axis of the Trifm) 
in a very clear day j whereas Mr. Line only maintain'd the 
excefs of breadth, parallel to the fame axis, while the Sun is 
in a bright cloud. Though as to what is further delivered by 
Mr.Newton(Phil.7ranfa£f. N. 80 .p. 3077 5 and oppofed by 
Mr. Line, N.uy.p 5 0 1 . ) namely that the length of the co-
loured image was five times the diameter of its breadth ; I 
never yet have found the excefs above thrice the diameter, or at 
moit 3 ι , while the refraftions on both fides the Frifm were 
equal« So much as to the matter of fad. 

Now as to Mr. Newton s Theory of Light and Colours,1 con-
fefs, his neat Sett of very ingenious and natural inferences,was 
to me upon the firft perufal a ftrong conjefture in favour of his 
new dodkrine; I having formerly obferv'd the like cba'm of 
Inferences upon fearch into Natural truths. But fince feveral 
experiments of Refraäions remain ftill untouch'd by him, I 
conceived, a further fearch into them would be very proper 
in order to a further difcovery of the truth of his Aflertion. 
For, accordingly as they are found either agreeing with, or 
difagreeing from, his new Theory,they rauft needs much ftreng-

then 
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then,or wholly overthrow the fame. The Experiments I pitch-
ed upon for this purpofe, are as fo l low: 

1. Having frequently obferved , that the form of O b j e ö s 
viewed in the Microfcope (or rather of the Microfcope it felf ) 
confifts almoft in an indivifible point, I concluded, two very 
fmall pieces of S i lk , the one fcarler, the other violet colour, 
placed near together, fhould, according to Mr. Newton's Theo-
ry, appear in the Microfcope in a very different degree o f 
clarity, in regard their unequal refrangibility muft caufethe 
fcarlet rays or fpecies to over-reach the Retina, while placed 
in thedue focus of the violet ones, and confequently muft oc-
cafion a fenfible confufion in the vifion of the former , one and 
the fame point of the Scarlet objefl affefling feveral nerves in 
the Retina. Yet upon frequent trials I have not been able t o 
perceive any inequality in this point. 

2. The fecond Experiment I made in Water. I took a 
brafs Ruler, and faftening thereunto feveral pieces o f Silk, red, 
yellow, green, blew and violet, I placed it at the bottom of a 
fquare veilel of Water: then I retired from the Veffel fo far as 
not to be able to fee the aforefaid Ruler and coloured Silks 
otherwifethan by help of the refrafled Ray. Now, did Mr. 
Newton's doflrine hold, I conceiv'd, I fliould not fee all the 
mentioned Colours in a ftreight line with the Ruler, in regard 
the unequal refrangibility of different Rays muft needs dif-
place fome more than others* Yet in effeö,upon many Trials, I 
constantly found them in as flreight a line as the bare Ruler had 
appeared in. 

3. Toadvance this Experiment", I adjoyneda fecond refra-
ftion to the former of the Water, by placing my Prifni fo as to 
receive ferfendtcttlarly the refrafled Jpecies o f the Silk and 
Ruler 5 whereby only the emergent /pedes fuffered a fecond 
refra&ion. But ftill with equal fuccefs, as to their appearing in 
aftraight line, to the eye placed behind the Prifm. 

4. T o thefe two Refraöions I further added a third, by 
receiving the coloured fpecies obliquely upon the Prifm j where-
by both incident and emergent Jpecies fuffered their reipeftive 
refraftions. But ftill with the fame fuccefs as formerly, as to the 
ftreight line they appeared in. 

For 
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For further affurance in this Experiment, left prepoffeffi· 

on, occafioned from previous knowledge o f the Silks f c i n a -
tion in a ftreight line, might poflibly prejudice the judgment 
of theeye(asfometimes I have obferved to happen to the 
judgment the Eye paffeth upon the diftance o f ObjeäsJ I cal-
led into the room forae unconcerned perfons, wholly ignorant 
what the Experiment aimed at 5 and demanding whether they 
faw not the coloured Sil ks and Ruler in a crooked line ? they 
anfwered in the negative. 

5. The next Experiment I made in unsompounded C o -
lours (as Mr. Newton terms them, Prop. 5 & 13 ) as follows. 
Having caft two coloured Images upon the Wall, fo as the 
Scarlet colour of the one did fall in a ftreight line (parallel to 
the Horizon) with the Violet o f the other : I then looked up-
on both through another Prifm, and found them ftill appear in 
affreight line parallel to the Horizon, as they had formerly 
done to the naked eye. Now according to Mr. Newton's Ai 1 

fertion o f different refrangibility in different Rays, I con-
ceive the Violet rays ihouldfuffer a greater refraöion in the 
Prifm at the eye, than the Scarlet ones, and confequently both 
colours fliould not appear in a ftreight line parallel to the Ho-
rizon. 

6. Another Experiment I made in order to fome further 
difcovery of that furprizing Phenomenon of the coloured 
Image, which occafioned Mr. Newtons ingenious Theory of 
Light and Colours, as alfo his excellent invention o f there-
fleöing Telefcope and Microscope. Having then fometimes fuf-
p e ö e d , that not only the direft Sun-beams, but alfo other ex-
traneous light might poffibly influence the coloured Spetfrum, 
I hoped to difcover the truth of this fufpicion by means of 
the Sun-fpots, made to appear in the coloured Image by placing 
a Telefcope behind the Prifm. But my endeavours proving 
i n e f f e c t u a l herein by reafon of fome intervening difficulties , I 
thought at length of a more feafible method in order to the 
defigned difcovery, as in the following Experiment. 

I fattened a very white Paper-circle (about an inch in dia-
meter) upon my Window-ihuts ; and beholding it through my 
Prifm, I found a Coloared image painted thereby upon my 
Retina, anfwerable in almoft all refpeäs to the former o f the 

Y y y y Sun 
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Sun-beams upon the Wall, efpecially when the Paper-circle 
was indifferently well illuminated. This Image indeed appear-
ed contrary to the former as to the fcituation of Colours, that 
is, the Scarlet appearing above, the Violet below, though bur 
faint. But this I was not furprized at, having obferv'd upon 
differing the eye,that objeös are painted on the Retina after a 
contrary pofture to what they appear to Sight. Having thus 
rendred the Coloured image much more tradable than for-
merly it was, I conceived good hopes of fome further dif-
covery in the point mentioned. 

In purfuance then of my former fufpicion, having fixed my 
v. Tab.11. P r ' i m in a fteady pofture, I caufedthe paper C t o be 
Fi'g.j&5I applied clofe up to the Paper-circleabd: whereupon 

the former Violet d9 and Scarlet colour of C vanished 
into whitenefs. Next, I removed the mentioned Circle from 
the Shuts,and placed it in the open window, fupported only by 
the edge d : whereupon, to my ailonifliment, all the former Co-
lours exchanged poftures in the Retina, the Scarlet now ap-
pearing below, the Violet above; the intermediate Colours 
fcarce difcernible. And here, on the by, 'tis very remarkable, 
that, during this Obfervation, I clearly perceived both Blew-
and Scarlet-light to be tranfparent, I being able to difcern 
feveral objefls through both , namely Steeples oppofit to my 
window. Whence it follows, that thefe Colours do in great 
pjrtarife from the neighbouring light. Laftly, I placed the 
Paper-circle anew, foas the one half b was fattened to the 
Shuts, the other femicircle a being expofed to the open Air. 
Whereupon the femicircle a became bordered wirh Violet 
above, Scarlet below; but the other femicircle b quite con-
trary. Hence I make the following inferences. 

FirßJThat not only the Light reflefted from the Paper-circle, 
but alfo from the ambient Air, ha:h great influence upon the 
Coloured image,efpecially as to the Violet and Scarlet colours. 
Whence perchance it will not hereafter feem ftrange,that the 
coloured Spetfrumon the Wall is fo long, but only that the 
breadvh is not greater* Secondly, Were there a more luminous 
body behind the Sun, we fliould in all likelyhood have the co-
lours of the Speftrum in a contrary fcituation to what they 
appear in at prefent: Whence (thirdly it feems to follow,'hat 

the 
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theprefent fcituation and order of Colours, arifeth not from 
anyintrinfecal property of refrangibility ( as maintained by 
Wit.Newton) but from contingent and extrinfecal circumftances 
of neighbouring objefls. For accordingly as the body be-
hind the Paper-circle was more or lefs illuminated than the 
Circle it felf , all the feveral Colours changed their fcitua-
tion. 

8. The next Experiment was made in order to Mr. Newtons 
doörine of primary Colours, as Prof.5. Having covered the 
Hole in the Window-fliuts withathinfliceof Ivory, the tranf-
mitted light appeared yellow ; but upon adding three, four, 
and more flices, it became red. Whence it feems to follow, thac 
Yellownefsof light is not a primary colour, but a compound 
of Red,&c. 

9. The laft Experiment was made in reference to Mr. Nerv-
tot» s 12 jPr^, where from his own principles he renders a very 
plaufible Reafon of a furprizing Phenomenon, related by Mr. 
Hooke} namely of two liquors, the one Blew, the other Red, 
both feverally tranfparent, yet both, if placed together, be-
came opake. The reafon whereof, faith Mr. Newton, is, be-
caufeif one Jiquortranfmitted only Red, the other only Blew, 
no rays could pafs through both. 

Jn reference then to this point, 1 filled two fmall Glafies 
with flat poliihed bottoms, the one with Aqua fortk, deeply 
died Blew; the other with Oyl of turpentine, died Red5 both 
to that degree, as to reprefent all objeäs through them refpe· 
öively Blew or Red. Then placing the one upon the other , I 
was able to difcern feveral bodies through both: whereas ac-
cording to Mr. Nervtons Theory, no objeä; fliould appear 
through both Liquors; becaufeif one tranfmit only Red, the 
other only Blew, no rays can pafs through both. 

Thefe Experimental Exceptions will not, I hope.be un-
welcome to Mr. Newton, his only aim being the improvement 
of Natural knowledge,« it is alio of, 

Sir, 
Ywrbtmble Servant, 

Anthony Lucas. 

T y y y 2 Poft-
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Poftfcript. 

JUß upon the clofe of the adjoyned Letter, I received from Mr. 

Gafcotae,^»« of May the fourth; wherein you are pleafed 
to favour us with an exa& account of the famous Experiment of 
the coloured Speftrum, lately exhibited before the Royal Society. 
1 xfM much rejoiced to fee the Trials of that lllußriom Company, 
agree fo exaSly with ours here, though in fomewhat ours difagre» 
from eJWr.Newton, as you will under β and by the inch fed impar-
tial account from. Sir, flee. 

Mr. Newton'* Anfwer to the precedent Letter, fent to the 
Publifber. 

Sir, 

ΤHe things oppofed by Mr.Line being upon Trials found 
true and granted me; I begin with the new queftion 

about the proportion of the length of the Image to its breadth. 
This I call a new one ; for, though Mt.Line in his laft Letter 
fpake againft fo great a length as I aflign, yet, as it feems to 
me, it was not to grant any tranfverfe length flhorter than that 
afligned by me, (for in his firft Letter he abfolutely denied 
that there would be any fuch length ·,) but to lay the greater 
emphafis upon his difcourfe whilft in defence of common Op-
iiques he was difputing in general againft a tranfverfe Image: 
And therefore in my Anfwer I did not prefcribe the juft quan-
tity of the refraöing Angle with which I would have the 
Experiment repeated: which would have been a neceflary 

circumftance, had the difpute been about the 
*inmy firfi Letter juft proportion of the length to the breadth, 

ρ!™. Yet I added * this Note, that the bigger the 
angle of the Prifm i s , the greater will be the 

length in proportion to the breadth: not imagining but that 
when he had found in any Prifm the length of the Image tranf-
verfe to the axis, he would eafily thence conclude, that a Prifm 
with a greater angle would make the Image longer, and con-
sequently that by ufing an angle great enough he might bring it 
t o equal or exceed the length afligned by me > as indeed he 
siigbt s for, by taking an Angle of 70 or 75 degrees, or a little 

greater, 
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greater, he might have made the length not only five, but fix or 
eight times the breadth and more. N o wondtr therefore, that 
Mr,LHC4S found the Image ftorter than I did , feeing he tried 
the Experiment with a lefs Angle. 

The Angle indeed which I uied was but about 63 degrees 
12 minutes, and bis is fet down 60 degrees: the difference o f 
which from mine,being but 3 degrees 12 minutes, is too little to 
reconcile us, but yet it will bring us coafiderably nearer to-
gether. And if his Angle was not e x a ö l y meafured, but the 
round number o f 60 degrees fet down b y g u e f s or b y a lefs 
accurate meafure (as I f u f p e ö b y the conjeöural meafureof 
the refraöion of his Pr i fmby the ratio of thefigns 2 t o 3, fee 
down at the fame time, inftead of an Experimental o n e , ) then 
might it be two or three degrees lefs than 60, if not ftill l e f s : 
and all this, i f i t f l i o u l d b e fo, would take away the greateft 
p a r t o f the difference between us. 

But however it be, I am well aiTured,my own observation 
was exaft enough. For I have repeated it divers times fince 
the receipt o f Mr, Lucas'$ Letter, and that without any con·» 
fiderable difference o f my Obfervations either from one ano-
ther, or from what I wrote before. And that it might appear 
experimentally, how the increafe of the Angle increafes the 
length of the Image, a n d a l f o t h a t n o body who has a mind to 
try the Experiment exaf l ly , might be troubled to procure a 
Prifin which has an angle juft of the bignefs afligned b y me; I 
tr ied the Experiment with divers Angles, and have fet d o w n 
my Trials in the following T a b l e ; where the firft column e x -
prefTes the f ix Angles o f t w o Prifms which I afed, which 
were meafured as exaöly as I could by apply ing them to the 
angle of a S e ö o r ; and the fecond column exprefles in inches 
the length of the Image made b y each of thofe Angles ; its 
breadth being t w o inches, its diftance from the Prifm 18 feet 
and four inches, and the breadth o f the hole in the Window-
ihut i o f an inch. 

The jingles of the Lengths of 
degr. min. the Image. 
r 5 6 ι ο ί 7 f 

1befirfiFrifm*6c 24 
£ 6 3 26 1 ι of 

Tfo 
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the Angles of the Lengths of 
degr. min. the Image. 
^54 01 7l 

the fecond Prifm. <62 12 io| 
163 48 io l 

You may perceive, that the length of the Images in refpeft 
of theangles that made them, are fomething greaterin thefe-
cond Prifm than in the firft; but that was becaufe theglafs, of 
which thefecond Prifm was made, had the greater refraäive 
power. 

The days in which I made thefe Trials were pret ty clear, 
but not fo clear as I defired, and therefore afterwards meeting 
with a day as clear as I defired, I repeated the Experiment 
with the fecond Prifm, and found the lengths of the Image 
made by its feveral angles to be about \ of an inch greater than 
before, themeafures being thofe fet down in this Table. 

The reafon of this difference I apprehend was, that in the 
deareft days the light of the white skies, which dilutes and 
renders invilible the fainteil Colours at the ends of the Image, is 
a little diminilhed in a clear day, and fo gives leave to the Co-
lours to appear to a greater length; the Suns light at the fame 
time becoming br i sker , andfo ftrengthning the Colours and 
making the faint ones at the two ends more confpicuous. For 
I have obferved, that in days fomething cloudy , whilft the 
Prifm has flood unmoved at the window,the Image would grow 
a little longer or a little ihorter, accordingly as the Sun was 
more or lefs obfcured by thin Clouds which pailed over i t ; 
the Image being fliorteft when the Cloud was brighteft and the 
Suns light fainteft. Whence it is eafie to apprehend, that, if 
the light of the Clouds could be quite taken away, fo that the 

the Angles of the Lengths of 
degr. min. the Image. 
C 54 β , 7 j 

re 
11 

Sun 
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Sun might appear furrounded with darknefs, or if the Suns 
light were much ftronger than it i s , the colours would fiill 
appear to a greater length. 

In al 1 thefe Obfer vat ions the breadth of the Image was ;uft 
two inches. But obferving, that the fides of the two Prifms, I 
i)fed,were not exaöly plain, but a little convex, (the convexity 
being about fo much as that of a double Convex-glafs of a 
fixteen or eighteen foot telefcope') I took a third Prifm, whofe 
fides were as much coocave as thofe of the other were convex ; 
and this made the breadth of the Image to be two inches and a 
third part of an inch ; the angles of this P r i f m , and the 
lengths of the Image made by each of thofe Angles being thofe 
expreft in this Table. 

the Anglet of the Prifm. 
degr. 

58 
59i 
6zh 

I'he Lengths of the 
Image in inches. 

Sb 
9 

10^ 

In this cafe you fee, the concave figure of the fides of the 
Prifm by making the rays diverge a little, caufes the breadth of 
the linage to be greater in proport ion to its length than it 
would be otherwise. And this I thought fit to give you no-
tice of, that Mr .Lucas may examine5whether his Prifm have not 
this fault. If a Prifm may be had with fides exaöly pla in , it 
may do well to try the Experiment with that ; but its better, 
if the fides be about fo much convex as thofe of mine are , be-
caufe the Image will thereby become much better defined. 
For this convexity of the fides does the fame effeö, as if you 
Ihould ufe a Prifm with fides exaöly plain, and between it 
and the hole in the Window-ihut, placeanObjeö-glafsof an 
18 foot Telefiope, to make the round Image of the Sun appear 
dift inöly defined on the wall when the Prifm is taken away, 
and consequently the long Image made by the Prifm to be much 
more dif t inöly defined (efpecially at its ftreight fides) than it 
would be otherwife. 

One thing more I ihall a d d : That the utmoft length of the 
Image from the fainteft Red at one end to the fainteft Blew at 

the 
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the other, muft be meafured. For in my flrft Let ter about Co-
lours, where I fet down the length to be five times the breadth, 
I called that length the utmoft length of the image ; and I 
meaCured the utmoil length, becaufe I account all that length 
to be caufed by the immediate light of the Sun, feeing the Co-
lours (as I noted abovej become vifible to the greateft length 
in the cleareft days, that is, when the light of the Sun tranf-
cends moft the light of the Clouds. Sometimes there will 
happen to flioot out from both ends of the Image a glaring 
light a good way beyond thefe colours, but this is not to be 
regarded, as not appertaining to the Image. If the meafures 
be taken right, the whole length will exceed the length of the 
ftreight fides by about the breadth of the Image. 

By thefe things fet down thus circumstantially, I prefume 
Mr. Luctu will be enabled to accord his tryals of the Experi-
ment with mine; fo nearly, at leaft, that there ihall not remain 
any very confiderable difference between us. For, if fonie lit-
tle difference lhould ftill remain , that need not trouble us any 
further, feeing there may be many various circumftances which 
may conduce to it 5 fuchas arc not only the different figures 
of prifms, butalfo the different refra<5tive power of Glattes, 
the different diameters of the Sun at divers times of the year, 
and the little errors that may happen in meafuring lines and an-
gles, or in placing the prifm at the window 5 though, for my 
part, I took care to do thefe things as exaöly as I could. How-
ever Mr. Lucat may make fure to find the Image as long or lon-
ger than I have fet down, if he take a prifm whofe fides are not 
hollow ground, but plain, or (which is better) a very little 
convex, and whofe refraöing angle is as much greater than that 
I ufed, as that he has hitherto tryed it with, is lefs 5 that i s , 
whofe angle is about 66 or 67 degrees, or (if he wi l l ) a little 
greater. 

Concerning Mr. LucaS s other Experiments, I am much ob-
liged to him that he would take thefe things fo far into confide-
ration, and be at fo much pains for examining them; and I 
thank him fo mach the more, becaufe he is the firft that has 
fent me an experimental examination of them. By this I may 
prefume he really defires to know what truth there is in thefe 
matters. But yet it will conduce to his more fpeedy and full 

fatif-
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fatisfaftion if he a little change the method which he has pro-
pounded, and inftead of a multitude of things try only the Ex-
ferimentum CAMCU, For it is not number of Experiments, but 
weight to be regarded ; and where one will d o , what need 
many ? 

Had I thought more requifite, I could have added more : 
For before I wrote my firft Letter to you about Colours, I 
had taken ni'Jch pains in trying Experiments about them, and 
written a Traftateonthatfubjeß , wherin I had fet down at 
large the principal of the Experiments I had t r i e d ; amorgft 
which there happened to be the principal of thofe Experi-
ments which Mr .Lucas has now fent me. And as for the Expe-
rimeuts fet down in my firft Letter to you, they were only fuch 
as I thought convenient t o feleft out of that Tra&ate. 

But fuppofe thofe had been my whole ftore, yet Mr. LUCM 

fliould not have grounded his difcourfe upon a fuppofition of 
my want of Experiments, till he had examined thofe few. For 
if any of thofe be demonftrative,they will need no afliftants,nor 
leave room for Further difputing about what they demonftrate. 

The main thing he goes about to examine is, the different re*· 
frAngibilitj of Light. And this I demonftrated by the Expe· 
rmtntum Cruets. Now if this demonftration be good, there 
needs00further examination of the thing; if not good , the 
fault of it is to be Ihewn : for the only way to examine 
a demonftrated propofition is, to examine the demon-
ftration. Let that Experiment therefore be examined in 
the firft place, and that which it proves be acknowledged, and 
then if Mr-Lucas want my afliftance to unfold the difficulties 
•which he fancies to be in the Experiments he has propounded, 
hefliall freely have i t ; for then I fuppofe a few words may 
make them plain to him: whereas, fliould I be drawn from de-
m o n f t r a t i v e Experiment to begin with thofe, it might create us 
both the trouble of a loBg difpute , and by the multitude of 
words, cloud rather than clear up the truth. For if it has al-
ready coil us fo much trouble to agree upon the matter of faft 
in the firft and plained Experiment, and yet we are not folly 
agreed; what an endlefs trouble might it create us, if we ihould 
give our fclves up to difpute upon every Argument that occur?, 
and what would become of Truth in fuch a tedious difpute ? 

Z z z z The 
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The way therefore that I propound, being the Abortei! and 
eleareft (not to fay,the only proper way,) I queftioo not but 
Mr .Lucas will be glad that I have recommended it, feeing he 
profefles, that it is the knowledge of truth that he feeks after. 
And therefore at prefent I fhall fay nothing in arjftver to his 
Experimental difcourfe, but this in general; that it has pro· 
ceeded partly from fome mifunderftandingof what he writes 
againft, and partly from want of due caution in trying Expe-
riments ; and that amongft his Experiments there is one,which 
when duly tried, is>next to the Experimentum Cruets, the moft 
confpicuous Experiment, I know, for proving the different re-
frangibility of Light, which he brings it to prove againft. 

By the Poß-fcript of Mr. Lucas's Letter, one not acquainted 
with what has parfed, might think, that he quotes the Obferva· 
tion of the R.Society againft me $ whereas the relation of their 
Obfervation, which you fent to Liege, contained nothing at all 
about the juft proportion of the Length of the Image to its 
Breath according to the angle of the Prifm, nor any thing more 
(fo far as I can perceive by your laft) than what was pertinent 
ro the things then indifpute,x/«;. that they found themfucceed 
as I had affirmed. And therefore fince Mr. Lucas has found the 
ßtne fuccefs, I fuppofe,that when he exprefted , xhaxbemmh 
rejoyced to fee the Trisls of the R. Society agree fo exäftly with 
kii> he meant only fo far as his agreed with mine. 

And becaufe I am again upon this firft Experiment, I fljall 
defire, that Mr. Lucas will repeat it with all the exaänefsand 
caution that may be, regard being had to the information about 
k , fet down in this Letter ; and then I defire ro have the length 
and breadth of the Image with its dißsnce from the Prifm, fet 
down exaäly in feet and inches, and parts of an inch, that Γ 
may have an opportunity to confider what relation its length 
and breadth have to the Sans diameter. For I know, that Mr. 
L«C/«fObfervation cannot hold where the refrafting angle of the 
Prifm is full 60 degrees, and the day is clear, and the full length 
of theColours is meafured,and the breadth of the Image anfwers 
to the Sun's diameter: And feeing I am well affured of the truth 
and exa&nefs of my own Obfervations, I fhall be unwilling to 
bediverredbyany other Experiments, from having a fairend 
»ade of this in the firft place. Sir, / 

Poft-



1 7 6 NEWTON'S REPLY TO LUCAS 

C 7 0 $ ) 

P o ß f c r i p t . 

Τ Had like to have forgotten to advife, that the Etfperimenttnn 
C r u r i s , f i t c h others Asfjuall be made for knowing the nature 

tf Colours, be made with Pnfms rvhichrefratf fo much, otto 
make the length of the Image five tirnei its breadth , and rather 
more than Jefs ; fi>rt otherwife Experiments mJJ not fvcceed ft 
plainly with others <tt they have done with me. 
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;December 9. There was produced a manufcript of Mr. N E W T O N , touching 
his theory of light and colours, containing partly an hypothefis to explain the 
properties of light difcourfed of by him in his former papers, partly the principal 
phsenomena of the various colours exhibited by thin plates or bubbles, efteemed 
by him to be of a more difficult coniideration ; yet to depend alio on the laid 
properties of light. 

O f the hypothefis only the firft part was read, giving an account of refradtion, 
refleaion, tranfparency, and opacity j the fecond part explaining colours being 
referred to the next meeting. 

The firft was as followsb: . 

" 1 have fent you the papers I mentioned, by J O H N S T I L E S . Upon reviewing 
them, I find fome things fo obfcure, as might have deferved a further explication 
by fchemes; and fome other things, I guefs, will not be new to you, though al-
moft all was new to me when I wrote them. But as they are, I hope you will accept 
of them, though not worth the ample thanks you fent. I remember, in fome 
diicourfe with Mr. H O O K E , I happened to fay, that I thought light was re-
flected, not by the parts of glafs, water, air, or other fenfible bodies ; but by 
the fame confine or fuperficies of the aethereal mediums, which refracts it, the 
rays finding fome difficulty to get through it in palling out of the denfer into 
the rarer medium, and a greater difficulty in palling out of the rarer into the 
denfer; and fo being either refradted or refledted by that fuperficies, as the 
circumftances they happened to be in at their incidence make them ab.e or 
unable to get through it. And, for confirmation of this, I faid further, that 
I thought the refledion of light, at its tending out of glafs into air, would not 
be diminiftied or weakened by drawing away the air in an air-pump, as it ought 
to be, if they were the parts of air that reflefted : and added, that I had not 
tried this experiment, but thought he was not unacquainted with notions of 
this kind. T o which he replied, that the notion was new, and he would the 
firft opportunity try the experiment I propounded. But upon reviewing the 
papers I fend you, I found it there fet down for tried; which makes me recoi-
led!:, that about the time I was writing thefe papers, I had occafionally obferved 
in an air-pump here at Chrift's College, that I could not perceive the refiedhon 
of the infide of the glafs diminiihed in drawing out the air. This 1 thought 
fit to m ntion, leaft my former forgetfulnefs, through having long laid afide 
my thoughts on thefe things, Ihould make me feem to have fet down for cer-
tain what 1 never tried. 

11 Remitter, vol. v. p. 65. 
" Sir, 
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" Sir, I had formerly purpofed never to write any hypothefis of light and 
" colours, fearing it might be a means to engage me in vain difputes: but I hope 
" a declared refolution to anfwer nothing, that looks like a controverfy, unlefs 
" poffibly at my own time upon fome by-oceafion, may defend me from that 
" fear. A n d therefore confidering, that fuch an hypothefis would much illuftrate 
" the papers I promifed to fend y o u ; and having a little time this laft week to 
" fpare, I have not fcrupled to defcribe one, fo far as I could on a fuddcn recol-
" left my thoughts about it ·, not concerning myfel f , whether it ihall be thought 
" probable or improbable, fo it do but render the papers I fend you, and others 
" fent formerly, more intelligible. Y o u may fee, by the fcratching and inter-
" lining, it was done in hafte ·, and I have not had time to get it tranfcribed, 
" which makes me fay I referve a liberty of adding it ·, and defire, that you would 
" return thofe and the other papers when you have done with them. I doubt 
" there is too much to be read at one time, but you will foon know how to 
" order that. A t the end of the hypothefis you will fee a paragraph to be in-
41 ferted as is there direded : I lhould have added another or two, but I had not 
" time, but fuch as it is, I hope you will accept it. Sir , I am, & c . 

I s. N e w t o n . 

" A n Hypothefis explaining the Properties of L i g h t , difcourfed of in my fe-
" veral Papers. 

" Sir , 
" In my anfwer to M r . HOOKE, you may remember, I had occafion to fay 

" fomething of hypothefes, where I gave a reafon, why all allowable hypothefes 
" in their genuine conftitution ihould be conformable to my theories; and faid 
" of M r . H O O K E ' S hypothefis, that I took the moft free and natural application. 
" of it to phenomena to be this ' : that the agitated parts of bodies, according 
" to their feveral fizes, figure, and motions, do excite vibrations in the asther of 
" various depths or bignefies, which being promifcuoufly propagated through that 
" medium to our eyes, effeft in us a fenfation of light of a white colour ; but, 
" if by any means thofe of unequal bignefies be feparated from one another, the 
" largeft beget a fenfation of a red colour·, the leaft, or ihorteft, of a deep 
" v io let ; and the intermediate ones, of intermediate colours: much after the 
" manner that bodies, according to their feveral fizrs, lhapes, and motions, ex-
" cite vibrations in the air of various bignefies, which, according to thofe big-
" nefies, make feveral tones in found, & c . I was glad to underftand, as I ap-
" prehend, from M r . H O O K E ' S difcoufe at my laft being at one of your afiem-
" blies, that he had changed his former notion of all colours being compounded 
" of only two original ones, made by the two fides of an oblique pu l fe ; and 
" accommodated his hypothefis to this my fuggeftion of colours, like founds, 
" being various, according to the various bignefs of the pulfes. F o r this I take 
" to be a more plaufible hypothefis than any other defcribed by former authors, 
" becaufe I fee not how the colours of thin tranfparent plates or ikins can be 
" handfomely explained, without having recourfe to a?thercal pul fes : but yet I 

1 Tranfaft. n° 88. p. 5088. 
κ 
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" like another hypothefis better, which I had occafion to hint fomething o f in the 
" fame letter in thefe w o r d s k : 

" The hypothefis of light's being a body, had 1 propounded it, has a much greater 
" affinity with the objeilor's own hypothefis, than he feems to be aware o f ; the vibra-
" lions of the athcr being as ufeful and neceffary in this as in his. For, affuming the 
" rays of light to be fmall bodies emitted every way from [hining fubftances, thofe, 
" when they impinge on any refrafting or refleiting fuperficies, muft as neceffarily ex-
" cite vibrations in the at her, as fiones do in water when thrown into it. And, fup-
" pofing thefe vibrations to be of feveral depths or thickneffes, accordingly as they are 
" excited by the faid corpufcular rays of various fixes and velocities·, of what ufe 
" they will be for explicating the manner of reflexion and refraßion-, the production of 
" heat by the fun-beams ·, the emiffton of light from burning, putrifying, or other fub· 
" fiances, whofe parts are vehemently agitated ·, the phenomena of thin tranfparent 
" plates, and bubbles, and of all natural bodies ; the manner of v:fim, and the dif-
" ference of colours; as alfo their harmony and difcord; I fhall leuve to their confi-
" deration, who may think it worth their endeavour to apply this hypothefis to the 
" folution of phenomena. 

" W e r e I to aflume an hypothefis, it ihould be this, i f propounded more ge-
" nerally, fo as not to determine what light is, farther than that it is fomething 
" or other capable o f exciting vibrations in the Eether : for thus it will become 
" fo general and comprehenfive o f other hypothefes, as to leave little room for 
" new ones to be invented. And therefore, becaufe I have obferved the heads 
" o f fome great virtuofos to run much upon hypothefes, as i f my difcourfes want-
" ed an hypothefis to explain them by, and found, that fome, when I could not 
" make them take my meaning, when I fpake o f the nature o f light and colours 
" abftradedly, have readily apprehended it, when I illuftrated my difcourfe by 
" an hypothefis ; for this reafon I have here thought fit to fend you a defcrip-
" tion o f the circumftances o f this hypothefis as much tending to the illuftration 
" o f the papers 1 herewith fend you. And though I fhall not aflume either this or 
" any other hypothefis, not thinking it neceffary to concern myfelf, whether the 
" properties of l ight, difcovered by me, be explained by this, or M r . H O O K E ' S , 

" or any other hypothefis capable of explaining them j yet while I am defcrib-
" ing this, I fliall fometimes, to avoid circumlocution, and to reprefent it more 

conveniently, fpeak of it, as if I aflumed it, and propounded it to be believed. 
" T h i s I thought fit to exprefs, that no man may confound this with my other 
" difcourfes, or meafure the certainty of one by the other, o f think me obliged 
" to anfwer objections againft this f c r ip t : for I defire to decline being involved 
" in fuch troublefome and infignificant difputes. 

" But to proceed to the hypothefis : F ir f t , it is to be fuppofed therein, that 
" there is an asthereal medium much of the fame conftitution with air, but far 
" rarer, fubtler, and more ftrongly elaftic. O f the exiftence o f this medium 
" the motion o f a pendulum in a glafs exhaufted o f air almoft as quickly as in 

VOL, III, 
k Tranfadt. n" 88. p. 5087. 
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·'· the open air, is no inconfiderable argument . But it is not to be fuppofed, 
" that this medium is one uniform matter, but compounded, partly of the main 
" phlegmatic body of aether, partly of other various sethereal fpirits, much after 
" the manner, that air is compounded of the phlegmatic body of air intermixed 
" with various vapours and exhalat ions: for the eleftric and magnetic effluvia, 
44 and gravitating principle, feem to argue fuch variety. Perhaps the whole 
" frame of nature may be nothing but various contextures of fome certain sethe-
" real fpirits, or vapours, condenied as it were by precipitation, much after the 
44 manner, that vapours are condenfed into water, or exhalations into großer fub-
" ftances, though not fo eafily condenfible ; and after condenfation wrought into 
" various forms ; at firft by the immediate hand of the Creator ; and ever fince 
44 by the power of nature ; which, by virtue of the command, increafe and 
" multiply, became a complete imitator of the copies fet her by the protoplalt. 
44 T h u s perhaps may all things be originated from aether. 

44 A t leaft, the elaftic effluvia feem to inf truA us, that there is fomething of 
" an sethereal nature condenfed in bodies. I have fometimes laid upon a table 
44 a round piece of glafs about two inches broad fet in a brafs ring, fo that the 
44 glafs might be about one eighth or one fixth of an inch from the table, and 
44 the air between them inclofed on all fides by the ring, after the manner as if 
44 I had whelmed a little fieve upon the t ab le ; and then rubbing a pretty while 
44 the glafs briikly with fome rough and raking fluff , till fome very little fragments 
41 of very thin paper, laid on the table under the glafs, began to be attracted and 
" move nimbly to and fro ; after I had done rubbing the glafs, the papers would 
41 continue a pretty while in various motions ; fometimes/jfeaping up to the glafs 
" and refting there a while; then leaping down and ref tfng t h e r e ; then leaping 
" up, and perhaps down and up again, and this fometimes in lines feeming per-
4t pendicular to the table; fometimes in oblique o n e s ; fometimes alfo they would 
" leap up in one arch and down in another, divers times together, without 
" fenfibly refting between ·, fometimes ikip in a bow from one part of the glafs 
4 ' to another without touching the table, and fometimes hang by a corner, and 
" turn often about very nimbly, as if they had been carried about in the midf t 
44 of a whirlwind, and be otherwife varioufly moved, every paper with a diverfe 
" motion. And upon Aiding my finger on the upper fide of the glafs, though 
44 neither the glafs, nor inclofed air below, were moved thereby, yet would the 
" papers, as they hung under the glafs, receive fome new motion, inclining this 
44 way or that way, accordingly as I moved my finger. N o w , whence all thefe 
44 irregular motions ihould far ing, I cannot imagine, unlefs from fome kind of 
44 l'ubtil matter lying condenfed in the glafs, and rarefied by rubbing, as water is 
44 rarefied into vapour by heat, and in that rarefailion diffufed through the fpace 
44 round the glafs to a great diftance, and made to move and circulate varioufly, 
4 ' and accordingly to aftuate the papers till it return into the glafs again, and be 
" recondenfed there. A n d as this condenfed matter by rarefaction into an « the -
44 real wind (for by its eafy penetrating and circulating through glafs I efteem it 
44 asthereal) may caufe thefe odd motions, and by condenfing again may caufe 
44 ele&rical attra&ion with its returning to the glafs to fucceed in the place of 
44 what is there continually recondenfed j fo may the gravitating attraction of the 

44 earth 



NEWTON'S SECOND PAPER ON LIGHT & COLOURS 181 

1675.] R O Y A L S O C I E T Y O F L O N D O N . a5i 
" earth be caufed by the continual condenfation of fome other fuch like sthereal 
" fpirit, not of the main body of phlegmatic aether, but of fomething very 
44 thinly and fubtilly diffufed through it, perhaps of an un&uous or g u m m y , 
" tenacious, and fpringy nature, and bearing much the fame relation to aether, 
" which the vital aereal fpirit, requifite for the confervation of flame and vital 
" motions, does to air. For , if fuch an asthereal fpirit may be condenfed in 
44 fermenting or burning bodies, or otherwife coagulated in the pores of the earth 
" and water into fome kind of humid a£tive matter, for the continual ufes of 
" nature, adhering to the fides of thofe pores, after the manner that vapours 
" condenfe on the fides of a veflel ; the vaft body of the earth, which may be 
44 every where to the very center in perpetual working, may continually condenfe 
" fo much of this fpirit, as to caufe it from above to defcend with great celerity 
" for a fupply ; in which defcent it may bear down with it the bodies it pervades 
" with force proportional to the fuperficies of all their parts it af ls upon ν nature 
44 making a circulation by the flow afcent of as much matter out of the bowels 
" of the earth in an aereal form, which, for a time, conftitutes the atmofphere'; 
44 but being continually buoyed up by the new air ; exhalations and vapours rifing 

44 underneath, at length (fome part of the vapours, which return in rain, excepted) 
" vaniihes again into the asthereal fpaces, and there perhaps in time relents, and is 
44 attenuated into its firft principle: for nature is a perpetual worker, generating 
" fluids out of folids, and folids out of fluids, fixed things out of volatile, and 
" volatile out of fixed, fubtil out of grofs and grofs out of fubt i l ; fome things 
" to afcend, and make the upper terreftrial juices, rivers, and the atmofphere; and 
" by confequence, others to defcend for a requital to the former. A n d , as the 
44 earth, fo perhaps may'the fun imbibe this fpirit copioufly, to conferve his ihin-
" ing, and keep the planets from receding further from him. And they, that 
44 will, may alfo fuppofe, that this fpirit affords or carries with it thither the folary 
41 fewel and material principle of l ight : and that the vaft ethereal fpaces between 
4i us and the ftars are for a fufficient repofitory for this food of the fun and 
41 planets. But this of the conftitution of ethereal natures by the by. 

44 In the fccond place, it is to be fuppofed, that the sther is a vibrating medium 
44 like air, only the vibrations far more fwift and minute 5 thofe of air, made by 
44 a man's ordinary voice, fucceeding one another at more than half a foot or a 
44 foot diftance ; but thofe of aether at a lefs diftance than the hundred thoufandth 
44 part of an inch. A n d , as in air the vibrations are fome larger than other?, 
44 but yet all equally fwift (for in a ring of bells the found of every tone is heard 
44 at two or three miles diftance, in the fame order that the bells are (truck ;) fo, 
44 I fuppofe, the aethereal vibrations differ in bignefs, but not in fwiftnefs. N o w , 
41 thefe vibrations, befide their ufe in reflexion and refraction, may be fuppofed 
41 the chief means, by which the parts of fermenting or putrifying fubftances, 
44 fluid liquors, or melted, burning, or other hot bodies, continue in motion, are 
44 ihaken afunder like a ihip by waves, and difiipated into vapours, exhalations, 
44 or fmoke, and light loofed or excited in thofe bodies, and confequently by 
•4 which a body becomes a burning coal, and fmoke, flame; and, I fuppofe, 
44 flame is nothing but the particles of fmoke turned by the accefs of light and 
44 heat to burning coals, little and innumerable. 

Κ k 2 44 Thirdly, 
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" Thirdy, as the air can pervade the bores of fmall glafs pipes, but yet not fo 
" eafily as if they were wider ; and therefore ftands at a greater degree of rarity 
" than in the free aereal fpaces, and at fo much a greater degree of rarity as the 
" pipe is fmaller, as is known by the rifing of water in fuch pipes to a much 
" greater hight than the furface of the ftagnating water, into which they are 
" dipped ; fo I fuppofe iether, though it pervades the pores of cryftal, glafs, 
" water, and other natural bodies, yet it ftands at a greater degree of rarity in 
" thofe pores, than in the free sethereal fpaces, and at fo much a greater degree of 
" rarity, as the pores of the body are fmaller. Whence it may be, that the fpirit 
" of wine, for inftance, though a lighter body, yet having fubtiler parts, and 
" confequently fmaller pores, than water, is the more ftrongly refradting liquor. 
" This alfo may be the principal caufe of the coheiion of the parts of folids and 
" fluids, of the fpringinefs of glafs, and bodies, whofe parts Aide not one upon 
" another in bending, and of the (landing of the mercury in the Torricellian 
" experiment, fometimes to the top of the glafs, though a much greater hight 
" than twenty-nine inches. For the denfer « the r , which furrounds thefe bodies, 
" muft croud and prefs their parts together, much after the manner that air 
" furrounding two marbles prefies them together, if there be little or no air be-
** tween them. Yea, and that puzzling problem ; By what means the mufcles are 
" contracted and dilated to caufe animal motion, may receive greater light from hence 
" than from any means men have hitherto been thinking on. For , if there be any 
" power in man to condenfe and dilate at will the asther, that pervades the 
" mufcle, that condenfation or dilation muf t vary the compreffion of the mufcte, 
" made by the ambient asther, and caufe it to fwell or lhrink accordingly. F o r 
" though common water will fcarce (hrink by compreffion, and fwell by relax-
" ation, yet (fo far as my obfervation reaches) fpirit of wine and oil wi l l ; and 
" Mr . BOYLE'S experiment of a tadpole ihrinking very much by hard compref-
" fing the water, in which it fwam, is an argument , that animal juices do the 
" fame. And as for their various preffion by the ambient aether, it is plain, 
" that that muft be more or !efs accordingly as there is more or lefs aether with-
" in, to fuftain and counterpoife the prefllire of that without. If both aethers 
" were equally denfe, the mufcle would be at liberty, as if prefied by nei ther : 
" if there were no m h e r within, the ambient would comprefs it with the whole 
" force of its fpring. If the iether within were twice as much dilated as that 
" without, fo as to have but half as much fpringinefs, the ambient would have 
" half the force of its fpringinefs counterpoifed thereby, and exercife but the 
4 t other half upon the mufc le ; and fo in all other cafes the ambient comprefies 
*' the mufcle by the excefs of the force of its fpringinefs above that of the fpring-
" inefs of the included. T o vary the comprefiion of the mufcle therefore, and 
" fo to fwell and ihrink it, there needs nothing but to change the confidence 
" of the included aether; and a very little change may fuffice, if the fpring of 
" iether be fuppofed very ftrong, as I take it to be many degrees ftronger 
" than that of air. 

" N o w for the changing the confidence of the asther; fome may be ready to 
" grant, that the foul may have an immediate power over the whole aether in 
" any part of the body, to fwell or ihrink it at will: but then how depends the 

" mufcular 
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" mufcular motion on the nerves ? O t h e r s therefore may be more apt t o t h i n k 

" it done by fome certain fethereal fpirit inc luded within the dura mnier, w h i c h 

" the foul may have p o w e r to contract or dilate at will in any mufc le , and fo 

" caufe it to i iow thithor t h r o u g h the nerves. B u t ftill there is a d i f f icu l ty , w h y 

" this force of the foul u p o n it does not t a k e o f f the power o f its fpr inginefs , 

" w h e r e b y it fhyauld fuftain, more or lefs, the force of the o u t w a r d aether. A 

" third fuppofit ion may be, that the foul has a power to infpire any mufcle with 

" this fpirit , by i m p e l l i n g it thither t h r o u g h the nerves. B u t this too has its 

" diff icult ies, for it requires a forc ible intending the f p r i n g o f the asther in the 

" mufc les , by preilure exerted f r o m the parts o f the brain : and it is_hard t o 
44 c o n c e i v e , how fo great force can be exercifed a m i d f t fo tender matter as the 

" brain is. A n d befides, w h y does not this aethereal fpirit , being fubtil e n o u g h , 

" and urged with fo great force , g o a w a y t h r o u g h the dura mater and f k i n s o f 

" the m u f c l e ; or at leaft fo m u c h o f the other aether g o o u t to m a k e w a y foe 

" this, w h i c h is crouded in ? T o take a w a y thefe difficulties is a digreif ion ; b u t 

" feeing the f u b j e f t is a d e f e r v i n g one, I (hall n o t ftick to tell y o u how I t h i n k 

" it may be done. 

" F i r f t then, I f u p p o f e , there is fuch a f p i r i t ; that is, that the animal fpirits 

" are neither l ike the l iquor , v a p o u r , or gas o f fpirit of wine ; but o f an e t h e r e a l 

" nature, fubt i l e n o u g h to pervade the animal ju ices , as freely as the e l c & r i c , o r 

" perhaps m a g n e t i c , e f f luvia d o g lafs . A n d t o k n o w , h o w the coats o f the 

" brain, nerves, and mufcles , m a y b e c o m e a convenient vef le l t o hold fo fubt i l 

" a fpir i t , y o u may conf ider , h o w l iquors and fpirits are d i fpofed to pervade or 

" not p e r v a d e things on other accounts than their fubti l ty . W a t e r and oil per-

" v a d e w o o d and ftone, w h i c h q u i c k f i l v e r does not ·, and q u i c k f i l v e r metals , 

" w h i c h water and oil d o n o t : water and acid fpirits p e r v a d e falts, w h i c h oi l 

" and fpirit o f wine d o not ·, and oil and fpir i t o f wine pervade fu lphur , w h i c h 

" water and ac>d fpirits d o not. S o f o m e fluids, as oil and water , t h o u g h their 

" parts are in f reedom e n o u g h to m i x wi th one another, yet b y fome fecret 

" principle o f unfociablenefs they k e e p afunder ; and f o m e , that are fociable, m a y 

b e c o m e unfoc iable , b y adding a third th ing to one o f t h e m , as water to fpirit 

" o f wine, by d i f l o l v i n g fait of tartar in it. T h e l ike uniociablenefs m a y be in 

*' sethereal natures, as perhaps between the sethers in the vort ices of the fun and 

" planets ·, and the reafon, w h y air (lands rarer in the boxes o f fmall g lafs-pipes , 

" and aether in the pores o f bodies, than e l fewhere, m a y be, not w a n t o f f u b -

" t i l ty , but fociablenefs. A n d on this g r o u n d , i f the aethereal vital fpirit in a 

" man be very fociable to the marrow and j u i c e s , and unfociable t o the coats o f 

" the brain, nerves, and mufcles , or to any t h i n g lodged in the pores o f thofe 

" coats, it m a y be contained thereby , n o t w i t h f t a n d i n g its f u b t i l t y ; efpecial ly i f 

" w e f u p p o f e no great v io lence done t o it t o f q u e e z e it o u t ; and that it may not 
M be altogether fo fubti l as the main b o d y o f aether, t h o u g h fubtil e n o u g h t o 
<c pervade readily the animal j u i c e s , and that , as any o f it is fpent , it is cont inu-

" ally fuppl ied by new fpirit f r o m the heart. 

" In the next place, for k n o w i n g h o w this fpirit m a y be ufed for animal m o -

" t ion, y o u m a y conf ider , h o w f o m e th ings unfociable are m a d e fociable by the 

" m e d i a t i o n 
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mediation of a th i rd . W a t e r , which will not difiolve copper , will do it, if 
the copper be melted with f u l p h u r : a q u a f o r t i s , which will not pervade gold, 

' ' will do it by addit ion of a little ial armoniac, or fpi r i t of f a i t : lead will not 
" mix in mel t ing with copper , bu t if a little tin or ant imony be added , they mix 
" readily, and par t again of their own accord, if the ant imony be wafted by 
" throwing faltpeter or o therwi fe : and fo lead melted with filver quickly per-
" vades and liquefies the filver in a much lefs heat than is requifite to melt the 
" filver a lone ; bu t , if they be kep t in the tef t till that little fubftance, that re-
" conciled t h e m , be wafted or altered, they par t again of their own accord . A n d , 
" in like manner , the sethereal animal fpir i t in a man may be a mediator between 

the c o m m o n sether and the mufcular juices , to make them mix more f ree ly ; 
" and lb, by fending a little of this fpir i t into any mufcle , t hough fo little as to 
" caufe no lenfible tenfion of the mufcle by its own forces ye t , by rendering the 
" juices more fociable to the c o m m o n external sether, it may caufe that iether to 
" pervade the mufcle of its own accord in a m o m e n t more freely and copioufly 
" than it would otherwife do, and to recede again as freely, fo foon as this medi-
" a tor of fociablenefs is r e t r a c e d . W h e n c e , according to what I faid above, 
" will proceed the fwelling or fhr ink ing of the mufcle, and confequently the ani-
" mal motion depending thereon. 

" T h u s may therefore the foul, by de termining this sethereal animal fpir i t or 
wind into this or tha t nerve, perhaps with as much eafe as air is moved in cpen 

" fpaces, caufe all the motions we fee in animals : for the m a k i n g which motions 
" ftrong, it is not necefiary, tha t we ihould fuppofe the jethe'r wi thin the mufcle 
" very m u c h condenfed or rarified by this means, bu t only tha t its fpr ing is fo 
" very grea t , that a little alteration of its denfity ihall caufe a great alteration in 
" the preflure. A n d what is faid of mufcular mot ion, may be applied to the m o -
" tion of the heart , only with this difference, tha t the fpir i t is not fent thi ther , 
· ' as into other mufcles, but continually generated there by the fermentat ion of 
" the juices, wi th which its fleih is repleniihed, and as it is generated, let out by 
" ftarts into the brain th rough fome convenient d u f t u s to per form thofe motions 
" in other mufcles by imprefi ion, which it did in the heart by its generat ion. 
" F o r I fee not , why the ferment in the heart may not raife as fubtil a fpiri t ou t 
" of its juices, to caufe thefe motions, as rubb ing does out of a glafs, to caufe 
n ele&ric at t ra&ion, or burn ing out of fewel, to penetrate glafs, as M r . B O Y L I 

" has ihewn, and calcine by coirofion metals melted therein. 

" H i t h e r t o I have been contempla t ing the nature of sether and sethereal fub -
" ftances by their effedts and ufes ; and now I come to join therewith the confi-
" deration of l ight . 

" In the four th place therefore, I fuppofe l ight is neither Eether, nor its vibrat ing 
«' mot ion, but fomething of a different kind propagated f rom lucid bodies. T h e y , 
" that will, may fuppoie it an aggregate of various peripatetic qualities. Others 
" may fuppofe it mult i tudes of unimaginable fmaH and fwift corpufcles of various 
" fizes, fpr inging f rom iliining bodies at great diftances one after another ·, but 
" yet without any fcnlible interval c f t ime, and continually urged forward by a 

principle 
7 



NEWTON'S SECOND PAPER ON LIGHT & COLOURS 

1675.] R O Y A L S O C I E T Y OF L O N D O N . 255 
" principle of mot ion , which in the beginning accelerates them, till the refiftence 
44 of the s the rea l med ium equal the force of tha t principle, much after the 
" manner that bodies let fall in water are accelerated till the refiftance of the wa-
44 ter equals the force of gravi ty . G o d , who gave animals felf-motion beyond 
44 our underf tanding, is, wi thout doub t , able to implant other principles of m o · 
44 tion in bodies, which we may underf tand as little. Some would readily g ran t 
" this may be a fpiritual o n e ; yet a mechanical one miglj t be fhewn, did not I 
· ' th ink it better to pafs it by. But they, tha t like not this, may fuppofe l ight 
" any other corporeal emanat ion, or any impulfe or motion of any other medium 
41 or asthereal ipirit diffufed th rough the main body of sether, or what elfe they 
" can imagine proper for this purpofe . T o avoid di fpute , and make this h y p o -
" thefis general , let every man here take his f a n c y : only, whatever l ight be, I 
44 fuppofe, it confifts of rays differ ing f r o m one another in cont ingent c i rcum-
" ftances, as bignefs, fo rm, or v i g o u r ; like as the fands on the ihore, the waves 
44 of the lea, the faces of men, and all other natural th ings of the fame k ind 
" d i f f e r ; it being a lmoft impoffible for any fort of things to be found wi thou t 
44 fome contingent variety. A n d fur ther , I would fuppofe it diverie, f rom the; 
" vibrations of the aether, becaufe (befides, tha t were it thefe vibrations, ic 
44 ough t always to verge copioufly in crooked lines into the d a r k or quiefcent 
44 med ium, def t roy ing all fhadows ; and to comply readily with any crooked pores 
44 or palTages, as founds do , ) I fee not how any fuperficies (as the fide of a glafs 
44 p r i f m , on which the rays within are incident at an angle of above for ty de-
44 grees) can be totally opake. F o r the vibrations beat ing againf t the refradt-
44 ing confine of the rarer and denfer sether m u f t needs m a k e that pliant fupe r -
41 ficies undula te , and thofe undulations will ftir u p and propagate vibrations on 
" the other fide. A n d fur ther , how light , incident on very thin fkins or plates 
" of any t ranfparent body , fhould , for many fucceffive thickneifes of the pla te 
44 in ar i thmetical progreff ion, be alternately reflefted and t ranfmi t ted , as I find 
" it is, puzz les me as much . F o r , though the arithmetical progreilion of thofe 
44 thickneifes, which reflect and t ranfmit the rays alternately, argue.«, tha t it de-
44 pends upon the number of vibrations between the t w o fuperficies of the plate , 
" whether the ray fhall be reflefted or t r an fmi t t ed : yet I cannot fee, how the 
44 number ihould vary the cafe, be it greater or lefs, whole or broken, unlefs 
44 l ight be fuppofed fomething elfe than thefe vibrations. Someth ing indeed 
" I could fancy towards helping the two laft difficulties, b u t no th ing which I fee 
" not ine f f i c i en t . 

" F i f t h l y , it is to be fuppofed, that l ight and asther mutual ly a i t upon one 
44 another , aether in r e f ra f t ing l ight , and light in warming as ther ; and tha t the 
" denfeft sether a d s mof t ftrongly. W h e n a ray therefore moves th rough anher 
" of uneven denfi ty, I fuppofe it mof t preifed, u rged , or a i led upon by the me-
" d ium on tha t fide towards the denfer asther, and receives a continual impulfe or 
44 ply f r o m that fide to recede towards the rarer , and fo is accelerated, if it move 
44 that way, or retarded, if the contrary. O n this g r o u n d , if a ray move 
44 obliquely through fuch an unevenly denfe med ium ( that is, obliquely to thofe 
44 imaginary fuperficies, which run th rough the equally denfe parts of the m c -
44 d i u m , and m a y be called the r e f r a d i n g fuperficies) it m u f t be incurved, as i t 

44 is 
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is found to be, by obfervation in w a t e r w h o f e lower parts were made gradu-
ally more fait, and fo more denfe than the upper. And this may be the ground 
of all refradtion and reflexion : for as the rarer air within a fmall glafs-pipe, 
and the denfer without, are not diftinguiihed by a meer mathematical fuper-
ficies, but have air between them, at the orifice of the pipe, running through 
all intermediate degrees of denfity : fo I fuppofe the refraCting fuperficies of 
jEther, between unequally denfe mediums, to be not a mathematical o n e ; bu t 
of fome breadth, the aether therein, at the orifices Of the pores of the folid body, 
being of all intermediate degrees of denfity between the rarer and denier aethe-
real mediums; and the refraction I conceive to proceed from the continual 
incurvation of the ray all the while it is paffing the phyfical fuperficies. N o w , 
if the motion of the ray be fuppofed in this palfage to be increafed or dimi-
nifhed in a certain proportion, according to the difference of the denfities of the 
aethereal mediums, and the addition or detraction of the motion be reckoned 
in the perpendicular from the refraCting fuperficies, as it ought to be, the fines 
of incidence and refraction will be proportional according to what DES CARTES 
has demonftrated. 

" T h e ray therefore, in palling out of the rarer medium into the denfer, 
inclines continually more and more towards parallelifm with the refraCting fu-
perficies ·, and if the differing denfities of the mediums be not fo great, nor the 
incidence of the ray fo oblique, as to make it parallel to that fuperficies before 
it gets through, then it goes through and is refraCted; but if, through the afore-
faid caufes, the ray become parallel to that fuperficies before it can get through, 
then it mult turn back and be reflected. Thus , for inftance, may be obferved 
in a triangular glafs-prifm Ο Ε F , that the rays A », 
that fend out of the glafs into air, do, by inclining 
them more and more to the refraCting fuperficies, emerge 
more and more obliquely till they be infinitely oblique ; 
that is, in a manner parallel to the fuperficies, which hap-
pens when the angle of incidence is about forty degrees; 
and then, if they be a little more inclined are all refit Cted, 
as at A V λ, becoming, 1 fuppofe, parallel to the fuperficies before they can get 
through it. Le t A Β D C represent the rarer medium ; Ε F Η G the denier, 
C D F Ε the fpace between them, or re-
fraCting phyfical fuperficies, in which the 
iEther is of all. intermediate degrees o f 
denfity, from the raieft stther at C D , 
to the denfeft, at Ε F ; A m » L a ray, 
A m its incident part, m η its incurvation 
by the refracting fuperficies, and η L its 
emergent part. Now, if the ray A m be 
fo much incurved as to become at its 
emergence », as nearly as may be, paral-
lel to C D, it is plain, that if that ray 
had been incident a little more obliquely, 

1 See Mr. HOOK Ε's Micrographia, where he fpeaks of the inflexion of rays 
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" it muft have become parallel to C D , before it had arrived at Ε F , the further 
" fide of the refracting fuperficies ; and fo could have got no nearer to Ε F , but 
" muft have turned back by further incurvation, and been reflected, as it i s r e -
" prefented at Α μ V λ. And the like would have happened, if the denfity 
" of the aether had further increafed from Ε F to Ρ Q j fo that Ρ Q_H G might 
" be a denfer medium than Ε F Η G was fuppofed ; for then the ray, in paff-
" ing from m to η, being fo much incurved, as at η to become parallel to C D 
" or Ρ Q j it is impoflible it ihould ever get nearer to Ρ Q , but muft at η be-
" gin by further incurvation to turn back, and fo be reflefted. And becaufe, if 
" a refracted ray, as η L , be made incident, the incident, A m, ihall become the 
" refrailed; and therefore, if the ray A V , after it is arrived at V , where I 
" fuppofe it parallel to the retracing fuperficies, Ihould be reflected perpendicu-
" larly back, it would return back in the line of incidence V μ A . Therefore 

going forward, it muft go forward in fuch another line, V 7r λ, both cafes be-
" ing alike, and fo be reflected at an angle, equal to that of incidence. 

" This may be the caufe and manner of refle&ion, when light tends from the 
" rarer towards the denfer iether : but to know, how it ihould be refle&ed, 
" when it ftands from the denfer towards the rarer, you are further to confider* 
" how fluids near their fuperficies are lefs pliant and yielding than in their more 
" inward parts j &nd, if formed into thin plates, or lhells, they become much 
" more ftifF and tenacious than otherwife. Thus, things, which readily fall in 
" water, if let fall upon a bubble of water, they do not eafily break through it, 
" but are apt to flide down by the fides of it, if they be not too big and heavyi 
** So, if two well poliihed convex glafles, ground on very large fpheres, be laid 
" one upon another, the air between them eafily recedes, till they almoft touch; 
" but then begins to refift fo much, that the weight of the upper glafs is too 
" little to bring them together fo as to make the black, mentioned in the other 
" papers I fend you, appear in the midft of the rings of colours : and, if the 
" glafles be plain, though no broader than a two-pence, a man with his whole 
" ilrength is not able to prefs all the air out from between them, fo as to make 
" them fully touch. You may obferve alfo, that infedts will walk upon water 
" without wetting their feet, and the water bearing them u p ; alfo motes fal-
" ling upon water will often lie long upon it without being wetted : and fo, 
" I fuppofe, iether in the confine of two mediums is iefs pliant and yielding 
" than in other places, and fo much the lefs pliant by how much the mediums 
" differ in denfity : fo that in pafling out of denfer aether into rarer, when there 
" remains but a very little of the denfer asther to be paft through, a ray finds 
" more than ordinary difficulty to get through ·, and fo great difficulty, where the 
*' mediums are of very differing denfity, as to be reflefted by incurvation, after 
" the manner defcribed above 5 the parts of asther on that fide, where they are 
" lefs pliant and yielding, aAing upon the ray much after the manner that they 
" would do were they denfer there than on the other fide: f( r the refiftance of 
" the medium ought to have the fame efFeft on the ray, from what caufe foever 
<c it arifes. And this, I fuppofe, may be the caufe of the reflection of quick-
" filver, and other metalline bodies. It muft alfo concur to increafe the refledtive 
" virtue of the fuperficies, when rays tend out of the rarer medium into the 
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" denfer : and, in that cafe therefore, the reflexion having a double cauie, ought 
" to be ftronger than in the aether, as it is apparently. But in refraftion, this r i -
" gid tenacity or unpliablenefs of the fuperficies need not be confidered, becaufe 
" fo much as the ray is thereby bent in paffing to the moft tenacious and rigid 
" part of the fuperficies, fo much it is thereby unbent again in paffing on from 
" thence through the next parts gradually lefs tenacious. 

" Thus may rays be refra&ed by fomc fuperficies» and reflected by others, be 
" the medium they tend into, denfer or rarer. But it remains'further to be ex^ 
" plained, how rays alike incident on the fame fuperficies (fuppofe of cryftal, glafs, 
" or water) may be at the fame time fome refra&ed, others reflected. And for ex-
" plaining this, I fuppofe, that the rays, when they impinge on the rigid refift-

ing aethereal fuperficies, as they are a<5ted upon by it, fo they read upon. it and 
" caufe vibrations in it, as ftones thrown into water do in its furface and that 
" thefe vibrat ons are propagated every way into both the rarer and denfer me» 
" diums ·, as the vibrations of air, which caufe found, are from a ftroke, but yet 
** continue ftrongeft where they began, and alternately contract and dilate the aether 
" in that phyfical fuperficies. For it is plain by the heat, which light produces iir 
" bodies» that it is abJe to. put their parts in motion, and much more to heat and 
" put in motion the more tender aether ·, and it is more probable, that it com-
" municates motion to the grofs parts of bodies by the mediation of aether than 
" immediately ·, as for inftance, in the inward parts of quickftlver, tin, filverv 
" and other very opake bodies, by geneiating vibrations, that run through them, 
*'· than by (hiking the outward parts only, without entering the body. The (hoclc 
" of every fingle ray tnay generate many thoufand vibrations, and by fending 
" them all over the body, move all the parts, and that perhaps with more mo-
" don than it could move one fingle part by an immediate ftroke j for the vi-
" brations, by lhaking. each particle backward and forward, may every time 
" increafe its motion, as a ringer does a bell by often pulling it, and fo at length 
" move the particles to a very great degree of agitation, which neither the fimple 
*' ihock of a. ray, nor any other motion in the aether, befides a vibrating-one could 
" do. Thus in air ihut up in a veflel, the motion of its parts caufed by heat, 
" how violent foever, is unable to move the bodies hung in it, with either a trem-
" bling or progreflive motion : but if air be put into a vibrating motion by beat-

ing a drum or two, it ihakes glafs-windows, the whole body of a man, and 
· ' other mafiy things, efpecially thofe of a congruous tone : yea I have obferved k 
" manifeftly ihake under my feet a cellared free-ftone floor of a large hall, fo as, 
" I believe, the immediate ftroke of fiv& hundred drumfticks could not have done, 
" unlefs perhaps quickly fucceeding one another at equal intervals of time. iEthe-
" real vibrations are therefore the beft means by which fuch a ilibtUe agent as 
" light can lhake the grofs particles of. folid· bodies to heat them : and fo fup-
" pofing that light, impinging on a refracting or refledting aethereal fuperficies, puts 
" it into a vibracing motion, that phyfical fuperficies being by the perpetual ap-
^ pulfe of rays always kept in a vibrating motion, and the aether therein conti-
" nually expanded and comprefied by turns ; if a ray of light impinge upon it, 
" while it is much comprefied, I fuppofe it is then too denfe and ftiff to let the ray 
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44 pafs through, and fo reflects it j but the rays, that impinge on it at other times, 
44 when it is either expanded by the interval of two vibrations, or not too much 
44 comprefied and condenfed, g o through and are refracted. 

" Thefe may be the caufes of refra&ions and reflections in all cafes ; bur, for 
44 underftanding how they come to be fo regular, it is further to be confidered, 
4 1 that in a heap of fand, although the furface be rugged, yet if water be poured 
44 on it to fill its pores, the water, fo foon as its pores are filled, will evenly over-
44 fpread the furface, and fo much the more evenly, as the fand is finer : fo, al-
44 though the furface of all bodies, even the moft poliihed, be rugged, äs I con-
44 ceive, yet where that ruggednefs is not too grofs and coarfe, the refra&ing sethe-
44 real fuperficies may evenly overfpread it. In polilhing glafs or metal, it is not 
44 to be imagined, that fand, putty, or other fretting powders, fhould wear the 
44 furface fo regularly, as to make the front of every particle e x a ä l y plain, and 
" all thofe plains look the fame way, as they ought to do in well poliihed bodies, 
44 were reflection performed by their parts : but that thofe fretting powders ihould 
*4 wear the bodies firft to a coarfe ruggednefs, fuch as is fenfible, and then to a finer 
44 and finer ruggednefs, till it be fo fine that the {ethereal fuperficies evenly over-
44 fpreads it, and fo makes the body put on the appearance of a polifh, is a very na-
44 tural and intelligible fuppofition. S o in fluids, it is not well to be conceived, that 
44 the furfaces of their parts ihould be all plain, and the plains of the fuperficial parts 
44 always kept looking all the fame way, notwithftanding that they are in perpetual 
44 motion. A n d yet without thefe two fuppofitions, the fuperficies of fluids could 
44 not be fo regularly reflexive as they are, were the reflexion done by the parts them· 
44 felves, and not by an aethereal fuperficies evenly overfpreading the fluid. 

44 Further, concerning the regular motion of light, it might be fufpedted, whe-
44 ther the various vibrations of the fluid, through which it paffes, may not much 
44 difturb i t : but that fufpicion, I fuppofe, will vaniih, by confidering, that 
44 if at any time the foremoft part of an oblique wave begin to turn it awry, 
44 the hindermoft part, by a contrary aft ion, muft foon fet it ftraight again. 

44 L a f t l y , becaufe without doubt there are, in every tranfparent body, pores of 
44 various fizes, and I faid, that aether ftands at the greateft rarity in the fmalleft 
44 pores ; hence the asther in every pore ihould be of a differing rarity, and fo 
44 light be refra&ed in its paflage out of every pore into the next, which would 
44 caufe a great confufion, and fpoil the body's tranfparency. But confidering that 
" the aether, in all denfe bodies, is agitated by continual vibrations, and thefe vi-
44 brations cannot be performed without forcing the parts of aether forward and 
44 backward, from one pore to another, by a kind of tremor, fo that the aether, 

4 ' which one moment is in a greater pore, is the next moment forced into a lefs ; 
44 and on the contrary, this muft evenly fpread the sether into all the pores not 
4( exceeding fome certain bignefs, fuppofe the breadth of a vibration, and fo make 
44 it of an even denfity throughout the tranfparent body, agreeable to the middle 
44 fort of pores. But where the pores exceed a certain bignefs, I fuppofe 
44 the rether fuits its denfity to the bignefs of the pore, or to the medium within 
i 4 i t ; and fo being of a diverfe denfity from the asther that furrounds it, refrafts 
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I I or refle&s light in its fuperfides, and fo make the body, where many fuch in-
" terftices are, appear opake." 

Some of the members taking particular notice, among other things, of an 
experiment mentioned in this hypothefis, defired, that it might be tried 5 viz. 
that having laid upon a table a round piece of glafs, about two inches broad, in a 
brafs r ing; fo that the glafs might be one third part of an inch from the table ; 
and then rubbing the glafs brifkly, till fome little fragments of paper laid on the 
table under the glafs began to be attra&ed, and move nimbly to and f r o ; after 
he had done rubbing the glafs, the papers would continue a pretty while in va-
rious motions, fometimes leaping up to the glafs, and refting there a while, then 
leaping down, and refting there, and then leaping up and down again, and this 
fometimes in lines feeming perpendicular to the table, fometimes in oblique 
ones; fometimes alfo leaping up in one arch, and leaping down in another divers 
times together, without fenfibly refting between ·, fometimes ikipping in a bow 
from one part of the glafs to another, without touching the table, and fometimes 
hanging by a corner, and turning often about very nimbly, as if they had been 
carried about in the middle of a whirlwind ; and being otherwife varioufly moved, 
©very paper with a different motion. And upon Aiding his finger upon the up-
per fide of the glafs, though neither the glafs nor the inclofed air below were moved 
thereby, yet would the papers, as they hung under the glafs, receive fome new 
motion, inclining this or that way, according as he moved his finger. 

This experiment Mr. NEWTON propofed to be varied with a larger glafs placed 
farther from the table, and to make ufe of bits of leaf gold inftead of papers ι 
thinking, that this would fucceed much better, fo as perhaps to make the leaf gold 
rife and fall in fpiral lines, or whirl for a time in the air, without touching either 
the table or glafs. 

It was ordered, that this experiment ihould be tried at the next meeting; and 
Mr. ΗΟΟΚ,Ε promifed to prepare it for that meeting. 

Mr. OLDENBURG Was defired to enquire by letter of Mr. NEWTON, whether 
he would confent, that a copy might be taken of his papers, for the better conii-
deration of their contents. 

Mr. OLDENBURG presented from Mr. MARTYN, the printer to the Society, 
Mr. WILLUGHBY'S Ornitbologia, printed at London, 167$, in fol. 

December 16. Mr. NEWTON'S experiment of glafs rubbed to caufe various mo-
tions in bits of paper underneath, was tried, but did not fucceed in thofe circum-
ftances, with which it was tried. This trial was made upon the reading of a letter 
of his to Mr. OLDENBURG, dated at Cambridge, 14th December, 1675 B , ia 
which he gives fome more particular diredtions about that experiment. 

T h e letter was as follows: 
• Letter-book, vol. vii. p, 280. 

The 
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" T h e notice you gave me of the Royal Society's intending to fee the experi-
" ment of glafs rubbed, to caufe various motions in bits of paper underneath, 
" put me upon recollecting myfelf a little further about it ·, and then remembring, 
" that, i f one edge o f the brafs hoop was laid downward, the glafs was as near 
*' again to the table as it was when the other edge was laid downward, and that 
" the papers played beft when the glafs was neareft to the table ·, 1 began to fuf-
" pedt, that 1 had fet down a greater diftance of the glafs from the table than I 
" ihould have d o n e ; for in fetting down that experiment, I trufled to the idea I 
·* had o f the bignefs o f the hoop, in which I might eafily be miftaken, having 
" not feen it of a long time. A n d this fufpicion was increafed by trying the ex-
" periment with an objedl glafs o f a telefcope, placed about the third part of an 
" inch from the table ; for I could not fee the papers play any thing near fo well 

as I had feen them formerly. Whereupon I looked for the old hoop with its 
" glafs, and at length found the hoop, the glafs being gone ; but by the hoop I 
v perceived, that, when one edge was turned down, the glafs was almoil the 
" third part o f an inch from the table, and when the other edge was down, 
" which made the papers play fo well, the glafs was fcarce the eighth part of an 
" inch from the table. T h i s I thought fit to fignify to y o u , that, if the expe-
" riment fucceed not well at the diftance I fet down, it may be tried at a left 
" diftance, and that you may alter my paper, and write in it the eighth part of an 

inch inftead o f ± or 4 of an inch. T h e bits o f paper ought to be very little, 
" and o f thin paper ·, perhaps little bits of the wings of a fly, or other l ight fub-
" fiances, may do better than paper. Some of the motions, as that of hanging 
" by a corner and twirling about, and that of leaping from one part o f the glafs 
" to another, without touching the table, happen but feldom ·, but it made me take 
" the more notice of them. 

" Pray prefent my humble fervice to M r . BOYLE, when you fee him, and thanks 
** for the favour of the eonverfe I had with him at Spring. M y conceit o f tre-
" paning the common atther, as he was pleafed to expreis i t , makes me begin 
" to have the better thoughts on that he was pleafed t o entertain it with a fmile. 
" I am apt to think, that when he has a fet o f experiments to try in his a ir-pump, 
" he will make that one, to fee how the compreflion or relaxation o f a mufcle wil l 
** ihrink or fwel l , foften or harden, lengthen or fhorten it.. 

" A s for regiftring the t w o difcourfes, you may do i t ; only I defire you would 
*' fufpend till m y next letter, in which 1 intend to fet down fomething to be al-
" tered, and fomething to be added in the hypothef is ." 

I t was ordered, that M r . OLDENBURG fhould again write to M r . NEWTON, antj 
acquaint him with the want o f fuccefs o f his experiment, and defire him to fend 
his own apparatus, with which he had made i t : as alfo to enquire, whether he 
had fecured the papers being moved from the air, that might fomewhere ileal in. 

Hereupon the fequel of his hypothefis, the firft part of which was read at the 
preceding meetings, was read to the end. 

2 
" T h u s 
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" Thus much of refra&ion, refleäion, tranfparency, and opacity; « i d now to 
" explain colours ; I luppofe, that as bodies of various fizes, denfmes, or fenfa-
" tions, do by percuilion or other adtion excite founds of various tones, and 
*• confequentty vibrations in the air of various bignefs i fo when the rays of 
" light, by impinging on the ftiff refraft ing fuperficies, excite vibrations in the 
" aether, thofe rays, whatever they be, as they happen to differ in magnitude, 
t l ftrength or vigour, excite vibrations of various bignefs ; the biggeft, ftrongeft, 
*· or moft potent rays, the largeft vibrations ; and others (horter, according to 
" their bignefs, ftrength, or power : and therefore the-ends of the capillamenta of 
" the optic nerve, which pave or face the retina, being fuch refracting fuperfi-
" cies, when che rays impinge upon them, they m u d there excite thefe vibra-
*· tions, which vibrations (like thofe of found in a trunk or trumpet) will run 
' · along the aqueous pores or cryftalline pith of the capillamenta through the 
" optic nerves into the fenforum (which light itfelf cannot do) and there, I fup-
" pofe, affeft the fenfe with various colours, according to their bignefs and mix-
" ture j the biggeft with the ftrongeft colours, reds and yellows ·, the leaft with 
" the weakeft, blues and violets; the middle with green, and a confufion of 

all with white, much after the manner, that in the fenfe of hearing, nature 
«' makes ufe of aereal vibrations of feveral bignefles to generate founds of divers 
" tones; for the analogy of nature is to be obferved. And further, as the 

harmony and difcord of founds proceed from the proportions of the aereal vi-
" brations, fo may the harmony of fome colours, as of golden and blue, and the 
" difcord of others, as of red and blue, proceed from the proportions of the aeche-
" real. And poilibly colour may be diftinguifhed into its principal degrees, red, 
·" orange, yellow, green, blue, indigo, and deep violet, on the fame ground, 
" that found within an eighth is graduated into tones. For, fome years paft, the 
" prifmatic colours being in a well darkened room caft perpendicularly upon 
" a paper about two and twenty foot diftant from the prifm, I defired a friehd 
" to draw with a pencil lines crofs the image, or pillar of colours, where every 
" one of the feven aforenamed colours was moft full and brifk, and alfo where he 
" judged the trueft confines of them to be, whilft I held the paper fo, that the faid 

image might fail within a certain compafs marked on it. And this I did, partly 
*· tieeaufe my own eyes are not very critical in diftinguiihing colours, partly be-
" caufe another, to whom I had not communicated my thoughts about this mat·· 
" ter, could have nothing but his eyes to determine his fancy in making thofe 
4,1 marks. This obfervarion we repeated divers times, both in the fame and di-
4 t vers days, to fee how the marks on feveral papers would agree ; and comparing 
" the obfervations, though the juft confines of the colours are hard to be ailigned, 
" becaufe they pais into one another by infenfible gradation ·, yet the differences 
41 of tl e obfervations were but little, efpecially towards the red end, and taking 
" means between thofe differences, that were, the length of the image (reckoned 
" not by the diftance of the verges of the femicircular ends, but by the diftance of 
" the centres of thofe femicircles, or length of the ftrait fides as it ought to be) 
" was divided in about the fame proportion that a firing is, between the end and 
** the middle, to found the tones in the-eighth. You will underftand me bell 
" by viewing ihe annexed figure, in which A Β and C D reprefent the ftrait 
·" fides, about ten inches long, A B C and Β Τ D the femicircular ends, X and 

41 Y 
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" Y the centres o f thofe femicircles , Χ Ζ the l e n g t h o f a mufical firing double t o 
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X Y , and div ided between X and Y , fo as t o found the tones expref ied at the 

fide (that is Χ Η the half , X G and G I the third part , Υ Κ the filth parr , 

Υ Μ the e ighth part , and G Ε the ninth part o f X Y ) and the intervals between 

thefe divi f ions exprefs t h e f p a c e s which the colours written there t o o k u p , e v e r y 

colour b e i n g m o l l b r i i k l y fpecif ic in the m i d d l e o f thofe fpaces. 

" N o w for the caufe o f thefe and fuch l ike colours m a d e b y r e f r a f l i o n , the 

b i g g e f t or i l r o n g e f t rays m u f t penetrate the re f ra i t ing fuperficies more freely 

and eafi ly than the w e a k e r , and f o be lefs turned a w r y - b y it , that is, lefs re-

fradted ·, which is as m u c h as to f a y , the rays, w h i c h m a k e red, are leaft refran-

g i b l e , thofe , which m a k e blue and v iolet , m o f t refrangible , and others o t h e r w i f e 

refrangible a c c o r d i n g t o their co lour : whence , i f the rays , w h i c h c o m e p r o m i f -

c u o u f l y f r o m the f u n , be refraf ted b y a p r i f m , as in the aforefaid e x p e r i m e n t , 

thefe o f feveral forts being var iouf ly refracted, m u f t g o to feveral places on an 

oppofi te paper o r wal l , and fo parted, exhibi t every one their o w n colours, , 

w h i c h they could not d o whi le blended together . A n d , becaufe refraf t ion only 

fevers t h e m , and changes not the bignefs o r ftrength o f the r a y , thence it is, 

that after they are once well fevered,, r e f r a & i o n cannot m a k e any further c h a n g e s 

in their colour* 

" O n this g r o u n d m a y all the p h e n o m e n a o f re fra i l ions be u n d e r f t o o d : but to· 

explain the colours made by reflections, I m u f t further fuppofe , that , though-

l i g h t be u n i m a g i n a b l y fwi f t , y e t the aethereal vibrations, exci ted by a ray , move, 

falter than the ray itfelf , and fo o v e r t a k e and outrun it one after another. A n d 

this, I f u p p o f e , they wil l t h i n k an a l lowable f u p p o f i t i o n , w h o h a v e been in-

cl ined to f u f p e f t , that thefe v ibrat ions themfe lves m i g h t be l i g h t . B u t t o m a k e 

it t h e more a l lowable , it is poif ible l i g h t i t fel f m a y not be ίο f w i f t , as fome are 

apt t o t h i n k ; for , n o t w i t h f t a n d i n g any a r g u m e n t , that I k n o w yet to the c o n -

trary, it m a y be an h o u r or t w o , i f not m o r e , in m o v i n g f r o m the fun t o us. 

T h i s celerity of the vibrat ions therefore f u p p o f e d , if l ight be incident on a thin 

Ikin or plate o f a n y tranfparent b o d y , the w a v e s , exc i ted b y its paffage t h r o u g h 

the firft fuperficies, o v e r t a k i n g it one after another, till it arrive at the fecond 

fuperficies, wil l caufe it to be there ref lef ted o r r e f r a i l e d accordingly as the c o n -

denfed or expanded part o f the w a v e overtakes it there. I f the plate be of f u c h 

a thicknefs , that the condenfed part of the firft w a v e o v e r t a k e the ray at the fe 

c o n d fuperficies, it m u f t be ref le i ted there 5 if d o u b l e that th icknefs , that the 

f o l l o w i n g rarified part o f the w a v e , that is, the fpace between that and the n e x t 

" wave, 
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" wave, overtake it, there it muft be tranfmittcd ·, if triple the thicknefs, that the 
" condenfed part of the fecond wave overtake it, there it muft be reflected, and 
" fo where the plate is five, feven, or nine times that thicknefs, it muft be reflefted 
" by reafon of the third, fourth, or fifth wave, overtaking it at the fecond fuper-
*' ficies; but when it is four, fix, or eight times that thicknefs, fo that the ray 
" may be overtaken there by the dilated interval of thofe waves, it fhall be tranf-
" mitted, and fo on ; the fecond fuperficies being made able or unable to refleft 
" accordingly as it is condenfed or expanded by the waves. For inftance, let 
" A H Q ^ reprefent the fuperficies of a fpherically convex glafs laid upon a plain 
" glafs A I R , and A I R Q J 3 the thin plane-concave plate of air between them, 
" and Β C , D E , F G , H I , & c . thickneffes of that plate, or diftances of the 

glaffes in the arithmetical progreffion of the numbers 1. 2. 3. 4. & c . whereof 
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for an indeterminate number of fucceffions ·, and at A , the center or contact of 
" the glaflls, the light muft be transmitted, becaufe there the aethereal mediums 
" in both glaffes are continued as if but one uniform medium. Whence, if the 
" glaffes in this pofture be looked upon, there ought to appeaF at A , the contaft 
" of the glaffes, a black fpot, and about that many concentric circles of light and 
" darknefs, the fquares of whofe femidiameters are to fenfe and arithmetical pro-
" grefllon. Y e t all the rays, without exception, ought not to be thus refleded or 
" tranfmitted: for fometimes a ray may be overtaken at the fecond fuperficies, 
" by the vibrations raifed by another collateral or immediately fucceeding ray j 
" which vibration, being as firong or ftronger than its own, may caufe it to be 
" reflefted or tranfmitted when its own vibration alone would do the contrary. 
" And hence fome little light will be reflected from the black rings, which makes 

" them 

Β C is the diftance, at which the ray is over-
taken by the moft condenfed part of the firft 
wave: I fay, the rays incident at B, F , K , 
and O , ought to be refletted at C , G , L , 
and P , and thofe incident at D , Η , M , and 
Q^ ought to be tranfmitted at Ε , I , N , and 
R ; and this, becaufe the ray Β C arrives 
at the fuperficies A C , when it is condenfed, 
by the firft wave that overtakes it ·, D E , 
when rarified by the interval of the firft and 
fecond ·, F G , when condenfed by the fe-
cond wave ·, Η I, when rarified by the in-
terval of the fecond and_ third ·, and fo on 



NEWTON'S SECOND PAPER ON LIGHT & COLOURS 195 

,67 5 . ] R O Y A L S O C I E T Y O F L O N D O N . 263 
" them rather black than totally d a r k ; and fome tranfmitted at the lucid rings, 
" which makes the black rings, appearing on the other fide of the glafles, not fo 
" black as they would otherwife be. And fo at the central black fpot, where the 
" glaffes do not abfolutely touch, a little light will be reflected, which makes the 
" fpot darkeft in the middle, and only black at the verges. For thus I have ob-
4 c ferved it to be, by tying very hard together two glafs prifms, which were ac-
" cidentally (one of them at leaft) a very little convex, and viewing by divers 
" lights this black fpot at their contait. If a white paper was placed at a little 
" diftance behind a candle, and the candle and paper viewed alternately by re-
" fleCtion from the fpot, the verges of the fpot, which looked by the light of the 
" paper as black as the middle part, appeared by the ftronger light of the candle 
" lucid enough, fo as to make the fpot feem lefs than before ·, but the middle part 
" continued as abfolutely black frn one cafe as in the other, fome fpecks and ftreaks 
" in it only excepted, where I fuppofe the glaffes, through fome unevennefs in 
" the poliih, did not fully touch. T h e fame I have obferved by viewing the fpot 
" by the like reflection of the fun and clouds alternately. 

" But to return to the lucid and black rings, thofe rings ought always to ap-
*' pear after the manner defcribed, were light uniform. And after that manner, 
" when the two contiguous glafles A Q_and A R have been illuftrated, in a dark 
" room, by light of any uniform colour made by a prifm, I have feen the lucid 
" circles appear to about twenty in number, with many dark ones between them, 
" the colour of the lucid ones being that of the light, with which the glaffes were 
** illuftrated. And if the glaffes were held between the eye and prifmatic colours, 
" caft on a fheet of white-paper, or if any prifmatic colour was diredtly trajefled 

through the glaffes to a iheet of paper placed a little way behind, there would 
*' appear fuch other rings of colour and darknefs (in the firft cafe between the 

glaffes, in the fecond, on the paper) oppofitely correfponding to thofe, which 
" appeared by reflection : I mean, that, whereas by reflected light there appeared 
" a black fpot in the middle, and then 3 coloured circle; on the contrary, by tranf-
" mitted light there appeared a coloured fpot in the middle, and then a black circle, 
" and fo o n ; the diameters of the coloured circles, made by cranfmiffion, equall-
" ing the diameters of the black ones made by reflection. 

" Thus , I fay, the ring3 do and ought; to appear when made by uniform l ight ; 
" but in compound light it is otherwife. For the rays, which exhibit red and 
" yellow, exciting, as 1 faid, larger pulfes in the asther than thofe, which make 
" blue and violet, and confequently making bigger circles in a certain propor-
" tion, as I have manifeftly found they do, by illuminating the glaffes fuccellively 
" by the aforefaid coJours of prifm in a well darkened room, without changing 
" the pofition of my eye or of the glaffes ; hence the circles, made by illlilVrating 
" the glaffes wäth white lighr, ought not to appear black and white by turns, as 
" the circles made by illuftrating the glaffes ; for inftance, with red light, appear 
" red and black ; but the colours, which compound the white light, muft difplay 
44 themfelves by being reflected, the blue and violet nearer to the center than the 
" red and yellow, whereby every lucid circle muft become violet in the inward 
«' verge, red in the outward, and of intermediate colours in the intermediate 

VOL. IIL M m " parts, 
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'« parts, and be made broader than before, fpreading the colours both ways into 
" thofe fpaces, which I call the black rings, and which would here appear black, 
" were the red, yellow, blue, and violet, which make the verge of the rings, taken 
" out of the incident white light, which illuftrates the glafles, and the green only 
" left to make the lucid rings. Suppofe C B, G D , L F , P M , R N , S X , re-
" prefent quadrants of the circles made in a dark room by the very deepeft prif-

A Y C y G\ π LP P<r R S 
€t matic red alone; and Y |3, yS, 
" λ Φ, τ μ,, ρ ν, σ ξ, the qua-
" drants of like circles made 
" alfo in a dark room, by the ^ 
" very deepeft prifmatic violet " 
" alone : and then, if the glaf- 3 
" fes be illuminated by open 
" day light, in which all forts ^ 
" of rays are blended, it is ma· 
" nifeft, that the firft lucid D 
" ring will be Υ β Β C ; the fe- <f> 
" cond y S D G , the third, u 

" λ φ F L , the fourth τ μ M P , F 
" the fifth ρ ν N R , the fixth ν 
" <71 X S , &c. in all which Μ 
c t the deepeft violet mult be g 
" refle&ed at the inward edges 
· ' reprefented by the pricked 
" lines, where it would be re- χ 
" flefted were it alone, and the deepeft red at the outward edges reprefented by 
" the black lines, where it would be reflected, were it alone ; and all intermediate 
" colours at thofe places, in order, between thefe edges, at which they would be re-
" flefted were they alone ·, each of them in a dark room, parted from all other 
" colours by the refraftion of a prifm. And becaufe the fquares of the femidia-
" meters of the outward verges A C , A G , A L , &c. as alfo of Α Υ , Α γ, A λ, 
" & c . the femidiameters of the inward are in arithmetical progreffion of the num-
" bers i , 3, 5, 7, 9, 11, & c . and the fquares of the inward are to the fquares 
" of the outward (A Y« to A O , A y ' t o A G ' , Α λ» to Α L», &c . ) as 9 to 14, 
" (as I have found by meafuring them carefully and often, and comparing the 
" obfervations :) therefore the outward red verge of the fecond ring, and inward 

violet one of the third, lhall border upon one another (as you may know by com-
" putation, and fee them reprefented in the figure) and the like edges of the third 
" and fourth rings fhall interfere, and thofe of the fourth and fifth interfere more, 
" and fo on. Yea, the colours of every ring mult fpread themfelves fomething 
" more both ways than is here reprefented, becaufe the quadrantal arcs here de-
" fcribed reprefent not the verges, but the middle of the rings made in a dark 
" room by the extreme violet and red j the violet falling on both fides the pricked 
u arches, and red on both fides the black line arches. And hence it is, that 
" thefe rings or circuits of colours fucceed one another continually, without any 

2 inter-
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" intervening black, and that the colours are pure only in the three or four firft 
" rings, and then intervening and mixing more and more, dilute one another io 
" much, that after eight or nine rings they are no more to be diftinguiihed, but 
" feem to conftitute an even whitenefs·, whereas, when they were made in a dark 
" room by one of the prifmatic colours alone, I have, as I faid, feen above twenty 
" of them, and without doubt could have feen them to a greater number, had I 
" taken the pains to make the prifmatic colour more uncompounded. For by 
" unfolding thefe rings from one another, by certain refradtions expreffed in the 
" other ' papers I fend you, 1 have, even in day-light, difcovered them to above 
" an hundred ·, and perhaps they would have appeared innumerable, had the light 
" or colour illuftrating the glafles been abfolutely uncompounded, and the pupil 
" of my eye but a mathematical point ; fo that all the rays, which came from 
" the fame point of the glafs might have gone into my eye at the fame obliquity 
" to the glafs. 

" What has been hitherto faid of the rings, is to be underftood of their appear-
" ance to an unmoved eye: but if you vary the pofition of the eye, the more 
" obliquely you look on the glafs, the larger the rings appear. And of this the 
" reafon may be, partly that an oblique ray is longer in paffing through the 
" firft fuperficies, and fo there is more time between the waving forward and back· 
" ward of that fuperficies, and confequently a larger wave generated, and partly, 
" that the wave in creeping along between the two fuperficies may be impeded and 
" retarded by the rigidnefs of thofe fuperficies, bounding it at either end, and fo 
" not overtake the ray fo foon as a wave, that moves perpendicularly crofs. 

" The bignefs of the circles made by every colour, and at all obliquities of the 
" eye to the glafles, and the thicknefs of the air, or intervals of the glafles, 
t c where each circle is made, you will find exprefled in the other papers I fend 
" you; where alfo I have more at large defcribed, how much thefe rings inter-
" fere, or fpread into one another; what colours appear in every ring, where 
" they are moil lively, where and how much diluted by mixing with the colours of 
" other rings $ and how the contrary colours appear on the back fide of the glafles 
" by the tranfmitted light, the glafles tranfmitting light of one colour at the fame 
" place, where they refleö that of another. Nor need I add any thing further of 
" the colours o f other thinly plated mediums, as of water between the aforefaid 

glafles, or formed into bubbles, and fo encompafled with air, or of glafs blown 
" into very thin bubbles at a lamp furnace, &c. the cafe being the fame in all thefe, 

excepting that, where the thicknefs of the plate is not regular, the rings will not 
" be fo} that in plates of denfer tranfparent bodies, the rings are made at a lefs 
" thickftefs of the plate (the vibrations, I fuppofe, being lhorter in rarer sether than 
" in denfer) and that in a denfer plate, furrounded with a rarer body, the colours 
" are more vivid than in the rarer furrounded with the denfer; as, for inftance, 
" more vivid in a plate of glafs furrounded with air, than in a plate of air fur-
" rounded with glafs; of which the reafon is, that the reflection of the fecond fu-
" perficies, which caufes the colours, is, as was faid above, ftronger in the for-

• Obf. 24. 
Μ m 2 " mer 
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mer cafe than in the latter : for which reafon alfo the colours are moil vivid, 

4t when the difference of the denfity of the medium is greateft. 

" Of the colours of natural bodies alfo I have faid enough in thofe papers, fhew-
" ing how the various fizes of the tranfparent particles, of which they confift, is 
" fufficient to produce them all, thoie particles refle&ing or transmitting this Or 
" that fort of rays, according to their thicknefs, like the aforefaid plates, as if they 
*' were fragments thereof. For, I fuppofe, if a plate of an even thicknefs, and 
" confequently of an uniform colour, were broken into fragments of the fame thick-

nefs with the plate, a heap of thofe fragments would be a powder much of the 
" fame colour with the plates. And fo, if the parts be of the thicknefs of the 
" water in the black fpot at the top of a bubble defcribed in the feventeenth of 
" the obfervations I fend you, I fuppofe the body muft be black. In the pro-
" du&ion of which blacknefs, I fuppofe, that the particles of that fize being dif-
" pofed to refledt almoft no light outward, but to refraft it continually in its paf-
" fage from every part to the n e x t ; by this multitude öf refra&iön», the rays 
" are kept fo long ftraggling to and fro within the body, till at laft almoft all 
" impinge on the folid parts of the body, and fo are ftopped and ftifled ; thofe 
" parts having no fufficient eiafticity, or other difpofition to return nimbly enough 
" the fmart fhock of the ray back upon it. 

" I fhould here conclude, but that there is another ftrange phenomenon of 
" colours, which may deferve to be taken notice of. Mr . HOOKB, you may re-
" member, was fpeaking of an odd ftraying of light, eaufed in its pafläge near the 
" edge of a razor, knife, or other opake body in a dark room ; the rays, which 
" jrafs very near the edge, being thereby made to ftray at ail angles into the 
" lhadow of the knife. 

w T o this Sir W I L L I A M P E T T Y , then prefident, returned a very pertinent query, 
" Whether that ftraying was in curve lines ? and that made me, having heard 
" Mr. H O O K E fome days before compare it to the ftraying of found into the qul-
" efcent medium, fay, that I took it to be only a new kind of refra&ien, caufed 
" perhaps by the external aether's beginning to grow rarer a little before It 
** came at the opake body, than it was in free fpaces; the denfer asther without 
" the body, and the rarer within it, being terminated not in a mathematical 
" fuperfkies, but pafling into one another through all intermediate degrees öf 
" denfity: whence the rays, that pafs fo near the body, as to come within that 
" compafs, where the outward asther begins to grow rarer, muft be refra&ed by 
" the uneven denfenefs thereof, and blended inwards toward the rarer medium of 
" the body. T o this Mr . H O O K E was then pleafed to anfwer, that· though it 
" ihould be but a new kind of refra&ion, yet it was a new one. W h a t to make 
" of this unexpe&ed reply, I knew n o t ; having no other thoughts, but that a 
" new kind of refraction might be as noble an invention as any thing elfe about 
" l igh t ; but it made me afterwards, I know not upon what occafion, happen to 
" fay, among fome that were prefent to what paffed before, that-1 thought I had 
" feen the experiment before in fome Italian author. And the author is H O N O -
" RATUS F A B E R , in his dialogue De Lumine, who had it from G R I M A L D O ; 

" whom 
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whom I mention, becaufel am todefcribe fomething further out of him, which 
you will apprehend by this figure : fuppofe the fuh ihinc through the little hole 
Η Κ into a dark room upon the paper Ρ Q j and with a wedge Μ Ν Ο intercept 
all but a little of that beam, and you will fee 
upon the paper fix rows of colours, R , S, T , 
V , X , Y , and beyond them a very faint light 
fpreading either way, fuch as rays broken, like 
H N Z , müft make. The authcrr deicribes it 
more largely in divers fchemes. I have time 
only to hint the fum of what he fays. 

" Now for the breaking of the ray H N Z , fup-
pofe, in the next figure Μ Ν Ο be the folid 
wedge, A Β C the inward bound of the uniform 
rarer asther within, between which bounds the 
asther runs through all the intermediate degrees j 
and it is manifeft, that, if a ray come between 
Β and N , it muft in its pafiage there bend from 
the denfer medium towards C , and that fo much 
the more, by how much it comes nearer N. Fur-
ther, for the three rows of colours V X Y , thofe 
may perhaps proceed from the number of vibra-
tions (whether one, two, or three) which over-
take the ray in its paflage from G , till it be about 
the mid-way between G and Η ; that is, at its 
neareft diftance to N , fo as to touch the circle 
defcribed about N , with that diftance; by the 
laft of which vibrations, expanding or con-
trafting the medium there, the ray is licenfed 
to recede again from N , and go on to make the 
colours ·, or further bent about N , till the inter-
val of the next wave overtake it, and give it li-
berty to go from N , very nearly in the line it is 
then moving, fuppofe toward Z , to caufe the faint light fpoken of above, you 
will underftand me a little better, by comparing this with what was faid of the 
colours of thin tranfparent plates, comparing the greateft diftance that the ray 
goes from G Β Η towards Ν , to the thicknefs of one of thofe plates. Some-
thing too there is in DES CARTES'S explication of the rainbow's colours, which 
would give further light in this. But I have no time left to infift further upon 
particulars; nor do I propound this without diffidence, having not made fuffici-
ent obfervation about it." 

After reading this difcourfc, Mr. HOOKE faid, that the main of it was contained 
in his Micrographia, which Mr. NEWTON had only carried farther in fome parti-
culars. 

T h e Society adjourned till December 30. 
Decern-
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December 30. There was read a letter to M r . OLDENBURG from M r . NEW-
TON, dated at Cambridge 21ft December, 1 6 7 5 a n f w e r t 0 what had been 
written to him by M r . OLDENBURG concerning the want of fuccefs of his expe-
riment made with a glafs rubbed, & c . T h i s letter was as follows : 

" Upon your letter I took another glafs four inches broad, and one fourth of 
an inch thick, of fuch glafs as telefcopes are made of, and placed it a one flxth 

" part of an inch from the table. It was fet in fuch a piece of wood, as the ob-
" jeft-glaffes of telefcopes ufe to be fet in : and the experiment fucceeded well. 
" After the rubbing was (till, and all was ftill, the motion of the papers would 
" continue fometimes while I counted a hundred, every paper leaping up about 
" twenty times more or lefs, and down as often. I tried it alio with two otherglafles 
" that belong to a telefcope, and it fucceeded with b o t h ; and I make no queftion 
" but any glafs will do that, if it be excited to eleftric virtue, as I think any may. 
<k If you have a mind to any of thefe glades, you may have them; but I fup-
" pofe, if you cannot make it do in other glafs, you will fail in any I can fend 
" you. I am apt to fufpeftthe failure was in the manner of rubbing·, for I have 
" obferved, that the rubbing varioufly, or with various things, alters the cafe. A t 
" one time I rubbed the aforefaid great glafs with a napkin, twice as much as I 
" ufed to do with my gown, and nothing would ftir ; and yet prefently rubbing 
" it with fomething elfe, the motions foon began. Af ter the glafs has been 
*' much rubbed too, the motions are not fo lading ; and the next day I found the 
" motions fainter and difficulter to excite than the firft. I f the Society have a 
" mind to attempt it any more, I can give no better advice than this: to take a 
" new glafs not yet rubbed (perhaps one of the old ones may do well enough after 
" it has lain ftill a while) and let this be rubbed, not with linen, nor foft nappy 
" woolen, but with ftufF, whofe threads may rake the furface of the glafs, fup-
" pofe tamerine, or the like, doubled up in the hand, and this with a brilk mo-
" tion as may be, till an hundred or an hundred and fifty may be counted, the 
" glafs lying all the while over the papers. Then, if nothing ftir, rub the glafs 
" with the finger ends half a fcore of times to and fro, or knock your finger-
" ends as often upon the glafs ; for this rubbing or knocking with your fingers, 
" after the former rubbing, conduces molt to excite the papers. I f nothing ftir 
" yet, rub again with the cloth till fixty or eighty may be counted, and then 
" rub or knock again with your fingers, and repeat this till the eleftric virtue of 
" the glafs be fo far excited as to take up the papers, and then a very little rubb-
" ing or knocking now and then will revive the motions, In doing all this, let 
" the rubbing be always done as nimbly as may b e ; and if the motion be circu-
" lars, like that of glafs-grinding, it may <0 better. But if you cannot make it 
" yet fucceed, it muft b.- let alone till I have fome opportunity of trying it be-
" fore you. A s for the fufpicion of the papers being moved by the air, I am fe-
" cure from that; yet in the other, of drawing leaf-gold to above a foot diftance, 
" which I never went about to try myfelf till the laft week, I fufpedt the air might 
" raife the gold, and then a fmall attradlion might determine it towards the glafs; 
" for I could not make it fucceed." 

• Letter-book, vol. vii. p. 284. 

It 
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I t was ordered, that M r . NEWTON'S dire&ions in this letter ihould beobferved 
in the experiment to be made at the next meeting of the Society. 

M r . OLDENBURG read a letter to himfelf from M r . JOHN GASCOIGNE, dated 
at L iege , 15th December, 1675 u , acquainting him with the death of M r . LINUS 
of the epidemical difeafe, which then raged through fo many countries, and with 
the refolution of M r . LiNus 'sdifciples, to try M r . NEWTON'S experiment concern-
ing light and colours more clearly and carefully, and before more witnefies, accord-
ing to the direöions given them by M r . NEWTON'S laft letter : intimating withal, 
that if the faid experiment be made before the Royal Society, and be attefted by 
them to fucceed, as M r . NEWTON affirmed, they would reft fatisfied. 

It was ordered, that when the fun ihould ferve, the experiment ihould be made 
before the Society. 

M r . AUBREY prefented the Society with his obfervations made in Wiltfhire, which 
being read, he was defired to endeavour to procure fome of the iron-ore of Sein 
in that county, faid to be fo rich, that the fmith could melt it in his forge : as aifu 
to procure from Eafton-Peires in Malmefbury hundred, fome of the blue clay, 
free from fand, and almoft of the colour of ultramarine ·, which clay M r . DOIGHT 
fuppofed to be very fit for porcelane. 

T h e Society adjourned till the 13th o f January following. 

January 1 3 . C a p t a i n H E N R Y S H E E R E S , JOHN M A P L E T O F T , M . D . a n d 

Signor FRANCISCO TRAVAGINI were propofed candidates, the firft in the name of 
S i r JOSEPH W I L L I A M S O N , t h e f e c o n d b y M r . H O O K E , a n d t h e t h i r d b y M r . O L -

D E N B U R G . 

M r . NEWTON'S experiment of glafs rubbed, to caufe various motions in bits 
of paper underneath, being made according to his more particular diredbions, fuc-
ceeded very well. T h e rubbing was made both with a fcrubbing bruih, made of 
ihort hog's briftles, with a knife, the haft of the knife made of whalebone, and 
with the nail of one's finger. It appeared, that touching many parts at once 
with a hard and rough body, produced the effeft expedted. 

It was ordered, that M r . NEWTON ihould have the thanks of the Society, for 
g iv ing himfelf the trouble of imparting to them fuch full inftrudtions for making 
the experiment. 

M r . OLDENBURG produced and read a Latin letter o f Mr. FLAMSTEAD to Sir 
JONAS MOORE, dated at Greenwich, 24th December, 1 6 7 5 r , containing an ac-
count of his obfervations made of the late eclipfe of the moon on the 21f t D e -
cember, p. m. 

* Letter-book, vol. vii. p. 28*. 7 It is printed in the Philofoph. Tranfaft. vol. x. n° 
* Profeflor of phyfic at Grelham College. 121. p. 495. 

I t 
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Ic was ordered, that MR. OLSENBURG Ihould be defired, according to the 
motion made by Mr. FLAMSTBAD, to impart thefe obf&rvations to Signar CASSI-
NI at Paris, and to defire him to communicate to the Society his obfervations on 
the fame eclipfe. 

Mr. OLDENBURG produced likewife fome papers of Mr. AUBREY, containing 
his obfervations of the county of Surry. But the time being elapfed, thefe papers 
were referred to the next meeting. 

January 20 . Mr. A U B R E Y ' S papers of observations OH Surrey were read. 

There was alfo read the beginning of Mr. NEWTON'S difcourfe, containing 
fuch obfervations, as conduce to further difcoveries for completing his theory of 
light and colours, efpecially as to the conftitution of natural bodies, on which 
their colours or tranfparency depend : in which he defcribes firft the principal of 
his obfervations, and then confiders and makes ufe of them. 

At this time there were read the firft fifteen of thofe obfervations as follow * : 

" I fuppofe you under ftand, that all tranfparent fubftances (as glafs, water, 
" air, &c.) when made very thin by being blown tinto bubbles, or otherwife 
" formed into plates, do exhibit various colours, according to their various thin-
" nefs, although at a greater thicknefs they appear very clear and coiourlefs. In 
" my former difcourfe about the conftitution of light, I omitted thefe colours, 
" becaufe they feemed of a more difficult confideration, and were not neceffary for 
" the eftabliflaing of the dodrine, which I propounded ·, but becaufe they may con-
" duce to further difcoveries for compleating that theory, efpecially as to the 
" conftitution of the parts of natural bodies, on which their colours or tranfpa-
" rency depend, I have now fent you an account of them. T o render this dif-
" courfe ihort and diftinft, I have firft defcribed the principal of my obfervations, 
" and then confidered and made ufe of them. The obfervations are thefe: 

" Obf. i . Comprefling two prifms hard together, that their fldes (which by 
" chance were a very little convex) might fomewhere touch one another, I found 
" the place, in which they touched, to become 1 abfolutely tranfparent, as if they 
" had been there one continued piece of glafs ·, for when the light fell fo ob-
" liquely on the air, which in other places was between them, a» to be all re-
" fledted, in that place of contaft it feemed wholly tranfmitted ·, infomuch that 
" when looked upon, it appeared like a black or dark fpot, by reafon of no fen-
" fible light was reflected from thence, as from other places; and when looked 
" through, it feemed, as it were, a hole in that air, that was formed into a thin 

1 Remitter, v*)l. v . p. 89. " flsAion from this fpot, not only the verges of 
• " Note, that there is fome light refhited from " it became lucid, butdivers lucid veins, as fpecks, 

" thofe parts of this black fpot, where the glafles, " appeared in the midft of the blacknefs : but yet 
" by reafon of their convex,ty, and fome little un- fome parts of ihe fpot feemed Hill as black as 
" evennefs of their l'urfaces, do not come to abfo- " before, which parts I take to be thofe, where 
" lute contad. For by viewing the fun, by re- " the glafles touched. 

2 " plate 
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" plate by being comprefled between the glaf les; and through this hole objefts» 
" that were beyond, might be feen diftin&ly, which could not at all be feen through 
" other parts of the glafles, where the air was interjacent. Al though the glafles 
" were a little convex, yet this tranfparent fpot was of a confiderable breadth, 
" which breadth feemed principally to proceed from the yielding inwards of the 
" parts of the glafles by reafon of their mutual preflure; for by prefling them very 
" hard together, it would become much broader than otherwise. 

" Obf. 2. When the plate of air, by turning the prifms about their common 
" axis, became fo little inclined to the incident rays, that fome of them began to 
" be tranfmitted, there arofe in it many flen-
«' der arcs of colours, which at firft were Fig . I. 
" lhaped almoft like the conchoid, as you fee 
" them here delineated. A n d by continuing 
" the motion of the prifms, thefe arcs in-
" creafed and bended more and more about Φ 
" the faid tranfparent fpot, till they were v Vv.v.V\X 
" compleated into circles or rings incompaffing it, and afterwards continually 
" grew more and more contracted. 

" Thefe arcs, at their firft appearance, were of a violet and blue colour, and 
" between them were white arcs of circles, which prefently became a little tinged 
" in their inward limbs with red and yellow, and to their outward limbs the blue 
" was adjacent; fo that the order of thefe colours from the central dark fpot, 
cc was at that time white, blue, violet, black, red, orange, yellow, white, blue, 
" violet, & c . but the yellow and red were much fainter than the blue and vio-
" let. 

" T h e motion of the prifms about their axis being continued, thefe colours 
" contrafted more and more, lhrinking towards the whitenefs on either fide of 
" it, until they totally vaniihed into i t ; and then the circles in thofe parts ap-
" peared black, and white, without any other colours intermixed ·, but by fur-
" ther moving the prifms about, the colours again emerged out of the whitenefs, 
" the violet and blue at its inward limb, and at its outward limb the red and yel-
" l o w ; fo that now their order from the central fpot was white, yellow, red, 
" black, violet, blue, white, yellow, red, & c . contrary to what it was before. 

" Obf. 3. W h e n the rings or fome parts appeared only black and white, they 
" were very diftindt and well defined, and the blacknefs feemed as intenfe as that 
" of the central f p o t ; alfo, in the borders of thefe rings, where the colours began 
" to emerge out of the whitenefs, they were pretty diltindt, which made them vi-
" fible to a very great multitude. I have fometimes numbered above thirty fuc-
" ceifions (reckoning every black and white ring for one fucceflion) and feen more 
" of them, which by reafon of their fmallnefs I could not number. But in other 
" pofitions of the prifms, at which the rings appeared of many colours, I could 
" not diftinguiih above eight or nine of them, and the exterior of thofe too 
" were confufed and dilute. 

VOL. III. « In 
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" In thefe two obfervations, to fee the rings diftinft, and without any other colour 
«' but black and white, I found it neceflfary that I held my eye at a good diftance 

from them. For by approaching nearer, although in the fame inclination ot 
" my eye, yet there emerged a bluifh colour out of the white, which by dilating 
" itfelf more and more into the black, rendered the circles lefs diftinft, and lett 
" the white a little tinged with red and yellow. I found alfo, that by looking 
" through a flic or oblong hole, which was narrower than the pupil of my eye, 
" and held clofe to it parallel to the prifms, I could fee the circles much diftinfter 
" and vifible to a far greater number than otherwife. 

" Obf. 4. T o obferve more nicely the order of the colours, which arofe out o f 
" the white circles, as the rays became lefs and lefs inclined to the plate of a i r ; I 
" took two objeft-glafies, the one a plane-convex for a fourteen foot telefcope, 

and the other a large double convex for one of fifty foot j and upon this lay . 
«' ing the other with its plane fide downwards, I preffed them flowly together, 
" to make the colours fucceffively emerge in the middle of the circles, and then 

flowly lifted the upper glafs from the lower, to make them fucceffively vanifh 
again in the fame place, where being of a confiderable breadth, I could more 
eafily difcern them. A n d by this means I obferved their fucceffion and quan-
tity to be as followeth. 

" N e x t to the pellucid central fpot made by the contaft of the glafles, fuc-
" ceeded violet, blue, white, yellow, and red. T h e violet and blue were fo very 
" little in quantity, that I could not difcern them in the circles made by the 
" pr i fms; but the yellow and red were pretty copious, and feemed about as much 
" in extent as the white, and four or five times more than the blue and violet. 
" T h e next circuit or order of colours immediately encompaffing thefe was vio-
«· let, blue, green, yellow, and red. A n d thefe were all of them copious and 
" vivid, excepting the green, which was very little in quantity, and feemed much 
" more faint and dilute than the other colours. O f the other four the violet 
" was leaft, and the blue lefs than the yellow or red. T h e third circuit or order 
" was alfo purple, blue, green, yellow, and red, in which the purple feemed more 
· ' reddiih than the violet in the former circuit, and the green was much more 
" confpicuous, being as briik and copious as any of the other colours except the 
" yel low; but the red began to be a little faded, inclining very much to purple. 
" After thefe fucceeded green and red: the green was very copious and lively, in· 
" clining on the one fide to blue, and the other to yellow. But in this fourth 
" circuit there was neither violet, blue, nor yellow, and the red was very im per-
" feft and dirty. A l f o the fucceeding colours became more and more imperfeit 
" and dilute, till after three or four more revolutions they ended in perfect white-
" nefs. 

" Obf. 5. T o determine the interval of the glafles, or thicknefs of the interja-
" cent air, by which each colour was produced j I meafured the diameter of the 
" firft fix rings at the moil lucid part o f their orbits, and fquaring them 1 found 
" their fquares to be in arithmetical progreifion of the odd numbers, 1. 3. 5. 7. 

11 . A n d fince one of the glafles was plane and the other fpherical, their 
8 ν intervals 
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intervals at thofe rings muft be in the fame progrefiion. I meafured alio the 
r< diameters of the dark or faint rings between the more lucid colours, and found 
16 their fquares to be in arithmetical progrefiion, of the even numbers 2, 4, 6, 
14 8, 10, 1 2 ; and it being very nice and difficult to take thele meafures exaftly, 
*' I repeated them divers times, at divers parts of the glafies, that by their agree-

ment I might be confirmed in them j and the fame method I ufed in deter-
" mining fome others of the following obfervations. 

" Obf. 6. The diameter of the firft ring, at the mod lucid part of its orbit, 
" was -rVV parts of an inch, and the diameter of the fphere, on which the double 
" convex objeiil-glafs was ground, was an hundred and two foot, as I found by 
" meafuring it ·, and confequently the thicknefs of the air, or aereal interval of the 
" glafies at that ring, was y t t t t ° f a n ' n c h· For as the diameter of the faid fphere 
" (an hundred and two foot, or twelve hundred and twenty-four inches) is to 
" the femidiameter of the ring fo very nearly is that femidiameter to T 4 j 
" the faid diftance of the glafies. Now, by the precedent obfervations, the 
" eleventh part of this diftance (-r-rsTry*·) ' s the thicknefs of the air at that part 
" of the firft ring, where the yellow would be moft vivid, were it not mixed 
" with other colours in the white ; and this doubled gives the difference of its 
" thicknefs at the yellow in all the other rings, viz. tststt» or> t 0 a round 
" number, the eighty thoufand part of an inch. 

" Obf. 7. Thefe dimenfions were taken, when my eye was placed perpendicuS 
" larly over the glafies, in or near the axis of the rings; but when I viewed 
<ς them obliquely, they became bigger, continually fwelling as I removed my eye 
" farther from their axis ; and partly by meafuring the diameter of the fame 
" circle at feveral obliquities of my eye, partly by other means ; as alfo by mak-
" ing ufe of the two prifms for very great obliquities, I found its diameter, and 
" confequently the thicknefs of the air at its perimeter in all thofe obliquities, to 
" be very nearly in the proportions expreffed in this table. 

Incidence Refraftion Diameter Thicknefs 
on the air. into the air. of the ring. of the air. 

gr. mm. gr. mm 
00 00 00 00 

6 26 10 00 
12 45 ao 00 
18 49 30 00 
24 30 40 00 
29 37 50 00 

33 5 8 60 00 
35 47 65 00 
37 19 70 00 

3 8 33 75 00 
39 27 80 00 
40 00 85 oca 
40 11 90 00 

Ν η 2 
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" In the two firft columns are exprefled the obliquities of the rays to the plate 
" of air; that is, their angles of incidence and refraftion. In the third column, 
" the diameter of any coloured ring of thofe obliquities is exprefled in parts, of 

which ten conftitute that diameter, when the rays are perpendicular. And [in 
" the fourth column the thicknefs of the air at the circumference of that ring is 
" exprefled in parts, of which alfo ten conftitute that thicknefs, when the rays 
t c are perpendicular. 

" Obf. 8. T h e dark fpot in the middle of the rings increafed alfo by that 
" obliquation of the eye, although almoft infenfibly. But, if inftead of the 
" objeft-glafles, theprifms were made ufeof, its increafe was more manifeft, when 
" viewed fo obliquely, that no colours appeared about it. It was leaft, when the 
" rays were incident moft obliquely on the interjacent air, and increafed more and 
" more, until the coloured rings appeared, and then decreafed again, but not fo 

much as it increafed before. And hence it is evident, that the tranfparency 
" was not only at the abfolute contact of the glafles, but alfo where they had fome 
" little interval. I have fometimes obferved the diameter of that fpot to be be-
" tween half and two fifth parts of the diameter of the exterior circumference of 
" the red in the firft circuit or revolution of colours, when viewed almoft per-
" pendicularly; whereas, when viewed obliquely, it hath wholly vaniihed, and 
" become opake and white, like the other parts of the glafs. Whence it may 
" be colle&ed, that the glafles did then fcarcely, or not at all, touch one ano-
*' ther; and that their interval of the perimeter of that fpot, when viewed per-
" pendicularly, was about a fifth or fixth part of their interval at the circum-
" ference of the faid red. 

" Obf. 9. By looking through the two contiguous objeft-glafles, I found, that 
" the interjacent air exhibited rings of colours, as well by tranfmitting light as 
" by refle&ing it. The central fpot was now white, and from it the order of 
" the colours were yellowiih, red, black, violet, blue, white, yellow, red ; 
" violet, blue, green, yellow, red, & c . but thefe colours were very faint and 
*' dilute, unlefs when the light was traje&ed very obliquely through the glafles i 
" for by that means they became pretty vivid, only the firft yellowiih red, like 

the blue in the fourth obfervation, was fo little and faint as fcarcely to be dif-
4t cerned. Comparing the coloured rings made by reflection with thefe made by 
" tranfmiflion of the light, I found, that white was oppofite to black, red to blue, 
" yellow to violet, and green to a compound of red and violet; that is, thofe 
" parts of the glafs were black when, looked through, which when looked upon 
" appeared white, and on the contrary ; and fo thofe, which in one cafe exhibited 
" blue, did in the other cafe exhibit red; and the like of the other colours. 

" Obf. 10. Wetting the objedt-glafs a little at their edges, the water crept in 
flowly between them, and the circles thereby became lefs, and the colours 

" more faint; infomuch that, as the water crept along, one half of them, at which 
" it firft arrived, would appear broken off from the other half, and contraited 
" into a lefs room; By meafuring them I found the proportion of their diameters 
" to the diameters of the like circles made by air, to be about feven to eight j 

" and 
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" and confequently the intervals of the glafles at like circles, caufed by thefe two 
" mediums, water and air, are as about three to four. Perhaps it may be a general 
" rule, that if any other medium, more or lefs denfe than water, be comprefled 
" between the glafles, their interval at the rings, caufed thereby, will be to their 
" interval, caufed by interjacent air, as the fines are, which meafure the refrac-
" tion made out of that medium into air. 

" Obf. 1 1 . W h e n the water was between the glafles, if I prefied the upper 
" glafs varioufly at its edges to make the rings move nimbly from one place to 
" another, a little bright fpot would immediately follow the center of them, 
" which, upon creeping in of the ambient water into that place, would prefently 
" vaniih. Its appearance was fuch, as interjacent air would have caufed, and it 
" exhibited the fame colours ; but it was not air, for where any aereal bubbles 
" were in the water they would not vaniih. T h e reflection muft rather have been 
" caufed by a fubtiler medium, which could recede through the glafs at the 
" creeping in of the water. 

" Obf. 12. Thefe obfervations were made in the open air. But further, to 
" examine the effedts of coloured light falling on the glafles, I darkened the 
" room, and viewed them by refledtion of the colours of a prifm caflr on a iheet 
" of white paper; and by this means the rings became diftindter, and vifible to 
" a far greater number than in the open air. 

" I have feen more than twenty of them, whereas in the open air I could not 
" difcern above eight or nine. 

" Obf . 13. Appointing an afliftant to move the prifm to and fro about its 
" axis, that all its colours might fucceflively fall on the fame place of the paper, 
" and be refledted from the circles to my eye whilft I held it immoveable ; I 
" found the circles, which the red light made, to be manifeftly bigger than 
" thofe, which were made by the blue and violet ; and it was very pleafant to fee 
" them gradually fwell or contrail, accordingly as the colour of the light was 
" changed T h e interval of the glafs at any of the rings, when they were made 
c t by the utmofl: red light, was to their interval at the fame ring, when made 
" by the utmoft violet, greater than three to two, and lefs than thirteen to eight. 

By the moft of my obfervations it was as nine to fourteen. A n d this pro-
" portion feemed very nearly the fame in all obliquities of my eye, unlefs when 
" two prifms were made ufe of inftead of the objedt-glafles : for then, at a 
" certain great obliquity, the rings made by the feveral colours feemed equal; 
" and, at a greater obliquity, thofe made by the violet would be greater than the 

fame rings made by the red. 

" Obf. 14. Whi le the prifm was turned about uniformly, the contradtion or 
dilatation of a ring made by all the feveral colours of the prifm fucceflively 
refledted from the objedt-glafles, was fwifteil in the red, floweft in the violet, 

" and in intermediate colours it had intermediate degrees of celerity. Comparing 
the extent, which rach colour obtained by this contradlion or dila- •·" I found, 

" that 
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that the blue was fenfibly more extended than the violet , the yel low than the 
blue, and the red than the yel low. A n d , to make a jufter eitinvation of their 

" proportions, I obferved, that the extent of the red was a lmoft double to that 
o f the violet , and that the l ight was of a middle colour between yellow and 

" green at that interval of the glafles, which was an arithmetical mean between 
" the two ext remes ; contrary to what happens in the colours made by the re-
< l f ra f t ion of a pr i fm, where the red is moft contrafted, the violet mof t expanded, 
** and in the midft of them is the confine of green and blue. 

" Obf. 15 . Thefe rings were not of various colours, like thofe in the open 
" air, but appeared all over of that prifmatic colour only, with which they were 
" illuminated : and, by projecting the prifmatic colours immediately upon the 
" glafles, I found, that the light, which fell on the dark fpaces, which were be-
<ς tween the coloured rings, was tranfmitted through the glafles without any va* 
*· riation of colour. For , on a white paper placed behind, it would paint rings 
" of the fame colour with thofe, which were reflected, and of the bignefs of their 
" intermediate fpaces. A n d from hence the origin of thefe rings is manifeft, 
" namely, that the aereal interval of the glafles, according to its various thick-
" nefs, is difpofed in fome places to re fled:, and in others to tranfmit, the light 
" of any colour; and, in the fame place to refleft one colour, where it tranfmits 
" another. 

Thefe obfervations fo well pleafed the Society, that they ordered M r . O l d e n -
burg to defire M r . N e w t o n to permit them to be publifhed, together with the 
reft ·, which, they prelumed, did correfpond with thofe, that had been now read 
to them. 

Befides, there was read a paflage of Mr . N e w t o v ' s letter to M r . O l d e n b u r g , 
of 2 1 December, 1 6 7 5 , ftating the difference between his hypothefis and that of 
M r . Ho o k ε . Which paflage was as fo l lows: 

, c A s for M r . Hookb's infinuation, that the fum of the hypothefis I fent you 
" had been delivered by him in his Micrography, I need not be much concerned 

at the liberty he takes in that kind : yet, becaufe you think it may do well, 
" if I ftate the difference I take to be between them, I fhall do it as briefly as I 
" can, and that the rather, that I may avoid the favour of having done any 
" thing unjuftifiable or unhandfome towards M r . Hooke. But, for this end, I 
" muft firft (to fee what is his) caft out what he has borrowed from Des C a r -
" t e s , or others, viz. that there is an sethereal medium \ that light is the aftion 
" of this medium; that this medium is lefs implicated in the parts of folid 
" bodies, and lb m )ves more freely in them, and tranfmits light more readily 
" through them, and that after fuch a manner, as to accelerate the rays in a cer-
" tain proportion; that refraftion arifes f rom this acceleration, and has fines 
«' proportional ·, that light is at firft uniform ; that its colours are fome diftur-
" bance or new modification of its rays by refraftion or refleition; that the co-
" lours of a prifm are made by means of the quiefcent medium, accelerating 
" fome motion of the rays on one fide, where red appears, and retarding it on 

" the 
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" the other fide, where blue appears and, that there are but thefe two original 
" colours, or colour-making modifications of light, which by their various de-
" grees, or, as Mr. HOOKE calls it, dilutings, produce all intermediate ones. 
" This rejected, the remainder of his hypothefis is, that he has changed Des 
" CARTES'S prefling or progreiTive motion of the medium to a vibrating one, the 
" rotation of the globuli to the obligation of pulfes, and the accelerating their 
44 rotation on the one hand, and retarding it on the other, by the quiefcent me-
" dium, to produce colours, to the like aition of the medium on the two ends of 
" his pulfes for the fame end. And having thus far modified his by the Carte-
" fian hypothefis, he has extended it further, to explicate the phenomena of thin 
" plates, and added another explication of the colours of natural bodies, fluid 
" and folid. 

" This, I think, is in ihort the fum of his hypothefis ·, and in atl this I have 
nothing common with Lim, but the fuppofition, that aether is a fufcep-

" tible medium of vibrations, of which fuppofition I make a very different ufe ; 
" he fuppofing it a light itfelf, which I fuppole it is not. This is as great a dif-
" ference as is between him and DES CARTES. But befides this, the manner of 
" refradtion and reflection, and the nature and production of colours in all cafes 
" (which takes up the body of my difcourfe) I explain very differently from 

him ; and even in the colours of thin tranfparent fubftances, I explain every 
" thing after a way fo differing from him, that the experiments I ground my 
" difcourfe on, deftroy all he has faid about them ; and the two main experi-
" ments, without which the manner of the production of thofe colours is not to 
" be found out, were not only unknown to him, when he wrote his Microgra-
" phy, but even laft fpring, as I underftood, in mentioning thera to him. T h i s 
" therefore is the fum of what is common to us, that asther may vibrate; and 
" fo, if he thinks fit to ufe that notion of colours, arifing from the various big-
" nefs of pulfes (without which his hypothefis will do nothing) his will borrow 
" as much from my anfwer to his objections, as that I fend you does from hi& 
" Micrography. 

" But, it may be, he means, that I have made ufe of his obfervations, and of 
" fome I did ; as, that of the inflection of rays, for which I quoted him ; that 
" of opacity, arifing from the interftices of the parts of bodies, which I infift 
" not on ; and that of plated bodies exhibiting colours, a phenomenon, for the 
" notice of which I thank him. But he left me to find out and make fuch ex-
" periments about it, as might inform me of the manner of the production of thofe 
" colours, to ground an hypothefis on ·, he having given no further infight to it 
" than this, that the colour depended on fome certain thicknefs of the plate; 
" though what that thicknefs was at every colour, he confefies in his Microgra-
" phy, he had attempted in vain to learn ι and therefore, feeing I was left to 
" meafure it myfelf, I fuppofe he will allow me to make ufe of what I took 
" the pains to find out. And this I hope may vindicate me from what Mr. 
" HOOKE has been pleafed to charge me with." 

T h e reading of the reft of Mr. NEWTON'S difcourfe was referred to the next 
meeting. 

'January 
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January 2 7 . Mr. OLDENBURG produced from his highnefs prince R U P E R T a 
piece of marble, having feveral pictures of boys and trees painted upon it in fuch 
a manner, that all the out-lines of the pictures were exadtly defined without any 
flowing of the colours abroad, and the colours fixed by the fire, and afterwards 
fo poliihed, that they would be permanent, and laft as long as the marble. 

This was acknowledged by the members to be a very great improvement of 
what had been done at Oxford by a certain ftone-cutter there; and that all, that 
had been performed before in this art, was not comparable to this degree of im-
provement. 

Mr. HOOKE remarked, that he conceived, that there were but two colours in 
this piece ·, and that he had a method of doing it with moft colours, and to paint 
with them upon marble almoft as curioufly as with a pencil. 

Mr. NEWTON'S letter of January 25, 1674 '» in which he acknowledged the fa-
vour of the Society in their kind acceptance of his late papers; and declared, that 
he knew not how to deny any thing, which they defired fliould be done : but he 
requefted, that the printing of his obfervations about colours might be fufpended 
for a time, becaufe he had fome thoughts of writing fuch another fet of obferva-
tions for determining the manner of the produftion of colours by the prifm: 
which obfervations, he faid, ought to precede thofe now in the Society's pofief-
fion, and would be moft proper to be joined with them. 

There was alio read a letter of Mr. PASCALL of Somerfetfhire to Mr. AUBREY, 
dated 18 January, 1674, containing fome natural obfervations of that county, 
viz. concerning the nature of the lead-mines in Mendip-Hills j a well refetnbling 
the fulphur-well near the Spaw in Yorkihire ; a fpring petrifying far more than 
the dropping-well at Knareiborough in the north; the motion of fome under-
ground waters in the pariihes of ZOLANDE, formerly recovered from the fea, &c. 

It was ordered, that the reading of Mr. NEWTON'S obfervations about colours 
be continued at the next meeting. 

February 3 . There was prefented from Dr. W A L L I S his edition of A R C H I -
MEDES'S Arenarius, with a new tranflation of his and notes, printed at Oxford, 
in 1 6 7 6 . 

The reading of Mr. NEWTON'S obfervations on colours was continued, viz. 
hat part, wherein he explains by the fimpleft of colours the moft recompounded j 

rs follows: a 
" Obf. 16: The fquares of the diameters of thefe rings, made by prifmatic 

" colour, were in arithmetical progreflion, as in the fifth obfervation. And the 
" diameter of the fixth circle, when made by the yellow, and viewed almoft 
perpendicularly, was obout -r'A parts of an inch, agreeable to the fixth obfer-
" vation. 

* There are 110 letters entered from the beginning of the year 167$ till July 1677. 
" perpen-
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" The precedent obfervations were made with a rarer thin medium terminated 
" by a denfer, fuch as was air or water comprefled betwixt two glafies. In 
" thofe, that follow, are fet down the appearances of a denfer medium thinned 
" within a rarer ; fuch as are plates of Mufcovy-glafs, bubbles of water, and 
" fome others thin fuftances terminated on all fides with air. 

" Obf. 17. If a bubble be blown with water, firft made tenacious by diffolv-
" ing a little foap in it, it is a common obfervation, that after a while it will 
*' appear tinged with a great variety of colours. T o defend thefe bubbles from 
" being agitated by the external air (whereby their colours are irregularly moved 
" one among another, fo that no accurate obfervation can be made of them) as 

foon as I had blown any of them, I covered it with a clear glafs, and by that 
" means its colours emerged in a very regular order, like fo many concentric 
" rings incompaffing the top of the bubble. And as the bubble grew thinner 

by the continual fubfiding of the water, thefe rings dilated (lowly, and over-
fpread the whole bubble, defcending in order to the bottom of it, where they 
vaniihed fuccefilvely. In the mean while, after all the colours were emerged 

" at the top, there grew in the center of the rings a fmall, round, black fpot, 
" like that in the firft obfervation, which continually dilated itfelf, till it became 
" fometimes more than one half or three fourths of an inch in breadth, before the 
" bubble broke. At firft I thought there had been no light reflected from the water 
" in that place; but obferving it more curioufly, I faw within it feveral fmaller, 
" round fpots, which appeared much blacker and darker than the reft, whereby 
" I knew, that there was fome reflection at the other places, which were not fo 
" dark as thofe fpots. And by further trial I found, that I could fee the images 
** (as of a candle or the fun) very faintly reflected, not only from the great black 

fpot, but alfo from the little darker fpots, which were within it. 

" Befides the aforefaid coloured rings, there would often appear fmall fpots of 
" colours afcending and defcending up and down the fide of the bubble, by rea-

fonof fome inequalities in the fubfiding of the water ; and fometimes fmall black 
" fpots generated at the fides, would afcend up to the larger black fpot at the 
" top of the bubble, and unite with it. 

" Obf. 18. Becaufe the colours of thefe bubbles were more extended and 
" lively than thofe of air thinned between two glafles, and fo more eafy to be 
" diftinguiihed, I (hall here give you a further defcription of their order, as they 
" were obferved in viewing them by refle&ion of the ikies, when of a white 
" colour, whilft a black fubftance was placed behind the bubble: and they were 
" thefe; red, blue, red, blue; red, blue ; red, green; red, yellow; green, blue, 
" purp le ; red, yellow, green, blue, violet; red, yellow, white, blue, black. 

" The three firft fucceffions of red and blue were very dilute and dirty, efpe-
" dally the firft, where the red feemed in a manner to be white. Amongft thefe 
" there was fcarcely any other colour fenfible, only the blues (and principally the 
" fecond blue) inclined a little to green. 

VOL. III . Ο ο « T h e 
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" The fourth red was alfo dilute and dirty, but not fo much as the former 
" three : after that fucceeded little or no yellow, but a copious green, which at 
" firll was inclined a little to yellow, and then became a pretty briik and good 
" willow green, and afterwards changed to a blueifli colour ·, but there fucceded 
" neither blue nor violet. 

" The fifth red at firft was very much inclined to purple, and afterwards be-
" came more bright and briik, but yet not very pure. This was fucceeded with 
" a very bright and intenfe yellow, which was but littte in quantity, and foon 
" changed to green; but that green was copious, and fomething more pure, 
" deep, and lively, than the former green. After that followed an excellent blue 
" of a bright iky colour ·, and then a purple, which was lefs in quantity than the 
" blue, and much inclined to red. 

" The fixth red was at firft of a very fair and lively fcarlet, and foon after 
" of a brighter colour, being very pure and briik, and the beft of all the reds. 
44 Then, after a lively orange, fol owed an intenfe, brighr, and copious yellow, 
44 which was alfo the beft of all the yellows; and this changed, firft to a greeniih 
" yellow, and then to a greeniih blue; but the green between the yellow and 
«' blue was very little and dilute, feeming rather a greeniih white than a green. 
" The blue, which fucceeded, became very good, and of a fair, brighr, iky-colour; 
" but yet fomething inferior to the former blue: and the violet was intenfe and 
" deep, with little or no rednefs in it, and lefs in quantity than the blue. 

" In the laft red appeared a tinfture of fcarlet next the violet, which foon 
44 changed to a brighter colour, inclining to an orange : and the yellow, which 
" followed, was at firft pretty good and lively, but afterwards it grew more and 
" more dilute, until by degrees it ended in perfedt whitenefs: and this whitenefs, 
" if the water was very tenacious and well tempered, would flowly fpread and 
44 dilate itfelf over the greateft part of the bubble, continually growing paler at 
44 the top, where at length it would crack, and thofe cracks, as they dilated-, 
44 would appear of a pretty good, but yet obfcure and dark, iky-colour; the 
44 white between the blue fpots diminiihing, until it refembled the threads of an 
" irregular net-work, and foon after vaniihed and left all the upper part of the 
44 bubble of the faid dark blue colour; and this colour, after the aforefaid man-
" ner, dilated itfelf downwards, until fometimes it hath overfpread the wholA 
" bubble. In the mean while, at the top, which was of a darker blue than the 
" bottom, and appeared alfo of many round blue fpots, fomething darker than 
44 the reft, there would emerge one or more very black fpots, and within thofe, 
" other fpots of an intenfer blacknef% which I mentioned in the former obferva-
" tion ν and thofe continually dilated themfelves until the bubble broke. 

" If the water was not very tenacious, the black fpots would break forth in 
" the white, without any fenfible intervention of the blue: and fometimes they 
" would break forth within the precedent yellow, or red, or perhaps within 
" the blue of the fecond order, before the intermediate colours had time to dif-
44 play themfelves. 
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" By this defcription you may perceive, how great an affinity thefe colours 
" have with thofe of air, defcribed in the fourth obfervation, although fet down 
" in a contrary order, by reafon that they begin to appear, when the bubble is 
" thickeft:, and are moft conveniently reckoned from the loweft and thickeft part 
" of the bubble upwards. 

" Obf. 19. Viewing, at feveral oblique pofitions of my eye, the rings of 
" colours emerging on the top of the bubble, I found, that they were fenfibly 
" dilated by increafing the obliquity, but yet not fo much by far, as thofe made 
" by thinned air in the feventh obfervation. For there they diftended fo much, 
" as, when viewed moil obliquely, to arrive at a part of the plate more than 
" twelve lines thicker than that where they appeared, when viewed perpendicu-
" larly; whereas in this cafe the thicknefs of the water, at which they arrived 
" when viewed moft obliquely, was, to that thicknefs, which exhibited them by 
" perpendicular rays, fomething lefs than eight to five. By the beft of my ob-
" fcrvations, it was between fifteen and fifteen and a half to ten, an increafc 
" about twenty-four times lefs than in the other cafe. 

" Sometimes the bubble would become of an uniform thicknefs all over, ex-
" cept at the top of it near the black fpot, as I knew, becaufe it would exhibit 
41 the fame appearance of colours in all pofitions of the eye ; and then the co-
" lours, which were feen at its apparent circumference by the obliqued rays, 
" would be different from thofe, that were feen in other places by rays lefs 
" oblique to it. And divers fpeftators might fee the fame part of it of differing 
" colours, by viewing it at very differing obliquities. Now, obferving how 
" much the colours at the fame place of the bubble, or at divers places of equal 
" thicknefs, were varied by the feveral obliquities of the rays, by aififtance of 
l< the fourth, fourteenth, fixteenth, and eighteenth obfervations, as they are 
" hereafter explained, I collefted the thicknefs of the water, requifite to exhibit 
" any one the fame colour at feveral obliquities, to be very nearly in the propor-
" portion exprefied in this table. 

Incidence Refraflion Thicknefs 
on the water. into the water. of the water. 
degr. min. degr. min. 

0 0 0 0 0 0 0 0 1 0 

15 0 0 I I 11 
30 0 0 2 2 I 1 0 4 

4 5 C O 3 2 2 I ' * 
6 0 0 0 4 0 3° 
75 0 0 4 6 25 I4v 
9 0 0 0 4 8 35 i 5 T 

" In the two firft columns are expreflld the obliquities of the rays to the 
" fuperficies of the water ; that is, their angles of incidence and refradion; 
" where, I fuppofe, that the lines, which meafure them, are in round numbers, 
" as three to four, though probably the diffolution of foap in the water may. a 

little alter its refraftive virtue. In the third column the thicknefs of the bubble, 
Ο ο 2 " a t 
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**• at w h i c h any o n e c o l o u r is exhibi ted in t h o f e feveral obl iquit ies , is expreft · in 

^ parts , o f w h i c h ten conft i tute that th icknefs , w h e n the rays are perpendicular . 

44 I h a v e fometimes obferved o f the co lours , w h i c h arife on pol i ihed fteel b y 
44 heat ing i t , or on bell metal and fome other metall ine fubf tances , w h e n m e l t e d 

" and poured on the g r o u n d , where it m a y c o o l in the o p e n air, that they h a v e , 
44 l ike thofe o f water-bubbles , been a little c h a n g e d b y v i e w i n g t h e m at d ivers 
44 o b l i q u i t i e s ; and part icu lar ly , that a deep b l u e o r v i o l e t , w h e n v i e w e d v e r y 

" obl iquely , hath been changed t o a deep red. B u t the c h a n g e s o f thefe colours 

" are not f o fenfible as o f thofe m a d e b y w a t e r ; for the f c o r i a , o r vi tr i f ied p a r t 
44 o f the m e t a l , w h i c h m o f t metals , w h e n heated or m e l t e d , cont inual ly protrude 
44 t o their furface, w h e r e , b y c o v e r i n g t h e m in f o r m o f a thin g l a f l y i k i n , i t 
44 caufes thefe co lours , is m u c h denfer than water , and I find, that the c h a n g e 
44 m a d e b y the obl iquat ion o f t h e e y e , is leaft in colours o f the denfeft thin f u b -
44 ftances. 

44 O b f . 2 0 . A s in the ninth obfervat ion , fo here, the b u b b l e , b y t ranfmit ted 

" l i g h t appeared o f a contrary co lour t o that , w h i c h i t exhibi ted b y r e f l e x i o n . 
M T h u s , w h e n the bubbles , b e i n g l o o k e d on b y the l i g h t of the c l o u d s reflected 

**• f r o m it, feemed red at its apparent c i r c u m f e r e n c e , i f the c l o u d s at the f a m e 
44 t i m e , o r v e r y f u d d e n l y , were v i e w e d t h r o u g h i t , the c o l o u r at its c i r c u m f e -

** rence w o u l d be blue. A n d , on the c o n t r a r y , w h e n b y ref le f ted l i g h t it a p -
44 peared b lue , it w o u l d appear red b y tranfmitted l i g h t . 

44 O b f . 2 1 . B y w e t t i n g plates o f M u f c o v y - g l a f s , w h o i e thinnefs m a d e the l i k e 
4 4 colours appear, the colours became m o r e fa int , e fpec ja l ly b y w e t t i n g the p l a t e s 

" on that fide o j pofite the eye ; but I could ' not perceive any variation of their 
44 fpecies. S o that the thicknefs o f a plate requifite to p r o d u c e any c o l o u r , d e -

" pends only on the denfity o f the plate , and not o f the a m b i e n t medium, . 

" A n d hence* b y the tenth and fixteenth obfervat ions , m a y be k n o w n the t h i c k -

" nefs o f bubbles o f water or plates of M u f c o v y - g l a f s , o r o f any e ther fubftan-

" cest w h i c h they have at any c o l o u r p r o d u c e d by t h e m . 

" O b f . 2 2 . A thin tranfparent b o d y , w h i c h is denfer than its ambient m e -
44 d i u m , exhibits more br i fk and v i v i d co lours than that , w h i c h is fo m u c h 
44 r a r e r ; as I have particularly obferved in air and g l a f s : f o r , b l o w i n g g la f» 
44 very thin at a l a m p furnace, thofe plates encompaf led w i t h air did e x h i b i t co-
44 lours m u c h more v iv id than thofe o f air made thin between t w o glafiest, 

44 O b f . 23. C o m p a r i n g the quant i ty o f l i g h t reSe i led f r o m the feveral rings,. 
44 I found it was mof t copious f r o m the firft or i n m o f t , and in the exterior rings be-
44 came gradual ly lefs and lefs. A l f o the whitenefs o f the firft r i n g was ftronger t h a n 
44 that refled-ed f r o m thofe parts o f the thinned m e d i u m , which were wi thout the 
44 r i n g s , as I could manifestly perceive b y v i e w i n g at d i f tance the ring* made b y 
44 the t w o o b j e f t g l a f f e s ; or b y c o m p a r i n g t w o bubbles of water bJOwn at diftant 
44 t imes, in the firft o f w h i c h the whitenefs appeared, w h i c h fucceeded the c o l o u r s , 
" and the whitenefs, w h i c h preceded t h e m , in the other . 

6 44 O b C 
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" Obf . 24. W h e n the two objeft-glafles were laid upon one another, fo as to 
make the rings of colours appear, though with my naked eye I could not 
difcern above eight or nine o f thofe rings, yet , by viewing them through a 
pri fm, I have feen a far greater multitude, infomuch, that I could number 
more than forty, befides many others, that were fo very fmall and clofe toge-
ther, that I could not keep my eye fo fteady on them feverally as to number 
them : but by their extent I have fometimes eftimaied them to be more than 
a hundred. A n d , I believe, the experiment may be improved to the difcovery 
of far greater numbers ; for they feem to be really unlimited, though vifible 
only fo far as they can be feparated by the refra&ion, as I (hall hereafter 
explain. 

" But it was but one fide of thefe rings, namely, that, towards which the re-
fradtion was made, which by that refraftion was rendered diftindt; and the 
other fide became more confufed than to the naked eye, infomuch that there I 
could not difcern above one or t w o , and fometimes none of thofe rings, of 
which I could difcern eight or nine with m y naked eye. A n d their fegments, 
or arcs, which on the other fide appeared fo numerous, for the moft part ex-
ceeded not the third part of a circle. I f the refraftion was very great, or the 
prifms very diftant from the objedt-glafies, the middle part of thofe arcs be-
came alfo confufed, fo as to difappear and conftitute an even whitenefs, whilft 
on either fide their ends, as alfo the whole arcs fartheft 
from the center, became diftinfter than before, appearing ^ig . II. 
in the form you-fee them here defigned. 

<1 
« 
<< 

et 

tc 
« 

« 

(I 
it 

" T h e arcs» where they feemed diftiniteft, were only white 
and black fuccefllvely, without any other colours in-
termixed. But in other places there appeared colours 
whofe order was inverted by the refraftion, in fuch man-
ner, that, i f I firft held the prifm very near the object-
glafies, and then gradually removed it farther off towards 
m y eye, the colours of the fecond, third, fourth, and fol lowing rings ih'runk 
towards the white, that emerged between them, until they wholly vaniihed into 
it at the middle of the arcs, and afterwards emerged again in a contrary or-
der : but at the end of the arcs they retained their order unchanged. 

" I have fometimes fo laid one objeft-glafs upon the other, that, to the naked 
eye, they have all over feemed uniformly white, without the lead appearance 
of any of the coloured rings ; and yet, by viewing them through a prifm, great 
multitudes of thofe rings have dii'covered themfelves. A n d , in like manner, 
plates o f M u f c o v y glafs, and bubbles of glafs blown at a lamp furnace, 
which were not fo thin, as to exhibit any colours to the naked eye, have 
through the prifm exhibited a great variety of them, ranged irregularly up 
and down, in the form of waves. A n d fo bubbles of water, before they be-
gan to exhibit their colours to the naked eye of a by-üandtr , have appeared, 
through a prifm, girded about with many parallel and horizontal rings ; to pro-
duce whichef fed , it Was neceffary to hold the prifm parallel, or very nearly paral-
lel, to the horizon, and to difpofc it fo, that therays might be refrafted upwards. 

" H a v i n g 
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" H a v i n g given my obfervations of thcfe colours, before I make ufe of them 

" to unfold the caufes of the colours of natural bodies, it is convenient, that, by 
" the fimpleft of them, I firft explain the more compounded; fuch as are the 
" fecond, third, fourth, ninth, twelfth, eighteenth, twentieth, and twenty-fourth. 

19 

N o w , if A 2 be fuppofed to reprefent the i3 

" thicknefs of any thin tranfparent body, 
" at which the utmoft violet is molt copi- 1 1 

" oufly refledked in the firft ring or feries of 
" colours, then, by the thirteenth obferva- »I 
" tion, Η Κ will reprefent its thicknefs, at 17 

" which the utmoft red is moft copioufly 
" reflected in the fame feries. A l f o , by the η 
" fifth and fixteenth obfervations, A 6, and 13 

" Η », will denote the thicknefs at which 
" thofe extreme colours are moft copioufly 1 1 

" reflected in the fecond feries, and fo on. 9 
" And the thicknefs, at which any of the 
" intermediate colours are reflefted moft 7 

" copioufly, will, according to the four-
" teenth obfervation, be defined by the in-

" A n d firft, to (how how the colours in the fourth and eighteenth obfervations 
" are produced, let there be taken in any 
" right line the lengths Υ Ζ , Y A , and F l S · 1 1 

" Υ H , in proportion as four, nine, and x ß Ϋ * 
" fourteen; and between Ζ A and Ζ Η 

eleven mean proportionals, of which let 3J 

" Ζ Β be the fecond, Ζ C the third, Z D s , 
" the fifth, Ζ Ε the feventh, Ζ F the ninth, 
" and Ζ G the tenth. A n d at the points 
" A , B , C , D , E , F , G , H , let perpendi-
" diculars A «, Β ß, & c . be ereded, by 

whofe intervals, the extent of the feveral 
colours fet underneath againft them, is to 

" be reprefented. T h e n divide the line A * 3 , 
" in fuch proportion as the numbers 1, 2, 3 > 3° 
" 5, 6, 7 ·, 9, 10, 1 1 , & c . fet at the point 1 9 

" of divifion denote. A n d through thofe 
*' divifions fro»i Y draw lines 1 1 , 2 K , 3 L ·, H 
" 5 m, 6 », 7 0, & c . »s 

c 0 
^ .y w 
.2 T3 3 
> μ Μ 

υ 
tti 

" termediate 
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" termediate parts of the lines 2 K , 6 », & c . againft which the names o f thofe 
" colours are written below. 

" But farther, to define the latitude of thefe colours in each ring or feries, let 
" Α ι defign the leaft thicknefs, and A 3 the greateft thicknefs, at which the 
" extreme violet in the firft feries is reflefted ; and let Η I and Η L defign the 
" like limit for the extreme red, and the intermediate colours be limited by the 
" intermediate parts of the lines, 1 I and 3 L ; againft which the names of thofe 
" colours are written. A n d in the fecond feries, let thofe limits be the lines 
" 5 Μ and 7 Ο ; and fo o n : but yet with this caution, that the reflections be 
" fuppofed ftrongeft at the intermediate fpaces, 2 K , 6 N , 1 0 R , & c . and to 
" decreafe gradually towards thefe limits, 1 I , 3 L ; 5 M , 7 O , & c . on either 
" fide, where you muft not conceive them to be precifely limited, but to decay 
** indefinitely. A n d whereas I have defigned the fame latitude to every feries, I 
" did it, becaufe, although the colours in the firft feries feem to be a little broader 
" than the reft, by reafon of a ftronger reflection there ; yet that inequality is fo 
" infenfible as fcarcely to be determined by obfervation. 

" N o w , according to this defcription, conceiving, that the rays, in which feve-
" ral colours in here, are by turns refledted at the fpace 1 K , 3 L , 5 Μ , Ο y , 
" 9 P , R 1 1 , & c . and tranfmitted at the fpaces Α Η I x, 3 L , Μ 5 , 7 Ο , 
" Ρ 9, & c . it is eafy to know what colour in the open air muft be exhibited 
" at any thicknefs of a tranfparent thin body. F o r , if a ruler be applied paral-
" lei to A H , at that diftance from it by which the thicknefs of the body is 
" reprefented, the alternate fpaces 1 I , L 3 , 5 Μ , Ο 7, & c . which it crofieth, 
" will denote the reflected original colours, of which the colour exhibited in the 
" open air is compounded. T h u s , if the conftitution of the green in the third 
" feries of colours be defired 5 apply the ruler, as you fee, at * ρ β φ, and by its 
" palling through fome of the blue at τ , and yellow at e·, as well as through the 
" green p, you may conclude, that green, exhibited at that thicknefs of the 
" body, is principally conftituted of original green, but not without a mixture 
" of fome blue and yellow. By this means you may know, how the colours 
" from the center of the rings putwards ought to fucceed in order, as they were 
" defcribed in the fourth and eighteenth obfervations : for, if you move the ruler 
" gradually from A Η through all diftances, having paft over the firft fpace, 
" which denotes little or no refleöion to be made by thinneft fubftances, it will firft 
" arrive at 1 , the violet, and then very quickly at the blue and green, which, to-
" gether with that violet compounded blue, and then at the yellow and red, by 
*' whofe further addition, that blue is converted into whitenefs, which white-
" nefs continues during the tranfit from I to 3 ; and after that, by the fucceffive 
" deficience of its component colours, turns firft to compound yellow, and then 
" to red, and laft of all the red ceafeth at L Then begin the colours of the fecond 
" feries, which fucceed in order between 5 and O , and are more lively than be-
" fore, becaufe more expanded and fevered. A n d , for the fame reafon, inftead of 
" the former white, there intercedes between the blue and yellow a mixture of 
" orange, yellow, green, blue and indico, all which together ought to exhibit 
" a dilute an im per f e d green. S o the colours of the third feries all fucceed in 

" of der 
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«' order ; firft the violet, which a little interferes with the red of the iecond or-
" der, and is thereby inclined to a rediih purple ·, then the blue and green, which 

are lefs mixed with other colours, and confequently more lively than before, 
" efpecially the green. Then follows the yellow, fome of which towards the 
" green is diftinet and good ; but that pare of it towards the fucceeding red, as 
" alfo that red, is mixed with the violet and blue of the fourth feries, whereby va-
" rious degrees of red, very much inclining to purple, are compounded. T h e 
" violet and blue, which Ihould fucceed this red, being mixed with, and hidden 
" in it, there fucceeds a green; and this at firft is much inclined to blue, buc 
" foon becomes a good green ; the only unmixed and lively colour in this fourth 
" feries: for as it verges towards the yellow, it begins to interfere with the 
" colours of the fifth feries, by whofe mixture the fucceeding yellow and red are 
" very much diluted, and made dirty, efpecially the yellow, which being the 
" weaker colour, is fcarce able to ihew itfelf. After this the feveral feries inter-
*' fere more and more, and their colours become more and more intermixed, till 
" after three or four revolutions (in which the red and blue predominate by 
" turns) all forts of colours are in all places pretty equally blended, and com-
" pound one even whitenefs. 

" And fince, by the fifteenth obfervation, the rays indued with one colour are 
" tranfmitted, where thofe of another colour are reflected, the reafon of the co-
" lours made by the tranfmitted light, in the ninth and twentieth obfervations, is 
" alfo f rom hence evident. 

" If not only the order and fpecies of theft colours, but alfo the precife thick-
" nefs of the plate, or thin body, at which they are exhibited, be defired in parts 
" of an inch, that may be alfo performed by afiiftance of the fixth or fixteenth' 
" obfervation. For , according to thofe obfervations, the thicknefs of the thinned 
" air, which, between two glafies, exhibited the orange or bright red of the 
" fixth order, was τ ^ τ τ τ parts of an inch. Now, iuppofe this thicknefs be 
" reprefented by G τ , and the eleventh part of it, G λ,v will be about T i c V j t i of 
" an inch. And fo G μ, G V, G ξ, G o, will be τ τ Λ τ τ » τ τ Α » τ · τ β Λ β β» 
" and ττττοττδ·· And this being known, it is eafy to determine what thicknefs 
" of air is reprefented by G φ, or any other diftance of the ruler from A H . 

" But further, fince, by the tenth obfervation, the thicknefs of air was to the 
" thicknefs of water, which between the fame glafies exhibited the fame colour, 
" as four to three ·, and, by the twenty-firft obfervation, the colours of thin 
" bodies are not varied by varying the ambient medium ; the thicknefs of a 
" bubble of water exhibiting any colour will be three fourths of the thicknefs of 
" air producing the fame colour. And fo, according to the fame tenth and twenty-
" firft obfervations, the thicknefs of a plate of glafs, whofe refradtion is meafured 
" by the proportion of the fines thirty-one to twenty, may be 44 of the thicknefs 
" of air producing the fame colours: and the like of other mediums. On thefe 
" grounds I have compofed the following table ; wherein the thicknefs of air, 
" water, and glafs, at which each colour is moft intenfe and fpecific, is exprefied 
" in parts of an inch divided into ten hundred thoufand equal parts. 

« The 
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The thicknefs of , 

("Black 
Blue 

T h e colours of J White 
the firft order .· Yellow 

I Orange 
[ R e d 

O f the fecond 
order 

O f the third 
order 

Fourth order 

Fifth order 

Sixth order 

Seventh order 

"Violet 
Indico 
Blue 
Green 
Yellow 
Orange 
Bright red 

.Scarlet 

Purple 
Indico 
Blue 

> Green 
j Yellow 

Red 
[Bluiih red 

TBluiih 
Green 
Yellowiih green 
Red 

CGreenilh blue 
i R e d 

5Greeniih blue 
i R e d 

JGreenilh bine 
I R e d or White 

2 

5 t 
8 
9 

10 

ί 
f? 

4 
6 
6 4 
7 t 

Ο 
ET 
5Γ> 

I i 
η 
3 τ 
5 τ 
5 τ 
6i 

12 9 7i 
ΐ3τ 944 η 
144 11 94 
16 12 
^ «3τ " τ 
I 9T »44 12* 
ao l5 13 
2li 16 *34 

23 *7T 144 
24 18 154 

l9 
274 204- »74 
2gi 22 19 
31 20 
33i 25 2lT 

36 27 23T 
37T 28i 24t 
39r 29T 254 
44 33 281 

5°τ 38 32T 
574 43 37 

64 48 ' 41 r 
70 4 53 454 

774 58 5° 
84 63 544 

or lefs. 

" Now, if this table be compared with the third fcheme, you will there lee 
the conftitution of each colour, as to its ingredients, or the original colours, 
of which it is compounded, and thence be enabled to judge of its intenlenefs 
or imperfe&ion, which may fuffice in explication of the fourth and eighteenth 
VOL. I I I . Ρ Ρ » obferva-
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" obfervat ions, unleis it b e further defired t o delineate the m a n n e r , h o w the 

" colours appear , w h e n the t w o object -g la f les are laid u p o n one another : t o d o 

" which let there be defcr ibed a large arc o f a circle and a ftrait line, w h i c h 

" may touch that arc ; and parallel to that t a n g e n t feveral o c c u l t lines at f u c h 

" diftances f r o m it, as the numbers fet aga inf t the feveral colours in the tab le 

" denote . F o r the arc and its t a n g e n t wi l l reprefent the fuperficies o f the 

" g laf les , t e r m i n a t i n g t h e inter jacent air , and the p l a c e s , where the o c c u l t lines 

" cut the arc, wi l l i h o w at w h a t di f tances f r o m the center, o r p o i n t o f the c o n -

" tadl, each c o l o u r is reflected. 

" T h e r e are alfo other ufes f o r this table ·, for b y its aff i ftance the th icknefs 

" o f the bubble , in the nineteenth o b f e r v a t i o n , was determined b y the c o l o u r s , 

w h i c h it exhib i ted . A n d fo the b ignefs o f the parts o f natural bodies may be 

" c o n j e f t u r e d at b y their c o l o u r s , as ihal l b e hereafter I h o w n . A l f o , if t w o 

" or more very thin plates b e laid one u p o n another , f o as t o c o m p o f e one p la te , 

" e q u a l l i n g t h e m all in t h i c k n e f s , the r e f u l t i n g c o l o u r m a y be hereby determined. 

" F o r inftance, M r . H O O K E , in his M i c r o g r a p h i a , obferves , t h a t a faint y e l l o w 

" plate o f M u f c o v y g la fs , laid u p o n a b lue one, conft i tuted a v e r y deep purple . 

" T h e ye l low o f the firft order is a fa int one, and the thicknefs o f the plate e x -

" h ib i t ing i t , a c c o r d i n g t o the täble , i ' 5 t o w h i c h add ο -J·» the thicknefs e x -

" h i b i t i n g b lue o f the fecond order , and the f u m wi i l b e 1 4 4 » w h i c h m o f t 
M nearly approaches 1 4 4 » the th icknefs e x h i b i t i n g t h e p u r p l e o f the th ird 

" order. 

" T o explain, in the n e x t p lace , the circurriftances o f the fecond and third 

" obfervat ions, that is, h o w the colours ( b y t u r n i n g the pr i fms about their c o m -

" mon axis the c o n t r a r y w a y t o that expref ied in thofe obfervat ions) m a y be c o n -

" verted into w h i t e and b l a c k r i n g s , and afterwards into co lours again in an 
t ! inverted o r d e r ; it muft be r e m e m b e r e d , that thofe co lours are di lated b y o b l i -

" quat ion o f rays t o the air, w h i c h intercedes the g la f les ; and that , a c c o r d i n g 

" t o the table in the feventh o b f e r v a t i o n , their di latation or reflection f r o m the 

" c o m m o n center is m o f t manifef t a n d fpeedy when they are ob l iquef t . N o w , 

* the rays of y e l l o w b e i n g more refradted b y the firft fuperficies o f the faid air 
44 than thofe o f red, are thereby m a d e m o r e ob l ique t o the fecond fuperf icies, 

" at w h i c h they are ref lected, to p r o d u c e the co loured r i n g s ; and c o n f e q u e n t l y , 

" the ye l low in each r i n g wil l be more dilated than the red ; and the excefs o f 

«' its dilatation wi l l be f o m u c h the greater , by h o w m u c h the greater is the o b l i -

" qui ty o f the r a y s , until at laft it b e c o m e of equal extent w i t h the red o f the 

" fame r ing . A n d , for the fame reafon, the green, b lue , and v io let , wil l be 

" alfo fo m u c h dilated by the ftill greater ob l iqui ty o f their rays , as to b e c o m e 
44 all very nearly o f equal extent w i t h the red ; that is, equal ly diftant f r o m the 
41 center o f the r ings. A n d then all the colours o f the fame feries m u f t be coinci-
44 dent , and b y their mixture exhibit a white r i n g ; and thefe white r ings m u f t 
44 have b lack or d a r k r ings between t h e m , becaufe they d o not fpread and inter-

" fere wi th one another as before ·, and, for that reafon alfo, they m u f t b e c o m e 
41 d i f t i n f t e r , and vi f ible to far greater numbers . B u t yet the v io le t , b e i n g 

" obl iquef t , 
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" obliqueft, will be fomething more dilated in proportion than the other colours; 
" and fo very apt to appear at the exterior verges of the white. 

" Afterwards, by a greater obliquity of the rays, the violet and the blue be-
" come fenfibly more dilated than the red and yellow; and fo being further 
" removed from the center of the rings, the colours muft emerge out of the white 

in an order contrary to that which they had before, the violet and blue at the 
exterior limbs, and the red and yellow at the interior. And the violet, by 

" reafon of the greateft obliquity of its rays, being, in proportion, moft of all 
" expanded, will fooneft appear at the exterior limb of each white ring, and 
" become more confpicuous than the reft. And the feveral feries of colours, by 
" their unfolding and ipreading, will begin again to interfere, and thereby render 
" the rings lefs diftinit, and not vifible to fo great numbers. 

" If, inftead of the prifms, the objedt-glafles be made ufe of, the rings, which 
" they exhibit, become not white and diftinft by the obliquity of the eye, by 
" realbn, that the rays, in their pafiäge through that air, which interceded the 
" glafies, are very nearly parallel to themfelves, when firft incident on the glaiTes; 
" and confequently, thofe indued with feveral colours are not inclined one more 
" than another to that air, as it happens in the prifms. 

<{ There is yet another circumftance of thefe experiments to be confidered; 
" and that is, why the black and white rings, which, when viewed at a diftance, 
" appear diftinft, Ihould not only become confufed by viewing them near at 
" hand, but alfo yield a violet colour at both the edges of every white r i n g : 
" and the reafon is, that the rays, which enter the eye at feveral parts of the 
" pupil, have feveral obliquities to the glafies, and thofe, which are moft oblique, 
" if confidered apart, would reprefent the rings bigger than thofe, which are the 

leaft oblique. Whence the breadth of the perimeter of every white ring is ex-
" panded outwards by the obliqueft rays, and inwards by the leaft oblique. And 
" this expanfion is fo much the greater, by how much the greater is the difference 
" of the obliquity ; that is, by how much the pupil is wider, or the eye nearer 
" to the glafies : and the breadth of the violet muft be moft expanded, becaufe 
'* the rays, apt to excite a fenfation of that colour, are moft oblique to the 
" fecond or further fuperficies of the thinned air, at which they are re f leäed ; 
" and have alfo the greateft variation of obliquity, which makes that colour 
" fooneft emerge out of the edges of the white. And, as the breadth of every 
" ring is thus augmented, the dark intervals muft be diminifhed, until the neigh-
" bouring rings become continuous, and are blended, the exterior firft, and 
" then thofe nearer the center; fo that they can no longer be diftinguiihed a-part, 
*' but feem to conftitute an even and uniform whitenefs. 

" Amongft all the obfervations there is none accompanied with fo odd circum-
" fiances as the twenty-fourth. Of thofe the-principal are, that in thin plates, 

which, to the naked eye, feem of an even and uniform tranfparent whitenefs, 
" the refraftion of a prifm Ihould make the rings of colours appear; whereas it 
" ufually makes objefts to appear coloured only, where they are terminated with 

Ρ ρ 2 " ihadows, 
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«' fhadows, or have parts unequally luminous ·, and that it fhould make thofe 
" rings exceedingly diftind and white, although it ufually renders thofe objeits 
" confufed and coloured. The caufe of thefe things you will underftand by 
" confidering, that all the rings of colours are really in the plate, when viewed 
" by the naked eye, although, by reafon of the great breadth of their circum-
" ferences, they fo much interfere, and are blended together, that they feem to 
" conftitute an even whitenefs. But, when the rays pafs through the prifm to 
** the eye, the orbits of the feveral colours in every ring are refrafted, fome more 
" than others, according to their degree of refrangibility ·, by which means the 
" colours on one fide of the ring become more unfolded and dilated, and on the 
" other fide more complicated and contracted. And where, by a due refrac-
" tion, they are fo much contracted, that the feveral rings become narrower 
" than to interfere with one another, they mult appear diftinft, and alio white, 
" if the conftituent colours be fo much contracted as to be wholly coinci-
" dent: but on the other fide, where every ring is made broader by the further 
" unfolding its colours, it muft interfere more with other rings than before, and 
· ' fo become lefs diftindt. 

" T o explain this a little further; fuppofe the concentric circles, A Β and 
" C D, reprefent the red and violet of any order, which, together with the in 

termediate colours, conftitute any one of thefe rings. Now, thefe being 
<l viewed through a prifm, the violet circle, Β C, will, by a greater refradtion, be 
" further tranflated from its place than the red, A D, and fo approach nearer 

" to it on that fide towards which the refra&ions are made. For inftance, if 
" the red be tranflated to a d, the violet may be tranflated to b c, fo as to ap-
" proach nearer to it at c than before; and, if the red be further tranflated to 
" a d, the violet may be fo much further tranflated to b c, as to convene with 
" it at c, and, if the red be yet further tranflated to a 5, the violet may be ftill 
" fo much further tranflated to β y, as to pafs beyond it at y, and convene with it 
«' at e and f . And this being underftood, not only of the red and violet, but of 
" all the other intermediate colours; and alfo of every revolution of thofe co-
44 lours, you will eafily perceive, how thefe of the fame revolution or order, by 
" their narrownefs at c d, and 5 y, and their coincidence at cd, f a n d / , ought 
" to conftitute pretty diftinit arcs of circles, efpecially at c dy or at e and / , and 
" that they will appear feveral at i i , at c d exhibit whitenefs by their coinci-
" dence, and again appear feveral at J y, but yet in a contrary order to that 
" which they had before, and ftill retain beyond e and / . But, on the other 
" fide, at a by a b, or « β, thefe colours muft become much more confufed by 
" being dilated, and fpread fo as to interfere with thofe of other orders. And 
ί* the fame confufion will happen at 5 y between e and / , if the refraftion be 

4« y e r y 
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»« very great , or the pr i fm very di f tant f rom the objedt-glaiTes; in which cafe no 
44 par ts of the ring will be feen, lave only two little arcs at e and / , whofe dif tance 
44 f rom one another will be augmented by removing the prifm ftill fur ther f r o m 
" the objef t -glaf ies . A n d thele little arcs muf t be diilindteft and whiteft at their 
44 middle ; and a t t h e i r ends, where they y o w confufed, they muf t be coloured ; 
44 and the colours at one end of every arc muf t be in a contrary order to thofc 
44 at the other end, by reafon that they crol's in the intermediate white ; namely, 
44 their ends, which verge towards Σ y , will be red, and yellow on that fide nexc 
44 the center, and blue and violet on the other fide. But their other ends, which 
44 verge f rom $ y , will, on the contrary, be blue and violet on that fide towards 

44 the center, and on the other fide red and yellow. 

" F o r confirmation of all this, I need alledge no more , than that it is mathe-
44 matically demonf t rable f rom my former principles. But I (hall add, that they , 
44 which pleafe to take the pains, may by the tef t imony of their frnfes be al lured, 
" that thefe explications are not hypothetical , b u t infallibly t rue and genuine : 
" for in a dark room, by viewing thefe r ings th rough a p r i fm , by reflection of 
44 the feveral pr i fmat ic colours, which an affiftant caufes to m o v e to and f ro 
44 upon a wall or paper , f rom whence they are reflected, whilft the fpe f t a to r ' s 
44 eye, the p r i fm , and objed-glaiTcs (as in the thir teenth obfervat ion) are placed 
44 fteddy, the pofit ion of the circles, made fuccefiively by the feveral colours , 
44 will be found fuch, in re fpe t t of one another , as I have defcribed a 1 a b c ä, o r 
44 a b e d , or α β y 8. A n d by the fame method the t ru th of the explications o f 
44 the o ther obfervations is to be examined. 

44 By what ha th been faid, the l ike p h e n o m e n a of water -bubbles and th in 
<c plates of glafs may be under f tood . But in fmal l f ragments of thofe plates, 
44 there is this fur ther obfervable, tha t , if they, lying flat upon a table, be tu rned 
44 about their center, whilft they are viewed th rough a p r i fm, fome of them ex-
44 hibit waves in one or two pofit ions only ·, but the mof t of them do in all pofi-
44 tions exhibit thofe waves, and that for the mof t par t appear ing a lmoft all o v e r 
44 the glafs. T h e reafon is, that the fuperficies of fuch plates are not even, b u t 
44 have many cavities and fwellings, which , how lhallow foever, do a little vary 
44 the thicknefs of the plate ; and by the feveral fides of thofe cavities there 
44 m u f t be produced waves in feveral pof tures of the pr i fm. N o w , though it 
44 be but fome very fmall and narrow parts of the glafs, by which thefe waves 
44 for the mof t par t are caufed, yet they may feem to extend themfelves over the 
44 whole glafs, becaufe f rom the narrowed of thofe parts there are colours of feveral 
44 orders confufedly reflei ted, which by ref raf t ion of the pr i fm are unfolded, and 
44 difperfed to feveral places, fo as to conft i tute fo many feveral waves as there 
44 were divers orders of the colours promifcuoufly reflected f rom that par t of t h e 
44 glafs. 

44 T h e f e are the principal p h e n o m e n a of thin plates or bubbles , whofe expli-
44 cations depend on the properties of l ight , that I have heretofore delivered 1 
44 and thefe, you fee, do necefiarily follow f rom them, and agree with them even 
" t o their very leaft c i r cumf tances ; and not only fo, but do very much tend to 

44 their 
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*' their proof. Thus , by the twenty-fourth obfervation, it appears, that the 
" rays of feveral colours, made, as well by thin plates or bubbles, as by the re-
" fractions of a prifm, have feveral degrees of refrangibility, whereby thofe of 
" each order, which, at their reflection from the plate or bubble, are intermixed 
" with thofe of other orders, are feparated from them by refraCtion, and afioci-
" ated together, fo as to become vifible by themfelves, like arcs of circles. For , 
" if the rays were all alike refrangible, it is impoffible, that the whitenefs, which 
" to the naked fenfe appears uniform, fhould by refraction have its parts tranf-
" pofed, and ranged into thofe black and white arcs. 

" It appears alfo, that the unequal refractions of difform rays proceed riot 
" from any contingent irregularities, fuch as are veins, an uneven poliih, or for-
" tuitous pofition of the pores of glais, unequal motions in the air or aether, 
" fpreading, breaking, or dividing the fame ray into many diverging parts, or 
" the like. For, admitting any fuch irregularities, it would be impoffible for 
" refractions to render thofe rings fo very diftinCt and well defined, as they do 
" in the twenty-fourth obfervation. It is necefiäry therefore, that every ray have 
" its proper and conftant degree of refrangibility connate with i t ; according to 
" which its refraction is ever juftly and regularly performed, and that feveral 
" rays have feveral of thofe degrees. 

" And what is faid of their refrangibility may be underilood of their reflexi-
" biiity ·, that is, of their difpofitions to be reflected, fome at a greater, and others 
*' at a lefs thicknefs of thin plates or bubbles, namely, that thofe difpofitions are 
" alfo connate with the rays, and immutable, as may appear by the thirteenth, 
" fourteenth, and fifteenth obfervations, compared with the fourth and eigh-
" teenth. 

" By the precedent obfervations it appears alfo, that whitenefs is a diffimilar 
" mixture of all colours, and that light is a mixture of rays endowed with all 
" thofe colours. For, confidering the multitude of the rings of colours in the 
" third, twelfth, and twenty-fourth obfervations, it is manifeft, that, although 
" in the fourth and eighteenth obfervations there appear more than eight or nine 
" of thofe rings, yet there are really a far greater number, which fo much inter-
" fere and mingle with one another, as, after thofe eight or nine revolutions, to 
" dilute one another wholly, and coriflitute an even and fenfible uniform white-
" nefs. And confequently, that whitenefs muft be allowed a mixture of all co-
" lours, and the light, which conveys it to the eye, muft be a mixture of rays 
" endued' with all' thofe colours. 

" But further, by the twenty-fourth obfervation it appears, that there is a con-
" ftant relation between colours and refrangibility, the moil refrangible rays being 
" violet, the leaft refrangible red, and thofe of intermediate colours having pro-
" poTtionally in termedia te degrees of refrangibility. A n d , b y the thirteenth, 
" fourteenth, and fifteenth obfervations, compared with the fourth or eighteenth, 
<{ there appears to be the fame conftant relation between colour and refrangi-

biiity; the violet being on equal terms reflected at leäft thicknefs of any thin 
" plate 

7 
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" plate or bubble; the red at greateft thicknefs, and the intermediate colours at 
" intermediate thicknefies : whence itj follows, that the colorific difpofnions of 
" rays are alfo connate with them, and immutable ; and by confequence, that all 
" the produ&ions and appearances of colours in the world are derived, not from 
" any phyfical change caufed in light by refraftion or reflexion, but only from 
" the various mixtures or reparations of rays, by virtue of their different refran-
" gibility or reflexibility. And, in this refpeft it is, that the fcience of colours 
t l becomes a fpeculation more proper for mathematicians than naturalifts. 

This being read, occafion was taken to difcourfe of Mr. N E W T O N ' S theory 
itfelf, and to debate, whether the rays of light, which, though alike incident in 
the fame medium, yet exhibit different colours, may not reafonably be faid to 
owe that exhibition of different colours to the feveral degrees of the velocity of 
pulfes, rather than, as Mr. NEWTON thought, to the feveral connate degrees of 
refrangibility in the rays themfelves ? 

Mr. HOOK Ε was of opinion, that the former of thefe ways was fufficient to give 
a good account of the diverfity of colours. 

February 10 . Dr. M A P L E T O F T was ele&ed and admitted. 

Capt. S H E E R E S , Mr. H A L L , and Signor T R A V A G I N O were elefted. 

Mr. B E R C H E N S H A W prefented himfelf to the Society, and (hewed them his 
fcale of mufic, wherein were contained, 

1 . A table of all confonant and difionant intervals fuitable to mufical harmony, 
which are practicable, and may be exprefied by the voice and other inftruments. 
T o thefe refpe&ive intervals apt and proper numbers were affigned, by which 
their ratio's and proportions were demonftrated. 

2. A fyftem of all the keys, by which the aforefaid intervals were completed ; 
of which keys fome were natural; fome intended to the firft degree of acute-
nefs; fome remitted to the firft degree of gravity; fome twice fpifiated; fome 
twice afperated. 

3. In this fcale the magnitude, dimenfion, and proportion of the faid keys 
were exa&ly demonftrated according to the proportional parts of a chord, the 
chord being fuppofed thirty-fix inches long. 

If it were demanded, whether there was any thing in this table and fyftem, 
that was not to be found in the fcales and writings of other muficians ? he 
anfwered, 

i . That the intervals in this table were perfeft and complete. There was not 
one too many, nor one wanting, which might conduce to the making of 
h a r m 0 n y · 2 . That 
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2. That the founds or mufical number» contained in this fyftem arofe out of 
the unifon, and from one another, according to the reafon of figurate, not 
fimple numbers, (as, he faid, he could demonftrate by numbers afligned t o the 
refpeftive intervals in the table) for that fo the reafon of the ftate of mufic 
required. 

3. T h a t there are neither more or lefs keys in this fyftem, than would com-
plete the aforefaid intervals. 

4. T h a t in this fcale all the tones are of the fame ratio, and that fo are all the 
femitones, femiditones, ditones, and other intervals. 

5. T h a t the true magnitude and dimenfion of every one of the faid keys are 
demonftrated according to the proportional parts of a chord. 

6. T h a t the natural, genuine, and true reafon of the excellency and fullnefs of 
the harmony of three, four, five, fix, and feven parts, may clearly be difcerned 
by the fyftem of feven parts. 

H e added, that many other things were to be found in this table and fcale, o f 
which little or no mention is made in the fcales and writings of either modern or 
antient mufical authors ·, which, he faid, he intended to difcover, and to write o f 
them at large, as he ihould be enabled thereunto. 

H e was exhorted to finilh this work, or at leaft to publiih this fyftem with an 
explanation thereof. 

Af ter this was read the laft part of M r . N E W T O N ' S oljervations, wherein he 
confidered in nine propofitions, how the phaenomena of thin tranfparent plates 
ftand related to thofe of all other natural bodies: of which bodies having before 
mentioned, that they appear of divers colours* according as they are difpofed 
to re fled; mod copioufly the rays indued with thefe colours, he now inquires 
after their conftitutions. 

Here , among many other confiderable things, he fhews, how the bignefs of 
the component parts of natural bodies may be conjectured by their colours: as 
alfo, that the caufe of reflexion is not the impinging of light on the folid and 
impervious parts of bodies, as was commonly fuppofed. 

T h i s laft part was as follows: 

" I am now come to the laft part of this def ign; which is, to confider, how 
" the phenomena of thin tranfparent plates ftand related to thofe of all other na-
" tural bodies. O f thefe bodies I have already told you, that they appear of di-
" vers colours, accordingly as they are difpofed to refleit moft copioully the rays 
" endued with thofe colours. But their conftitutions, whereby they refled fome rays 

2 " more 
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" more copioufly than others, remains to be inquired after. And this I ihall en-
" deavour in the following propofitions. 

" Prop. I. Thofe fuperficies reflect the greateft quantity of light, which have 
** the greateft refracting power; that is, which interceeds mediums, that differ moit 
" in their refraCting denfities; and in the confines of equally denfe mediums there 
" is no reflexion. 

44 The analogy between reflection and refraflion will appear by confidering, that 
44 when light pafleth obliquely out of one medium into another, which refraCts 
44 from the perpendicular, the greater is the difference of their denfity, the lefs 
" obliquity is requifite to caufe a total reflection becaufe as the fines are, which 
" meafure the refraCtion, fo is the fine of incidence, at which the total reflection 
44 begins, to the radius of the circle ; and confequently that incidence is leaft, 
" where there is the great difference of the fines. Thus in the pafllng of light out 
" of water into air, where the refraCtion is meafured by the ratio of the fines, 3 to 
" 4 , the total reflection begins, when the angle of the incidence is about forty-
" eight degrees and thirty-five minutes. In paifing out of glafs into air, where 
" the refraftion is meafured by the ratio of the fines 20 to 3 1 , the total reflection 
41 begins, when the angle of incidence is forty degrees and ten minutes : and fo, 
" in pafllng out of cryftal, or more ftrongly refraCting mediums, into air, there 
44 is ftill a lefs obliquity requifite to caufe a total reflection. Superficies therefore, 
44 which refraCt mod, do fooneft refleCt all the light, which is incident on them, 
44 and fo muft be allowed moit ftrongly refleCtive. 

44 But the truth of this propofition will further appear, by obferving, that in 
44 the fuperficies, interceeding any two of thofe mediums, air or water, or other 
" liquors, common glafs, cryftal, and metalline glafies, the reflection is ftronger 
44 or weaker accordingly as the fuperficies hath a greater or lefs refraCting power. 
44 Thus, when other mediums are contiguous to air, the reflection is ftronger 
44 in the fuperficies of glafs than of water, ftill ftronger in the fuperficies of cryf-
44 tal, and ftrongeft in the fuperficies of metalline glafs. So, in the confine of 
" water and common glafs, the reflection is very weak, but yet ftronger than in 
44 the confine of water and oil, or almoft any other two liquors, and ftill ftronger 
" in the confine of water and cryftal, or metalline glafs : accordingly as thofe 
" mediums differ more or lefs in denfity, foin the confine of common glafs and 
44 cryftal there is a weak reflection, and a ftronger reflection in the confine of 
44 common and metalline glafs : but in the confine of two glafies of equal den-
44 fity, there is not any fenfible reflection, as was ihewn in the firft obfervation. 
44 And the-fame may be underltood of the fuperficies of two cryftals or liquors, 
44 or any other fubftances, in which no refraCtion is caufed: whence it comes to 
44 pafs, that uniform mediums have no fenfible reflexion but in their external fu-
1 4 perficies, where they are adjacent to their mediums of a different denfity. 

44 Prop. 2. The leaft parts of natural bodies are in fome meafure tranfparent; 
44 and the opacities of thofe bodies arife from the multitude of reflections caufed 
44 in their internal parts. 

Vol. III. Q^q 44 That 
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" That this is fo, will eafily be granted by them, that have been converfant with 
44 microfcopes : and it may be alfo tried by applying any fubftance to a hole, through 
" which the light is emitted into a dark room; for how opake foever that Tub-
" ftance may feem in the open air, it will, by that means, appear very manifcftly 
" tranfparent, if it be of a fufficient thicknefs: only metalline bodies muft be ex-
" empted. which, by reafon of their exceflive denfity feem to re fled almoft all the 
" light incident on their firft fuperficies. 

14 Prop. 3. Between the parts of opake or coloured bodies are many interftices, 
" repleniihed with mediums of other denfities, as water between the tinging cor-
44 pufcles, wherewith any liquor is impregnated ; air between the aqueous globules 
" that conftitute clouds or mifts ; and for the mod part fpaces void of both air 
" and water; but yet perhaps repleniihed with fome fubtiler medium between. 
" the parts of hard bodies. 

" The truth of this is evinced by the two precedent propofitions : for by the 
" fecond propofition there are many refleftions from the internal part of bodies, 
" which by the firft propofition would not happen, if the parts of thofe bodies 
44 were continued without any fuch interftices between them, becaufe reflections 
" are caufed only in fuperficies, which interceed mediums of a different denfity. 

" But further, that this difcontinuity of parts is the principal caufe of the opa-
" city of bodies, will appear by confidering, that opake fubftances become tranf-
" parent by filling their pores with any fubftance of equal, or almoft equal denfity 
41 wich their parts. Thus paper dipped in water or oil, the oculus mundi ftone 
" lleeped in water, linen-cloth oiled or varniihed, and many other fubftances foaked 
41 in fuch liquors, as will intimately pervade their little pores, become by that 
44 means more tranfparent than otherwife. So, on the contrary, the moft tranf-
14 parent fubftances may, by feparating their parts, be rendered fufficiently opake; 
44 as glafs, by being reduced to powder, or otherwife flawed, water by being form-
44 ed into many fmall bubbles, either alone in the form of froth, or by lhaking 
44 it together with oil of turpentine, or fome other convenient liquor, with which 
44 it will not incorporate, and horn by being fcraped. 

" T o the increafe of the opacity of thefe bodies it conduces fomething, that by 
»4 the twenty third obfervation, the refleftions of very thin tranfparent fubftances 
*4 are confiderably ftronger than thofe made by the fame fubftances of a greater 
*4 thicknefs, And to the refle&ion of folid bodies it may be further added, that 
44 the interftices of their parts are void of air. For that for the moft part they 
44 are fo, is reafonable to believe, confidering the ineptitude, which air hath to 
44 pervade fmall cavities, as appears by the afcenfion of water in (lender glafs-
" pipes, paper, cloth, and other fuch like fubftances, whofe pores are found too 
4 ' fmall to be repleniihed with air, and yet large enough to admit water; and by 
44 the difficulty, wherewith air pervades the pores of a bladder, through which 
44 water find ready paflage. And according to the eleventh obfervation, the ca-
44 vities thus void of air will caufe the fame kind of effefts as to refleftion, which 
" thofe do, that are repleniihed with i t ; but yet fomething more manifeftJy, be-

44 caufe 



NEWTON'S SECOND PAPER ON LIGHT & COLOURS 229 

1 6 y i . ] R O Y A L S O C I E T Y O F L O N D O N . 299 

" caufe the medium in relation to refra&ions is rareft, when moft empty of air» 
" as M r . H O O K E hath proved in his Micrographia ; in which book he hath alio 
" largely difcourfed of this and the precedent propofuion, and delivered many 
" other very excellent things concerning the colours of thin plates, and other na-
" tural bodies, which 1 have not fcrupled to make ufe of f o far as they were for 
" my purpofe. 

** Prop. 4. T h e parts of bodies and their interftices muft not be lefs than 
" of fome definitive bignefs, to render them opake and coloured; for the opakeft 
" bodies, if their parts be fubtilly divided (as metals by being diffolved in acid 
" menftruums, & c . ) becoirte perfe&ly tranfparent. A n d you may alfo remem-
** ber, that in the eighth obfervation there was no refleilion at the fuperficies of 
" the objeft-glaffes, where they were very near one another, though they did not 
" abfolutely touch. A n d in the feventeenth obfervation, the reflection of the 
" water-bubble, where it became thinneft, was almoft infenfible, fo as to caufe the 
" apparitions of very black fpote. 

" O n thefe grounds I conceive it is, that water, fait, glafs, ftones, and fuch 
" like fubftances, are tranfparent; for, upon divers confiderations, they feem to 
" be as porous as other bodies, but yet their pores and parts too fmall to caufe 
" any opacity. 

" Prop. 5. T h e tranfparent parts of bodies, according to their ieveral fizes, 
" muft reflctt rays of one colour, and tranfmit thofe of another, on the fame 
" grounds, that thin plates or bubbles do reflect or tranfmit thofe rays : and this 
" 1 take to be the ground of all their colours. 

" For, i f a thinned or plated body, which being of an even thicknefs appear* 
" all over of one uniform colour, fhould be broken into fragments of the fame 
" thicknefs with the plate, I fee no reafon, why a heap of thofe fragments Ihould 
" not conftitute a powder of the fame colour, which the plate exhibited before it 
" was btoken. A n d the parts of all natural bodies, being like fo many fragments 
" of a plate, muft on the fame grounds exhibit the fame colours. 

" N o w , that they do fo, will further appear by the affinity o f their proper-
" ties : as that the infufion of nephritic-wood, and many other fubftances refledt 

one colour, and tranfmit another, like thin bodies in the ninth and twentieth 
" obfervations. T h a t the colours of filks, cloaths, and others fubftances, which 
" water or oil can intimately penetrate, become more faint and obfeure by being 
" emerged in thofe liquors, and recover their vigour again by being dried,, much 
" after the manner declared of thin bodies, in the tenth and twenty firft obfer-
" vations: and that fome of thofe coloured powders, which painters ufe, may have 
" their colours a little changed, by being very elaborately and finely ground. 
" Where I fee not, what can be juft ly pretended for thofe changes, befides the 
" breaking of their parts into lefs parts by that contrition, after the fame manner 
* f that the colour of a plate is changed by varying its thicknefs. For which rea-
" fon alfo it is, that many flowers, by being bruifed, become more tranfparent 

Q ^ q 2 " than 
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44 than before, or, at leaft, in fome degree or other, change their colours. N o r 
44 is it much lefs to my purpofe, that, by mixing divers liquors, very odd and 
" remarkable produ&ions and changes of colours may be effected, of which no 
44 caufe can be more obvious and natural, than that the faline corpufcles of one 
44 liquor do varioufly a f t upon, or unite with, the tinging corpufcles of another i 
44 fo as to make them fwell or ihrink (whereby not only their bulk, but their 
44 denfity alio may be changed) or to divide them into fmaller corpufcles, or make 
44 many of them aflociate into one clufter ; for we fee how apt thofe faline men-
44 ftruums are to penetrate and diffolve fubftances, to which they are applied ; and 
44 fome of them to precipitate what others diffolve. In like manner, if we con-
44 fider the various phenomena of the atmofphere, we may obferve, that when 
4 ' vapours are firft raifed, they hinder not the tranfparency of the air, being di-
44 vided into parts too fmall to caufe any refleftion in their fuperficies : but when, 
" in order to compofe drops of rain, they began to coalefce and conftitute glo-
44 bules of all intermediate fizes^ thofe globules, when they become of a conveni-
44 ent fize to refleft fome colours, and tranfmit others, may conftitute clouds of 
44 various colours, according to their fizes. A n d I fee not what can be rationally 
44 conceived, in fo tranfparent a fubftance as water for the production of thefe 
44 colours, befides the various fizes of its parcels, which feem to affeft a globular 
44 figure m o f t ; but yet perhaps not without fome inftability in the fmalleft of 
44 them, by reafon that thofe are moil eafily agitated by heat or any trembling m o · 
44 tions in the air. 

44 Prop. 6. T h e parts of bodies, on which their colours depend, are denfer than 
44 the medium, which pervades their interftices. 

44 This will appear by confidering, that the colour of a body depends not only 
44 on the rays, which are incident perpendicularly or its parts, but on thofe alfo, 
44 which are incident at all other angles. A n d that, according to the feventh 
, 4 obfervation, a very little variation of obliquity will change the reflected colour, 
44 where the thin body or fmall particle is rarer than the ambient medium, in 
44 fomuch that fuch a fmall particle will, at diverfly oblique incidents, refleft all 
" forts of colours, in fo great a variety, that the colour, refulting from them all 
44 confufedly refledted from a heap of fuch particles, muft rather be a white or 
44 grey, than any other colour, or at beft it muft be but a very imperfeft and 
44 dirty colour; whereas, i f the thin body or fmall particle be much denfer than 
44 the ambient medium, the colours, according to the nineteenth obfervation, are 
44 fo little changed by the variation of obliquity, that the rays, which are re-
44 flefted leaft obliquely, may predominate over the reft fo much, as to caufe a 
44 heap of fuch particles to appear very intenfly of their colour. 

44 It conduces alfo fomething to this propofition, that, according to the twenty* 
44 fecond obfervation, the colours exhibited by the denfer thin body within the 
44 rarer are more briik than thofe exhibited by the rarer within the denfer. 

44 Prop. 7. T h e bignefs of the component parts of natural bodies may be 
44 conje&ured by their colours, 

3 " For 
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M For fince the parts of thefe bodies, by propofition 5. do moft probahly ex-
" hibit the fame colours with a plate of equal thicknefs, provided they have the 
" fame refractive denfity; and fince their parts feem for the moft part to have 
** much the fame denfity with water or glafs, as by many circumftances is obvious 
" to collcft: to determine the fizes of thefe parts, you need only have recourfe 
" to the. precedent tables, in which the thicknefs of water or glafs exhibiting any 
44 colour is exprefled. Thus, if it be defired to know the diameter of a cor-
M pufcle, which being of equal denfity with glafs, fhall reflect green of the third 
" order i the number 17-i· ihows it to be about 174. parts of an inch. 

ι ο ο ο ο ν ύ 

" T h e greateft difficulty is- here to know, of what order the colour of any 
" body i s ; and for this end we muft have recourfe to the fourth and eighteenth. 
" obfervations, from whence may be collefted thefe particulars. 

" Scarlets, and other reds, oranges and yellews, if they be pure and intenfe, are 

** moft probably of the fecond order. Thofe of the firft and third order alfo may 
" be pretty good ; only the orange and red of the third Ci der have too great a 
" mixture of violet and blue. 

" There may be good greens of the fourth order, but the pureff are of the third: 
" and of this order the green of all vegetables fecms to be, partly by reafon of 
" the intenfenefs of their colours, and partly becaufe when they wither, fome of 
" them turn to a greeniih yellow, and others to a more perfeft yellow or orange, 
" or perhaps to red ·, paifing firft through all the aforefaid intermediate colours, 
" which changes feem to be effe&ed by the exhaling of the moifture, which may 
" leave the tinging corpufcles more denfe, and fomething augmented by the ac-

cretion of the oily and earthy part of that moifture. Now the green, without 
" doubt, is of the fame order with thofe colours, into which it changeth, becaufe 
·* the changes are gradual* and thofe colours, though ufually not very pure, yet 
" for the moft part are top pure and lively to be of the fourth order. 

Blues and purples may be either of the fecond or third order; but the beft are 
" of the third. Thus the colour of violet feems to be of that order; becaufe 
" their fyrup, by acid liquors, turns red, and by urinous and alkalazite turns 
** green. For fince it is of the nature of acids to difiolve or attenuate, and of 
u alcalis to precipitate or incraflate, if the purple colour of the fyrup was of 
" the fecond order, an acid liquor by attenuating its tinging corpufcles would tinge 
M it to a red of the firft order, and an alcali, by incraifating them, would change 
" it to a green of the fecond order; which red and green, efpecially the green, 
" feem too imperfeft to be the colours produced by thefe changes. But if the 
" faid purple be fuppofed of the third order, its change to red of the fecond 
M and green of the third may, without any inconvenience, be allowed. 

" If there be found any body of a deeper and lefs reddifh purple than that of 
** violets, its colour moft probably is of the fecond order. But yet there being 
v no body commonly known, whofe colour is conftantly more deep than theirs, 

" I have-
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" I have made ufe of their name to denote the deepeft and leaft reddiih purples, 
" fuch as manifeftly tranfcend their colour in purity. 

" The blue of the firft order, though very faint and little, may poffibly be the 
" colour of ibme fubftances·, and particularly the azure colour of the ikies 
" feems. to be of this order. For all vapours, when they begin to condenfe and 
" coalefce into fmall parcels, become firft of that bignefs, whereby fuchan azure 
" muft be reflected, before they can conftitute clouds of other colours. And fo 
" this being the firft colour, which vapours begin to refleft, it ought to be the 
" colour of the fineft and moft traniparent ikies, in which vapours are not ar·» 
" rived to that groffnefs requifite to reflect other colours, as we find it is by ex-
" perience. 

" Whitenefs, if it be intenfe, is either that in the firft order of colours, of 
which fort perhaps is the colour of white lead ; or elfe it is a mixture of 

" thofe fucceeding the third or fourth order, fuch as is the colour of paper, 
" linen, and moft white fubftances. If corpufcles of various fizes, exhibiting the 
" colours of the fecond and third order, be mixed, they lhould rather conftitute 
" an imperfedt whitenefs or grey, of which I have already fpoken : but yet it feems 
" not impofiible for them to exhibit an intenfe whitenefs, if they be difpofed to 
" tranfmit all the light, which they reflect not, and do not retain and ftifle much 
" of it. For thus 1 told you, that froth at a diftance hath appeared very wfaite, 
" and yet, near at hand, the feveral bubbles, of which it was conftituted, were 
" feen tinged all over with rings of colours of the four or five firft orders. 

" Laftly, for the produ&ion of black, the corpufcles muft be lefs than any of 
" thofe, which exhibit colours. For at all greater fizes there is to? much light re-
" flefted to conftitute this colour. But if they be fuppofed a little lefs than is re-
" quifite to reflect the blue of the firft order, they will, according to the fourth, 
" eight, feventeenth, and eighteenth obfervations, refleft fo very little light as 
" to appear intenfely black, and yet may perhaps varioully refraft it to and fro 
" within themfelves fo long, until it happen to be ftifled and lo f t ; by which 
" means they will appear black in all pofitions of the eye without any tranfpa-
" rency. And from hence may be underftood, why fire, and the more fubtil 
" diflolver, putrefa&ion, turn fubftances to black ·, why fmall quantities of black 
** fubftances impart their colour very freely and intenfely to other fubftances, to 
" which they are applied ; why glafs ground very elaborately, on a copper-plate, 
" till it be well poliihed, makes the fand, together with what is worn off from 
" the glafs, and copper, become very black ·, why black fubftances do fooneft of 
" all others become hot and burn, which efFeft may proceed, partly from the 

multitude of refraftions in a little room, and partly from the eafy commo-
" tion of fo very fmall corpufcles ·, and why blacks are ufually a little inclined to 
" a bluiih colour. For that they are fo, may be feen by illuminating white 
" paper by refledtion from black fubftances, which will ufually appear of a bluiih 
" white. And the reafon is, that black borders on the obfcure blue of the firft 
" order, defcribed in the eighteenth obfervation, whence the corpufcles of black 
w fubftances are moft apt to refleft that colour. 

M In 
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" In thefe defcriptions I have been the more particular, becaufe it is not impof-
" fible, but that microfcopes may at length be improved to the di fco very of 
" corpufcles of bodies, on which tneir colours depend. For if thofe inftruments 
" could be fo far improved, as with fufficient diftinßnefs to reprefent objefts five 
" or fix hundred times bigger than at a foot diftance they appear to our naked eyes. 
" I (hould hope, that we might be able to difcover fome of the greateft of thofe 
" corpufcles. And by one, that would magnify three or four ihoufand times, per-
« haps they might all be difcovered but thofe, which produce blacknefs. In the 
" mean while, I fee nothing material, that rationally can be doubted of, except-
" ing this pofition, that tranfparent corpufcles of the fame thicknefs and denfity 
" with a plate do exhibit the fame colour. And this I would have underftood 

not without fome latitude, as well becaufe thofe corpufcles may be of irregular 
" figures, and many rays muft be obliquely incident, and fo have a ihorter way 
41 through them than the length of their diameter; äs becaufe the ftraitnefs of 
" the medium, pent in on all fides, may a little älter its motions, or other qua-
" lities, on which the reflexion depends. But yet I cannot much fufpefl: the laft, 
" becaufe I have obferved of fome fmall plates of Mufcovy-glafs, which were of 
" an even thicknefs, that through a microfcope they have appeared of the fame 
" colour at their edges and corners, where the included medium was terminated, 
** which they appeared of in other places. However, it would add much to our 
" fatisfaition, if thofe corpufcles could be difcovered with microfcopes, which if 
" we lhall ever attain to, I fear it will be the utmoft improvement of this fenfe; 
** for it feems impoflible to fee the more fecret and noble works of nature within 

thofe corpufcles, by reafon of their tranfparency. 

" This may fuffice concerning the conftitution of natural bodies, on which their 
" colours depend. But for further underftanding the nature of reflections, I 
" ihall add thefe two following proportions. 

" Prop. 8. The caufe of the refleilion is not the impinging of light on the 
" folid and impervious parts of bodies, as is commonly fuppofed. 

**• This will appear by the following confiderations: firft, that m the paffage of 
" light out of glafs into air, there is a refleftion as ftrong or ftronger than in its 
4* paffage out of air into glafs, ahd by many degrees ftronger than in its paffage 
" out of glafs into water. And it feems not probable, that air ihould have more 

reflecting parts than water or glafs. But if that Ihould pofiibly be fuppofed, it 
" will avail nothing; for the reflection is as ftrong, if not ftronger, when the air 
'** is drawn away from the glafs (fuppofe in the air-pump invented by Mr. B O Y L E ) 
" as when it is adjacent to it. Secondly, if light in its pafiage out of glafs into 
" air be incident more obliquely than at an angle of forty or forty-one degrees, 
" it is wholly reficfted; if lefs obliquely, it is in great meafure tranfmitted. Now 
" it is not to be imagined, that light at one degree of obliquity ihould meet with 
*· pores enough in the air to tranfmit the greater part of it, and at another degree 
" of obliquity meet with nothing but parts to refleft it wholly; efpecially confi-
" dering, that in its paffage out of air into glafs, how oblique foever be its 
" incidence, it finds pores enough in the glafs to tranfmit the greateft part of it. 

" If 
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" If any man fuppofe, that it is not reflected by the air, but by the utmoft fu-
44 perficial parts of the glafs, there is ftiH the. fame difficulty ; befides, that fuch 
" a fuppofition is unintelligible; and will alfo appear to be falfe, by applying "wa-
*' ter behind fome part of the glafs inftead of air. For fo in a convenient obli-
" quity of the rays, fuppofe of forty-five or forty-fix degrees, at which they are 
" all refleiled, where the air is adjacent to the glafs, they ihallbein great meafure 
" tranfmitted, where the Water is adjacent to it ·, which argues, that their refleftion 
" or tranfmiilion depends on the conftitution of the air and water behind the 
" glafs, and not on the parts of the glafs. 

<c Thirdly, if the colours made by a prifm, placed at the entrance of a beam 
" of light into a darkened room, be fucceflively caft on a fecond prifm placed 
" at a great diftance from the former, in fuch manner that they are all alike in· 
" cident upon i t ; the fecond prifm may be fo inclined to the incident rays, that 
" thofe, which are of a blue Golour, fliall be all refleßed by it ·, and yet thofe of a 
" red colour pretty copioufly tranfmitted. N o w if the reflexion be caufed by 
44 the parts of air or glafs, I would afk, why at the fame obliquity of incidence 
" the blue ihould wholly impinge on thofe parts fo as to be all refle&ed, and yet 
" the red find pores enough to be in great meafure tranfmitted. Fourthly, 
" where two glafies touch one another, there is no fenfible refledtion, as was de-
<( clared in the firft obfervation; and yet I fee no reafon, why the rays ihould not 
( ( impinge on the parts of glafs, when contiguous to another glafs, a smuch as 
44 when contiguous to air. Fifthly, when the top of a water-bubble (in the fe-
44 venteenth obfervation) by the continual fubfiding and exhaling of the water 
" grew very thin, there was fuch a little and almoft infenfible quantity of light 
44 reflected from it, that it appeared intenfely black ; whereas, round about that 
44 black fpot, where the water was thicker, the refleftion was fo ftrong as to make 
" the water feem very white. Nor is it only at the leaft thicknefs of thin plates 
" or bubbles that there is no manifeft reflection, but at many other thicknefles 
" continually greater and greater. For in the fifteenth obfervation, the rays of the 
44 fame colour were by turns tranfmitted at one thicknefs, and reflefted at another 
" thicknefs, for an intermediate number of fuccefiions. A n d yet in the fuperfi-
44 fides of the third body, where it is of any one thicknefs, there are as many 
44 parts for the rays to impinge on, as where it is of any other thicknefs. 

" Laftly, if reflection were caufed by the parts of refleiting bodies, it would 
44 be impoffible for thin plates or bubbles, at the fame place to reflect the rays of 
" one colour, and tranfmit thofe of another, as they do according to the thirteenth 
" and fifteenth obfervations. For is is not to be imagined, that at one place the 
" rays, which, for inftance, exhibit a blue colour, ihould have the fortune to dalh 
44 upon the farts, and thofe, which exhibit a red, to hit upon the pores of the 
" body ·, and then at another place, where the body is either a little thicker, or a 
" little thinner, that on the contrary the blue Ihould hit upon its fores, and the 
" red upon its farts. 

44 Prop. 9. It is moft probable, that the rays, which impinge on the folid 
" parts of any body, are not reflected but itifled and loft in that body. 

44 This 
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" This is confentaneous to the precedent propofition, and will further appear 
" by confidering, that if all the rays fhould be refle&ed, which impinge on the in-
" ternal parts of clearwater or cryftal, thofe fubftances fliould rather have a cloudy 
" than fo very clear tranfparency. 

" And further, there would be no principle of the obfcurity or blacknefs, which 
" fome bodies have in all pofitions of the eye. For to produce this effeft, it is ne-
" ceflary, that many rays be retained and loft in the body* and it feems not pro-
'< bable, that any rays can be flopped and retained in it, which do not impinge on 
" its parts." 
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I. A true Copy of a <Paper found, in the Hand 
Writing of Sir Ifaac Newton, among the 
Papers of the late 2)r. Halley, containing a 
Defcription of a» Inftrument for ohferving 
the Moon's Diftance from the Fixt Stars at 
Sea. 

w f if Τ N t h c annexed Scheme, T Q R S de-
K X S 1 notes a Plate of Bra&, accurately di-
Odober >8« vided in the Limb into-i De-
w · grees, | Minutes, and - h Minutes, 
by a Diagonal Scale j and the ·§· Degrees, and \ Mi-
nutes, and τ* Minutes, counted for Degrees, Minutes, 
and £ Minutes. 

A B , is a Telefcope, three ot four Feet long, 
fixt on the Edge of that Brafs Plate. 

G, is a Speculum, fixt on the faid Brafs Plate per-
pendicularly, as near as may be to the Objeä-glafs of 
the Telefcope, fo as to be inclined 45 Degrees to the 
Axis of the Telefcope, and intercept half the Light 
which would otherwife come through the Telefcope 
to the Eye. 

C is a moveable Index, turning about the Centre 
C, and, with its fiducial Edge, {hewing the Degrees, 
Minutes, and £ Minutes, on the Limb of the Brafs 
Plate T g j the Centre C, muft be over^againft the 
Middle the Speculum G. 

H, is another Speculum, parallel to the former, 
when the fiducial Edge of the Index falls on ood oo' 
oo'7 j fo that the fame Star may then appear through 

X the 
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the Telcfcopc, in one and the fame Place, both by 
the direft Rays and by the reflex'd ones ·, but if the 
Index be turned, the Star {hall appear in two Places, 
whofe Diftance is ihewed, on the Brafs Limb, by the 
Index. 

By this Inftrument, the Diftance of the Moon from 
any Fixt Star is thus obferved: View the Star through 
the Perfpicil by the direft Light, and the Moon by 
the Reflext (or on the contrary) j and turn the Index 
till the Star touch the Limb of the Moon, and the 
Index fhall ihew upon the Brafs Limb of the Inftru-
ment, the Diftance of the Star from the Limb of the 
Moon j and though the Inftrument (hake, by the Mo-
tion of your Ship at Sea, yet the Moon and Star will 
move together, as if they did really touch one another 
in the Heavens fo that an Observation may be made 
as exaftly at Sea as at Land. 

And by the fame Inftrument, may be obferved, 
exa&ly, the Altitudes of the Moon and Stars, by 
bringing them to the Horizon ·, and thereby the Lati-
tude, and Times of Obfervations, may be determined 
more exactly than by the Ways now in Ufe. 

In the Time of the Obfervation, if the Inftrument 
move angularly about the Axis of the Telefcope, the 
Star will move in a Tangent of the Moon's Limb, or 
of the Horizon j but the Obfervation may notwith-
ftanding be made exactly, by noting when the Line, 
defcribed by the Star, is a Tangent to the Moon's 
Limb, or to the Horizon. 

To make the Inftrument ufeful, the Telefcope ought 
to take in a large Angle: And to make the Obferva-
tion true, let the Star touch the Moon's Limb, not on 
theOutfide of the Limb, bat on the Infide. 

II. The 
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Newton on Chemistry, Atomism, 
the yEther, and Heat 





Newton's 
Chemical Papers 

M A R I E B O A S 

^ ^ e w t o n ' s extraordinary achievements in physics have under-
standably overshadowed his chemical work; it is fortunate that the 
sale some years ago of his large collection of alchemical books and 
notes forced a renewed considerat ion of his overt preoccupat ion 
with alchemy, which in tu rn has led to the study of his place in 
the history of chemistry. He has been found to have been a skilled, 
original, and painstaking chemist with a wide and profound 
influence. 

A full understanding of Newton's chemical thinking and of the 
experimental basis of his conclusions will be reached only after a 
careful analysis of his extant chemical notebooks, now in the Uni-
versity Library, Cambridge. 1 T h e notebooks have not yet been fully 
studied. They were summarized by the group who compiled the Cata-

1 See Catalogue of the Newton Papers Sold by Order of the Viscount Lymington (London, 
1936). An early general account is Douglas McKie , "Some Notes on Newton 's 
Chemical Philosophy Wri t ten U p o n the Occasion of the Tercentenary of his 
Bir th ," Philosophical Magazine [7] 33, 847-70 (1942). These notebooks have been 
discussed and part ial ly pr inted in A. R. and Μ. B. Hal l , "Newton ' s Chemical 
Exper iments , " Archives internationales d'histoire des sciences 11, 113-52 (1958). 

2 4 1 
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logue of the Portsmouth Collection in 1888.2 There are three notebooks 
of considerable chemical interest containing chaotic records of ex-
periments, proposed experiments, notes from books, recipes, topics 
for possible investigation—a fascinating laboratory record. But, im-
portant as these sources are for Newton's chemical development, 
they can safely be ignored in evaluating his chemical influence, 
since 18th-century Newtonians read the published works, not the 
manuscripts. Such Newtonian scientists were, as Mme. Metzger 
showed in her brilliant Newton, Stahl, Boerhaave et la doctrine chimique 
(Paris, 1930), profoundly influenced by the chemical implications 
of the theory of universal gravitation. More than that, they read 
and absorbed those of Newton's works that were wholly or partly 
chemical in nature. 

Of the papers reprinted here, the "Letter to Boyle," dated 1678, 
was first published in Thomas Birch's "Life of Boyle" prefixed to 
the first edition, in 1744, of The Works of the Honourable Robert Boyle, 
which Birch edited. Though it can have had wide circulation only 
after Newton's death, it may have been known earlier, since Boyle 
or his executors could easily have shown it to interested scientists. 
Once printed, the letter was immediately reprinted in Bryan Rob-
inson's Sir Isaac Newton's Account of the /Ether, with some additions by 
way of an appendix.3 Inevitably of greater influence was the "De 
natura acidorum," written in 1692 and first published in 1710 in 
the "Introduction" to volume II of the Lexicon Technicum of John 
Harris, F.R.S.4 Harris is the authority for the date of composition; 
he stated that he printed the paper with Newton's permission and 
that the translation into English had been read and approved by 
Newton. The paper was subsequently printed, in a slightly differ-
ent Latin version, in volume II of Newton's Opuscula mathematica, 
philosophica et philologica (Lausanne, 1744). This version, and that 

2 A Catalogue of the Portsmouth Collection of Books and Papers Written by or Belonging to 
Sir Isaac Newton (Cambridge, 1888). I have to thank the authorities of the Univer-
sity Library, Cambridge, who kindly allowed me access to the chemical notebooks 
mentioned. 

3 Dublin, 1745. This reprints not only the "Letter," but Queries 16 -23 of the 
Opticks. Robinson had already published in 1743 A Dissertation on the ALther of Sir 
Isaac Newton, based on the Opticks. 

4 Cf. Douglas McKie: "John Harris and his Lexicon Technicum (1704)," Endeavour 
4, 53-57 (1945). 
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later published by Samuel Horsley in Isaaci Newtoni Opera quae 
exstant omnia (1782), confirm the statement by Harris that more 
than one version of the paper was known to him; fragments, both 
in Newton's hand and in that of an amanuensis, are tucked into 
one of Newton's chemical notebooks.5 The paper on heat was first 
published anonymously in the Philosophical Transactions for March-
April 1701, and is the source for Newton's Law of Cooling. It is 
essentially a chemical paper, not only because of its interesting use 
of the melting points of mixtures of metals, but also because the 
related problems of heat and fire were considered to be a part of 
chemistry, rather than of physics, in the eighteenth century. There 
are a number of references to both chemical experiment and 
theory, particularly the nature of solubility and solution, in the 
paper on optics printed in this volume on page 177. Finally, there 
is one very important source for Newton's chemistry not reprinted 
here: the Queries, and more particularly the 31st Query, of the 
Opticks. 

Even a cursory glance at Newton's chemical papers indicates 
that his approach to chemical problems was not that of an 
alchemist. His explanations are in the language and spirit of ex-
perimental natural philosophy, quite different from the usually 
cloudy and often mystic views of the alchemists whose works he 
bought or borrowed so avidly, as he did all books that had any 
pretensions to dealing with chemical theory or practice.6 His 
library included scores of alchemical works; he read and was influ-
enced by Van Helmont and his English follower George Starkey; 
but equally he read and was influenced by such natural philoso-
phers as Robert Boyle who despised all mysticism in science. Ac-
tually Newton's chemical approach was far nearer to Boyle's than 
to Van Helmont's. Many of Newton's experiments on the colors 
of chemical solutions appear to be extensions of Boyle's experi-
ments. And Newton always followed Boyle in treating chemistry 

5 S. I. Vavilov, "Newton and the Atomic Theory," in The Royal Society, Newton 
Tercentenary Celebrations 15-19 July 1946 (Cambridge, 1947), 43 -55 , is in error in 
believing that Harris mistranslated the Latin; the divergence is so great that he 
can only have translated from another version. 

6 For a list of books owned by Newton, see R. de Vil lamil , Newton: The Man 
(London, n.d.). 
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as a physical science, rather than as a mystic art, and in using 
chemistry to suggest and confirm a molecular physics. 

The "Letter to Boyle," the "De natura acidorum," and the 31st 
Query of the Opticks have much in common, although the exposi-
tion varies decidedly in works written over a period of more than 
twenty years. Basically, all three are concerned with the problems 
of chemical reactivity and the action of solvents as explicable in 
terms of a particulate theory of matter, which assumes a theory of 
universal attraction. 

Underlying the whole of Newton's chemical (and physical) 
theory is the concept of matter as particulate. Almost all scientists 
of the later 17 th century agreed that matter was composed of small, 
discrete particles, corpuscles, or atoms, and that the chemical and 
physical properties of bodies could be accounted for by means of 
the size, shape, and motion of the constituent particles. This is the 
so-called mechanical philosophy which rejected all "occult forces" 
such as sympathy, antipathy, congruity, incongruity, attraction, 
and hostility, and instead explained all the properties of matter in 
terms of the new science of dynamics.7 One kind of mechanical ex-
planation was the Cartesian: Descartes and his followers believed 
in an aether, a material substance composed of specially small, mo-
bile particles which imparted motion and impulse to the naturally 
inert and gross particles of ordinary matter. Boyle on the other 
hand rejected even the aether, assuming random but constant mo-
tion of all particles to explain impulse; even chemical reaction he 
believed to be caused not by an aether nor by any attraction of one 
particle toward another, but by the fact that the size and shape of 
the particles of one substance happened to correspond to the size 
and shape of the pores between the particles of another substance. 

Newton's addition to the mechanical philosophy was the as-
sumption that particles moved mainly under the influence of what 
he at first called sociability and later called attraction. Attraction 
is, of course, the concept that made the Principia possible; the theory 
of universal gravitation is that all bodies in the universe, large or 
small, are mutually attracted to one another, and this theory New-
ton extended to both the physical and the chemical worlds. In using 

7 For a detailed account, see M. Boas, "The Establishment of the Mechanical 
Philosophy," Osiris, 10, 412-541 (1952). 
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a force like attraction Newton was, as Cartesian critics tirelessly in-
sisted, something of a scientific reactionary, for the great prestige of 
the mechanical philosophers had been based chiefly upon the de-
termined banishing of all such "occult" forces. But Newton found 
the concept uniquely useful, and made it as little occult as possible 
by treating it from the mechanical point of view. 

Newton's ideas on the possible mechanism of attraction were never 
definitely worked out. When he spoke of attraction he sometimes, as 
in the "Letter to Boyle," immediately explained it in terms of im-
pulse by an aether—sometimes, but by no means always. The Prin-
cipia loftily and expressly avoided any explanation of the mechanism 
of gravitational attraction except for a suggestion in the final scho-
lium added only in the second edition. In other works, especially 
in Queries 16-24 of the Opticks, Newton discussed ways in which 
the aether might account for chemical and gravitational attraction, 
but never did he offer a developed hypothesis. One is left with the 
feeling that Newton preferred a mechanical explanation in terms 
of an aether to the "action-at-a-distance" concept of pure attraction; 
this indeed is what he wrote Bentley. His avoidance of any decision 
in the Principia must have come chiefly from the absence of genuine 
experimental evidence. In fact, Boyle had published experiments 
that showed it unlikely that the aether as postulated by Descartes 
could exist; and Newton had demolished the Cartesian aether and 
its vortex action theoretically in the second book of the Principia. 
Any satisfactory aether had to be so different from that of Descartes 
as to be, essentially, experimentally undetectable, a most uncom-
fortable position for an empiricist to maintain.8 

There is one further aspect of Newton's theory of matter that de-
serves mention, an aspect contained in the random notes at the end 
of the "E)e natura acidorum." Here—and it is the only place where 
he discussed the matter—Newton suggested that particles associate 
to form aggregates "of the first composition," that these associate 
to form aggregates "of the second composition," and so on. This 
led to a method of differentiating between reaction and transmuta-
tion. When gold reacts with mercury to form mercury amalgam 

8 Boyle, The Spring and Weight of the Air, First Continuation, in T h o m a s Birch, The 
Works of the Honourable Robert Boyle (second ed., L o n d o n , 1772), I I I , 250 ff.; Rare-

faction of the Air; Works, I I I , 495 ff. 
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the gold is recoverable, so presumably the mercury particles pene-
trated only to the particles of the "last" composition. But if mercury 
could get between the particles of the first composition, then and 
only then would gold be transmuted into some other substance. 
This is an intriguing suggestion, but analogies with modern atomic 
physics are not valid. The fact that this theory is not referred to in 
the Opticks must mean that Newton found this concept (which in-
cidentally is not entirely original with him, for the notion of aggre-
gates of particles is to be found in the work of many early 17th-
century chemists writing on the nature of matter—for example, 
Sennert) not to be a useful enough hypothesis to be pursued; but it 
did convince him that transmutation was too difficult to be 
probable. 

Unlike gravitational attraction, which was a universal force 
varying only objectively with mass and distance, chemical attraction 
was selective and varied subjectively with each pair of chemical 
compounds. So complex was the action of this kind of attraction 
that the addition of one chemical to another could alter the attrac-
tion or sociability of the latter to a third compound. This Newton 
pointed out as early as 1675 in one of the optical papers sent to the 
Royal Society, a letter which incidentally indicates Newton's current 
chemical interest. 

Almost always Newton's discussion of sociability is a part of a 
search for a general theory of solution. The solvents that most in-
terested him were the common strong acids and he repeatedly 
grappled with the difficult reactions between acids and metals. The 
most interesting of these he thought were the reactions of acid mix-
tures with gold and silver and he several times mentioned the specific 
nature of the ability of aqua regia to dissolve gold but not silver, 
and of aqua fortis to dissolve silver but not gold; this problem he 
tried to resolve by combining attraction and the relative size of the 
particles of acids and the pores between the particles of the metal 
as criteria of solubility.9 His difficulties in this regard were not made 
easier by the necessity of defining clearly what substances should be 
classed as acids. In the mid 17th century there had been developed 

9 See Thomas S. Kuhn, "Newton's '31st Query' and the Degradation of Gold," 
Isis 42, 296-298 (1951), and M. Boas and T. S. Kuhn, "Newton and the Theory 
of Chemical Solution," Isis 43, 123-124 (1952). 
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a chemical theory based on the notion that all substances contained 
either acids or alkalies, so that all chemical reactions could be 
regarded as the combination of an acid and an alkali. Robert Boyle 
repeatedly attacked this view, in works which now have only the 
interest of controversy; but of lasting importance was his classifica-
tion of acids and alkalies on the basis of their characteristic reactions: 
thus all acids turned syrup of violets red, all alkalies turned syrup 
of violets green, and some substances did neither.10 Eighteenth-cen-
tury chemists very frequently accepted this useful empirical classifi-
cation. Newton used these tests in his own work; but he preferred 
to define acids theoretically, rather than empirically, as substances 
"endued with a great Attractive Force; in which Force their Activity 
consists." This definition, in the "De natura acidorum," was still 
assumed in the 31st Query of the Opticks; it was the chief explanation, 
for Newton, of the great solvent activity habitually displayed by 
acids. Another reaction involving acids which interested Newton, 
and which he also discussed in the 31st Query, was the replace-
ment of one metal by another in an acid solution. He went so far 
as to list the six common metals in the order in which they would 
displace one another from a solution of aqua fortis (strong nitric 
acid). This is perhaps a forerunner of the tables of affinity so com-
mon in the eighteenth century, by which chemists tried to predict 
the course of a reaction. 

Newton built no great chemical system comparable to his physical 
system of the universe, but by combining a particulate theory 
of matter with a profound experimental knowledge of chemistry he 
helped push chemistry one step nearer its acceptance as a true 
physical science. Newton is not less of a chemist because there is no 
positive chemical discovery associated with his name. Boerhaave, the 
great eighteenth-century physician and Newtonian chemist, more 
than once underlined the importance of chemistry as a part of natural 
philosophy with such remarks as, "Sir Isaac Newton gives us many 
chymical Experiments of the Attraction of Bodies" and "Isaac 
Newton . . . when he demonstrates by manifest effects the laws, 
actions, and forces of bodies does so not otherwise than by chem-

10Reflections on the Hypothesis of Alkali and Acidum; Works, I V , 284-292; cf. H . 
Metzger, Les doctrines chimiques en France (Paris, 1923), pp. 205-210. For Boyle's 
classification, see The Experimental History of Colours; Works, I , 744, 765-767. 
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istry." 11 Henry Pemberton, editor of the third edition of the Principia 
and author of a widely read popularization of Newtonian physics, 
in his chemical lectures, read at Gresham College about 1730, cited 
Newton's chemical achievements as laying the groundwork for 
greater discoveries: "Not only his general proofs, drawn from 
chemical experiments, of some active principles existing in nature, 
by which all natural effects are caused, but his more particular 
thoughts, concerning the nature of acids, cannot be sufficiently 
admired." 12 Many more examples could be cited; and a modern 
historian must agree that Newton's^ approach to chemical problems 
and his at tempt to interpret and analyze chemical reactivity are 
very nearly as full of insight, as interesting, and as influential as the 
18th-century chemists thought them to be. Or, as John Harris said 
in the Lexicon Technicum, introducing the "De natura acidorum," 
"The following Paper of Sir Isaac Newton's is excellently well worth 
the Philosophical Reader's most serious and repeated Perusal; for 
it containes in it the Reason of the Ways and Manner of all Chymical 
Operations, and indeed of almost all the Physical Qualities, by which 
Natural Bodies, by their small Particles, act one upon another." 

1 1H. Boerhaave, A Method of Studying Physick (London, 1719), p. 101, and Sermo 
academicus de chemia (Leyden, 1718). 

12 A Course of Chymistry . . . now first published from the Author's Manuscript by James 
Wilson (London, 1771), pp. 13-14. 
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7 0 The LIFE of the honourable R O B E R T B O Y L E . 

THE regard, which the great Newton had for Mr. Beyle, will appear from a very curious 
letter, which the former wrote to him, explaining his fentimcnts upon one of the mod 
abftrufe points of philofophy, with refpeit to the aetherial medium, which in his Optics he 
jropofes as the mechanical caufe of gravitation. This letter having never before leen the 
ight, will be proper to be inferted here. Ε 

I 

" Honoured Sir, 
H A V E fo long deferred to fend you my thoughts about the phyfical qualities we 
fpake of, that did I not efteem myfelf obliged by promife, I think I fhould be afhamed 

to fend them at all. The truth is, my notions about things of this kind are fo indigefted, 
" that I am not well fatisfied my felf in them ; and what l a m not fatisfied in, I can fcarce 
" efteem fit to be communicated to others; efpecially in natural philofophy, where there is 
" no end of fancying. But becaufe I am indebted to you, and yefterday met with a friend, 
" Mr. Mautyvcrer, who told me he was going to London, and intended to give you the trou-
" ble of a vifit, I could not forbear to take the opportunity of conveying this to you by 
" h i m · 

" IT being only an explication of qualities, which you defire of me, I (hall fct down my 
" apprehenfions in the form of fuppofitions, as follows. And firft, I fuppofe, that there is 
" diffuied through all places an aethereal fubftance, capable of contraction and dilatation, 
" ftrongly elaftic, and, in a word, much like air in all relpefts, but far more fubtile. 

" 2. I SUPPOSE this .aether pervades all grofs bodies, but yet fo as to ftand rarer in their 
«' pores than in free fpaces, and fo much the rarer, as their pores are lefs. And this I fup-
«' pofe (with others) to be the caufe, why light incident on thofe bodies is refradled towards 
" the perpendicular ; why two well polilhed metals cohere in a receiver exhaufted of a ir ; 
" why S ftands fometimes up to the top of a glafs pipe, though much higher than 30 inches; 
" and one of the main caufes, why the parts of all bodies cohere; alfo the caufe of filtration, 
" and of the rifingof water infmall glafs pipes above the furface of the ftagnating water they 
" are dipped into: for I fufpeft the Ether may ftand rarer, not only in the infenfible pores of 
" bodies, but even in the very fenfible cavities of thofe pipes. And the fame principle may 
«' caufe menftruums to pervade with violence the pores of the bodies they diffolve, the fur-
" rounding aether, as well as the atmoiphere, prefling them together. 

" 3. I fuppofe the rarer aether within bodies, and the denfer without them, not to be ter-
" minated in a mathematical fuperficies, but to grow gradually into one another; the ex-
" ternal aether beginning to grow rarer, and the internal to grow denfer, at fome little 
" diftance from the fuperficies of the body, and running through all intermediate degrees of 
«• denfity in the intermediate fpaces: And this may be the caufe, why light, in GrimaUo's 
«' experiment, palling by the edge of a knife, or other opake body, is turned afide, and as 
" it were refraited, and by that refraftion makes feveral colours. Let A B C D be % denfe 
" body, whether opake, or tranfparent, E F G H the outfide 
" of the uniform aether, which is within it, I Κ L Μ the infide 
" of the uniform sether, which is without i t ; and conceive the 
" sether, which is between E F G H and I Κ L M, to run 
" through all intermediate degrees of denfity between that of 
" the two uniform aethers on either fide. This being fuppofed, 
" the rays of the fun S B , S K , which pafs by the edge of this 
" body between Β and K , ought in their paflage through 
" the unequally denfe aether there, to receive a ply from 
" the denfer aether, which is on that fide towards K , and that 
" the more, by how much they pafs nearer to the body, and 
" thereby to be fcattered through the fpace Ρ Q R S T , as by 
" experience they are found to be. Now the fpace between the limits E F G H and I K L M 
" I lhall call the fpace of the aether's graduated rarity. 

" 4. When two bodies moving towards one another come near together, I fuppofe the 
" » h e r between them to grow rarer than before, and the fpaces of its graduated rarity to 
«' extend further from the fuperficies of the bodies to-
" wards one another; and this, by reafon, that the aether 
" cannot move and play up and down fo freely in the 
" ftrait palTage between the bodies, as it could before 
" they came fo near together. Thus, if the fpace of 
" the aether's graduated rarity reach from the body 
" A B C D F E only to the diftance G H L M R S , when 
" no other body is near it, yet may it reach farther, as 
" to I K , when another body N O P Q a p p r o a c h e s : and 
" as the other body approaches more and more, I fuppofe 
" the zther between them will grow rarer and rarer. 
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" THESE fuppofitions I have fo defcribed, as i f I thought the (paces o f graduated aether 

" had precife J imits, as is expreffed at I K L M 111 the firft figure, and G M R S in the 
" f econd: for thus I thought I could better exprefs m y felf. But really I do not think they 
«' have fuch precife limits, but rather decay infenfibly, and, in f o decay ing , extend to a much 
" greater diftance, than can eafi ly be believed, or need be fuppofed . 

" 5 . N o w f r o m the fourth fuppofit ion it follows, that when two bodies approaching one 
«' another, come fo near together, as to make the sether between them begin to rarefy , they 
·« wi l l begin to have a reluftance f rom being brought nearer together, and an endeavour to 
" recede f rom one another : which reluftance and endeavour wil l encreafe, as they come 
" nearer together, becaufe thereby they caufe the interjacent x t h e r to rarefy more and more. 
" B u t at length, when they come f o near together, that the excefs o f preffure of the exter-
" nal aether, which furrounds the bodies, above that of the rarefied aether, which is between 
" them, i s f o great , as to overcome the reluitance, which the bodies have f rom being brought 
" t o g e t h e r ; then will that excefs o f preffure drive them with violence together, and make 
" them adhere ftrongly to one another, as was faid in the fecond fuppofition. F o r in (lance, 
" in the fecond figure, when the bodies E D and Ν Ρ are fo near together, that the fpaces 
" of the aether's graduated rarity begin to reach to one another, and meet in the line I K ; 
" the sether between them will have fuffered much rarefai l ion, which rarefaftion requires 
" much force, that is, much pref i ing of the bodies together: and the endeavour, which the 
«' aether between them has to return to its former natural ftate o f condenfation, will caufe the 
" bodies to have an endeavour of receding f r o m one another. But on the other hand, to 
" counterpoife this endeavour, there will not yet be any excefs o f denfity of the Ether , which 
· ' furrounds the bodies, above that of the aether, which is between them at the line I K . But 
" if the bodies come nearer together, fo as to make the asther in the mid-way-line I Κ g r o w 
" rarer than the furrounding a:ther, there wil l arife f rom the excefs of denfity of the fur-
" rounding iether a compreffure of the bodies towards one another : which when by the 
" nearer approach of the bodies it becomes fo great , as to overcome the aforefaid endeavour 
" the bodies have to recede f rom one another, they will then g o towards one another, and 
«' adhere together. A n d , on the contrary, if any power force them afunder to that diltance, 
" where the endeavour to recede begins to overcome the endeavour to accede, they will again 
" leap f rom one another, N o w hence I conceive it is chief ly , that a fly walks on water 
«' without wett ing her feet , and confequently without touching the w a t e r ; that two polifhed 
«' pieces of glafs are not without preffure brought to con tai l , no, not though the one be plain, 
«« the other a little c o n v e x ; that the particles of duft cannot by prefi ing be made to cohere, 
" as they would d o , if they did but fu l ly touch ; that the particles o f t inging fubftances and 
«< falts di f folved in water do not o f their own accord concrete and fall to the bottom, but 
«' d i f fu fe themfelves all over the l iquor, and expand ftill more, if you add more liquor to 
" them. A l f o , that the particles of vapours, exhalations, and air, do ftand at a diftance f r o m 
" one another, and endeavour to recede as far f r o m one another, as the preffure of the in-
" cumbent atmofphere will let t h e m : for I conceive the confufed mafs of vapours, air, and 
" exhalations, which we call the atmofphere, to be nothing elfe but the particles of all forts 
« ' o f bodies, of which the earth confifts, feparated f rom one another, and kept at a diftance, 
" b y the faid principle. 

" FROM thefe principles the a&ions of menftruums upon bodies may be thus explained. 
" Suppofe any t inging body, as cochineal, or logwood, be put into w a t e r ; fo foon as the 
" water finks into its pores and wets on all fides any particle, which adheres to the body 
«· only b y the principle in the fecond fuppofit ion, it takes o f f , or at lead much diminilhes 
" the eff icacy of that principle to hold the particle to the body , becaufe it makes the E t h e r 
«' on all fides the particle to be o f a more uni form denfity than before. A n d then the particle 
" being fhaken o f f , by any little motion, floats in the water, and wi th many fuch others makes 
" a t i n i l u r e ; which tiniture will be of f o m e l iyely colour, if the particles be all o f the 
«· fame fize and d e n f i t y ; otherwife o f a dirty one. F o r the colours of all natural bodies 
«' whatever feem to depend on nothing but the various fizes and denfities o f their part ic les ; 
· ' as I think you have feen defcribed by me more at large in another paper. I f the particles 
«· be very fmal l (as are thofe of falts, vitriols, and gums) they are transparent; and as they 
«' are fuppofed bigger and b i g g e r , they put on thefe colours in order, black, white, ye l low, 
" red ; v iolet , blue, pale green, ye l low, orange, red ; purple , blue, green, ye l low, orange, 
«· red, ÜV. as is difcerned by the colours, which appear at the feveral thickneffes of very thin 
«' plates o f tranfparent bodies. W h e n c e , to k n o w the caufes o f the changes of colours, 
· ' which are often made by the mixtures of feveral l iquors, it is to be confidered, how the 
" particles of any tinfture may have their fize or denfity altered by the infufion o f another 
" l iquor. 

" W H I N any metal is put into common water, the water cannot enter into its pores, to a f t 
«· on it and di f folve it. N o t that water confifts o f too grofs parts for this purpofc, but be-
f caufe it is unfociable to metal. F o r there is a certain fecret principle in nature, by which 
" liquors are fociable to fome things, and unfociable to others. T h u s water wil l not mix 
«' with oi l , but readily with fpir i t o f wine, or wi th falts. I t finks alfo into wood, which 
«' quickf i lver will n o t ; but quickf i lver finks into metals, which , as I faid, water will not. 
« S o aqua fortis di f folves ® , not Θ , aqua regis O , not S , ÜV. But a liquor, which is of itfelf 
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unfociable to a body, may, by the mixture of a convenient mediator, be made fociable. 
So molten lead, which alone will not mix with copper, or with regulus of Mars, by the 
addition of tin is made to mix with either. And water, by the mediation of faline 
fpirits, will mix with metal. Now when any metal is put in water impregnated with 
fuch fpirits, as into aqua fortis, aqua regis, fpirit of vitriol, or the like, the particles of 
the fpirits, as they, in floating in the water, ftrike on the metal, will by their fociableneis 
enter into its pores, and gather round its outfide particles, and, by advantage of the con-
tinual tremor the particles of the metal are in, hitch themfelves in by degrees between 
thofe particles and the body, and loofen them from it ·, and the water entering into the 
pores together with the faline fpirits, the particles of the metal will be thereby ftill more 
loofed, fo as, by that motion the folution puts them into, to be eafily fhaken off, and 
made to float in the water: the faline particles ftill encompafling the metallic 
ones as a coat or (hell does a kernel, after the manner expreffed in the annexed 
figure. In which figure I have made the particles round, though they may be 
cubical, or of any other lhape. 
" If into a folution of metal thus made be poured a liquor, abounding with particles, 
to which the former faline particles are more fociable than to the particles of the metal 
(fuppofe with particles of fait of tartar) then fo foon as they ftrike on one another in the 
liquor, the faline particles will adhere to thofe more firmly than to the metalline ones, 
and by degrees be wrought off from thofe to enclofe thefe. Suppofe A a metalline particle, 
encloied with faline ones of fpirit of nitre, Ε a particle of fait of tartar, 
contiguous to two of the particles of fpirit of nitre b and c, and fuppofe 
the particle Ε is impelled by any motion towards d, fo as to roll about the 
particle c, till it touch the particle d, the particle b adhering more firmly to 
Ε than to A, will be forced off from A. And by the fame means the particle 
E , as it rolls about A, will tear off the reft of the faline particles from A, one 
after another, till it has got them all, or almoft all, about itfelf. And when 
the metallic particles are thus diverted of the nitrous ones, which, as a mediator between 
them and the water, held them floating in i t ; the alcalizate ones crouding for the room the 
metallic ones took up before, will prefs thefe towards one another, and make them come 
more eafily together: fo that by the motion they continually have in the water, they fhall 
be made to ftrike on one another, and then, by means of the principle in the fecond fup-
pofition, they will cohere and grow into clutters, and fall down by their weight to the bot-
tom, which is called precipitation. 

" IN the folution of metals, when a particle is loofing from the body, fo foon as it gets 
to that diftance from it, where the principle of receding defcribed in the fourth and fifth 
fuppofitions begins to overcome the principle of acceding, defcribed in the fecond fuppofi-
tion, the receding of the particle will be thereby accelerated ; fo that the particle (hall as 
it were with violence leap from the body, and putting the liquor into a brifk agitation, 
beget and promote that heat we often find to be caufed in folutions of metals. And if 
any particle happen to leap off thus from the body, before it be furrounded with water, 
or to leap off with that fmartnefs, as to get loofe from the water ; the water, by the prin-
ciple in the fourth and fifth fuppofitions, will be kept off from the particle, and ftand 
round about it, like a fpherically hollow arch, not being able to come to a full contaft 
with it any more. And feveral of thefe particles afterwards gathering into a duller, fo as 
by the fame principle to ftand at a diftance from one another, without any water between 
them, will compofe a bubble. Whence I fuppofe it is, that in brilk folutions there ufually 
happens an ebullition. 
" THIS is one way of tranfmuting grofs compaft fubftances into aereal ones. Another 
way is, by heat. For as fall as the motion of heat can (hake off the particles of water 
from the furface of it, thofe particles, by the faid principle, will float up and down in the 
air, at a diftance both from one another, and from the particles of air, and make that fub-
ftance we call vapour. Thus I fuppofe it is, when the particles of a body are very fmall 
(as I fuppofe thofe of water are) fo that the aftion of heat alone may be fuflicient to 
ihake them afunder. But if the particles be much larger, they then require the greater 
force of diffolving menftruums, to feparate them, unlefs by any means the particles can 
be firft broken into fmaller ones. For the moft fixed bodies, even gold itfelf, fome have 
faid will become volatile, only by breaking their parts fmaller. Thus may the volatility 
and fixednefs of bodies depend on the different fizes of their parts. 
" AND on the fame difference of fize may depend the more or lefs permanency of aereal 
fubftances, in their ftate of rarefailion. T o underftand this, let us 
fuppofe A B C D to be a large piece of any metal, E F G H t h e Ϊ 
limit of the interior uniform sether, and Κ a part of the metal a t j 
the fuperficies AB. If this part or particle Κ be fo little, that i t I 
reaches not to the limit E F , it is plain, that the iether at its c e n t r e | 
muft be lefs rare, than if the particle were greater; for were i t ! 
greater, its centre would be further from the fuperficies A B, that £ 
is, in a place, where the » h e r (by fuppofition) is rarer. The lefs the particle Κ therefore, 
the denier the irther at its centre, becaufe its centre comes nearer to the edge A B, where 

2 the 
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" the aether is denfer than within the limit Ε F G H . And if the particle were divided from 
" the body, and removed to a diftance from it, where the iether is ftill denfer, the sedier 
" within it mult proportionally grow denfer. I f you confider this, you may apprehend, 
44 how by diminilhing the particle, the rarity of the' aether within it will be diminilhed, till 
" between the denfity of the arther without, and the denfity of the aether within it, there be 
" little difference; that is, till the caufe be almoft taken away, which fhould keep this and 
" other fuch particles at a diftance from one another. For that caufe, explained in the fourth 
" and fifth fuppofitions, was the excefs of denfity of the external sether above that of the 
" internal. This may be the reafon then, why the fmall particles of vapours eafily come to-
44 gether, and are reduced back into water, unlefs the heat, which keeps them in agitation, be 
** fo great as to difllpate them as fall as they come together: but the grofler particles of ex-
" halations raifed by fermentation keep their aerial form more obftinately, becaufe the aether 
44 within them is rarer. 

" NOR does the lize only, but the denfity of the particles alfo, conduce to the permanency 
" of aerial fubftances. For the excefs of denfity of the aether without fuch particles above 
" that of the aether within them is ftill greater. Which has made me fometimes think, 
44 that the true permanent air may be of a metallic original ι the particles of no fubftances 
· ' being more denfe than thofe of metals. This , I think, is alfo favoured by experience, for I 
44 remember I once read in the Philofophical Tranfaftions, how M . Huygtns at Paris found, 
" that the air made by dilTolving fait of tartar would in two or three days time condenfe 
" and fall down again, but the air made by dilTolving a metal continued without con-
44 denfing or relenting in the leaft. If you confider then, how by the continual fermentations 
" made in the bowels of the earth there are aerial fubftances raifed out of all kinds of bodies, 
*' all which together make the atmofphere, and that of all thefe the metallic are the moft 
44 permanent, you will not, perhaps, think it abfurd, that the moft permanent part of the 
" atmofphere, which is the true air, Ihould be conftituted of thefe; cfpecially fince they are 
44 the heavieft of all other, and fo muft fublide to the lower parts of the atmofphere, and 
" float upon the furface of the earth, and buoy up the lighter exhalation and vapours to float 
" in greateft plenty above them. Thus, I fay, it ought to be with the metallic exhalations 
" raifed in the bowels of the earth by the aft ion of acid menftruums, and thus it is with 
44 the true permanent a i r ; for this, as in reafon it ought to be efteemed the moft pon-
41 derous part of the atmofphere, becaufe the loweft, fo it betrays its ponderofity, by mak-
44 ing vapours afcend readily in it, by fuftaining mills and clouds of fnow, and by buoying 
44 up grofs and ponderous fmoke. T h e air alfo is the moft grofs unaftive part of the at-
44 mofphere, affording living things no r.ourilliment, if deprived of the more tender exha-
41 lations and fpirits, that float in i t : and what more unaftive and remote from nourilhment 
44 than metallic bodies ? 

41 I SHALL fet down one conjecture more, which came into my mind now as I was writ-
44 ing this letter. It is about the caufe of gravity. For this end I will fuppofe aether to 
44 conflft of parts differing from one another in fubtilty by indefinite degrees: that in the 
44 pores of bodies there is lefs of the grofler sether, in proportion to the finer, than in open 
44 fpaces ι and confequently, that in the great body of the earth there is much lefs of the 
44 grofler aether, in proportion to the finer, than in the regions of the a i r : and that yet the 
44 grofler aether in the air affe£ts the upper regions of the earth, and the finer iEther in the 
44 earth the lower regions of the air, in fuch a manner, that from the top of the air to the 
44 furface of the earth, and again from the furface of the earth to the centre thereof, the 
44 aether is infenfibly finer and finer. Imagine now any body fufpended in the air, or lying 
44 on the earth: and the aether being by the hypothefis grofler in the pores, which are in the 
44 upper parts of the body, than in thofe which are in its lower parts, and that grofler sether 
44 being lefs apt to be lodged in thofe pores, than the finer aether below, it will endeavour to 
44 get out and give way to the finer aether below, which cannot be without the bodies 
44 defcending to make room above for it to go out into. 

44 FROM this fuppofed gradual fubtilty of the parts of aether fome things above might 
44 be further illuftrated, and made more intelligible ·, but by what has been faid, you will 
4 1 eafily difcern, whether in thefe conjeftures there be any degree of probability, which is all 
44 I aim at. For my own part, I have fo little fancy to things of this nature, that, had not 
44 your encouragement moved me to it, I Ihould never, I think, have thus far fet pen to 
" paper about them. What is amifs therefore, I hope, you will the more eafily pardon in 

Cnairidgt, Feb. 18, 1678-9. «« Y o u r m o f t humble fervant, 

44 and honourer, 

u ISAAC NIWTOM. 

THIS letter o f our incomparable Newton may perhaps receive fome illuftration from ano-
ther % which he wrote a few years before to M r . Oldenburg, and was as follows. 

VOL. V. 
' In the pofleflion of William Jean, Efq. 

t • ' S I R , 
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" S I R , 

" Τ R E C E I V E D both yours, and thank you for your care in difpofmg thofe things be-
«' I twecn me and Mr. Linus. I fuppofe his friends cannot blame you at all for printing his 
" firft letter, it being written, I believe, for that end, and they never complaining of the 
" printing of that, but of the not printing that, which followed, which I take myfelf to 
" nave been per accident the occafion of, by refuting to anfwer him. And though I think I 
" may truly fay, I was very little concerned about it, yet I mull look upon it as the refult of 
" your kindnefs to me, that you was unwilling to print it without an anfwer. 

" As to the paper of Obfervations, which you move in the name of the Society to have 
" printed, I cannot but return them my hearty thanks for the kind acceptance they meet 
" with there, and know not how to deny any thing, which they defire ihould be done. 
« Only I think it will be beft to fufpend the printing of them for a while, becaufe I have 
" fome thoughts of writing fuch another fet of Obfervations for determining the manner of 
" the produftions of colours by the prifm, which, if done at all, ought to precede that now 
" in your hands, and will do beft to be joined with it. But this I cannot do prefently, by 
" reafon of fome incumbrances lately put upon me by fome friends, and fome other bufinefs 
" of my own, which at prefent almoft take up my time and thoughts. 

" THE additions, that I intended, I t h i n k l m u i l , after putting you to fo long expeflations, 
" difappoint you in ; for it puzzles me how to conneil them with what I fent you ; and if I 
" had thofe papers, yet I doubt the things I intended will not come in fo freely as I thought 
" they might have done. I could fend them defcribed without dependance on thofe papers \ 
" but I fear I have already troubled your Society and yourfelf too much with my fcribbling, 
" and fo fuppofe it may do better to defer them till another feafon. I have therefore at 
· ' prefent only fent you two or three alterations, though not o f fo great moment, that I need 
" have (laid you for them ; and they are thefe: 

" W H E R E I fay, that the frame of nature may be nothing but ather condenfed by afermental 
" principle, inftead of thefe words write, that it may be nothing but various contextures of 
" fome certain Etherial fpirits or vapours condenfed, as it were, by precipitation, much af-
" ter the manner, that vapours are condenfed into water, or exhalations into großer fub-
" ttances, though not fo eafily condenfable ; and after condenfation wrought into various 
" forms, at firft by the immediate hand of the Creator, and ever fince by the power of na-
" ture, who, by virtue of the command, Increafe and multiply, became a complete imitator of 
" the copies fet her by the Protoplaft. Thus perhaps may all things be originated from 
« ;ether, Cäc. 

A L I T T L E after, when I fay, the setherial fpirit may be condenfed in fermenting or burning 
" bodies, or otherwife infpijfated in tbe pores of the earth to a tender matter, which may be, as it 
·' were, the fuccus nutritius of the earth, or primary fubftance, out of which things generable 
" grow: inftead of this you may write, that that fpirit may be condenfed in fermenting or 
" burning bodies, orotherwife coagulated in the pores of the earth and water into fome kind 
" of humid adtive matter, for the continual ufes of nature, adhering to the fides of thofe 
" pores after the manner, that vapours condenfe on the fides of a veifel. 

" IK the fame paragraph there is, I think, a parenthefis, in which I mention volatile falt-
" petre. Pray ftrike out that parenthefis, left it ihould give offence to fomebody. 

" Alfo where I relate the experiment of little papers made to move varioufly with a glafs 
" rubbed, I would have all that llruck out, which follows about trying the experiment with 
" leaf-gold. 

" SIR, 1 am interrupted by a vifit, and fo molt in hafte break off. 

" Yours 
Jan. 25, 1675-6. « Is. N E W T O N . " 

BUT to return to Mr. Boyle, in the year 1680, he gave the world the following trails, viz. 
The Aerial NoSliluca: or fome new Phenomena, and a procefs of a factitious felf-ßining fubßance; 
London, in 8vo. Λ new Lamp, printed in Mr. Hooke's Philosophical ColleSions, No. II. p. 
33. and Divers Experiments and Notes about the produciblenefs of chemical Principles, fubjoined 
to the fecond edition of his Sceptical Chemiß, at Oxford 1680, in 8vo. 

THE Royal Society, of which he had been fo long one of the greateft ornaments, now 
thought proper at their annual eledlion on St. Andrew's day, November 30, this year, to 
choofe him for their prefident. But after a mature confideration he excufed himfelf from ac-
cepting that poll, for reafons, which (hew his extreme tendernefs and delicacy in all matters of 
confcience, and were reprefented by him in the following letter to Mr. Hooke. 

" Pall-Mall, Dec. 18, 1680. 
S I R , 

" Γ Τ Λ H O U G H fince I laft faw you, I met with a lawyer, who has been a member of fe-
" veral parliaments, and found him of the fame opinion with my council in reference 
" to the obligation to take the teil and oaths you and I difcourfed of > yet not content with 

«· this, 
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D Ε 

N A T U R A A C I D O R U M . 

Is. Newton. 1692. 

ACidorum particula funt Aqueis Craffiores, & propterea minus Volatilts, at Terreßribus 
multo fubtiliores & propterea multo minus fixte. Vi magna Attrailiva poüent, & in 

bac vi conßßtt earum ABi-vitas, qua & Corpora dißolvunt & Organa Smfuum agitant & pun-
gunt. Media funt Natura inter Aquam & Corpora, & XJtraejue attrabunt. Per vim fuamat-
trallivam congregantur circum particulas corporum feu Lapideas feu Metallicas iifq; undiq·, ad-
barent arSiffime, ut ab iifdem aeinceps per Dißillationem vel Sublimationem vix pojjint feparari, 
Attra&a vero & undique congregata, elevant, diijungunt & difcutiunt particular corporum ab 
invicem, id elf corpora dißolvunt ;df per vimAttrailionis qua ruunt in particulas commoventfiui-
Jum ό' ßc calorem excitant, particulafq; nonnullas adeo difcutiunt ut in Aerem convertant & 

fic Bullas gener an t. Et bac eit Ratio Dißolutioms & Fermentationis j Acidum vero attrabendo 
Aquam aque ac Terram efficit ut particula dißoluta prompte mifceantur cum Aqua eique innatent 
ad modum falium. Et quem admodum Globus Terra per vim Gravitatit attrabendo aquam fortius 
quam Corpora leviora, efficit ut leviora afcendant in Aqua, & fugiant de Terra, Sic parti-
cula Salium attrabendo Aquam fugant fe mutu 'o & ab invicem quam maxime recedendo, per 
Aquam totam expanduntur. 

Particula Salts Alkali ex Terreis 0" Addis fimiliter XJnitis conßant; fed ba Acida vi 
maxim» AttraStiva poüent ut per ignem non feparentur a Salt j utq; Met alia dißoluta praci-
fitant attrabendo ab ipßs particulas Acidas quibus diffolvebantur. 

Si particula Acida in minttri proporttone cum Terreßribus jungantur, ba tarn arile retinentur a 
Terreßribus, ut ab its fupprimi ac occultari videantur. Neq· enim fenfumjam puvgunt neqj 
attrabunt aquam, fed corpora dukia&qua cum aqua agre mifcentur, boc til· pinguia^ compo-
nunt; ut fit in Mercurio dulci, Sulpbure communi, Luna Cornea & Cupro quod Mercurius 
Snblimatus corrofit. ^b Acidi vero fic fuppreßi vi attrattivi fit ut pmguia Corporibus prope 
Univerfis adbareant & fiammam facile concipiant,fi modo Acidum calefa&um inveniat alia Cor-
pora in fumo accenforum qua fortius attrabat quam propria. Sed & Acidum in Sulpbureis fup-
prejfum forfiut attrabendo particulas aliorum Corporum (fcilicet Terreas) quam proprias, Fer-
mentationem lentam 0" Naturalem ciet 0" fovet ufq± ad PutrefaSionem Compoßti. 

Sua Putrefaitio fita eit in eo quod Acidi Fermentationem diu foventes tandem in interßitia 
minima & prima: Compofitionis partes interjacentia fefe inßnuant, intimeq·, its partibui Unita 
mixtimem Novam efficiunt non amovendam nec cum priore commutandam. 

Cogitationes Varia: ejufdem. 

Flamma eß Fumus Candens; differtque α Fumo ut Ferrum rubensab ignito fed non rubente. 
Calor eil Agitatio Partium quaqua verfum. 
Nihil eß abfojute quiefcens fecundum partes fuas & ideo frigidum, prater atomos, vacui fci-

licet expertes. 
Terra augetur, Aqua in earn conversa, & omnia in aquam [vi ignis] reduci poßunt. 
Nitrum abit dißiuatione magnam partem in Spiritum Acidum, relitt α terra, quia Acidum 

Nitri attrabit Phlegma j & idcirco fimul afcendunt conßituuntq; Spiritum: at Ni(rttm Carbone 
accenfum magnam partem abit in Sal Tartari, quia ignis eo modo applicatus partes Acidi & 
Terra in fefe impingit fort'tufq·, unit. 

Spiritus ardentes funt Olea cum Pblegmate per Fermentationem Unita. 
Tinitura Cocbinella cum Spiritu Vini fatta in aqua magnam molem immiffa, parva licet 

doßfotam aquam inficit: Sc. quia particuU Cocbinella magis attrahuntur ab aqua quam Λ fe mutuo. 
Aqua non habet magnum vim diflolvendi quia pauco Acido gaudet. Acidum enim dicirrus 

quod multum attrabit attrabitur, videmus nea-.pe ea cux in aqua folvuntur lente 0" fine 
Effervefcentia folvi, at ubi eß attraflio fortis (3 particuU menßrui undiq·, attrahuntur α par-
ticula Metalli, vel potim particula metalli undif, attrabitur a particulis menßrui, ba illam abri-
piunt & circumfißunt, boc eß Metallum corrodunt: Ha eadem particula fenforio applicata ejus 
partes eodem modo iivellunt doloremq· inferunt; a quo Acida itppellanturyreli£la jcilicet terra Sub-
tili cui adjjarebant ob majorem attrallionem ad liquidum lingua, &c. 

In 
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In omui Solutione per Menftruum particula fofaenda migts attrahuntur apartibus Menftrui 

quam a fe muluo 
In omni Ferrr.enta'iane eft Acidum fuppreffum quod coagulat pracipitando. 
Oleum cum nimis magna molepblegmatis intime mixtum, fit Salinum quiddam & fic tectum 

conftiluit, hie etiam Tartari feu Terra admifta habenda ejt ratio. 
Mercy,Tins attrabitur id eft corrodttur ab Acidu (3 ficut pondere ObftruS'tones tollit it α vi at-

traärice Acida infringit. 
Mercariu eft Volattlis & facile elevatur calorequia ejus particuU ultima: Compof i t ion i s font 

parva Ο-facile feparantur Jeparataq; fefe fugant ·, ut fit inparticulis Vaporis, ßuidorumq- rarefa-
Üor urn. 

Aqua comprimi non poteft quia ejus particula jamjam fe tangunt. Et fi ft tangerent parti-
cuht Aeris (nam Aer comprimi poteft, quia ipfins particuL· nondum fe tangunt) Aer evadentt in 
Marmor. Seq.ex Prop. 2 5 . Lib. 2. Trine. Pbilofopb. 

Jurum particulas'babet fe mutuo trabentes; minimarum fummx vocentur p n m x C o m p o f i -
tionis, harum fummarum fumma fecundse Compofitionis, &c. 

Poteji Mercurius, poteft Aqua Regia poros fervadere, qui particular ultima: Coropoi i t ionis 
interjacent at non alios. 

Si poßet Menftruum alios Hits pervadere vel fi auri partes p r i m ® & fecundae Compofic ionis 
poffent feparari fieret Aurum, vel Fluidum, velfaltem magis malleabile. Si Ai&n fermentefcere 
poffet in aliud quodvis corpus poffet transformari. 

Vifcid tat eft vel folum Jefettus ftuiditatis, qua fit a eft in partium parvitate & feparabilitate 
(intellige partes ultima Compofitionis) vel defeifus lubricilatit feu lavioris partes unius fupra aliat 
labi impediens. Hujut vifciditatie Aeidum fape taufa eft · fape Spiritus alius lubricns_ terra 
junilus, ut oleum Terebintbina capiti fuo Mortuo redditum fit tenax. 

Ratio cur Charta Oleo in im8a Tranfitum Oleo tun Aqua concedat eft quia Aqua Oleo non mif-
cetur fed fugatur ah CO. 

Cum Adda partes, minores fdlicet, aliquid diffolvunt, id faciunt, quia partim rei folvenda in-
ehdunt vndiq; utpote Majorem quäl bet Aeidi partium. 

Some Thoughts about ^ N a t u r e of A c i d s ; 

By Sir I s a a c N e w t o n . 

ΤΗ Ε Particles of Acids are of a Size groffer than thofe of Water, and therefore 
lefs volatile; but much fmaller than thofe of Earth, and therefore much lefs 

fix'd than they. They are endued with a great Attractive Force; in which Force 
their Activity confifts; and thereby alfo they affeft and ftimulate the Organ of Tafte, 
and diflolve fuch Bodies as they can come at. They are of a middle Nature between 
Water and Terreftrial Bodies, and attraft the Particles of both. 

By this Attractive Force they get about the Particles of Bodies, whether they be 
ofS-metallick or ftony Nature, and adhere to them moft clofely on all fides; fothat 
they can fcarce be feparated from them by Diftillation or Sublimation. When they 
are actrafted and gather'd together about the Particles of Bodies, they raife, disjoyn 
and (hake them one from another; that is, they diflolve thofe Bodies. 

By their Attractive Force alfo, by which they ruih towards the Particles of Bodies, 
they move the Fluid, and excite Heat; and they ihake afunder fome Particles, fo 
much as to turn them into Air, and generate Bubbles: And this is the Reafon of Dif-
folution, and all violent Fermentation ; and in all Fermentation there is an Acid 
latent or üpprefs'd, which coagulates in Precipitation. 

Acids alfo, by attracting Water as much as they do the Particles of Bodies, occafion 
that the diffolved Particles do readily mingle with Water, or fwim or float in k j af-
ter the manner of Salts. 

And as this Globe of Earth, by the Force of Gravity, attracting Water more 
ftrongly than it doth lighter Bodies, caufes thofe lighter Bodies to afcend in the Wa-
ter, and to go upwards from the Earth : So the Particles of Salts, by attraÄing the 
Water, do mutually avoid and recede from one another as far as they can, and fo 
are diffufed throughout the whole Water. 

The Particles of Sal Alkali, do confift of Earthy and Acid iftiited together,, after the 
fame manner : But thefe Acids have fo great an Attractive Force, that they can't be 
feparated from the Salt by F i re ; they do alfo precipitate the Particles of Metals 

diifolv'd 



2 5 8 NEWTON: ON THE NATURE OF ACIDS 

I Ν TRODÜC Τ I 0 Ν. 
diffolv'd in Menfirua, by attrafting from them the Acid Particles, which before had 
diffolved them, and kept them fulpended in the Menftruum. 

If thefe Acid Particles be joyn'd with Earthy ones, in but a fmall Quantity, they 
are fo clofely retain'd by them, as to be quite fupprefs'd and hidden as it were by 
them · fo that they neither ftimulate the Organ of Senfe, nor attraft Water, but 
compofe Bodies which are not Acid, i. t. Fat and Fufible Bodies, fuch as are Merck-
rius dxlcis, Common Brimßone, Luna Cornta, and Copper corroded by Mercury Sublimate. 

From the Attractive Force in thefe Acid Particles thus fupprefs'd, arifes that uni-
verfal Property of almoft all Fat Bodies, that they adhere or nick to others, and are 
eafily inflammable, if the heated Acid Particles ipeet with other Particles of Bodies 
in Fume, which the Acid attrafts more ftrongly, than it doth the Particles to which 
it ii united. And thus the Acid that lies fupprefs'd in fulphureous Bodies, by more 
ftrongly attrafting the Particles of other Bodies ("Earthy ones for Inftance) than its 
own promotes a gentle Fermentation, produces and cherilhes Natural Heat, and 
carries it on fo far lometimes, as to the Putrefaftion of the Compound : Which Pu-
trefaftion arifes hence, That the Acid Particles which have a long while kept up the 
Fermentation, do at long run infinuate themfelves into the leaft Interftices that lie 
between the Particles of the firfi Compofieion, and fo intimately uniting with thofe 
veryPart icl^j βο produce a new Mixture or Compound, which cannot fallback 
again into the fame Form. 

Note, The Paper hitherto defcrWd, feems to haDe been a continued Difcourfe 5 
but what follows are Jhort Minutes of Thoughts relating to the fame Subjeft. 

Nitre in Diftillation, leaving its Earthy Part behind, turns moft of it into an Acid 
Spirit · becaufe the Acid of the Nitre attrafts the Phlegm, and therefore they afcend 
together, and conftitute a Spirit. But Nitre, kindled with a Coal, turns chiefly 
into a Salt of Tartar j becauie the Fire applied this Way, drives the Acid and Earthy 
Parts towards, and makes them impinge on, and more ftrongly unite one with 

^ T h ^ R e a f o n why Water hath no great diffolving Force, is, becaufe there is but a 
fmall Quantity of Acid in i t : For whatever doth ftrongly attraft, and is ftrongly 
attrafted, may be call'd an Acid : And fuch things as are diffolv'd in Water, we fee, 
become fo, eafily, without any Effervefcence : But whe»e the Attraction is ftrong, 
and the Particles of the Menftruum are every where attrafted by thofe of the Metal, 
or rather, where the Particles of the Metal are every way attrafted by thofe of the 
Menftruum j then the Particles of the Menftruum environ thofe of the Metal, tear 
them to pieces, and diffolve it. 

So when thefe Acid Particles are applied to the Tongue, or to any excoriated Part 
of the Body, leaving the fubtile Earth in which they were before, they rufli into the 
liquid of the Senfory, tear and disjoint its Parts, and caufe a painful Senfation. 

Mercury is attrafted, and therefore corroded by Acids; and as it opens Obftru-
ftions by its great Weight; fo it breaks and obtunds the Power of Acids f in the Bo-
dy) by its attraftive Force. 

All Bodies have Particles which do mutually attract one another : The Summs of 
the leaft of which may be called Particles of the firjt Compofitim, and the Colle-
ftions or Aggregates arifing from the, Primary Summs ; or the Summs of thefe 
S u m m s m a y be call'd Particles of the fecond Compofitim, &c. 

Mercury and Aqua Regis can pervade thofe Pores of Gold or Tin, which lie be-
tween the Particles of its laft Compofition; but they can't get any further into i t ; 
for if any Menftruum could do that, or if the Particles of the firft, or perhaps of the 
fecond Compofition of Gold could be feparated ; that Metal might fe made to 
become a Fluid, or at leaft more foft. And if Gold could be brought once to fer-
ment and putrefie, it might be turn'd into any other Body whatfoever. 

Andfo of Tin , or any other Bodies j as common Nounfhment is tujn'd into the 
Bodies of Animals and Vegetables. 

Ν . B. Ί"be fmall Difference which there is between this Tranfiatim and the La t in above, 
was its being taken from another Copy a little different from this Lat in Taper. And hav-
ing been fupervifed and approved of by the llluftrions Author, I have not alter d itfmce. 
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Color um Vefcriptiones & figna. 

CAlor aeris hyberni ubi aqua incipit geltt 
rigefcere. Innotefcit hie calor accurate 

locando Thermometrum in nive comprefia 
quo tempore gelu folvitur. 

Calores aeris hyberni. 
Calores aeris verni 8ε autumnalis. 
Calores aeris ae ftivi. 
Calor aeris meridiani circa menfem Ju-

lium. 
Calor maxioms quem Thermometer ad con-

ta&wo 
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ta&utn corporis humani concipit. Idem 
citciter eft calor avis ova inc-übantis. 

Calof balnei prope maximus quem quis manu 
imtnerfa 8c conftanter agitata diutius per-
ferre poteft. I(km fere eft calor fanguinis 
recenseffufi. 

Calor balnei maximus quem qurs manu immerfa 
& immobili manente diutius perferre poteft. 

Calor balnei quo dera innatans 8c liquefa&a 
deferendo regiicit 8c diaphaneitatem 
amittit. 

Calor balnei quo cera innatans incalefcendo, 
liquefcit 8c in continue fluxu fine ebulliti-
one confervatur, 

Calor mediocris inter calores quo cera liquefcit 
8c aqua ebullit. 

Calor quo aqua vehementer ebullit 8c miftura 
duarum partium plumbi triu'm partium ftanni 
8c quinque-partium bifmuti defervendo rigef-
cit.incipit aqua ebullire -.alore partium 33 8c 
calorem partium plufquam 34 i ebulliendo 
v i x concipit. Ferrum vero defervefeens 
calore partium 35 vel 36, ubi aqua calida 
8c 37 ubi frigida in ipfum guttatim incidit, 
definit ebullitionem excitare. 

Calor minimus quo miftura unius partisPlumbi 
quatuor partium Stanni 8c quinque partium 
Bifmuti incalefcendo liquefcit, Sc in conti-
nuo fluxu confervatur. 

Calor minimus quo miftura iequalium partium 
ftanni 8c bifmuti liquefcit. Hsec miftura 
calore partium 47 defervendo coagulatur. 

Calor quo miftura duarum partium ftanni 8c 
unius partis bifmuti fünditur, ut 8c miftura 
triüm partium ftanni 8c duarum plumbi fed 
miftura quinq^ partium ftanni 8c duarum 

Ν η η η π a partium 
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partium bifmuti hoc calore deiervendo ri-
gefcit. Et idem facit miftura sequalium 
partium plumbi Sc bifmuti. 

^ Calor minimus quo miftura unius partis" bif-
muti 8c o&o partium ftanni fünditur. Sran-
num per.fe funditur calore partium 72 8c 
Deiervendo rigcfcit calore partium 70. 

Calor quo bifmutum funditur ut 8c miftura 
quatuor partium plumbi 8c unius partis 
ftanni. Sed miftura quinque partium plum-
bi 8c unius partis ftanni ubi fufa eft 8c de-
fervet in hoc calore rigefcit. 

Calor minimus quo plumbum funditur. Plum-
bum incaleicendo funditur calore partium 
96 vel 97 8c defervendo rigefcit calore pat" 
tium 95. 

Calor quo corpora igniia defervendo penitus 
defiuunt in tenebrisgpbdurnis lucere, 8c vi-
ciffim incalefcendo incipiunt in iifdem tene-
bris lucere fed luce tenuiffima quae fentiri 
vix poffit* Hoc calore liquefcit miftura 
aequalium partium Stanni 8c Reguli martis, 
8c miftura feptem partium bifmuti 8c qua-
tuor partium ejufdem Reguli defervendo 
rigefcit. 

Calor quo corpora ignita in tenebris nodhtrnis 
candent, in crepufculo vero neutiquam. 
Hoc calore tum miftura duarum partium re-
guli martis 8c unius partis Bifmuti Cum etiam 
miftura quinq; partium reguli martis 8c unius 
partis Stanni defervendo rigefcit. Regu-
lus per fe rigefcit calore partium 146. 

Calor quo corpora ignita in crepufculo pro-
xime ante ortum folis vel poft occafum ejus 
manifefto candent in clara vero diei luce 
neutiquam, aut non nifi perobfcure. 

Calor 
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1^2 5 |Calor prunarum in igne parvoculinari ex car-
bonibus ioffilibus bituminofis conftrufto & 
abfqj ufu folHum ardente. Idem eft calor 
ferri in tali igne quantum poteft candentis. 
Ignis parvi culinaris qui ex lignis conftat 
calor paulo major eft nempe partium 200 
vel 210. Et ignis magni major adhuc eft 
calor» praefertim Π follibus cieatur. 

In hujus Tabula: columna prima habentur gradus caloris 
in proportion e arithmetica computum inchoando a calore 
quo aqua incipit gelu rigefcere tanquam ab infimo caloris 
gradu feu commune termino caloris 8c frigoris,ik poiiendo 
caloretn externum corporis humani efle partium duodecim. 
In fecunda columna habentur gradus caloris in ratiouegeo-
metrieafic ut fecundus gradus fit duplo major primo,tertius 
item fecundo & quartus tertio, & primus fit calcr exter-
nals corporis humani fenfibus sequatus. Patet autem per 
hancTabulam quod calor aquae bullientis fit fere triplo ma-
jor quam calor corporis humani, & quod calor ftanni li-
quefcentis fit fextuplo major & calor plutnbi liquefcentis 
o&uplo major & calor Reguli liquefcentis duodecuplo ma-
jor & calor Ordinarius ignis culinaris fexdeeim vel feptetn» 
deeim vicibus major quam calor idem corporis humani. 

Conftru&a fuit haec Tabula ope Thermometri & ferri 
candentis. Per Thermometrum inveni menfuramcalorum 
omnium ufq^ ad caloretn quo ftannum funditur 8c per fer-
rum calefa&um inveni menfuram reli quorum. Nam calor 
quem ferrum calefa&um corporibus frigidis fibi contiguis 
dato tempore communiCat,hoceft calor quem ferrum dato 
tempore amittit eft ut calor totus ferri. Ideoq^ fi tempora 
refrigerii fumantur aequalia caloreseruntin ratione geome-
trica, & propterea per tabularn logarithmorum facile in-
veniri poiTunt. 

Primum igitur per Thermometrum ex o l e o l i n i c o n -
ftru&um inveni quod fi oleum ubi Thermometer in nive 
liquefcente locabatur occupabat fpatium partim 10000, 

idem 
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dem oleum calore primi gradus feu corporis humani rare-

faftum occupabat fpatium 10356 8c calore aqüae jamjafli 
ebullire incipientis fpatium 10705 8c calore aquae vehe-
menter ebullierrtis fpatium 10725 & calore ftanni lique-
fafti de fervientis ubi incipit rigefcere & confiftentiam 
amalgamentis induere fpatium 1 1 5 1 6 8 c ubi omnino ri-
gefcit fpatium 11496. Igitur oleum rarefafrum fui tac 
dilatatum in ratione 40 ad 39 per calorem corporis huma' 
ni, in ratione 15 ad 14 per calorem aquae bullientis, in 
ratione 15 ad 13 per calorem ftanni detervientis ubi inci-
pit coagulari 8c rigefcere 8c in r a t i o n e d ad 20 per calorem 
quo ftannutn deferviens omnio rigefcit. Rarefaftio aeris 
squali calore fuit decuplo major quam rarefa&io olei, 8c 
rarefafrio oleiquafi quindecim viribus major quam rara-
fa&io fpiritus vini. Et ex his inventis ponenao ealorei 
olei ipilus rarefaäioni proportionales 8c pro calore corporis 
humani fcribendo partes 12 prodijt calor aquae ubi incipit 
ebullire partium 33 -8c ubi vehementius ebullit partium 34 j 
8c calor ftanni ubi vel liquefcit vel defervienao incipit ri-
gefcere 8c confiftentiam amalgamates induere prodijt partis 
um 72, 8c ubi defervendo rigefcit 8c induratur partium 70. 

His cognitis ut reliqua inveftigarem calefeci förrtfm fatis 
craffum donee fatis canderet 8c ex igne cum torcipe etiam 
candente exemptumlocavi ftatimin loco frigido ubi ventus 
conftanter fpirabat 8c h u k imponendo particulas diverib-
rum metallorum 8c aliorum Corporum liquabilium notavi 
tempora refrigerij donee partieulae omnes amifla Huiditate 
rigefcerent 8c calor ferri sequaretur calori corporis humani. 
Deinde ponendo quod exceifus calörum ferri 8c particula-
rum rigefcenfiqm fupra calorem atmofphaerae Thermome-
tro inventum eiTent in progreffione geometrica ubi 
tempora funt in progreffione Arithmetica, CalofeS om-
nes innotucre. Löcavi autem ferrum, η on in aere Sfan-
quillo fed in vento uniformiter fpirante ut aer a ferro cale-
fa&us femper abriperetur a vento 8c aer frigidus in locum 
ejus üniforrai cum motu fuccederec. Sic enim aerie partes 
äquales aequa libus temporibus calefa&ae fttnt 8c calorem con-
ceperunt calori ferri proportionalem. Ca-
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Calores autem fie inventi eandem habuerunt rationem 

inter fe cum caloribus per Thermometrum inventis 8c prop-
tereararefaftiones olei ipfius caloribus proportionales effe 
rede affutnpfimus. 
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A Scale of the Degrees of Heat. N°270, p. 824. Translated from the Latin. 

Ο . . Ο . . The heat of the air in winter, when the water begins to freeze; 
and it is discovered exactly by placing the thermometer in com-
pressed snow, when it begins to thaw. 

0,1,2 . . Ο . . The heat of the air in winter. 
2,3,4 . . Ο . . The same in spring and autumn. 
4,5,6 . . Ο . . The same in summer. 

6 . . 0 . . Heat of the air at noon about the month of July. 
12 . . 1 . . Greatest heat the thermometer received on the contact of a 

man's body, as also that of a bird hatching her eggs. 
14-V· · I t · · Almost the greatest heat of a bath, which a man can bear by 

moving his hand in it for some time ; also that of blood newly 
drawn. 

17 . . 1 J . . Greatest degree of heat of a bath, which a man can bear for 
some time without stirring his hand in it. 
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20tV. . I t · · Heat of a bath, by which melted wax swimming on it by cooling 
hardens and loses its transparency. 

24 . . 2 . . Heat of a bath, by which wax swimming on it is melted by grow-
ing hot, and kept in continual fusion without ebullition. 

2 8 τ
β

τ · . 2 γ . . Mean heat between that by which wax melts and water boils. 
34 . . 2-J-.. Heat by which water has a strong ebullition, and a mixture of 

two parts of lead, three of tin, and five of bismuth, by cool-
ing hardens; water begins to boil with a degree of heat of 
33 parts, and by boiling scarcely acquires any greater degree 
than that of 34-J.; but iron growing cold with the heat of 
35 or 36 parts, when hot water, and 37, when cold water is 
dropped on it, ceases to cause any ebullition. 

40-1*]-. * 2 τ · · Leäst degree of heat by which a mixture of one part of lead, 
four parts of tin, and iive parts of bismuth, by growing hot 
is melted and kept in continual fusion. 

48 . . 3 . . Least degree of heat, by which a mixture of equal parts of tin 
and bismuth is melted; this mixture with the heat of 47 parts, 
by cooling coagulates. 

57 . . 34-.. Degree of heat, by which a mixture of two parts of tin and one 
part of bismuth is melted, as also a mixture of three parts of 
tin and two of lead ; but a mixture of five parts of tin and two 
of bismuth, with this degree of heat, by cooling hardens, and 
in like manner a mixture of equal parts of lead and bismuth. 

6β . . 3-J-.. Least degree of heat, that melts a mixture of one part of bis-
muth and eight parts of t in; tin by itself is put into fusion 
with the heat of 72 parts, and by cooling hardens with the 
heat of 70 parts. 

81 . . 3 £ . . Degree of heat that melts bismuth, as also a mixture of four 
parts of lead and one part of tin ; but a mixture of five parts, 
of lead and one part of tin, when, melted, and cooling again, 
it hardens with this heat. 

96 ·.,. 4 . . Least degree of heat that melts lead; lead, by growing hot, is 
melted with the heat of 96 or 97 parts, and cooling it 
hardens with 95 parts. 

114 . . 44·.. Degree of heat, by which ignited bodies in cooling quite cease 
to shine by night, and again, by growing hot begin to shine 
in the dark, but with a very faint light, which is scarcely per-
ceptible ; in such a degree of heat there melts a mixture of equal 
parts of tili and regulus martis, and a mixture of seven parts of 
bismuth and four parts of the said regulus by cooling hardens. 

6 
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136 . „ 4-f.. Degree of heat with which ignited bodies glow by night, but not 
at all in the twilight, and with this degree of heat both a 
mixture of two parts of regulus martis and one part of bis-
muth, as also a mixture of five parts of the said regulus and 
one part of tin, by cooling hardens; the regulus by itself 
hardens with the heat of 146 parts. 

l 6 l . . 44·.. Degree of heat, by which ignited bodies manifestly glow in the 
twilight immediately preceding the rising of the sun, or after 
his setting, but not at all in a clear day, or but very faintly. 

192 . . 5 . . Degree of heat of live coals in a small kitchen fire, made up of 
bituminous pit· coals, and that burn without using bellows ; as 
also, the heat of iron made as hot as it can be in such a f ire; 
the degree of heat of a small kitchen fire, made of faggots is 
somewhat greater, viz. 200 or 210 parts, and that of a largp 
fire is still greater, especially if blown with bellows. 

In the first column of this table are the degrees of heat in arithmetical pro-
portion, beginning with that which water has when it begins to freeze, being 
as it were the lowest degree of heat, or the common boundary between heat 
and cold ; and supposing that the external heat of the human body is 12 parts. 
In the second column are set down the degrees of heat in geometrical propor-
tion, so that the second degree is double the first, the third double the second, 
and the fourth double the third ; and making the first degree the external heat 
of the human body in its natural state. It appears by this table, that the heat 
of boiling water is almost 3 times that of the human body, of melted tin 6 
times, of melted lead 8 times, of melted regulus 12 times, and the heat of an 
ordinary kitchen fire is 16 or 17 times greater than that of the human body. 

This table was constructed by means of the thermometer and red-hot iron. 
By the thermometer were found all the degrees of heat, down to that which 
melted tin ; and by the hot iron were discovered all the other degrees ; for the 
heat which hot iron, in a determinate time, communicates to cold bodies near 
it, that is, the heat which the iron loses in a certain time, is as the whole heat 
of the iron ; and therefore, if equal times of cooling be taken, the degrees of 
heat will be in geometrical proportion, and therefore easily found by the tables 
of logarithms. First it was found by the thermometer with linseed oil, that if, 
when it was placed in melted snow, che oil possessed the space of 10000 parts; 
then the same oil rarefied with the heat of the first degree, or that of a human 
body, possessed the space of 10256 parts, with the heat of water just begin-
ning to boil, the space of 10705 ; with that of water strongly boiling, the space 
of 10725 parts; with that of melted tin, beginning to cool, and to be of the 
consistence of an amalgama, the space of 11516; and when it is quite hardened 
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the space of 1 1 4 9 6 ; therefore the rarefied oil was to the same expanded by the 

heat of the human body, as 40 is to 39 ; by that of boiling water, as 15 to 14» 

by that of tin beginning to cool, coagulate, and harden, as 15 to 13 ; and by 

the heat of cooling tin when quite hardened, as 23 is to 20 ; the rarefaction of 

air by an equal heat was 10 times greater than that of oil, and the rarefaction 

of oil was 15 times greater than that of spirits of wine. From these data, put-

ting the degrees of the heat of the oil proportional to its rarefaction, and taking 

12 parts for the heat of the human body, we then have the degree of the heat 

of water when it begins to boil, viz. 33 parts, and when it boils more vehe-

mently 3 4 ; of tin when melted, or when it begins in cooling to harden, and 

have the consistence of an amalgama, 72 parts, and in cooling is quite hard, 

70 parts. 

Having discovered these things ; in order to investigate the rest, there was 

heated a pretty thick piece of iron red-hot, which was taken out of the fire 

with a pair of pincers, which were also red-hot, and laid in a cold place, where 

the wind blew continually upon it, and putting on it particles of several metals, 

and other fusible bodies, the time of its cooling was marked, till all the parti-

cles were hardened, and the heat of the iron was equal to the heat of the 

human body; then supposing that the excess of the degrees of the heat of the 

iron, and the particles above the heat of the atmosphere, found by the ther-

mometer, were in geometrical progression, when the times are in an arithme-

tical progression, the several degrees of heat were discovered; the iron was laid 

not in a calm air, but in a wind that blew uniformly upon it, that the air heated 

by the iron might be always carried off by the wind, and the cold air succeed it 

alternately ; for thus equal parts of air were heated in equal times, and received 

a degree of heat proportional to the heat of the iron ·, the several degrees of 

heat thus found had the same ratio among themselves with those found by the 

thermometer: and therefore the rarefactions of the oil were properly assumed 

proportional to its degrees of heat.* 

• Λ method if not more accurate, at least more expeditious than the above, of measuring high 
degrees of heat, was invented some years ago by the late Mr. Wedgewood ; founded on the property 
which argillaceous earth possesses, of contracting its dimensions when placed in the fire. See PhiL 
Irani. Vol». 72, 74, and 76. 



IV. 

Newton's Four Letters to Bentley, and 
the Boyle Lectures Related to Them 





Bentley and Newton 
P E R R Y M I L L E R 

-^^.ichard Bentley was born in 1662 in a family of substantial 
Yorkshire yeomen.1 He achieved fame (and left an impress on 
British scholarship that still is felt) as a classical scholar of prodi-
gious erudition, and also a certain infamy as the tempestuous Mas-
ter of Trinity College, Cambridge, which he ruled from 1700 until 
his death in 1742 with so tyrannical a hand that he excited repeated 
insurrections of the Fellows. He was a massive philologist, who 
found the supreme felicity of life in the emendation of a corrupted 
text or in the exposure of a forgery. He made a sensation among 
the learned in 1699 by demonstrating that a body of letters long 
attributed to a Sicilian tyrant of the 6th century B.C., named 
Phalaris, was a fabrication made some five or ten centuries later. 
These epistles had been publicly admired by gentlemen such as Sir 

1 See Bishop James Henry Monk, The Life of Richard Bentley, with an account of his 
writings (London, 1830); R. C. Jebb, Bentley (New York and London, 1901 [1882]: 
"English M e n of Letters," edited by John Morley); Rev. Alexander Dyce, ed., 
The Works of Richard Bentley (3 vols., London, 1836-1838) . Material concerning 
Bentley is also to be found in the standard literature on Newton; see, especially, 
Edleston's volume of Newton-Cotes correspondence and Brewster's two-volume 
biography of Newton. 

2 7 1 
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William Temple who believed that the writers of antiquity were 
far superior to all moderns, including Shakespeare and Milton. By 
showing the letters to be spurious, Bentley impeached both the 
acumen and the taste of these "ancients." The greatest classicist of 
his time thus appeared a barbarous and ruthless modernist, and 
so was furiously attacked in a squib called The Battle of the Books, 
written by an erstwhile secretary of Sir William Temple, one 
Jona than Swift. 

In 1691, Bentley, having taken his degree at St. John's College, 
was chaplain to Bishop Stillingfleet of Worcester, a leader of liberal 
theologizing, who early said of Bentley that "had he but the gift 
of humility, he would be the most extraordinary man in Europe." 
On December 30 died Robert Boyle, a great physicist and chemist, 
a gentleman, and one who devoutly believed the new science to be 
a bulwark against the "atheism" so widely affected during the Res-
toration by the wits of the taverns and coffeehouses. He left funds 
sufficient to yield £ 50 a year for endowing an annual lectureship 
of eight discourses on the evidences of Christianity. There were 
four trustees, one of whom was J o h n Evelyn; another was Bishop 
Tenison of Lincoln, who had encountered and appraised the chap-
lain of his colleague in Worcester. The trustees took what seemed 
a long chance, and nominated Bentley. He threw himself into the 
challenge with the same energy he expended upon Greek manu-
scripts or in opposing dons. 

The, principal source of the atheism Bentley had to counteract 
was Thomas Hobbes, who had been under fire from the pious and 
the orthodox for forty years. Platonists like Ralph Cudworth had 
belabored him with preexistent ideas, Richard Cumberland with 
inherent moral law, and ecclesiastical authoritarians, most notably 
J o h n Dryden, with general abuse. But, so far, it seemed to the 
guardians of Christianity that the tide of atheism h a d not been 
checked; clearly a new method was required. Bentley was exactly 
the man for the occasion, because he was one of the first to grasp 
the importance of a book published in 1690 by John Locke, An Es-
say Concerning Human Understanding; Bentley saw at once that there-
after nobody in the age would give credence to the notion of an 
innate idea. If his a Confutation of Atheism was really going to con-
fute, it would need proofs. Bentley was the sort of bulldog who, 
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ordered to find proofs, would bring back dozens of them between 
his jaws. 

A mind that operated in this fashion would already have been 
thinking that if theological propositions were now to rest their de-
fense exclusively on demonstrations satisfactory to reason, the de-
fender would have to know something about a book that Isaac 
Newton of Trinity College had published in 1687, the Principia. So 
far, it appeared, few if any were able to understand it, and many 
said it was nonsense, but Bentley had to see for himself. However, 
he was a linguist and a literary scholar, and needed help; in the 
summer of 1691, before the lectureship was instituted, he had 
asked a Scottish mathemat ic ian , J o h n Craige, to tell him what 
books he would need to master in order to qualify himself for fol-
lowing the Principia. Craige sent back, as an essential minimum, a 
bibliography so tremendous that even a Bentley was aghast; but 
characteristically he began to look about for short cuts, and, taking 
his courage in his hands, addressed Newton directly. From Trinity 
College came a much shorter list, encouraging directions, and ap-
parent ly full sympathy. "At the first perusal of my Book," said 
Newton, "it's enough if you understand the propositions with some 
of the demonstrations which are easier than the rest." He thought 
Bentley should read the first sixty pages, then skip to the third book 
and get the design of that; then he might at leisure go back to such 
propositions as he had a desire to know. With the task thus cut 
down to manageable proportions, Bentley rapidly comprehended 
(so he thought) the whole design. When the call came, he was 
ready. He devoted the first six of his Boyle Lectures to proving the 
existence of God from such data as the faculties of the human soul 
and the structure of the body, but he tr iumphantly expounded in 
the last two (reprinted below) the new, difficult, and mathematically 
irrefutable physics. His success was immense, and in the opinion 
of many (including Bentley himself), A Confutation of Atheism so 
routed the atheists that they did not dare any longer show their 
faces openly, and so took refuge in the pretense of "deism." 

The two sermons are important in the history of Western thought 
not only because they were the first popular at tempt to lay open 
the "sublime discoveries" of Newton, but because they set the 
precedent for the entire Enlightenment. So far, neither the infidel 
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nor the believer had been able to cope with the new wisdom; 
Bentley seized the initiative, and gave believers the assurance (or 
perhaps one should say the illusion) that the Newtonian physics, 
by conclusively showing tha t the order of the universe could not 
have been produced mechanical ly, was now the chief support of 
fai th. Whe the r employed by Christ ians or deists, Bentley's tech-
n ique for deducing religious propositions out of the equat ions of 
the Principia became an indispensable ingredient in the whole com-
plex of 18th-century optimism. 

But, for our purposes, the sermons are still more impor tan t be-
cause, whatever their merits as expositions of the system, they 
called forth from the great m a n himself four letters which are 
m a j o r declarat ions in mode rn history of the me thod a n d of the 
mentality of the scientist. While the manuscript was being printed, 
Bentley found himself worried for fear he had not sufficiently dis-
posed of the theory of Lucretius (from whom Hobbes derived) that 
the cosmic system began with chance bumpings together of de-
scending atoms, each endowed with an innate power of gravity. 
He wrote to Newton for fur ther clarification, so that he could make 
last-minute changes in his proof. It took Newton four letters, from 
December 10 to February 25, to set Bentley straight (in fact, we 
m a y wonder whether Bentley fully got the point!) , a n d Bentley 
appreciated their importance. He carefully preserved them, so that 
his executor could publish them in 1756. Dr. Johnson, observing 
tha t the questions had caused Newton to think out fur ther conse-
quences of his principles than he had yet anticipated, said of them 
about the finest thing that t a n be said, that they show "how even 
the mind of Newton gains ground gradually upon darkness." 

T h e sermons show tha t Bentley had indeed perceived the gen-
eral thesis, though the letters suggest that in the printed form 
Bentley made it more precise than he had done in the pulpit. This 
is the argument that , had gravity been the only force active at the 
momen t df creation, the planets of our system would have fallen 
quickly into the sun. Hence must be assumed a specific interven-
tion of force (only a divine force would do) which arrested the 
descents at the appropriate places and sent the planets spinning on 
their transverse orbits. Likewise, when one considers the spacing of 
these orbits, no principle of science will determine the relations of 
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the distances except that "The Author of the system thought it 
convenient." Bentley seemed to Newton on the right track insofar 
as he argued that the operations of gravity over empty spaces could 
mean only that an "agent" was constantly guiding the stars and 
planets according to certain laws. Assuredly, this agent must have 
a volition, and must be "very well skilled in mechanics and geom-
etry." Bentley was eager to call the agent God; Newton had no 
objection. 

But evidently, either in the first draft of the sermons or in a letter, 
Bentley said something which implied that gravity was in some 
sense an inherent property of matter, implicit in the very substance, 
a sort of "occult quality," or a kind of eternal magnetism. The 
vehemence with which Newton rejects any such opinion is strik-
ing. Between the letters numbered II and III in this printing, 
Bentley wrote back a worried answer: he was so fully aware that 
in Newton's system universal gravitation could never be solved 
"mechanically" that he was surprised to have Newton warn him 
against the heresy. "If I used that word, it was only for brevity's 
sake." Well, brevity to a philologist might be one thing, but another 
to Newton. He wanted language exact, and certainly in the printed 
version Bentley took care that not even for brevity's sake should 
there be any suggestion that gravity is synonymous with material 
existence. Thus corrected, Bentley was able to conclude that mutual 
gravitation can operate at a distance only because it is simulta-
neously regulated by the "agent" and not by the system itself; here 
then was what he and the age most wanted, "a new and invincible 
argument for the being of God." From this point the sailing was 
clear, and Bentley goes ahead like a ship in full rig, to the joyous 
conclusion that everything concerning this system and particularly 
this globe, including the inclination of its axis and the irregular 
distribution of land and ocean, has been appointed for the best by 
a divine intelligence. 

The letters show that Newton wanted to be helpful, and he was 
eager that Bentley should not misrepresent him; yet they are not 
prolix, they do not volunteer anything beyond replies to particular 
questions, and the careful reader does not get the impression of an 
outgoing enthusiasm Newton was human enough to be eager for 
fame and almost pathologically jealous for his reputation; but he 
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was shrewd enough to be able to utilize Bentley without being 
taken in by him. For years after the Boyle Lectures, Bentley made 
a public parade of his friendship with Newton, and took upon him-
self the office of urging a second edition of the Principia. When 
Newton at last consented in 1708 to allow Roger Cotes, Fellow of 
Trinity College (in whom Newton did have confidence), to pre-
pare the text, Bentley officiously acted as middleman—and pock-
eted the profits! John Conduitt records that he was disgusted, 
and asked Newton point-blank why he let Bentley "print his 
Principia" when Bentley obviously did not understand it. "Why," 
replied the lordly Newton, "he was covetous, and I let him do it 
to get the money." 

In the light of this revelation we may wonder what, back in 
February of 1693, Bentley made, if anything, of the extraordinary 
clause in the third letter, where Newton says that whether the 
agent who is the cause of gravity "be material or immaterial, I 
have left to the consideration of my readers." This hardly seems 
the tone of one who has joined a crusade against materialistic 
atheism! But still more startling is the sentence that comes in the 
next paragraph, where Newton shows Bentley that mathematically 
speaking he is entirely at sea in handling the concept of the in-
finite, and briefly informs him that, even though the mathematical 
language may seem to common sense an impropriety of speech, 
still "those things which men understand by improper and con-
tradictious phrases may be sometimes really in nature without any 
contradiction at all." There is no suggestion in Bentley's two ser-
mons that he had even a dim sense of what Newton tried in this 
passage to convey to him. For Bentley, the Newtonian system was 
clear, rational, simple; it could be translated at once and through-
out into declarative affirmations of natural theology. That was its 
beauty and its utility. That there was any incongruity between the 
process of the human mind and those of the universe would hence-
forth be unthinkable. Newton had, Bentley was assured, linked 
them indissolubly. 

This conviction, as I have said, became the major premise of the 
Age of Reason. Bentley's tactics were taken over by Voltaire in 
1738 when he conquered the mind of the Continent by popular-
izing Newton. Actually, the assumption remained undisturbed—or 
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indeed strengthened—by that revolution in sensibility which we 
call the Romantic movement. Even after the character of reason 
had been radically transformed from Bentley's solid prose to the 
inward intuitions of the poet, the assumption that there is a per-
fect "correspondence" between the structures of the psyche and 
those of physics endured. Emerson summarized the Romantic op-
timism by declaring that the laws of nature answer to those of 
mind as image in the mirror. Only recently, and mainly in our own 
distracted time, has science freed itself from the literary incubus 
that Bentley fastened upon it. But we should find this worth medi-
tating upon, that Newton explicitly warned him that what men 
are apt to consider self-contradictory may, nevertheless, be the 
rule in nature. 

There is a mystery in these letters—the enigma that is Newton 
himself. Nobody in 1692, nor for a century thereafter, noted that, 
when Bentley confidently brought God into action as the diverter 
of falling bodies into "this transverse and violent motion," the 
Creator became, in a sense, only a half-creator of the system. God's 
action was made once and once for all; it was that "first impulse 
impressed upon them, not only for five or six thousand years, but 
many millions of millions." But the gravitating motion, the descent 
toward the sun, is continuous; despite his effort to make clear his 
agreement with Newton, Bentley still calls it "a constant energy 
infused into matter by the Author of all things." Did Newton, in his 
secret heart, have the wit, which no contemporary possessed, to see 
that such toying with the notion that gravity was a constant energy 
infused into matter raised the question of whether the infusion really 
had been made by the author of all things? Might this not be only 
a gratuitious addition, made by a mind precommitted to the 
thesis, by one incapable properly of dealing with the meaning of 
the infinite? Whether Newton had read Pascal we do not know, 
but assuredly Bentley never had! 

If the letters mean anything, then, they mean that Newton was 
not quite a Newtonian. He was holding something in reserve, not 
giving himself entirely to his own discoveries, stupendous as he 
realized them to be. As for ultimate causes, he knew how to say 
that he did not know. Our curiosity is aroused, but never shall be 
satisfied, by the evasive ending of the first letter: Isaac Newton had 



278 PERRY MILLER 

still another argument to prove the existence of God, potentially 
very strong, but because the principles on which it was grounded 
were not yet widely enough received, "I think it more advisable to 
let it sleep." What were those principles? Perhaps he meant sim-
ply the realm of optics into which he was now venturing, already 
musing upon ideas he was to let see the light only in the form of 
a question at the end of Query 31 in the 1717 edition of the Opticks, 
when even then he was "not yet satisfied about it for want of ex-
periments." But we cannot help asking if in his subtle conscious-
ness there was a sense of still more complex principles which would 
need to wait still longer before becoming "better received." And 
were these withheld principles possibly just those dark and inexpli-
cable discrepancies between the mind of the creature and the 
methods of the creation which he could dare to contemplate, but 
of which the Bentleys of this world never attain even a rudimen-
tary awareness? 
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L E T T E R S , &c. 

L E T T E R I. 

To the Reverend Dr. Richard 
B e n t l e y , at the Biftop of 
Worcefter'f Houfe in Park-
ftreet, Weftminfter* 

S I R , 

WH E N I wrote my Treatife about 

our Syftem, I had an Eye upon 

fuch Principles as might work, with con-

fidering Men, for the Belief of a Deity, 

and nothing can rejoice me more than to 

find it ufeful for that Purpofe. But if I 

Β have 
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have done the Public any Service this 
way, it is due to nothing but Induftry and 
patient Thought. 

As to your firft Query, it feems to me 
that if the Matter of our Sun and Planets, 
and all the Matter of the Univerfe, were 
evenly fcattered throughout all the Hea-
vens, and every Particle had an innate 
Gravity towards all the reft, and the 
whole Space, throughout which this Mat-
ter was fcattered, was but finite; the 
Matter on the outfide of this Space would 
by its Gravity tend towards all the Matter 
on the infide, and by confequence fall 
down into the middle of the whole Space, 
and there compofe one great fpherical 
Mais. But if the Matter was evenly dif-
pofed throughout an infinite Space, it 
could never convene into one Mafs, but 
fome of it would convene into one Mafs 
and fome into another, fo as to make an 
infinite Number of great MaiTes, fcattered 
at great Diftances from one to another 
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throughout all that infinite Space. And 

thus might the Sun and fixt Stars be 

formed, fuppofing the Matter were of a 

lucid Nature. But how the Matter ihould 

divide itfelf into two forts, and that Part 

of it, which is fit to compofe a ihining 

Body, ihould fall down into one Mafs 

and make a Sun, and the reft, which is 

fit to compofe an opaque Body, ihould 

coalefce, not into one great Body, like 

the ihining Matter, but into many little 

ones j or if the Sun at firft were an 

opaque Body like the Planets, or the Pla-

nets lucid Bodies like the Sun, how he 

alone ihould be changed into a ihining 

Body, whilft all they continue opaque, or 

all they be changed into opaque ones» 

whilft he remains unchanged, I do not 

think explicable by meer natural Caufcs, 

but am forced 10 afcribe it to the Counfel 

and Contrivance of a voluntary Agent. 

T h e fame Power, whether natural or 

fupernatural, which placed the Sun in 

Β 2 the 
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the Center of the fix primary Planets, 
placed Saturn in the Center of the Orbs 
of his five fecondary Planets, and Jupiter 
in the Center of his four fecondary Planets, 
and the Earth in the Center of the Moon's 
Orb; and therefore had this Caufe been 
a blind one, without Contrivance or De-
fign, the Sun would have been a Body 
of the fame kind with Saturn^ Jupiter > and 
the Earth, that is, without Light and 
Heat. Why there is one Body in our 
Syftem qualified to give Light and Heat 
to all the reft, I know no Reafon, but 
becaufe the Author of the Syftem thought 
it convenient j and why there is but one 
Body of this kind I know no Reafon, but 
becauie one was fufficient to warm and 
enlighten all the reft. For the Carteßan 
Hypothefis of Suns lofing their Light, 
and then turning into Comets, and Co-
mets into Planets, can have no Place in 
my Syftem, and is plainly erroneous j be-
caufe it is certain that as often as they 
appear to us, they defcend into the Syftem 

of 
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of our Planets, lower than the Orb of 
Jupiter, and fometimes lower than the 
Orbs of Venus and Mercury, and yet never 
ftay here, but always return from the Sua 
with the fame Degrees of Motion by 
which they approached him. 

To your fecond Query, I anfwer, that 
the Motions which the Planets now have 
could not fpring from any natural Caufc 
alone, but were imprefled by an intelli-
gent Agent. For fince Comets defcend 
into the Region of our Planets, and here 
move all manner of ways, going fome-
times the fame way with the Placets, 
fometimes the contrary way, and fome-
times in crofs ways, in Planes inclined to 
the Plane of the Eclipdck, and at all 
kinds of Angles, 'tis plain that there is 
no natural Caufe which could determine 
all the Planets, both primary and fe-
condary, to move the fame way and in 
the fame Plane, without any confiderable 
Variation : This muft have been the Ef-

fe<S 
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feil of Counfel. Nor is there any natural 
Caufe which could give the Planets thofo 
juft Degrees of Velocity, in Proportion 
to their Diftances from the Sun, and other 
central Bodies, which were requifite to 
make them move m iuch concentrick 
Orbs about thofe Bodies. Had the Planets 
been as fwift as Comets, in Proportion to 
their Diftances from the Sun (as they 
would have been, had their Motion been 
caufed by their Gravity, whereby the 
Matter, at the firft Formation of the 
Planets, might fall from the remote^ Re~ 
gions towards the Sun) they would not 
move in concentrick Orbs, but in fuch 
eccentrick ones as the Comets move in. 
Were all the Planets as fwift as Msrcury, 
or as flow as Saturn or his Satellites j or 
were their feveral Velocities otherwife 
much greater or lefs than they are, as 
they might have been had they arofe from 
any other Caufe than their Gravities; or 
had the Diftances from the Centers a-
bout which they move, been greater or 

lefs 
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lcfs than they are with the fame Velo-
cities } or had the Quantity of Matter in 
the Sun, or in Saturn, Jupiter, and the 
Earth, and by confequence their gravita-
ting Power been greater or lefs than it is; 
the primary Planets could not have re-
volved about the Sun, nor the fccondary 
ones about Saturn, Jupiter, and the Earth, 
in concentrick Circles as they do, but 
would have moved in Hyperbolas, or 
Parabolas, or in Ellipfes very eccentrick. 
To make this Syftem therefore, with 
all its Motions, required a Caufe which 
underftood, and compared together, the 
Quantities of Matter in the feveral Bo-
dies of the Sun and Planets, and the 
gravitating Powers refulting from thence ; 
the feveral Diftances of the primary 
Planets from the Sun, and of the fe-
condary ones from Saturn, Jupiter, and 
the Earth j and the Velocities with which 
thefe Planets could revolve about thofe 
Quantities of Matter in the central Bo-
dies and to compare and adjuft all thefe 

Thinge 
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Things together, in fo great a Variety of 
Bodies, argues that Caufe to be not blind 
and fortuitous, but very well ikilled in 
Mechanicks and Geometry. 

To your third Query, I anfwer, that 
it may be reprefented that the Sun may, 
by heating thofe Planets moil which are 
neareft to him, caufe them to be better 
concodled, and more condenfed by that 
Concoftion. But when I coniider that 
our Earth is much more heated in its 
Bowels below the upper Cruft by fubter-
raneous Fermentations of mineral Bodies 
than by the Sun, I fee not why the in-
terior Parts of "Jupiter and Saturn might 
not be as much heated, conco&ed, and 
coagulated by thofe Fermentations as our 
Earth is ; and therefore this various Den-
fity ihould häve fome other Caufe than 
the various Diftances of the Planets from 
the Sun. And I am confirmed in this 
Opinion by confidering, that the Planets 
of "Jupiter and Saturn, as they are rarer 

than 
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than the reft, fo they are vaftly greater, 
and contain a far greater Quantity of 
Matter, and have many Satellites about 
them j which Qualifications furely arofe 
not from their being placed at fo great 
a Diftance from the Sun, but were rather 
the Caufe why the Creator placed them 
at great Diftance. For by their gravi-
tating Powers they difturb one another's 
Motions very fenfibly, as I find by fome 
late Obfervations of Mr. Flamßeedy and 
had they been placed much nearer to 
the Sun and to one another, they would 
by the fame Powers have caufed a con-
fiderable Difturbance in the whole Syf-
tem. 

To your fourth Query, I anfwer, that 
in the Hypothefis of Vortices, the In-
clination of the Axis of the Earth might, 
in my Opinion, be afcribed to the Situa-
tion of the Earth's Vortex before it was 
abforbed by the neighbouring Vortices, 
and the Earth turned from a Sun to a 

C Comet j 
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Comet j but this Inclination ought to de-
creafe conftantly in Compliance with the 
Motion of the Earth's -Vortex, whofe 
Axis is much lefs inclined to the Eclip-
tick, as appears by the Motion of the 
Moon carried about therein. If the Sun 
by his Rays could carry about the Pla-
nets, yet I do not fee how he could 
thereby effect their diurnal Motions. 

Laftly, I fee nothing extraordinary in 
the Inclination of the Earth's Axis for 
proving a Deity, unlefs you will urge it 
as a Contrivance for Winter and Sum-
mer, and for making the Earth habita-
ble towards the Pole6j and that the 
diurnal Rotations of the Sun and Planets, 
as they could hardly arife from any Caufe 
purely mechanical, fo by being deter-
mined all the fame way with the annual 
and menftrual Motions, they feem to 
make up that Harmony in the Syftem, 
which, as I explaind above, was the 
Effeft of Choice rather than Chance. 

There 
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There is yet another Argument for a 

Deity, which I take to be a very ftrong 
one, but till the Principles on which it 
is grounded are better received, I think 
it more advifable to let it ileep. 

I am% 

Tour moß humble Servant, 

to command, 
Cambridge, 
Decemb. 10, 1692. 

IS . N E W T O N . 

L E T -
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L E T T E R I I . 

For Mr. B E N T L E Y , at the Palace 
at Worcefter. 

S I R , 

I Agree with you, that if Matter evenly 
diffufed through a finite Space, not 

fpherical, ihould fall into a folid Mafs, 
this Mafs would affed the Figure of the 
whole Space, provided it were not foft, 
like the old Chaos, but fo hard and folid 
from the Beginning, that the Weight of 
its protuberant Parts could not make it 
yield to their Preflure. Yet by Earth-
quakes loofening the Parts of this Solid, 
the Protuberances might fometimes fink a 
little by their Weight, and thereby the 
Mafs might, by Degrees, approach a 
fpherical Figure. 

The 
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The Reafon why Matter evenly icat-
tered through a finite Space would con-
vene in the midft, you conceive the fame 
with me ; but that there ihould be a cen-
tral Particle, fo accurately placed in the 
middle, as to be always equally attradted 
on all Sides, and thereby continue with-
out Motion, feems to me a Suppofition 
fully as hard as to make the iharpeft 
Needle ftand upright on its Point upon a 
Looking-Glafs. For if the very mathe-
matical Center of the central Particle be 
not accurately in the very mathematical 
Center of the attrattive Power of the 
whole Mafs, the Particle will not be at-
tracted equally on all Sides. And much 
harder it is to fuppofe all the Particles in 
an infinite Space ihould be fo accurately 
poifed one among another, as to ftand 
ft ill in a perfeil Equilibrium. For I reckon 
this as hard as to make not one Needle 
only, but an infinite number of them (fo 
many as there arc Particles in an infinite 
Space) ftand accurately poifed upon their 

Points. 
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Points. Yet I grant it poffible, at leail by 
a divine Power; and if they were once to 
be placed, I agree with you that they 
would continue in that Pofture without 
Motion for ever, unlefs put into new Mo-
tion by the fame Power. When there-
fore I faid, that Matter evenly fpread 
through all Space, would convene by its 
Gravity into one or more great Mafles, I 
underftand it of Matter not refting in an 
accurate Poife. 

But you argue, in the next Paragraph 
of your Letter, that every Particle of 
Matter in an infinite Space, has an infi-p 
nite Quantity of Matter on all Sides, and 
by confequence an infinite Attraction every 
way, and therefore muft reft in Equili-
brio, becaufe all Infinites are equal. Yet 
you iufpedt a Paralogifm in this Argu-
ment ; and I conceive the Paralogifm lies 
in the Pofition, that all Infinites are equal. 
The generality of Mankind confider 
Infinites no other, ways than indefinitely ; 

and 
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and in this Senfe, they fay all Infinites 
are equal; tho' they would fpeak more 
truly if they ihould fay, they are neither 
equal nor unequal, nor have any cer-
tain Difference or Proportion one to ano-
ther. In this Senfe therefore, no Con-
clufions can be drawn from them, about 
the Equality, Proportions, or Differences 
of Things, and they that attempt to do it 
ufually fall into Paralogifms. So when 
Men argue againft the infinite Divifibility 
of Magnitude, by faying, that if an Inch 
may be divided into an infinite Number of 
Parts, the Sum of thofe Parts will be an 
Inch ; and if a Foot may be divided into 
an infinite Number of Parts, the Sum of 
thofe Parts muft be a Foot, and therefore 
iince all Infinites are equal, thofe Sums 
muft be equal, that is, an Inch equal to 
a Foot. 

The Falfenefs of the Conclufion fhews 
an Error in the Premifes, and the Error 
lies in the Pofition, that all Infinites are 

equal. 
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equal. There is therefore another Way 
of confidering Infinites ufed by Mathe-
maticians, and that is, under certain de-
finite Reftridtions and Limitations, where-
by Infinites are determined to have cer-
tain Differences or Proportions to one 
another. Thus Dr. Wallis confiders them 
in his Arithmetica Infinitorum, where 
by the various Proportions of infinite 
Sums, he gathers the various Proporti-
ons of infinite Magnitudes: Which way 
of arguing is generally allowed by Ma-
thematicians, and yet would not be good 
were all Infinites equal. According to 
the fame way of confidering Infinites, a 
Mathematician would tell you, that tho' 
there be an infinite Number of infinite 
little Parts in an Inch, yet there is twelve 
times that Number of fuch Parts in a 
Foot, that is, the infinite Number of 
thofe Parts in a Foot is not equal to, but 
twelve Times bigger than the infinite 
Number of them in an Inch. And fo 
a Mathematician will tell you, that if a 

D Body 
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Body flood in Equilibrio between any two 
equal and contrary attracting infinite 
Forces j and if to either of thefe Forces 
you add any new finite attra&ing Force, 
that new Force, how little foever, will 
deflroy their Equilibrium, and put the 
Body into the fame Motion into which 
it would put it were thofe two contrary 
equal Forces but finite, or even none at 
all; fo that in this Cafe the two equal 
Infinites by the Addition of a Finite to 
either of them, become unequal in our 
ways of Reckoning; and after thefe 
ways We muft reckon, if from the 
Confederations of Infinites we would al-
ways draw true Conclufions. 

To the lafl Part of your Letter, I an-
fwer, Firfl, that if the Earth (without 
the Moon) were placed any where with 
its Center in the Orbis Magnus, and flood 
flill there without any Gravitation or Pro-
jection, and there at once were infufed 
into it, both a gravitating Energy towards 

the 
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the Sun, and a tranfverfe Impulfe of a 

juft Quantity moving it diredtly in a Tan-

gent to the Orbis Magnus·, the Com·» 

pounds of this Attraction and Projection 

would, according to my Notion, caufe a 

circular Revolution of the Earth about 

the Sun. But the tranfverfe Impulfe 

muft be a juft Quantity; for if it be too 

big or too little, it will caufe the Earth 

to move in fome other Line. Secondly, 

I do not know, any Power in Nature 

which would caufe this tranfverfe Motion 

without the divine Arm. Blondel tells us 

fomewhere in his Book of Bombs, that 

Plato affirms, that the Motion of the 

Planets is fuch, as if they had all 

of them been created by God in 

fome Region very remote from our 

Syftem, and let fall from thence to-

wards the Sun, and fo foon as they arrived 

at their feveral Orbs, their Motion of 

falling turned afide into a tranfverfe 

one. And this is true, fuppofing the 

gravitating Power of the Sun was double 

D 2 at 
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at that Moment of Time in which they 
all arrive at their feveral Orbs ; but then 
the divine Power is here required in a 
double refpedt, namely, to turn the de-
fending Motions of the falling Planets 
into a fide Motion, and at the fame time 
to double the attractive Power of the Sun. 
So then Gravity may put the Planets into 
Motion, but without the divine Power it 
could never put them into fuch a circulating 
Motion as they have about the Sun; and 
therefore, for this, as well as other Reafons, 
I am compelled to afcribe the Frame of 
this Syftem to an intelligent Agent. 

You fometimes fpeak of Gravity as 
eflential and inherent to Matter. Pray do 
not afcribe that Notion to me; for the 
Caufe of Gravity is what I do not pretend 
to know, and therefore would take more 
Time to confider of it. 

I fear what I have faid of Infinites, will 
feem obfcüre to you ·, but it is enough if 

you 
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you underftand, that Infinites when con-t 

iidered abfolutely without any Reftridtion 

">r Limitation, are neither equal nor un-

equal, nor have any certain Proportion one 

to another, and therefore the Principle 

that all Infinites are equal, is a precarious 

one. 

Sir, I am, 

Tour mofi humble Servant^ 

Trinity College, 
Jan. 17 , 1692-3. 

I S . N E W T O N , 

L E T -
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L E T T E R III . 

For Mr. B e n t l e y , at the Palace 

at Worcefter. 

S I R, 

BEcaufe you defire Speed, I will an-

fwer your Letter with what Brevity 

I can. In the fix Pofitions you lay down 

in the Beginning of your Letter, I agree 

with you. Your afluming the Orbis Mag-

nus 7000 Diameters of the Earth wide, 

implies the Sun's horizontal Parallax to be 

half a Minute. Flamfteed and Caffini have 

of late ohferved it to be about 10", and 

thus the OrbisMagnus muft be 21,000, or 

in a rounderNumber 20,000 Diameters of 

the Earth wide. Either Computation I 
think 
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think will do well, and I think it not 
worth while to alter your Numbers. 

In the next Part of your Letter you lay 
dawn four other Pofitions, founded upon 
the fix firft. The firft of thefe four feems 
very evident, fuppofing you take Attrac-
tion fo generally as by it to underftand 
any Force by which diftant Bodies endea^ 
Vour to come together without mechani-
cal Impulfe. The fecond feems not fo 
clear; for it may be faid, that there might 
be other Syftems of Worlds before the 
prefent ones, and others before thofe, and 
fo on to all pail Eternity, and by confe-
quence, that Gravity may be co-eternal 
to Matter, and'have the fame Effeft from 
all Eternity as at prefent, unlefs you have 
fomewhere proved that old Syftems can-
not gradually pafs into new ones •„ or that 
this Syftem had not its Original from the 
exhaling Matter of former decaying Syf-
tems, but from a Chaos of Matter evenly 

difperfed 
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diiperfed throughout all Space j for fome-
thing of this Kind, I think, you fay was 
the Subjedt of your fixth Sermon j and 
the Growth of new Syitems out of old 
ones, without the Mediation of a divine 
Power, feems to me apparently abfurd. 

The laft Claufe of the fecond Pofition 
I like very well. It is inconceivable, that 
inanimate brute Matter ihould, without 
the Mediation of fomething elfe, which is 
not material, operate upon, and affedt 
other Matter without mutual Contadt, as 
it muft be, if Gravitation in the Senfe of 
Epicurus, be effential and inherent in it. 
And this is one Reafon why I defired you 
yvould not afcribe innate Gravity to me. 
That Gravity ihould be innate, inherent 
and effential to Matter, fo that one Body 
may ail upon another at a Diftance thro' 
a Vacuum, without the Mediation of any 
thing elfe, by and through which their 
Adtion and Force may be conveyed from 

£ one 
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one to another, is to me ίο great an Ab-
furdity, that I believe no Man who has in 
philofophical Matters a competent Faculty 
of thinking, can ever fall into it. Gravity 
muft be caufed by an Agent a&ing con-
ilantly according to certain Laws; but 
whether this Agent be material or imma-
terial, I have left to the Confederation of 
my Readers. 

Your fourth AiTertion, that the World 
could not be formed by innate Gravity 
alone, you confirm by three Arguments. 
But in your firft Argument you feem to 
make a Petitio Principii; for whereas 
many ancient Philofophers and others, as 
well Theifts as Atheifts, have all allowed, 
that there may be Worlds and Parcels of 
Matter innumerable or infinite, you deny 
this, by reprefenting it as abfurd as that 
there ihould be pofitively an infinite arith-
metical Sum or Number, which is a Con-
tradiction in Terminis j but you do not 

prove 
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prove it as abiurd. Neither do you prove, 

that what Men mean by an infinite Sum 

of Number, is a Contradi&ion in Nature j 

for a Contradiction in Terminis implies no 

more than an Impropriety of Speech. 

Thofe things which Men underftand by 

improper and contradidtious Phrafes, may 

be fometimes really in Nature without any 

Contradiction at all: a Silver Inkhorn, a 

Paper Lanthorn, an Iron Whetftone, are 

abfurd Phrafes, yet the Things fignified 

thereby, are really in Nature. If any 

Man fhould fay, that a Number and a 

Sum, to fpeak properly, is that which may 

be numbered and fummed, but Things in-

finite are numberlefs, or, as we ufually 

fpeak, innumerable and fumlefs, or in-

fummable, and therefore ought not to be 

called a Number or Sum, he will fpeak 

properly enough, and your Argument 

againft him will, I fear, lofe its Force. 

And yet if any Man ihall take the Words, 

Number and Sum, in a larger Senfe, fo 

£ 2 as 
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as to underftand thereby Things, which 
in the proper way of fpeaking are num-
berlefs and fumlefs (as you feem to do 
when you allow an infinite Number of 
Points in a Line) I could readily allow him 
the Ufe of the contradictious Phrafes of 
innumerable Number, or fumlefs Sum, 
without inferring from thence any Abfur-
dity in the Thing he means by thofe 
Phrafes. However, if by this, or any 
other Argument, you have proved the 
Finitenefs of the Univerfe, it follows, that 
all Matter would fall down from the Out-
fides, and convene in the Middle. Yet 
the Matter in falling might concrete into 
many round Maffes, like the Bodies of 
the Planets, and thefe by attrailing one 
another, might acquire an Obliquity of 
Defcent, by means of which they might 
fall, not upon the great central Body, but 
upon the Side of it, and fetch a Compafs 
about, and then afcend again by the fame 
Steps and Degrees of Motion and Velocity 

with 
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with which they defcended before, much 
after the Manner that the Comets revolve 
about the Sun; but a circular Motion in 
concentrick Orbs about the Sun, they 
could never acquire by Gravity alone. 

And tho' all the Matter were divided at 
firft into feveral Syftems, and every Syf-
tem by a divine Power conftituted like 
ours j yet would the Outfide Syftems de-
fcend towards the Middlemoft j fo that 
this Frame of Things could not always 
fubiift without a divine Power to conferve 
it, which is the fecond Argument; and 
to your third I fully aflent. 

As for the Paflage of Plato, there is no 
common Place from whence all the Pla-
nets being let fall, and defcending with 
uniform and equal Gravities (as Galileo 
fuppofes) would at their Arrival to their 
feveral Orbs acquire their feveral Veloci-
ties, with which they now revolve in 

them. 
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them. If we fuppofe the Gravity of all 
the Planets towards the Sun to be of fuch 
a Quantity as it really is, and that the Mo-
tions of the Planets are turned upwards, 
every Planet will afcend to twice its 
Height from the Sun. Saturn will af-
cend till he be twice as high from the Sun 
as he is at prefent, and no higher j Jupi-
ter will afeend as high again as at prefent, 
that is, a little above the Orb of Saturn j 
Mercury will afcend to twice his prefent 
Height, that is, to the Orb of Venus; and 
fb of the reft j and then by falling down 
6gain from the Places to which they af-
cended, they will arrive again at their ie-
veral Orbs with the fame Velocities they 
had at fir ft, and with which they now 
revolve. 

But if fo foon as their Motions by 
which they revolve are turned upwards, 
the gravitating Power of the Sun, by 
which their Afcent is perpetually retarded, 

be 
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he diminiihed by one half, they will now 
afcend perpetually, and all of them at all 
equal Diftances from the Sun will be 
equally fwift. Mercury when he arrives 
at the Orb of Venus, will be as fwift as 
Venus; and he and Venus, when they 
arrive at the Orb of the Earth, will be 
as fwift as the Earth j and fo of the reft. IF 
they begin all of them to afcend at once, and 
afcend in the fameLine,they will conftant-
ly in afcending become nearer and nearer 
together, and their Motions will conftantly 
approach to an Equality, and become at 
length flower than any Motion affign-
able. Suppofe therefore, that they afcended 
till they were almoft contiguous, and their 
Motions inconfiderably little, and that all 
their Motions were at the fame Moment 
of Time turned back again j or, which 
comes almoft to the fame Thing, that they 
were only deprived of their Motions, and 
let fall at that Time, they would all at 
once arrive at their feveral Orbs, each 

with 
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with the Velocity it had at firft j and if 
their Motions were then turned Side» 
ways, and at the fame Time the gravi-r 
taring Power of the Sun doubled, that it 
might be itrong enough to retain them in 
their Orbs, they would revolve in them as 
before their Afcent. But if the gravitate-
ing Power of the Sun was not doubled, 
they would go away from their Orbs into 
the higheft Heavens in parabolical Lines, 
Thefe Things follow from my Princ. 
Math. Lib. i. Prop. 33, 34, 36, 37. 

I thank you very kindly for your de-
figned Prefent, and reft 

Tour mofi 

humble Servant 

to qommand, 
Cambridge, 
Feb. 25,1692-3. 

IS. N E W T O N . 



3io LETTERS FROM NEWTON TO BENTLEY 

[ 33 1 

L E T T E R I V . 

To Mr, B E N T L E Y , at the Patau 
at Worcef ter . 

S I R , 

H E Hypothefis of deriving the 
Frame of the World by mechani-

cal Principles from Matter evenly fpread 
through the Heavens, being iiiconfiftent 
with my Syftem, I had confidered it very 
little before your Letters put me upon it, 
and therefore trouble you with a Line 
or two more about it, if this comcs not 
too late for your Ufe. 

In my former I reprefehted that the 
diurnal Rotations of the Planets could not 
be derived from Gravity, but required a 
divine Arm to imprefs them. And tho' 

F Gravity 
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Gravity might give the Planets a Motion 
of Defcent towards the Sun, either directly 
or with fome little Obliquity, yet the 
tranfverfe Motions by which they revolve 
in their feveral Orbs, required the divine 
Arm to imprefs them according to the 
Tangents of their Orbs^ I would now add, 
that the Hypothecs of Matter's being at 
firit evenly fpread through the Heavens, 
is, in my Opinion, inconiiilent with the 
Hypothefis of innate Gravity, without a 
fupernatural Power to reconcile them, 
and therefore it infers a Deity. For if 
there be innate Gravity, it is impoifible 
now for the Matter of the Earth and all 
the Planets and Stars to fly up from them, 
and become evenly fpread throughout all 
the Heavens, without a fupernatural Power; 
and certainly that which can never be 
hereafter without a fupernatural Power, 
could never be heretofore without the 
fame Power. 

You 
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You queried, whether Matter evenly 
fpread throughout a finite Space, of fome 
other Figure than fpherical, would not in 
falling down towards a central Body, 
caufe that Body to be of the fame Figure 
with the whole Space, and I anfwered, 
yes. But in my Anfwer it is to be fup-
pofed that the Matter defcends direftly 
downwards to that Body, and that that 
Body has no diurnal Rotation. 

This, Sir, is all I would add to my 
former Letters. 

I am, 

Your moß humble 

Servant^ 

Cambridge, 
Feb. ii, 1693. 

IS. N E W T O N . 

F I N I S . 
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A d s X I V . 1 5 , β ( . 

That ye fhould turn from thefe vanities unto the 
living God j who made Heaven and Earth 
and the Sea, and all things that are there-
in : Who in times paft fufferd aü Nations to 
walk, in tteir own ways. Never thelefs, he left 
not himfelf without witnefs, in that he did 
Good\ and gave us Rain from Heaven, and 
fruitfull Seafons, filling our hearts with Food 
and Gladnefs' 

Hen we firft enter'd upon this Topic, 
the demonstration of Gods Exi-

gence from the Origin and Frame of the 
World, we oiierd to prove four Propofi-

1. That this prefent Syftem of Heaven and 
Earth cannot potfibly have fubfifted from all 
Eternity. 

2. That Matter confider'd generally, and 
abftra&ly from any particular Form and Con-
cretion, cannot poflibly have been eternal : 
Or, if Matter could be fo5 yet Motion can-
not have coexifted with it eternally, as an in-
herent property and eifential attribute of Mat 
ter. Thefe two we have already eftabliihed 

tions. 

A 2 m 
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4. A Confutation of Atheifm from the 

in the preceding Difcourfe ; we ihall now 
ihew in the third place, 

3. That, though we ihould allow the Athe-
ifts, that Matter and Motion may have been 
from everlaiiing 3 yet if (as they now fuppofe) 
there were once no Sun nor Starrs nor Earth 
nor Planets $ but the Particles, that now con-
ftitute them, were diflfufed in the mundane 
Space in manner of a Chaos without any con-
cretion and coalition 5 thofe difperfed Particles 
could never of themfelves by any kind of Na-
tural motion, whether call'd Fortuitous or Me-
chanical, have conven'd into this prefent or any 
other like Frame of Heaven and Earth. 

I. And firil as to that ordinary Cant of il-
literate and puny Atheifts, the fortuitous or ca-
fual concourfe of Atoms, that compendious and 
eafy Difpatchof the moil important and diffi-
cult affair, the Formation of a World 5 (beildes 
that in our next undertaking it will be refuted 
all a long) I ihall now briefly difpatch it, from 

serm. v. what hath been formerly faid concerning the 
p '6 '7 ' true notions of Fortune and Chance. Where-

by it is evident, that in the Atheiftical Hvpo-
thefis of the World's production, Fortuitous 
and Mechanical muft be the felf-fame thing. 
Becaufe Fortune is no real entity nor phyiical 
eiFence, but a mere relative iignifkation, de-

noting 
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noting only this j That fuch a thing iaid to 
fall out by Fortune, was really effected by 
material and neceilary Caufes; but the Per-
fon, with regard to whom it is called Fortui-
tous, was ignorant of thofe Caufes or their 
tendencies, and did not defign nor forefee 
fuch an effect This is the only allowable and 
genuine notion of the word Fortune. But 
thus to affirm, that the World was made for-
tuitoufly, is as much as to fay, That before the 
World was made, there was fome Intelligent 
Agent or Spectator; who defigning to do 
fomething elfe, or expecting that iomething 
elfe would be done with the Materials of the 
World, there were fome occult and unknown 
motions and tendencies in Matter, which me-
chanically formed the World befide his defign 
or expectation- Now the Atheifts, we may 
prefume, will be loth to aflert a fortuitous 
Formation in this proper fenfe and meaning; 
whereby they will make Understanding to 
be older than Heaven and Earth. Or if they 
fhould fo aifert it 3 yet, unlefs they will affirm 
that the Intelligent Agent did difpofe and di-
re<5fc the inanimate Matter, (which is what we 
would bring them to) they muft ftill leave 
their Atoms to their mechanical Affcdions; 
not able to make one ftep toward the pro-

duction 
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du&ion of a World beyond the neceifary 
Laws of Motion. It is plain then, that Fortune, 
as to the matter before us, is but a fynony-
mous word with Nature and Neceility. It 
remains that we examin the adequate mean-

serm. v. ing of Chance 5 which properly fignifies, That 
p · I 2 ' a l l events called Cafual, among inanimate Bo-

dies, are mechanically and naturally produced 
according to the determinate figures and tex-
tures and motions of thofe Bodies 5 with this 
negation only, That thofe inanimate Bodies 
are not confcious of their own operations, 
nor contrive and caft about how to bring fuch 
events to pafs· So that thus to fay, that the 
World was made cafually by the concourfe of 
Aroms, is no more than to affirm, that the 
Atoms compofed the World mechanically 
and fatally 5 only they were not fenfible of 
it, nor ftudied and coniider'd about fo noble 
an undertaking. For if Atoms formed the 
World according to the eilential properties 
of Bulk, Figure and Motion, they formed it 
mechanically 5 and if they formed it mecha-
nically without perception and deiign, they 
formed it casually. So that this negation of 
Confcioufnefs being all that the notion of 
Chance can add to that of Mechanifm 3 We, 
that do not difpute this matter with the Athe-

ifts, 



BENTLEY: A CONFUTATION OF ATHEISM (II) 3 1 9 

Origin and Frame of the World. 
ifts, nor believe that Atoms ever afted by 
Counfel and Thought, may have leave to 
coniider the feveral names of Fortune and 
Chance and Nature and Mechanifm, as one and 
the fame Hypothecs. Wherefore once for all 
to overthrow all poflible Explications which 
Atheifts have or may affign for the formation 
of the World, we will undertake to evince 
this following Proportion : 

II. That the Atoms or Particles which now 
constitute Heaven and Earth, being once fe-
parate and diffufed in the Mundane Space, 
like the fuppofed Chaos, could never without 
a God by their Mechanical afeftions have con-
vened into this prefent Frame of Things or 
any other like i t 

Which that we may perform with the 
greater clearnefs and convi&ion 5 it will be 
neceflary, in a difcourfe about the Formation 
of the World, to give you a brief account of 
fome of the moil principal and fyftematical 
Phenomena, that occurr in the World now 
that it is formed. 

f i · ) The moft confiderable Phenomenon 
belonging to Terreftrial Bodies is the general 
ä&ion of Gravitation., whereby All known Bo-
dies in the vicinity of the Earth do tend and 
prefs toward its Center 5 not only fuch as are 

fenfibly 
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fenfibly and evidently Heavy, but even thofe 
that are comparatively the Lighted, and even 
in their proper place, and natural Elements, 
(as they ufually fpeak) as Air gravitates even 
in Air and Water in Water. This hath been 
demonilrated and experimentally proved be-
yond contradiction, by feveral ingenious Per* 
Tons of the prefent Age, but by none fo per-

phyS'" fpicuoufly and copioufly and accurately, as 
οΓα!?ρ' by the Honourable Founder of this Lecture 
rt^Para i n c o m P a r a ^ e Treatifes of the Air and 
doxes^ Hydroftathks* 

( i . ) Now this is the conftant Property of 
Gravitation 5 That the weight of all Bodies a-
round the Earth is ever proportional to the 
Quantity of their Matter: As for inftance, a 
Pound weight (examin d Hydroflatically) of 
all kinds of Bodies, though of the moll dif-
ferent forms and textures, doth always con-
tain an equal quantity of folid Mafs or cor-
poreal Subilance. This is the ancient Dodtrine 

Lucret. 0f the Epicurean Phyiiology, then and iince 
very probably indeed, but yet precariouily af-
ferted: But it is lately demonilrated and put 
beyond controverfy by that very excellent 

Newton and divine Theoriil Mr. Ifaac Newton, to whofe 
Natur. moil admirable fagacity and induilry we ihall 
Madiiiib. frequently be obliged in this and the follow-
vprop.6. ing Difcourfe. I 
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I will not entertain this Auditory with an 
account of the Demonftration ; but referring 
the Curious to the Book it felf for full fatisfa&i-
on, I ihall now proceed and build upon it as a 
Truth folidly eftabliihed, That all Bodies weigh 
according /o their Matter 5 provided only that 
the compared Bodies be at equal diftances from 
the Center toward which they weigh. Becaufe 
the further they are removed from the Center, 
the lighter they are: decreafing gradually and 
uniformly in weight, in a duplicate proportion 
to the Increafe ot the Diftance. 

(3.) Now iince Gravity is found proportio-
nal to the Quantity of Matter, there is a ma-
nifeft Neceifity of admitting a Vacuum, ano-
ther principal Doftrine of the Atomical Philo-
fophy. Becaufe if there were every- where an 
abfolute plenitude and denfity without any 
empty pores and interfaces between the Parti-
cles of Bodies, then all Bodies of equal dimen-
fions would contain an equal Quantity of Mat-
ter; and confequently, as we have ihewed be-
fore, would be equally ponderous: fo that 
Gold, Copper, Stone, Wood, iyc. would have 
all the fame fpecifick weight; which Experi-
ence aflures us they have not: neither would 
any of them defcend in the Air, as we all fee 
they do 5 becaufe, if all Space was Full, even 
the Air would be as denie and fpecifically as 

Β heavy 
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heavy as they. If it bs faid, that, though rhe 
difference of fpecifick Gravity may proceed 
from variety of Texture, the lighter Bodies 
bang of a more loofe and porous compoiiti-
on, and tile heavier more denfc and compact; 
yet an sethereal fubtile Matter, which is in a 
perpetual motion, may penetrate and pervade 
the minuted and inmoft Cavities of the dofeft 
Bodies, and adapting it felf to the figure of e-
very Pore, may adequately fill them $ and fo 
prevent all Vacuity, without increafmg the 
weight: To this we anfwer; That that fubtile 
Matter it felf mud be of the fame Subftance 
and Nature with all other Matter, and there-
fore It alfo muft weigh proportionally to its 
Bulk; and as much of it as at any time is com-
prehended within the Pores of a particular Bo-
dy muft gravitate jointly with that Body: fo 
that if the Prefence of this iethereal Matter 
made an abfolute Fullnefs, all Bodies of equal 
dimenfions would be equally heavy : which 
being refuted by experience, it. neceifarily fol-
lows, that there is a Vacuity ; and that (not-
withstanding fome little objections full of ca-
vil and fophiilry) mere and fimple Extenfion 
or Space hath a quite different nature and no-
tion from real Body and impenetrable Sub-
ftance. 

(4.) This 
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(4.) This therefore being eftabliihed ; in che 
next place its of great confequence to our pre-
fent enquiry, if we can make a computation, 
How great is the whole Summ of the Void fpa-
ces in our fy item, and what proportion it bears 
to the corporeal fubftance. By many and ac- J ^ g J 
curate Trials it manifeftly appears, that Refined Porofity 
Gold, the moil ponderous of known Bodies,ofBodics' 
(though even that muft be allowed to be po-
rous too, being diifoluble in Mercury and Aqua 
Regis and other Chymical Liquors 5 and being 
nacuraJly a thing impoilible, that the Figures 
and Sizes of its conftituent Particles flioula be 
fo juftly adapted, as to touch one another in 
every Point,) I fay, Gold is in fpecifick weight 
to common Water as 1? to 1 ; and Water to 
common Air as 850 to 1 : fo that Gold is to 
Air as 1615 ο to ι . Whence it clearly appears, 
feeing Matterand Gravity are always commen-
farate, that (though we ihould allow the tex-
ture of Gold to be intirely clofe without any 
vacuity) the ordinary Air in which we live ana 
refpire is of fo thin a compofition, that 16149 
parts of its dimenfions are mere emptinefs and 
Nothing; and the remaining One only mate-
rial and real fubftance. But if Gold it felf be 
admitted, as it muft be, for a porous Concrete, 
the proportion of Void to Body in the texture 
of common Air will be fo much the greater. 

Β 2 And 
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And thus it is in the loweft and denfeil region 
of the Air near the furface of the Earth, where 
the whole Mafs of Air is in a ftate of violent 
eomprefiion, the inferior being prefs'd and 
conftipated by the weight of all th~ incum-
bent. But, fince the Air is now certainly known 
to confiit of elaftick or fpringy Particles, that 

1 1 have a continual tendency and endeavour to 
expand and difplay themfelves 5 and the di-
menfions, to which they expand themfelves, to 
be reciprocally as the Com predion 5 it follows, 
that the higher you afcend in it, where it is lefs 
and lefs comprefs'd by the fuperior Air, the 
more and more it is rarefied. So that at the 
hight of a few miles from the furface of the 
Earth, it is computed to have fome million 
parts of empty fpace in its texture for one of 
folid Matter. And at the hight of one Terre-

Newtm ftrial Semid. (not above 4000 miles) the-Either 
NatPrin- is that wonderfull tenuity, that by an ex-
gg* a<5t calculation, if a fmall Sphere of common 
p. J03. Air of one Inch Diameter (already 16149 parts 

Nothing) fhould be further expanded to the 
thinnefs of that iEther, it would more than 
take up the Vail Orb οϊ Saturn* which is many 
million million times bigger than the whole 
Globe of the Earth. And yet the higher you 
afcend above that region, the Rarefaction ftill 
gradually increafes without flop or limit; fo 

that, 
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that, in a word, the whole Concave of the Fir-
mament, except the Sun and Planets and their 
Atmofpheres, may be confider'd as a mere 
Void. Let us allow then, that all the Matter 
of the Syftem of our Sun may be 50000 times 
as much as the whole Mafs of the Earth $ and 
we appeal to Aftronomy, if we are not liberal 
enough and even prodigal m this conceifion. 
And let us fuppofe further, that the whole Globe 
of the Earth is intirely folid and compact with-
out any void inter ft ices 5 not withftanding what 
hath been (hewed before, as to the texture of 
Gold itfelf Now though we have made fuch 
ample allowances; we (hall find, notwithftand-
ing, that the void Space of our Syftem is im-
menfly bigger than all its corporeal Mafs. For, 
to proceed upon our fuppofition, that all the 
Matter within the Firmament is 50000 times 
bigger than the folid Globe of the Earth; if 
we aiTume the Diameter of the Orbis Magnus 
(wherein the Earth moves about the Sun) to 
be only 7000 times as big as the Diameter of 
the Earth (though the lateft and mod accurate 
Obfervations make it thrice 7000) and the 
Diameter of the Firmament to be only 100000 
times as long as the Diameter of the Orbis Mag-
nus (though it cannot poifibly be lefs than that, 
but may be vaftly and unfpeakably bigger) we 
muft pronounce, after fuch large conceifions 

on 
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on that fide and fuch great abatements on ours, 
That the Summ of Empty Spaces within the 
Concave of the Firmament is 6860 million 
million million times bigger than All the Mat-
ter contain'd in ir. 

Now from hence we are enabled to form a 
right conception and imagination of the fup-
pofed Chaos; and then we may proceed to 
determin the controverfy with more certainty 
and fatisfaftion; whether a World like the 
Prcfent could potfibly without a Divine Influ-
ence be formed in it or no ? 

(1.) And fir ft, becauie every Fixt Star is fup-
pofed by Aitronomers to be of the fame Na-
ture wich our Sun ; and each may very poifi-
bly have Planets about them, though by rea-
fon of their vaft diftance they be inviiible to 
Us: we will aiTume this reafonable fuppoiition, 
That the fame proportion of Void Space to 
Matter, which is found in our Sun's Region 
within the Sphere of the Fixt Starrs, may com-
petently well hold in the whole Mundane Space. 
I am aware, that in this computation we muft 
not ailign the whole Capacity of that Sphere 
for the Region of our Sun ; but allow half of 
its Diameter for the Radii of the feveral Regi-
ons of the next Fixt Starrs. So that diminiih-
ing our former number, as this laft coniidera-
tion requires; we may fafely affirm from cer-

ta'n 
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rain and demonstrated Principles, That the 
empty Space of our Solar Region (compre-
hending half of the Diameter of the Firma-
ment) is 8575 hundred thoufänd million mil-
lion times more ample than all the corporeal 
fubftance in k. And we may fairly fuppofe, 
that the fanle proportion may hold through 
the whole Extent of the Univerfe. 

(2.) And Secondly as to the ftate or condition 
of Matrer before the World was a-making, 
which is compendiouify exprtft by the word 
Chaos; they muft fuppofe, that either All the 
Matter of our Syftcm was evenly or well-nigh 
evenly difFufed through the Region of the Sun, 
this would reprefent a particular Chaos: or 
All Matter umverfally fo fpread through the 
whole Mundane Space; which would truly 
exhibit a General Chaos; no part of the Uni-
verfe being rarer or denfer than another. 
Which is agreeable to the ancient 
Defcription of it, That * the Hea- J X ^ ^ J t 
vens and Earth had υά&ν ίΜα,ν μί- }ji«.r 

. y . voint ym, μτ^μανΜ 

an one form, one texture and w ™ APoii.Rho-

conftitution: which could not be, 
unkfs all the Mundane Matter ^ 
were uniformly and evenly diffufed. 
T i s indifferent to our Difpute, whether they 
fuppofe it to have continued a long time or 
very little in the ftate of DifFufion. For if 

there 
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there was but one iingle Moment in all paft 
Eternity, when Matter was fo diffufed: we 
ihall plainly and fully prove, that it could ne-
ver have convened afterwards into the prefent 
Frame and Order of Things. 

(3.) It is evident from what we have newly 
proved, that in the Suppofition of fuch a Chaos 
or fuch an even diffuiion either of the whole 
Mundane Matter or that of our Syftem (for it 
matters not which they aflume) every Tin-
gle Particle would have a Sphere of Void Space 
around it 8575 hundred thoufand million mil-
lion times bigger than the dimeniions of that 
Panicle. Nay further, though the proportion 
already appear fo immenfe ; yet every iingle 
Particle would really be furrounded with a 
Void fphere Eight times as capacious as that 
newly mention d 5 its Diameter being com-
pounded of the Diameter of the Proper fphere, 
and the Semi-diameters of the contiguous 
Spheres of the neighbouring Particles. From 
whence it appears, that every Particle (fuppoiing 
them globular or not very oblong) would be 
above Nine Million times their own length 
from any other Particle. And moreover in the 
whole Surface of this Void fphere there can 
only Twelve Particles be evenly placed (as the 
Hypotheiis requires,) that is, at equal Diftances 
from the Central one and each other. So that 

if 
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if die Matter of our Syftem or of the Univerfe 
was equally difperfed, like the fuppofed Chaos ; 
the refult and iifue would be, not only that 
every Atom would be many Million times its 
own length diftant from any other: but if a-
ny One ihould be moved Mechanically (with-
out direction or attraction) to the limit of that 
diftance; 'tis above a hundred million milli-
ons Odds to an unit, that it would not ftrike 
upon any other Atom, but glide through an 
empty interval without any contadt 

(4.) 'Tis true, that while I calculate thefe 
Meafures, I fuppofe all the Particles of Matter 
to be at abfolute reft among themfelves, and 
iituated in an exadt and mathematical even-
nefs; neither of which is likely to be allowed 
by our Adverfaries, who not admitting the 
former, but averting the eternity of Motion, 
will confequently deny the latter alfo: becaufe 
in the very moment, that Motion is admitted 
in the Chaos, fuch an exadt evennefs cannot 
poflibly be preferved. But this I do, not to 
draw any argument againft them from the 
Univerfal Reft or accurately equal diffufion of 
Matter ; but only that I may better demon-
ftrate the great Rarity and Tenuity of their 
imaginary Chaos, and reduce it to computa-
tion. Which computation will hold with ex-
adtnefs enough, though we allow the Parti-

C cles 
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cles of the Chaos to be varioufly moved, and 
to differ fomething in iize and figure and iitu-
ation. For if fome Particles ihould approach 
nearer cacli other than in the former Propor-
tion ; with refpeft to fome other Particles they 
\vould be as much remoter. So that notwith-
ftanding a fmall diverfity of their Pofitions and 
Diftances, the whole Aggregate of Matter, as 
long as it retain'd the name and nature of 
Chaos, would retain well-nigh an uniform te-
nuity of Texture, and may be confider'd as 
an homogeneous Fluid. As fcveral Portions 
of the fame fort of Water are reckon'd to be 
of the fame fpecifick gravity ; though it be 
naturally impoffible that every Particle and 
Pore of it, confider'd Geometrically, ihould 
have equal iizes and dimeniions. 

We have now reprefented the true fcheme 
and condition of the Chaos; how all the Par-
ticles would be difunited; and what vaft inter-
vals of empty Space would lye between each. 
To form a Syftem therefore, 'tis neceifary that 
thefe fquander'd Atoms ihould convene and 
unite into great and compadt Mafles, like the 
Bodies of the Earth and Planets. Without fuch 
a coalition the diftufed Chaos muft have con-
tinued and reign'd to all eternity. But höw-
could Particles (u widely difperfed combine 
into that clofenefs of Texture ? Our Adverfa-

ries 
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nes can have only thefe two ways of account-
ing for it. Either by the Common Motion of 
Matter, proceeding from external Impulfe and 
Conflidt (without attra&ion) by which every 
Body moves uniformly in a direct line accord-
ing to the determination of the impelling force. 
For, they may fay, the Atoms of the Chaos be-
ing varioufly moved according to this catho-
lic Law, muft needs knock and interfere ; by 
which means fome that have convenient fi-
gures for mutual coherence might chance to 
ftick together, and others might join to thofe, 
and fo by degrees fuch huge Mafles might be 
formed, as afterwards became Suns and Pla-
nets : or there might arife fome vertiginous 
Motions or Whirlpools in the Matter of the 
Chaos; whereby the Atoms might be thruft 
and crowded to the middle of thofe Whirl-
pools, and there conftipate one another into 
great folid Globes, fuch as now appear in the 
World. Or fecondly by mutual Gravitation 
or Attraction. For they may afTert, that Mat-
ter hath inherently and eiTentially fuch an in-
trinfeck energy, whereby it inceiTantly tends 
to unite it felf to all other Matter: fo that f o 
veral Particles placed in a Void fpace at any dl 
fiance whatfoever would without any external 
impulfe fpontaneoufly convene and unite to-
gether. And thus the Atoms of the Chaos, 

C 2 
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though never fo widely diflfufed, might by this 
innate property of Attraction foon aiTemble 
themfelves into great fphamcal MaiTes, and 
conftitute Syftems like the prefent Heaven and 
Earth. This is all that can be propofed by 
Atheifts, as an efficient caufe of a World. Fon 
as to the Epicurean Theory, of Atoms defcerxi-
ing down an infinite fpace by an inherent prin-
ciple of Gravitation, which tends not toward 
other Matter, but toward a Vacuum or Nothing 5 

•Lucret. and verging from the Perpendicular * no body | 
Z?LT knows why nor when nor where 5 'tis fuch mifera-
certatnec ble abfurd (tuff, fo repugnant to it feif, and fo 
a n ! " contrary to the known Phenomena of Nature 

(yet it contented fupine unthinking Atheifts 
for a thoufand years together) that we will not 
now honour it with a fpecial refutation. But 
what it hath common with the other Explica-
tions, we will fully confute together with Them 
in thefe three Propositions. 

(1.) That by Common Motion (without 
attraction) the difleverd Particles of the Chaos 
could never make the World; could never 
convene into fuch great compact MaiTes, a$ the 
Planets now are; nor either acquire or conti-
nue fuch Motions, as the Planets now have. 

(2 ) That fuch a mutual Gravitation or fpon-
taneous Attraction can neither be inherent and 
eflential to Matter; nor ever fapervene to it, 

unlefs 
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unlefs imprcfs'd and infufed into it by a Di-
vine Power. 

(3.) That though we ftiould allow fuch At-
traction to be natural and eiTcntial to all Mat-
ter 5 yet the Atoms of a Chaos could never fo 
convene by it, as to form the prefent Syftem : 
or if they could form it, it could neither ac-
quire fuch Motions, nor continue permanent 
in this ftate, without the Power and Provi-
dence of a Divine Being. 

I. And firft, that by Common Motion the 
Matter of Chaos could never convene into 
fuch Mafles, as the Planets now are. Any man, 
that confiders the fpacious void Intervals of 
the Chaos, how immenfe they are in propor-
tion to the bulk of the Atoms, will hardly in-
duce himfelf to believe, that Particles fo wide-
ly difleminated could ever throng and crowd 
one another into a clofe and compact texture. 
He will rather conclude, that thofe few that 
ihould happen to claih, might rebound after 
the colliiion 5 or if they cohered, yet by the 
next conflict with other Atoms might oe fe-
parated again, and fo on in an eternal viciifi-
tude of Fail and Loofe, without ever confo-
ciating into the huge condenfe Bodies of Pla-
nets 5 fome of whofe Particles upon this fup-
pofition muft have travell'd many millions of 
Leagues through the gloomy regions of Cha-

os, 



334 BENTLEY: A CONFUTATION OF ATHEISM (II) 

2 2 A Confutation of Atheifm from the 

os, to place themfelves where they now are. 
But then how rarely would there be any claih-
ing at all ? how very rarely in comparifon to 
the number of Atoms ? The whole multitude 
of them, generally fpeaking, might freely move 
and rove for ever with very little occurring or 
interfering. Let us conceive two of the nearefl 
Particles according to our former Calculation j 
or rather let us try the fame proportions in a-
nother Example, that will come eafier to the 
Imagination. Let us fuppofe two Ships, fit-
ted with durable Timber and Rigging, but 
without Pilot or Mariners, to be placed in the 
vail Atlantic/<. or the Pacifique Ocean, as far a-
funder as may be. How many thoufand years 
might expire,before thofe folitary VeiTels fliould 
happen to ftrike one againil the other ? But let 
us imagin the Space yet more ample, even the 
whole tace of the Earth to he covered with 
Sea, and the two Ships to be placed in the op-
polite Poles: might not they now move long 
enough without any danger of claibing ? And 
yet 1 find, that the two neareft Atoms in our 
evenly difFufed Chaos have ten thoufand times 
lefs proportion to the two Void circular Planes 
around them, than our two Ships would have 
to the whole Surface of the Deluge. Let us 
aflumc then another Deluge ten thoufand times 
larger than floah's. Is it not now utterly in-

credible, 
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credible, that our two VeiTels, placed there An-
tipodes to each other, ihould ever happen to 
concuri And yet let me add, that the Ships 
would move in one and the fame Surface; and 
confequently muft needs encounter, when they 
either advance towards one another in direct 
lines, or meet in the interft&ion of crofs ones; 
but the Atoms may not only fly fide-ways, but 
over like wife and under each other : wheh 
makes it many million times more improbable, 
that they ihould interfere than the Ships, even in 
the laft and unlikelieft inftance. But they may 
fay, Though the Odds indeed be unfpeakable 
that the Atoms do not convene in any fe: num-
ber of Trials, yet in an infinite SucceiHon of 
them may not fuch a Combination poflibly 
happen ? But let them confider, that the im-
probability of Cafual Hits is never diminiihed 
by repetition of Trials; they are as unlikely to 
fall out at the Thoufandth as at the Firft. So 
that in a matter of mere Chance, when there 
is fo many Millions odds againit any aifign- serm. v. 
able Experiment 5 'tis in vain to expedt it ihould p· 32· 
ever fucceed, even in endlefs Duration. 

But though we ihould concede it to be lim-
ply poifible, that the Matter of Chaos might 
convene into great Mattes, like Planets: yet it's 
abfolutely impoflible, that thofe Mafles ihould 
acquire fuch revolutions about the Sun. Let 

us 
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us fuppofe any one of thofe Mailes to be the 
Prefent Earth. N o w the annual Revolution of 
the Earth muft proceed (in this Hypothecs) ei-
ther from the Summ and Refult of the feveral 
motions of all the Particles that formed the 
Earth, or from a new Impulfe from fome ex-
ternal Matter, after it was formed The former 
is apparently abfurd, becaufe the Particles that 
form'd the round Earth muft needs convene 
from all points and quarters toward the mid-
dle, and would generally tend toward its Cen-
ter ; which would make the whole Compound 
to reft in a Poife: or at leaft that overplus of 
Motion, which the Particles of one Hemifphere 
could have above the other, would be very 
fmall and mconfiderable 5 too feeble and lan-
guid to pro pell fo vaft and ponderous a Body 
with that prodigious velocity. And fecondly, 
'tis impoilible, that any external Matter ihould 
imp^ll that compound Mafs, after it was form-
ed. T i s manifeft, that nothing elfe could 1m-
pell it, unlefs the Ethereal Matter be fuppofed 
to bz carried about the Sun like a Portex or 
Whirlpool, as a Vehicle to convey It and the 
reft of the Planets. But this is refuted from 
what w e have (hewn above, that thofe Spaces of 
theiEther may be reckon'd a mere Void, the 
whole Quantity of their Matter fcarce amount-
ing to the weight of a Grain. 'Tis refuted alfo 

from 
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from Matter of Fadt in the Motion of Comets j 
which, as often as they are vifible to Us, are in Newton 
the Region of our Planets 5 and there are ob-
ferved to move, fome in quite contrary cour-
fes toTheirs, and fome in crofs and oblique ones, 
in Planes inclined to the Plane of the Eclip-
tick in all kinds of Angles: which firmly evin-
ces, that the Regions of the JEther are empty 
and free, and neither refift nor ailift the Revo-
lutions of Planets. But moreover there could 
not poflibly arife in the Chaos any Vortices or 
Whirlpools at all $ either to form the Globes 
of the Planets, or to revolve them when form-
ed. T i s acknowledged by all, that inanimate 
unadtive Matter moves always in a ftreight 
Line, nor ever refledts in an Angle, nor bends 
in a Circle (which is a continual reflexion) un-
lefs either by fome external Impulfe, that may 
divert it from the diredt motion, or by an in-
trinfec Principle of Gravity or Attraction, that 
may make it defcribe a curve line about the 
attracting Body. But this latter Caufe is not 
now fuppofed: and the former could never 
beget Whirlpools in a Chaos of fo great a Laxi-
ty and Thinnefs. For 'tis matter ot certain ex-
perience and univerfally allowed, that all Bo-
dies moved circularly have a perpetual endea-
vour to recede from the Center, and every mo-
ment would fly out in right Lines, if they were 

D not 
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not violently reft rain d and kept in by contigu-
ous Matter. But there is no fuch reftraint in a 
Chaos, no want of empty room there; no poi-
fibility of effecting one iingle Revolution in 
way of a Vortex, which neceiTarily requires ei-
ther an abfolute Fulnefs of Matter, or a pretty 
clofe Conftipation and mutual Contact of its 
Particles. 

And for the fame reafon 'tis evident, that the 
Planets could not continue their Revolutions a-
bout the Sun ; though they could poilibly ac-
quire them. For to drive and carry the Planers 
in fuch Orbs as they now defcnbe, that jEthe-
real Matter muft be compact and denfe, as 
denfe as the very Planets themfelves: other-
wife they would certainly fly out in Spiral 
Lines to the very circumference of the Vortex. 
But we have often inculcated, that the wide 
Tradts of the iEther may be reputed as a mere 
extended Void. So that there is nothing (in this 
Hypothecs) that can retain and bind the Pla-
nets in their Orbs for one fingle moment ; but 
they would immediately deiert them and the 
neighbourhood of the Sun, and vaniih away in 
Tangents to their feveral Circles into the Abyfs 
of Mundane Space. 

II. Secondly we affirm, that mutual Gravi-
tation or fpontaneous Attra&ion cannot poifi-
bly be innate and eflential to Matter. By At-

traction 
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traction we do not here underftand what is im-
properly, though vulgarly, called fo, in the ope-
rations of drawing,fucking,pumping,^, which 
is really Pulfion and Truiion; and belongs to 
that Common Motion, which we have already 
ihewn to be inefficient for the formation of a 
World. But we now mean (as we have ex-
plain d it before) fuch a power and quality, 
whereby all parcels of Matter would mutually 
attraft or mutually tend and prefs to all others; 
f a that (for inftance) two diftant Atoms in va-
cuo would fpontaneoufly convene together 
without the impulfe of external Bodies. Now 
we fay, if our Atheifts fuppofe this power to be 
inherent and eiTential to Matter; they over-
throw their own Hypothefis: there could ne-
ver be a Chaos at all upon thefe terms, but the 
prefent form of our Syftem muft have continu-
ed f iom all Eternity ; againft their own Sup-
pofition, and what we have proved in our Laft. fiWeSerm. 

For if they affirm, that there might be a Chaos &rm.viii. 
nötwithftanding innate Gravity; then let them 
affign any Period though never fo remote, 
when the difFufed Matter might convene. 
They muft confefs, that before that afligned 
Period Matter had exifted eternally, infepara-
bly endued with this principle of Attraction ; 
and yet had never attracted nor convened be-
fore, during that infinite duration: which is 

D 2 fo 
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fo monftrous an abfurdity, as even They will 
bluib to be charged with. But fome perhaps 
may imagin, that a former Syitem might be 
diilblved and reduced to a Chaos, from which 
the prefent Syftem might have its Origi-
nal, as that Former had from another, and 
fo o n : new Syftems having grown out of old 
ones in infinite Viciflitudes from all paft eterni-
ty. But we fay, that in the Suppofition of in-
nate Gravity no Syftem at all could be diflbl-
ved. For how is it poifible, that the Matter of 
folid Maffes like Earth and Planets and Starrs 
ihould fly up from their Centers againft its in-
herent principle of mutual Attraction, and dif-
fufe it felf in a Chaos ? This is abfurder than 
the other: That only fuppofed innate Gravity 
not to be exerted; This makes it to be defeated, 
and to a i t contrary to its own Nature. So that 
upon all accounts this eflential power of Gra-
vitation or Attraction is irreconcilable with the 
AtheiiVs own DoCtrine of a Chaos. And fe~ 
condly 'tis repugnant to Common Senfe and 
Reafon. 'Tis utterly unconceivable, that inani-
mate brute Matter (without the mediation of 
fome Immaterial Being) ihould operate upon 
and affeCt other Matter without mutual Con-
tad: j that diftant Bodies ihould a d upon each 
other through a Vacuum without the interven-
tion of fomething elfe by and through which 
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the a&ion may be conveyed from one to the 
other. We will not obfeure and perplex with 
multitude of words, what is fo clear and evi-
dent by its own light, and mud needs be allow-
ed by all, that have any competent ufe of Think-
ing, and are initiated into, I do not fay the My-
fteries, but the plaineft Principles of Philofophy. 
Now mutual Gravitation or Attra&ion (in our 
prefent acception of the Words) is the fame 
thing with This ; 'tis an operation or vertue 
or influence of diftant Bodies upon each other 
through an empty Interval, without any Eflu-
via or Exhalations or other corporeal Medium 
to convey and tranfmit it. This Power there-
fore cannot be innate and eiTential to Matter. 
And if it be not eiTential 5 it is confequently 
moft manifeft (feeing it doth not depend upon 
Motion or Reft or Figure or Pofition of Parts, 
which are all the ways that Matter can diver-
iify ltfelf) that it could never fupervene to it, 
unlefs imprefs'd and infufed into it by an im-
material and divine Power. 

We have proved, that a Power of mutual 
Gravitation, without contaft or impulfe, can 
in no-wife be attributed to mere Matter: or if 
it could; we (hall prefently flhew, that it would 
be wholly unable to form the World out of 
Chaos, But by the way ; what if it be made 
appear, that there is really fuch a Power of 

Gravity 
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Gravity perpetually afting in the conftitution 
of the prefent Syitem ? This would be a new 
and invincible Argument for the Being of God: 
being a diredt arid pofitive proof, that an im-
material living Mind doth inform and adhiate 
the dead Matter, and fupport the Frame of the 
World. I will lay before you fome certain 
Phenomena of Nature$ and leave it to your 
confideration from what Principle they can 
proceed. 'Tis detnonftrated, That the Sun, 
Moon and all the Planets do reciprocally gra-
vitate one toward another: that the Gravita-
ting power of each of Thefe is exadtly propor-
tional to their Matter, and arifes from the feve-
ral Gravitations or Attractions of every indi-
vidual Particle that compofe the whole Mafs: 
that all Matter near the Surface of the Earth, 
for example, doth not only gravitate down-
wards, but upwards alfo ana fide-ways and to-
ward all imaginable Points; though the Ten-
dency downwards be predominant and alone 
difcernible, becaufe of the Greatnefsand Near-
nefs of the attracting Body, the Earth: that e-
very Particle of the whole Syftem doth attraft 
and is attracted by all the reft, All operating 
upon All: that this Vniverfal Attraction or Gra-
vitation is an inceiTant, regular and uniform 
Adtion by certain and eftabliihed Laws accord-
ing to (Quantity of Matter and Longitude of 

Diftance: 
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Diftance: that it cannot be deftroytd nor im-
pair d nor augmented by any thing, neither by 
Motion nor Reft, nor Situation nor Pofture, 
nor alteration of Form, nor diveriky of Me-
dium : that it is not a Magnetical Power, nor 
the effrdt of a Vortical Motion 5 thofe com-
mon attempts toward the Explication of Gra-
vity : Thefe things, I fay, are fully demonftra- jjjj» 
ted, as matters of Fad, by that very ingenious pw«; «iL 
Author, whom we cited before. Now how is pS? 
it poifible that thefe things ihould be efc&ed [fbathIIL 

by any Material and Mechanical Agent ? We 
have evinced* that mere Matter cannot operate 
upon Matter without mutual Contact. It re-
mains then,that thefe Phenomena are produced 
either by the intervention of Air or JEthtt or o-
ther fuch medium, that communicates the Im-
pulfe from Oiie Body to another; or by Efflu-
via and Spirits that are emitted from the one, 
and pervene to the other. We can conceive 
no other way of performing them Mechani-
cally. But what impulfe or agitation o n be 
propagated through the ÄLther irom one Parti-
cle entombed and wedged in the very Cen-
ter of the Earth to another in the Center of Sa-
turn? Yet even thofe two Par tides do recipro-
cally affedfc each other wkh the fame force and 
Vigour* as they would do at the fame diftance 
inany other Situation imaginable. And becaufe 
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the Impulfe from this Particle is not directed 
to That only ; but to all the reft in the Uni-
verfe, to all quatters and regions, at once in-
variably and incefTantly: to do this mechani-
callyj the fame phyfical Point of Marter muft 
move all manner of ways equally and conftant-
ly in the fame inftant and moment; which is 
flatly impoffible. But if this Particle cannot pro-
pagate Motion; much lefs can it fend out Efflu-
via to all points without intermiffion or varia-
tion 5 fuch multitudes of Effluvia as to lay hold 
on every Atom in the Univerfe without miffing 
of one. Nay every iingle Particle of the very 
Effluvia (feeing they alfo attraft and gravitate) 
muft in this Suppofition emit other fecondary 
Effluvia all the World over; and thofe others 
ftill emit more, and fo in infinitum. Now if 
thefe things be repugnant to human reafon ; 
we have great reafon to affirm, That Univer-
fal Gravitation, a thing certainly exiftent in Na-
ture, is above all Mechanifm and material Cau-
fes, and proceeds from a higher principle, a 
Divine energy and impreffion. 

III. Thirdly we affirm; That, though we 
ihould allow, that reciprocal Attradfcion is efTen-
tial to Matter $ yet the Atoms of a Chaos could 
never fo convene by it, as to form the prefent 
Syftem ; or if they could form it, yet it could 
neither acquire thefe Revolutions, nor fubfift 

in 



BENTLEY: A CONFUTATION OF ATHEISM (II) 345 

Origin and Tram of the World, 33 
in the prefent condition, without the Confcr-
vation and Providence of a Divine Being. 

(ι.) For firft, if the Matter of the Univerfe, and 
confequently the Space through which its diflfu-
fedjbefuppofcd to be Finite (and I think it might 
be demonftrated to be fo 5 but that we have al-
ready exceeded the juft meafures of a Sermon) 
then, fince every fingle Particle hath an innate 
Gravitation toward all others, proportionated by 
Matterand Diftance: it evidently appears, that 
the outward Atoms of the Chaos would necefla-
rily tend inwards and defcend from all quarters 
toward the Middle of the whole Space (for in re-
fpeft to every Atom there would lie through the 
Middle the greateil quantity of Matter and the 
moft vigorous Attraction) and would there form 
and conftitute one huge fphaerical Mafs; which 
would be the only Body in the Univerfe. It is 
plain therefore, that upon this Suppofition the 
Matter of the Chaos could never compofe fuch 
divided and different Mafles, as the Starrs and 
Planets of the prefent World. 

But allowing our Adverfaries, that The Pla-
nets might be compofed: yet however they could 
not po/fibly acquire fuch Revolutions in Circu-
lar Orbs, or (which is all one to our prefent pur-
pofe) in Ellipfes very little Eccentric. For let them 
aifign any place where the Planets were formed. 
Was it nearer to the Sun, than the prefent diftan-
ces are ? But that is notonouily abfurd: for then 

Ε they 



346 BENTLEY: A CONFUTATION OF ATHEISM (II) 

A Confutation ofAtheifm from tbe 

they muft have afcended from the place of their 
Formation, againft the eflential property of mu-
tual Attraction. Or were each formed in the fame 
Orbs, in which they now move ? But then they 
muft have moved from the Point of Reft, in an 
horizontal Line without any inclination or de-
fcent. Now there is no natural Caufe, neither 
Innate Gravity nor Impulfe of external Matter, 
that could taget fuch a Motion. For Gravity a-
lone muft have carried them downwards to the 
Vicinity of the Sun. And that the ambient Either 
is too liquid and empty, to impell them horizon-
tally with that prodigious celerity, we have fuffi-
ciently proved before. Or were they made in fome 
higher regions of the Heavens; and from thence 
defcended by their eifential Gravity, till they all 
arrived at their refpe&ive Orbs; each with its pre-
fent degree of Velocity, acquired by th: fall ? But 
then why did they not continue their defcent, till 
they were contiguous to the Sun 5 whither both 
Mutual Attraction and Impetus carried them ? 
What natural Agent could turn them aiide,could 
impell them fo ftrongly with a tranfverfe Side-
blow againft that tremendous Weight and Ra-
pidity, when whole Worlds are a falling ? But 
though we ihould fuppofe, that by fome crofs 
attraction or other they might acquire an obli-
quity of defcent, fo as to mifs the body of the 
Sun, and to fall on one fide of it : then indeed 
the force of their Fall would carry them quite 

beyond 
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beyond i t ; and fo they might fetch a com-
pafs about it, and then return and afcend by 
the fame fteps and degrees of Motion and Ve-
locity, with which they defcended before. Such 
an eccentric Motion as this, muclf after the 
manner that Comets revolve about the Sun, they 
might poflibly acquire by their innate principle 
of Gravity: but circular Revolutions in concen-
tric Orbs about the Sun or other central Body 
could in no-wife be attain d without the power 
of the Divine Arm. For the Cafe of the Plane-
tary Motions is this. Let us conceive all the Pla-
nets to be formed or conftituted with their Cen-
ters in their feveralOrbs; and at once to be im-
prefs'd on them this Gravitating Energy toward 
all other Matter, and a tranfverfe Impulfe of a 
juft quantity in each, projecting them directly 
in Tangents to thofe Orbs. The Compound 
Motion, which arifes from this Gravitation and 
Proje&ion together, defcribes the prefent Revo-
lutions of the Primary Planets about the Sun, and 
of the Secondary about Thofe: the Gravity pro-
hibiting, that they cannot recede from the Cen-
ters of their Motions; and the tranfverfe Impulfe 
with-holding,that they cannot approach to them. 
Now although Gravity could be innate(which we 
have proved that it cannot be) yet certainly this 
projected, this tranfverfe and violent Motion can 
only be afcribed to the Right hand of the moft high 
GodyCreator of Heaven and Earth. 

Ε 2 But 
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But finally, though we grant, that thefe Circu-

lar Revolutions could be naturally attained; or, 
if they will, that this very individual World in 
its prefent pofture and motion was actually form-
ed out of Chaos by Mechanical Caufes: yet ic 
requires a Divine Power and Providence to have 
conferved it fo long in the prefent ftate and con-
dition. We have ihewed, that there is a Tranf-
verfe Impulfe imprefs'd upon the Planets, which 
retains them in their feveral Orbs, that they be 
not drawn down by their gravitating Powers to-
ward the Sun or other central Bodies. Gravity 
we underftand to be a conftant Energy or Facul-
ty (which God hath infufed into Matter) perpe-
tually a&ing by certain Meafures and (naturally) 
inviolable Laws; I fay, a Faculty and Power: for 
we cannot conceive that tfie Aä of Gravitation 
of this prefent Moment can propagate it felf or 
produce that of the next. But 'tis otherwife as to 
the Tranfverfe Motion 5 which (by reafon of the 
Inactivity of Matter and its inability to change 
its prefent State either of Moving or Refting ) 
would from one fingle Impulfe continue for ever 
equal and uniform, unlefs changed by the reii-
ilence of occurring Bodies or by a Gravitating 
Power; fo that the Planets, fince they move Ho-
rizontally (whereby Gravity doth not affe<5t their 
fwiftnefsj and through the liquid and unrefifting 
Spaces of the Heavens ( where either no Bo-
dies at all or inconfiderable ones do occur) may 

pre-
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prefervethe fame Velocity which the firft Impulfe 
impreft upon them, not only for five or fix thou-
fand years, but many Millions of Millions. It 
appears then, that if there was but One Vaft Sun 
in the Univerfe, and all the reft were Planets, re-
volving around him in Concentric Orbs, at con-
venient Diftances: fuch a Syftem as that would 
very long endure; could it but naturally have a 
Principle of Mutual Attraction, and be once actu-
ally put into Circular Motions. But the Frame 
of the prefent World hath a quite different ftruc-
ture: here's an innumerable multitude of Fixt 
Starrs or Suns 5 all of which are demonftrated 
(and fuppofed alfo by our Adverfaries) to have 
Mutual Attra&ion: or if they have not $ even 
N o t to have it is an equal Proof of a Divine Be-
ing, that hath fo arbitrarily indued Matter with 
a Power of Gravity not eifential to it, and hath 
confined its a<5tion to the Matter o f its own So-
lar Syftem: I fay, all the Fixt Starrs have a prin-
ciple of mutual Gravitation; and yet they are 
neither revolved about a common Center, nor 
have anjr Tranfverfe Impulfe nor any thing elfe 
to reftrain them from approaching toward each 
other, as their Gravitating Powers incite them. 
N o w what Natural Caufc can overcome Nature 
itfelf? What is it that holds and keeps them in 
fixed Stations and Intervals againft an inceflant 
and inherent Tendency to defert them ? Nothing 
could hinder» but that the Outward Starrs with 

their 
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their Syftems of Planets muft neceflarily have 
defended toward the middlemoft Syftem of the 
Univerfe, whither all would be the mod ftrongly 
atcra&ed from all parts of a Finite Space. It is 
evident therefore that the prefent Frame of Sun 
and Fixt Starrs could not poflibly fnbfift without 
the Providence of that almighty Deity, who [pake 

Pfai. 148. the word and they were made, who commanded and 
they were created; who hath made them Faft for 
ever and ever, and hath given them a Law, which 
Jhall not be broken. 

(2.) And fecondly in the Suppoiition of an in-
finite Chaos, 'tis hard indeed to determin, what 
would follow in this imaginary Cafe from an in-
nate Principle of Gravity. But to haften to a 
conclufion, we will grant for the prefent, that the 
diflfufed Matter might convene into an infinite 
Number of great Maifes at great diftances from 
one another, like the Starrs and Planets of this 
vifible part of the World. But then it is impoffi-
ble, that the Planets ihould naturally attain thefe 
circular Revolutions, either by intrinfec Gravita-
tion or the impulfe of ambient Bodies. It is plain, 
here is no difference as to this; whether the 
World be Infinite or Finite: fo that the fame Ar-
guments that we have ufed before, may be equal-
ly urged 111 this Suppoiition. And though we 
ihould concede, that thefe Revolutions might be 
acquired, and that all were fettled and conftiru-
ted in the prefent State and Pofture of Things 5 

yet, 
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yet,we fay^thecontinuance of this Frame and Or-
der for fo long a duration as the known ages of 
the World mull neceflärily infer the Exiftence of 
God. For though the Univerfe was Infinite, the 
Fixt Starrs could not be fixed, but would natural-
ly convene together, and confound Syitem with 
Syftem: for, all mutually attracting, every one 
would move whither it was moil powerfully 
drawa This, they may fay, is indubitable in the 
cafe of a Finite World, where fome Syftems muft 
needs be Outmoft, and therefore be drawn to-
ward the Middle: but when Infinite Syftems fuc-
ceed one another through an Infinite Space, and 
none is either inward or outward; may not all 
the Syftems be fituatedin an accurate Poife; and, 
becaufe equally attracted on all fides, remain fixr 
ed and unmoved ? But to this we reply; That un-
lefs the very mathematical Center of Gravity of 
every Syftem be placed and fixed in the very ma-
thematical Center of the Attractive Power of all 
the reft 5 they cannot be evenly artra<5ted on all 
fides, but muft preponderate fome way or other. 
Now he that confiders,what a mathematical Cen-
ter is, and that Quantity is infinitly divifible; will 
never be perfuaded, that fuch an Univerfal Equi-
librium arifing from the coincidence of Infinite 
Centers can naturally be acquired or maintaind. 
If they fay j that upon the Suppofition of Infinite 
Matter, every Syftem would be infinitly, and 
therefore equally attracted on all fides 5 and con-

fequently 
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fequently would reft in an exadt Equilibrium, be 
the Center of its Gravity in what Pofition foever: 
This will overthrow tluir very Hypothecs$ at 
this rate in an infinite Chaos nothing at ail could 
be formed; no Particles could convene by mu-
tual Attraction; for every one there muft have 
Infinite Matter around it, and therefore muft reft 
for ever bang evenly balanced between Infinite 
Attractions. Even the Planets upon this principle 
muft gravitate no more toward the Sun, than a-
ny other way: fo that they would not revolve 
in curve Lines, but fly away in direct Tangents, 
till they ftruck againft other Planets or Starrs in 
fome remote regions of the Infinite Spacc. An e-
qual Attraction on all fides of all Matter is juft 
equal to no Attraction at all: and by this means 
all the Motion in the Univerfe muft proceed 
from external Impulfe alone 5 which we have 
proved before to be an incompetent Caufe for 
the Formation of a World. 

And now, Ο thou almighty and eternal Crea-
tor, having confidedd the Heavens the work, of thy 

pfai. 8. fingers, the Moon and the Starrs which thou haft or-
dainedy with all the company of Heaven we laud 
and magnify thy glorious Name, evermore 
praifin» thee and faying 5 Holy, Holy, Holy, 
Lord God of Hofts, Heaven ana Earth arc full 
of thy Glory: Glory be to thee, Ο Lord moil 
High. 

Ρ I Ν I S. 
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A d s X I V . 1 5 , &c. 
That ye fbouid turn from thefe vanities unto the 

living God) who made Heaven and Earth 
and the Sea, and all things that are there-
in : Who in times faft fufferd all Nations to 
walk, in tl)eir own ways. Neverthelefst he left 
not himfelf without witnefs, in that he did 
Good\ ana gave us Rain from Heaven, and 
fmitfull Seafons, filling our hearts with Food 
and Gladnefs. 

HAving abundantly proved in our Laft Ex-
erciie, That the Frame of the prefenc 
World could neither be made nor preier-

ved without the Power of God; we ill all now con-
iider the ftru&ure and motions of our own Sy-
l lem, if any chara&ers of Divine Wtfdom and 
Goodneß may be difcoverable by us. And even 
at the firft and general View it very evidently ap> 
pears to us (which is our F O U R T H and Laft 
Proportion,) That the Order and Beauty of the 
Syftematical Parts of the World, the DiTcernible 
Ends and Final Caufes of them, the το or 
Meliority above what was neceiTary to be, do e-
vince by a reflex Argument, that it could not be 
produced by Mechanifm or Chance, but by an 

Β ι Intel* 
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Intelligent and Benign Agent, that by bis excellent 
Wtfdom made the Heavens. 

But before we engage in this Difquifition, we 
muft offer one neceifary Caution; that we need 
not nor do not confine and deeermin the purpo-
fes of God in creating all Mundane Bodies, mere-
ly to Human Ends and "Ufes. N o t that we be-
lieve it laborious and painfull to Omnipotence to 
create a World out of Nothing ; or more labori-
ous to create a great World, than a fmall one : 
fo as we might think it difagreeable to the Majefty 
and Tranquillity of the Divine Nature to take 
fo much pains for our fakes. N o r do we count 
it any abfurdity, that fuch a vail and immenfe 
Univcrfe ihould be made for the fole ufe of fuch 
mean and unworthy Creatures as the Children of 
Men. For if we confider the Dignity of an Intel-
ligent Being, and put that in the fcales againft: 
brute inanimate Matter ; we may affirm, with-
out over valuing Humane Nature, that the Soul 
of one vertuous and religious Man is of greater 
worth and excellency than the Sun and his Pla-
nets and all the Starrs in the World. If therefore 
it could appear, that all the Mundane Bodies are 
fome way conducible to the iervice of Man 5 if all 
were as beneficial to us, as the Polar Starrs were 
formerly for Navigation: as the Moon is for the 
flowing and ebbing of Tides, by which an inefti-

mable 
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mable advantage accrues to the World; for her 
officious Courtefy on dark Winter nighcs, efpeci-
ally to che more Northern Nations, who in a 
continual Night it may be of a whole month are 
fo pretty well accommodated by the Light of the 
Moon refle&ed from frozen Snow, that they do 
not much envy their 4titipo&s a month's prefence 
of the Sun: if all the Heavenly Bodies were thus 
ferviceable to us, we ihould not be backward to 
aflign their ufefulnefs to Mankind, as the fole end 
of their Creation. But we dare not undertake to 
(hew, what advantage is brought to Us by thofe 
innumerable Starrs in the Galaxy and other parts 
o f the Firmament, not difcernible by naked eyes, 
and yet each many thoufand times bigger than 
the whole body of the Earth : If you lay, they 
beget in us a great Idea and Veneration of the 
mighty Author and Governer of fuch ftupendious 
Bodies, and excite and elevate our minds to his 
adoration and praife; you fay very truly and welL 
But would it not raiie in us a higher apprehcn-
fion of the infinite Majefty and boundleis Bene-
ficence of God, to fuppofe that thofe remote and 
vail Bodies were formed, not merely upon Our 
account to be peept at through an Optick Glafs, 
but for different ends and nobler purpofes ? And 
yet who will deny, but that there are great multi-
tudes of lucid Starrs even beyond the reach of the 

beft 
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beil Telefcopes; and that every vifible Starr may 
have opake Planets revolve about them, which 
we cannot difcover ? Now if they were not crea-
ted for Our fakes; it is certain and evident, that 
they were not made for their own. For Matter 
hath no life nor perception, is not confcious of 
its own exiilence, nor capable of happinefs, nor 
gives the Sacrifice of Praile and Worfliip to the 
Author of its Being. It remains therefore, that 
all Bodies were formed for the fake of Intelligent 
Minds: and as the Earth was principally defigned 
for the Being and Service and Contemplation of 
Men ; why may not all other Planets be created 
for the like Ufes, each for their own Inhabitants 
which have Life and Underftanding ? If any man 
will indulge himfelf in this Speculation, he need 
not quarrel with revealed Religion upon fuch an 
account. The Holy Scriptures do not forbid him 
to fuppole as great a Multitude of Syftems and as 
much inhabited, as he pleafes. 'Tis true ; there 
is no mention in Mofes's Narrative of the Crea-
tion, of any People in other Planets. But it plain-
ly appears, that the Sacred Hiftorian doth only 
treat of the Origins of Terreitrial Animals: he 
hath given us no account of God's creating the 
Angels; and yet the fame Author in the enluing 
parts of the Pentateuch makes not unfrequent 
mention of the Angels of God. Neither need we 

be 
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be follicitous about the condition of thofe Plane-
tary People, nor raife frivolous Difputes, how far 
they may participate in the miferies of Adams Fall, 
or in the benefits of Cbrift's Incarnation. As if, 
becauie they are fuppofed to be Rational they muft 
needs be concluded to be Men? For what is 
Man ? not a fyeafonable Animal merely, for that 

is not an adequate and diftinguifhing Definition -f 

but a Rational Mind of fuch particular Faculties, 
united to an Organical Body of fuch a certain 
Stru&ure and Form, in fuch peculiar Laws of 
Connexion between the Operations and Affefli-
ons of the Mind and the Motions of the Body ? 
N o w God Almighty by the inexhaufted fecundi-
ty of his creative Power may have made innu-
merable Orders and ClafTes of Rational Minds ; 
fome higher in natural perfections, others inferior 
to Human Souls. But a Mind of fuperior or 
meaner capacities than Human would confticute 
a different Species, though united to a Human 
Body in the fame Laws of Connexion : and a 
Mind of Human Capacities would make another 
Species, if uniced to a different Body in different 
Laws of Connexion: For this Sympathetica! Uni-
on of a Rational Soul with Matter, fo as to pro-
duce a Vital communication between them, is an 
arbitrary inftitution of the Divine Wifdom : there 
is no reafon nor foundation in the feparate natures 

of 
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of either fubftance, why any Motion in the Body 
fhould produce any Senfation at all in the Soul ; 
or why T h i s motion fhould produce T h a t parti-
cular Senfation, rather than any other. God there-
fore may have join d Immaterial Souls, even of 
the fame Clafs and Capacities in their feparate 
State, to other kinds of Bodies and in other Laws 
of Union ; and f rom thofe different Laws of Uni-
on there will arife quite different affe&ions and 
natures and fpecies of the compound Beings. So 
that we ought not upon any account to conclude, 
that if there be Rational Inhabitants in the Moon 
or Mars or any unknown Planets of other Syftems, 
they muf t therefore have H u m a n Nature , or be 
involved in the Circumftances of Our Wor ld . 
And thus much was neceflary to be here inculca-
ted (which will obviate and preclude the moi l 
conliderable objections of our Adverfaries) that 
we do not determin the Final Caufes and Ufeful-
nefs of the Syftematical parts of the Wor ld , mere-
ly as they have refpeft to the Exigencies or Con-
veniences of Human Life. 

Let us now turn our thoughts and imaginati-
ons to the Frame of our Syftem, if there we m a y 
trace any viiible footfteps of Divine Wifdom and 
Beneficence. But we are all liable to many mi-
ftakes by the prejudices of Childhood and Youth, 
which few of us ever correct by a ferious fcru-

tiny 
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tiny in our riper years, and a Contemplation of 
the Phenomena of Nature in their Caufes and Be-
ginnings. What we have always feen to be done 
in one conftant and uniform manner; wc are 
apt to imagin there was but that one way of do-
ing it, and it could not be ocherwife. This is a 
great error and impediment in a difquifition of 
this nature : to remedy which, we ought to con-
fider every thing as not yet in Being and then 
diligently examin, if it mull needs have been at 
all, or what other ways it might have been as 
poflibly as the prefent; and if we find a greater 
Good and Utility in the prefent eonftitution, than 
would have accrued either from the total Priva-
tion of it, or from other frames and ftru<5tures 
that might as poflibly have been as It: we may 
then reafonably conclude, that the prefent con-
ftitution proceeded neither from the neceifity of 
material Caufes nor the blind fhuffles of an ima-
ginary Chance, but from an Intelligent and Good 
Being, that formed it that particular way out of 
choice and defign. And efpecially if this Ufeful-
nefs be confpicuous not in one or a few only, 
but in a long train and feries of Things, this will 
give us a firm and infallible aflurance, that we 
have not pafs'd a wrong Judgment. 

Β I. Let 
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I. Let us proceed therefore by this excellent 

Rule in the contemplation of Our Syftein. 'Tis 
evident that all the Planets receive Heat and Light 
from the body of the Sun. Our own Earth in 
particular would be barren and defolate, a dead 
dark lump of Clay, without the benign influence 
of the Solar Raves; which without queftion is 
true of all the other Planets. It is good therefore, 
that there fliould be a Sun to warm and cheriih 
the Seeds of Plants, and excite them to Vegeta-
tion ; to impart an uninterrupted Light to all 
parts of his Syftem for the Subfiftence of Animals. 
But how came the Sun to be Luminous ? not 
from the neceilky of natural Caufes, or the con-
ilitution of the Heavens. All the Planets might 
have moved about him in the fame Orbs and the 
fame degrees of Velocity as now; and yet the 
Sun might have been an opake and cold Body 
like Them. For as the fix Primary Planets re-
volve about H i m , fo the Secondary ones are 
moved about Them, the Moon about the Earth, 
the Satellites about Jupiter, and others about Sa-
turn j the one as regularly as the other, in the 
lame Sefquialteral proportion of their Periodical 
motions to their Orbs. So that, though we fup-
pofe the prefent Exiftence and Conicrvation of 
the Syftem, yet the Sun might have been a Body 
without Light or Heat of the fame kind with the 

Earth 
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Earth and Jupiter and Saturn. But then what hor-
rid darknefs and defolation muft have reign d in 
the World ? It had been unfit for the Divine pur-
pofes in creating vegetable and fenfitivc and ratio-
nal Creatures. It was therefore the contrivance 
and choice of a Wife and Good Being ; that the 
Central Sun ihould be a Lucid Body, to com-
municate warmth and light and life to the Planets 
around him. 

II. We have fhewed in our Laft, that the con-
centric Revolutions of the Planets about the Suh 
proceed from a compound Motion 5 a Gravita-
tion toward the Sun, which is a conftant Energy 
infufed into Matter by the Author of all things, 
and a projected tranfverfe Impulfe in Tangents 
to their feveral Orbs, that was imprefs'd at firft 
by the Divine Arm, and will carry them around 
till the end of the World. But now admitting 
that Gravity may be eflential to Matter; and that 
a tranfverfe Impulfe might be acquired too by 
Natural Caufes, yet to make all the Planets move 
about the Sun in circular Orbs 5 there muft be 
given to each a determinate Impulfe, thefe pre-
ient particular degrees of Velocity which they now 
have, in proportion to their Diftances from the 
Sun and to the quantity of the Solar Matter. For 
had the Velocities of the feveral Planets been 
greater or leis than they are now, at the fame di-

B 2 ftances 
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fiances from the Sun j or had their Diftances 

tur.Prin- from the Sun, or the quantity of the Sun's Mat-
op.Math. t e r c o n f c q u e n t j y h i s Attraftive Power been 

greater or lefs than they are now, with the fame 
Velocities: they would not have revolved in con-
centric Circles as they do, but have moved in 
Hyperbola's or Parabola's or in Ellipies very Ec-
centric. T h e fame may be faid of the Velocities 
of the Secondary Planets with refpeft to their Di-
ftances from the Centers of Their Orbs, and to 
the Quantities of the Matter of thofe Central Bo-
dies. N o w that all diefe Diftances and Motions 
and Quantities of Matter fboiald be fo accurate-
ly and harmonioufly adjufted in this great Varie-
ty of our Syftem, is above the fortuitous Hits of 
blind material Caufes, and muft certainly flow 
from that eternal Fountain of Wifdom, the Crea-

me θ*** Λ- tor of Heaven and Earth, who always aBs Geome-
TfsrPfct. trically, by juft and adequate numbers and weights 

and meafures. And let us examin it further by 
our Critical Rule: Are the prefent Revolutions 
in circular Orbs more beneficial, than the other 
would be ? If the Planets had moved in thofe 
Lines above named ; fometimes they would have 
approached to the Sun as near as the Orb of Mer-
cury, and fometimes have exorbitated beyond the 
diftance of Saturn: and fome have quite left the 
Sun without ever returning. N o w the very con-

ftitution 
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ftitution of a Planet would be corrupted and de-
ilroyed by fuch a change of the Interval between 
it and the Sun: no living rhing could have en-
dured fuch unfpeakableexceifes of Heat and Cold ; 
all the Animals of our Earth muft inevitably have 
perifhed, or rather never have been. So that as 
iure as it is good, Very good, that Human Nature Gen. 1. 
fhould exift; fo certain it is that the circular Re-
volutions of the Earth (and Planets) rather than 
thofe other Motions which might as poffibly have 
been, <k> declare not only the Power of God> but 
his Wifdorn and Goodneß. 

III. It is manifeft by our laft Difoourfe, that 
the Ethereal Spaces are perfectly fluid; they nei-
ther aflift nor retard, neither guide nor divert the 
Revolutions of the Planets ; which row! through 
thofe Regions as free and unrefifted, as if they 
moved in a "Vacuum. So that any of them might 
as poffibly have moved im oppoßte Courfes to 
the prefent, and in Planes croifing the Plane of 
the Ecclipric in any kind of Angles. Now if the 
Syftem had been fortuitoufly formed by the con-
vening Matter of a Chaos; how is it conceivable, 
that all the Planets both Primary and Secondary, 
fliould revolve the iame Way from the Weft to 
the Eaft, and that in the fame Plane too without 
any confiderable variation ? N o natural and ne-
ceflary Caufe could fo determin their motions · 

and 
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and 'tis millions of millions odds to an unit in 
fuch a Caft of a Chance. Such an apt and regu-
lar Harmony, fuch an admirable Order and Beau-
ty muft defervedly be afcribed to Divine Art and 
Condud:. Efpecially if we confider, that the 
fmalleft Planets are ircuaud neareil the Sun and 
each other ; whereas Jupiter and Saturn, that are 
vaftly greater than the reft and have many Satel-
lites about them, are wifely removed to the ex-
treme Regions of the Syftem, and placed at an 
immenfe Diftance one from the other. For even 
now at this wide interval they are obferved in their 
Conjunctions to difturb one anothers motions a 
little by their gravitating Powers: but if fuch vail 
Mafifes of Matter had been fituated much nearer 
to the Sun or to each other (as they might as eafily 
have been, for any mechanical or fortuitous A-
gent) they muft necefiarily have caufed a confi-
derable difturbance and diforder in the whole Sy-
ftem. 

IV. But let us confider the particular Situation 
of our Earth and its diftance from the Sun. It is 
now placed fo conveniently, that Plants thrive 
and flourifh in it, and Animals live: this is mat-
ter of f ad , and beyond all diipute. But how 
came it to pafs at the beginning, that the Earth 
moved in its prefent Orb ? We have fhewed be-
fore, that if Gravity and a Projected Motion be 

fitly 
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fitly proportion d, any Planet would freely re-
volve at any aflignable diftance within the Space 
of the whole Syftem. Was it mere Chance then, 
or Divine Counfel and Choice, that conftituted 
the Earth in its prefent Situation ? T o know this; 
we will enquire, if this particular Diftance from 
the Sun be better for our Earth and its Creatures, 
than a greater or lefs would have been. We may 
be mathematically certain, That the Heat of the 
Sun is according to the denfity of the Sun-beams, 
and is reciprocally proportional to the fquare of 
the diftance from the Body of the Sun. Now by 
this Calculation, fuppofe the Earth ihould be re 
moved and placed nearer to the Sun, and revolve 
for inftance in the Orbit of Mercury ; there the 
whole Ocean would even boil with extremity of 
Heat, and be all exhaled into Vapors; all Plants 
and Animals would be fcorched and confumed in 
that fiery Furnace. But fuppofe the Earth iliould 
be carried to the great Diftance of Saturn; there 
the whole Globe would be one Frigid Zone, the 
deepeft Seas under the very Equator would be 
frozen to the bottom ; there would be no Life, 
no Germination; nor any thing that comes now 
under our knowledge or fenfes. It was much bet-
ter therefore, that the Earth fhould move where 
it does, than in a much greater or lefs Interval 
from the body of the Sun. And if you place it at 

any 
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any other Diftance, either le£s or more than Sa-
turn or Mercury; you will ft ill alter it for the worie 
proportionally to the Change. It was fituated 
therefore where it is, by the Wifdom of forae vo^ 
luntary Agent ; and not by the blind motions of 
Fortune or Fate. If any one fiiall think with him-
lelf, How then can any thing live in Mercury and 
Saturn in fuch intenfe degrees of Heat and Cold ? 
Let him only confider, that the Matter of each 
Planet may have a different denfity and texture 
and form, which will difpofe and qualifie it to be 
a&ed on by greater or lefs degrees of Heat ac-
cording to their feveral Situations; and that the 
Laws of Vegetation and Life and Suftenance and 
Propagation are the arbitrary pleafure of God, 
and may vary in all Planets according to the Di-
vine Appointment and the Exigencies of Things, 
in manners incomprehenfible to our Imaginati-
ons. 'T is enough for our purpoie, to difcern the 
tokens of Wifdom in the placing of our Earth ; if 
its prefent conftitution would be fpoil'd and de-
ftroy'd, if we could not wear Flefli and Blood, 
if we ceuld not have Human Nature at thofe 
different Diftances. 

V. We have all learnt from the Do&rine of 
the Sphere, that the Earth revolves with a double 
motion. For while it is carried around the Sun in 
the Orbis Magnus once a year, it perpetually wheels 

about 
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about its own Axis oncc in a day and a night : 
ib that in 24 hours fpace it hath turn'd all the 
parts of the Ecjuino&ial to the rayes of the Sun. 
Now the Ufes of this vertiginous motion are very 
conlpicuous $ for this is it, that gives Day and 
Night fucceffively over the face of the whole 
Earth, and makes it habitable all around : with-
out this Diurnal Rotation one Hemifphere would 
lye dead and rorpid in perpetual Darknefs and 
Froft, and the beft part of the Other would be 
burnt up and depopulated by fo permanent a 
Heat. It is better therefore, that the Earth ihould 
move about its own Center, and make thefe ufe-
full VicilTitudes of Night and Day, than expofe 
always the fame fide to the action of the Sun. 
But how came it to be fo moved ? not from any 
neceflity of the Laws of Motion or the Syftem of 
the Heavens. It might annually have compafled 
the Sun, and yet never have once turned upon its 
own Axis. This is matter of Fa<5t and Experiment 
in the motion of the Moon ; which is carried a-
bout the Earth in the very fame manner as the 
Earth about the Sun, and yet always ihews the 
fame face to Us, not once wheeling upon her own 
Center. She indeed, notwithftanding this, turns 
all her globe to the Sun by moving in her men-
ftrual Orb, and enjoys Night and Day alternately, 
one day of Hers being equal to about 14 Days 

C and 
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and Nights of Ours. But fhould the Earth be 
deprived of its Diurnal Motion; one half of it 
could never fee the Day, but muft eternally be 
condemned to Solitude and Darknefs. That the 
Earth therefore revolves about its own Center, is 
another eminent token of the Divine Wifdom 
and Goodnefs. 

VI. But let us compare the mutual proportion 
of thefe Diurnal and Annual Revolutions; for 
they are diftinft from one another, and have a 
different degree of Velocity. The Earth rowls 
once about its Axis in a natural day: in which 
time all the parts of the Equator move fomething 
more, than 3 of the Earths Diameters; which 
makes about 1 1 0 0 in the fpace of a year. But 
within the fame annual time the Center of the 
Earth is carried above 5 ο times as far once round 
the Orbis Magnus, whofe widenefs we now afliime 
to be 20000 Terreftrial Diameters. So that the 
annual motion is more than 5 ο times fwifter than 
the Diurnal Rotation, though we meafure the lat-
ter from the Equator, where the Celerity is the 

in circu* £reace^·· But it muil needs be acknowledged, 
lorum vo- itnce the Earth revolves not upon a material and 
£"οηι" rugged but a geometrical Plane, that their pro-

portions may be varied in innumerable degrees; 
any of which might have happend as probably 
as the prefent. What was ic then that prefcribed 

this 
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this particular Celerity to each Motion, this pro-
portion and temperament between them both? 
Let us examin it by our former Rule: if there be 
any Meliority in the prefent conftitution ; if any 
confiderable Change would be for the worfe. We 
will fuppofe then, that the Annual Motion is acce-
lerated doubly ; fo that a periodical Revolution 
would be performed in 6 Months. Such a Change 
would be pernicious; not only becaufe the Earth 
could not move in a Circular Orb, which we have 
confider'd before; but becaufe the Seafons being 
then twice as fhorc as they are now, the cold Win-
ter would overtake us, before our Corn and Fruits 
could poflibly be ripe. But (hall this Motion be 
as much retarded, and the Seafons lengthened in 
the fame proportion ? This too would be as fa-
tal as the other: for in moil Countries the Earth 
would be fo parched and effete by the drought of 
the Summer, that it would afford ftill but one 
Harveft, as it doth at the prefent: which then 
would not be a fufficient ftore for the confumpti-
on of a double Year. But let us fuppofe, that the 
Diurnal Rotation is either confiderably fwifter or 
flower. And firit let it be retarded ; fo as to 
make (for example) but 1 1 Circuits in a year: 
then every day and night would be as long as 
Fifteen are now, not fo fitly proportion d neither 
to the common affairs of Life, nor to the exigen-

C 2 cies 
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cies of Sleep and Suftenance in a confticution of 
Flefli and Blood. But let it then be accelerated ; 
and wheeL a thoufand times about its Center, 
while the Center defcribes one circle about the 
Sun : then an Equino<5tial day would confift but 
of four Hours, which would be an inconvenient 
Change to the inhabitants of the Earth; fuch 
hafty Nights as thofe would give very unwelcome 
interruptions to our Labours and Journeys and 
other Tranfa&ions of the World. It is better 
therefore, that the Diurnal and Annual Motions 
fhould be fo proportioned as they are. Let it 
therefore be afcribed to the tranfeendent Wifdom 
and Benignity of that God, who bath made all things 
Very good, and loVeth all things that he hath made. 

VII. But let us confider not the Quantity and 
Proportion only but the Mode alfo of this Diur-
nal Motion. You muft conceive an imaginary 
Plane, which pafiing through the Centers of the 
Sun and the Earth extends it felf on all fides as 
far as the Firmament: this Plane is called the E-
clipticj and in this the Center of the Earth is 
perpetually carried without any deviation. But 
then the Axis of the Earth, about which its Diur-
nal Rotation is made, is not ereft to this Plane of 
the Ecliptick, but inclines toward it from the Per-
pendiculum in an Angle of 2 3 degrees and a half. 
Now why is the Axis of the Earth in this parti-

cular 
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cular pofture, rather than any other ? did it hap-
pen by Chance, or proceed from Defign ? T o 
ctetermin this queftion, let us lee, as we have done 
before, if This be more beneficial to lis, than any 
other Conftitution. We all know from the very 
Elements of Aftronomy, that this inclined Pofition 
of the Axis, which keeps always the fame Directi-
on and a conftant Parallelifm to it felf, is the fole 
cauie of theie gratefull and needfull Viciflltudes of 
the four Seafons of the Year, and the Variation in 
length of Days. If we take away the Inclination; 
it would abiolutely undo thefe Northern Nations; 
the Sun would never come nearer us, than he 
doth now on the tenth of Marcb or the twelfth of 
September. But would we rather part with the Ta-
r&tteltfm ? Let us fuppofe then that the Axis of the 
Earth keeps always the fame inclination toward 
the body of the Sun: this indeed would caufe a 
variety of Days and Nights and Seafons on the 
Earth; but then every particular Country would 
have always the fame diverfity of Day and Night 
and the fame conftitution of Seafon without any 
alternation: fome would always have long Nights 
and ihort Days, others again perpetually long 
Days and ihort Nights: one Climate would be 
fcorched and fwelter'd with everlafting Dog-days 5 

while an eternal December blafted another. This 
furely is not quite fo good as che prefent Older 
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of Seafons. But fhall the Axis rather obferve no 
conftant inclination to any thing, but vary and 
waver at uncertain times and places ? This would 
be-a happy Conilitution indeed. There could 
be no health, no life nor fubfiftence in fuch an 
irregular Syftem ; by thofe furprizing Nods of 
the Pole we might be toiled backward or forward 
from January to June, nay poflibly from the Janu-
ary of Greenland to the June of Abejfma. It is better 
therefore upon all accounts that the Axis fhould 
be continued in its prefent pofture and direction: 
fo that This alfo is a iignal Character of Divine 
Wifdorn. and Goodnefs. 

But becaufe feveral have imagin d, that this skue 
pofture of the Axis is a moft unfortunate and per-
nicious thing; that if the Poles had been ere& to 
the Plane of the Ecliptic, all mankind would have 
enjoyed a very Paradife upon Earth ; a perpetual 
Spring, an eternal Calm and Serenity, and the 
Longevity of Methufelah without pains or difea-
fes j we are obliged to confider it a little further. 
And firft as to the Un'iVerfaland Perpetual Spring, 
'tis a mere Poetical Fancy, and (bating the equa-
lity of Days and Nights, a thing of fmall valuej 
as to the other properties is naturally impo/fible, 
being repugnant to the very form of the Globe. 
For to thofe People that dwell under or near the 
./Equator, this Spring would be a moft peftilent 

and 
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and infupportable Summer ; and as for thofe 
Countries chat are nearer the Poles, in which 
number are our own and the moi l confiderable 
Nations of the World , a Perpetual Spring will not 
do their bufineft ; they mui l have longer Days, 
a nearer approach of the Sun, and a lefs Obliquity 
of his Rayes · they mui l have a Summer and a 
Harveil-time too to ripen their Grain and Fruits 
and Vines, or elfe they mui l bid an eternal adieu 
to the very bed of their fuftenance. For it is plain, 
that the Center of the Earth muil move all along 
in the Orbis Magnus; whether we fuppofe a Perpe-
tual iEquinox, or an oblique Poficion of the Axis. 
So that the whole Globe would continue in the fame 
Diilance f rom the Sun, and receive the fame quan-
tity of Heat f rom him in a Year or any aifigna-
ble time, in either Hypothefis. Though the Axis 
then had been perpendicular ; yet take the whole 
Year about, and we fhould have had the fame 
meafure of Heat, that we have now. So that here 
lies the queilion; Whether is more beneficial, that 
we ihould have the fame Yearly quantity of Heat 
diilributed equally every day, or fo diipofed as it 
is, a greater ihare of it in Summer and in Winter 
a lefs ? It mui l needs be allowed, that we have no 
Heat to fpare in Summer ; 'tis very w^ll if it be 
fufficient for the maturation of Fruits. N o w this 
being granted: 'tis as certain and manifeil, that 

an 
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an even diftribution of the fame Yearly Heat would 
never have brought thofe Fruits to maturity, as 
this is a known and familiar experiment, That 
fuch a quantity of Fewel all kindled at once will 
caufe Water to boil, which being lighted gradu-
ally and fuccefiively will never be able to do it. It 
is clear therefore, that in the conftitution of a Per-
petual ./Equinox the beft part of the Globe would 
be defolate and ufelefs: and as to that little that 
could be inhabited, there is no reafon to expe<5t, 
that it would conftantly enjoy that admired Calm 
and Serenity. If the affertion were true; yet fome 
perhaps may think, that fuch a Felicity, as would 
make Navigation impoflible, is not much to be 
envied. But it's altogether precarious, and has no 
neceflary foundation neither upon Reafon nor Ex-
perience. For the Winds and Rains and other af-
fe&ions of the Atmofphere do not folely depend 
(as that aflertion fuppofeth) upon the courfe of 
the Sun; but partly and perhaps moil frequently 
upon Steams and Exhalations from fubterraneous 
Heat, upon the Pofitions of the Moon, the Situ-
ations of Seas or Mountains or Lakes or Woods, 
and many other unknown or uncertain Caufes. 
So that, though the Courfe of the Sun fliould be 
invariable, and never fwerve from the Equator ; 

yet the temperament of the Air would be muta-
ble nevertheleis, according to the abfence or pre-

fence 
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fence or various mixture of the other Caufes. The 
ancient Philofophers for many ages together una-
nimouily taught, that the Torrid Zone was not 
habitable. The reafons that they went upon were 
very fpecious and probable; till the experience 
of thefe latter ages evinced them to be erroneous. 
They argued from cceleilial Caufes only, the con-
ftant Vicinity of the Sun and the dire&nefs of his 
Rayes; never fufpe&ing, that the Body of the 
Earth had fo great an efficiency in the changes of 
the Air; and that then could be the coldeft and 
rainieft feafon, the Winter of the Year, when the 
Sun was the neareft of all, and fteer'd dire&ly 
over mens heads. Which is warning fufficient to 
have deterred any man from expecting fuch eter-
nal Serenity and Halcyon-days from fo incompe-
tent and partial a Caufe, as the conflant Courfe 
of the Sun in the i£quino&ial Circle. What ge-
neral condition and temperament of Air would 
follow upon that Suppofition, we cannot poflibly 
define ; for 'tis not caufed by certain and regular 
Motions, nor fubjeft to Mathematical Calculati-
ons. But if we may make a conjecture from the 
prefent Conftitution; we fhall hardly wifli for a 
Perpetual i£quinox to fave the charges of Weather-
glaifes: for 'tis very well known, that the Months 
of March and September, the two ^Equinoxes of 
Our year, are the moft windy and tempeftuons, 
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the mof t unfettled and unequable of Seafons in 
moi l Countries of the World. N o w if this no-
tion of an uniform Calm and Serenity be falfe or 
precarious; then even the laft fuppofed advantage, 
the conflant Health and Longevity of Men mull be 
given up alfo, as a groundlefs conceit: for this (ac-
cording to the Aflertors themfelves) doth folely, 
as an efFeft of Nature, depend upon the other. 
N a y further, though we flhould allow them their 
Perpetual Ca lm and ./Equability of Heat ; they 
will never be able to prove, that therefore Men 
would be fo vivacious as they would have us be-
lieve. N a y perhaps the contrary may be inferr'd, 
if we may argue from the prefent experience: For 
the Inhabitants of the Torr id Zone , who fuffer 
the leaft and ihorteft teceiTes of the Sun, and arc 
within one itep and degree of a Perpetual y£qui-
nox, are not only {horter lived (generally fpeak-
ing) than other Nations nearer the Poles; but in-
ferior to them in Strength and Stature and Cou-
rage, and in all the capacities of the Mind. It 
appears therefore, that the gradual Viciifitudes of 
Heat and Cold are fo far from fhortning the 
thread of man's Life, or impairing his intelle&ual 
Faculties; that very probably they both prolong 
the one in fome meafure and exalt and advance 
the other. So that ftill we do profefs to adore 
the Divine Wifdom and Goodnefs for this va-

riety 
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ricty of Seafons, for Seed time and barVeß, and cold Gen. 8. 
and beat, and fummer and winter. 

VIII. Come we now to coniider the Atmof-
phere, and the exterior Frame and Face of the 
Globe ; if we may find any tracks and footfteps 
of Wifdom in the Conftitution of Them. I need 
not now inform y o u , that the Air is a thin 
fluid Body , endued with Elafticity or Springinefs, 
and capable of Condenfation and Rarefaction. 
Neither Can you be ignorant, that if the Air ^ ^ 
fhould be much more expanded or condenfedtheAir 

than it naturally is, no Animals could live and 
breath: it is probable alfo, that the Vapors could 
not be duly raifed and fupported in it j which at 
once would deprive the Earth of all its ornament 
and glory, of all its living Inhabitants and Vege-
tables too. But 'tis certainly known and demon-
ftrated, that the Condenfation and Expanfion of 
any portion of the Air, is always proportional to 
the weight and preflure incumbent upon it: fo 
that if the Atmofphere had been either much grea-
ter or lefs than it is, as it might eafily have been, 
it would have had in its loweft region on the 
Surface of the Earth a much greater denfity or 
tenuity of texture; and confequendy have been 
unferviceable for Vegetation and Life. It muil 
needs therefore be an Intelligent Being that could 
fo juitiy adapt it to thofe excellent purpofes. 'T i s 
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concluded by Aftronomers, that the Atmofphere 
of the Moon hath no Clouds nor Rains, but a 
perpetual and uniform ferenity : becaufe nothing 
difcoverable in the Lunar Surface is ever cover-
ed and abfconded by the interpofition of any 
clouds or mifts, but fuch as rife from our own 
Globe. Now if the Atmofphere of Our Earth 
had been of fuch a Conftitution ; there could no-
thing, that now grows or breaths in it have been 
formed or preferved ; Human Nature muft have 
been quite obliterated out of the Works of the Cre-
ation. If our Air had not been a fpringy elafti-
cal Body, no Animal could have exercifed the 
very function of Refpiration: and yet the ends 
and ufes of Refpiration are not ferved by that 
Springinefs, but by fome other unknown and fin. 

s«,nd& * gu^a r Quality. For the Air, that in exhaufted Re-
Continua- ceivers of Air-pumps is exhaled from Minerals 
Pliyfico- and Flefh and Fruits and Liquors, is as true and 
oiExp!* genuine as to Elafticity and Denfity or Rarefa&i-
about the ^ a § ^ ^ w e r e / p j r e j n . a n c { y e c f h j s 

Air is fo far from being fit to be breathed in, that 
it kills Animals in a moment, even fooner than 
the very abfence of all Air, than a Vacuum it felf. 
All which do inferr the moil admirable Provi-
dence of the Author of Nature ; who foreknew 
the neceflky of Rains and Dews to the prefent 
ftru&ure of Plants, and the ufes of Refpiration 

to 
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to Animals· and therefore created thofe corre-
fpondent properties in the Atmofphere of the 
Earth. 

IX. In the next place let us confider the am-
ple provifion of Waters, thofe inexhaufted Trea Elmare, 
fures of the Ocean: and though fome have grudg- gj^j^J 
ed the great {hare that it rakes of the Surface ofdif t ine t 

Ο y ĵ 

the Earth, yet we (hall propofe this too, as a con-
fpicuous mark and character of the Wifdom of 
God. For that we may not now fay, that the 
vaft Atlantick Ocean is really greater Riches and 
of more worth to the World, than if it was chan-
ged into a fifth Continent; and that the Dry 
Land is as yet much too big for its Inhabitants; 
and that before they (hall want Room by increa-
fing and multiplying, there may be new Heavens 
and a new Earth: We dare venture to affirm, that 
thefe copious Stores of Waters are no more than 
neceflary for the prefent conftitution of our Globe. 
For is not the whole Subftance of all Vegetables 
mere modified Water ? and confequently of all 
Animals too ; all which either feed upon Vegeta-
bles or prey upon one another ? Is not an im-
menfe quantity of it continually exhaled by the 
Sun, to fill the Atmofphere with Vapors and 
Clouds, and feed the Plants of the Earth with the 
balm of Dews and the fatnefs of Showrs ? it 
feems incredible at firft hearing, that all the Blood 

in 
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in our Bodies fliould circulate in a trice, in a ve-
ry few minutes: but I believe it would be more 
furprizing, if we knew the ihort and fwift periods 
of the great Circulation of Water, that vital Blood 
of the Earth which compofeth and nouriiheth all 
things. If we could but compute that prodigi-
ous Mais of it, that is daily thrown into the chan-
nel of the Sea from all the Rivers of the World : 
we ihould then know and admire how much is 
perpetually evaporated and cail again upon the 
Continents to fupply thofe innumerable Streams. 
And indeed hence we may difcover not only the 
Ufe and Keceßty but the Caufe too of the vaft-
nefs of the Ocean. I never yet heard of any 
Nation, that complained they had too broad or 
too deep or too many Rivers, or wiflied they 
were either fmaller or fewer: they underiland 
better than fo, how to value and efteem thofe 
ineftimable gifts of Nature. Now fuppofing 
that the multitude and largenefs of Rivers ought 
to continue as great as now j we can eafily prove, 
that the extent of the Ocean could be no lefs than 
it is. For it's evident and neceflary, if we follow 
the moft fair and probable Hypothefis, that the 
Origin of Fountains is from Vapors and Rain, that 
the Receptacle of Waters, into which the mouths 
of all thofe Rivers rauft empty themfelves, ought 
to have fo fpacious a Surface, that as much Water 

may 
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may be continually brufhed offby the Winds and 
exhaled by the Sun, as ( beiides what falls again 
in Showers upon its own Surface) is brought into 
it by all the Rivers. Now the Surface of the O-
cean is juft fo wide and no wider: for if more 
was evaporated than returns into it again, the Sea 
would become leis; if leis was evaporated, it 
would grow bigger. So that, becaufe fince the me-
mory of all ages it hath continu'd at a ftand without 
confiderable variation, and if it hath gain d ground 
upon one Country, hath loft as much in another; 
it muil confequently be exaftly proportioned to 
the prefent conftitution of Rivers. How raih there-
fore and vain are thofe bufy Projectors in Specu-
lation, that imaginthey could recover to the World 
many new and noble Countries, in the moil 
happy and temperate Climates, without any da-
mage to the old ones, could this fame Mafs of 
the Ocean be lodged and circumfcribed in a much 
deeper Channel and within narrower Shores ! 
For by how much they would diminiih the pre-
fent extent of the Sea, fo much they would im-
pair the Fertility and Fountains and Rivers of the 
Earth: becaufe the quantity of Vapors, that muft 
be exhaled to fupply all thefe, would be leflened 
proportionally to the bounds of the Ocean; for 
the Vapors are not to be meafured from the bulk 
of the Water but from the fpace of the Surface. So 
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chat this alio doth inferr the fuperlative Wifdom 
and Goodnefs of God, that he hath treafured up 

i the Waters in fo deep and fpacious a Storehoufe, the 
04 place that be hath founded and appointed for them. 

. . . . . .. X. But fome men are tfequaquam nobis aiDimtus eße creatam 
Haturam rerum, tantaßat pradita culpa. OUt OI LoVC With the fea~ 
Principio, quantum celi tegit impetus ingetit, , , 
Inde avidam partem montes Sylv*q\ ftrarutn tUreS and ITieen Ol ΟΙΙΓ liarth; 
Pi federe, tenent rupet, vaßaq, paludes, · 1 1 1 1 · j 
Elmare, quod late t err arum diftinet oras. they OO nOt like thlS TUgged 

Lucret lii-s· and irregular Surface, thefe 
Precipices and Valleys and the gaping Channel of 
the Ocean. This with them is Deformity, and 
rather carries the face of a Ruin or a rude and 
indigefted Lump of Atoms that cafually conve-
ned fo, than a Work of Divine Artifice. They 
would have the vaft Body of a Planet to be as 
elegant and round as a factitious Globe reprefents 
it; to be every where fmooth and equable, and 
as plain as the Elyfian Fields. Let us examin, what 
weighty reafons they have to diiparage the prefent 
conftitution of Nature in fo injurious a manner. 
Why, if we fuppofe the Ocean to be dry, and 
that we look down upon the empty Channel from 
fome higher Region of the Air, how horrid and 
ghaftly and unnatural would it look ? Now admit-
ting this Suppofition; Let us fuppofe too that the 
Soil of this dry Channel is covered with Grafs ami 
Trees in manner of the Continent, and then fee 
what would follow. If a man could be carried 

aileep 
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aileep and placed in the very middle of this dry 
Ocean; it muft be allowed, that he could not di-
ftinguifli it from the inhabited Earth; for if the 
bottom fhould be unequal with Shelves and Rocks 
and Precipices and Gulfs; thefe being now appa-
rel'd with a vefture of Plants, would only reiem-
ble the Mountains and Valleys that he was accuf-
tomed to before; but very probably he would 
wake in a large and fmooth Plain: for though 
the bottom of the Sea were gradually inclined and 
doping from the Shore to the middle : yet the 
additional Acclivity, above what a Level would 
feem to have, would be imperceptible in fo ihort 
a proipeft as he could take of it. So that to 
make this Man fenfible what a deep Cavity he 
was placed in ; he muft be carried fo high in the 
Air, till he could fee at one view the whole Breadth 
of the Channel, and fo compare the depreilion 
of the Middle with the elevation of the Banks. 
But then a very fmall skill in Mathematicks is 
enough to inftrudt us, that before he could arrive 
to that diftance from the Earth, all the inequality 
of Surface would be loft to his View : the wide 
Ocean would appear to him like an even and 
uniform Plane (uniform as to its Level, though 
not as to Light and Shade} though every Rock of 
the Sea was as high as the Tico of Tenertjf. But 
though we ihould grant, that the dry Gulf of the 

Ε Ocean 
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Ocean would appear vaftly hollow and horrible 
from the top of a high Cloud: yet what a way 
of reafoning is this from the freaks of Imagina-
tion, and impoflible Suppofitions ? Is the Sea ever 
likely to be evaporated by the Sun, or to be 
emptied with Buckets ? Why then muft we fancy 
this impoflible drynefs; and then upon that ficti-
tious account calumniate Nature, as deformed 
and ruinous and unworthy of a Divine Author ? 
Is there then any phyllcal deformity in the Fabric 
of a Human Body; becaufe our Imagination can 
ilrip it of its Mufcles and Skin, and iliew us the 
fcragged and knotty Backbone, the gaping and 
ghaftly Jaws, and all the Sceleton underneath ? 
We have flhewed before, that the Sea could not be 
much narrower than it is, without a great lofs to 
the World : and muit we now have an Ocean of 
mere Flats and Shallows, to the utter ruin of Na-
vigation j for fear our heads fliould turn giddy 
at the imagination of gaping AbyiTes and unfa-
thomable Gulfs ? But however the Sea-fhores at 
leail fhould have been even and uniform, not 
crooked and broken as they are into innumerable 
Angles and Creeki and In-lets and Bays, without 
Beauty or Order, ^hich carry the Marks more 
of Chance and Contufion, than of the produ&ion 
of a wife Creator. This would be a fine bargain 
indeed; to part with all our commodious Ports 

and 
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and Harbours, which the greater the In-let is, are 
fo much the better, for the imaginary pleafure o f 
an open and ftreight Shore without any retreat 
or fhelter from the Winds; which would make 
the Sea of no ufe at all as to Navigation and 
Commerce. But what apology can we make 
for the horrid deformity of Rocks and Crags, o f 
naked and broken Cliffs, of long Ridges, of bar-
ren Mountains; in the convenienteft Latitudes for 
Habitation and Fertility, could thofe rude heaps 
o f Rubbifh and Ruins be removed out o f the way ? 
We have one general and fufficient anfwer for all 
feeming defeats or diforders in the conftitution of 
Land or Sea ; that we do not contend to have 
the Earth pafs for a Paradife, or to make a very 
Heaven of our Globe, we reckon it only as the 
Land of our peregrination, and afpire after a better, Heb. n. 
and α codeßial Country. ' T i s enough , if it be fo 
framed and conftituted, that by a carefull Con-
templation of it we have great reafon to acknow-
ledge and adore the Divine Wifdom and Benig-
nity of its Author. But to wave this general Re-
ply ; let the Obje&ors coniider, that thefe fuppo-
fed irregularities muil have neceflarily come to 
pafs from the eftablifh'd Laws of Mechanifm and 
the ordinary courfe of Nature. For fuppoiing 
the Exiftence of Sea and Mountains ; if the Banks 
o f that Sea muft never be jagged and torn by the 

Ε ζ impe-
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impetuous aflaults or the filent underminings of 
Waves ; if violent Rains and Tempefts muft not 
wafh down the Earth and Gravel from the cops 
of fome of thofe Mountains, and expofe their na-
ked Ribbs to the face of the Sun; if the Seeds of 
fubterraneous Minerals muft not ferment, and 
fometimes caufe Earthquakes and furious erupti-
ons of Volcano s, and tumble down broken Rocks, 
and lay them in confufion : then either all things 
muft have been over-ruled miraculouily by the 
immediate interpofition of God without any me-
chanical Affe&ions or fettled Laws of Nature, or 
eile the body of the Earth muft have been as fixed 
as Gold or as hard as Adamant and wholly unfit 

en· ' for Our habitation. So that if it was good in the 
fight of God, that the prefent Plants and Animals, 
and Human Souls united to Flefh and Blood 
ihould be upon this Earth under a fettled confti-
tution of Nature : thefe fuppofed Inconveniences, 
as they were forcfeen and permitted by the Author 
of that Nature, as necefiary confequences of 
fuch a conftitution ; fo they cannot inferr the leaft 
imperfection in his Wifdom and Goodnefs. And 
to murmure at them is as unreaionable, as to 
complain that he hath made us Men and not An-
gels, that he hath placed us upon this Planet, and 
not upon fome other in this or another Syftem 
which may be thought better than Ours. Let them 

alfo 
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alio confider, that this objected Deformity is in 
our Imaginations only, and not really in the 
Things themfelves. There is no Univerfal Rea-
fon (I mean fuch as is not confined to Human 
Fancy, but will reach through the whole Intel-
le&ual Univerfe) that a Figure by us called Regu-
lar, which hath equal Sides and Angles, is abfo-
lutely more beautifull than any irregular one. 
All Pulchritude is relative; and all Bodies 
are truly and phyfically beautifull under all pof-
fible Shapes and Proportions ; that are good in 
their Kind, that are fit for their proper ufes and 
ends of their Natures. We ought not then to 
believe, that the Banks of the Ocean are really 
deformed, becaufe they have not the form of a 
regular Bulwark ; nor that the Mountains are 
miihapen, becaufe they are not exaft Pyramids 
or Cones; nor that the Starrs are unskilfully pla-
ced, becaufe they are not all fituated at uniform 
diitances. Thefe are not Natural Irregularities, 
but with refpeft to our Fancies only; nor are 
they incommodious to the true Ufes of Life and 
the Defigns of Man's Being on the Earth. Let 
them confider, that thefe Ranges of barren Moun-
tains by condenfing the Vapors and producing 
Rains and Fountains and Rivers, give the very 
Plains and Valleys themfelves that Fertility they 
boaft of. Let them confider , that thofe Hills 

and 
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and Mountains fupply Us and the Stock of Na-
ture with a great variety of excellent Plants. If 
there were no inequalities in the Surface of the 
Earth, nor in the Seafons of the Year; we ihould 
lofe a confiderable fhare of the Vegetable King-
dom : for all Plants will not grow in an uniform 
Level and the fame temper of Soil, nor with the 
fame degree of Heat. Let them confider, that 
to thofe Hills and Mountains we are obliged for 
all our Metals, and with them for all the con-
veniencies and comforts of Life. T o deprive 
us of Metals is to make us mere Savages; to 
change our Corn or Rice for the old Arcadian 
Diet, our Houfes and Cities for Dens and 
Caves, and our Cloathing for Skins of Beafts : 
'tis to bereave us of all Arts and Sciences, of 
Hiilory and Letters, nay of Revealed Religion too 
that ineftimable favour of Heaven, by making 
the whole Gofpel a mere Tradition and old Ca-
bala without certainty, without authority. Who 
would part with thefe Solid and Subftantial Bief-
angs for the little fantaftical pleafantnefs of a 
fmooth uniform Convexity and Rotundity of a 
Globe ? And yet the misfortune of it is, that the 
pleafant View of this imaginary Globe, as well as 
the deformed Spectacle of the true one, is founded 
upon impoflible Suppofitions. For this equal Con-
vexity could never be feen and enjoyed by any 

man 
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man living. T h e Inhabitants of fuch an Earth 
could have only thefhor t profpe&of a little Cir-
cular Plane about three Miles around them ; tho' 
neither Woods nor Hedges nor artificial Banks 
fliould intercept i t : which little too would ap-
pear to have an Acclivity on all fides f rom the 
Spectators$ fo that every man would have the 
Satisfa&ion of fancying himfelf the loweft, and 
that he always dwelt and moved in a Bottom. 
N a y , confidering that in fuch a conilitution of 
the Earth they could have no means nor inftru-
ments of Mathematical Knowledg; there is great 
reafon to believe, that the period of the final Dif-
folution might overtake them,ere they would have 
known or had any Sufpicion that they walked up-
on a round Ball. Mufl: we therefore, to make 
this Convexity of the Earth difcernible to the Eye, 
fuppofe a man to be lifted up a great hight in the 
Air, that he may have a very fpacious Horizon 
under one View ? But then again, becaufe of the 
diftance, the convexity and gibboufnefs would 
vanifh a w a y ; he would only fee below him a 
great circular Flat, as level to his thinking as the 
face of the Moon, Are there then fuch ravifhing 
Charms in a dull unvaried Flat, to make a fuf· 
ficient compcnfation for the chief things of the an- De^· 33· 
dent Mountains, and for the precious things of the lafl-
ing Hills * N a y we appeal to the fentence of Man-

kind ; 
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kind j if a land of Hills and Valleys wich an infinite 
Variety of Scenes and Profpe&s, befides the Profit 
that accrues f rom it, have not more of Beauty too 
and Pleafantnefs than a wide uniform Pla in ; which 
if ever it may be faid to be very delightfull, is then 
only, when 'tis viewed f rom the top of a Hill. What 

^an'wr' wcre ch e Tempe of Tbejfaly, fo celebrated in ancient 
Hift. üb. ftory for their unparalielled pleafantnefs, but a Vale 

divided with a River <Sc terminated with Hills? Are 
not all the defcriptions of Poets embelliili 'd with 
fuch Ideas, when they would repreient any places 
of fuperlative Delight, and blisfull Seats of the Mu-
fes or the N y m p h s , any facred habitations of Gods 
orGoddefles? T h e y will never admit that a wide 
Flat can be pleafant, no not in the very Elyfian 

Fields but thoie too 
* Virg. /ΕηΛ At paterjlnchijespenitus cmvaUevirem'i. — - . . Π . r l i v f r i i f i p r l 

& ibid. Hue fuferatejngum. Sc ib. Et tumulumeafit. iU L UC U 1 V C U U , C U 

with deprefied Valleys 
and fwelling Afcents. 

t Flours worthy of Paradife uh ich not nice Art T h e y cannot imagin 
In Beds and curious Know, but Nature boon J Ο 
Powr'd forth profufe on Hill and Dale and Plain. even "t Patadiie tO be a 

Paradife Left, lib. 4. 1 f r»1 Γ 
* place ot Plealure nor 

|l For Earth hath this variety from Heaven Heaven it felf tO be 
Of Pleafure fituate in Hill and Dale. ^^ ^ ^ IIHeaVen Without them. 

Let this therefore be 
another Argument of the Divine Wi fdom & Good-
nefs, that the Surface of the Earth is not uniformly 
Convex (as many think it would naturally have 
been, if mechanically formed by a Chaos) but di-

ftinguifhed 
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ftinguiflied with Mountains and Valleys, and 
furrowed from Pole to Pole with the Deep 
Channel of the Sea ; and that becaufe of the 
• T O βίλ-ηον, it is better that it fhould be fo. 

Give me leave to make one fliort Inference 
from what has been faid, which fhall finifli this 
prefent Difcourfe, and with it our Task for the 
Year. We have clearly difcovered many Final 
Caufes and Characters of Wifdom and Contri-
vance in the Frame of the inanimate World; as 
well as in the Organical Fabrick of the Bodies of 
Animals. Now from hence arifeth a new and 
invincible Argument, that the prefent Frame of 
the World hath not exifted from all Eternity. 
For fuch an ufefulnefs of things or a fitnefs of 
means to Ends, as neither proceeds from the ne-
ceffity of their Beings, nor can happen to them 
by Chance, doth neceffarily itiferr. that there 
was an Intelligent Being, which was the Au< 
thor and Contriver of that Ufefulnefs. We have 
formerly demonilrated, that the Body of a Man, Serm < 
which conflils of an incomprehenfible variety 
of Parts all admirably fitted for their peculiar 
Functions and the Confervation of the Whole, 
could no more be formed fortuitouilyj than the 
Aineis of Virgil or any other long Poem with good 
Senfe and juft Meafures could be compofed by 

F the 



394 BENTLEY: A CONFUTATION OF ATHEISM (III) 

4 2 A Confutation of Atbeifm, & c . 
the Cafual Combinations of Letters. Now to 
purfue this Companion; as it is utterly impofli-
ble to be believed, that fuch a Poem may have 
been eternal, tranfcribed from Copy to Copy 
without any firft Author and Original: fo it is 
equally incredible and impoflible, that the Fabrick 
of Human Bodies, which hath fuch excellent and 
Divine Artifice, and if I may fo fay, fuch good 
Senfe and true Syntax and harmonious Meafures 
in its Conftitution, fhould be propagated and 
tranfcribed from Father to Son without a firft Pa-
rent and Creator of it. An eternal ufefulnefs of 
Things, an eternal Good Senfe, cannot poflibly 
be conceived without an eternal Wifdom and Un-
demanding. But that can be no other than that 
eternal and omnipotent God j that by Wifdom hath 

Prov. 3. founded the Earth, and by Underftanding hath efta-
blifhed the Heavens: T o whom be all Honour 
and Glory and Praife and Adoration from hence-
forth and for evermore- AMEN. 

F I N I S , 
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Halley a n d the Principia 
R O B E R T E . SCHOFIELD 

T h e association of Edmond Halley and Isaac Newton was long 
and happy, both for them and for us. From 1684 until Newton's 
death, Halley seems to have participated in some way in every one 
of the important developments of Newton's career. In addition to 
the major role that Halley played in the publication of the Principia, 
we find his name associated with Newton's in connection with the 
Mint, the Opticks, the administration of the Royal Society, and 
even Newton's work on Biblical chronology. From Brewster, we 
gather that Halley was involved in the effort to obtain for Newton 
a position at the Mint.1 Shortly after Newton began his work as 
Warden, Halley also began a period of service at the Mint and, 
from 1696, for two years was Deputy Comptroller of the Mint at 
Chester, one of five branch mints set up to facilitate the recoinage 
that took place during the reign of William III. Halley left that 
position in 1698, when the branch mints were broken up, to sail 
as Master of H.M.S. Paramour Pink on a scientific expedition to 
study the variation of magnetic declination in various parts of the 

1 Sir David Brewster, Memoirs of the Life, Writings, and Discoveries of Sir Isaac New-
ton (Edinburgh, 1855), vol. 2, pp. 190-192. 
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world. When Newton presented a copy of the Opticks to the Royal 
Society in 1704, it was Halley who "was desired to peruse it and 
give an abstract of i t" to the Society.2 Newton was president of 
the Royal Society from 1703 to his death in 1727. For eight years 
of that presidency (1713-1721), Halley was one of the Secretaries 
of the Royal Society and was editor and publisher of the Philosoph-
ical Transactions from 1714 to 1719 (he had earlier been editor-pub-
lisher of the Phil. Trans, from 1685 to 1692). He appears to have 
been almost as jealous of Newton's reputation as Newton himself, 
and in 1727, shortly after Newton's death, when an article ap-
peared questioning Newton's chronology, Halley even undertook 
a partial defense of that, explaining and, in some measure, at-
tempting to justify the method by which Newton had arrived at 
the dates in question.3 

The frequently told story of our debt to Halley for promoting 
the publication of the Principia cannot better be epitomized than in 
the statements Newton made in his Preface signed May 8, 1686: 

In the publication of this work the most acute and universally learned 
Mr. Edmund Halley not only assisted me in correcting the errors of the 
press and preparing the geometrical figures, but it was through his so-
licitations that it came to be published; for when he had obtained of 
me my demonstrations of the figure of the celestial orbits, he continu-
ally pressed me to communicate the same to the Royal Society, who after-
wards, by their kind encouragement and entreaties, engaged me to 
think of publishing them.4 

From August 1684, when Halley visited Newton at Cambridge 
and encouraged the work that resulted in the Principia, through the 
period before the presentation of the first book to the Royal So-
ciety, the discovery that the council of the Royal Society was 

2 Quoted from the Journal book of the Royal Society, 16th February 1703 /4 , 
by Isaac Weld, A History of the Royal Society (London, 1848), vol. 1, p. 375. 

3 Phil. Trans. 34, p. 205 (1727). 
4 Sir Isaac Newton, Mathematical Principles of Natural Philosophy . . . , Cajori edi-

tion of the English translation of Andrew Motte (Berkeley, California, 1947), 
p. xviii. See also Brewster, Memoirs, vol. 1, pp. 2 9 6 - 2 9 9 , 3 0 4 - 3 0 7 ; and the con-
temporary and authoritative information supplied by the letter of June 29, 1686 
from Hal ley to Newton , excerpt quoted by Brewster, vol. 1, pp. 4 4 6 - 4 4 7 ; and 
printed in entirety by W. W. Rouse Ball, An Essay on Newton's Principia (London, 
1893), pp. 162-163; and by Stephen P. Rigaud, Historical Essay on the First Publi-
cation of Sir Isaac Newton's Principia (Oxford, 1838), pp. 35-39 . 
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financially unable to pay for its publication, and Halley's decision 
to undertake the "business of looking after it, and printing it at his 
own charge," 5 Halley was almost as important in the publication 
as was Newton himself. Moreover, not only did Halley pay for the 
publication, correct the proofs, check the calculations, and work 
with the printer; it was even necessary for him to persuade New-
ton to submit a major portion of the work for publication.6 There 
is considerable justification for the belief, frequently expressed, that 
but for Halley the Principia would never have been published. 

Under the circumstances, it is not unreasonable that Halley 
should have made the first public announcement of the publication 
of the Principia. This announcement took the form of a book review 
in the Philosophical Transactions. According to Ball, this was the only 
real book review of the Principia to appear at the time, since the 
other contemporary reviews, in the Acta Eruditorum and Bibliotheque 
Universelle are and purport to be little more than synopses of the 
contents.7 That the publisher and, in a sense, editor of the work 
should be the one to write a review of it may indeed seem odd. It is 

5T. Birch, The History of the Royal Society of London (London, 1756), vol. 4, p. 486. 
The finances of the Royal Society appear to have been in serious danger owing 
to their publication of Wil lughby's De historia piscium. Whi le there seems general 
agreement that Halley was not ult imately a loser because of his undertaking, in 
spite of the initial risk involved, there is some disagreement as to Halley's ability, 
at the time, to afford such a risk. Both Ball, Essay, pp. 67-68, and Rigaud, His-
torical Essay, p. 36, seem to feel (in Rigaud's words) that Halley undertook to 
meet the expense of publishing the Principia "precisely at that period of his life 
when he could least afford it ." Sir Henry Lyons, The Royal Society (Cambridge, 
1944), p. 103, states that Hal ley was "in fair ly comfortable circumstances when 
he undertook to finance . . . the 'Principia' ." Though it is not easy at this point to 
resolve this difference, some support is given to the opinion of R igaud and Ball 
by the fact that a large portion of Halley's income up to 1684 had been an allow-
ance from his father. The death intestate of his father in 1684 instituted a long 
litigation between Halley and his stepmother over Halley's patrimony, which was 
not settled until 1693. 

6 Newton had taken offense at some claims to priority made by Hooke and sug-
gested, in a letter to Halley, that the third book, "De Systemate Mundi ," be sup-
pressed. This letter, quoted by Rigaud, p. 63, by Ball, pp. 158-159, and by Brew-
ster, vol. 1, pp. 439-445, contains that famil iar passage: "Philosophy is such an 
impertinently litigious lady, that a man had as good be engaged in lawsuits, as 
have to do with her. I found it so formerly, and now I am no sooner come near 
her again, but she gives me warning." 

7 Ball, Essay, p. 68; cf Acta Eruditorum 305-315 ( J u n e 1688), Bibliotheque Universelle 
8, 436-450 (Mar . 1688). Concerning these reviews, see I. B. Cohen: Introduction to 
Newton's 'Principia' (Cambridge, 1971), pp. 145-56. 
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true, however, that next to Newton few other persons were more 
capable of reviewing a book of that scope—and certainly Halley is 
not the last reviewer to have an interest, personal or financial, in the 
success of a book he reviews.8 

It is not surprising that the publication of the Principia should 
today be regarded as one of the most important events in the his-
tory of science. For over two hundred fifty years the work has been 
tested and, in that time, its real stature has scarcely been reduced. 
What is perhaps surprising, and is certainly to their credit, is that 
large numbers of Newton's contemporaries, scientific and not, 
recognized its importance. While the Principia was being written, 
the Royal Society was kept informed of its progress and frequently 
expressed its interest. Only the serious depletion of its treasury 
prevented the Society from financing the publication. Because of 
the printing laws of the period, a book could not be published 
without a license and the first edition of the Principia bears the im-
primatur of Samuel Pepys, as President of the Royal Society.9 

From at least as early as a Star Chamber decree of 1637, the Eng-
lish government had made a formal attempt to control book 
publishing by a licensing procedure. The Commonwealth adopted 
its own technics of censorship, but after the Restoration the decree 
of 1637 was renewed, in substance, by parliament in 1662 (13 and 
14 Car. II, c. 33) and again in 1685 (1 Jac. II, c. 8, §15). In spite 
of the zeal of some of its enforcers, this attempt at control was 
never wholly effective; books were published and new printers es-
tablished themselves without regard for the law. But Newton was 
not the person nor the Principia the type of book to publish outside 
the law. By provision of the act of 1685, the Principia could be li-
censed by the Archbishop of Canterbury, the Bishop of London, 
the Chancellors or Vice-chancellors of Oxford or Cambridge, or 
the representatives of any of these. Finally, though not listed in act 
of 1662 or of 1685, the President, Council, and Fellows of the 

8 Sherman B. Barnes, "The Editing of Early Learned Journals," Osiris 1, 160 
(1936), note 27, states: "There were instances of authors sending reviews of their 
own books to editors. Leibniz publicized himself through the journals of the time." 

9 Samuel Pepys, though best known to us as the author of a charming but in-
discreet diary, was a highly efficient administrator, secretary to the admiralty, 
and a dedicated president to the Royal Society for two years, December 1, 1684 
to November 30, 1686. 



HALLEY AND THE PRINCIPIA 4 0 1 

Royal Society could license it by the authority granted them in 
their charters.10 

Probably none of the persons legally competent to sign an im-
primatur was capable of reading and understanding the full sig-
nificance of the Principia, but, under the circumstances, there is no 
doubt that the proper authority for licensing it would be the Coun-
cil and President of the Royal Society. The Philosophical Transactions 
was regularly issued under the imprimatur of the President of the 
Society and Halley, as publisher of the Phil. Trans., was acquainted 
with the Royal Society printers, with editing and printing proced-
ures, and with the licensing problems. 

There is no indication that any other licensing authority was 
considered, but we may reasonably ask what would have happened 
had the Society failed to approve the publication of the Principia. 
Scientific books were licensed and published through trade chan-
nels throughout this period, the licensing being done on applica-
tion of the publisher and usually because he stood responsible for 
the contents of the book. But English booksellers were notoriously 
reluctant to publish scientific books of a mathematical nature,11 

and one may reasonably doubt that a trade bookseller would have 
solicited a publishing license for the Principia. Neither Oxford nor 
Cambridge was interested in books of this sort, and, in any event, 
the problem of getting an imprimatur outside the Society might 
well seem to present complications beyond even Halley's enthus-
iasm. In this sense, one can suggest that, without the approval of a 
society of men most of whom were probably unable to read and 
understand it, and the signature of a man who, able as he was in 
many respects, certainly did not understand it, the publication of 
the Principia might not have been possible. 

10 For the provisions of the licensing acts, see, for example, The Term Catalogues, 
1668-1709 A.D., ed. Edward Arber (London, 1903), vol. 1, pp. χ ff; A Transcript of the 
Registers of the Company of Stationers of London; 1554-1640, ed. Edward Arber (Lon-
don, 1875), vol. 1, pp. xvi if; or any standard work on English printing history, as 
Henry R. Plomer, Short History of English Printing (New York, 1927). For the pro-
visions of the charters of the Royal Society, see, for example, Lyons, Royal Society, 
pp. 329-338. 

"See A. N. L. Munby, "The Distribution of the First Edition of Newton's 
Principia," Notes and Records of the Royal Society of London 10, 29-31, (1952) for a dis-
cussion of this problem. 
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Indeed, one of the most striking things about the Principia is the 
interest of nonscientists in a book that they could not read. Not 
that every physical scientist could understand it either; then, as 
today, there were probably many more scientists who claimed to 
have read it than there were who actually had, but the book was 
written in a style that the scientists, at least, were equipped to 
understand. The Principia is an austere book, written in Latin and 
using the geometrical methods of Apollonius which Newton made 
obsolete with his invention of fluxions. It was, however, probably 
less austere to its day than even the English translation is today, 
for Latin was still the language of science in 1687 and the mathe-
matical tools of geometry had been known to generations of scien-
tists who had yet to learn the fluxions. Because of the substitution 
of calculus for geometrical methods of analysis, scientists today are 
almost in the position of the learned nonscientists of the late 17th 
century and we can sympathize with men who, like Dr. Richard 
Bentley, were told that they must read upwards of forty books, 
mostly on geometry, for the "shortest and most proper method for 
such an end" as to understand the Principia.12 Bentley, it is true, 
wrote to Newton and got a shorter list of books, instructions that 
for a "first perusal" it was "enough if you understand the Propo-
sitions with some of the Demonstrations which are easier than the 
rest,"13 and, as we have seen in the previous section, some letters 
of specific explanation. This was a course that most nonscientists 
were not prepared to follow. John Locke wrote to Huygens to find 
out the soundness of the mathematical demonstrations and, "being 
told that he might depend upon their certainty; he took them for 
granted, and carefully examined the Reasonings and Corollaries 
drawn from them, became Master of all the Physics and was fully 
convinc'd of all the great Discoveries contained in that Book."14 

For most people, however, knowledge of what the Principia con-
tained was acquired through popularizations and simplified ex-
tracts from it. Newton, himself, had originally intended to write 

12 Letter of John Craige to Bentley printed in Brewster, Memoirs, vol. 1, p. 340, 
and appendix, pp. 460 ff. 

13 Ibid, p. 464. 
14 Desaguliers, Course of Experimental Philosophy, 3rd ed. (London, 1763), vol. 1, 

p. viii. 
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the third book, "De Systemate Mundi ," in a popular style "that it 
might be read by the many," but had changed his mind.15 This 
left a gap which was rapidly filled by numerous authors such as 
Voltaire, Desaguliers, Pemberton, and others, who wrote books 
specifically intended, as Pemberton says, "to convey to such, as are 
not used to mathematical reasoning, some idea of the philosophy of 
a person, who has acquired an universal reputation, and rendered 
our nation famous for these speculations in the learned world." 16 

One of the most interesting of these popularizations was that 
prepared by Halley for James II. The publication of the Principia 
was considered so important that a special meeting was appointed 
for the purpose of presenting a copy of it to the King.17 Halley ac-
companied the presentation with a paper that contained an out-
line of the book and gave a special explanation of the doctrine of 
tides. This paper was printed separately and then later reprinted 
in the Philosophical Transactions with the beginning and end omitted. 
These omissions, not included in the section reproduced below, 
read as follows: 

To King James II. 1687 
May it please Your most Excellent Majesty. 

I could not have presumed to approach Your Majesties Royall pres-
ence with a Book of this Nature, had I not been assured, that when the 
weighty affaires of Your Government permit it; Your Majesty has fre-
quently shown Yourself enclined to favour Mechanicall and Philosoph-
icall discoveries: And I may be bold to say, that if ever Book was 
worthy the favourable acceptance of a Prince, this, wherein so many 
and so great discoveries concerning the constitution of the Visible 
World are made out, and put past dispute, must needs be gratefull to 
Your Majestie; Being especially the labours of a worthy subject of your 
own, and a member of the Royall Society founded by Your late Royall 

15 Cajori edition of the Principia, p. 397. After Newton's death, there was printed 
The System of the World demonstrated in an easy and popular manner by the illustrious Sir 
Isaac Newton which is included in the Cajori edition and which is described by 
Rigaud, Historical Essay, p. 78, as a translation from the original Latin of the first 
draft of what formed the third book. 

16 H. Pemberton, A View of Sir Isaac Newton's Philosophy (London, 1728), preface. 
17 Newton personally presented a copy of the second edition to Queen Anne in 

1713. 
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Brother for the advancement of Naturall knowledge, and which now 
flourishes under your Majesties most Gracious Protection. 

But being sencible of the little leisure which care of the Publick leaves 
to Princes, I believed it necessary to present with the Book a short Extract 
of the matters contained, together with a Specimen thereof, in the 
genuine Solution of the Cause of the Tides in the Ocean. A thing fre-
quently attempted But till now without success. Whereby Your Majestie 
may Judge of the rest of the Performances of the Author. 

The body of the letter is reproduced in facsimile below. 
If by reason of the difficulty of the matter there be anything herein 

not sufficiently Explained, or if there be any materiall thing observable 
in the Tides that I have omitted wherein Your Majestie shall desire to 
be satisfied, I doubt not but if Your Majesty shall please to suffer me to 
be admitted to the honour of Your Presence, I may be able to give such 
an account thereof as may be to Your Majesties full content: 

I am Great Sir, Your Majesties most Dutifull & obedient Subject 

EDMOND HALLEY18 

Despite the courtly language, there is reason to doubt tha t 
James did, or could, take an interest in the Principia. Far from hav-
ing frequently shown himself "enclined to favour Mechanicall and 
Philosophicall discoveries," J a m e s gave little evidence of being 
interested in science. Although he had become a Fellow of the 
Royal Society (as Duke of York) on the same occasion that his 
brother Charles II h a d signed the Char te r book as Pat ron , there 
is no indication tha t he ever a t tended another meeting of the So-
ciety or emulated Charles or his uncle, Prince Rupert , in perform-
ing private experiments. O n e may reasonably suppose that it was 
the expected lack of understanding, ra ther than any tribute to 
interest, t ha t p rompted this choice of extract. T h e only technical 
interest of James was the Navy, which most likely explains the 
choice of tides as the subject of Halley's discourse. 

18 Quoted in E. F. MacPike, Correspondence and Papers of Edmond Halley (Oxford, 
1932), p. 85. I have spelled out the abbreviations. In the Pepysian library, Mag-
dalene College, Cambridge, one may find the diarist's own copy of the first edition 
of the Principia; bound with it is an example of the first printing of Halley's letter, 
described by A. N. L. Munby, op. cit., p. 33 (with a facsimile of one page of this 
letter). 
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[ a p i 3 

Π. Fhilofopbitc Naturalis Frimipia Mathematical Au-
tor? If. Newton Trin. Coll. Cantab. Soc. Mathe-
feos Profeffore Lucafiano, φ- Societatis Regalis 
Sodali. 4to. Londini. Proßat apud plnres Biblio-
polas. 

ΤHis incomparable Author having at length been pre-
vailed upon to appear in publick, has in this Trea-

tiie given a moft notable inftance of the extent of the pow-
ers of the Mind; and has at once fhewn what are the 
Principles of Natural Philofophy, and ίο far derived from 
them their confequences, that he feems to have exhaufted 
his Argument, and left little to be done by thoie that ihall 
fucceed him. His great skill in the oid and new Geome-
try, helped by his own improvements öf the latter, ( I 
mean his method of infinite Series) has enabled him to 
mailer thoie Problems, which for their difficulty would 
have (till lain unreiolved, had one leß qualified than him-
ielf attempted them. 

This Treatife is divided into three Books, whereof the 
two firft are entituled de Motu Cor forum, the third de Sy-
ßemäte Mundi. 

The firft begins with definitions of the Terms made uic 
of, and diftinguifhes Time, Space, Place and Motion into 
abiolute and relative, real and apparent, Mathemati-
cal and vulgar: fhewing the neceflity of iuch diftin-
ftion. T o thefe definitions are fubjoyned, the Laws of 
Motion, with feveral Corollaries therefrom ; as concerning 
the compofition and refolution of any direct force out of, 
or into any oblique forces, (whereby the powers of all 
forts of Mechanical Engines are demonftrated:) the Laws 

Ο ο of 
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] 
of the refleftion of Bodies in Motion after their Collifion .· 
and thelike, 

Theie ne:efTary Pracdgniu being delivered, our Author 
proceeds to confider the Curves generated by the com-
pofition of a direft impreffed motion with a gravitation 
or tendency towards a Center: and having demonftrated 
that in all cafes ths Areas at the Center, deicribed by a re-
volving Body, are proportional to the Times; he £hews 
how from the Curve deicribed, to find the L a w or Rule of 
the decreafe or incrcafe of theTendency or Centripetal for-
ces fas he calls i t ) in differing diftances from the Center. 
Of this there arc feveral examples : as if the Curve deicri-
bed be a Circle paiTing through the Center of tendency; 
then the force or tendency towards that Center is in all 
points as the fift power or iquared-cube of the diftance 
therefrom reciprocally. If in the proportional Spiral, re-
ciprocally as the cube of the diftance. I f in an Ellipfe 
about the Center thereof directly as the diftance. I f in 
any of tlie Conick Se&ions about the Fo:m thereof; then 
he demonftrates tliat the FisCentrifeUfir tendency towards 
that Focus, is in all places reciprocally as the fquare of the 
diftance therefrom; and that according to the Velocity of 
the impreiTed Motion, die Curve deicribed is an Hyper~ 
bola; if the Body moved be fwift to a certain degree than 
a Parabola·, if flower an Ellipfe 01* Circle in one cafe. 
From this fort of tendency or gravitation it follows like-
wife that the fquares of the Times of the periodical Revo-
lutions are as the Cubes of tlreRadii or trmfverfe Axes of 
the Ellipfes. All which being found to agree with the Phe-
nomena of the Celeftial Motions, as diicovered by the 
great Sagacity and Diligence of Kjpkr , our Author ex-
tends himielf upon the confequences of this iort of Vis 
centrif eta; ihewing how to find the Conick Se&ion which 
a Bodiefhall defcribe when cait with any velocity in a 
given L ine , fuppofing the quantity of the laid force 
known: and laying down feveral neat conftru&ions to de-

termine 
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[ 2 9 3 ] 
termine the Orbs,either from the Focus givea and twö points 
or Tangents; or without it by five points or Tangents or 
any number of Points and Tangents making together five. 
Then lie ihews how from the Time given to find the Point 
in a given Orb anfwering thereto} which he performs accu-
rately in the Parabola,and by conciie approximations comes 
as near as he pleafes in the Ellipfe and Hyperbola: all 
which are Problems of the higheft concern in Aftronomy. 
Next he lays down the Rules of the perpendicular defcent 
of Bodies towards the Center, particularly in the cafe 
where the tendency thereto is reciprocally as the iquare of 
the diftance; and generally in all other cafes* fuppofing a 
general quadrature of Curve lines: upon which fuppofi-
on likewife he delivers a general method of difeovering 
the Orbs defcribed by a Body moving in fuch a tendency 
towards a Center, increafing or decreafing in any given 
relation to the diftance from the Center; and then with 
great fubtilty he determines in all cafes the Motion of the 
Jpfides (or of the Points of greateft diftance from the Cen-
ter in all thefe Curves, in fuch Orbs as are nearly Circular. 
Shewing the Jpfides fixt,if the tendency be reciprocally as 
the iquare of the diftance; direct in Motion in any Ratio 
between the Square and the Cube and retrograde; if un-
der the Square : which Motion he determines exa&ly from 
the Rule of the increafe ordecreafe of the VisCentrifeta. 

Next the Motion of bodies in given Surfaces isconiider-
ed,as likewife the Ofeillatory Motion of Pendules, where is 
ihewn how to make a Pendulum Vibrate always in equal 
times, tho' the center or point of tendency be never fo near; 
to which, the Demonftration of Mr. Hugens de Cycloide is 
but a Corollary, And in another Propofition is fbewn the 
Velocity in each Point, and the time ipent in each part 
of the Arch defcribed by the Vibrating Body. After this 
the Effe&sof two or more Bodies, towards each of which 
there is a tendency, is confidered ; and 'tis made out that 
two Bodies, ίο drawing or attra&ing each other, deicribe 

Ο 0 2 about 
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Iml 
about the common center of Gravity, Ciirve Lines, like t o 
thoie they ieern to defcribe about one another. And of 
three Bodies, attracting each other, reciprocally as the 
Square of the diftance between their Centers, the various 
Confequences are confidered and laid down, inieveral Co-
rollarys of great ufe in explicating the Phenomena of the 
Moons Motions, the Flux and Reflux of the Sea, the Pre-
ceiTion of the Equinoctial Points; and the like. 

This done our Author with his ufual Acuteneis pro-
ceeds to examine into the Cauies of this Tendency or cen-
tripetal Force, which from undoubted Arguments is 
ihown to be in all the great Bodies of the Univerie. Here 
he finds that if a Sphere be compoied of an infinity of A-
toms, each of which have a Conatus accedendi ad 'wvicem, 
which decreaies in duplicate Proportion of the Diftance 
between them ; then the whole Congeries fbali have the 
like tendency towards its Center, decreafing, in Spaces 
without it, in duplicate Proportion of the Diitances from 
the Center; and decreafing, within its Surface, as the di-
ftance from the Center directly ; ίο as to be greateft on 
the Surface, and nothing a t the Center : and tho' this 
might fuffice, yet to compleat the Argument, there is laid 
clown a Method to determine the forces of Globes compo-
ied of Particles whole Tendencies to each other do de-
creaie in any other Ratio of the Diftances : Which Specu-
lation is carryed on likewiie to other Bodies not Spherical, 
whether finite or indeterminate. Laftly is propofed a 
Method of explaining the Refra&ions and Reflections of 
tranfparent Bodies from the fame Principles; and ieveral 
Problems folved of the greateft Concern in the Art of Di-
opt ricks* 

Hitherto our Author has confidered the Effects of com-
pound Motions in Mediis non refiftenttbus, or wherein a 
Body once in Motion would move equably in a dire£t Line, 
if not diverted by a fupervening Attraction or tendency 
toward lome other Body. Here is demonftrated what 

would 
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would be the conßquence of a reiiftence from a Medium, 
either in the fimple or duplicate Ratio of the Velocity, or 
elie between both: and trocompleatthis Argument is laid 
down a general Method of determining the denfity of the 
Medium in all places, which, with a uniform Gravity ten-
ding perpendicularly to the plain of the Horizon, fliall 
ma ce a Projett move in any curve Line afligned ; which 
is the 10th. Prop. Lib. II. Then the circular Motion of 
Bodies in refilling Media, is determined, and 'tis ihown 
under what Laws of decreafe of Denfity, the Circle will 
become a proportional Spiral. Next the denfity and com-
preflion of Fluids is confidered, and the Do&rine of Hy-
droftaticks demonftrated; and here 'tis propofed to the 
Contemplation of Natural Philoiophers, whether the fur-
prizing Phenomena of the Elafticity of the Air -and iome 0-
ther Fluids may not arife from their being compoied of 
Particles which flie each other ; which being rather a 
Phyfical than Mathematical Inquiry, our Author forbears 
to Diicuis. 

Next the Oppofition of the Medium and its Effects on 
the Vibrations of the Pendulum is confidered, which is 
followed by an Inquiry into the Rules of the Oppofition 
to Bodies, as their Bulk, Shape, or Denfity may be vary-
ed: Here with great exa&neis is an Account given of ie-
veral Experiments tried with Pendula,in order to verify the 
aforegoing Speculation, and to determine the quantity 
of the Airs Oppofition to Bodies moving in it, 

From hence is proceeded to the undulation of Fluids, 
the La w s whereof are here laid down, and by them the 
Motion and Propagation of Light and Sound are explai-
ned. The lail Section of this Book is concerning the Cir-
cular Motion of Fluids, wherein the Nature of their Vor-
tical Motions is confidered, and from thence the Carteßa» 
Doctrine of the Vortices of the Celeftial Matter carrying 
with them the Planets about the Sw9 is proved to be 
alltogether impoflible. 

The 
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The III. and laft Book is entituled de Syßemate Mundi, 
wherein the Demonftrations of the two former Books are 
applyed to the Explication of the principal Phenomena of 
Nature: Here the verity of the Hypothecs of Kjpler is de-
monftrated; and a full Refolution given to all the difficul-
ties that occur in the Agronomical Science ; they being no-
thing elfe but the neceifary confequences of the $nn, Earth, 
Moony and Planets, having all of them a gravitation or ten-
dency towards their Centers proportionate to the Quan-
tity of Matter in each of them, and whole Fo-ce abatesiii 
duplicate proportion of the Diftance reciprocally. Here 
likewiie are indifputably folved the Appearances of the 
Tides, or Flux and Reflux of the Sea; and the Spheroidical 
Figure of the Earth and Jupiter determined, (from which 
the preceflion of the Equinoxes, or rotation of the Earths 
Axis is made out, ) together with the retraceίϊΐση of tlje 
Moons Nodes, the Quantity and inequalities of whole Mo-
tion are here exadly ftated a prior e: Laftly the Theory of 
the Motion of Comets is attempted with iuch fuccefs, 
that in an Example of the great Comet which appeared 
in 168?, the Motion thereof is computed asexaftly as we 
can pretend to give the places of the primary Planets; and 
a general Method is here laid down to ftate and determine 
the Trajeßoria of Comets, by an eaiy Geometrical Con-
ft ruft ion; upon fuppofition that tholeCurves are Paradiek, 
or fb near it that the Parabola may ierve without ienflble 
Error ; tho' it be more probable, iaith our Author, that 
theie Orbs are Ellipticalf and that after long periods Co-
mets may return again. But iuch EUtpfes are by Reaibn 
of the immenfe diftance of the Foci, and fmallneis of the 
Lotus Rettum, in the Parts near the Sun where Comets 
appear, not eafily diftinguifhed from the Curve of the Pa-
rabola : as is proved by the Example produced. 

The whole Book is interfperfea with Lemmas of Gene-
rat uie in Geometry, and feveral flew Methods applyed, 

which 
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which are well worth ihe confidering; and it may be 
juftly laid, that ib many and ίο Valuable Philofofkical 
Truths, as are herein diicovered and put paft Diipute, 
were never yet owing to the Capacity and Induftry of any 
one Man. 

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

Whereas the "Publication ofthsfe Tranfa&ions has for fome 
Months lafi paft been interrupted ; The Reader is dcftred to 
take notice that the care of the Edition of this Book of Mr. 
Newton having lain wholly upon the Publifher (wherein he 
conceives he hatb been more ferviceable to the Commonwealth of 
Learning) and for fome other preffing reafons, they could not 
be got ready in due time; but now they will again be continued 
as formerly f and come out regularly, eithtr of three flteets, or 
five with a Cutt; according as Materials fiall occur* 

L O N D O N , 

Printed by J. Streater, and are to be fold by Sa-
muel Smith at the Princes Arms in St. Paul's 

Church-yard. 
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I I . The true Theory of the 'Tides, rxtraSled from 
*hat admired Treatife of Mr. Ifaac Newton, 
Intituled, Philofophiae Naturalis Principia 

Mathematics·, being a Difcourfe frefented 
with that Boo^ to the late King James, by 
Mr. Edmund Halley. 

I T may, perhaps, feem β range, that this Paper, being 
no other than a partile Account of a Book long fince 

publißed, and whereof a fuller Ext raft was given in 
Numb. 187. of thefe Tranfaftions, fkould again appear 
here; but the Defires of fever al honourable Ρ erf on s, which 
could not be wtthßood, have obliged us to infert it here% 

for the fake of fuch, who being leß knowing in Mathemati-
cal Matters; and therefore, not daring to adventure on 
the Author kimfelf, are notwithflanding, very curious to 
le informed of the Caufes of Things; particularly of fo 
general and extraordinary Phenomena,are thofe of the 
Tides. Nou> this Paper having been drawn up for the late 
King James'j Z>Je, {in whofe Reign the Book waspublißed) 
and having given good Satisfaction to thofe that got Copies 
of it; it u hoped the Savans of the higher Form will in-
dulge tu this liberty we take to gratifie their Infer tours in 
point of Science; and not be offended, that we here infifi 
more largely upon Mr. Newton* Theory of the Tides, 
which, how plain and eafie foever we find% is very little 
underßood by the common Reader. 

The fole Principle upon which this Author proceeds 
to explain moil of the great and furprifing Appearances 
of Nature, is no other than that of Gravity, whereby in 
the Earth all Bodies have a tendency towards its Centre ; 

Χ χ χ as 
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as is moil evident: and from undoubted Arguments its 
proved, that there is fuch a Gravitation towards the 
Centre of the Sun, Moon, and all the Planets. 

From this Principle, as a neceiTary Confequence, fol-
lows the Sphacrical Figure of the Earth and Sea, and of 
all the other Cadeftial Bodies: and tho' the tenacity 
and firmnefs of the Solid Parts, fupport the Inequalities 
of the Land above the Level; yet the Fluids, preiling 
equally and eafily yielding to each other, ioon reftore 
the Equilibrium, if difturbed, and maintain the exa& 
Figure of the Globe. 

Now this force of Defcent of Bodies towards the Cen-
ter, is not in all places alike, but is ftill leis and leis, as 
the diilance of the Center encreafes: and in this Book 
it is demonftrated.that this Force decreafes as the Square 
of the diilance increaies; that is, the weight of Bodies 
and the force of their Fall is lefs, in parts more remo-
ved from the Center, in the proportion of the Squares 
of the Diilance. So as for Example, a Ton weight on 
the Surface of the Earth» if it were railed to the 
height of 4000 Miles, which I fuppofe the femidiami-
ter of the Earth, would weigh but \ of a Ton, or 5· 
Hundred weight: if to n o o o Miles, or 3 femidiame-
ters from the Surface, that is 4 from the Center, it 
would weigh but f 7 part of the Weight on the Surface, 
or a Hundred and Quarter: So that it would be as eafie 
for the Strength of a Man at that height to carry a 
Ton weight, as here on the Surface a 100 And Γη 
the fame Proportion does the Velocities of the fall of 
Bodies decreaie: For whereas on the Surface of the 
Earth all things fall 16 Foot in afecond, at one iemidi-
ameter above this Fall is but 4 Foot; and at 3 femidia-
meters, or 4 from the Centre, it is but !< of the Fail 
at the Surface, or but one Foot in a fecond; And at 
greater Diilances both Weight and Fall become very 

ftnal 1, 
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fmall, but yet at all given Diftances is ftill iome thing, 
tho' the Effedfc become inicnfible. At the aiftance of 
the Moon (which I will fuppoie 6o Semidiameters of 
the Earth) 3600 Pounds weigh but one Pound, and 
the fall of Bodies is but T;f, of a Foot in a fecund, or 
16 Foot in a minute; that is, a Body ίο far off defcends 
in a Minute no more than the fame at the Surface of the 
Earth would do in a Second of Time. 

As was faid before, the fame force decreafmg after 
the fame manner is evidently found in the Sun, Moon, 
and all the Planets; but more efpecially in the Sun, 
whofe Force is prodigious; becoming fenfible even in 
the immenfe diftance of Saturn: This gives room to 
fufpeft, that the force of Gravity is in the Celeftial 
Globes proportional to the quantity of Matter in each 
of them: And the Sun being at leaft ten Thoufand times 
as big as the Earth, its Gravitation or attra&ing Force, 
is found to be at leaft ten Thoufand times as much as 
that of the Earth, a&ing on Bodies at the fame diftances. 

This Law of the decreafe of Gravity being demon-
ftratively proved, and put paft contradi&ion; the Au· 
thor with great Sagacity, inquires into ths neceflary 
Confequences of this Suppofition; whereby he finds the 
genuine Caufe of the ieveral Appearances in the Theo-
ry of the Moon and Planets, and diicovers the hitherto 
unknown Laws of the Motion of Comets, and of the 
Ebbing and Flowing of the Sea. Each of which are 
Subjefts that have hitherto taken up much larger Vo-
lumes; but Truth being uniform, and always the fame, 
it is admirable to obiervc how eafily we are enabled to 
make out very abftrufe and difficult Matters, when once 
true and genuine Principles are obtained: And on the 
other hand it may be wondred, that, notwithftanding 
the great facility of truth,and the perplexity and noncon-
iequenccs that always attend erroneousSuppofitions,theie 

X x x ζ great 
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great Discoveries rtiould have efcaped the acute Dif-
quifuions of the beft Philoiophical Heads of all paft 
Ages, and be referved to thefe our Times. But that 
wonder will foon ceaie, if it be confidered how great 
Improvements Geometry ba5 received in our Memory, 
and particularly from the profound Difcoverks of our 
incomparable Author. 

The Theory of the Motion of the primary Planets 
is here (hewn to be nothing elfe, but the contemplation 
of the Curve Lines which Bodies caft with a given Ve-
locity , in a given Dire&ion, and at the feme time 
drawn towards the Sun by its gravitating Power, would 
defcribe. Or, which is all one, that the Orbs of the 
Planets are fuch Curve Lines as a Shot from a Gun de· 
fcribes in the Air, being caft according to the direction 
of the Piece, but bent into a crooked Line by the fii. 
pervening Tendency towards the Earths Centre: And 
the Planets being fuppoied to be proje&ed with a given 
Force, and attracted towards the Sun, after the afore-
faid manner, are here proved to defcribe iuch Figures, 
as anfwer pun&ually to all that the Induftry of this 
and the Iaft Age has obferved in the Planetary Motions. 
So that it appears, that there is no need of folid Orbs 
and Intelligences, as the Ancients imagined, nor yet of 
Vortices or Whirlpools of the Celeftial Matter, as Des 
Cartes fuppoies; but the whole Affair is (imply and 
mechanically performed, upon the iole Supposition of 
a Gravitation towards theSun ; which cannot be denied. 

The Motion of Comets is here (hewn to be compound-
ed of the (ame Elements, and not to differ from Pla-
ners, but in their greater fwiftneis, whereby overpow-
ering the Gravity that ihould hold them to the Sun, as 
at doth the Planets, they flie off again, and diifonce 
ihemiHves from the Sun and Earth, fo that they foon 
are out of our fight. And the imperfeft Accounts and 

Obfer-
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Obfcrvations Antiquity has left us, are not fufficient to 
determine whether the fame Comet ever return again. 
But this Author has Ihewn how Geometrically to deter-
mine the Orb of a Comet from Obfervations, and to 
find his diftance from the Earth and Sun, which was ne-
ver before done. 

The third thing here done is the Theory of the 
Moon, all the Inequalities of whofe Motion are proved 
to ariie from the fame Principles, only here the effeä of 
two Centers operating on, or attracting a projected Bo-
dy comes to be considered ; for the Moon, tho' princi-
pally attra&edby the Earth, and moving round it,does, 
together with the Earth, move round the Sun once a 
Year, and is according as ihe is, nearer or farther from 
the Sun, drawn by him more or lefs than the Center of 
the Earth, about which flie moves ; whence arife feve-
ral Irregularities in her Motion, of all which, the Author 
in this Book, with no lefs Subtility than Induftry, has 
given a full Account. And tho 'by reafon of the great 
Complication of the Problem, he has not yet been able 
to make it purely Geometrical, ?tis to be hoped, that in 
fome farther Effay he may furmount the difficulty: and 
having perfe&ed the Theory of the Moon, the long 
defired difcovery of the Longitude (which at Sea is on-
ly pra&icable this way) may at length be brought to 
light, to the great Honour of your Majefty and Advan-
tage of your Subje#s. 

All the furprizingPhenomena of the Flux and Reflux 
of the Sea, are in like manner (hewn to proceed from 
the fame Principle j which I defign more largely to iniift 
on, fince the Matter of Faft is in this cafe much better 
known to your Majefty than in the foregoing. 

If the Earth were alone, that is to fay, not affe&ed 
by the A&ions of the Sun and Moon, it is not to be 
doubted, but the Ocean, being equally prefled by the 

force 
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force of Gravity towards the Center, would continue 
in a perfeä ftagnation, always at the fame height, with· 
out ever Ebbing or Flowing ; but it being here demon* 
ftrated, that the Sun and Moon have a like Principle 
of Gravitation towards their Centers, and that the 
Earth is within the Activity of their Attraftions, it 
will plainly follow, that the Equality of the preffure of 
Gravity towards the Center will thereby be difturbed ; 
and tho' the imallneis of thefe Forces, in reipeft of the 
Gravitation towards the Earths Center, renders them al-
together imperceptible by any Experiments we can de· 
vife, yet the Ocean being fluid and yielding to the leaft 
force, by its rifiug (hews where it is lefs prell, and where 
it is more pre ft by its finking. 

Now if we fuppoie the force of the Moons attraction 
to decreafe as the Square of the Diftance from its Center 
increafes (as in the Earth and other Celeftial Bodies) we 
ihall find,that where the Moon is perpendicularly either 
above or below the Horizon, either in Zenith or Nadir, 
there the force of Gravity is mod: of all diminiihed, and 
confequently that there the Ocean muft neceflarily fwell 
by the coming in of the Water from thoie parts where 
the PreiTure is greateft, viz. in thoie places where the 
Moon is near the Horizon : but that this may be the 
better underilood, I thought it needful to add the fol-
lowing Figure, where Μ is the Moon, Ε the Earth, G 
its Centre, and Ζ the place where the Moon is in the 
Zenith, if where in the Nadir. 

Now 
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Now by the Hypothefis it is evident, that the Water 

in being nearer, is more drawn by the Moon, than 
the Center of the Earth C, and that again more tha 
the Water in N, wherefore the Water in 2 has a ten-
dency towards the Moon, contrary to that of Gravity, 
being equal to the Excefs of the Gravitation in 2 . above 
that in C : And in the other cafe, the Water in M, tend-
ing lefs towards the Moon than the Center C, will be 
left prefledjby as much as is the difference of the Gravi* 
tations towards the Moon in C and AT. This righdy un-
derftood, it follows plainly, that the Sea, which other-
wife would be Spherical, upon the Preflure of the 
Moon, muft form it felf into a Spheroidal or Oval Fi-
gure, whofe longeft Diameter is where the Moon is 
Vertical, and ihorteft where Ihe is in the Horizon; and 
that the Moon Ihifting her Pofition as ihe turns round 
the Earth once a day, this Oval of Water fhifts with 
her, occafioning thereby the two Floods and Ebbs obfer-
vable in each Hours. 

Aad this may fuffice as to the general Caufe of the 
Tides; it remains now to (hew how naturally this Mo-
tion accounts for all the Particulars that .has beenobferv-
ed about them ; fo that there can be no room left to 
doubt, but that this is the true caufe thereof. 

The Spring Tides upon the new and full Moons, and 
Neap Tides on the Quarters, are occafioned by the at-
tractive Force of the Sun in the New and Full, confpir 
ring with the Attraction of the Moon, and producing 
a Tide by their united Forces: Whereas in the Quar-
ters, the Sun raifes the Water where the Moon depre£ 
fes ir, and the contrary j fo as the Tides are made on-
ly by the difference of their AttradHons.That the force of 
the Sun is no greater in this cafe,proceeds from the very 
finall Proportion the Semidiameter of the Earth bears to 
the vail diflance of the Sun» 

It 



HALLEY: TRUE THEORY OF THE TIDES 419 

( 4?* ) 
It is alfo obferved, that cateris partita, the j fqui-

no&ial Spring Tides in March and September, or near 
them, are theHigheft, and the Neap Tides the Lovveft ; 
which proceeds from the greater Agitation of the Wa-
ters, when the fluid Spharoid refolves about a great 
Circle of the Earth, than when it turns about in a lefler 
Circle ; it being plain, that if the Moon were conftitu-
ted in the Pole and there ftood,that the Sphaeroid would 
have a fixt Poiition, and that it would be always high 
Water under the Poles, and low Water every where un-
der the i£quino6fcial:. and therefore the nearer the Moon 
approaches the Poles, the lefs is the agitation of the O-
cean, which is of all the greateft, when the Moon is 
in the ^Equincftial, or fartheft diftant from the Poles. 
Whence the Sun and Moon, being either conjoyned or 
oppofitein the ^quinoftial, produce the greateft Spring 
Tides; and the fubfequent Neap Tides, being produced 
by the Tropical Moon in the Quarters, are always the 
lea ft Tides; whereas in June and December, the Spring 
Tides are made by the Tropical Sun and Moon, and 
therefore lefs vigorous; and the Neap Tides by the Λι-
quinoÖial Moon, which therefore are the ftronger : 
Hence it happens, that the difference between the Spring 
and Neap Tides in thefe Months, is much leis consider-
able than in March and September. And the realoa 
why the very higheft Spring Tides are found to be ra-
ther before the Vernal and after the Aqtumnal Equino*, 
viz. in February and Oftober, than precifely upDn them, 
is, becaufe the Sun is nearer the Earth in the Winter 
Months, and fo comes to have a greater Effeft in pro-
ducing the Tides. 

Hitherto we have confidered fuch Affections of the 
Tides as are Univerfal,without relation to particular Ok-
ies; what follows from the differing Latitudes of places, 
will beeafily under ft ood by the following Figure. 

Let 
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Let A ρ E P be the Earth covered over with very 

deep Waters, C its Center, Ρ, p, its Poles, A Ε the 
«ßquinoÄial, F f the parallel of Latitude of a place, 
D d another Parallel at equal diftance on the other fide 
of the yEquinofltial, Η h the two Points where the 
Moon is vertical, and let Κ k be the great Circle, where-
in the Moon appears Horizontal. It is evident, that a 
Spheroid defcribed upon Hb, and Κ & (hall nearly repre-

sent the Figure of the Sea, and C f , C D, C F, C d (hall 
be the hights of the Sea in the places / , D, F, d, in all 
which it is High-water: and feeing that in twelve Hours 
time, by the diurnal Rotation of the Earth, the point 
F is transferred to f , and d to D: the hight of the Sea 
C F will be that of the High-water when the Moon is 
prefent, and C f that of the other High water, when 
the Moon is under the Earth: which in the cafe of this 
Figure is lefe than the former C P. And in the oppo-
fite Parallel Ό d the contrary happens. The Rifing of 
the Water being always alternately greater and lefs in 
each place, when it is produced by the Moon declining 
fenfibly from the Aquino&ial; that being the greateft 
jof the two High-waters in each diurnal Revolution of 

Κ 
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the Moon, wherein Ihe approaches nfiareft either to the 
Zenith or Nadir of the place: whence it is that the 
Moon in the Northern Signs, in this part of the World, 
makes the greateft Tides when above the Earth, and in 
Southern Signs, when under the Earth; the EfFe<2: be-
ing always the greateft where the Moon is fartheft from 
the Horizon, either above or below it. And this alter-
nate increaie and decreafe of the Tides has been obierv-
ed to hold true on the Coaft of EnglanA, at Briftol by 
Capt. Sturmy, and at Plymouth by Mr. Coltpreße. 

But the Motions hitherto mentioned are fomewhat al-
tered by the Libration of the Water, whereby, tho' 
the Aft ion of the Luminaries ihould ceafe, the Flux 
and Reflux of the Sea would for fome time continue : 
This Confervation of the imprefled Motion diminilhes 
the differences that otherwife would be between two 
coniequent Tides, and is the reafon why the higheft 
Spring Tides are not precifely on the new and full 
Moons, nor the Neaps on the Quarters; but general-
ly they are the third Tides after them, and fometimes 
later. 

All theie things would regularly come to pais, if the 
whole Earth were covered with Sea very deep; but by 
reafon of the fhoalneß of fome places, and the narrow-
nefs of the Streights, by which the Tides are in many 
cafes propagated, there ariies a great diversity in the Efc 
fe&, and not to be accounted for, without an exadfc 
Knowledge of all the Circumftances of the Places, as 
of the Pofition of the Land, and the Breadth and Depth 
of the Channels by which the Tide flows ; for a very 
flow and imperceptible Motion of the whole Body of 
the Water, where it is (for example) % Miles deep, 
will fuffice to raife its Surface 10 or 1 χ Feet in a Tides 
t ime; whereas, if the feme quantity of Water were to 
be conveyed upon a Channel of 40 Fathoms deep, it 

would 
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would require a Very great Stream to efft & it, in Co 
large Inlets as are the Channel of England and the Ger-
man Ocean; whence the Tide is found to fet ftrongeft 
in thoie places where the Sea grows narroweft; the fame 
quantity of Water being to pais through a fmaller PaC 
läge: This is moft evident in the Streigbts, between 
Portland and Cape de Hague in Normandy, where the 
Tide runs like a Sluce; and would be yet more between 
Dover and Calk, if the Tide coming about the liland 
from the North did not check ir. And this force being 
once impreiTed upon the Water, continues to carry it 
about the level of the ordinary height in the Ocean, 
particularly where the Water meets a direft Obilacle, as 
it is at St. Male's; and where it enters into a long Chan-
nel,which running far into the Land grows very (freight 
at its Extremity ; as it is in the Severn-Sea at Chepftom 
and Brißol. 

This ihoalnefs of the Sea and the intercurrent Con-
tinents are the reaion, that in the open Ocean the time 
of High-water is not at the Moons appulfe to the Meri-
dian, but always fome Hours after i t ; as it is obferved 
upon all the Weft-Coaft of Europe and Africa, from Ire-
land to the Cape of Good-Hope: In all which a S. W. 
Moon makes High-water, and the fame is reported to 
be on the Weil; iide of America. But it would be end-
leisf to account all the particular Solutions, which are 
eafie Corollaries of this Hypothefis; as why the Lakes, 
iuch as the Cafpian Sea, and Mediterrantan Seat, fuch as 
the Black Sea, the Streights and Bait ich, ha-e no fen-
fible Tides: For Lakes having no Counnuniation with 
the Ocean, can neither inceaie nor d minilh Wa-
ter, whereby to r<ie and fal l ; and Seas u m communi-
cate by fuch narrow In'ets, and ar- of ίο imrwnie an 
Extent,cannot in a fewH uri 'une ereive or t m | f) Wa-
ter enough to raiie or fink their Sur . v h g t n i i · y. 

Y y y ι ! a f t i y , 
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Laftly, to demonftrate the excellency of this Do&rine, 

the Example of the Tides in the Port of Tunking in Chi-
na > which are fo extraordinary, and differing ircm all-
others we have yet heard of, may iuffice. In this Port 
there is but oneFloodand Ebb in 1 4 Hours; and twice 
in each Month, viz. when the Moon is near the ^iqui-
nj&ial there is no Tide at all, but the Water is flagnant j. 
but with the Moons declination there begins a Tide, 
which is greateft when (lie is in the Tropical Signs: only 
with this difference,that when the Moon is to the North-
ward of theytquinoöial, it Flows when (he is above the 
Earth, and Ebbs when ihe is under, fo as to make 
High-waterat Moons-fetting, and Low-water at Moons· 
rifing: But on the contrary, the Moon being to the 
Southward, makes High-water at rifing and Low-water 
at fettiog ,· it Ebbing all the time ihe is above the Hori-
zon. As may be feen more at large in the Philoßpbical. 
Trmfafiion, Num. 16z. 

The Caufe of this odd Appearance is propoied by 
Air. Newton, to be from the concurrence of two Tides ; 
the one propagated in fix Hours out of the great South-
Sea along the Coaft of China ; the other out of the 
Indian-Sea, from between the lilands in twelve Hours, 
along the Coaft of Malacca and Cambodia. The one of 
thefe Tides, being produced in North·Latitude, is, as 
has been faid, greater, whea the Moon being to the 
North of the Equator is above the Earth, and Jefs when 
ihe is under the Earth. The other of them, which is 
propagated from the Indian-Sea, being raifed in South 
Latitude, is greater when the Moon declining to the 
South is above the Earth, and lefs when ihe is under the 
Earth: Sa that of theie Tides alternately greater and 
lefler, there comes always fucceffively two of the great-
er and two of the lefler together every day j and the 
High·water falls always between the times of the arri-

val 
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val of the two greater Floods ; and the Low-water be 
tween the arrival of the two lefler Floods. And the 
Moon coming to the y£quinoftial, and the alternate 
Floods becoming equal, the Tide ceaies and the Water 
ft agnates: but when flie has parted to the other fide of 
the Equator, thofe Floods which in the former Order 
were the leaft, now becoming the greateft, that that be-
fore was the time of High· water now becomes the Low-
water, and the Converfe. So that the whole appear-
ance of thefe ilrange Tides, is without any forcing na-
turally deduced from thefe Principles, and is a great Ar-
gument of the certainty of the whole Theory. 



VI. 

The First Biography of Newton 





Fontenelle and Newton 
CHARLES COULSTON GILLISPIE 

-L here is a certain piquancy in the chance that Sir Isaac Newton's 
first biographer should have been a Frenchman and a Cartesian. 
So it happened, however, in consequence of Newton's position as 
associe etranger of the Academie Roy ale des Sciences. On the death of a 
member, the custom of that body is to commemorate his life and 
accomplishments in an essay composed by the permanent secre-
tary. When Newton died in 1727, this post was occupied, as it had 
been for thirty years, by Bernard le Bovier de Fontenelle, who was 
then at the height of the career that made him the intermediary 
between the science of the 17th century and the ideology of the 
Enlightenment. Immediately translated, his eloge became the first 
biography to appear in England. This is the document that is here 
reproduced, and, in order to place it in its historical context, it may 
be well to enter into a little introductory detail on the ambiguity 
of Newton's early relations with his French colleagues, to indicate 
the place of the eloge in Newtonian biography, and to point out 
certain casts given to the exposition by Fontenelle's inability to ac-
cept, or perhaps to appreciate, Newton's conception of what it is 
that science explains. 

427 
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One sometimes reads that Newton was the first foreigner elected 
to the Academie des Sciences upon its reorganization in 1699, and the 
inference is that by this gesture the French were magnanimously 
recognizing the magnitude of his challenge to Descartes. Neither 
the fact nor the implication is correct. When the Academy began 
operating under its new charter, it already included three foreign 
members, Leibniz, Tschirnhaus, and Guglielmini, and it filled the 
five additional vacancies authorized in the following order: Hart-
soeker, the brothers Bernoulli, Roemer, and Newton.1 Nor, 
although Philosophiae Naturalis Principia Mathematica had been in 
print since 1687, was the Academy yet aware that this book posed 
a fundamental challenge to the science known to its members, or 
that they were bringing into their company the founder of classical 
physical science, in the consciousness of which the world was to 
live ever after. In choosing Newton eighth on the list, the Academy 
thought itself to be electing simply a mathemat ic ian of extraor-
dinary geometrical skill, and the author of important experiments 
(and a very questionable theory) bearing on the nature of light. 

Professor Cohen has pointed out that it was through the Opticks, 
not the Principia, that Newton exerted his influence on the imagi-
nation of his 18th-century admirers.2 The optical work attracted 
attention from the outset, even before the Opticks itself was pub-
lished in 1704. In the volumes that record the proceedings of the 
Academy from 1666, the year of its foundation, to 1699, that of 
Newton 's election, the only reference to him is a letter of 1672 
f rom Huygens on the advantages of his reflecting telescope.3 In 
1688 the Journal des Savants noticed the Principia in three para-
graphs, describing the work as "une Mecanique la plus parfaite 
qu'on puisse imaginer," but pointing out (somewhat misleadingly) 
that Newton himself says of his proofs "qu'il n 'a pas considere 
leurs principes en Physicien, mais en simple Geometre," and urg-
ing him to "nous donner une Physique aussi exacte qu'est la Me-

1 See, ante, p. 8; also, Les membres et les correspondants de l'Academie royale des sciences 
(1666-1793) (Paris, 1931); and on the reorganization, Alfred Maury, L'Ancienne 
Academie des Sciences (Paris, 1864), pp. 40-45. 

2 I. B. Cohen, preface to Newton's Opticks (New York, 1952). 
3 Memoires de l'Academie Royale des Sciences depuis 1666jusqu'ä 1699, vol. 10 (1730), 

pp. 505-507. It should perhaps be explained that the volumes covering this period 
were published through the efforts of Fontenelle long after the events. 
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canique" by substituting "de vrais mouvemens en la place de ceux 
qu'il a supposez."4 Thereafter, Newton was not again discussed in 
the Journal until 1703, when a passing reference appears in an article 
drawn from Jean Bernoulli's Recherche de Catoptrique et Dioptrique of 
1701. Newton is introduced casually and only in order to be dis-
missed, but the turn of argument is interesting, for, although it 
refers to an optical passage of the Principia, it too is all unwittingly 
prophetic of the larger issues in the offing. To certain considera-
tions on refrangibility which follow from the views of one Herigone 
(and indeed of Descartes), the author objects that in a homogene-
ous medium the relative obliquity of rays is meaningless except 
with reference to a second medium, which cannot be supposed to 
affect the path of the ray before ever it arrives, 

ä moins qu'avec le subtil M. Newton, (Princ. Math. Phil. Nat.pag. 231.) on 
ne veüille mettre dans le second milieu quelque vertu attractive qui 
agisse sur les rayons lors qu'ils sont encore dans le premier milieu, & 
qui les attire plus fortement les uns que les autres. C'est en effet par la 
que M. Newton explique la nature de la reflexion, & de la refraction: 
mais son explication est plus ingenieuse qu'elle n'est vraye; car il ne 
nous apprend point ce que c'est que cette vertu attractive, ni d'oü elle 
vient: il la suppose seulement. J'avoüe que si on la lui accorde, l'expli-
cation qu'il donne est forte elegante, & peut contenter un Mathematicien.5 

In fact, Newton had addressed himself mathematically to reality, 
and not just abstractly to mathematics. And that he had under-
taken a radical approach to the great question of how the world 
is made was borne in on his French colleagues less by perusal of 
the Principia, that intractable book, than by attending to the dis-
cussions raised by philosophers who did perceive how deep the 

4 Journal des Savants 16, 2 3 7 - 2 3 8 (1688). The survey of this important journal 
for French reaction to Newton is greatly facilitated by the availability of Jacque-
line de La Harpe, "Le Journal des Savants et l'Angleterre, 1702-1789 ," Univer-
sity of California Publications in Modern Philology, X X (1937-1941) , pp. 289-520 , es-
pecially pp. 319-323 , 358-363. 

A second account in French of the first edition of the Principia appeared in the 
Bibliotheque Universelle 8, 4 3 6 - 5 0 (1688); apparently written by John Locke, this was 
an outline of the Principia, and not really a critical review. See I. B. Cohen, 
Introduction to Newton's 'Principia' (Cambridge, 1971), pp. 145-148. 

5 Journal des Savants 31, 1002 (1703). I can find no discussion of the principle of 
gravity before the review of the second edition of the Principia (Journal des Savants, 
June 1715, Pt. I, 667-674) . Even here the principle of attraction is simply set off 
against the theory of vortices in a literal and superficial fashion. 



4 3 ° C H A R L E S C O U L S T O N GILLISPIE 

issues went: Malebranche, the final edition of whose Recherche de la 
verite appeared in 1712; Leibniz, who attacked the theory of 
gravity in 1710 and the publication of whose ensuing correspond-
ence with Clarke was the most important single event in bringing 
home the problem; Roger Cotes, whose preface to the second 
edition of the Principia (along with Newton's new General Scholium) 
in 1713 joined issue with continental philosophy.6 As everyone 
knows, the acceptance of Newton's principles in France had to await 
his death—and Voltaire.7 But even the full awareness of Newton 
was delayed until the period, after 1710 or thereabouts, when he 
had long since withdrawn from the arena of science, if not of 
controversy. 

Nor were his relations ever close with France. There were a 
few letters from Fontenelle thanking Newton for copies of certain 
books, and a few complaints by Newton of the credit allowed to 
Leibniz on the invention of the calculus in the e'loges of Leibniz and 
L'Hopital.8 There was some discussion in the Academy, mathemati-

6 Al though M a l e b r a n c h e (who admired the Opticks) does not a l lude directly to 
the Principia, the discussion of gravity a n d the adap ta t ion of Vil lemot 's theory of 
spherical vortices were directed against Newton; see Recherche de la verite, ed. Fran-
cisque Bouillier, 2 vols. (Paris, 1880), Ph. Villemot, Nouveau systeme, ou nouvelle ex-
plication du mouvement des planetes (Lyon, 1707), and , for a discussion of these works, 
P. Mouy, Le Developpement de la physique cartesienne (Paris, 1934), pp. 271, 310-314. 
In the opinion of the latest s tudent of Fontenelle's science, this last edition of 
M a l e b r a n c h e was the point of depa r tu re of Fontenelle 's comprehensive and 
thought -out opposition to Newton; see F. Gregoire, Fontenelle, une "philosophic" 
desabusee ( N a n c y , 1947), p. 130. A t rans la t ion of the text of t he Le ibn iz -Cla rke 
correspondence has jus t been republ ished in a critical edit ion, H. G. Alexander , 
ed., The Leibniz-Clarke Correspondence (Manches te r , 1956), with a most useful 
analyt ical in t roduct ion. T h o u g h far f rom satisfactory, the most accessible edition 
of the Principia, containing the Cotes preface and the General Scholium, is tha t by 
Florian Cajori , Sir Isaac Newton's Mathematical Principles of Natural Philosophy (Berk-
eley, 1934), based on Andrew Motte 's translation of the 3rd edition (1729). A 
facsimile reproduct ion of the first edition has recently been published by Wil l iam 
Dawson (London , 1955). Ment ion , too, must be m a d e of the work which pr ints 
(unfairly) selected documents in the Streit with Leibniz over the invent ion of the 
calculus, f r om which controversy the larger a rgumen t emerged , Commercium epis-
tolicum D. Johannis Collins et aliorum de analyst promota ( L o n d o n , 1712) a n d of the 
compilat ion which was very influential in bringing the whole issue before French 
readers, P. des Maizeaux, Recueil de diverses pieces sur la philosophic . . . par Messieurs 
Leibniz, Clarke, Newton, et autres auteurs celebres (Amsterdam, 1720). 

7 Pierre Brunet , L'Introduction des theories de Newton en France (Paris, 1931). 
8 Fontenel le was pleased a n d touched by the kindly reference to his own work 
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cal rather than physical, of "forces centrales."9 In 1715 certain 
optical experiments were demonstrated by Desaguliers in London 
in the presence of the Chevalier de Bouville and other members of 
the Academy. M a n y of them were verified in Paris by Pere Sebas-
tien in the presence of the Card ina l de Polignac, Varignon, a n d 
Fontenelle.10 And it appears that the image of Newton which Fon-
tenelle develops in the eloge, compounded of admirat ion for his 
talent and rejection of his principles, was not fully formed until the 
fifteen years or so before Newton's death. T h e eloge stands, then, at 
the middle stage in that passage from incomprehension through re-
jection to idealization that was the route by which Newton pene-
t ra ted a n d ult imately t ransformed scientific unders tanding in 
France. 

A persistent current of interest in Fontenelle himself runs through 
the scholarly literature—persistent, but a little thin, for the one 
point on which all his interpreters agree is tha t he cuts at best a 
minor figure, if a witty one. Thus , Laborde-Milaä makes him the 
philosophe who t ransformed Cartesianism into positivism,11 while 
Louis Maigron presents a comprehensive picture of the transfor-
mation of Sainte-Beuve's "bei esprit . . . au gout detestable" 12 into 
the accoucheur of ideas who brought science to bed of the Enlighten-
ment.13 Carre discovers in him a sort of preincarnation of Voltaire, 
without the fire and passion that informed the life and work of 
Voltaire.14 Cosentini, in turn, offers us Fontenelle as a lesser mas-
ter of the ar t of philosophic dialogue,15 and Shackleton gives us a 

that the translator of the Opticks, one Coste, included in the preface and which 
Fontenelle took as coming from Newton himself; see G. Bonno, "Deux lettres 
inedites de Fontenelle ä Newton," Modern Language Motes 44, 188-190 (1939); 
David Brewster, Memoirs of the Life, Writings, and Discoveries of Sir Isaac Newton, 2 
vols. (Edinburgh, 1855), II, 290-295, 494-500. 

9 The suggestion of Robert Shackleton that Fontenelle's treatment of this ques-
tion may be taken as the beginning of his systematic anti-Newtonianism is to be 
treated with reserve. See Shackleton's introduction to his edition of Fontenelle, 
Entretiens sur la pluralite des mondes (Oxford, 1955), pp. 20-28. 

10 Journal des Savants 67, 546 (1720), in a review of the French translation of the 
Opticks (Amsterdam, 1720). 

11 A. Laborde-Milaä, Fontenelle (Paris, 1905). 
12 C. A. Sainte-Beuve, Causeries du Lundi (Paris, n. d.), I l l , 314-335. 
13 Louis Maigron, Fontenelle, I'homme, I'oeuvre, I'influence (Paris, 1906). 
14J. R. Carre, La Philosophie de Fontenelle, ou la sourire de la raison (Paris, 1932). 
15 John W. Cosentini, Fontenelle's Art of Dialogue (New York, 1952). 
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Fontenelle savant and dignifies the Entretiens, which made his repu-
tation, with all the appara tus of an elaborate var iorum edition.16 

Gregoire, finally, finds tha t the career of the permanent secretary 
of the Academy was a mask to philosophic d i senchantment and 
his commitment to science a role played but not believed by a 
secret nihilist.17 This is not the place to choose between these Fon-
tenelles, or to add another to the list. But it may perhaps be per-
missible to suggest that the sardonic manner , the tendency to 
denigrate his own commitments , which give rise to such varying 
interpretations may have been in par t the expression of uneasy 
consciousness that he remained an amateur , a science reporter and 
not a savant. The Eloge of Malebranche includes a remark discon-
certing to the intellectual historian. " O n peut savoir," writes Fonte-
nelle, "l'histoire des pensees des hommes sans penser ."1 8 And what-
ever else he was, Fontenelle was a historian of ideas. 

He was also a humanis t of science, and his best efforts were de-
voted to the men of science, to his colleagues. His eloges remain his 
finest work.19 Here his distinctive qualities appear to best advan-
tage: the personal dispassionateness, the respect for knowledge, the 
real if not always discr iminat ing comprehension of scientific ac-
complishments, the faith he expressed (whether or not he felt it) in 
the civilizing mission of science, the ta lent for lucid exposition if 
not for profound discussion (he was never profound). He disliked 
the term eloge since he conceived these essays not as eulogies, but 
as historical sketches supplementing the account of the work of the 
year which he prepared for each volume of the Histoire et memoires 

16 See above, note 9. Shackleton also prints the Digression sur les anciens et les 
modernes in this useful volume. 

17 Gregoire, Fontenelle; see especially his summaries, pp. 270-271 and 465-466. 
This work contains the best discussion of Fontenelle's science, and of his attitude 
to Newtonianism; see especially pp. 119-184. 

18 Fontenelle, Oeuvres, 8 vols. (Paris, 1790-1792), VI, 416. 
19 First published in the current volumes of the Histoire de l'Academie, they were 

collected in volumes VI and VII of the edition of the Oeuvres cited in note 18, and 
selections have been several times reprinted. An English translation of the early 
eloges was published in 1717, under the title The Lives of the French, Italian and Ger-
man Philosophers, which contains, too, a selection from "some of the most curious 
Relations of Philosophical Matters," in offering which the translator (John Cham-
berlayne) has "affected to join the Utile with the Dulce, according to the Poet's 
Advice." 
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de l'Academie.20 The vein is ceremonial and impartial, elegant and 
concise, objective and decently respectful—combinations achieved 
more readily by the French mind and language than the English. 

For a long time the eloge of Newton served as the cornerstone of 
Newtonian biography, and not only in the sense that it was the 
first. Though somewhat obscured by translation, the trail of Fon-
tenelle's phrases can be followed through successive accounts of 
Newton's life well into the nineteenth century. Even the structure 
of Fontenelle's essay proved remarkably durable. Here appear the 
essential features of posterity's image of Newton. Here Newton and 
Descartes are set over against each other as the prototypes of the 
inductive and deductive philosophers, though of the many com-
mentators who elaborated this comparison, none hit upon so happy 
a thought as Fontenelle in balancing their merits. Here, too, occur, 
among other things, the story of the youthful Newton's inattention 
to business and absorption in his studies; the description of how 
mathematics came to him at a glance (only the nineteenth century 
turned him also into a mechanical prodigy); the portrait of the 
insatiable investigator, whose "accurate and importunate" manner 
of research is an object lesson to all who would interrogate nature; 
the account of his entry into public affairs to defend the university 
from James II and of his later practical life at the Mint and the 
Royal Society; the attributing of his reluctance to publish his dis-
coveries to his loathing for controversy; the tale of his solution of 
Bernoulli's problem at the end of a tiring day; and the delineation 
of his outstanding personal characteristics—manners, modesty, 
kindliness, generosity, and appearance (unfortunately Fontenelle 
was misinformed about Newton's appearance, and there were in 
fact unhappy episodes in his life in which the qualities appropriate 
to the role of selfless and retiring searcher into nature were hon-
ored in the breach). 

One crucial episode, featured in all later biographies, does not 
appear in the eloge. In 1727, Fontenelle did not know of that most 
famous meditation in the history of science, the train of thought 
about the force retaining the moon in her orbit, which had come 
to Newton as he sat at home in the garden in the plague year of 

20 Francisque Bouillier, in the introduction to his edition of the Eloges (Paris, 
1883), pp. xxiii ff. 
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1666 and had led him to his theory of gravitation. The first ac-
count of this event was published in the preface to Henry Pem-
berton's View of Sir Isaac Newton's Philosophy (1728) . In the article 
on Newton printed in 1738 in the General Dictionary, Pemberton's 
information was incorporated into that found in the eloge, in the 
first appearance of what became the standard narrative of New-
ton's personal history.21 The same article gave a rather more de-
tailed and documented treatment of Newton's thought than had 
Fontenelle, and for this purpose the author published a selection 
from the scientific papers and correspondence. In 1760, the Bio-
graphia Britannica printed an even larger selection.22 Neither of 
these articles, however, altered the picture derived from Fontenelle 
and Pemberton. Nor did the other accounts that appeared here 
and there throughout the eighteenth century.23 

The first work really to supersede Fontenelle was Sir David Brew-
21 The General Dictionary, 10 vols. (1734-1741), was the English translation and 

adaptat ion of Bayle's Dictionary, based on the latest Paris edition, and "interspersed 
with several thousand lives never before published. The whole containing the his-
tory of the most illustrious persons of all ages and nations, part icularly those of 
Great Britain and Ireland . . . " Newton's life was one of the additions. 

It will be noticed that the famous story of the apple does not appear in the 
eloge. Neither is it mentioned in Pemberton. Fontenelle knew of it, from the bio-
graphical information sent him by J o h n Conduit t (see below, n. 30), who, how-
ever, says only that "He first thought of his system of gravity . . . by observing an 
apple fall from a tree," and does not describe the t rain of thought to which it led. 
Not knowing this, Fontenelle would not have seen the point, and it was left to 
Voltaire to work this anecdote into the biographical corpus. For the authenticity 
of the story, see Jean Pelseneer, "La Pomme de Newton," Ciel et Terre (1937), 1-4, 
and G. R. de Beer and Douglas McKie, "Newton's Apple" and "Newton's Apple 
—an Addendum," Notes and Records of the Royal Society 9, 46-54, 333-335 (1951-
52). The authors omit only to point out that it was not until the article by Ben-
jamin Mar t in (below, n. 23) that what Voltaire referred to as "fruits" were gen-
erally identified as apples. The story of a single apple was apparently not canoni-
cal until the 19th century. 

22 To the material f rom Fontenelle, Pemberton, and the scientific correspond-
ence itself, this article added a few anecdotes drawn from Whiston's reminis-
cences, available only since 1749: Memoirs of the Life and Writings of Mr. William 
Whiston, 2 vols. (London, 1749). Here appears for the first time the explanation 
that in 1666 Newton supposed the discrepancy between the theoretical and the 
observed positions of the moon, which caused him to set aside his work on gravity, 
to be the consequence of the disturbing influence of the Cartesian vortex. 

23 For example, Universal Magazine 3, 289-300 (1748); Benjamin Mar t in , Bio-
graphia Philosophica (London, 1764), pp. 361-376; Paolo Frisi, Elogio del Cavaliere 
I. Newton (Milan, 1778). 
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ster's Life of Sir Isaac Newton.2* Suggestions had been advanced by 
Biot that Newton had suffered a period of mental derangement, 
that, though he recovered his sanity, he never regained his scientific 
powers, and that his religious writings were the products of intellec-
ual decay.25 These theories shocked Brewster into producing the 
first full-length biography. It was a work of national and scientific 
piety, which displayed Newton, in Brewster's own phrase, as the 
"high priest," not to say the Sir Galahad, of science. The tendency, 
well developed even before Brewster, to make Newton's life an edi-
fying object lesson, reached its nadir in an anonymous work 
published in 1860, The Triumphs of Perseverance and Enterprise, "written 
with the view to inspire the youthful reader with a glow of emulation, 
and to induce him to toil and advance in the peaceful achievements 
of science and benevolence, remembering the adage, 'Whatever 
man has done, man may do.'" This sort of thing produced a reac-
tion, of course,26 and now the wheel has come full circle, turning 
through disputes about Newton's character and theories about his 
mental processes, until J . W. N. Sullivan advances as the key to 
his life the proposition that, the greatest of scientists, he thought 
science unimportant,27 and Lord Keynes, with Bloomsbury perver-
sity, describes him as the last of the magicians.28 It has, indeed, 
been Newton's fate that other people have always projected their 
philosophies or theologies of science upon him in explanation of his 
achievements. It is refreshing, therefore, to turn back to the plainer 

24 London, 1831. In 1855 appeared a second and enlarged edition, which 
printed a few selections from Newton's correspondence; see note 8, above. 

25 Biot wrote the article "Newton" (1821) in the Michaud Biographie universelle, 
vol. 30, pp. 367-404; see especially pp. 390-391, 402. A selection of Newton's theo-
logical writings has recently been published, Herbert MacLachlan, ed., Sir Isaac 
Newton's Theological Manuscripts (Liverpool, 1950). In 1829 Henry (later Lord) 
Brougham published what was essentially a translation of the Biot article, Life of 
Sir Isaac Newton (London, 1829), which appeared in the Library of Useful Knowl-
edge series and appears to have been the immediate occasion of Brewster's work. 
For Biot's criticism of the Brewster Memoirs (see preceding note), see Journal des 
Savants, Oct. and Nov. 1855, 589-606, 662-677. 

26 See particularly Augustus de Morgan, Essays on the Life and Work of Newton 
(Chicago, 1914). The first of these essays appeared in The Cabinet Portrait Gallery of 
British Worthies (London, 1846). 

27 Isaac Newton (London, 1938). 
28 "Newton, the Man," Newton Tercentenary Celebrations, 15-19 July 1946, published 

by The Royal Society (Cambridge, 1947), 27-34. 
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account of Fontenelle, embellished only with literary grace, where, 
if the mystery of Newton's genius is not dispelled, neither is it 
deepened.29 

Fontenelle drew his discussion of Newton's scientific accomplish-
ments from his own knowledge; for the biographical facts, however, 
he relied entirely on notes sent him by John Conduitt, who had 
married Newton's niece.30 Unfortunately, Conduitt was most 
dissatisfied with the use Fontenelle made of the information. " I 
fear," wrote Conduitt of Fontenelle after the eloge was published, 
"he had neither abilities nor inclination to do justice to that great 
man, who has eclipsed the glory of their hero, Descartes."31 There 
were no real grounds for these complaints, but Fontenelle had, in 
fact, omitted several points included by Conduitt, among them a 
number of derogatory remarks about Descartes's hypotheses and 
the statement that Newton originally undertook the study of 
mathematics to discover whether there was anything in judicial 
astrology. He ignored Conduitt's request that he recall the passages 
in his eloges of l'Hopital and Leibniz which allowed Leibniz a portion 
of the credit for developing the calculus. He passed lightly and tact-
fully over Newton's ventures into history, chronology, and divinity, 
about which Conduitt had given him a considerable amount of in-
formation. And though he compares England favorably to France 
in regard to the respect which society accorded to men of science, 
it is also clear from his reserve that he regarded the contemporary 
apotheosis of Newton as excessive, and not only in contrast to the 
neglect encountered by Descartes in his last years. To a tempera-
ment like Fontenelle's, apotheosis was a repellent process, no matter 
whom it involved. 

Fontenelle always remained faithful to the cosmology he had 

29 For a complete guide to the biographical literature, see G. J . Gray, A Bibliog-
raphy . . . of Sir Isaac Newton (2nd ed., Cambridge, 1907), together with A Descrip-
tive Catalogue of the Grace K. Babson Collection of the Works of Sir Isaac Newton (New 
York, 1950) and its Supplement (Babson Institute, 1955), corrected in a few par-
ticulars in the compte-rendu by G. F. Shirras, Archives internationales d'histoire des 
sciences 29, 949-953 (1950). T h e most comprehensive biography is that by Louis 
T. More, Isaac Newton (New York and London, 1934). 

30 These notes were published in Edmund Turnor, Collections for the History of the 
Town and Soke of Grantham (London, 1806). 

31 Dictionary of National Biography, article " J o h n Conduitt . " 
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learned and expounded as a young man. His last book, Theorie des 

tourbillons cartesiens (1752), was also one of the last general defenses 
of the system to see print. But though his life embraced almost the 
full span of Cartesian science, he must not be regarded as the mori-
bund champion of some fossilized doctrine. Cartesianism was a 
living body of thought about nature. On the basis of the principles 
laid down by Descartes, there developed a real physics—indeed too 
real because too literal.32 Nor was Descartes exempt from the spirit 
of criticism he enjoined. Already by 1700, there were several schools. 
Malebranche had created a Catholic Cartesianism, to which was 
opposed the skeptical Cartesianism represented by Fontenelle. Yet 
it was from Malebranche that Fontenelle took the doctrine of 
spherical vortices to oppose to the Newtonian theory of gravity. 

The web of resistance to Newton was, in fact, complex. Some 
strands ran parallel and others counter to each other. In the eloge 

there is apparent the influence, not just of Descartes and Male-
branche, but of Huygens and of Leibniz. For Huygens, the true 
physicist, the decisive objection was concrete. What was inadmissible 
in Newtonianism was primarily the idea of a universal attraction 
subsisting between all the particles of the world as an inherent 
property of matter "parce qu'une telle hypothese nous eloignerait 
fort des principes mathematiques ou mecaniques."33 But for Leibniz 
and the general run of Cartesians the problem arose from differing 
conceptions of what science does.34 In the Cartesian view, for all 
its hostility to scholasticism, science moves through nature from 
definition to explanation; in that of Leibniz it moves rather from 

32 See the excellent book by Paul Mouy, cited in note 6. 
33 Nor did Huygens think that Newton could have seriously meant that gravity 

is an essential property of matter. See "Theorie de la pesanteur," Oeuvres completes 
de Christiaan Huygens (The Hague, 1944), X X I , 474; quoted too by Mouy, pp. 
260-261, in his discussion of Huygens and Newton. 

34 This whole question has been treated by many writers, of course, and from 
many points of view. For the Cartesian side, see (in addition to Mouy and 
Gregoire, note 6), Francisque Bouillier, Histoire de la philosophie cartesienne, 2 vols. 
(Paris and Lyon, 1854). For the differences between Newton and Leibniz, see 
Alexander, The Leibniz-Clarke Correspondence, with the editor's introduction; Ernst 
Cassirer, Leibniz' System in seinem wissenchaftlichen Grundlagen (Marburg, 1902), esp. 
pp. 245-282; Josef Durdik, Leibniz und Newton (Halle, 1869); F. S. C. Northrop, 
"Leibniz's Theory of Space," Journal of the History of Ideas 7, 422-446 (1946); and 
an interesting unpublished doctoral dissertation in the library of Princeton Uni-
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principles to values; and in that of Newtonians from descriptions 
to abstract generalizations. Strictly speaking, therefore, Newtonian 
science could never get outside itself, and might in a sense be said 
to be a tautology, or at least to accomplish nothing of interest or 
value. 

More immediately, the theory of gravity was unacceptable to Car-
tesians because of their commitment to a mechanistic universe. For 
Leibniz, though a strict mechanist in practice, the planetary theory 
was excluded rather by his commitment to a finalism unreconcilable 
with Newton's way of taking the phenomena as given, as the data of 
thought. Disagreements were profound on the fundamental question 
of space. Descartes having unified his science by identifying space 
and matter, it remained for them to be properly distinguished: 
unsuccessfully by Leibniz, who turned space from a substance into 
a relation (that of simultaneous events), after which he sought to 
unite his system metaphysically by the principle of preestablished 
harmony; successfully by Newton's bolder stroke of emptying space 
to turn it into the physical expression of an abstract geometry (and 
an attribute of God), after which he did unite his system around 
the principle of gravity.35 Fontenelle, for his part, rejected the very 
different providentialisms of Malebranche, of Leibniz—and of 
Newton. But for Leibniz (seeing more deeply, showing more insight 
into the rationalizing powers of the calculus), what was abhorrent 
in Newtonianism was not its providentialism, but the exact contrary, 
its tendency to lead in the direction already marked by Hobbes, a 
self-sufficient materialism destructive of natural religion. One 
important matter found Newtonians and Cartesians standing to-
gether. Both rejected finalism in scientific explanation, and, in the 
controversy over vis viva, both held as against Leibniz that the 

versity, Nicholas Rescher, "Leibniz' Cosmology: A Reinterpretation of the Phi-
losophy of Leibniz in the Light of his Physical Theories" (1951). For Fontenelle's 
respect for Leibniz, see his Eloge de Leibniz, Oeuvres, VI, 450-505. The best guides 
to Newton's principles are Alexandre Koyr6, "The Significance of the Newtonian 
Synthesis," Archives internationales d'histoire des sciences 29, 291-311 (1950), and F. 
Rosenberger, I. Newton und seine physikalischen Prinzipien (Leipzig, 1895). 

3 51 owe this way of seeing it to Koyr6, "The Significance of the Newtonian 
Synthesis." On space as a divine attribute, see Alexander, Leibniz-Clarke Corre-
spondence, pp. xiv, 47 (Clarke's Fourth Reply to Leibniz). 
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quantity conserved in a dynamical situation is momentum and not 
kinetic energy.36 

On the whole, the confrontation of Newton with Leibniz was 
philosophically more interesting and deeper; that of Newton with 
Descartes was historically more influential and more obvious— 
in some respects, indeed, this latter was the kind of opposition 
which in mathematics is expressed by a change of sign from plus 
to minus. But on specific points about the actual working of the 
real world, the influences of Leibniz and Descartes came together 
in the way reflected in the caveats and passing emphases in Fonte-
nelle's eloge which imply his own disbelief that Newton's was a 
satisfactory picture of what happens. 

For example, Newton's adherents did not, like Fontenelle, de-
scribe the Principia as resting equally on two leading theories, one 
concerned with the force of attraction exerted by bodies, the other 
with the resistance offered by fluid mediums to motion. Expositions 
by Newtonians generally emphasized the former, the positive, con-
structive side of Newton's work, rather than the latter which, 
though it is indeed the subject of much of Book II, served rather 
the negative purpose of disproving the existence of Cartesian vor-
tices.37 Further on, at the close of his discussion, Fontenelle com-
plained in passing that Newton never makes clear what causes 
gravity itself, wherein it consists, or how action at a distance is 
mechanically possible. Now this was the crucial objection which 
united all the opponents of Newton. To call gravity a force of at-
traction was no clarification. Attraction had not even the elemen-
tary merit of working properly. From time to time Newton's 
cosmos got out of order, and Providence had to step in to repair it. 
Nor was the idea comprehensible, and in place of attraction 
Fontenelle suggested the term "impulse" as more appropriate. In 
Cartesian mechanics, force was transmitted in good, concrete, di-

36 There is a good account of this well-known issue in Martial Gueroult, Dy-
namique et metaphysique leibniziennes (Paris, 1934). 

37 See, for example, Henry Pemberton, A View of Sir Isaac Newton's Philosophy 
(London, 1728); Colin Maclaurin, Account of Sir Isaac Newton's Philosophical Discov-
eries (London, 1748); Voltaire, Elemens de la philosophic de Newton (Amsterdam, 
1738). For a useful guide, see W. W. Rouse Ball, An Essay on Newton's Principia 
(London, 1893). 



440 CHARLES COULSTON GILLISPIE 

rect ways: by impact, by pressure, by the frictional drag of swirl-
ing vortices of cosmic stuff, none the less real for being subtle, 
which carried the planets around in their courses. (Fontenelle, it 
will be noticed, included no discussion of the laws of motion or of 
Newtonian mechanics.) To describe the fall of an apple or the mo-
tion of the moon and the tides not as a definite push by something 
against something else, but as the pull of an intangible force, itself 
inexplicable, was to offer not an explanation, but, like the scho-
lastics, a mystification, a word in place of a fact. And as gravity 
seemed simply an occult force or a perpetual miracle, so the New-
tonian idea of an empty space across which it flings its influence 
seemed a reversion to the mysterious void that had only recently 
been filled up by the Cartesian plenum. So nebulous was the whole 
conception that, in the 1730's, Fontenelle saw the theory of gravity 
as a passing fancy, of some value perhaps for having posed certain 
criticisms which inspired improvements in the system of vortices at 
the hands of Privat de Molieres. 

Fontenelle did admire the matchless mathematical virtuosity dis-
played in the Principia. The trouble was not in the mathematics, 
but that, taken as an explanation of the universe, the system failed 
—or rather that it was no explanation at all since no cause could 
be assigned for its central principle, the principle of attraction, and 
since it substituted for a concrete, working, mechanical picture a 
set of mathematical and geometrical abstractions. At issue, in fact, 
was the question, as old as Aristotle, whether mathematics and 
nature really fit. Newton (writes Fontenelle) "s'est mis dans le 
Vuide, ä des forces mouvantes connues & Mechaniques il a substitue 
une force inconnue & Metaphisique, une Attraction, dont on ne 
peut prevoir les effets, mais que l'on suppose telle que certains 
faits etablis la demandent, & qui par consequent satisfait toujours 
precisement ä tout. M. Γ Abbe de Molieres lui reproche meme 
asses finement cette extreme precision, les principes Phisiques η'en 
ont pas tant, lorsqu'on vient ä les appliquer aux Phenomenes."38 

The trouble with Newton's mathematical approach was that the fit 
with phenomena is impossibly tight. It squeezes out reality, where 
things rub against each other physically in a looser, a more com-

38 Histoire de l'Academie Royale des Sciences (1733), p. 94. 
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prehensible meshing with ordinary experience, and where there is 
always something left over from an explanation in case it is needed. 
Much earlier, Fontenelle had remarked approvingly of Male-
branche's numberless "petits tourbillons" that their being applicable 
to the explanation of so many phenomena—light, heat, sound, 
electricity, weight, whatnot—created a strong presumption in their 
favor. "Voilä un grand fonds de force pour tous les besoins de la 
physique"—even those not yet foreseen.39 For Fontenelle, a theory 
that comes out precisely even, so to say, simply circles (whether 
through reality or not) right back to its starting place. 

It may at first s6em odd that the Cartesians, whose very defini-
tion of matter was mathematical, should have accused the New-
tonians of excessive abstraction. But the penalty attached to over-
mathematicizing nature in the fashion of Descartes was precisely 
that the process simultaneously coarsened and adulterated mathe-
matics by confusing its province with that of mechanics and its 
procedures with common sense. In retrospect, of course, it is ap-
parent that the two arguments never really met, that the two sides 
were talking about different things. The Newtonians—at least 
when answering Cartesian critics—claimed only that Newton dis-
covered a relation; the Cartesians accused him of not having found 
a cause. To the Cartesian complaint that, the cause of attraction 
being unexplained, the force of gravity was a figment of Newton's 
mind, an Aristotelian tendency, the Newtonians retorted that, ex-
plicable or not, the relation subsisted in phenomena, and that it 
was Descartes who had imagined, not a force to be sure, but a sub-
stance and a motion to explain mechanically what no one could 
yet understand, the ultimate cause that lies behind the laws of 
nature, laws which themselves are to be taken only as descriptive 
generalizations of appearances and not as causes, which derive (it 
may be) from God whose ways it would be as impious as impos-
sible to prescribe.40 

Since Newton actually did not provide what Fontenelle required, 
a system which accounted at once for the behavior and the cause 

39 Fontenelle, "Eloge de Malebranche," Oeuvres, VI, 422. 
40 See the General Scholium to the Principia, 2nd ed. This, together with other 

relevant passages from Newton's writings, is printed as an appendix in Alexander, 
Leibniz-Clarke Correspondence, pp. 143-183. 
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of phenomena, which saw nature steadily and saw it whole, it is 
not surprising that, like most Cartesians, he remained unconvinced. 
There is, perhaps, a certain irony in the circumstance that New-
ton's theory, which countless intellectual historians have described 
as responsible for the 18th-century picture of a soulless, determi-
nistic world machine, should have been rejected at the time on the 
ground that it was overly abstract and insufficiently mechanical 
and that it called the hand of Providence into the workings of the 
world. And on reflection, it may, after all, seem appropriate that 
Newton's first biographer was a Cartesian and a Frenchman. For, 
if the English deified Newton, the French rationalized him. Belief 
in the self-sufficiency of natural order, expressed by the materialist 
philosophes who followed Fontenelle, must be attributed not to the 
legacy of Newton, but to that of Descartes41—tempered less by 
Newton than by Hobbes. The perfectly synchronized world ma-
chine that is supposed to have sprung out of Newton's brain to 
place itself at the service of the Enlightenment was actually a 
fairly uncertain mechanism until, well after the Enlightenment was 
past its zenith, it was tidied up mathematically by Laplace—in-
spired (it might be argued) by the Cartesian spirit which insists on 
order and unity. And, on the other hand, the adoption of New-
tonianism and the challenge presented by its irregularities were 
among the chief influences that carried the rational genius of 
France to the leadership of the world of science in the late 18th 
century. 

The number of editions of the eloge published in London con-
firms the admiration of the English public for Newton at the time 
of his death. In addition to the Tonson edition reproduced here, 
there were at least three others, two of which were different trans-
lations. Even in Paris, Newton's death appears to have aroused 
considerable interest. The eloge of Newton was one of the few that 
Fontenelle published separately, and besides that edition (1728), 
there was also a single-sheet folio abrege of the same year. 

41 See the stimulating book by Aram Vartanian, Diderot and Descartes (Princeton, 
1953), where this point is argued with much force—perhaps with too much force, 
seeing that Mr. Vartanian takes no account of the influence of the associationist 
psychology on conceptions of scientific explanation from Locke and Condillac 
through the taxonomists and chemists of the latter part of the century to the 
ideologues. 
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The style of the original is graceful, urbane, and good-humored, 
with here and there a hint of reserve. These qualities are largely 
lost in the translation, which is frequently clumsy and nowhere 
better than adequate. In the 18th century as now, "Etranger" 
meant foreigner rather than stranger (see the last paragraph), and 
there must have been a better expression for "Grandeur de la sur-
face" than "Magnitude of the Superficies." But the most curious 
feature of the eloge appears also in the original, and that is that 
Fontenelle should have concluded in good Victorian style by hold-
ing up Leibniz and Newton to admiration as exemplars of thrift! 
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T H E 

E L O G I U Μ 
O F 

Sir ISAAC Ν ΕΦΤΟΝ, 

β y 

M o n f i e u r FONTENELLE. 

SI R Iiäac Newton, who was born at Woolftropein the 
county of Lincoln, on Chriftmas day in the 
year 1 * 4 1 , deicended from the elder branch of the 

family of Sir John Newton Baronet. The Manor of 
Woolftrope had been in his Family near too 
years. The Newtons came thither from Weftby in 
the fame County, but originally from Newton in Lan-
caihire. Sir Iiaac's Mother, whole maiden name was 
Hannah Aicough, was likewife of an ancient family} 
Ihe married again after his Father's death. 

When her Son was twelve years old ihe put him to 
the Free-ichool at Grantham j from whence Ihe 

A t removed 
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removed him fome years after, that he might be ac-
cuftomed betimes to look into his affairs, and to ma* 
nage them himfelf. But ihe found him fo careleis of 
fuch Bufinefs, and fo taken up with his books, that ihe 
ient him again to Grantham, that he might be at li-
berty to follow his inclinations j which he farther in-
dulged by going to Trinity college in Cambridge, where 
he was admitted in i66o> being then eighteen years 
of age. 

In learning Mathematicks he did not ftudy Euclid, 
who ieemed to him too plain and too fimple, and not 
worthy of taking up his timej he underftood him al-
moft before he read him, and a caft of his eye upon the 
contents of the Theorems was iufficient to make him 
mailer of them. He advanced at once to the Geome-
try of Des Cartes, Kepler's Ο pricks, &c. fo that we 
may apply to him what Lucan (aid of the Nile, whofe 
head was not known by the Ancients, 

Arcanum Natura caput non prodidit ulli, 
Nec licuit populis parvum te, Nile, widere. Lucan. 1. x. 

Nature conceals tby infant Stream with care, 
Nor lets thee, hut in Majefty appear. 

It is certain that Sir Iiaac had made his great Diicove-
ries in Geometry, and laid the foundation of his two 
famous pieces the Principia and the Opticks by the time 
that he was twenty four years of age. If thoie 
Beings that are fuperior to Man have likewiie a 
progreifion in Knowledge, they fly whilft we 
creep, and leap over thoie mediums by which we pn> 
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cced ilowly and with difficulty from one Truth to ano-
ther that has a relation to it. 

Nicholas Mercator, who was born in Holftein, but 
(pent moil of his time in England, publifhed in 1 6 6 8 
his Logarithmotechnia, in which he gave the Quadra-
ture of the Hyperbola by an infinite Series. This 
was the firil appearance, in the learned world, of a Series 
of this fort, drawn from the particular nature of the Curve, 
and that in a manner very new and abilra&ed. The 
famous Dr. Barrow, then at Cambridge, where Mr. 
Newton, who was about ζ 6 years of age, refided, re-
collected that he had met with the fame thing in the 
writings of that young gentleman,and there not confined to 
the Hyperbola only, but extended by general forms to all 
forts of Curves, even fuch as are mechanical, to their 
quadratures, their rectifications and their centers of Gra-
vity, to the folids formed by their rotations, and to the 
fuperficies of thoie folids; fo that fuppofing their deter-
minations to be poilible, the Series flopt at a certain 
point, or at leafl their fums were given by flated 
rules: But if the abiolute determinations were impoflible, 
they could yet be infinitely approximated which is the 
happiefl and moil refined method of fupplying the defeats 
ofHuman knowledge that Man's imagination could pofli-
bly invent. T o be mailer of fo fruitful and general a 
Theory was a mine of gold to a Geometrician, but it 
was a greater glory to have been the diicoverer of fo 
furprizing and ingenious a Syflem. So that Sir Iiaac 
finding by Mercator's book that he was in the way to 
it, ana that others might follow in his track, ihould 
naturally have been forward to open his treafures, and 

S iecurc 



448 FONTENELLE: ELOGIUM OF NEWTON 

[ 6 ] 
iecure the property, which confided in making the di£ 
covery. But he contented himielf with his treafiire 
which he had found, without regarding the glory. He 
himielf fays in a letter of the Commercium epißolicum, that 
he thought Mercator had entirely difcovered the fe~ 
crety or that others mould difcouer it before he <was of an 
age to 'write himfelf. He without any concern fiiffered 
that to be taken from him, from which he might pro-
poie to himielf abundance of glory, and flatter himielf 
with the moft pleafing expectations. He waited with 
patience till he was of a fat age to write, or to make 
himfelf known to the world, though he was already 
capable of the greateil things. 

His manuicripc upon Infinite feries was commu-
nicated to none but Mr. Collins, and the Lord Broun-
ker, both learned in that way. And even this had not 
been done, but for Dr. Barrow, who would not iiifFer 
him to indulge his modefty io much as he defired. 

This Manuicript was taken out of the Author's ftudy 
in the year \ entitled, The method which 1 formerly 

found out, &c. and iüppofing this formerly to mean no 
more than three years, he muft then have diicovered 
this admirable Theory of his ieries when he was not 
twenty four years of age ; but what is ftill more, this ma-
nuicript contains both the diicovery and method of 
Fluxions, or thoie infinitely fmall quantities, which have 
occafioned ίο great a conteft between M. Leibnits and 
him, or rather between Germany and England; of 
which I have given an account in 1 7 1 6 , in * the 
Elogium upon M. Leibnits; and tho' it was in the 

Elogium 
* p. 109, 
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Elogium o f M. Leibnits, the impartiality of an Hifto-
rian was fo exa&ly kept that there now remains 
nothing new to be faid o f Sir Iiaac Newton. It was 
there particularly obierved that Sir Ifaac 'was undoubted-
ly the Inventor, that his glory 'was fecure, and that the only 
queßion nvas, 'whether M. Leibnits did take this notion from 
him. All England is convinced that he did take it from 
him, tho' the Royal Society have not declared ίο in 
their Determination, but only hinted it at moil. However 
Sir Iiaac Newton was certainly the firft Difcovercr, and 
that too by many years. M . Leibnits on the other fide 
was the firft that publiihed the Method, and if he did 
take it from Sir Iiaac, he at leaft reiembled Prometheus in 
the fable, who ftole fire from the Gods to impart it 
to Mankind. 

In 1687 Sir Iiaac at length reiolved to unveil 
himfelf and ihew what he was, and accordingly the 
Philofophitf Naturalis principia Mathematica appeared in 
the world. This book, in which the moft profound 
Geometry ierves for a bafis to a new fyftem of Philo-
fophy, had not at firft all the reputation which it de-
rived, and which it was afterwards to acquire. As it 
is written with great learning, conceived in few 
words, and the coniequences often arife ίο iud-
denly from their principles, that the Reader is ob-
liged himielf to fupply the connexion, it required 
time for the Publick to become mafters o f it. Confi-
derable Geometricians could not underftand it with-
out great application; and thofe of a lower clais un-
dertook it not, 'till they were excited by the applauie 
of the moft skillful, but at length when the book 

ι was 
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was fufficiently underftood, all theie applaufes which 
it fo flowly acquired broke out on all fides, and 
united in a general admiration. Every body was ftruck 
with that Original (pirit that fhines throughout the 
whole work, that mafterly genius which in the whole 
compafs of the happieft age was ihared only amongfl: 
three or four men picked out from all the moft learned 
Nations. 

There are two Theories which chiefly prevail in the 
Prtncipidy That of the Central power, and that of the 
Refiftance which mediums make to Motion, both al-
moft entirely new, and treated of according to the 
iublime Geometry of the Author. We can never 
touch upon either of theie fubje&s without having 
Sir Iiaac before us, without repeating what he has iäid, 
or following his track, and if we endeavour'd to di£ 
guiie it, what skill could prevent Sir Ifaac Newton's 
appearing in i t ) 

The relation between the revolutions of the Heavenly 
bodies and their diftances from the common center of 
thoie revolutions, found out by Kepler, prevails 
throughout the whole Celeftial fyftem. If we fup-
poie, as it is neceflary, that a certain force hinders 
thefe great bodies from purfuing, above an inftant, 
their natural motion in a ftreight line from Weft to 
Eail, and continually draws them towards a center·, it 
follows, by Kepler's rule, that this force, which will 
be central or rather centripetal, will ad differently 
upon the fame body according to its different diftan-
ces from that center, and this in the reciprocal propor-
tion of the iquares of thofe diftances j that* is, for 

inftance, 
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mitence, if a body be at twice the diilance from 
the center of its revolution, the a&ion of the central 
force upon it will be four times weaker. It appears 
that Sir Iiaac iet out from hence when he entered up-
on Iiis phyficks of the world in general: We 
may likewife fiippofe or imagine that he firft con-
fidered the Moon, becaufe die Earth is the center of 
her motion. 

If the Moon ihould loie all her impulie or inclina-
tion to move from Weft to Eaft in a ftraight line, and 
if nothing but the central power remained which for-
ces her towards the center of the Earth, ihe would 
then only obey that power,only follow its dire&ions, and 
move in a ftrait line towards that center. The velocity 
of her motion being known, Sir Iiaac demonftrates from 
that motion that in the firft minute of her deicent Ihe 
would fall 15 Paris feet: her diftance from the Earth 
is ί ο iemi-diameters of the Earth, therefore when the 
Moon comes to the iurface of the Earth, the a&ion 
of the force which brought her thither will be en-
creafed as the iquare of Co, that is, it would be 
3 (joo times ftronger; ίο that the Moon in her laft 
minute would fall 3 600 times 15 feet. 

Now if we fuppoie that the force which would have 
ailed upon the Moon is the fame which we call Gra-
vity in terreftrial bodies, it will follow from the iyftem 
of Galileo that the Moon, which at the furface of 
the Earth would have fallen 3 600 times 15 feet in a 
minute, ihould likewife have fallen 15 feet in the firft 
tfeth part, or in the firft fecond of that minute. Now 

Β it 
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it is known by all experiments, and they only can be 
made at (mall diftances from the iurfacc of the Earth, that 
heavy bodies fall 15 feet in the firft fecond of their 
fall: Therefore as to the velocity of their fall they arc 
exactly in the fame condition, as if having made the 
feme revolution round the Earth that the Moon doth 
and at the fame diftance, they Ihould happen to fäll by 
the mere force of their Gravity j and if they are in the 
fame condition as the Moon, the Moon is in the 
fame condition as they, and is only moved cach in-
ftant towards the Earth by the lame Gravity. So exa£t 
an agreement of efiefts, or rather this perfaSb identity 
can proceed from nothing elfe but the caufes being che 
fame. 

It is true that in the iyftem of Galileo, which is 
here followed, the Gravity is equal, and the central 
force of the Moon is not ίο, even in the demonftca-
tion that has juft been given; but Gravity may well 
not diicover its inequality, or rather, it only appears 
equal in all our experiments, becauie the greateft height 
from which we can obierve bodies falling is nothing 
in companion of 1500 leagues, the diftance which 
they all are from the center of the Earth. It is de* 
monftrated that a Canon bullet ihot horizontally de-
feibes, in the Hypothecs of equal Gravity, a para-
bolic line, terminated at a certain point, where it 
meets TOth the Earth, but if it was ihot from an height 
considerable enough to make the inequality of the 
a£tion of its Gravity perceptible, inftead of a Parabola 
it would defcribe an Ellipfis, of which the center of the 

Earth 
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Earth would be one of the Foci, that is, it would 
perform exa&ly what the Moon doth. 

If the Moon hath Gravity like terreftrial bodies, 
if Ihe is moved towards the Earth by the fame 
power, by which they arc moved; if, according to 
Sir Iiaac's expreilion, ihe gravitates towards the Earth, 
the fame caufe a£ts upon all the reft of that wonderful 
concourfe of heavenly bodies ; for all nature is one 
and the fame, there is every where the fame diipoiition, 
every where Ellipies will be deicribed by bodies, whoie 
motions are diredted to a body placed in one of their 
Foci. The Satellites of Jupiter will gravitate towards Ju-
piter, as the Moon gravitates towards the Earth; the 
Satellites of Saturn towards Saturn, and all the Planets 
together towards the Sun. 

It is not known in what Gravity confifts. Sir Iiaac 
Newton himfelf was ignorant of it. If Gravity ads 
only by impulie, we may conceive that a block of mar-
ble falling, may be puflied towards the Earth, without 
the Earth being in any manner puihed towards it; 
and in a word all the centers to which the motions 
caufed by Gravity have relation, may be immoveable. 
But if it ads by Attraction the Earth cannot draw 
the block of marble, unleis the block of marble like-
wife draw the Earth, why then Ihould that attra&ive 
power be in fome bodies rather than others > Sir Ifiac 
always fuppofes the a&ion of Gravity in all bodies to 
be reciprocal and in proportion only to their bulk j 
and by that feems to determine Gravity to be really an 
attra&ion. He all along makes ufc of this word to 

Β ζ expreis 
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expreis the a&ive power of bodies, a power indeed 
unknown! and which he does not take upon him to ex-
plain j but if it can likewife ad by Impulfe, why ihouldnot 
that clearer term have the preference ? for it muft be agreed 
that it is by no means poffible to make uie of them 
both indifferently, fince they are Co oppofite. The 
continual ufe of the word Attra&ion füpported by 
great authority, and perhaps too by the inclination 
which Sir Iiaac is thought to have had for the thing itfel£ 
atleaft makes the Reader familiar with a notion explod-
ed by the Carteilans, and whoie condemnation had 
been ratified by all the reft of the Philofophers; and 
we mud now be upon our guard, left we imagine that 
there is any reality in it, and ίο expoie our {elves to 
the danger o£ believing that we comprehend it. 

However all bodies according to Sir Iiaac gravitate 
towards each other, or attract each other in proportion 
to their Bulk : and when they revolve about a common 
center, by which coniequently they are attra&ed, and 
which they attraft, their attractive powers are in the 
reciprocal proportion of their diftances from that cen-
ter, and if all of them together with their common 
center revolve round another center common to them, 
and to others, this will again produce new proportions, 
which will become ftrangely complex. Thus each of 
the five Satellites of Saturn gravitate towards the other 
four, and the other four gravitate towards i t ; all the 
five gravitate towards Saturn, and Saturn towards themj 
all together gravitate towards the Sun, and the Sun a-
gain towards them. What an excellent Geometrician 

rauft 
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mull he have been to {eparate fuch a Chaos of relations! 
the very undertaking ieems raflineis; and we cannot with-
out aftonifliment conceive that from ίο abftra&ed a 
Theory, compoied of fo many feparate Theories, all very 
difficult to handle, fuch neceiTary conclufions ihould ariie, 
and all conformable to the approved axioms of Agro-
nomy. 

Sometimes theie conclufions even foretel events, 
which the Aftronomers themielves had not remarked. 
It is aflerted, and more eipecially in England, that when 
Jupiter and Saturn are neareft, which is at 16 5 millions 
of leagues diftance, their motions have no longer the 
fame regularity as in the reft of their courie; and the 
Syftem of Sir Iiaac at once accounts for it, which 
cannot be done by any other Syftem. Jupiter and Sa-
turn attract each other with greater force, becäuie they 
are nearer; and by this means the regularity of the reft 
of their courie is very ienfibly difordered; nay, they go 
farther ftill, and determine the quantity and the bounds 
of this irregularity. 

The motion of the Moon is the leaft regular of any 
of the Planets, the moil exaft tables are ibmetimes 
wrong, and ihe makes certain excurfions which could not 
before be accounted for. Dr. Halley, whofe profound 
skill in mathematicks has not hindered his being a 
good Poet, fays in the Latin veries prefixt to the Prin-
cipia, 

Difctmus hinc tandem qtia caufa argentea phcehe 
Paßbus haud aquts graditur; cur fuaita nullt 
HaSfenus Aßronomo numermm frena recufet. 

That 
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That the Moon till then never fubmitted to the bridle of 
calculations, nor <UMS ever broke by any Aßronomer; 
but that at laft ihe is fubdued in this new Syftem. All 
the irregularities of her courfe are there (hewn to proceed 
from a neceility by which they are foretold. It is difficult 
to imagine that a Syftem in which they take this form ihould 
be no more than a lucky conje&ure $ efpecially if we 
confider this but as a (mall part of a Theory, which with 
the fame fucceis comprehends an infinite number of o-
ther iolucions. The ebbing and flowing of the Tyde ίο 
naturally {hews it ielf to proceed from the operation of 
the Moon upon the Sea, combined with that of the 
Sun, that the admiration which this phenomenon uied 
to rai(e in us feems to be leflened by it. 

The fecond of thefe two great Theories, upon which 
the Principt* chiefly runs, is that of the Refiftance of 
mediums co motion, which muft enter into the confide-
ration of all the chief phenomena of Nature, fach as 
the motions of the celeftial bodies, of Light and 
Sound. Sir Iiäac, according to his uiual method, lays 
his foundations in the moil folid proofs of Geo-
metry, he confiders all the caufes from which refiftanc· 
can poilibly ariiej the denfity of the medium, the 
fwifc motion of the body moved, the magnitude of its 
iuperficks, and from thence he at laft draws conclufions 
which deftroy all the Vortices of Des Cartes, and over-
turn that immenfe celeftial edifice, which we might 
have thought immoveable. If the Planets move round 
the Sun in a certain medium whatever it be, in an 
ietherial matter which fills up the whole, and which not-

withftanding 
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withftanding its being extreamly iubtil, will yet cauie 
refinance as is demonftrated, whence comes it then 
that the motions of the Planets are not perpetually, 
nay inftantly leflened ? but befides this, how can Comets 
traverfe thoie Vortices freely every way, fbmetimes 
with a tendency abiblutely oppofite to theirs, without 
receiving any ienfible alteration in their motions, tho' 
of never ib long a continuance ? whence comes it that 
theie immenie torrents whirling round with almofl: in-
credible velocity, do not inftantly deftroy the particu-
lar motion of any body, which is but an atom in com-
panion of them, and why do they not force it to fol-
low their courie ? The Celeftial Bodies do then move 
in a vail vacuum, unleß their exhalations and the rays of 
Light which together form a thoufand different mix-
tures, fliould mingle a imall quantity of matter with 
the almofl; infinite immaterial fpaces. Thus Attraction 
and Vacuum baniihed from Phyilcks by Des Cartes, 
and in all appearance for ever, are now brought back 
again by Sir l&cc Newton, armed with a power en-
tirely new, of which they were thought incapable* and 
only perhaps a little diiguifed. 

Tneie two great men, whoie Syftems arefo oppofite, 
reiembled each other in feveral rdpe&s, they were both 
Genius's of the firft rank, both bom with fuperior un-
derftandings, and fitted for the founding of Empires 
in Knowledge. Being excellent Geometricians, they 
both iaw the neceflity of introducing Geometry into 
Phyikks For both founded their Phyficks upon dii* 
coveries in Geometry, which may almoft be faid of 

5 none 
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none but themfelves. But one of them taking a bold 
flight, thought- at once to reach the Fountain of All 
things, and by clear and fundamental ideas to make 
himfelf mailer of the firft principles·, that he might 
have nothing more left to do, but to deicend to 
the phenomena of Natures as to neceflary confe-
quences j the other more cautious, or rather more mo-
deft, began by taking hold of the known phenomena 
to climb to unknown principles ·, refolved to admit 
them only in fuch manner as they could be produced by a 
chain of coniequences. The former fets out from what he 
clearly underftands, to find out the caufes of what he 
fees; the latter fets out from what he fees, in order to 
find out the cauie, whether it be clear or obicure. The 
ielf-evident principles of the one do not always lead 
him to the caufes of the phenomena as they arej and 
the phenomena do not always lead the other to prin-
ciples fufficiently evident. The boundaries which ftop'd 
two fuch men in their purfuits through different roads, 
were not the boundaries of Their Underftanding, but 
of Human underftanding it ielf. 

While Sir Ifaac was compofing his great work, the 
Princifia, he had alio another in hand, as much an ori-
ginal and as new; which, tho' by the title it did not 
feem fo genetal, is yet as extenfive by the manner in 
which he has treated that particular fiibjed. This <work 
was his Of ticks, or treatife of Light and Colours, which 
firft appeared in the year 1 7 0 4 , after he had been ma-
king the necefiary experiments for thirty years together. 

It 
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It is no fmall art to make experiments exa&ly. Every 

matter of fa£t which offers it felf to our confederation is 
complicated with fbmany others, which eicher compound 
or modify it, that without abundance of skill they can-
not be feparated; nay without an extraordinary fagaci-
ty, the different elements that enter into the compoil-
tion can hardly be guefled at. The fad therefore to be 
confidered muft be refblved into the different ones 
of which it is compofed; and they themfelves are per-
haps compofed of others ·, ίο that if we have not cho-
fen the right road, we may fometimes be engaged in 
endleis Labyrinths. The Principles and Elements of things 
feem to have been conceal'd from us by Nature, with 
as much care as the Caufes, and when we attain to the 
diicovery of them, it is a fight entirely new and unex-
pected. 

What Sir Iiäac Newton aims at quite through his Op-
ticks, is the Anatomy of Light; this expreflion is not too 
bold fince it is no more than the thing it felf By his 
experiments, the fmalleft ray of Light that is convey'd 
into a dark room, and which cannot be fb fmall, but 
that it is yet compounded of an infinite number of other 
rays, is divided and diffe&ed in fuch manner, that the 
JElementary rays of which it is compofed, are feparated 
from each other, and difcover themfelves every one 
tinged with its particular colour, which after this fepa-
ration can no more be altered. The firft total ray be-
fore the diffe&ion, is white, and this whitenefs aroie 
from all the particular colours of the Primitive rays. 
The feparating thefe rays is fo difficult, that when Ma-

C riotte 
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riotte undertook it upon the firft news of Sir Ifaac's ex-

eriments, he mifcarried in the attempt, even he who 
ad fuch a genius for experiments, and had been ίο 

fuccefsful on many other fubje&s. 
N o primitive coloured rays could be feparated, un-

lefs they were fuch by their nature, that in paffing 
through the fame medium, or through the fame glafs 
prifm, they are refra&ed at different angles, and by 
that means feparate when they are received at proper 
diflances. This different Refrangibility of rays, red, yel-
low, green, blue, purple, and all other colours infinite 
in number, a property which was never before face-
tted, and to which we could hardly be led by con-
jecture, is the fundamental difcovery of Sir Iiäac 
Newton's treatife. The different Refrangibility leads 
us to the different Reflexibility. But there is fbmething 
more; for the rays which fall at the fame angle up-
on a furface are refradted and refle&ed alternately, with 
a kind of play only diftinguiihable to a quick eye, and 
well affifted by the judgment of the Obferver. The 
only point, the firft idea of which does not entirely be-
long to Sir Ifaac Newton, is, that the rays which pais 
near the extremities of a body without touching it, do 
fomewhat turn from a ftrait line, which is called Infle-
xion. But the whole together forms a body of Op-
ticks fo perfectly new, that we may henceforward look 
upon that fcience as almoft wholly owing to this Author. 

That he might not confine himfelf to theie bare 
{peculations, which are fometimes unjuftly ftyled idle, 
he gave us the defign of a Telefcope by refle&ion, 

which 
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which was not thoroughly put in execution 'till a long 
time after. It has here been experienc'd that one of theie 
Teleicopes but ζ foot and a half long, had as good an 
* effeft as a tolerable common Teleicope of 8 or 9 
feet, which is a very extraordinary advantage, and the 
whole improvement of it will probabily be better known 
hereafter. 

One advantage of this book, equal perhaps to that 
of the many new diicoveries with which it abounds, is 
that it furnilhes us with an excellent model of proceed-
ing in Experimental Philofophy. When we are for 
prying into Nature, we ought to examine her like Sir 
Iiaac, that is, in as accurate and importunate a man-
ner. Things that almoft hide themfelves from our en-
quiries, as being of too abftra&ed a nature, he knows 
how to reduce to calculation, tho' iuch calculations 
might elude the skill of the beft Geometricians, without 
that Dexterity which was peculiar to himielfj and the 
ufe which he makes of his Geometry, is as artful as 
the Geometry it ielf is fublime. 

He did not finiih his Opticks> becaufe (everal neceiTa-
ry experiments had been interrupted, and he could not 
begin them again. The parts of this building, which 
he left unfinished, could by no means be carried on 
but by as able hands as thoie of the firft Architect; 
However he hath put fiich who are inclined to carry on 
this work in a proper method, and even chalks out to 
them a way to proceed from Opticks, to a compleat 
body of Phyficks, under the form of Doubts, or Queries 

C ζ pro-
* Ν. B. By accurate tryals made here, a reflecting Telefcope of ζ foot and a half hath 

hen found no ways inferior to one of the common fort, of between 4» and 50 foot long. 

s 
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propofing a great many defigns which will help future 
Philofophers, or which at leali will make a curious hi-
fiory of the Conje&ures of a great Philoibpher. 

Attraction is the governing principle in this fhorr 
plan of Phyficks; that property which is called the Hard·* 
nefs of bodies, is the mutual attraction of their parts, 
which cloies them together, and if they are of iiich a 
figure as that whole iurfaces are capable of being every 
where joined, without leaving any void (paces, the bo-
dies are then perfectly hard. O f this kind there are 
only certain imall bodies,, which are primitive and un-
alterable, and which are the elements of all other bo-
dies. Fermentations, or chimical Effervefcences, whoie 
motion is Co violent, that they may fometimes be com-
pared to ftorms, are the effects of this powerful attra-
ction,which a<5ts upon imall bodies only at fmall diftances. 

He conceives in general, that attraction is the active 
principle of every thing in Nature, and the caufe of 
all motion. If a certain degree of motion that is once 
given to any thing by the hand of God, did after-
wards only diftribute it ielf according to the laws of 
Percuilion, it appears that it would continually de-
creafe in its motion by contrary Percuifions, without 
ever being able to recover itielf, and the Univerie 
would very ibon fall into fach a ftate of reft, as 
would prove the deftru&ion of the whole. The power 
of attraction, which always fubfifts and is not weakned 
by being exerted, is a perpetual ipring of adtion and 
life. It may likewiie happen that the effe&s of this 
power may at length combine in fuch a manner, as 
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that the Syilem of the Univerfe may be diiordered, and 
require, according to Sir Iiaac's expreilion, a hand to 
repair it. 

He declares very freely that he lays down this at-
traction, only as a cauie which he knows not, and 
whoie effefts he onlyconfiders, compares and calculates; 
and in order to avoid the reproach of reviving the Oc-
cult qualities of the Schoolmen, he fays, that he eita-
bliihes none but fuch Qualities as are manifeß and very 
vifible by their phenomena, but that the cauies of theie 
Qualities are indeed occult, and that he leaves it to other 
Philoiophers to iearch into them; but are they not pro-
perly cauies which the Schoolmen call occult qualities; 
fince their effe&s are plainly ieen? befides, could Sir Ifäac 
think that others would find out theie Occult caufes 
which he could not diicover ? with what hopes of fuc-
ceis can any other man iearch after them ? 

At the end of his Opticks he put two treatiies of 
pure Geometry, one concerning the Quadrature of Curves 
and the other of the Enumeration of Lines, which he ftyles 
of the third order j he hath fince left them out, becauie the 
fubjeft was too different from that of the Opticks, and 
they were printed feparatelyin 1 7 1 1 , with an Analyßs hy 
Infinite equations and the Differential method. It would be 
only repetition to (ay, that throughout all his works 
there appears a refined fort of Geometry that is peculiar 
to himfelf. 

Being fo taken up with thefe fpeculations, he ihould 
naturally feem to have had no inclination to Bufinefi, 
and to have been incapable of it 5 but yet when the 

7 P " -
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priviledges o f the Univeriity of Cambridge, where h e 
had been Mathematical Profeilor from 1 6 6 9 , by D r . 
Barrow's refignation to h i m , were attackt by K i n g 
James II, in 1 6 8 7 . which year he publiihed the 
Principia) he was very zealous in aflerting them, and the 
Univeriity named him one o f the Delegates to the High 
Commißon court. He was likewiie one o f their Repre-
fentatives in the Convention-Parliament of 1 ί 8 8 , and 
fate in it 'till it was diiTolved. 

In 16 9 6 the Earl o f Hallifax, who was Chancellor 
o f the Exchequer and a great patron to learned men; 
(for the Engliih Nobility do not think it a point of ho-
nour to flight them, but are frequently fuch themielves) 
obtained from King William the office of Warden o f 
the Mint for Sir Ifitac Newton; and in this employment 
he was very ierviceable in the great re-coynage at 
that time. Three years after he was made Mailer and 
Worker, a place o f coniiderable profit which he en-
joyed 'till his death. 

It may be thought that this place in the Mint was 
fuitable to him only becauie he was an excellent Geo-
metrician and had great skill in Phyiicks; and indeed this 
buiineis often requires very difficult Calculations, and a 
great number of Chimical experiments, of his skilfulneis 
in which there are many proofs in his Table of the Εffays of 
foreign Coins printed at the End of Dr. Arbuthnot's book. 
But his genius extended likewiie to matters merely poli-
tical, and in which there was no mixture of fpeculative 
Sciences; for upon the calling of the Parliament in 1 7 0 r , 
he was again choien Reprefentative for the Univeriity 
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of Cambridge. After all, it is perhaps an error to look 
upon the Sciences and Bufineis as incompatible, eipecial-
ly to Men of a certain turn. Political Affairs, when 
well underflood, are naturally reduced to refined Cal-
culations, and have ίο near an affinity, that thoie who 
are ufed to fublime fpeculacions comprehend them with 
greater facility and more certainty, as ioon as they are 
acquainted with the fads and furniihed with proper ma-
terials. 

It was Sir Iiaac Newton's peculiar happineis, to en-
joy the reward of his merit in his life-time, quite con-
trary to Des Cartes, who did not receive any honours 
'till after his death. The Engliih do not reipedl great 
Genius's the lefs for being born amongil them; and Co 
far are they f rom endeavouring to depreciate them by 
malicious criticifms, ίο far from approving the envy 
which attacks them, that they all conipire to raiie them ; 
and that great degree of Liberty which occafions their 
differences in the moil important points, does not hin-
der them from uniting in this. They are all very ien-
fible how much the glory of the XJnderßanding ihould 
be valued in a State, and whoever can procure it to their 
Country becomes extremely dear to them. All the 
learned Men of a Nation, which produces fo many, 
placed Sir Ifaac at their head by a kind of unanimous 
applaufe, they acknowledged him for their Chief and 
their Mailer: not fo much as one oppofer durfl appear, nay 
they would not even have admitted of a moderate admirer. 
His Philofophy hath been adopted throughout England, 
it prevails in the Royal Society, and in all the excellent 

per-
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performances which have come From thence; as if it 
had been already made facred by the reiped: of a long 
ieries of ages. In ihort He was reverenced to Co great a 
degree that death could not procure him new honours, 
and he himielf iäw his own Apotheofis. Tacitus who 
lias reproach'd the Romans with their extreme indifference 
for the great men of their Nation, would certainly have 
given the Engliih the quite contrary Chara&er. In 
vain would the Romans nave excuied themfelves by pre-
tending that great merit was no more than what was 
common amongfl: them. Tacitus would have told them 
that it never was fo, or that we ihould even endeavour 
to make it ίο by the honour we annex to it. 

In 1 7 0 3 , Sir Iiäac Newton was choien Preiident of the 
Royal Society, and continued ίο without any interruption 
'till the time of his death, for the ipace of ζ 3 years; a fin-
gular example, and one from which they could fear no ill 
coniequences hereafter. Queen Anne Knighted him in 
1 7 0 5 , a title of honour which at leaft ierves to fhew 
that his name had reached the Throne, to which the 
moi l celebrated names do not always arrive. 

He was more known than ever in the court of the 
late King. The Princeis of Wales, who is now Queen 
of Great Britain, has fo excellent an underftanding and 
ίο much knowledge that ihe was capable of asking 
cjueilions of fo great a Man, and could receive iatisfa-
&ory anfwers from none but himfelf She has often de-
clared publickly that ihe thought it an happineis to live 
in his time and to be acquainted with him. In how 
many other Ages, in how many other Nations might 
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Princefs! 

He had compofed a treatife of Ancient Chronology, 
which he had no thoughts of publilhing, but that Prin-
cefs, to whom he imparted ibme of the chief points, 
thought them Co new, and ib full o f art, that ihe de-
fired a fummary of the whole Work, which ihe never 
would part with, and would be alone in pofleilion of. 
She ftill keeps it amongft her choiceft treafures. How-
ever there eicaped a copy of it. A curiofity excited by 
fuch a particular piece of Sir Iiäac Newton could hardly 
be hindered from employing the utmoft addreis to come 
at ίο great a treafure, and in truth they mud have been 
very fevere who would have condemned fuch a curiofity. 
This Copy was brought into France, by the perfon 
who was fo happy as to procure it, and the value which 
he had for it hindered his being very careful of i t ; ίο 
that it was ieen, tranilated, and at length printed. 

The main defign of this Syftem of Chronology 
of Sir Iiaac, as appears by the extract we have of it, 
is to find out by following with abundance of Sagacity 
fome of the tracks, however faint they are, of the moil 
ancient Greek Aftronomy, what was the pofition of the 
colure of the Equinoxes with refped: to the fix'd ftars, in 
the time of Chiron the Centaur. As it is now known 
that theie Stars have a motion in longitude of one de-
gree in 7 2. years, if it is once known that in Chiron's 
time the Colure pailed through certain fixt Stars, it may 
be known by taking their diftance from thoie, through 
which it now paffes, how much time hath elapfed from 

D Chiron 
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Chiron until our days. Chiron was one of thoie who 
went along with the Argonauts in their famous expedi-
tion ·, this would therefore fix the Epocha of that expedi-
tion, and coniequently afterwards that of the Trojan War j 
two great Events upon which all ancient Chronology de-
pends. Sir Iiaac places them 5 00 years nearer the Chriftkn 
^£ra than they are uiiially placed by other Chronologers. 

This Syftem has been attackt by two learned French-
men j who are blamed in England for not having ftaid 
for the whole work, and witn having been Co hafty in 
their Criticiim. But is not this their earneftneis an ho-
nour to Sir Iiaac? They ieized as ibon as poflible the 
glory of having fiich an adveriäry j and they are like 
to find others in his ftead: For the famous Dr. Halley, 
chief Aftronomer to the King of Great Britain, has al-
ready written in the defence of the Aftronomical part of 
the Syftem j and his friendlhip for the great man deceaied, 
as well as his great skill in this Science make him a for-
midable adveriary. But after all the eonteft is not de-
termined ; the publick, füch I mean as are capable of 
judging of it, and.who are but few in,number, have not 
yet done.it, and tho' it ihould happen that the ftrongeft 
arguments were on one fide, and only Sir Iiaac's name 
on the other, perhaps the World would remain ibme 
time in fuipcnce, and perhaps too with reaion. 

As foon as-the Academy of Sciences, by their Regula-
tion in 1 6 9 9 , could chuie foreigners into the numher 
of their affociates, they failed not to make Sir Iiaac 
Newton one of them. He all along held correipondence 
with them, by (ending them whatever he publiihed. 
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This was ibme of his former works, which he either 
cauied to be reprinted, or which he now firffc publiftied. 
But after he was employed in the Mint where he had 
now been for ibme time, he no more engaged himielf 
in any canfiderable new undertaking either in Maxhe-
maticks or Philoiaphy. Fou tho' his fetation of the fa-
mous problem of the TrajeBarle propoied to the Engliih 
by way of challenge by M, Leibnits during his conteil 
with them, and which was. much fought after both 
for the perplexity and difficulty of it, may be 
reckon'd a conildsrable attempt, it was hardly more than 
diver£on to Sir Iiaac Newton. He received this problem 
at four of the clock in the afternoon, at his return from 
the Mint very much fatigued, and never went to bed 
'till he had mattered it. 

After having been ίο ierviceabie to all the learned part 
of Europe in ipeculative Sciences, he devoted himfelf 
entirely to theiervice of his country in affairs that were 
more vifibly and dire&ly advantageous to it, a ienfible 
pleafiire to every good fiibjedt j but all his leiiure time 
he devoted to the curiofity of his Mind; he thought no 
kind of knowledge beneath his consideration, and he 
knew how to improve himielf by every thing. After 
his death there were found amongil his papers feveral 
writings, upon Antiquity, Hiftory, and even Divinity it 
ielf, which is ίο widely different from thoie Sciences, 
for which he is ίο much diftinguiihed. He never fuf-
fered a moment to pais unemployed, and he never ipent 
his time after a trifling manner, or with flight attention 
to what he was about. 

D ζ He 
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He all along enjoyed a fettled and equal (late of 

health untill he was fouricore years old j a very eiTentiai 
circumftance of the extraordinary happineis which he 
enjoyed. He then began to be affli&ed With an In-
continence of Urine, and yet the five years following 
which preceded his death, he enjoyed long intervals of 
health, or was tolerably well by means of the regula-
rity of his diet, or by taking that care of himielf which 
he had hitherto had no occaiion for. He was then 
forced to rely upon Mr. Conduit, who had married his 
Neice, to manage his bufineis at the Mint; which he 
had not done but that he was very confident that he 
repoied a truil that was of Co important and delicate a 
nature, in good hands j and his opinion has been con-
firmed fince his death by the choice of the King, who 
has given that Employment to Mr. Conduit. Sir Iiaac 
Newton did not undergo much pain till the laft twenty 
days of his life, when it was thought that he cer-
tainly had the Stone in his bladder, and that he 
could not recover. In theie fits of pain, which were 
ίο violent that drops of fweat fell from his face, he 
never cried out, nor exprefled the leaft impatience; and 
as ioon as he had a moment's eaie, he fmiled, and ipoke 
with his ufual cheerfulneG. Till that time he had al-
ways read and writ ieveral hours every day. He 
read the News Papers on Saturday morning the eigh-
teenth of March, and talked a great while with the fa-
mous phyfician Dr. Mead, and perfectly enjoyed all his 
fenies and his underftanding, but at night he entirely loft 
all manner of ienfe, and never recovered it again; as if 

the 



FONTENELLE: ELOGIUM OF NEWTON 471 

[ 2 9 ] 
the Faculties o f his Soul were fubjed only to be totally 
extinguiihed,and not to be leflened by degrees. He died 
on the Monday following the twentieth o f March, be-
ing in his Eighth-fifth year. 

His corps was laid in ftate in the Jerufalem Cham-
ber, from whence perfons o f the greateft quality and 
iometimes crowned heads are carried to their grave. He 
was buried in Weftminfter Abby, his pall being held 
up by the Lord Chancellor, the Dukes of Montrofe 
and Roxburgh, and by the Earls o f Pembroke, SuiTex 
and Macclesfield. By thefe fix peers o f England you 
may eafily judge how many perfons o f diftin&ion at-
tended his funeral. The Bilhop o f Rochefter (as. dean 
o f Weftminfter) performed the fervice, attended by all 
the Clergy belonging to the Abby, and the body was 
interred juft at the entrance into the choire. We muft 
look back to the Ancient Greeks i f we would find out 
examples o f fo extraordinary a veneration for learning. 
His femily imitate the Grecians as near as poflible by 
a monument which they intend to ered for him, and 
which will coft a confiderable fum of money; and the 
Dean and Chapter of Weftminfter have allowed it tobe 
put up in a place in the Abby, which hath often been 
refuied to Nobility o f the firft rank. Both his Coun-
try and Family were as remarkable in expreifing their 
grateful refoed towards him; as if by voluntary choice 
ne had made them his. 

He was o f a middle ftature, fomewhat inclined to 
be fat in the latter part o f his life; he had a very lively 
and piercing eye; his countenance was, pleafing and ve-

nerable 
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nerable at the fame time, efpecially when he pulled off 
his peruke and fliewed his white head of hair that was 
very thick. He never made ufe of fpe&acles, and loft 
but one tooth in all his life. His name is a iufficient ex:-
cufe for our giving an account of thöfe minute circum-
ftances. 

He was born' with a very meek diipofition, and an 
inclination for quietneis. He could rather have choien 
to have remained in obfcurity, than to have the calm of 
his life difturbed by thofe ftorms· of Literature, which 
Wit and Learning brings upon thoie who fet too great 
a value upon themielves. We find by one of his let-
ters in the C&mmercitm Epßolicum, that his treariie of Op-
ticks being ready for the prefs,· certain unfeafonable ob-
jections which happened to arife made him lay afide this 
defign at that time. 1 upbraided my felf\ fays he, nvrth my 
imprudence) in loßngfucb a reality as Quiet in order to 
ran after α ßadonv. But this fliadow did not eicape 
him in the concluiion ·, ic did not coft him his quiet 
which he fö much valued, and it proved as much a 
reality to him as that quiet it felf. 

A meek diipofition naturally promiies modefty, and 
it is affirmed that his was always preferved Without any 
alteration, tho' the whole world confpired againft it. 
He never talked of himfelf, or with contempt of others, 
and never gave any reafon even to the moil malicious 
obfervers to fuiped him of the lead notion of Vanity. 
In truth he had little need of the trouble and pains of 
commending himielf; but how many others are there 
who would not have omitted that part, which men ίο 

willingly 
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willingly take upon themfelves, and do not carc to truft 
with others ? How many great men who are univeriälly 
efteemed, have ipoiled the concert of their praiie, by 
mixing their own voices in it! 

He had a natural plainnefi and affability, and al-
ways put himielf upon a level with every body. Ge-
nius's of the firft rank never deipife thofe who are be-
neath them, whilft others contemn even what is above 
them. He did not think himielf diipenied with, ei-
ther by his merit, or reputation, from any of the or-
dinary duties of life; he had no Angularity either na-
tural or affe&ed, and when it was requiilte he knew 
how to be no more than one of the common rank. 

Tho' he was of the Church of England, he was not 
for perfecuting the Non-cortformifts in order to bring 
them over to it. He judged of men by their manners, 
and the true Non-conformiits with him were the vi-
cious and the wicked. Not that he relied only on na-
tural religion, for he was perfuaded of Revelation; and 
amongft the various kind of books which he had al-
ways in his hands, he read none fo conftantly as the 
Bible. 

The plenty .which he enjoyed, both by his paternal 
eftate, and by his Employments, being ftill increaied by 
the wife fimplicity of his manner of living, gave him op-
portunities of doing good, which were not negle&ed. He 
did not think that giving by his laft Will, was indeed 
giving; fo that he lefc no Will; and he ftript himielf 
whenever he performed any a d of generoiity, either 
to his Relations or to thofe whom he thought in want. 

And 
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And the good adions which he did in both capacities 
were neither few nor inconsiderable. When decency re-
quired him upon certain occafions to be expeniive and 
make a ihew, he was magnificent with unconcern, and 
after a very graceful manner. At other times all this 
pomp, which ieems confiderable to none but people of 
a low genius, was laid afide, and the expence reierv-
ed for more important occafions. It would really have 
been a prodigy, for a mind uied to reflection and as it 
were fed with reafoning, to be at the fame time fond 
of this vain magnificence. 

He never married, and perhaps he never had leaiure 
to think of it j being immerfed in profound and con-
tinual iludies during the prime of his age, and after-
wards engaged in an Employment of great importance, 
and his intenfe application never fuffered him to be 
fenfible of any void (pace in his life, or of his having 
occailon for domeftick iociety. 

He left behind him about 3 1 0 0 0 pounds Sterling. 
M. Leibnitz, his rival, likewiie died in good Circum-
ftances, tho' not ίο rich: But he left a confiderable iiim 
of money which he had hoarded up. * Thefe two extra-
ordinary examples, and both of Strangers, ieemed to 
deferve our remembrance. 

* V. L'Hift. 1716. p. 118. 

F I Ν / S. 
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Appendix 
Comments on Birch's History of the Royal Society 

and an index to its references to Newton 

ROBERT E . SCHOFIELD 

Thomas Birch, D.D. (1705-1766)1 was one of the many historian-
antiquarian Fellows of the Royal Society who were such a large part of 
its membership in the first part of the 18th century. Largely self-edu-
cated,2 he appears to have earned his living through his Whig connec-
tions and by a prolific pen. He wrote histories and biographies in great 
numbers, was a frequent pamphleteer, and assisted in the editing of 
many other works, including the General Dictionary, Historical and Critical 
(1734-1741) and the Gentleman's Magazine. 

His writing style was a pondorous one and excited unfavorable com-
ment from such judges as Horace Walpole and Samuel Johnson. His 
biographer in the D. Ν. B. mentions the "wearisome minuteness of de-
tail" and the "dulness of style" apparent in his works. These character-
istics, however, while they may be flaws in a literary sense, are prized 
by many a historian who finds the works of Dr. Birch to be indispen-
sable sources. 

The historian of science has three major reasons for taking an interest 
in Birch. For thirteen years (1752-1765) he discharged the duties of 

1 Most of the material following is taken from The Dictionary of National Biography 
(1920-21 printing; Oxford University Press, London), vol. II, pp. 530 ff. 

2 The D.D. is honorary; he was created D.D. of the Marischal College, Aber-
deen and of Lambeth in 1753. 
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T H E 

H I S T O R Y 
O F T H E 

ROYAL SOCIETY of L O N D O N 
F O R I M P R O V I N G O F 

N A T U R A L K N O W L E D G E , 
F R O M I T S F I R S T R I S E . 

IN W H I C H 

The moll coniiderable of thofe Papers communicated to the 
S O C I E T Y , which have hitherto not been publiihed, are inferted in their 
proper order, 

AS A SUPPLEMENT TO 

THE P H I L O S O P H I C A L T R A N S A C T I O N S . 

By T H O M A S Β I R C H, D.D. 
SECRETARY t o the R O Y A L S O C I E T Y . 

V O L . I. 

Talem intelligo PHILOSOPHIAM NATURALEM, qua nan abeet in fumos fycculationum fubtilium 
aut fublimium, fed qua efficacittr operetur ad fublevanda vita humana incmmda. BACON de 
Augm. Scient. L . ii. c. 2 . 

L O N D O N : 
Printed for A. M I L L A R in the Strand.. 

M D C C L V I . 
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secretary of the Royal Society, and his work in that position was graced 
by his passion for detail. In 1744, he edited the Works of the Honourable 
Robert Boyle, an edition which is still useful to scholars who can obtain 
it. Finally, in 1756-57, he published a history of the Royal Society. 

Birch's History of the Royal Society of London3 cannot properly be called 
a history at all. In this respect it resembles its predecessor, Sprat's His-
tory of the Royal Society. But, like Sprat, Birch has provided us with the 
material out of which histories can be written. Bishop Sprat wrote his 
"history" before the Society really had much history to detail, but it is 
in Sprat that we find the philosophy which lay behind the organization 
of the Society and learn of the type of opposition it faced. Birch's 
"history" contains next to nothing by Birch, and no analyses of any 
type, but, for the historian of science who does not have access to the 
papers of the Royal Society, it provides a transcription of the minutes of 
the Society and the council from its founding through December 1687, 
and reprints numerous papers which were read before the Society but 
never printed in its Transactions. 

This period covers the most productive years of Newton's scientific 
career. The index below follows Newton in his relation with the Society 
from the date of his election in 1671/2 down to the publication of the 
Principia in 1687. All references, in parentheses, to publication of letters 
in the Philosophical Transactions are given by Birch. 

I N D E X 
V O L U M E S I AND II 

Nothing by Newton; the only item about him is a proposal of Newton 
for membership (last page, vol. II) made by the Bishop of Salisbury 
(Seth Ward). 

V O L U M E III 

Page 1. January 11, 1671/2. Newton elected Fellow of the Royal So-
ciety. Discussion of Newton's "improvement of telescopes by contract-
ing them"; the telescope sent by Newton to the Society had been seen 
by the King and others. A "description and scheme of i t" sent by the 
secretary to Huygens; Newton wrote a letter to Oldenburg (January 6, 
1671/2) "altering and enlarging the description of his instrument." 

Pages 2-3. Text of the aforementioned letter of Newton (see also Phil. 
Trans., No. 81, p. 4004). 

3 See reproduction of title page to vol. I. Volume II was printed in the same year; 
vols. I l l and IV were printed the following year, 1757. 
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Page 3. The secretary ordered to write Newton acquainting him with 
his election into the Society, thanking him for the communication of his 
telescopes. 

Page 4. January 18, 1671/2. Newton's "new telescope was examined 
and applauded." 

January 25, 1671/2. A "reflecting telescope of four feet long, of Mr. 
Newton's invention" produced; the "metalline concave was not duly 
polished." Ordered that the instrument "be perfected against the next 
meeting." 

Robert Boyle having made a type of "opaque glass . . . to serve for re-
flecting concaves," ordered that Boyle be asked whether larger pieces 
could be made "for the use of Mr. Newton's telescopes." A letter from 
Newton to Oldenburg (Cambridge, January 18, 1671/2) read, in which 
Newton discussed a way to prepare "metalline matter for reflecting con-
caves," and hinted at "a considerable philosophical discovery" which 
he would send to the Society. 

Page 5. Text of the aforementioned letter. Newton "thanked for his 
respect to the Society," and asked "to impart to them the intimated dis-
covery, as soon as he conveniently could." 

Page 8. February 1, 1671/2. "The four foot telescope of Mr. Newton's 
invention was produced again, being improved since the last meeting." 
Recommended that Hooke "see it perfected as far as it was capable of 
being." 

Page 9. February 8, 1671/2. Newton's letter on light and colors (Cam-
bridge, February 6, 1671/2) read. (Printed in Phil. Trans., No. 80, 
p. 3075.) Newton to be thanked by the Society (reference to Oldenburg's 
letter to Newton) and asked for consent "to have it forthwith pub-
lished," to protect him "against the pretensions of others." Ordered that 
Newton's communication "be entered into the register-book; and that 
the bishop of Salisbury, Mr. Boyle, and Mr. Hooke be desired to peruse 
and consider it, and bring in a report of it to the Society." 

Page 10. February 15,1671/2. Reading of Hooke's "considerations upon 
Mr. Newton's discourse on light and colours." Hooke thanked for 
"ingenious reflections." Ordered that Hooke's paper be registered, and 
a copy of it sent to Newton. Hooke's paper not to be printed together 
with Newton's, "lest Mr. Newton should look upon it as a disrespect, 
in printing so sudden a refutation of a discourse of his, which had met 
with so much applause at the Society but a few days before." 

Pages 10-15. Text of Hooke's criticism of Newton. 
Page 15. February 15,1671/2. "Möns. Schroter presented for the reposi-

tory a glass, which by a metallic body he had tinged red." Hooke "put 
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in mind of the six foot tube of Mr. Newton's invention, and of bringing 
in a specimen of the effect of his own proposition." 

Page 15. February 22, 1671/2. Reading of Newton's letter to Olden-
burg (Cambridge, February 20, 1671/2) "promising an answer to Mr. 
Hooke's observations upon his new theory of light and colour." Text of 
Newton's letter, which also refers to Huygens' "several handsome and 
ingenious remarks." 

Page 19. March 14, 1671/2. "Mr . Cock was ordered to make, for the 
use of the Society, a telescope of Mr. Newton's invention." 

Page 21. March 21, 1671/2. A letter of Hevelius, concerning a comet, 
which he had observed in Andromeda, read; ordered that "notice 
should be given of this phaenomenon" to persons in both universities for 
observation, "and particularly to Dr. Wallis and Mr. Newton." 

A letter of Newton to Oldenburg (Cambridge, March 19, 1671/2) 
read; letter said to contain "several particulars relating to his new tele-
scope." (Printed in Phil. Trans., No. 81, p. 4009.) 

Page 30. March 28, 1672. A letter from Newton to Oldenburg (Cam-
bridge, March 26, 1672) read, containing "some more particulars re-
lating to his new telescope, especially the proportions of the apertures." 
(Printed in Phil. Trans., No. 82, p. 4032.) 

Page 41. April 4,1672. A letter from Newton to Oldenburg (Cambridge, 
March 30, 1672) communicated, answering difficulties raised by Auzout 
and queries raised by Denys; a proposal by Newton to use "instead of 
the little oval metal in that telescope, a crystal figured like a triangular 
prism." (Extract printed in Phil. Trans., No. 82, p. 4034.) Hooke ordered 
to make "such a crystalline prism" and to "try the same." 

Page 43. April 18, 1672. Hooke "ready to make an experiment by a 
prism" showing that it is possible "to destroy all colours by one prism, 
which had appeared before through another." There being no sun, the 
experiment was deferred. 

Among letters read, that of Pardies (April 9, 1672) contained "some 
objections against Mr. Newton's theory of light and colours." (Printed 
in Phil. Trans., No. 84, p. 4087.) Also a letter from Newton (Cambridge, 
April 13, 1672), answering "the objections of the said jesuit." (Printed, 
Phil. Trans., No. 84, p. 4091.) Also another letter of Newton with same 
date, "answering some experiments proposed by Sir Robert Moray for 
the clearing of his theory of light and colours." (Printed in Phil. Trans., 
No. 83, p. 4059.) 

Page 47. April 24, 1672. Hooke made the experiments with prisms. 
Page 49. May 8, 1672. A letter of Newton to Oldenburg read (Cam-

bridge, May 4, 1672) with Newton's "judgment of Möns. Cassegraine's 
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telescope, like that of Mr. James Gregory . . . with a hole in the midst of 
the optic metal to transmit the light to an eye-glass placed behind it." 
(Printed in Phil. Trans., No. 83, p. 4057.) 

Page 50. May 15, 1672. Hooke performed "experiments relating to Mr. 
Newton's theory of light and colours, which he was desired to bring in 
writing to be registered." 

Page 50. May 22, 1672. Hooke made "more experiments with two 
prisms, confirming what Mr. Newton had said in his discourse on light 
and colours." Hooke suggested that "these experiments were not cogent 
to prove, that light consists of different substances or divers powders, as 
it were." 

Page 52. June 12, 1672. Newton's "answer to Mr. Hooke's considera-
tions upon his discourse on light and colours" produced; answer read in 
part, and ordered "to be copied for the perusal of Dr. Wren and Mr. 
Hooke." (Printed in Phil. Trans., No. 88, p. 5084.) 

Pages 52-54. June 19, 1672. Hooke's "account of some experiments on 
refractions and colours" read and registered. The text, as printed, deals 
with an experiment "which seems at first much to confirm Mr. Newton's 
theory of colours and light; but yet I think it not an experimentuum 
crucis, as I may possibly shew hereafter." Hooke requested "to make 
more experiments of the same nature, for a farther examination of Mr. 
Newton's doctrine of light and colours." 

Page 56. July 3, 1672. A letter of Huygens (Paris, July 1, 1672) read, 
dealing with several topics, including "Mr. Newton's reflecting telescope, 
and applauding his new doctrine of light." 

Page 57. July 10, 1672. Society to "make a recess for some time," but 
the members "desired" to "meet on Fridays" to "discourse of philosoph-
ical matters, and prosecute experiments . . . such, as might determine 
the queries lately sent by Mr. Newton . . . which involve his theory of 
light," and such "as might improve Mr. Newton's reflecting telescope." 

Page 58. October 30, 1672. Examination "of what had been done con-
cerning the queries of Mr. Newton, to be determined by experiments," 
referred to next meeting. As to "trials . . . made for the improvement of 
the reflecting telescope of Mr. Newton," Hooke said he "had wanted a 
mould of a sufficient bigness for a speculum, designed by him, of fifteen 
inches diameter." 

Pages 79-82. March 26, 1673. Letter from Gregory to Collins (March 
7, 1672/3), about telescopes, read. The text of the letter. Ordered that 
the letter "be communicated to Mr. Newton." 

Page 83. April 9, 1673. A letter read from Huygens to Oldenburg 
(Paris, January 14, 1672/3) containing "some considerations upon Mr. 
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Newton's theory of light," and Newton's answer (Cambridge, April 3, 
1673). (Part of Huygens' letter printed in Phil. Trans., No. 96, p. 6086; 
Newton's letter printed in Phil. Trans., No. 97, p. 6108.) 

Page 122. February 5, 1673/4. Hooke produced "a new kind of reflect-
ing telescope of his own contrivance, differing from that of Mr. Newton." 

Page 178. January 28, 1674/5. Oldenburg said "that Mr. Newton had 
intimated his being now in such circumstances, that he desired to be 
excused from the weekly payments," and the Council excused him. 

Page 181. February 18, 1674/5. "Mr . Isaac Newton, James Hoare, 
junior, Esq; were admitted." 

Pages 193-194. March 11, 1674/5. Hooke's thoughts on the nature of 
light: "Tha t light is a vibrating or tremulous motion in the medium, 
(which is thence called pellucid) produced from a like motion in the 
luminous body, after the same manner as sound was then generally ex-
plained by a tremulous motion of the medium conveying sound, pro-
duced therein by a tremulous motion of the sounding body: and that, 
as there are produced in sounds several harmonies by proportionate 
vibrations, so there are produced in light several curious and pleasant 
colours, by the proportionate and harmonious motions of vibrations 
intermingled; and as those of the one are sensated by the ear, so those 
of the other are by the eye." Hooke desired to have "ready for the next 
meeting, the apparatus necessary for the making Mr. Newton's experi-
ments formerly alledged by him, for evincing the truth of his new theory 
of light and colours," especially in reference to a letter from Francis 
Linus (February 25, 1674/5) containing "assertions directly opposite to 
those of Mr. Newton." (Printed in Phil. Trans., No. 121, p. 499.) 

Page 194. March 18, 1674/5. Hooke's discourse "concerning the nature 
and properties of light." 

Pages 216-217. April 15,1675. A letter from Leibniz (Paris, March 30, 
1675) read, containing "remarks on several algebraical subjects relating 
to Mr. James Gregory, Mr. Newton, and Mr. Collins, together with the 
different sentiments of the Parisian astronomers concerning common 
and telescopical sights." 

Page 232. November 18,1675. Oldenburg communicated Newton's letter 
(Cambridge, November 13, 1673) written in reply to a letter of Linus 
to Oldenburg (February 25, 1674/5), concerning "an experiment relat-
ing to Mr. Newton's new theory of light and colours"; Newton "directs 
his antagonist again very punctually, in what manner to try the experi-
ment, to satisfy himself about his veracity in relating the same." (Printed 
in Phil. Trans., No. 121, pp. 499, 500.) 

Newton offering to send to the Society "a discourse of his about 
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colours," Oldenburg "ordered to thank him for that offer, and to desire 
him to send the said discourse as soon as he pleased." 

Pages 247-260. December 9, 1675. Newton's manuscript, "touching his 
theory of light and colours, containing partly an hypothesis to explain 
the properties of light discoursed of by him in his former papers," pro-
duced. "Of the hypothesis only the first part was read, giving an account 
of refraction, reflection, transparency, and opacity." Newton's letter 
printed, followed by "an hypothesis explaining the properties of light, 
discoursed of in my several papers." Newton's paper having contained 
reference to an electrostatic experiment, some of the members "desired, 
that it might be tried." This experiment "Newton proposed to be varied 
with a larger glass placed farther from the table." Ordered "that this 
experiment should be tried at the next meeting; and Mr. Hooke promised 
to prepare it for that meeting." 

Newton to be asked by letter "whether he would consent, that a copy 
might be taken of his papers, for the better consideration of their 
contents." 

Pages 260-269. December 16, 1675. "Mr. Newton's experiment of glass 
rubbed to cause various motions in bits of paper underneath" tried 
unsuccessfully, following the reading of Newton's letter to Oldenburg 
(December 14, 1675). Text of Newton's letter. Ordered that Oldenburg 
write to Newton to "acquaint him with the want of success of his ex-
periment, and desire him to send his own apparatus, with which he had 
made it." Then "the sequel of his hypothesis, the first part of which was 
read at the preceding meetings, was read to the end." Text of the re-
mainder of the hypothesis. After reading "this discourse," Hooke said 
"that the main of it was contained in his Micrographia, which Mr. New-
ton had only carried farther in some particulars." 

Page 270. December 30, 1675. Newton's letter to Oldenburg (December 
21, 1675), "in answer to what had been written to him by Mr. Olden-
burg concerning the want of success of his experiment made with a glass 
rubbed," read. Text of the letter. Ordered "that Mr. Newton's direc-
tions in this letter should be observed in the experiment to be made at 
the next meeting of the Society." 

Page 271. December 30, 1675. "Mr. Oldenburg read a letter to himself 
from Mr. John Gascoigne" (December 15, 1675) announcing the death 
of Linus and stating "the resolution of Mr. Linus's disciples, to try Mr. 
Newton's experiment concerning light and colours more clearly and 
carefully. . . according to the directions given them by Mr. Newton's 
last letter: intimating withal, that if the said experiment be made before 
the Royal Society, and be attested by them to succeed, as Mr. Newton 
affirmed, they would rest satisfied." 
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Page 271. January 13, 1675/6. Newton's "experiment of glass rubbed, 
to cause various motions in bits of paper underneath," succeeded. New-
ton thanked for "the trouble of imparting . . . such full instructions for 
making the experiment." 

Pages 272-278. January 20, 1675/6. The Society heard "the beginning 
of Mr. Newton's discourse, containing such observations, as conduce to 
further discoveries for completing his theory of light and colours, espe-
cially as to the constitution of natural bodies, on which their colours or 
transparency depend." Text of this part of the discourse. 

Pages 278-279. Newton's observations "pleased the Society," and 
Oldenburg ordered "to desire Mr. Newton to permit them to be 
published." 

A portion was then read of Newton's letter to Oldenburg (December 
21, 1675), "stating the difference between his hypothesis and that of 
Mr. Hooke." Text of the relevant passage. The reading of "the rest of 
Mr. Newton's discourse" referred to the next meeting. 

Page 280. January 27, 1675/6. Newton's letter ( January 25, 1675/6) 
read, acknowledging "the favour of the Society in their kind acceptance 
of his late papers." A request that "the printing of his observations 
about colours might be suspended for a time, because he had some 
thoughts of writing such another set of observations for determining the 
manner of the production of colours by the prism: which observations, 
he said, ought to precede those now in the Society's possession, and 
would be most proper to be joined with them." Ordered that the read-
ing of Mr. Newton's "observations about colours" be continued at the 
next meeting. 

Pages 280-295. February 3, 1675/6. The reading of Newton's "observa-
tions on colours" continued. Text of this portion. 

Newton's theory discussed, and a debate as to "whether the rays of 
light, which, though alike incident in the same medium, yet exhibit dif-
ferent colours, may not reasonably be said to owe that exhibition of dif-
ferent colours to the several degrees of the velocity of pulses, rather than, 
as Mr. Newton thought, to the several connate degrees of refrangibility 
in the rays themselves." Hooke's opinion that "the former of these ways 
was sufficient to give a good account of the diversity of colours." 

Pages 296-305. February 10, 1675/6. The "last part of Mr. Newton's 
observations, wherein he considered in nine propositions, how the phae-
nomena of thin transparent plates stand related to those of all other 
natural bodies;" read. Among other things, Newton showed "how the 
bigness of the component parts of natural bodies may be conjectured by 
their colours." Text of the last part of Newton's discourse. 

Page 309. March 2, 1675/6. The "sun and season being likely to serve 
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for the making of Mr. Newton's experiment called in question by Mr. 
Linus," it is proposed that "an apparatus might be prepared for that 
purpose." Hooke's statement that he had the apparatus ready "to make 
the experiment, when the Society should call for it." 

Pages 313-314. April 27, 1676. Newton's experiment "tried before the 
Society, according to Mr. Newton's directions, and succeeded, as he all 
along had asserted it would do." The experiment described. 

Page 318. June 8, 1676. A letter (May 27, 1676) from Lucas, the suc-
cessor of Linus, "containing partly an account of the success of Mr. 
Newton's experiment there; partly some new objections against Mr. 
Newton's theory of light and colours." The letter ordered to be copied 
and a copy sent to Newton for his answer. (Letter printed in Phil. Trans., 
No. 128, p. 692.) 

Page 319. June 15, 1676. A letter of Newton's ( June 13, 1676) read. 
"Partly" an answer to Lucas's letter {Phil. Trans., No. 128, p. 698) and 
containing a "promise of a particular one; partly some communications 
of an algebraical nature for Möns. Leibnitz, who by an express letter to 
Mr. Oldenburg had desired them." [This letter later became an impor-
tant document in the controversy between Newton and Leibniz about 
the discovery of the calculus.] 

Page 369. January 2, 1677/8. A "common letter to be sent to all the 
correspondents was read, and altered; and somewhat of return for en-
couragement of the correspondence was ordered to be added." Of thir-
teen correspondents named, Newton is last in the list. 

Page 512. December 4, 1679. A letter of Newton to Hooke (November 
28, 1679) "produced and read," with Newton's "sentiments of Möns. 
Mallemont's new hypothesis of the heavens; and also suggesting an 
experiment, whereby to try, whether the earth moves with a diurnal 
motion or not, viz. by the falling of a body from a considerable hight, 
which, he alledged, must fall to the eastward of the perpendicular, if the 
earth moved." Newton's proposal "highly approved of by the Society." 
The experiment to be "tried as soon as could be with convenience." 

Page 516. December 11, 1679. Hooke's answer to Newton's letter read, 
Hooke showing that the path described by a falling body "would not 
be a spiral line, as Mr. Newton seemed to suppose, but an excentrical 
elliptoid, supposing no resistance in the medium: but supposing a resist-
ance, it would be an excentric ellipti-spiral, which, after many revolu-
tions, would rest at last in the centre: that the fall of the heavy body 
would not be directly east, as Mr. Newton supposed; but to the south-
east, and more to the south than the east. It was desired, that what was 
tryable in this experiment might be done with the first opportunity." 
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Page 519. December 18, 1679. Hooke's answer to Newton's "former 
letter" read; "as also another letter, which he had received from Mr. 
Newton, containing his farther thoughts and examinations of what had 
been propounded by Mr. Hooke." Hooke's account of "three trials of 
the experiment propounded by Mr. Newton," in each case of which the 
ball was found to "fall to the south-east of the perpendicular point, 
found by the same ball hanging perpendicular." Since the experiment 
had been made out of doors, "nothing of certainty could be concluded 
from it." A new trial to be made "within doors, where there would be 
less motion of the air." 

V O L U M E I V 

Page 1. January 8, 1679/80. Hooke read "another letter of his to Mr. 
Newton concerning some farther account of his theory of circular mo-
tion and attraction; as also several observations and deductions from 
that theory," such as (1) "pendulum clocks must vary their velocity in 
several climates," (2) "this variation must also happen at different 
hights in the same climate," confirmed by an observation of Halley at 
St. Helena, (3) thus "a pendulum was unfit for an universal standard 
of measure." 

Page 2. Hooke "desired to make his trials as soon as possible of Mr. 
Newton's experiment concerning the earth's diurnal motion." 

Page 4. January 21, 1679/80. "Dr. Croune proposing from Mr. Collins, 
that the latter was ready to print two volumes of algebra, written by 
Dr. Wallis, Mr. Baker, Mr. Newton, &c. provided the society would 
engage to take off 60 copies," it was ordered that the proposal be made 
"in writing." 

Page 30. March 25, 1680. A11 "account of the experiments made on the 
Tuesday before . . . was brought in by Mr. Hooke, and read." There had 
been "made a regulus of equal parts of antimony and iron." Part was 
"melted with equal parts of tin," which when polished "gave a strong 
reflection . . . We conceive it may be very useful for making speculative 
glasses for Mr. Newton's experiment." 

Page 38. May 13, 1680. Hooke mentioned "a way of hardening an 
amalgama of mercury and iron by a vegetable powder, which would 
make it almost as hard as hardened steel. This, he conceived, would be 
an excellent material for making specular planes for telescopes in Mr. 
Newton's way." 

Page 60. December 8, 1680. Ordered by the Council that "the secretary 
send Mr. Newton an answer to his letter, that the Society give their con-
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sent for the Italian to dedicate his book, &c." [The Italian in question 
was Gasparini.] 

Page 61. December 16, 1680. A letter from Newton to Hooke read 
(Cambridge, December 3, 1680), in which an account was given "that 
Dominico Gasparini, doctor of physic of Lucca in Italy, had lately 
written a treatise of the method of administering the Cortex Peruvianus in 
fevers . . . and that upon the fame of the Royal Society spread every 
where abroad, he was ambitious to submit his discourse to so great and 
authentic a j udgmen t as that of the Society," and hoped " the Society 
would give him leave to dedicate his book to them." Gasparini had re-
quested another doctor "of his acquaintance in Italy to write to his cor-
respondent an Italian in London" to this effect. "The said Italian being 
gone from London to Cambridge before the arrival of the letters, on the 
receit of them applied himself to Mr. Newton, who promised him, that 
he would desire Mr. Hooke to acquaint the Society with Dr. Gasparini's 
reques t . . . Mr . Hooke was desired to answer Mr . Newton's letter, 
which he did in one dated 18 Decemb. 1680, in which he took notice, 
that the Society was pleased with the subject of Dr. Gasparini's book." 
As to "Dr. Gasparini's dedication of his book to the Society, he needed 
no leave, things of that nature being usually done without asking a 
consent." 

In the above-mentioned letter, Newton included "thanks to Mr. 
Hooke for the trials, which the latter had made of an experiment sug-
gested" by Newton "about falling bodies." 

Page 62. December 16, 1680. Trial of an experiment "for examining the 
electricity of glass after Mr. Newton's method, by rubbing one side of a 
glass to make the other attract: But it was found, that though at first it 
succeeded two or three times, yet afterwards, for what reason could not 
be discovered, it did not succeed." 

Page 65. January 19, 1680/1. Reference to "under taking of Mr. John 
Adams to survey all England, by measuring, taking angles, and also the 
latitudes of places; and in order to this running three several meridians 
clear through England . . . Mr . Newton of Cambridge had promised to 
assist him." 

Page 234. November 30, 1683. Following an obituary of Mr. J o h n Col-
lins ("born at Wood-Eaton near Oxford, on Saturday March 5, 1624/5" 
and died "in London, oh Saturday November 10, 1683"), it is stated that 
"about five and twenty years after his death, all his papers and most of 
his books came into the hands of Mr. William Jones, F. R. S. amongst 
which were found manuscripts upon mathematical subjects of Mr. 
Briggs, Mr . Oughtred . . . Dr. Barrow, and Mr. Isaac Newton, with a 
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multitude of letters received from, and copies of letters sent to, many 
learned persons, particularly Dr. Pell, Dr. Wallis, Dr. Barrow, Mr. 
Newton, Mr. James Gregory, Mr. Flamstead, Mr. Thomas Baker . . . 
Möns. Slusius, Möns. Leibnitz . . . 

"From these papers it appeared, that Mr. Collins was so sollicitous in 
his search after useful truths, so indefatigably industrious in prosecuting 
these inquiries, and of so communicative a disposition, that he held a 
constant correspondence for many years with all the eminent mathema-
ticians of his t i m e . . . It was from his papers chiefly, that the great 
Newton's claim to the invention of fluxions was established." 

Page 347. December 10, 1684. Halley's report " that he had lately seen 
Mr. Newton at Cambridge, who had shewed him a curious treatise, De 
Motu; which, upon Mr. Halley's desire, was, he said, promised to be sent 
to the Society to be entered upon their register." 

Halley was "desired to put Mr. Newton in mind of his promise for 
the securing his invention to himself till such time as he could be 
at leisure to publish it." "Mr . Paget was desired to join with Mr. 
Halley." 

Page 370. February 25, 1684/5. A letter of Newton "to Mr. Aston, dated 
at Cambridge, Feb. 23, 1684/5, mentioning, that the design of a philo-
sophical meeting there had been pushed forward by Mr. Paget, when 
he was last there; with whom himself had concurred, and engaged Dr. 
More to be of the Society; and that others were spoken to, partly 
by him, and partly by Mr. Charles Montagu." According to Newton, 
that "which chiefly dashed the business, was the want of persons will-
ing to try experiments, he, whom we chiefly relied on, refusing to con-
cern himself in that kind. And more what to add farther about this 
business, I know not, but only this, that I should be very ready to con-
cur with any persons for promoting such a design, so far as I can do it 
without engaging the loss of my own time in those things. 

"I thank you for entering in your register my notions about motion. 
I designed them for you before now; but the examining several things 
has taken a greater part of my time than I expected, and a great deal 
of it to no purpose: and now I am to go into Lincolnshire for a month 
or six weeks. Afterwards I intend to finish it as soon as I can 
conveniently." 

Pages 479-480. April 28, 1686. "Dr. Vincent presented to the Society a 
manuscript treatise intitled, Philosophice Naturalis principia mathematica, 
and dedicated to the Society by Mr. Isaac Newton, wherein he gives a 
mathematical demonstration of the Copernican hypothesis as proposed 
by Kepler, and makes out all the phaenomena of the celestial motions 
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by the only supposition of a gravitation towards the center of the sun 
decreasing as the squares of the distances therefrom reciprocally. 

"I t was ordered, that a letter of thanks be written to Mr. Newton; 
and that the printing of his book be referred to the consideration of the 
council." 

Page 484. May 19, 1686. Ordered that "Mr . Newton's Philosophice 
naturalis principia mathematica be printed forthwith in quarto in a fair 
letter; and that a letter be written to him to signify the Society's resolu-
tion, and to desire his opinion as to the print, volume, cuts, &c." [In a 
footnote, there is the text of Halley's letter to Newton, dated May 22, 
1686, informing Newton that his "incomparable treatise" had been 
presented to the Royal Society who "were so very sensible of the great 
honour you have done them by your dedication, that they immediately 
ordered you their most hearty thanks, and that the council should be 
summoned to consider about the printing thereof." The Society "judg-
ing, that so excellent a work ought not to have its publication any 
longer delayed, resolved to print it at their own charge in a large quarto 
of a fair letter; and that this their resolution should be signified to you 
and your opinion thereon be desired, that so it might be gone about 
with all speed. I am intrusted to look after the printing of it, and will 
take care, that it shall be performed as well as possible. Only I would 
first have your directions in what you shall think necessary for the em-
belishing thereof, and particularly whether you think it not better, that 
the schemes should be inlarged, which is the opinion of some here: but 
what you signify as your desire shall be punctually observed." Remain-
ing portion of the letter takes up Hooke's "pretensions upon the inven-
tion of the rule of decrease of gravity being reciprocally as the squares 
of the distances from the center. He says you had the notion from him, 
though he owns the demonstration of the curves generated thereby to 
be wholly your own. How much of this is so, you know best; as likewise 
what you have to do in this matter. Only Mr. Hooke seems to expect 
you should make some mention of him in the preface, which it is possi-
ble you may see reason to prefix."] 

Page 486. June 2, 1686. Ordered "that Mr. Newton's book be printed, 
and that Mr. Halley undertake the business of looking after it, and 
printing it at his own charge; which he engaged to do." 

Page 491. June 30, 1686. Ordered, that " the president be desired 
to license Mr. Newton's book . . . dedicated to the Society." 

Page 514. December 22, 1686. A letter of Wallis to Halley (Oxford, De-
cember 14, 1686) read. Wallis's letter deals with " the minutes of the 
Philosophical Society at Oxford." He had received "the two problems 
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of Mr. Newton." Wallis found that Newton "hath considered the 
measure of the air's resistance to bodies moved in it; which is the thing 
I suggested in one of my late letters, and thereby saves me the labour 
of doing the same thing over again. For I should have proceeded upon 
the same principle; that the resistance (caeteris paribus) is proportional 
to the celerity (because in such proportion is the quantity of air to be 
removed in equal times) nor do I know from what more likely principle 
to take my measures therein. His computation from this principle I 
have not yet had leisure to examine; but do presume, a person of his 
accuracy hath not failed in his computation or reductions from it." 

Page 521. January 26, 1686/7. A letter from Wallis read, "concerning 
the resistance of the medium to bodies projected through it, as likewise 
to the fall of bodies. " Ordered, "that Mr. Newton be consulted, whether 
he designed to treat of the opposition of the medium to bodies moving 
in it in his treatise De Motu Corporum then in the press." 

Page 527. March 2, 1686/7. A letter of Newton's read, "mentioning his 
having sent up the second book of his mathematical philosophy." 

Page 528. March 9, 1686/7. A letter of Wallis to Halley (Oxford, 
March 4, 1686/7) read, discussing the air's resistance to the motion of 
projectiles and Hooke's "hypothesis of the mutability of the poles of the 
earth." This was the occasion for reading "a paragraph of Mr. Newton's 
mathematical philosophy ["Propos. 66 Cor. ult."] concerning the direc-
tion and position of the axis of a globe turning about itself, and shew-
ing, that by the addition of some new matter on one side of a globe so 
turning, it shall make the axis of the globe change its position, and re-
volve about the point of the surface, where the new matter is added. It 
was thought, that the same translation of the axis might be occasioned 
in the globe of the earth by the blowing up of mountains by sub-
terraneous fire." 

Page 529. April 6, 1687. The "third book of Mr. Newton's treatise De 
Systemate Mundi was produced and presented to the Society. It con-
tained the whole system of celestial motions, as well of the secondary as 
primary planets, with the theory of comets; which he illustrates by the 
example of the great comet of 1680/1, proving that, which appeared in 
the morning in the month of Nov. preceding, to have been the same 
comet, that was observed in Dec. and Jan . in the evening." 



Bibliographical 
Notes 

ROBERT E. SCHOFIELD 

The Newton material appearing in this volume is reproduced in 
facsimile from the texts as they originally appeared, preserving the pag-
ination, spelling, and general format. In a few instances, at the begin-
ning or end of an article, material at the top or bottom of a page has 
been blanked out, being the work of another person and unrelated to 
the text reproduced. 

There are three general bibliographies of Newton material : a short 
one by Ή. Zeitlinger in the Newton bicentenary volume, Isaac Newton 
(London: G. Bell and Sons, Ltd., 1927), edited for the Mathemat ica l 
Association by W. J . Greenstreet; George J . Gray's A Bibliography of the 
Works of Sir Isaac Newton (first edition, Cambridge: MacMi l l an and 
Bowes, 1888; second edition, Cambridge: Bowes and Bowes, 1907); and 
A Descriptive Catalogue of the Grace K. Babson Collection of the Works of Sir 
Isaac Newton (New York: Herbert Reichner, 1950). None of these is com-
plete and in all of them the listing of Newton's papers in the Philosoph-
ical Transactions is more or less inadequate. We believe that the table of 
contents of this volume contains a complete list of all of Newton's 
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papers in the Philosophical Transactions and the related letters, except the 
writings on mathematics and those on biblical chronology.1 

T h e optical papers from the Philosophical Transactions are reproduced 
from the copies owned by the Burndy Library. All other papers from 
the Philosophical Transactions—namely, II, 17: " A n Ins t rument for ob-
serving the Moon's Distance from the fixed Stars at Sea"; III, 4: "Scala 
Graduum Caloris"; and V, 2 and 3: Halley's review of the Principia and 
the "True theory of the tides," are reproduced from the numbers of the 
Philosophical Transactions in the Harvard College Library. The citations 
to the Philosophical Transactions (in the table of contents) are by number 
rather than volume, as this seemed the only reasonably satisfactory way 
of identifying the original sources without confusion. Although present 
custom dictates reference by volume, the erratic publication of the early 
issues of the Transactions is inimical to the consistent assigning of volume 
numbers, while the issue numbers offer a consistent continuous pattern. 

The English translations from the Latin originals are reproduced 
from the Philosophical Transactions, Abridged (London, 1809). 

Two of the documents (II, 9: Hooke's critique of Newton's theory 
of light and colors, and II, 16: Newton's second paper on color and 
light) were read at meetings of the Royal Society, but never printed 
in the Philosophical Transactions. T h e Hooke cri t ique is discussed, in a 
somewhat misleading way, in document II, 9: "Mr . Isaac Newtons 
Answer to some Considerations upon his Doctrine of Light and Colors." 
T h e "second paper on color and light" was originally withheld from 
publicat ion at Newton's request. Much of the information contained 
therein appeared publicly for the first time in Newton's Opticks (1704), 
but we may assume that some of it was in the air f rom the time of its 
presentation at the meetings of the Royal Society in 1675-76. The re-
production of these papers, taken from the Burndy Library copy of the 
first edition2 of Birch's History of the Royal Society of London (London, 
1756-57 [see facsimile of title page on page 478, below]), provides a 
more complete opportunity to follow the course of Newton's thinking, 
leading to the Opticks, than is generally available. 

1A Supplement to the Catalogue of the Grace K. Babson Collection of the Works of Sir Isaac 
Newton was published by Babson Institute in 1955. Gray's Bibliography has been 
reprinted in facsimile by Dawson of Pall Mall (London). 

2 Birch's History has been reprinted in facsimile in 1968 by Editions "Culture et 
Civilisation" (Brussels), and by Johnson Reprint Corporation (New York and 
London, 1968) with an introduction, analyses, and supplementary entries by A. 
Rupert Hall. 
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Newton's letter to Boyle (III, 2) first appeared in the introduction to 
Birch, The Works of the Honourable Robert Boyle (London: A. Millar, 1744). 
Our reproduction is taken from the Harvard College Library copy [see 
facsimile of the title page on page 249 below] (not in Babson, Gray, or 
Greenstreet). 

"De Natura Acidorum" first appeared in both a Latin and an Eng-
lish version in the introduction to the second volume, first edition, of 
John Harris's Lexicon Technicum. The first volume of this edition ap-
peared in 1704, the second volume not until 1710. The Lexicon Technicum 
was a general "dictionary" of arts and sciences, justly famous in its day, 
and has been called the prototype of the numerous "dictionaries" of the 
sciences that were published in the 18th century. It went through at 
least five editions (the fifth printed for T. Walthoe, etc., in 1736, with 
a supplement by a Society of Gentlemen, London, 1744); all editions 
subsequent to the first edition of the second volume in 1710 contain 
"De Natura Acidorum." Our reproduction [the title page of volume II 
is reproduced on page 255 below] is from the copy of the 1710 (vol-
ume II) first edition, in the Harvard College Library (not in Gray or 
Babson; mentioned briefly by Greenstreet). 

T h e Four Letters from Sir Isaac Newton to Doctor Bentley . . . first a p p e a r e d 
in a pamphlet printed in 1756. Our reproduction is from the Harvard 
College Library copy [title page, page 279 below] (Babson 226, Gray 
345, not in Greenstreet). 

The sermons of Richard Bentley are reproduced from a collection, in 
one volume, of the eight sermons preached by Bentley in 1692 as the 
Boyle Lectures. According to Rev. Alexander Dyce, editor of The 
Works of Richard Bentley, D. D., (London: Francis MacPherson, 1838, 
vol. 3, pp. ν and vi) each sermon was originally published independ-
ently, the first six in 1692, the seventh and eighth in 1693, each with its 
own title page, imprimatur (that of the seventh and eighth is signed 
Ra. Barker), and separate pagination. In 1693, a general title page was 
prefixed to them reading: The Folly and Unreasonableness of Atheism Dem-
onstrated from the Advantage and Pleasure of a Religious Life, the Faculties of 
Human Souls, the Structure of Animate Bodies, & the Origin and Frame of the 
World . . . London, printed by J . H. for H. Mortlock . . . 1693 (Babson 
40; not in Gray or Greenstreet). 

The Elogium of Sir Isaac Newton (London: J . Tonson, 1728) is repro-
duced from the copy in the Yale Medical School Library, loaned by Dr. 
John F. Fulton. Mr. A. N. L. Munby, Fellow and Librarian of King's 
College, Cambridge, describes the Tonson Elogium as probably the 
"official" translation. In addition to the 1728 Tonson printing of the 
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Elogium (Babson 270, Gray 388), there were published several other 
English translations (for example, Babson 271 and Gray 389, 390). One 
of the most interesting of these is An account of the l i f e and writings of ST. 
Isaac Newton. Trans, from the Eloge of M. Fontenelle. . . . The Second Edi-
tion. 8°. London, T. Warner, 1728 (not in Babson; perhaps this is Gray 
390); the Harvard College Library contains a copy of the T. Warner 
"second edition," dated 1727. There is some question whether the date 
1727 is a typographical error or whether possibly this is a printing 
made during the months of J anuary to March, a period during which 
dates could be given as 1727, 1727/28, or 1728, depending upon feel-
ings toward the old or the new style of dating since the official accept-
ance of "new style" dating did not occur in England until 1751/52. 
There is also a question about the designation "Second Edition." The 
Harvard 1727 Warner second edition is the earliest translation that we 
have found, but we have encountered no reference to a Warner first 
edition. Unfortunately the Harvard 1727 copy is imperfect, lacking a 
first leaf which is presumably the half title. Mr. Munby has kindly sent 
us a copy of the following advertisement which appears on the verso of 
the half title of a Warner, 1728, Second Edition, in the Trinity College, 
Cambridge, Library: 

The first Edition of this Translation was printed in Quarto, in 
order to be bound up with Sir Isaac Newton's Chronology: But for 
the Benefit of those who cannot afford to purchase a Book of so 
high a Price, it was thought necessary to publish this edition . . . 

The Harvard College Library copy of John Conduitt's edition of Newton's 
Chronology of Ancient Kingdoms Amended. . . printed in quarto for J . Tonson, 
J . Osborn and T. Longman, London, 1728 does not include the translation 
of Fontenelle's eloge, nor do the descriptions of Babson 214 or Gray 309 
indicate its presence. However, a copy in the possession of the London 
booksellers, Wm. Dawson & Sons Ltd, in 1954 was bound in with a quarto 
1728 Paris edition of the eloge in French and a quarto 1728 London Elogium 
which appear to have been the same as the Tonson et al. 1728 quarto which 
we reproduce here. It is possible, then, that our reproduction is from the 
first edition mentioned by Warner and also published separately for the 
same reasons that Warner issued his edition. 



Note on the 
Printing of 

Bentley's Sermons 
WILLIAM B . T O D D 

Each of Bentley's last two discourses against atheism is here repro-
duced from a previously undifferentiated first edition represented at the 
Yale University Library (Mpd50.B69.1692). Both of these copies, to-
gether with the six earlier sermons, were separately issued, much 
thumbed by the original owner, bound in a single volume, and even-
tually rebound in modern library buckram. 

At Harvard, the copies of these two sermons (*EC65.B4465.B693f) 
represent a later edition, not hitherto recognized. These were issued 
under a general title as part of a collected set and shortly thereafter in-
cluded with other tracts in an early 18th-century binding. As the col-
lected set was first advertised in the Term Catalogue for Easter, 1693 
(Arber 11.449), it doubtless comprised, upon issue, the original edition 
of the final sermon, bearing an impr imatur dated 30 May 1693. The 
Harvard set, however, though still exhibiting a general title dated 1693, 
appears to be of a later issue, since it incorporates, among the eight ser-
mons, three reprints dated 1694. One of these is properly called a 
"Second" and the two others a "Third Edition." 
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Of these reprints the Second Edition, part 1 of the last three sermons 
(No. VI), is especially significant, for it indicates that the two other 
parts are of a date somewhat later than that assigned by the printer. 
Like the corresponding piece in the Yale series, this sermon, in title, 
imprimatur, and scriptural text heading page 1, is composed of type re-
tained for the most part in the other two tracts. The settings both old 
and new provide the various points listed in the accompanying table, 
all of which demonstrate not only successive presswork in each series 
but, for the latter, a printing of the two "1693" sermons some time in 
1694. 

FIRST EDITION SECOND EDITION 

Line Reading Part Variant Part Variant 
Title 7 SERMON 1 S intact 1 S correctly imposed 

2 - 3 S broken 2 - 3 S reversed 
11 Being 1 - 3 Β broken 1 - 3 Β intact 

Edition 1 - 3 — 1 
9 3 

Second Edition 

Imprint LONDON 1 - 3 swash italic 
L. — J 
1 - 3 straight italic 

1 for Henry Mortlock 1 by J. H. for Henry 
. . . 1 6 9 2 . Mortlock. . .1694. 

2 - 3 for H. Mortlock 2 by J. H. for Henry 
. . . 1693. Mortlock . . . 1693. 

3 for Η Mortlock . . . 1693. 

Imprimatur 3 D"° Dno 1-3 1st D broken 1-3 D intact 
3 Archiep. 1-3 A intact 1 A intact 

2 - 3 A broken 
5 [place] 1 LAMBETH 1-3 LAMBETH 

2 - 3 LAMBHITH 

Text [italic 1-3 9 lines, first ends 1-3 7 lines, first ends 
heading] unto the the living 

1 1st setting, double 
s ligatured, lines 5, 7. 

2 - 3 2d setting, double 
s separate. 



Supplement 

Τ 
X his Supplement intends to call attention to certain new infor-

mation or points of view that have emerged since the first edition, 
and to selected scholarly publications that bear on topics of the 
several introductions to the sections of this work. There are two 
general guides to the literature concerning Newton. The first is 
Clelia Pighetti's "Cinquant'anni di studi newtoniani (1908-1959)," 
Rivista critica di storia della filosofia 2-3, 181-203, 295-318 (1960), 
which lists all editions of Newton's works and studies on Newton in 
alphabetical sequences by author, year-by-year. The second is the 
classified bibliography in I. B. Cohen, "Newton, Isaac," in the 
Dictionary of Scientific Biography, ed. by Charles Coulston Gillispie 
(New York: Charles Scribner's Sons, 1974), vol. 10, pp. 93-103, 
including a presentation of the "Soviet Literature on Newton" by 
A. P. Youschkevitch; an expanded and revised version of this 
biography and bibliography is scheduled for publication by Charles 
Scribner's Sons in 1977. These should be supplemented by Magda 
Whitrow, ed., Isis Cumulative Bibliography (London: Mansell, 1971), 
vol. 2, pp. 221-232. 

There are a number of review-articles concerning Newton, of 
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which some major ones are: I. B. Cohen, "Newton in the Light of 
Recent Scholarship," Isis 51, 489-514 (1960); D. T. Whiteside, " T h e 
Expanding World of Newtonian Research," History of Science 1, 
16-29 (1962); J . E. McGuire, "Newton and the Demonic Furies: 
Some Current Problems and Approaches in the History of Science," 
History of Science 11, 21-48 (1973); and Richard S. Westfall, " T h e 
Changing World of the Newtonian Industry,"Journal of the History of 
Ideas 37, 175-184 (1976). 

II Newton's Optical Papers 

Newton's correspondence about light and colors and his new 
reflecting telescope has been reproduced from the originals or from 
drafts or fair copies in vol. 1 of The Correspondence of Isaac Newton, ed. 
H. W. Turnbul l (Cambridge: at the University Press, 1959). Some 
differences between these versions and the ones printed in the 
present volume are discussed above, in the editor's General Intro-
duction, and in the Notes on the Texts, below. 

Since 1958, when the first edition of the present book was pub-
lished, a large number of studies have appeared dealing with 
various aspects of Newton's work in optics. O n the ways in which 
Newton may have made his discoveries (rather than the mode of 
discovery presented by Newton in the first letter, 6 February 
1671/72), especially the possible role of the "disproport ion" of the 
length of the spectrum to its breadth (mentioned on our page 48 
above), see J . A. Lohne's discussion of the problems of accepting 
Newton's proposed historical narrative, in his "Isaac Newton: T h e 
Rise of a Scientist 1661-1671," Notes and Records of the Royal Society of 
London 20, 125-139 (1965), and "Exper imentum crucis," idem 23, 
169-199 (1968). See also A. I. Sabra, Theories of Light from Descartes to 
Newton (London: Oldbourne, 1967), chaps. 9-12, esp., p. 246. O n 
this subject, see also R. S. Westfall, " T h e Development of Newton's 
Theory of Color," Isis 53, 339-358 (1962). In these publications, 
there is developed inter alia the role of Newton's concept of "glob-
ules" of light, those of any given color having a different speed from 
those of any other color, which is discussed by T. S. K u h n on p. 43 
of the present book. Lohne, in "Exper imentum crucis," has shown 
the many difficulties with respect to Newton's actual experiments; 
see, further, J . A. Lohne and Bernhard Sticker, Newtons Theorie der 
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Prismenfarben, mit Ubersetzung und Erläuterung der Abhandlung von 1672 
(Munich: Werner Fritsch ["Neue Münchner Beiträge zur 
Geschichte der Medizin und Naturwissenschaften"], 1969). 

Concerning Newton's views on the possibility or impossibility of 
making lens combinations with corrections for chromatic aberra-
tion, see vol. 3 of D. T. Whiteside's edition of Newton's Mathematical 
Papers (Cambridge: at the University Press, 1969), pp. 442-443, 
512-513 (n. 61), 553 (n. 13), and 554-555 (nn. 5-6), and also Zev 
Bechler's detailed study, " Ά Less Agreeable Matter ' : The Dis-
agreeable Case of Newton and Achromatic Refraction," British 
Journal for the History of Science 8, 101-126 (1975). 

Whiteside has also written an introduction to The Unpublished First 
Version of Isaac Newton's Cambridge Lectures on Optics 1670-1671 
(Cambridge: The University Library, 1973), a facsimile of Newton's 
autograph MS of his Lectiones Optica; a critical edition and transla-
tion of these lectures (based on the two versions) has been an-
nounced by Alan Shapiro. For an account of this early version, see 
further, R. S. Westfall, "Newton's Reply to Hooke and the Theory 
of Colors," Isis 54, 82-96 (esp. 83-84, 95-96) (1963). For a discussion 
of the texts deposited by Newton in the University Library as his 
professorial lectures, see I. B. Cohen, Introduction to Newton's 'Prin-
cipia'(Cambridge, Mass.: Harvard University Press; Cambridge: at 
the University Press, 1971), Suppl. III. 

Concerning an abortive attempt in Newton's lifetime to produce 
an edition of his letters on light and color, see I. B. Cohen, "Versions 
of Isaac Newton's First Published Paper, With Remarks on . . . an 
Edition of his Early Papers on Light and Color," Archives inter-
nationales d'histoire des sciences 11, 357-375 (1958); D. J . De Solla 
Price, "Newton in a Church Tower: The Discovery of an Unknown 
Book by Isaac Newton," Yale University Library Gazette 34, 124-126 
(1960); A. Rupert Hall, "Newton's First Book," Archives inter-
nationales d'histoire des sciences 13, 39-61 (1960). Newton's notes on his 
own letter to Oldenburg, containing his new theory of light and 
colors, are printed below in the section of Notes on the Texts of 
Newton's Papers & Letters, in the text following footnote 13. 

On Newton's work on color, see George Biernson, "Why did 
Newton see Indigo in the Spectrum?," American Journal of Physics 40, 
526-533 (1972), and Torger Holtzmark, "Newton's Experimentum 
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cruris Reconsidered," idem, 28, 1229-1235 (1970). Newton, early in 
his scientific career, began to write a Fundamentum Optica, the text of 
which has been shown to be reconstructible from Newton's M S S ; 
see vol. 3 of Whiteside's edition of Newton's Mathematical Papers, 
p. 552. 

Some other relevant articles are: Zev Bechler: "Newton's 1672 
Optical Controversies: A Study in the Grammar of Scientific 
Dissent," in Y. Elkana, ed., The Interaction Between Science and Philosophy 
(Atlantic Highlands, N.J . : Humanities Press, 1974) pp. 115-142, 
and his "Newton's Search for a Mechanistic Model of Colour 
Dispersion: A Suggested Interpretation," Archive for History of Exact 
Sciences 11, 1-37 (1973); I. B. Cohen, " I prismi del Newtone e i 
prismi dell' Algarotti," Atti della Fondazione "Giorgio Ronchi" (Flor-
ence) 12, 1-11 (1957); J . A. Lohne, "Newton's 'Proof' of the Sine 
Law," Archive for History of Exact Sciences 1, 389-405 (1961); R . S. 
Westfall, "Newton and his Critics on the Nature of Colors," Archives 
internationales d'histoire des sciences 15, 4 7 - 5 8 (1962), and his "Isaac 
Newton's Coloured Circles Twixt Two Contiguous Glasses," Archive 

for History of Exact Sciences 2, 181-196 (1965). 

I l l Newton's Chemical Papers 

Since the pioneering study made by A. R . and Μ . B. Hall of 
"Newton's Chemical Experiments" (in Archives internationales d'his-
toire des sciences 11, 113-152 (1958), others have been examining and 
publishing extracts from Newton's chemical notebooks and from the 
large corpus of his alchemical notes. O n the topic of alchemy see 
P. M . Rattansi, "Newton's Alchemical Studies," pp. 167-182 of 
Allen G. Debus, ed., Science, Medicine, and Society in the Renaissance, 
vol. 1 (New York: Science History Publications, 1972); R . S. 
Westfall, " T h e Role of Alchemy in Newton's Career," pp. 189-232 
of M . L. Righini Bonelli and Will iam R . Shea, eds., Reason, Experi-
ment and Mysticism in the Scientific Revolution (New York: Science 
History Publications, 1975), together with commentaries by Paolo 
Casini (pp. 233-238) and especially by Marie Boas Hall (pp. 2 3 9 -
246); and Betty J o Teeter Dobbs, The Foundations of Newton's Alchemy 
(Cambridge: at the University Press, 1975). 

See also A. R . and Μ . B. Hall , "Newton's Mechanical Princi-
ples," Journal of the History of Ideas 20, 167-178 (1959); "Newton's 
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Theory of Matter ," Isis 51, 131-144 (1960); "Newton and the 
Theory of Matter ," pp. 54-68 of Robert Palter, ed., The Annus 
Mirabilis of Sir Isaac Newton 1666-1966 ( C a m b r i d g e , L o n d o n : T h e 
M.I.T. Press, 1970). Also A. R. Hall and Μ. B. Hall, eds., Unpub-
lished Scientific Papers of Isaac Newton ( C a m b r i d g e : a t t h e U n i v e r s i t y 
Press, 1962), pt. Ill , "Theory of Matter ." 

Some further related studies are Robert Kargon, Atomism in 
Englandfrom Hariot to Newton (Oxford: at the Clarendon Press, 1966); 
Alexandre Koyre, "Les Queries de l 'Optique," Archives internationales 
d'histoire des sciences 13, 15-29 (1960); J . E. McGuire, "Body and 
Void and Newton's De Mundi Systemate: Some New Sources," Archive 
for History of Exact Sciences 3, 206-248 (1966), and his "Transmutation 
and Immutabili ty," Ambix 14, 69-95 (1967). 

IV Bentley and Newton and the Boyle Lectures 

Newton's letters to Bentley concerning the Boyle Lectures have 
b e e n p u b l i s h e d in vol. 3 of The Correspondence of Isaac Newton ( C a m -
bridge, at the University Press, 1961), pp. 233-241, 244-245, 253-
256 (letters 398, 399,404,406), along with one letter from Bentley to 
Newton (letter 405, pp. 246-253). 

On Newton's possible influence in the choice of Bentley as in-
augural Boyle Lecturer, see Henry Guerlac and M. C. Jacob, 
"Bentley, Newton, and Providence (The Boyle Lectures Once 
More)," Journal of the History of Ideas 30, 3 0 7 - 3 1 8 (1969), w h e r e it is 
suggested (p. 318) that Newton "encouraged—if he did not sug-
gest—the theme of Bentley's last sermons." See, also Margaret C. 
Jacob, "Early Newtonianism," History of Science 12, 142-146 (1974), 
and her exploration of the intellectual and political aspects of the 
early Boyle Lectures in relation to the acceptance of the Newtonian 
p h i l o s o p h y , in h e r b o o k , The Newtonians and the English Revolution 
(Ithaca: Cornell University Press, 1976). 

A new biography of Bentley has been written by R. J . White, 
Dr. Bentley. A Study in Academic Scarlet ( L o n d o n : E y r e & Spot t i s -
woode, 1965). White repeats the claim of an earlier biographer that 
"there seems to be little doubt that he [Bentley] attended Newton's 
lectures as Lucasian Professor of Mathematics while at Cambridge" 
(p. 47) and even refers to Bentley as "Newton's pupi l" (p. 71). There 
is no evidence to support such claims, all the more doubtful since 
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Newton was lecturing on arithmetic and algebra while Bentley was 
a student, and not on general physics or natural philosophy, or even 
cosmology. See, on this topic, "Richard Bentley and the 'Prin-
cipia '" in ch. VIII, §6 of I. B. Cohen, Introduction to Newton's 
'Principia' (Cambridge, Mass.: Harvard University Press; Cam-
bridge: at the University Press, 1971). 

V Halley and the Principia 

Halley's correspondence with Newton in relation to the compo-
sition and publication of the Principia has been published in vol. 2 of 
The Correspondence of Isaac Newton, ed. by H. W. Turnbull (Cam-
bridge: at the University Press, 1960). For Halley's relations with 
Newton during those years see I. B. Cohen, Introduction to Newton's 
'Principia' (Cambridge, Mass.: Harvard University Press; Cam-
bridge: at the University Press, 1971), esp. §§1, 2, and 7 of ch. Ill , 
§§1 and 8 of ch. IV, §§1, 2, and 3 of ch. V, and §3 of ch. VI; in §8 
of ch. IV (pp. 122-124) and in Suppl. VII (pp. 336-344), attention is 
called to an extensive critique—presumably by Halley—of an early 
MS version of portions of the Principia. 

VI Fontenelle and Newton 

On Fontenelle, see the whole issue of Revue d'histoire des sciences 
devoted to him (vol. 10, no. 4, Oct.-Dec. 1957), containing articles 
by Suzanne Delorme, Douglas McKie, Genevieve Martin, Arthur 
Birembaut, and Frangois Gregoire, including a valuable "Contri-
bution ä la bibliographie de Fontenelle" by S. Delorme (pp. 300-
309). Articles by S. Delorme, A. Adam, A. Couder, J . Rostand, and 
A. Robinet appear in "Fontenelle, sa vie et son oeuvre, 1657-1757 
(Journees Fontenelle)," Revue de synthese 82, 1-91 (1961); also J . 
Vendryes, G. Canguilhem, A. Dupont-Sommer, R. Pintard, A. 
Adam, and A. Maurois in Annales de l'Universite de Paris 27e annee, 
378-415 (1957); and the Catalogue de I'Exposition Fontenelle ä la 
Bibliotheque Nationale (Paris: Bibliotheque Nationale, 1957). See, 
further, Leonard M. Marsak, "Cartesianism in Fontenelle and 
French Science 1686-1752," Isis 50, 51-60 (1959), "Bernard de 
Fontenelle: In Defense of Science," Journal of the History of Ideas 20, 
111-122 (1959), "Bernard de Fontenelle: The Idea of Science in the 
French Enlightenment," Transactions of the American Philosophical 
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Society 49, pt. 7, 1-64 (plus bibliography) (1959). Marsak has also 
edited a volume of selections from Fontenelle in English, under the 
t i t l e , The Achievement of Bernard le Bovier de Fontenelle ( N e w Y o r k a n d 
London: Johnson Reprint Corporation, 1970); Fontenelle's eloge of 
Newton is not, however, included in this volume of selections. An 
excellent edition of Textes choisis (1683-1702) (Paris: Editions So-
ciales, 1967) has been edited by Maurice Roelens. A summary of 
Fontenelle's life in science, with a general bibliography, is given by 
Suzanne Delorme in the Dictionary of Scientific Biography (New York: 
Charles Scribner's Sons, 1972), vol. 5, pp. 57-63. 

To the list of biographies of Newton (pp. 435-436, nn. 24, 29), 
there should now be added Ε. N. da C. Andrade, Sir Isaac Newton, his 
Life and Work (Garden City, Ν.Y.: Doubleday & Company, Anchor 
Books, 1954), Frank E. Manuel, A Portrait of Isaac Newton (Cam-
bridge, Mass.: Harvard University Press, 1968), and I. B. Cohen: 
"Newton , Isaac," Dictionary of Scientific Biography, ed. by Char les 
Coulston Gillispie (New York: Charles Scribner's Sons, 1974), 
vol. 10, pp. 42-103, scheduled to be published by Charles Scribner's 
Sons in 1977 in an expanded and revised version. R. S. Westfall is 
in the process of writing a full-length biography of Newton. 

O n Newton ' s election as associe etranger of the Paris Academic des 
Sciences, see I. B. Cohen: "Isaac Newton, Hans Sloane and the 
Academie Royale des Sciences," pp. 61-116 of L'aventure de la science: 
Melanges Alexandre Koyre, vol. 1 (Paris: H e r m a n n , 1964). 

Appendix 

The four volumes of Birch's History of the Royal Society have been 
reprinted in facsimile in 1968 by the Editions "Culture et Civilisa-
tion" of Brussels, and by Johnson Reprint Corporation of New York 
and London (ed. by A. R. Hall). 



Notes on the Texts 
of Newton's 

Papers & Letters 

Μ any of the differences between the versions of Newton's 
communications in the 17th century in the Philosophical Transactions 
and the manuscript documents appear to represent the editorial 
judgments of Henry Oldenburg, then Secretary of the Royal Soci-
ety.1 Wholly apart from excising the beginnings and ends of letters, 
it may be observed that he made other omissions which seem 
arbitrary. Thus between the first two paragraphs on our page 145 
above, the following three short paragraphs were omitted: 

Meane time since M. Hugens seems to allow that white is a composition 
of two colours at least if not of more; give me leave to rejoyn these Quaeres. 

1. Whether the whiteness of the suns light be compounded of the like 
colours? 

1 T h e differences be tween the versions pr in ted in this edi t ion and those in the 
Correspondence (edited f rom M S texts) are listed below. 

O n Oldenburg , we are for tuna te to have the edit ion by A. R u p e r t Hal l and 
Mar i e Boas Hal l , The Correspondence of Henry Oldenburg, vol. 1 (Madison: Univer-
sity of Wisconsin Press, 1965) and later volumes: beginning wi th vol. 10 (1975), for 
the years 1673-1674, the publ isher of this series is Mansell of London . 
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2. Whether the colours that emerg by refracting the light be those 
component colours separated by the different refrangibility of the rays in 
which they inhere?2 

A philosophically or methodologically interesting omission of real 
significance occurs in Newton's letter to Oldenburg of 6 February 
1671/2, in the second paragraph on our page 53 above. Following 
the first sentence (ending with a colon), which concludes "wherein 
the Origin of Colours is unfolded," and before the next sentence, 
beginning "Concerning which I shall lay down the Doctrine first, and 
then . . . give you an instance or two of the Experiments as a speci-
men of the rest," Newton's manuscript letter (as published in the 
Correspondence) contains the following:3 

. . . wherein the Origin of Colours is infolded. A naturalist would scearce 
expect to see the science of those become mathematicall, & yet I dare 
affirm that there is as much certainty in it as in any other part of Opticks. 
For what I shall tell concerning them is not an Hypothesis but most 
rigid consequence, not conjectured by barely inferring 'tis thus because not 
otherwise or because it satisfies all phaenomena (the Philosophers universall 
Topick) but evinced by the mediation of experiments concluding directly & 
without any suspicion of doubt. To continue the historicall narration of 
these experiments would make a discourse too tedious & confused, & 
therefore I shall rather lay down the Doctrine first, and then, for its exami-
nation, give you an instance or two of the Experiments, as a specimen of the 
rest.4 

In another philosophical discussion, Newton said that the science of 
colors was mathematical and as certain as any other part of optics 
(for example, geometric optics), but he later felt the need to clarify 
his statement. The clarification was omitted from the publication in 
the Philosophical Transactions but has been printed in Horsley's 
edition of Newton's Opera (vol. 4, p. 342) and in the more recent 
Correspondence (vol. 1, p. 187): 

In the last place I should take notice of a casuall expression which 
intimates a greater certainty in these things then I ever promised, viz. The 

2 Newton to Oldenburg, 3 April 1673, The Correspondence of Isaac Newton, vol. l , e d . 
by H. W. Turnbull (Cambridge: at the University Press, 1959) p. 266. 

3 The omitted section, like the one printed below, el iminated Newton's consid-
erations concerning mathematics and optics; see Z. Bechler, "Newton's 1672 
Optical Controversies" (1974, cited in the Supplement) , pp. 117ff. 

4 Correspondence, vol. 1, pp. 96-97. 
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certainty of Mathematicall Demonstrations. I said indeed that the Science of 
Colours was Mathematicall & as certain as any other part of Optiques; b u t w h o 
knows not that Optiques & many other Mathematicall Sciences depend as 
well on Physicall Principles as on Mathematicall Demonstrations: And the 
absolute certainty of a Science cannot exceed the certainty of its Principles. 
Now the evidence by which I asserted the Propositions of colours is in the 
next words expressed to be from Experiments & so but Physicall: Whence the 
Propositions themselves can be esteemed no more then Physicall Principles 
of a Science. And if those Principles be such that on them a Mathematician 
may determin all the Phaenomena of colours that can be caused by 
refractions, & that by computing or demonstrating after what manner & 
how much those refractions doe separate or mingle the rays in which 
severall colours are originally inherent; I suppose the Science of Colours will 
be granted Mathematicall & as certain as any part of Optiques. And that this 
may be done I have good reason to believe, because ever since I became first 
acquainted with these Principles, I have with constant successe in the events 
made use of them for this purpose. 

Despite these omissions, Newton's letters—in the versions published 
in the Philosophical Transactions and reprinted below—abound in 
philosophical and methodological discussions. One of the most 
renowned of these occurs in Newton's letter of 11 June 1672 to 
Oldenburg, in reply to the second communication from Pardies. 
Here Newton states his opinion concerning the proper place of 
hypotheses in scientific investigations. In translation (as on our 
page 106 above) this reads: 

For the best and safest method of philosophizing seems to be, first to 
inquire diligently into the properties of things, and establishing those 
properties by experiments and then to proceed more slowly to hypotheses 
for the explanation of them. For hypotheses should be subservient only in 
explaining the properties of things, but not assumed in determining them; 
unless so far as they may furnish experiments. 

For some unaccountable reason, Florian Cajori stated unequivocally 
that, "This part of the letter was not printed in the Philosophical 
Transactions."5 

In Newton's letter to Oldenburg of 13 November 1675 (our page 
154 above), two final paragraphs were crossed out, along with the 

5 See footnote 6 on page 676 of his revision of Andrew Motte's translation of the 
Principia (Berkeley and Los Angeles: University of California Press, 1934, sixth 
printing [first paper-bound edition] 1966). 
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signature and salutation, before Oldenburg sent the letter to the 
printer to be published in the Philosophical Transactions. The second 
of these paragraphs reads: 

I had some thoughts of writing a further discours about colours to be 
read at one of your Assemblies, but find it yet against the grain to put pen 
to paper any more on that subject. B u t . . . I have one discourse by me of 
that subject written when I sent my first letters to you about colours & of 
which I then gave you notice. This you may command when you think it 
will be convenient if the custome of reading weekly discourses still con-
tinue.6 

This "one discourse by me" refers to Newton's "Hypothesis ex-
plaining the Properties of Light discoursed of in my several Papers," 
sent to Oldenburg on 7 December 1675, with an accompanying 
letter, both of which were read at the Royal Society, the "discourse" 
requiring several meetings for the full reading (these are printed on 
our pages 177 ff.). Newton apparently did write "a further discours 
about colours," for which see our pages 202 If. above, which may 
have been what Newton had in mind.7 As is observed in the long 
note in vol. 1 of The Correspondence of Isaac Newton (pages 390-392), 
the three parts of this discourse were published again without very 
many changes in Parts 1,2, and 3 of Book 2 of the Opticks; and they 
were also printed in Birch's History of the Royal Society, from which 
our text is reproduced. 

Certain of the changes made on publishing this document in the 
Opticks are given in the same editorial note. In the manuscript sent 
by Newton to the Royal Society, and still preserved (as is Newton's 
personal manuscript copy), there are deleted phrases and para-
graphs. One of these refers to Newton's primary discovery that 
"whiteness is a dissimilar mixture of all colours, and that light is a 
mixture of rays endowed with all those colours." This conclusion 
had been the outstanding feature of his first communication to the 
Royal Society (see our pages 47-59 above); most of the letters in 
Part 2 of our volume are devoted to discussions arising from the 
publication of this discovery of Newton's. And so it is especially 
interesting to read a passage that was omitted from the published 

6 Correspondence, vol. 1, p. 358. 
7 A critical edition of Newton's Opticks, together with related M S S , is greatly 

needed. 
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version of Newton's observations: in the fourth paragraph of our 
p. 224 above, in the third line, between the sentence ending 
". . . those colours," and the one beginning "For, considering . . .": 

This I believe hath seemed the most Paradoxicall of all my assertions, & 
met with the most universall & obstinate Prejudice. But to me it appeares as 
infallibly true & certaine, as it can seem extravagant to others. For hitherto 
I never tryed any way to mix all colours by which I could not in some 
degree or other produce whitenesse, & yet I have made as many tryalls as 
I could excogitate ways of mixing colours; of which I may take occasion to 
discourse hereafter.8 

Again, at the end of our first paragraph on our page 225, the final 
sentence is somewhat longer. In our version, this sentence merely 
reads: 

And, in this respect it is, that the science of colours becomes a speculation 
more proper for mathematicians than naturalists. 

In the MS, this sentence reads in full as follows: 
And in this respect it is, that the science of colours becomes a speculation 

more proper for mathematicians then naturalists and deserves rather to be 
esteemed Mathematicall then Physicall, as I told you in my former letter & 
may hereafter explain more fully. 

As is observed in the edition of Newton's Correspondence, vol.1, p. 389, 
this important statement was somewhat revised in the Opticks to 
read as follows: 

And in this respect the Science of Colours becomes a Speculation as truly 
mathematical as any other part of Opticks. I mean, so far as they depend 
on the Nature of Light, and are not produced or alter'd by the Power of 
Imagination, or by striking or pressing the eye. 

Finally, the last paragraph of this composition of Newton's, to be 
found on our page 235 above, has, in the MS, some additional 
sentences which read as follows: 

If you now ask how rays are reflected without impinging on the parts of 
a body, & how those which impinge on its parts may be stopped & stifled, 
it requires an Hypothesis to explain it by, the description of which is besides 

8 T h i s occurs in the four th pa ragraph of our page 224 above, in the thi rd line: 
following the sentence tha t ends ". . . those colours." See Correspondence, vol. 1, 
p. 385. Th i s was apparen t ly deleted by Newton before the M S was sent on to the 
Royal Society. 
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m y designe. A n d so the manner how severall rays are unequally refrangible 
& reflexible & originally indued with severall colours remaines to be 
explained Hypothetical ly: But I shall content m y self with haveing shewn 
that de facto the rays of light are indued with those properties. 

But in Newton's own copy, which he retained for his own records, 
he "modified the wording."9 In the final sentence, the phrase 
"severall rays . . . originally indued with several colours" reads 
"severall rays . . . originally indued with powers of striking the sense 
with several colours." The final sentence "But I shall content myself 
. . ." reads quite different in Newton's own altered MS version: 

And the inventing of such an Hypothesis is no part of m y designe. I 
undertook only to discover the properties of light so far as I could derive 
them from experiments; & therefore content m y self with having shewn 
those properties. 

Some minor differences between the texts published in the cur-
rent edition of Newton's Correspondence (and based on MS copies or 
originals) and those in Philosophical Transactions (and reproduced in 
our volume) may come from the fact that a MS represents an early 
draft, which Newton kept for record purposes, when he sent a 
second and final version to Oldenburg. This could account for the 
variation in phrasing in the first paragraph of Newton's letter of 26 
March 1672 (printed on our page 68 above). But other differences 
are plainly editorial alterations by Oldenburg, who also left out 
certain paragraphs—whether with or without Newton's consent we 
do not know. In the correspondence as published in the Philosophical 
Transactions, most of the references to Hooke are changed, so that 
they become "the Considerer" and "the Objector" and "the Ani-
madversor" (pages 116 ff. above). In Newton's reply to Pardies of 13 
April 1672 (pages 83-85 above), Newton's concluding reference to 
Hooke (bottom of page 85) was not only changed to "Ν. N." but his 
courteous and complimentary "Celeberrimi nostri Hookij . . ." 
("Our most famous [or well known] colleague [or countryman] 
Hooke . . .") was reduced to a mere "Domini Ν. N." or "Mr. 
Ν. N."1 0 In the same manner, Huygens became disguised as "Mon-
sieur N." 

9 Correspondence, vol. 1, p. 389. 
10 See note 1 above. 
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One very amusing alteration by Oldenburg occurs in Newton's 
Latin letter of 13 April 1672, replying to some comments by Pardies. 
Newton would appear to have said (in the Philosophical Transactions), 
"Sed hallucinatus est R. P."—which was tactfully rendered into 
English (on our page 90) as, "But the Rev. Father is under a 
mistake." It would have been more accurate to have this read that 
"the Rev. Father's mind is wandering," or that he is "dreaming" or 
"talking idly" or "prating." But, in fact, the letter that Newton 
actually sent to Oldenburg contains these words, "Sed extra oleas 
evagatus est R. P."11—which may be translated as, "But the Rev. 
Father has been straying beyond the olives." In this case, there is no 
doubt as to who made the editorial change, since Newton's first 
phrase is found in the letter that he sent to Oldenburg, of which the 
original is still in the Library of the Royal Society of London. The 
very phrase itself is not without interest, since it proves to be a 
reference to the grove of olives at the end or at the edge of a 
race-course; Newton's expression comes from the Frogs of Aristo-
phanes.12 From the catalogue of Newton's Library, we may learn 
that Newton owned a volume in 8V0 of the comedies of Aris-
tophanes, in an edition in Greek and in Latin prepared by Joseph 
Scaliger (1624).13 

In the version of Newton's letter on light and colors found in the 
sheets of an abortive edition (see the articles by I. B. Cohen, D. J . de 
Solla Price, and A. R. Hall mentioned in the Supplement (II)), 
three footnotes have been added by Newton to one of the conclud-
ing paragraphs: 

These things being so, it can no longer be disputed, that there 
are colours in the dark, nor that they are the qualities of the 

11 Correspondence, vol. 1, p. 140. 
1 2 T h e context is, "Take care lest your anger carry you beyond the olives." 
1 3 See Richard de V i l l ami l , Newton, the Man (London: Gordon D. K n o x , [1931], 

p. 65, where it appears that Newton ' s library conta ined "Aristophanis Comaediae 
Gr. Lat. Scaliger, 8vo. 1624." D e Vi l lami l ' s book is avai lable in a reprint m a d e by 
J o h n s o n Reprint Corporation, N e w York and London, 1972, wi th a new intro-
duct ion by I. B. Cohen. 

J o h n Harrison, of the university Library (Cambridge) is currently preparing a 
cata logue of Newton ' s library, in which he proposes to give present locations of as 
m a n y books as possible, and indicat ions of any markings or annotat ions . 
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objects we see, no nor perhaps, whether Light be a cBody. For 
since Colours are the d qualities of Light, having its Rays for their 
intire and immediate subject, how can we think those Rays 
qualities also, unless one quality may be the subject of, and sustain 
another; which in effect is, to call it Substance. We should not know 
Bodies for substances, were it not for their sensible qualities, and 
the Principal of those being now found due to something else, we 
have a good reason to believe that to be a Substance also. Besides, 
who ever thought any quality to be a heterogeneous aggregate, such 
as Light is discovered to be? But, e to determine more absolutely, 
what Light is, after what manner refracted, and by what modes 
or actions it produceth in our minds the Phantasms of Colours, is 
not so easie. And I shall not mingle conjectures with certainties. 

O n the score of "whether Light be a c Body," the first note reads: 

c Through an improper distinction which some make of me-
chanical Hypotheses, into those where Light is put a body, and 
those where it is put the action of a body, understanding the first 
of bodies trajected through a medium, the last of motion or 
pression propagated through it, this place may be by some 
unwarily understood of the former: Whereas light is equally a 
body or the action of a body in both cases. If you call its' rays the 
bodies trajected in the former case, then in the latter case they are 
the bodies which propagate motion from one to another in right 
lines till the last strike the sense. T h e only difference is, that in 
one case a ray is but one body, in the other many. So in the latter 
case, if you call the rays motion propagated through bodies, in the 
former it will be motion continued in the same bodies. T h e bodies 
in both cases must cause vision by their motion. Now in this place 
my design being to touch upon the notion of the Peripateticks I 
took not body in opposition to motion as in the said distinction, 
bu t in opposition to a Peripatetick quality, stating the question 
between the Peripatetick and Mechanick Philosophy by inquir-
ing whether light be a quality or body. Which that it was my 
meaning may appear by my joyning this question with others 
hitherto disputed between the two Philosophies; and using in 
respect of one side the Peripatetick terms Quality, Subject, Substance, 



NOTES ON THE TEXTS 513 

Sensible qualities; in respect of the other the Mechanick ones Body, 
Modes, Actions; and leaving undetermined the kinds of those 
actions (suppose whether they be pressions, strokes, or other 
dashings), by which light may produce in our minds the phan-
tasms of colours. 

As to colors being "the d qualities of Light," the second note reads: 

d Understand therefore these expressions to be used here in 
respect of the Peripatetick Philosophy. For I do not my self 
esteem colours the qualities of light, or of any thing else without 
us, but modes of sensation excited in our minds by light. Yet 
because they are generally attributed to things without us, to 
comply in some measure with this notion, I have in other places 
of these letters, attributed them to the rays rather then to bodies, 
calling the rays from their effects on the senses, red, yellow, &c. 
whereas they might be more properly called rubriform, flavi-
form, &c. 

As to the final problem, " e to determine more absolutely, what Light 
is," the third note reads: 

e To determine after what manner light is a body, or whether it 
be a body more then by . . . 

Unfortunately, the sheets are trimmed so that the final line of this 
note is illegible. It may be observed that Newton wrote "then" 
rather than "than" in his manuscripts. 

A comparison between the texts of Newton's letters and papers 
printed in this volume (from 17th- and 18th-century printed works) 
and the versions given in the Royal Society's edition of The Corre-
spondence of Isaac Newton, vols. 1-3, edited by Herbert Westren 
Turnbull (Cambridge: at the University Press, 1959, 1960, 1961), is 
given below, for Newton's own papers and letters.14 No attention is 
paid here to differences in paragraphing, orthography, abbreviation, 
capitalization, or italicization; only substantive differences have 

1 4 Prepared with the aid of Joan Livingston Richards. 



514 NOTES ON THE TEXTS 

been noted. T h e letters in the Philosophical Transactions were edited 
for publ icat ion by Henry Oldenburg . Addit ional information con-
cerning the early letters (and Henry Oldenburg) may be obtained 
from A. Rupe r t Hal l and Mar ie Boas Hal l , eds., The Correspondence of 
Henry Oldenburg (Madison: University of Wisconsin Press, 1965-); 
vol. 10 (1975), for the years 1673-1674, is published by Mansell in 
London. 

Pages 47-59, Newton's letter to Oldenburg, 6 February 1671/72. 
Page 49, pa ragraph 3, line 3, the Correspondence has "by my own & 

others Experience" for our "by my own Experience." Page 53, line 
9, following the word "unfo lded" (for which the Correspondence has 
" infolded") , the Correspondence has the following passage, omit ted 
from our version: 

A naturalist would scearce expect to see the science of those [that is, 
colours] become mathematicall & yet I dare affirm that there is as much 
certainty in it as in any other part of Opticks. For what I shall tell 
concerning them is not an Hypothesis but most rigid consequence, not 
conjectured by barely inferring 'tis thus because not otherwise or because it 
satisfies all phaenomena (the Philosophers universall Topick,) but evinced 
by the mediation of experiments concluding directly & without any 
suspicion of doubt. To continue the historicall narration of these experi-
ments would make a discourse too tedious & confused, & therefore I shall 
rather lay down the Doctrine first. . . . (Correspondence, vol. l , p p . 92-107). 

Pages 60-64, Oldenburg's description of Newton's telescope. This docu-
ment is not pr inted in the Correspondence. 

Pages 65-66, Huygens's reaction to Newton's telescope in a letter to 
Oldenburg, 13 February 1672 [TV.S.]. 

Huygens's letter (dated 3 February 1671/2 [O.S.] in the Corre-
spondence) is in French; this version may well have been made by 
Oldenburg . In any event, O ldenbu rg omit ted an opening portion, 
in which Huygens referred to the "merveil leux telescope de M r 
Newton: dont j ' ay beaucoup meilleure opinion ma in tenan t que lors 
que par le raport imparfa i t qu 'on m ' e n avoit fait j e m' imaginois 
qu'il s'estoit propose d 'accourcir les lunettes ordinaires par la 
reflexion de ses miroirs." Among Newton's papers, there is a differ-
ent English version of Huygens 's communica t ion , very literal and 
stilted, pr inted in Correspondence, vol. 1, pp. 91-92. In pr in t ing this 
letter, O ldenburg identified Huygens by name ("Monsieur Christian 
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Hugens de Zulichem": our p. 65 above), whereas he later referred to 
h im in the pr inted Philosophical Transactions as "Monsieur N." (Cor-
respondence, vol. 1, pp. 89-92). 

Pages 66-67, Newton to Oldenburg, 19 March 1672. 
Page 66, last paragraph, the version in the Correspondence begins, "I 

told you that here is another instrument. . . . " Page 67, end of first 
paragraph, the version in the Correspondence has two additional 
sentences, of which the first has been expanded by Oldenburg into 
his note ("N.B.") added to Newton's letter, and the second refers to 
Newton's reply to Hooke's observations, which may be found on our 
pages 116-135. (Correspondence, vol. 1, pp. 121-123). 

Pages 68-70, Newton's letter to Oldenburg, 26 March 1672. 
An opening paragraph about Newton's observation of a comet 

has been omitted from our version. Page 68, paragraph 1, lines 4-7, 
in place of our 

that I am not very well assured of the goodness of the other, which I 
borrowed to make the Comparison; and therefore desire, that the other 
Experiment should be rather confided in, or reading at the distance of 
between a 100 and 120 foot. . . 

t he Correspondence has 
that I find that other (which I borrowed to make the comparison) to be 

none of the best in the kind, & therefore I would not have you rely on the 
observations made with it but rather estimate the performances of the 
metalline Telescope by the distance of between a 100 & 120 foot. . . . 

Page 70, at the end of the letter, the Correspondence has an additional 
short paragraph, containing a courteous conclusion. (Correspondence, 
vol. 1, pp. 123-126). 

Pages 70-71, Newton's reply to Auzout, in a letter to Oldenburg, 30 
March 1672. 

The three paragraphs together form the first paragraph of the 
letter printed in the Correspondence. The remainder of the letter, 
omitted from our version, deals with the design of a prism to reflect 
the rays from the curved mirror to the eyepiece and with Newton's 
reply to J.-B. Denis. (Correspondence, vol. 1, pp. 126-130). 

Pages 72-75, Notes on the Cassegrain telescope, and Newton's comments 
thereon, in a letter to Oldenburg, 4 May 1672. 

Page 75, at the end of the letter, the Correspondence has a short 
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paragraph in which Newton says that he is "not at all concerned 
whether Objections be printed with or without the Objectors 
names." Thus those of " the Jesuite Pardies may be conveniently so 
printed if he desire i t ," but, said Newton, "I see not what it can 
signify to M r Hook since the Contents will evidently discover them 
to be his. And besides, it is publiquely known that he hath writ 
objections & my Answer is expected." (Correspondencevol. 1, pp. 
153-155). 

Pages 75-78, Some experiments proposed by Sir Robert Moray, and 
Newton's comments on them, in a letter to Oldenburg, 13 April 1672. 

Pages 75-76, the numbered experiments are not identified in our 
version as having come from Moray. Two opening paragraphs 
(omitted in our version) discuss Pardies, Hooke, and Huygens; they 
are followed by a brief reference to Moray. 

In the Correspondence, Newton then goes on to discuss a change he 
wishes to have introduced in an earlier communication (see refer-
ence to Newton's letter of 26 March 1672, and our p. 68 above); 
Newton asks that the change be made "least the freind of whome it 
was borrowed should thinke I depreciate it." Page 77, paragraph 2, 
line 2, the Correspondence has " M r Hook" for our "another person." 
(Correspondence, vol. 1, pp. 136-140). 

Pages 79-82, Pardies to Oldenburg, 9 April 1672. I n the Correspondence 
this letter is dated 30 March 1672 (9 April 1672 [N.S.]). (Correspond-
ence, vol. 1, pp. 130-134). 

Pages 83-85, Newton to Oldenburg, in response to Pardies, 13 Apr. 1672. 
Page 83, paragraph 1, lines 11-12, the Correspondence has "Sed 

extra oleas evagatus est R. P." for our "Sed hallucinatus est R. P." 
Page 85, end of the letter, the Correspondence has "Celeberrimi nostri 
Hookij" for our "Domini Ν. N ." (Correspondence, vol 1, pp. 140-144). 

Pages 93-96, "Quere's" proposed by Newton in a letter to Oldenburg, 8 
July 1672. 

In the Correspondence, this letter is dated 6 Ju ly 1672; an opening 
paragraph, responding to an " inquiry" by Oldenburg, has been 
omitted from our version. Page 94, end of paragraph 7, our version 
omits an additional paragraph referring to the numbering of "12 
Particulars" in Newton's "Answer to M r Hook." (Correspondence, vol. 
1, pp. 208-211). 

Pages 97-98. Pardies to Oldenburg, 21 May 1672. I n t h e Correspond-
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ence, this letter is da ted 11 M a y 1672 [O.S.]. (Correspondence, vol. 1, 
pp. 156-159). 

Pages 99-103, Newton to Oldenburg, in reply to Pardies, 11 June 1672. 
The Correspondence dates this letter 10 June, noting that Oldenburg 
changed the date to 11 June. (Correspondence, vol. 1, pp. 163-171). 

Page 103, Pardies's reply, 9 July 1672. 
The Correspondence prints this paragraph under the date 30 June 

1672 [O.S.]; the whole letter, written in French, is evidently availa-
ble in the Library of the Royal Society; the extract on our page 103 
was translated into Latin (presumably by Oldenburg), and hence it 
is misleading to describe the French extract given in the Correspond-
ence by saying that " the present extract was pr inted in Phil. Trans. 7 
(1672)." {Correspondence, vol. 1, pp. 205-206). 

Pages 110-115, Hooke to Oldenburg, 15 February 1671/2. 
Throughout this letter, our version has "solving" for "salving" (a 

change apparently made by Birch), as in the phrase "salving the 
phaenomena", page 111, line 5, the Correspondence has "light" for our 
"white" (an error also occurring in the Register Book); page 113, 
paragraph 3, lines 3-4, the Correspondence has 
intire and uniforme again; and soe the compound motions are made to 
coalesse into one simple, where they meet, but keep their disturbd and 
compounded [motions], when they begin againe to Diverge and Sepa-
rate . . . 

for our "intire and uniform, again to diverge and separate." (Corre-
spondence, vol. 1, pp. 110-116). 

The Correspondence omits the adjective "excellent" in reference to 
Newton's "excellent discourse" on our page 110, line 3 from bottom. 

Pages 116-135, Newton's reply to Hooke, in a letter to Oldenburg, 11 June 
1672. 

The numbering of the paragraphs differs in our version and the 
one in the Conespondence, for which see the preceding comment (for 
page 94); page 135, this paragraph is followed by two others omitted 
from our version and reading as follows: 

12. That the Science of Colours is most properly a Mathematicall Science. 
In the last place I should take notice of a casuall expression which 

intimates a greater certainty in these things then I ever promised, viz: T h e 
certainty of Mathematicall Demonstrations. I said indeed tha t the Science of 
Colours was Mathematicall & as certain as any other part of Optiques; bu t who 
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knows not that Optiques & many other Mathematicall Sciences depend as 
well on Physicall Principles as on Mathematicall Demonstrations: And the 
absolute certainty of a Science cannot exceed the certainty of its Principles. 
Now the evidence by which I asserted the Propositions of colours is in the 
next words expressed to be from Experiments & so but Physicall: Whence the 
Propositions themselves can be esteemed no more then Physicall Principles of 
a Science. And if those Principles be such that on them a Mathematician 
may determin all the Phaenomena of colours that can be caused by 
refractions, & that by computing or demonstrating after what manner & 
how much those refractions doe separate or mingle the rays in which 
severall colours are originally inherent; I suppose the Science of Colours will 
be granted Mathematicall & as certain as any part of Optiques. And that this 
may be done I have good reason to beleive, because ever since I became first 
acquainted with these Principles, I have with constant successe in the events 
made use of them for this purpose. 

Thus much I have thought fit to returne to Mr Hooks Considerations: 
which that it may bring satisfaction in this part of Optiques to the 
Honourable Members of the R. Society hath been the Rule of my Inten-
sions. 

Throughout this letter, the expressions "the Considerer" and "the 
Animadversor" are used in our version for the " M r Hook" of the 
original (as printed in the Correspondence), save for paragraph 4, 
p. 125, where "the Ingenious Mr . Hook" appears as the author of 
"the Micrography.'''' The numbered queries at the top of our p. 124 
are neither numbered nor separated from the text in the Correspond-
ence. Although note (1) on p. 188 of the Correspondence says that "the 
final paragraph of section 8" was omitted from the version pub-
lished " in Phil. Trans. 7 (1672), 5084-103, no. 88, as Oldenburg has 
noted in the marg in of the letter at l ine 2," this is not exact .1 5 

{Correspondence, vol. 1, pp. 171-193). 

1 5 According to the text printed in Correspondence, vol. 1, pp. 171-193 , what was 
omitted was the end of the opening sentence (as given on our page 128, par. 3): 
"which I doe the more willingly because Mr Hook hath made such excellent use of 
that Instrument, & I shall be glad if it will contribute any thing to the promotion 
of those his ingenious endeavours, or add to his Inventions of that kind." Also, 
corresponding to our page 116, line 4, the Correspondence has: "But I must confesse 
at the first receipt of those Considerations I was a little troubled to find a person so 
much concerned for an Hypothesis, from whome in particular I most expected an 
unconcerned & indifferent examination of what I propounded," where our text 
has: "And though I find the Considerer somewhat more concern'd for an Hypothesis, 
than I expected". On our page 116, par. 2, line 6, the following sentence, found in 
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Page 136, extract of a letter from Huygens to Oldenburg, 14 January 
1672/3 [MS] 

The portion printed in our version, in an English translation, was 
sent to Newton in a letter of Oldenburg 's of 18 J a n u a r y 1672/3. 
According to a note in the Correspondence, the word "holds" in line 3 
of paragraph 2, page 137, is a translation of " t ien t" which was a 
mistranscription by Oldenburg of Huygens's " trouve"; and in the 
next line the word "dist inct" is lacking ("distinct picture") in the 
translation and was omitted by Oldenburg in his transcription. 
Huygens's name is suppressed in the Philosophical Transactions version, 
where he becomes (our page 136) "an ingenious person from Paris." 
(<Correspondence, vol. 1, pp. 255-257). 

Pages 137-142, extract of Newton's reply to Huygens, in a letter to 
Oldenburg, 23 June 1673. 

Our version omits an introductory section on dynamics and 
mathematics and concluding section on mathematics, plus a state-
ment by Newton that he intends " to be no fur ther sollicitous about 
matters of Philosophy"; some were not part of Newton's communi-
cation to Huygens. Oldenburg also omitted a sentence, following 
the conclusion on page 142 above, reading: "Pray with these Notes 
return my thanks to M. Hugens for his book." In the letters, the 
Philosophical Transactions version has "Monsieur N." in place of New-
ton's " M . Huygens." (Correspondence, vol. 1, pp. 290-297). 

Pages 143-146, Newton's answer to a letter from Huygens, addressed to 
Oldenburg, 3 April 1673. 

O n our page 145, three paragraphs have been omitted, which are 
in the Correspondence: 

Meane time since M. Huygens seems to allow that white is a composition 

the Correspondence, is o m i t t e d : " B u t he knows well t h a t it is not for one m a n to 
prescribe Rules to the s tudies of ano the r , especially not w i t h o u t u n d e r s t a n d i n g the 
grounds on which he proceeds ." 

O n page 133, par . 2, last line, ou r text has " d i l a t e " where t he Conespondence 
has " d i l u t e . " Such word differences have not in every case been noted . Some o ther 
examples occur on our page 66, line 7 (bot t . ) , where the Correspondence has "insen-
sible" for ou r "cons iderab le" ; our page 76, par . 4, line 6, a n d par . 5, line 9, where 
the Correspondence has " r e f r a c t i o n " for our "ref lexion"; a n d on our page 93, par . 1, 
line 3 (bot t . ) where the Conespondence has " T h e decision of which I could wish to be 
s ta ted , & the even t s" for ou r "wh ich I could wish were d e t e r m i n e d by the Even t of 
p roper Expe r imen t s . " 
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of two colours at least if not of more; give me leave to rejoyn these Quaeres. 
1. Whether the whiteness of the suns light be compounded of the like 

colours? 
2. Whether the colours that emerg by refracting that light be those 

component colours separated by the different refrangibility of the rays in 
which they inhere? 

Page 143, first paragraph, line 10, " I confess" lacking in MS; second 
paragraph, line 5, the Correspondence has "fals" for "groundless"; 
page 145, paragraph 3, line 4, the Correspondence has " m e n d e d " for 
"waved"; page 146, line 13, the Correspondence has "easily" for 
"certainly"; again, in this letter, Huygens becomes " N . " (Corre-
spondence·, vol. 1, pp. 264-267). 

Page 147, extract of a letterfrom Huygens to Oldenburg, 31 May 1673(10 
June 1673 [N.S.]). 

The printed portion of this letter, published by Oldenburg in an 
English translation from the French, appears in the Correspondence as 
it was copied out (in French) for Newton in a letter from Oldenburg 
to Newton of 7 J u n e 1673; the first part of the letter is printed 
separately in the Correspondence. In the Philosophical Transactions 
version, Huygens is referred to as " the same Parisian Philosopher, 
that was lately said to have written the Letter already extant in 
No. 96. p. 6086." (Correspondence, vol. 1, pp. 285-287). 

Pages 148-150, Linus (or Line, i.e. Hall) to Oldenburg, 6 October 1674 
[A/'.k?.], and Oldenburg's reply, 17 December 1674. Linus's letter, and 
Oldenburg 's reply, are printed in the Correspondence, vol. 1, 
pp. 317-319, 332. 

Pages 151-152, Linus to Oldenburg, 25 February 1675 [#.5.]. 
In the Correspondence, a final portion appears that is not present in 

our version: 

. . . I cease to detaine you any longer heerein; and only now desire this 
favour of you, that you wilbee pleased to lett mee know what objections 
are made against My questioning that soe universally receaved Axiome, 
Qua sub maiore angulo etc which I mentioned in my former letter to you. For 
seeing that learned Optike and Member of the R. S. Mr. Isaac Barrow in 
his Lect. Opt: p. 22, not to doubt of the truth therof makes mee conceave, 
that both hee and others in that learned Assembly have more grounds for 
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themselves then meere authority. Which if I may know, you shall therin 
oblige 

Honoured: Sr: 
Your humble Servant 

Francis Line. 

{Correspondence, vol. 1, pp. 334-336). 
Pages 153-154, Newton's comments on Linus's reply, addressed to 

Oldenburg, 13 November 1675. 
Page 154, paragraph 3, lines 4-5, the Correspondence has " M r Hill 

(a member of the R. Society), whom you are well acquainted with" 
for our "A. H. (a member of the R. Society)"; paragraph 3, line 6 and 
line 12, " M r Hook" for our "R. H." 

The Correspondence prints two final paragraphs omitted from our 
version, of which the second one reads: 

I had some thoughts of writing a further discours about colours to be 
read at one of your Assemblies, but find it yet against the grain to put pen 
to paper any more on that subject. But however I have one discourse by me 
of that subject written when I sent my first letters to you about colours & 
of which I then gave you notice. This you may command when you think it 
will be convenient if the custome of reading weekly discourses still continue. 
In the meane while I am Sir. . . . 

Newton has reference here to the lengthy communication read at 
the weekly meetings of the Royal Society beginning on 9 December 
1675; for the text, see our pages 177 ff. above. {Correspondence, vol. 1, 
pp. 356-359). 

Pages 155-156, extract of a letter from Newton to Oldenburg, 10 January 
1675/6, in reply to a letter from Gascoines, a student of Linus. 

The rest of this letter refers to Newton's electrical experiments, 
and his considerable annoyance at Hooke's insinuation that Newton 
had taken the major part of his "Hypothesis" (see our pages 177 ff. 
above) from Hooke's Micrographia. In a P. S., Newton requests that 
in printing his "former letter to M r Linus," Oldenburg should 
"leave out what I mention of M r Hill & M r Hook, or at least put 
letters for their names: for I beleive they had rather not be men-
t iond." {Correspondence, vol. 1, pp. 407-412). 

Pages 157-162, Newton to Oldenburg in reply to Linus, 29 Feb. 1675/6. 
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{Correspondence, vol. 1, pp. 421-426; where it is printed from 
Samuel Horsley's 18th-century edition of Newton's Opera). 

Pages 163-169, Lucas to Oldenburg, 27 May 1676 [MS.]. 
In the Correspondence, this letter is dated 17 May 1676 [O.S.]. In 

the Conespondence, the second paragraph on our page 167 is numbered 
"[7°]" by the editors; and there is no paragraph division, as between 
our lines 9/10 from bottom. {Correspondence, vol. 2, pp. 8-14). 

Pages 169-176, Newton to Oldenburg, 18 Aug. 1676, in reply to Linus 
and Lucas. 

{Correspondence, vol. 2, pp. 76-81, where the letter is substantially 
the same.) 

Pages 178-235, Newton's "Hypothesis explaining the Properties of 
Light," etc. 

The Correspondence prints only selected portions of the "Discourse 
of Observations," with the comment that the latter "is accessible in 
the Opticks and in Horsley," whereas the "Hypothesis . . ." is not, 
"although both are printed in Birch." {Correspondence, vol. 1, 
pp. 362-392, with extensive bibliographical and explanatory notes). 

Pages 280-312. Newton's letters to Bent ley. 
The following are textually significant differences: 

Our version 
pp. 281, lines 6-7 bott. evenly disposed 

line 5 {bott.) cou ld 
line 4 {bott.) some of it w o u l d 

283, line 1 Center of 

line 4 
285, line 5 

Planets 
Bodies, w h i c h 
were 

lines 3-5 {bott.) are, as . . . 

286, line 3 {bott.) 

296, line 2 {bott.) 
300, last line 

their Gravities; 
or 
revolve about 
those 
a n d there 
C o m p u t a t i o n I 

Correspondence, vol. 3 
eavenly diffused (p. 234) 
w o u l d (p. 234) 
some of it (p. 234) 
center of the 
Orbs of (p. 234) 
ones (p. 234) 
bodies about w h i c h they m o v e & to 
the quant i ty of matter conte ined in 
those bodies , w h i c h were 

(p. 235) 
are (as . . . their gravity) 
or 

(p. 235) 
revolve at those distances 
about those (p. 235) 
& then (p. 239) 
assumpt ion (p. 253) 
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line 1 think will do will do (p. 253) 
line 2 worth while worth your while (p. 253) 
line 4 (bott.) gradually pass gradually wast[e] 

& pass (p. 253) 
par. 2, line 1 the second your second 

position position (p. 253) 
last line and Force or force (p. 254) 
line 3 a competent any competent 

Faculty faculty (p. 254) 
line 8 terial, I have terial, is a question I have left 

left (p. 254) 
line 4 implies no argues nothing (p. 254) 
line 3 you seem to do you do when you 

seem to (p. 254) 
line 3 (bott.) upon the Side on one side (p. 254) 
line 2 (bott.) about , about it (p. 254) 
line 2 that the Comets that Comets (p. 255) 
p a r . 2 , line 4 Outside outward (p. 255) 
p a r . 2 , line 8 the second your second (p. 255) 
last line divine Arm divine power (p. 244) 
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Aber ra t ion , in telescope lenses, 19, 41, 
141, 147 

Academie Roya le des Sciences (Paris) , 
28; N e w t o n elected m e m b e r of, 7, 8, 
428, 468; publ ishes Fontenel le 's Eloge 
of Newton, 7; elects Leibniz , Tschirn-
haus, Gugl ie lmini , Har t soeker , Ber-
noulli brothers , R o e m e r , 8, 428 

Acids, 246, 247; Newton ' s def ini t ion of, 
247, 256 ff.; " D e N a t u r a A c i d o r u m , " 
247; wa t e r as smal l q u a n t i t y of, 258 

A d a m , Α., 503 
Aereal substances, par t ic le densi ty re-

la ted to p e r m a n e n c y , 252-253 
Aether , 11-12; n a t u r e of, 10, 143, 179, 

180, 181, 250, 253, 254, 322, 365; Sir 
Isaac Newton's Account of the Aether, by 
Bryan Robinson , 10, 242; N e w t o n ' s 
views on, 11-12, 14, 15, 19; in m o d -

ern physics, 18; t ransmiss ion of im-
pulses t h rough , 38; m o t i o n of l ight 
part icles th rough , 50; u n d u l a t i o n of 
l ight waves t h rough , 99, 106; vibra-
tions, 99, 106, 119, 122, 124, 138, 143, 
178, 181, 209, 337; irregularit ies, 100 
f.; u n d u l a t i o n s in Hooke ' s hypothe-
sis, 102, 108, 209; a n d the sensat ion 
of l ight , 119 ff.; a n d gravi ty, 180 f.; in 
solids, 182, 250; power of soul over 
ae ther in body, 182 f.; densi ty of a n d 
muscu la r mot ion , 182 ff.; densi ty of 
a n d m o t i o n of hear t , 184; a n d re-
f rac t ion , 186; l ight v ibra t ions in 
c o m p a r e d to sound, 192; not l ight , 
209; Car t e s i an def ini t ion, 244; re-
jec ted by Boyle, 244; rejected by 
N e w t o n , 245; a n d f r a m e of na tu re , 
254; a r o u n d sun a n d vortex, 335 ff.; 

525 



5 2 6 INDEX 

Aether (cont.) 
see also Gravity, Hea r t , Light , Mus-
cular mot ion, Reflection, Refrac t ion, 
Soul, Violet color, Vortex 

Aetherial an imal spirit, in m a n , 184 
Aetherial spirit, 254; and f r ame of na-

ture, 180 
Air, irregularities of, 100 ff.; definit ion 

and properties, 253; generat ion f rom 
acid act ion, 256 ff.; can be com-
pressed, 257; on the air, hydrostatics, 
319; specific weight of, 323; elastic-
ity, 409; see also Boyle 

Air p u m p , used in optical experiments, 
177; Boyle's, 233 

Alchemy, Newton ' s interest in, 9, 243 
Alexander, H . G., 430 n., 437 n., 441 n. 
Aloes, t inc ture of, color not un i form, 

125 f. 
Analysis by Infinite Equations, N e w t o n ' s , 

463 
Andrade , Ε. N. da C., 504 
Angels of God, 358 
Angle, refracting, 169 
Animal motion, and aetherial conden-

sation, 182 
Animal spirits, aetherial na tu re of, 183 
Anne, Queen of England , Newton gives 

a copy of Principia to, 403 n.; knights 
Newton, 466 

Apertures, for lengths of reflecting tele-
scope, 69 

Apsides, mot ion of, 407 
A q u a fortis, action of on silver, 246 
A q u a regia, act ion of on gold and tin, 

246, 257, 258 
Arber , Edward , 401 n. 
Aristophanes, Frogs, 511 
Arsenic, use in making mirror wi th 

copper, 636 
Astronomia Nova, 27 
Astronomy, problems of, 407, 410 
Atheism, a t tacked by Bentley, 315 ff., 

494; proponents of, 272 
Atheists, assumpt ion on ma t t e r in 

space, 316 f., 326, 339 
Atmosphere , various p h e n o m e n a of, 

230; Newton ' s conception of, 251; 
necessity for life, 379 ff.; see also Air 

Atoms, 244; Lucret ius ' theory of, 274; 
fortui tous or casual concourse of, 316; 
a n d God, 318-319; Epicurean theory 
of, 302, 331; spontaneous a t t rac t ion 
of in mat te r , 332, 338-343; of a 
chaos, 332, 343-352; infinity of, 408 

At t ract ion, chemical , 244-246; mecha-
nism of, 245; gravi tat ional , 246; 
a m o n g acid particles, 256 ff.; of 
atoms, 331; a n d mat te r , 331-338; 
central pr inciple of Newton 's physics 
according to Fontenelle, 462, 463 

Auzout , Newton answers, 70-71, 515 

Babson, Grace K., Grace K. Babson 
collection, 492, 493 

Ball, W. W. Rouse, 398 n., 399, 399 n., 
439 n. 

Barnes, She rman B., 400 n. 
Barrow, Isaac, 447-448, 520 
Battle of the Books, The, b y J o n a t h a n 

Swift , 272 
Bechler, Zev, 42, 500, 501 
Beer, G. R. de, 434 η. 
Bell, Louis, 41 n. 
Bell metal , unsui tabi l i ty for mirror , 63 
Bentley, R ichard , 5, 245, 502-503; A 

Confutation of Atheism, 5, 272, 273, 
314 ff.; Newton to, 6, 10, 17, 522-
523; b i r th , 271; master of Trini ty 
College, 271; chapla in in Worcester, 
272; nomina ted to give Boyle lec-
tures, 272; to Newton, 273, 402, 494, 
522-523; proof of existence of God, 
273, 274-275, 342 f., 345, 348 f.; 
claims gravity not inherent in mat -
ter, 275; and second pr in t ing of 
Principia, 276; Craige to, 402 n.; ser-
mons of, 494, 495 

Berce, M. de, 21; prefers Cassegrain's 

telescope to Newton's , 72 ff. 
Bernoulli, brothers, elected to Acad-

emie Royale des Sciences, 8, 428 
Bernoulli, J e a n , Recherche de Catoptrique 

et Dioptrique, 429; objects to Newton ' s 
theory of refrangibil i ty, 429 

Biernson, George, 500 
Biographia Britannica, 434 
Biot, J . B., 435 n. 
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Birch, T h o m a s , 10, 16, 493, 494, 504, 
517; Life of Boyle, 10, 242; History of 
the Royal Society, 10, 21, 30 n., 38 n., 
399 n., 493, 508; Works of Boyle, 28 

Bi rembaut , Ar thur , 503 
Black substances, likelihood of burning , 

232 
Blackness, definition, 111 
Blondel, Nicolas-Francois, reference to 

Plato, 297 
Blood, circulation of, 381 f. 
Blue a n d red, the only p r imary colors, 

according to Hooke, 31, 112 if. 
Blue and yellow, 31 n.; generate white, 

according to Huygens , 40 
Boerhaave, H e r m a n n , 247 
Bonelli, M. L. Righini , 501 
Bonno, G., 431 n. 
Bouillier, Francisque, 430 n., 433 n., 

437 n. 
Boyle, Rober t , 30 n.; Newton to, 10, 13, 

15, 250-254; Experiments and Consider-
ations Touching Colours, 27, 28 n.; on 
colored iris produced by prism, 29; 
disregards elongation of spectrum, 
32; Boyle's law, 34 n . -35 n.; tadpole 
experiment , 182; electrical experi-
ments , 184; Newton sends respects 
to, 191; invention of air p u m p , 233; 
Works of the Honourable Robert Boyle, 
242; influence on Newton , 242-243; 
chemical studies, 243; rejects Car te-
sian concept of aether, 244-245; en-
dowed lectures on Chris t iani ty, 272; 
on the air, hydrostatics, 319; New-
ton's letter to, 494 

Boyle lectures, 5, 502; delivered by 

Bentley, 5, 272; endowed, 272 
Brewster, David, 78; Life of Sir Isaac 

Newton, 37 n., 39 n., 44 n., 271 n., 
397 n., 398 n., 431 n., 434-435, 434 n. 

Bristol, tides at, 421 
Brougham, Henry , 435 n. 
Brouncker, Wil l iam, 448 
Brown, Lloyd, 44 n. 
Brunet , Pierre, 430 n. 
Bubbles, color of, 134; r ing phenomena , 

211, 213; succession of colors, 211 if.; 
contrary colors produced in, 214; 

thickness of, 213-214, 220; see also 
Light , Water 

Burndy Library, 493 
Burnet , T h o m a s , 5 

Cajori , F., 398 η., 403 η., 430 η. 
Calculus, Newton-Leibniz controversy 

over invention of, 448-449 
Caloric, fluid of heat , 16 
Cambr idge , 273; Newton delivers opti-

cal papers, 32 n., 35; Newton leaves 
dur ing plague, 52; Bentley master of 
Trini ty College, 271; Magda l en Col-
lege, Pepysian Library, 404 n.; New-
ton studied mathemat ics at Trini ty 
College, 446; Newton professor at , 
464 

Cangu i lhem, G., 503 
Carre , J . R. , 431 n. 
Cartes ianism, 92, 102, 106, 108, 283, 

441; Principia attacks, 8; theory of 
color, 31; mechanical philosophy, 
244; in Fontenelle, 436-437; Ca tho-
lic, 437; concept of space, 438; rejec-
tion of Newton ian theory of gravity, 
438; mechanical explanat ion of force, 
439-440; criticism of Newtonianism, 
441; see also Descartes 

Cassegrain, Sieur Gui l laume, designer 
of reflecting telescope, 40, 40 n.; im-
provement of reflecting telescope, 
72-75; Newton ' s comments on, 72-
75, 515 

Cassirer, Ernst , 437 n. 
Center , descent of bodies toward, 407 
Cent r ipe ta l force, law of, 406; cause of, 

408 

Chemica l theory, Newton ' s law of 
cooling, 243; of a t t rac t ion , 244-246; 
of reactivity, 244-245; of solution, 
246; of acids and alkalis, 247; of 
Newton , 247-248 

Clarke, Samuel , 5; prepared La t in ver-
sion of Opticks, 14 

Clouds, effect on spect rum, 148-156; 
effect on prism image, 171 f. 

Cohen, I. B., 4, 8, 9, 10, 12, 16, 19, 22, 
44 n., 399, 428 n., 498, 500, 501, 503, 
504, 511 
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Colepresse, observations on tides at 
Plymouth, 421 

Collision, bodies in motion after, 405 f. 
Colors, prismatic, 29, 30, 35; theories 

of, 30-31; of rainbow, 30, 33; pri-
mary, 31; of spectrum, 33; Newton's 
theory of, 33-38, 39-40; simple, 
47 ff., 54, 82, 89, 94 f., 96, 112 f., 
121 f., 140 f., 144 f., 166, 178, 192 f., 
224; origin of, 53; pure rays of, 53, 
120, 226, 230 ff., 251; transmutations 
of, 54; mixtures and compounded, 
54 f., 94 f., 121, 138, 140, 220; only 
two sorts of, 54, 122, 124, 136; cause 
in natural bodies, 56 f.; compared 
with sound, 111; a disturbance of 
white light, 111; not qualifications of 
light, 113; more than two original, 
125 ff.; nature of, 136; definition of, 
140; number of, 143 ff.; hypothesis 
not Newton's purpose, 144; from 
neighboring light, 167; order of, 168, 
216 ff., 231; in glass surfaces and 
bubbles, 177, 187; Newton's eyes un-
critical in, 192; prismatic, 192 f.; arcs 
of, 203; black and white rings, 203, 
220 f.; arising on polished steel, 214; 
causes in natural bodies, 216 ff.; 
Newton's table of thickness of plate 
at which exhibited, 218 f.; a science 
for mathematicians, 225; relation to 
size of parts of bodies, 226, 230 ff.; 
Hooke's critique of Newton's theory, 
493; science of, 506-507, 509, 517; see 
also Bubbles, Glass, Hooke, Hypoth-
esis, Light, Natura l bodies, Pardies, 
Refraction, Refrangibility, Ring 
phenomena, Whiteness 

Comets, 284, 288, 410, 414-416, 515 
Condillac, Etienne Bonnot, Abbe de, 

442 η. 

Conduit t , John , 276, 495; source of 
biographical information on Newton 
for Fontenelle's Eloge, 7, 436 

Confutation of Atheism, by Bentley, 313-
394 

Conic sections, 147, 406; see also Hy-
perbola, Parabola 

Controversy, over Newton's theory of 

colors, 36-40; Newton abjures, 178— 
179 

Cooling, Newton's law of, 243 
Copernicus, De Revolutionibus, 27 
Copper, use in making mirror with 

arsenic, 63 f.; color when dissolved, 
120 

Corpuscles, 38, 43; sizes of, 231 f.; see 
also Aether 

Corpuscular hypothesis of light, Hooke 
attributes to Newton, 39; Newton 
denies adherence to, 43, 44; hypoth-
esis of light, analogy for, 179; see also 
Light, Water 

Corrosion of metals, 71 
Cosentini, J o h n W., 431 n. 
Cotes, Roger, 430, 430 n.; preparation 

of second edition of Principia, 276, 
430 

Couder, Α., 503 
Craige, John , advises Bentley, 273; to 

Bentley, 403 n. 
Creation, of stars and planets, 282 
Cudworth, Ralph, 272 
Curves, generation through impressed 

motion, 406 

De Mundi Systemate, Newton's, posthu-
mous, 12, 19 

"De Na tu ra Acidorum," 247, 494 
De Revolutionibus, 27 
Debus, Allen G., 501 
Deism, 273 
Delorme, Suzanne, 503 
Derham, William, 5 
Desaguliers, 403; demonstrates New-

ton's optical experiments, 431 
Descartes, Rene, 7, 8; Principia Philoso-

phiae, 8; Dioptrique, 27; Les Meteores, 
29 n.; on colored iris produced by 
prism, 29; theory of color, 31; ob-
serves elongation of spectrum, 32; 
telescopes of, 64; theory of light, 99, 
106; theory of refraction, 114; dis-
cussion of spreading of light, 124; 
hyperbola of, 147; laws of incidence 
and refraction, 186; explanation of 
rainbow, 199; Hooke's borrowing 
from, 208 f.; vortices and whirlpools, 
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415; compared to Newton by Fon-
tenelle, 457-458; see also Car tes ian-
ism 

Descent of bodies toward center, rules 
of, 407; force of, 413 

Dialogo, 27 
Diffusion of light, a n d spect rum, 100 
Digby, shown spect rum by Linus, 149 
Dioptrics, problems in, 408 
Dioptrique, 27 
Dirac, P. A. M. , 18 
Dobbs, Betty J o Teeter, 9, 501 
Doctr ine, no hypothesis needed for 

Newton's , 121 
Dryden J o h n , 272 
Duillier, Nicolas Fa t io de, see Fatio. 
Dupon t -Sommer , Α., 503 
Durdik , Josef , 437 n. 
Dyce, Rev. Alexander, 271 n., 494 

Ear th (planet) , incl inat ion of axis, 289, 
372-379; mot ion due to God, 296 ff.; 
distance f rom sun necessary for life as 
we know it, 362, 366 if.; rotat ion of, 
370 ff.; not in tended for paradise, 
387; reasons not uni formly convex, 
392 f.; spheroidal figure explained, 
410; spherical shape of sea and celes-
tial bodies and, 413 

Ear th and t ransformed ear th , reduct ion 
to water , 256 

Ea r thy bodies, 256 if. 
Ecliptic, and axis of ear th , 372-379 
Effluvia, electric a n d magnet ic , 180; 

and gravi ta t ion, 342 f. 
Einstein, Albert , 16, 18 
Elastic spirit, 13 
Electric and magnet ic effluvia, 180 
Electrical phenomena , 254; see also 

Boyle, Glass 
Elkana, Yehuda, 501 
Elogium of Newton, by Fontenelle, 494; 

first b iography of Newton , 427; 
based on in format ion supplied by 
Condui t t , 436; reflects influence of 
Leibniz a n d Huygens on Fontenelle, 
439; n u m b e r of edit ions of, 442 

Emerson, R a l p h Waldo , 277 
Engines, mechanical , 405 

Enl igh tenment , age of, 23, 273 
Epicurean theory of a t t ract ion, 320, 

331 f. 
Equinoxes, precession of, 377, 408, 410 
Essay Concerning Human Understanding, 

An, by J o h n Locke, 272 
Evelyn, J o h n , 272 
Exper iments , as basis of scientific in-

quiry, 28, 37; discrepancy between 
theory and observation, 32, 37; New-
ton requests results, 59 

Experiments and Considerations Touching 
Colours, 27, 28 n. 

Expe r imen tum crucis, on dispersion of 
light, 31-34, 36, 38, 50 f., 154; New-
ton's version of, 32-33; objection of 
Pardies to, 32, 81, 88, 98, 105; Linus ' 
version, 34 n.; Newton ' s answer to 
Pardies, 101 f., 107 f.; Pardies ' final 
satisfaction wi th , 103, 109; Hooke 
asks for, 111; impor tance of, 134 f.; 
condit ions for, 159-162; suggestion 
tha t Lucas perform, 174 ff.; type of 
prism to employ, 176 

Faber , experiments taken f rom Gri-
maldi , 198 

Faraday , Michael , 17, 18 
Fa t bodies, propert ies due to acid par-

ticles, 256, 258 
Fat io de Duill ier, Nicolas, his theory 

of aether influenced Newton , 12 
Fermenta t ions , 256 f., 462 
Finiteness of ma t t e r and space, 344 
F i r m a m e n t , d iameter of, 325 
Flame, definit ion, 181; glowing smoke, 

256 
Fluid, concept of universal, 16; circular 

mot ion and undu la t ion of, 409 
Fly, walking on water , 251 
Fontenelle, Bernard Le Bovier de, 

430 η., 431, 431 η., 432 η., 434 η., 
441 η., 503; ob ta ined informat ion 
f rom Condu i t t , 7, 436; Newton 's first 
b iographer , 7, 427; Elogium of Newton, 
7, 495; secretary to Academie Royale 
des Sciences, 427; to Newton , 430; 
credits Leibniz wi th invention of 
calculus, 430, 438 n.; b ibl iography 
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Fontenelle, Bernard Le Bovier de (cont.) 
on, 431-432; Cartes ianism, 436-437; 
Theories des Tourbillons Cartesiens, 437; 
admires Newton ian mathemat ics , 
440; Elogium of Leibniz, 448-449 

Frisi, Paolo, 434 n. 
Ful ton, J o h n F., Bibliography of Boyle, 5, 

10; Elogium of Sir Isaac Newton, 494 

Galileo, Opere, 22; Dialogo, 27; supposi-
tion on mot ion of planets , 306 

Gascoigne, Wi l l iam, 155, 161, 163, 169, 
521 

General Dictionary, 434, 434 n. 
General Schol ium, 12 ,15,430 n., 441 n.; 

first appea red in second edit ion of 
Principia, 13; a n d gravi ta t ion, 15-16 

Geometrical Treatise, by Newton , 463 
Geometricians, should s tudy refract ion 

of light, 102, 108 
Geometry, Newton 's geometrical ideal-

ization of spect rum, 33, 35; Newton ' s 
skill, 405; useful l emmas in Principia, 
410; recent improvements , 415 

Gillispie, C. C., 498, 504 
Glass, type of, in prism and experimen-

tal results, 36; effect on spect rum of 
unevenness, 48; refractive power, 49, 
173; colored, 56; refract ion of light 
rays not caused by irregularities, 
100 f.; electrical effects when rubbed , 
180, 190, 191, 200, 201 

Glass pipe, rareness of air wi thin, 186 
Glass window, effect on objects in 

room, 133 
God, 24; abil i ty to imp lan t motion, 

185; proof of existence of, 273, 274-
275, 278, 342 f., 345, 348 f.; agent in 
Newton ian universe, 274, 275, 277; 
and gravity, 341; maker of f r a m e of 
world, 342 f., 355; m a n praises, 357; 
acts geometrically, 364; see also 
Gravity, Planets 

Gold, leaf, 56; action of a q u a regia on, 
246, 257, 258; m u t u a l a t t rac t ion of 
particles, 257; condit ions for change, 
258; specific gravity, 323 

Gravity, a n d the aether, 10, 11, 180 f.; 
cause of, 10, 253, 298, 303; not inher-

ent property of mat te r , 15, 275; con-
trolled by God, 274-275; makes 
weight of bodies propor t ional to 
their mat te r , 319 f., 323, 453; and 
God, 341; a t t r ibutes and effects of, 
342; mot ion of bodies, 407 f.; in solar 
system, 410, 413, 414; principle of, 
412; law of decrease of, 414; and 
moon's orbit , 451; a t t rac t ion , 453-
454 

Gray, G. J . , 436 n., 492 
Greenstreet , W. J . , 492 
Gregoire, Frangois, 430 n., 432 n., 503 
Gregory, J a m e s , designed reflecting tel-

escope, 40, 40 n.; Optica Promota, 
40 n., 73, 75; disadvantages of his 
telescope, 44; telescope m a d e by 
Reeve, 112 

Gresham College, 248 
Grimaldi , Francesco Mar i a , 11, 29, 

30 n., 31, 32, 97, 99, 104, 106, 
198-199, 250 

Guerlac, Henry , 10, 12, 502 
Gueroul t , Mar t i a l , 439 n. 
Guglielmini , Domenico , 428; elected to 

Academie Royale des Sciences 
(Paris), 8, 428 

Gunther , R . T., 30 n. 

Hadley , J a m e s , produces parabol ic 
mirror for reflecting microscope, 41 

Hal i fax , Earl of, 464 
Hal l , A. Rupe r t , 9, 10, 13, 15, 20, 21, 

33-34, 33 n., 35 n., 43 n., 241, 500, 
501, 505, 511, 514 

Hal l , Mar i e Boas, 9, 10, 13, 15, 241, 
501, 505, 514 

Halley, E d m o n d , 6, 20, 503; review of 
Principia, 6, 319, 405-411, 493; and 
Newton , 397; publ ica t ion of Prin-
cipia, 397, 398, 399; a n d Opticks, 397; 
at M i n t , 397; Newton on, 398; stud-
ies magnet ic decl inat ion, 398; Secre-
tary of Royal Society, 398; edi tor 
a n d publisher of Philosophical Trans-
actions, 398; visited Newton at C a m -
bridge, 398; review of Principia, 399, 
405-411, 493; prepared popular iza-
tion of Principia for K i n g J a m e s II, 
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403-404; on t rue theory of tides, 
412-414; as as t ronomer to King of 
Eng l and defends Newton ' s chrono-
logical system, 468 

Harr is , J o h n , 5; Lexicon Technicum, 242, 
248, 494 

Harr ison, J o h n , 511 
Hartsoeker , elected to Academie Roy-

ale des Sciences, 8, 428 
Hawksbee, Francis, electrical experi-

ments influence Newton , 12 
Hear t , ae ther density and mot ion of, 

184 
Hea t , product ion by sunbeams, 179; 

and fo rmat ion of vapors, 252; caused 
by acid action, 252, 256 f.; due to 
agi ta t ion of particles, 256; Newton ' s 
scale of degrees of, 259-268; of 
h u m a n body, 262, 267; a n d rarefac-
tion, 264, 268 

Hill , A b r a h a m , 521 
History of the Royal Society, T h o m a s 

Birch, 10, 21, 30 n., 38 n., 399 n., 508 
History and Present State of Discoveries 

Relating to Vision, Light and Colours, 
29 n. 

Hobbes , T h o m a s , atheist , 272 
Hol tzmark , Torger, 500 
Hooke, Rober t , 21, 399 n., 510, 515, 

521; theory of light, 29; Micrographia, 
30 n., 38, 229; theory of colors, 31, 
38; disregards elongat ion of spec t rum, 
32; influence of Bacon on, 37; opposes 
Newton 's optical theories, 37-40, 43; 
pulse theory, 37 n., 38, 39, 110-115; 
a t t r ibutes corpuscular theory to New-
ton, 39; prefers refract ing telescope, 
42 n.; color exper iments in the Micro-
graphia, 56, 125; exper iment on colors 
in liquids, 82 ,85, 89 ,91 f.; hypothesis 
of undula t ions of l ight, 97, 99, 102, 
104, 106, 108; answer to Newton on 
light and colors, 110-115; to Olden-
burg, 110-115, 517; Newton to, 116-
135,517; Lucas refers to, 168; Newton 
refers to, 177; drops belief all colors 
composed of primaries, 178; Newton 's 
answer, 178; exper iment wi th stray-
ing of light, 198; alleges Newton ' s 

discourse on light and colors in Micro-
graphia, 199; views on light a n d colors 
compared to Newton 's , 208 f.; borrows 
f rom Descartes, 208 f.; Newton ac-
knowledges use of Micrographia, 229; 
cr i t ique of Newton ' s theory of light 
a n d colors, 493; see also Colors, Des-
cartes 

Horsley, Samuel , 23; Isaaci Newtoni 
opera quae exstant omnia, 243, 522 

H u m a n body, heat of, 262, 267 
H u m a n na ture , 356 
Huygens , Chr is t iaan , 21, 22, 402, 

437 n., 514; to Leibniz, 37 n.; on 
color, 37 n.; definit ion of whi te light, 
40, 505; prefers refract ing telescope, 
42 n.; on Newton ' s telescope, 42, 
65 f., 514; to Oldenburg , 136; on 
Newton ' s doctr ine of colors, 136-147; 
Newton replies, 137-142, 143-146, 
519; final reply to Newton , 147; ex-
per iments on airs, 253; De cycloide, 
407; influence on Fontenelle, 437 

Hydrostat ics , on the air, 319; doctr ine 

of Boyle, 409 
Hyperbo la of Descartes, 147 
Hypotheses, in Principia, 8; Newton 's 

s tand on, 42, 43-45, 99, 106; New-
ton's objection to, 44, 94, 96; j udg -
ment of, 102, 108 

Hypothesis , 514; Newton 's , 15, 79 ,86 f., 
I l l , 177, 508, 510; Newton ' s theory 
of light called by Hooke, 39, 114; 
Newton ' s commen t on use of, 85, 92, 
103, 109; Pardies excuses use of word, 
98, 105; desired by inquirer , 116; 
contrast to theory, 118; not needed 
for Newton ' s doctrine, 121; difficulty 
if based on two pr ime colors, 143; 
mechanical , of color, 144; of light, 
179; of ma t t e r in universe and deity, 
311; of a t t rac t ion of moon and sea, 
418; covering tides, 422 

Hypothe t ica l approach to Newton ' s 
work, 135 

Image (spectral), shape of, 158; pro-
port ion of, 169; length of, 169, 
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Image (spectral), shape of (cont.) 
170 ff.; effect of clouds on prism 
image, 171 f.; see also Solar image 

Impulse, t ransmi t ted through aether, 
38; transverse, impressed on planets, 
347 

Incidence, unequa l , 100; angle of, 149; 
Descartes ' laws of refract ion and , 
186 

Incl inat ion, of ear th 's axis, 289 f. 
Induct ive method , s ta tement on, 93 
Infini te series, 33; first publ ished by 

Mercator , 447; in Newton 's writings, 
447 

Infinities, 276; not all equal , 294 ff.; 
t r ea tmen t by Wallis of, 295; nei ther 
equal nor unequa l , 299 

Infinity, difficulty to average man , 
303 ff. 

Inflection, of rays, Newton ' s use of 
Hooke's work, 209 

In land seas, see Lakes 
Inna te idea, 272 
Insects, walking on water , 187 
Ins t rumen t (Newton's) , for observing 

moon's dis tance f rom fixed stars, 
236-238, 493 

Intell igent minds , all bodies formed for, 
358 

Interference, see R i n g p h e n o m e n a 
Interstices of opaque bodies, void of air, 

228 
Inverse-square law, 320 
Isaaci Newtoni Opera quae exstant omnia, 

by Samuel Horsley, 243 

Jacob , Marga re t C., 5, 502 
J a m e s II, K i n g of Eng land , 412; pre-

sented with Halley 's popular iza t ion 
of Principia, 403-404; not interested 
in science, 404; at tacks Newton ' s 
chronological system, 468 

J e b b , R . C., 271 n. 
Johnson , Samuel , 6, 274 
Journal des Sgavans, 28, 429 n., 431 n. 
Jup i t e r , four moons of, 52; distance 

from sun, 287 f.; spheroidal figure 
explained, 410 

Kargon, Robe r t H. , 502 
Kepler , 6; Astronomia Nova, 27; hypoth-

esis of, 410 
Kepler 's rule, 6, 406, 450 
Keynes, J . M. , on Newton , 39, 39 n., 

435 
Koyre, Alexandre, 36 n., 42 n., 439 n., 

502 
K u h n , T h o m a s S., 20, 42 n., 499 

Laborde-Mi laä , Α., 431 η. 
Lagrange, J . L., 8 
Lakes (and inland seas), inappl icabi l i ty 

of theory of tides, 422 
Lectiones Opticae, Newton 's , posthu-

mous, 19 
Leibniz, 430 n.; elected to Academie 

Royale des Sciences (Paris), 8, 428; 
Huygens to, 37 n.; rejects theory of 
gravity, 430; influence on Fontenelle, 
437, 438 n.; theory of space, 438; 
controversy wi th Newton over in-
vention of calculus, 448-449; Elogium 
of Leibniz, by Fontenelle, 448-449 

Lenses, Newton uses to refocus colored 
images of spect rum, 35; achromat ic , 
41 n., 42 n.; aber ra t ion in lenses of 
telescopes, 41, 141, 147 

Les Meteores, 29 n. 
Leslie, Sir J o h n , 18 
Lexicon Technicum, by J o h n Harr is , 242, 

248, 494 
Life, speculations on other worlds, 

359 f. 
Life of Boyle, 242 
Life of Sir Isaac Newton, by David Brew-

ster, 434-435 
Light , pulse theory of Hooke, 29, 38, 

39, 110-115; white, composed of col-
ors, 30, 459, produces only 2 p r imary 
colors according to Hooke, 31, New-
ton's definit ion of, 40, Huygens ' 
definit ion of, 40; exper imentum 
crucis on dispersion of, 31-34, 36, 38, 
50 f.; sunlight , composed of colors, 
33; Newton 's theory of, 33, 38, 39,43, 
45, 75, 93, 95, 149, 151 ff., 164; cor-
puscular theory of, 39, 43, 44, 50, 57, 
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99 f., 102, 106 f., 108, 114, 118 f., 121, 
178 f., 181, 184, 188; a n d aether , 50, 
111, 120, 179, 181, 184 ff., 192 f.; as a 
mix ture , 51, 53, 55, 58, 79, 87, 119, 
121, 140, 224, 508; re f rac t ion of, 51, 
53 f., 93, 102, 108, 124, 174 f., 185 f.; 
heterogeneous, 51, 140; N e w t o n ' s 
" d o c t r i n e " of, 53; homogeneous , 53, 
140; dif fusion of, 97, 104, 114, 119, 
179, 189, 193 f., 409; wave aspects of, 
111, 114, 120, 121, 178, 179, 184, 192, 
193; considered as a body, 114, 512; 
p r o p a g a t i o n of, 114, 184, 409; anal -
ogy w i t h stone t h r o w n in to water , 
119, 188; emission of, 119, 179; New-
ton opposes wave theory, 121; me-
chanica l exp lana t ion of, 129; of the 
sun, 140, 193; N e w t o n refutes Lucas 
on refrangibi l i ty , 174 f.; mot ion of, 
189, 409; c o m p a r e d wi th sound, 192; 
swiftness, 193; t ransmiss ion of, 194; 
Hooke ' s cr i t ique of Newton ' s theory, 
493; see also Aether , Bubbles , Colors, 
Descar tes , Hypothes is , Lucas , Re-
flection, R i n g p h e n o m e n a , S p e c t r u m 

Light rays, 21, 43; t ra jec tory t h r o u g h 
pr ism, 50; not curved a f te r refrac-
t ion, 50, 100; lost by reflection, 68; 
dispersed th rough ref rac t ion , 101; 
proper t ies should be de te rmined , 
102, 108; p h e n o m e n a of t r anspa ren t 
p la tes a n d bubbles , 119; passing 
t h rough same m e d i u m , 141; a n d 
p roduc t ion of hea t , 188; a n d sensa-
t ion of colors in opt ic nerve, 192; 
v ibra t ions in ae ther c o m p a r e d to 
sound , 192; s t ray ing c o m p a r e d w i t h 
t h a t of sound, 198; q u a n t i t y reflected 
f rom rings, 214; i m p i n g i n g on solid 
pa r t s of a body not reflected b u t lost, 
234 f. 

L i g n u m neph r i t i cum, 56, 85, 92; t inc-
tu re of, 120 

Linseed oil, ra refac t ions p ropor t iona l to 
degrees of hea t , 264, 268 

Linus , Franciscus, 21, 34 n.; cri t ic of 
N e w t o n ' s theory, 34, 34 n.; to Ol-
denburg , 148-150, 520; object ions to 
N e w t o n ' s theory of l ight a n d colors, 

148-150; showed spec t rum to Digby, 
149; denies N e w t o n ' s results, 151 f.; 
second reply to N e w t o n , 151 ff.; 
N e w t o n replies, 153; Newton ' s t h i rd 
reply, 157-162; exper iments of, 164, 
169; N e w t o n thanks O l d e n b u r g for 
he lp in e n d i n g dispute , 254 

Locke, J o h n , 402, 442 n.; An Essay Con-
cerning Human Understanding, 272 

Logarilhrnolechnia, by Merca to r , 447 
Lohne , Jos . Α., 21, 499, 501 
Louis X I V , 40 n. 
Lucas, A n t h o n y , 21, 35 n., 42 n. 
Lucret ius , a t o m i c theory of, 274 
Lyons, H e n r y , 399 n. 

McGui re , J . E., 22, 499, 502 
Mack in tosh , Sir J a m e s , 18 
M c K i e , Douglas , 241, 434 n. 
M a c L a c h l a n , H e r b e r t , 435 n. 
M a c l a u r i n , Col in , 5, 439 n. 
MacP ike , E. F., 404 η. 
M a g d a l e n e College, Pepys ian Library , 

404 n. 
Ma izeaux , P. des, 430 η. 
M a l e b r a n c h e , Nicolas, 430 η., 441; Re-

cherche de la Verite, 430; Ca tho l i c 
Car tes ian i sm, 437 

M a n u e l , F r a n k E., 504 
Marc i , J o h a n n e s Marcus , 29, 29 n. 
Mars , stellate regulus of, 63 
Mar sak , L e o n a r d M. , 504 
M a r t i n , B e n j a m i n , 434 n. 
M a r t i n , Genevieve, 503 
M a t t e r , a n d gravi ty, commensu ra t e , 

32; pa r t i cu la t e theory of, 244, 247; 
t r a n s m u t a t i o n of, 245; not e ternal , 
315; a n d a t t r ac t ion , 331-338 

Maulyvere r , N e w t o n sends letter to 

Boyle by, 250 
Mauro i s , Α., 503 
M a u r y , Alf red , 428 n. 
Maxwel l , Clerk, 17 
Mechan i ca l phi losophy, Car tes ian , 244 
M e d i u m , densi ty of, 409 
M e n s t r u u m s , act ions on bodies, 251 
Merca to r , Nicholas , first publ i shed in-

finite series, 447; Logarithmotechnia, 
447 
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Mercury, in Torricellian experiment , 
182; action on gold and tin, 257, 258; 
action of acids on, 257, 258; volatili ty 
and easy use of heat , 257 

Metals , corrosion of, 71; act ion of acids 
on, 252 

Micrographia, Hooke's , 30 n., 38, 56, 112, 
119, 125; Newton footnotes, 186; 
difference between Newton ' s views 
and Hooke's, 208 f.; observations on 
Muscovy glass, 220; Newton ac-
knowledges indebtedness, 229; see 
also Hooke 

Microscope, reflecting, 52, 112, 166; 
Hooke's experiments on, 112; im-
provement of, 128; use by Lucas to 
test Newton 's theory, 165-166; im-
provement may show corpuscles of 
bodies, 233 

Miller, Perry, 5 
Min t , Η alley at, 397; Newton , Warden 

of the, 464 
Mirror , parabolic , in Hadley ' s reflect-

ing telescope, 41; metal l ic composi-
tion for reflecting telescope, 636 

Monk , Bishop J a m e s Henry , 271 n. 
Moon, 19, 66; dis tance of, 44 n., 414; to 

de termine al t i tude, 238; distance 
f rom fixed stars de termined, 238; 
mot ion of, 408; mot ion of nodes of 
orbit , 410; a n d planets, theory of, 
414, 416; irregular mot ion of, 416, 
455; orbi t of, 451-452 

Moray , Sir Rober t , 21, 35; proposes 
optical experiments, 75-76, 516 

More , Louis T., 436 n. 
Morgan , Augustus de, 435 η. 
Mot ion , 122; muscular , 182 ff.; of 

planets, causes, 284-287, 298, 335; 
not eternal, 315; laws of, 405; New-
ton's definit ion, 405; impressed, ve-
locity of, 406; celestial, 406; of bodies 
on surfaces, 407; of bodies, and grav-
ity, 407 f.; in nonresist ing med ium, 
408; in resisting med ium, 408 f.; of 
sound, 409; impressed on sea by lu-
minaries, 421; in Principia, 450 

Mot te , Andrew, t ransla ted Principia 
into English, 13, 398 n., 430 n., 507 

Mouy , P., 430 n., 437 n. 
M u n b y , A. N. L., 4, 401 n., 404 n., 494, 

495 
Muscovy glass, de te rmin ing thickness 

of plates, 214 
Muscu la r mot ion, and aetherial den-

sity, 182 ff.; a n d nerves, 183 
M u t u a l a t t rac t ion , of particles of a 

body, 258; of particles in a finite 
universe, 281, 291, 293; in an infinite 
universe, 281, 293 

Na tu ra l bodies, const i tut ion for colors 
or t ransparency of, 202; t ranspar-
ency, 227 

Na tu re , as aetherial spirits or vapors, 
254 

Nerves, and muscular motion, 183 
" N e w Theory abou t Light and Colors," 

Newton ' s first pr in ted work, 20, 29 
Newton , Sir Isaac, 3; elected to Acad-

emie Royale des Sciences, 7, 8, 428; 
chemical papers, 9, 241-248; " D e 
N a t u r a Ac idorum" , 9, 247; alchemi-
cal interests, 9, 243; on the aether, 
9 -10; "Scala G r a d u u m Caloris", 9; 
to Boyle, 10, 494; optical papers, 10, 
19, 27; "New Theory abou t Light 
and Colors," 20, 29, 494; to Olden-
burg, 30 n., 253 f., 506, 514, 515, 517, 
521; Opticks, 29, 33, 37, 44, 278, 397, 
428, 458-459, 461; theory of color, 
33-36, 506; on hypotheses, 42, 43-44, 
45, 94, 96, 99, 106; metaphysics in 
Newton 's chemistry, 42 n.; Hooke 
a t t r ibutes corpuscular hypothesis of 
light to Newton , 39; Newton denies 
adherence to corpuscular hypothesis 
of light, 43, 44; leaves Cambr idge 
dur ing plague, 52; "Opuscu la M a t h -
emat ica Philosophica et Philo-
logica," 242-243; law of cooling, 243; 
reference by van He lmon t , 243; the-
ory of solution, 246; chemical theory, 
247-248; first addressed by Bentley, 
273; letters to Bentley, 274-275; on 
the infinite, 276; on the agent or 
cause of gravity, 276; on the exist-
ence of God, 278; ma themat i ca l 
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studies, 429, 440; bir th , 445; admi t -
ted to Trini ty College, Cambr idge , 
446; s tudied ma themat i c s at C a m -
bridge, 446; M S on infinite series, 
448; controversy with Leibniz over 
invention of calculus, 448-449; opti-
cal experiments, 459; Analysis by In-
finite Equations, 463; geometrical trea-
tise, 463; professor at Cambr idge , 
464; Warden of the M i n t , 464; Table 
of Essays of Foreign Coins, 464; delegate 
to H igh Commission Cour t , 464; 
knighted by Queen Anne, 466; Presi-
dent of Royal Society, 466; Treatise on 
Ancient Chronology, 467; Treatise at-
tacked in France, 468; bibliog-
raphies, 492-495; ". . . Answer to 
some considerations u p o n his Doc-
tr ine of Light and Colors," 493; sec-
ond paper on color and light, 493; 
chronology, 495; to Pardies, 510, 511; 
O l d e n b u r g alters Newton 's MS, 510, 
511; see also Acid, Aether , Bentley, 
Boyle, Brewster, Color, Experi-
m e n t u m crucis, Fontenelle, Halley, 
Hooke, Light , O ldenburg , Pardies 

Newton ' s rings, see R i n g phenomena 
Newton ian scholarship, 22 
Nitre, act ion when kindled with a coal, 

256, 258; explanat ion of disti l lation, 
256, 258 

Nordenmark , Ν. V. Ε., 41 η. 
Nords t rom, J . , 41 η. 
Nor th rop , F. S. C., 437 η. 

Observat ions, Newton requests suspen-
sion, 210 

Oceans, impor tance of for life on earth, 
381 ff.; spaciousness of, 384 

Occul t forces, 244, 245 
Oldenburg , Henry , 500, 514; Secretary 

to Royal Society and editor of Philo-
sophical Transactions, 38 n., 505, 511, 
514; Pardies to, 79-82, 516; Hooke 
to, 110-115, 517; Huygens to, 136, 
519; visits Newton , 154; asked not to 
pr int Newton ' s observations on light 
and colors, 210; Newton to, 253 f., 

506, 507, 508, 514; al terat ions of 
Newton ' s M S by, 508, 509, 510, 511 

Opaci ty , 209, 227-228 
O p t i c glasses, gr inding of, 47 
Optica Promota, by Gregory, 73, 75 
Opticks, 9, 14, 15-16, 19, 29, 29 n., 33, 

44 n., 278, 397, 428; second a n d third 
English editions, enlarged, 14; La t in 
version prepared by Samuel Clarke, 
14; extrapolat ion in, 35; delayed 
publ icat ion of, 37, 44 

Opuscula Mathematica Philosophica et 
Philologica, Newton 's , 242-243 

Orbis Magnus , 300, 325 
O r g a n , and light rays, 123 

Palter , Rober t , 12, 502 
Parabola , a n d reflecting telescope, 112; 

difficulty of describing, 118 
Parabol ic conoids, gr inding of, 66 
Parabol ic speculum, 65 
Parabol ic surface for reflection, 52 
Paramour Pink, H M S . , 397 
Pardies, Pere Ignat ius Gaston, 21, 32 n., 

516; objection to Newton ' s theory, 
32, 43, 78-82, 86-89, 97 f.; to Olden-
burg, 79-82, 516; Dissertation on the 
Motion of Undulation, 97, 105; excuses 
use of word "hypothesis ," 98, 105; 
satisfaction with Newton ' s explana-
tion, 103; reference in answer to 
Linus, 150; reference by Linus to, 
152; by Newton , 159; Newton to, 
510, 511; see also Colors, Experi-
m e n t u m crucis 

Particles, of first and second composi-
tions, 256, 258; of universe, and 
f r ame of heaven and ear th , 315 f.; 
relation to void in atheist 's universe, 
327 

Parts of bodies, less than some definite 
bigness, 229; denser than med ium 
pervading their interstices, 230 

Pascal, Blaise, 277 
Pelseneer, J e a n , 434 n. 
Pember ton , H. , 5, 248, 403, 434 n.; 

View of Sir Isaac Newton's Philosophy, 
403 n., 434, 439 n. 
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Pendulum, motion in a glass exhausted 
of air, 179; oscillatory motion, 407; 
vibration of in relation to resistance 
of medium, 409 

Pepys, Samuel, President of the Royal 
Society, 400, 400 n. 

Percussion, 467 
Peripatetic qualities, 129, 512, 513 
Perpendicular descent of bodies toward 

center, 407 
Petty, William, question on Hooke's 

observation, 198 
Phalaris, 271 n. 
Philosophical Transactions of the Royal So-

ciety, 9-10, 19, 21, 28, 398 n., 401, 
505, 506-507, 510, 511; prints Hal-
ley's review of Principia, 6; publishes 
anonymous article "Scala Graduum 
Caloris," 9; first scientific journal, 27 

Pighetti, Glelia, 498 
Pintard, R., 503 
Place, Newton's definition of, 405 
Plague, Newton leaves Cambridge 

during, 52 
Planets, vortices of, 183; motion in 

concentric orbits not by gravity 
alone, 297, 306; around all fixed 
stars, 325; motion not from chance, 
345; can only be ascribed to God, 
347; circular motion without God 
impossible, 350 ff.; may have stars, 
357; receive heat and light from sun, 
361 f.; velocity of in relation to dis-
tance from sun, 363; motions attest 
power of God, 365; theory of motion 
of primary planets, 415; orbits of, 
415 

Plates, transparent, phenomena of, 179, 
226 

Plato, on motion of planets, 297, 306 
Playfair, John , 18 
Plomer, Henry R., 401 
Plymouth, tides at, 421 
Polishing of metallic mirrors, 70 
Pope, Alexander, poem mentions New-

ton, 3, 19 
Precipitation, Newton's explanation of, 

252; of metals, 256 f. 
Price, D. J . de Solla, 500, 511 

Priestley, Joseph, The History and Present 
State of Discoveries Relating to Vision, 
Light, and Colours, 29 n. 

Primary colors, 31; associated with 
specific refrangibility, 460 

Principia, 3-7, 11-13, 13-15, 19, 29, 36, 
428; second edition, 4, 13, 276; con-
tent of, 4; small size of original edi-
tion, 4; book review of by Halley, 6, 
399, 405-411, 493; as attack on 
Cartesianism, 7; third edition, 13; 
translated into English by Motte, 13; 
Newton's desire to give proof of a 
deity, 280; Halley and publication 
of, 397-400; regulations concerning 
publication of, 400-401; reception of 
by non-scientists, 402; populariza-
tions of, 402-404; division of, 405; a 
reason for interruption in publishing 
Philosophical Transactions, 411 

Prism, refracts sunlight, producing 
spectrum, 29, 30, 33; experiments 
using, 29, 30, 32, 47-59, 75-78, 80 f., 
88, 124 f., 138 f., 144 f., 152 f., 163-
176; Newton's experimentum crucis 
with, 33-34; relation of type of glass 
to experimental results, 36; relation 
of thickness to spectrum, 48-77; sev-
eral images of, 155; distance from 
hole, 158; conditions for experiments 
with, 158-162; position of, 160; see 
also Colors, Experimentum crucis, 
Light, Star 

Prismatic colors, 29, 30, 35; Newton's 
chart traced from spectrum, 192 f. 

Proportion of empty space to matter in 

sun's region, 326 
Pulse theory, Hooke's theory of light, 

38, 39, 110-115 
Pulses, differing, different effects on eye 

from, 111 

Queries, in relation to Newton's theory 
of light and colors, 93 f. 

Rainbow, 29; theory of rainbow colors, 
30; explanation, 55 f.; primary and 
secondary bows, 56; Descartes' ex-
planation of, 199 
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Rat tans i , P., 9, 22, 501 
Rays, definite refrangibili t ies a n d re-

flexibilities, 224 
Recherche de Catoptrique et Dioptrique 

(1701), Bernoulli 's, 429 
Recherche de la Verite (1712), Male-

branche, 430 
R e d and blue, the only p r imary colors 

according to Hooke, 31, 112 ff. 
R e d color, a n d vibrat ion of aether, 178 
Reeve, see Reive 
Reflection, law of, 51; f rom metal l ic 

surfaces, 71; of light, causes, 177; 
cause a n d m a n n e r of, 186 f., 226, 
233; colors m a d e by, 193 f.; of very 
th in t ransparen t substances, 228 

Reflexibil i ty of rays, 144 
Refrac t ion , of sunlight by prism, 29, 30, 

33; law of, 32, 33, 49, 81, 88, 93, 95, 
102, 108, 149, 152, 159; unequal , 93, 
95, 124; effect on color, 94 f.; irregu-
lar or according to a law, 100; not 
explained by undu la t ion of ma t -
ter, 102, 108; ray of light split by, 
111; Newton accused of neglecting 
exper imenta t ion on, 116; and shape 
of spect rum, 159; and the aether, 
186; a n d reflection, cause of, 188 f.; 
see also Colors, Glass, Light , Trans-
paren t bodies 

Refrac t ive index, 41, 42 n. 
Refrangibi l i ty , inherent in different 

rays, 101; propor t ion in inclinations, 
137; of rays and color, 144; order of 
color not caused by, 168; Newton 
refutes Lucas on, 174 f.; Bernoulli 
objects to Newton ' s theory of, 429; 
see also Colors, Light 

Reive, fai lure in telescope on Gregory's 
plans, 75; makes telescope for Greg-
ory, 112 

Rescher, Nicholas, 438 n. 
Ret ina , 55; effect of colored rays (Lucas), 

165; colored image of, 166 f.; vibra-
tions due to light, 192 

Richards , J o a n Livingston, 513 
R igaud , S. R , 398 n., 399 n. 
R i n g phenomena , 194 ff., 202 ff.; colors, 

197, 221 f.; black and whi te rings, 

203, 221; n u m b e r of rings, 197, 207, 
215; thickness between glasses, 204; 
formed by t ransmi t ted and reflected 
light, 206; dark central spot, 206; 
effect of wet t ing glass, 206 f.; ob-
served in open air and in darkened 
room, 207; use of p r imary colors in-
stead of sunlight, 207 f.; contract ion 
and di lat ion, 207 f.; squares of d iam-
eters, 210 f.; distinctness of rings, 
215; transmission a n d reflection, 218; 
see also Bubbles 

Rober ts , M. , 36 n. 
Robine t , Α., 503 
Robinson, Bryan, Sir Isaac Newton's Ac-

count of the Aether, 10, 242 
Roelens, Maur ice , 504 
Roemer , Olaus , elected to Academie 

Royale des Sciences, 9, 428 
Roller, D u a n e H. D., 16 
R o m a n t i c movement , 277 
Rosenfeld, L., 30 n., 36 n. 
Ros tand , J . , 503 
Royal Society of London, 6, 10, 11, 20, 

22, 27, 28, 35, 38 n., 505, 508, 521; 
History of the Royal Society, 10; Lucas 
refers to, 169; Newton refers to 
Lucas ' ci tat ion, 175; Samuel Pepys, 
president of, 400; Hen ry Oldenburg , 
secretary of, 38 n., 505 

Sabra , A. I., 21, 499 
Sainte-Beuve, C. Α., 431 η. 
Sal alkali, composit ion, 256 f. 
Salt particles, reason for solubility, 

256 f. 
Saturn , distance from sun, 287 f. 
"Scala G r a d u u m Caloris ," Newton's , 9, 

493 
Scaliger, Joseph, 511 
Scriptures, Holy, 358 
Sea, flux and reflux of, 408, 414, 416; as 

a fluid spheroid, 419 
Seneca, observes ra inbow, 29 
Series, infinite, 33, 405; first published 

by Mercator , 447; in Newton 's writ-
ings, 447 

Shackleton, Rober t , 431 n. 
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Shapiro, Alan, 500 
Shea, Wil l iam R., 501 
Shirras, G. F., 436 η. 
Sines, ra t io of, 164 
Sir Isaac Newton's Account of the Aether, 

Bryan Robinson 's , 10, 242 
Smoke, glowing, flame, 256 
Snel, Wil lebrord, law of refraction, 32 
Solar image, decrease through pris-

mat ic experiments , 76 f.; length and 
shape, 79-81, 87-89 

Solvents, 244 
Soul, power over aether in the body, 

182 f.; influence in de te rmin ing 
aetherial an ima l spirit, 184; of virtu-
ous m a n , 356 

Sound, compared with color, 111; 
compared with light, 192; mot ion 
and propaga t ion of, 409 

Space, Newton ' s definit ion of, 405 
Spaw-Waters, Digby visits, 149 
Spec t rum, exper imenta l elongation of, 

20, 31-32; Newton 's geometrical ide-
alization of, 33, 34-35; analyzed into 
an infinite series, 33; oblong ra ther 
t han circular, 48; shape, 149, 151-
156, 167; dimensions, 164; influence 
of light a n d air, 167; length of image, 
different results, 170; see also Clouds, 
Glass, Image, Prism, Pr ismat ic col-
ors, Sun 

Speculum, advan tage of parabolic , 65; 
spherical shape of, 111 

Spherical shape, of speculum, 111; of 
ear th a n d sea, a n d celestial bodies, 
413 

Spiri tus ardentes, oils uni ted with 
phlegm f rom fermenta t ion , 256 

Star, light analyzed by prism, 76 
S tar chamber , 400 
Starkey, George, influence on Newton , 

243 
Stars, to de te rmine a l t i tude of, 238; 

creation of, 282; fixed, have same 
na ture as sun, 325, 326; elevate m a n 
to praise of God, 357; beyond reach 
of telescopes, 357; may have planets, 
357 

Sticker, Bernard, 499 

Stiles, J o h n , Newton sends papers by, 
177 

S tuar t , Dugald , 18 
S turmy, Capt . , observations on t ide at 

Bristol, 421 
Sun, d iameter of, 31, 173; source of 

whi te light, 33, 36; effect on spec-
t r u m , 149; effect on body, 167; heat 
f rom, 179, 362; a n d the aether, 181; 
vortices of, 183; dis tance f rom J u p i -
ter, 287 f.; dis tance f rom Saturn , 
287 f.; fixed star, 325, 326; vortex 
around, refuted , 335 ff.; luminosi ty 
a t t r ibu ted to God, 362 f.; distance 
f rom ear th necessary for life as we 
know it, 362, 366 ff.; gravi ta t ion to-
ward , 415; effect on tides, 419; see 
also Ear th , Planets, Vortex 

Sunl ight , dispersion and composi t ion 
of, 19-20; refracted by prism, 29, 30, 
33; mixed or combined colors, 33, 94; 
synthesized by mix ture of rays, 94 f.; 
aggregate of homogeneal colors, 141 

Superficies, relation of reflection to re-
f rac t ing power, 227 

Suppressed acid particles, actions in 

fermentat ions , 257 
Swift , J o n a t h a n , The Battle of the Books, 

272 
System of heaven a n d ear th , 315 
System of the world, 4 

Tarnish ing of metal l ic surfaces, 70 f. 
Ta ton , Rene, 9 
Telescope, 514; reflecting, 19, 51 f., 61, 

66 ff., 112, 117, 166, 460-461; re-
fract ing, 40-41, 42 n., 66 ff., 112, 117; 
Gregory's, 40 n., 44; optical observa-
tions in lenses of, 41, 141, 147; dis-
tinctness a n d magnif icat ion, 62, 
145 f.; speculum for, 63 ff.; Casse-
grain's, 72 ff., 75, 515; Hooke's a n d 
Newton ' s experiments, 112; med ium 
other t han air between lenses, 117; 
object glass for, 172; see also Des-
cartes, Huygens 

Temple, Wil l iam, 272 
Tenison, Bishop, 272 
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Theory of color, 30-31, 493 
Theory of light, Hooke's , 29, 38, 39; 

Newton 's , 33, 38, 39, 43, 47, 75, 93, 
95, 118, 133 fF., 153, 164, 493 

T h o m a s , E. R. , 36 n. 
Tides , 421-424 
Time, Newton ' s definit ion of, 405 
T in , action of a q u a regia on, 246, 257, 

258 
Tin-glass ( and bell metal) , unsuitabi l-

ity for mirror , 63 
Todd , Wil l iam B., 5 
Tonson, J . , 494, 495 
Top (children's), color mixture experi-

ment , 131 
Torricell ian experiment , s tanding of 

mercury in, 182 
Transmission and reflection, ring phe-

nomena , 218 
Transmuta t ion , of mat te r , 245, 252; 

water into ear th , 256; dependence on 
fe rmenta t ion a n d putrefact ion, 258 

Transparen t bodies, various colors, 202; 
parts reflect rays of one color a n d 
t ransmi t another , 229; reflections 
and refractions of, 408 

Transpa ren t spot, fo rmat ion by slightly 
convex prisms, 202 f. 

Treatise on Ancient Chronology, Newton 's , 
467-468; a t tacked in France, 468 

Tschirnhaus, E. W. v., elected to 
Academie Royale des Sciences 
(Paris), 8, 428 

Turnbu l l , Η . W., 499, 503, 506, 513 
Turnor , E d m u n d , 436 n. 
Tyndal l , J o h n , 17 

Undula t ions , see Aether , Fluids, Wave 
Theory of Light 

Universe, mechanis t ic conception of, 
42; void spaces in, 322 f. 

Vacuum, necessity of, 321 
Van H e l m o n t , influence on Newton, 

243 
Var tan ian , Aram, 442 n. 
Vegetables, f rom modified water , 381 

Veins in glass, th rough which rays pass, 
100 

Velocity, of planets in relation to dis-
tance f rom sun, 363; in relation to 
fall of bodies, 413 

Vendryes, J . , 503 
Venus, 35; phases of, 52; reflected light 

analyzed by prism, 76 
Vibrat ions , see Aether 
Vil lamil , R icha rd de, 511 
Vil lemot , Ph. , 430 n. 
Violet color, and vibrat ions in the 

aether, 178 
Vis centripeta, 406-408 
Vis viva, 438 
Viscidity, explanat ion, 257 
Void spaces in the universe, 322 f. 
Voltaire, 5, 430, 434 n., 439 n.; popu-

larizes Newton , 276 
Vortex, aetherial ma t t e r a round sun, 

refuted, 335 if. 
Vortices, 457; of the sun a n d planets, 

183; rejected by Newton , 288 if., 
456-457; spherical, 430 n. 

Wallis, t r ea tmen t of infinities, 295 
Warner , T., 495 
Water , act ion of particles of light con-

trasted wi th waves of, 119, 121, 179, 
188; solubili ty of substances in, 251; 
incompressibili ty, 257; small quan-
ti ty of acid, 258; specific weight of, 
323; necessity of, 381; circulation due 
to sun's action, 382 

Water bubbles , see Bubbles 
Wave theory of light, 110-115, 118-

119, 120, 121, 178, 184, 192, 193 ff., 
409 

Weather , influence on spect rum, 171 
Weld, Isaac, 398 n. 
Westfall, R. S., 7, 9, 10, 12, 15, 499, 501, 

504 
Wheel , for p r imary colors, 116 
Whis ton, Wil l iam, 5, 434 n. 
Whi te , R . J . , 502 
W h i t e color, explanat ion of, 178 
Whi t e l ight, 30, 31; produces only two 

pr imary colors, 31; Huygens ' defini-
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t ion of, 40, 505-506; Newton ' s 
definit ion of, 40, 137, 506-507 

Whiteness, na tu re of, 55, 508; Pardies ' 
views, 82, 89; Newton ' s reply, 84, 91;· 
Hooke's views, 111; whether a mix-
ture of all colors, 124, 129; com-
pound, 128, 131, 132 if.; product ion 
from two simple colors, 140, 144, 145, 
147; a dissimilar mixture of all col-
ors, 224 

Whiteside, D. T., 22, 42, 499, 500, 501 
W h i t m a n , Anne, 4 
Whi t row, M a g d a , 498 

Whi t taker , Sir E d m o n d , 16 
Wi l l iam III, K i n g of England , 464 
Wil lughby, Francis, 399 n. 
Wine , refract ion in spirit of, 182 
Witelo, 29 

Yellow, not a p r imary color, 168 
Yellow and blue, 31 n.; generate whi te 

according to Huygens , 41 
Youschkevitch, A. P., 498 

Zeitl inger, H. , 492 
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