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INTRODUCTION

The English Works of Thomas Hobbes are dedicated
to the great scholar George Grote. It was Grote who
had first drawn Molesworth’s attention to Hobbes and
had expressed the opinion that it was to be very much
regretted that Hobbes’s works were so scarce, and so
much less read and studied than they deserved to be.

In part because of Molesworth’s edition, first
published over 150 years ago, not only is Hobbes’s
reputation secure but also his works are widely read.
Any reprint, therefore, of what is still the standard
English edition must be warmly welcomed. Further-
more, the completion of a full critical edition of
Hobbes’s works by Oxford University Press is some
distance in the future and for many years to come the
standard reference to his English writings will remain
the Molesworth edition. For this reason alone it is an
indispensable work of reference for all Hobbes
scholars.

In his original edition Molesworth offered his
readers no account of the order in which Hobbes
wrote his works or how they fitted into his life. In this
Introduction, to meet that obvious gap, I give some
brief remarks under that head. In these I also indicate
the volume of this edition in which the particular
works mentioned may be found. In addition I make
some few comments on the state of contemporary
Hobbes scholarship. Finally, I have added a Contents
List for the eleven volumes, again something missing
from the original edition.
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Outline of Hobbes’s Life and Writings

Hobbes’s father was a minor clergyman in the village
of Westport, then just outside the Wiltshire town of
Malmesbury. Hobbes was born there in 1588, and he
tells us that his mother gave premature birth to him on
rumour of the Spanish Armada approaching English
shores (‘fear and I were born twins!’). He revealed
himself to be a clever boy at the local grammar school,
mastering Latin and Greek and showing considerable
ability as a translator of poetry as well as prose. These
were skills that remained with him all his life. At the
age of fourteen he went to Magdalen Hall in Oxford
and was there for five years until his graduation in
1608. He was recommended as a suitable tutor to the
son of the Earl of Devonshire and so began a connec-
tion with the Cavendish family which was to last, with
some important breaks, for the whole of Hobbes’s life.

From 1610 to 1615 Hobbes travelled on the conti-
nent with his pupil. This was the first of three such
tours, the others following in 1628-31 and in 1634-
37. On them he was to become acquainted with many
of the leading intellectual figures of Europe, including
Gassendi, Mersenne and Galileo. Back in England in
1614, he met through the Cavendish family Francis
Bacon. He went to Bacon’s estate at St Albans to act
as his secretary and they often strolled through the
gardens together deep in conversation. Meanwhile
Hobbes continued with his classical studies which led
in 1629 to the publication of his first work, a transla-
tion of Thucydides’ Eight Books of the Peloponnesian
War (in this edition, Vols VIII and IX).

It was on his second trip to the continent that
Hobbes, according to his biographer, Aubrey, first
discovered Euclid’s geometry. He was so impressed by
the logical power of Euclid’s system that, so Aubrey
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tells us, he fell ‘in love with geometry’, and it was to
remain a dominant intellectual force, powerfully
present in all his original writings, which he was now
to begin to compose. The first of these to show this
impact was a manuscript work of 1640, The Elements
of Law, not published until 1889. For this reason it
does not appear in the Molesworth edition in that form,
though versions were to appear in 1649 and 1650 as
Human Nature and De Corpore Politico (Vol. 1V).

In November 1640 Hobbes fled from England to
Paris, fearful of the hostility of parliamentary forces to
the argument of The Elements of Law, manuscript
copies of which were in circulation. He was to remain
there throughout the Civil War and beyond, not
returning to England until 1651.

In Paris Hobbes lived in a convent presided over by
Mersenne and the latter invited him to write objections
to Descartes’ Meditationes which were to be published
with the original. His contribution to the Objectiones
(1641), written anonymously, were Hobbes’s first
published philosophical work. In the following year
appeared De Cive, the third part of his planned
trilogy, of which the first two were intended to be the
already mentioned De Corpore, and De Homine. De
Cive appeared in Hobbes’s English translation in 1651
(Vol. II).

In Paris, as well as his political writings, and acting
as mathematics tutor to the exiled Charles II, Hobbes
was much engaged in natural science, especially optics,
an enquiry which engaged him at many points in his
life. He also wrote, in 1642-3 the long Latin
manuscript, first published in 1973, which under its
English title is known as Thomas White’s ‘De Mundo’
Examined. In 1650 Human Nature (Vol. IV) was
published in London, the second part of his
philosophical system. At the same time he was
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completing his most famous work, Leviathan (Vol.
I), which was published in London on his return in
1651. The storm which it engendered was to continue
long after Hobbes’s death.

One of the many controversial issues which
Leviathan raised was the problem of free will.
Hobbes’s apparent commitment to some kind of deter-
minism was the subject of private debate between
himself and Bishop Bramhall. Hobbes’s response to
Bramhall, Of Liberty and Necessity, (Vol. IV; cf. also
Vol. V) was published without Hobbes’s consent in
1654, and led Bramhall and Hobbes into exchanges in
print.

In 1655 he published what was intended as the first
part of his comprehensive philosophical scheme, De
Corpore, with an English translation, the Elements of
Philosophy (Vol. 1) in the following year. At about the
same time Hobbes entered another controversy, this
time with John Wallis and Seth Ward, the professors
of mathematics at Oxford, over the possibility of
squaring the circle (Vol. VII). It was a debate that
Hobbes would have done well not to join. Meanwhile
he was preparing De Homine for publication, and it
duly appeared in 1658. A few years later he composed
his account of the Civil War, Bebemoth (Vol. VI), but
the King forbade its publication. It appeared after
Hobbes’s death in 1680. In his last years, because he
had nothing better to do, so he tells us, he translated
Homer’s Iliad and Odyssey (Vol. X). Hobbes died in
1679, at the age of 91, at the Cavendish Derbyshire
home of Hardwick. He is buried in its church.

Contemporary Hobbes Scholarship

Interest in Hobbes has been growing rapidly in recent
years. One of the most important aspects of that
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interest is that is an expanding one, not only in the
English-speaking world but throughout Europe and
Japan.

There are a number of aspects to this strong surge.
The first perhaps is the general rising interest in the
history of philosophy. Secondly, there has been the
new style in which the history of philosophy is increas-
ingly being practised. Another factor has been the new
translations of Hobbes’s works and the publication of
hitherto unprinted manuscripts, often in critical
editions, which themselves both reflect and encourage
interest in his work. Finally, and no doubt most
important, we might note the actual quality and range
of Hobbes’s thought and its ever increasing recognition
by scholars from many intellectual and cultural
backgrounds.

The rising interest in the history of philosophy
generally has many manifestations. Almost weekly
there is information on publishers’ new series which
are either on the history of philosophy or which relate
to that history. In the past few years many journals
have begun with similar briefs, and others are
promised.

It is inappropriate in this Introduction to attempt a
detailed survey of publications which are specifically
on Hobbes. However, we should notice that large
publishing projects are on hand in several European
countries to produce critical editions and translations
of Hobbes’s work, and that much of the best research
on Hobbes’s scientific writings as well as his political
works has been and is being done in continental
Europe, with France, Italy and Holland especially
prominent. Although there is much to be done, the
critical edition of Hobbes’s Works already mentioned,
of which the first two volumes have appeared,
expresses a major commitment in Britain. We should
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also note the speed of these developments. It was not
until 1971, for example, that a French translation of
Leviathan appeared. It remains the only one which
compares the 1651 text with Hobbes’s Latin version of
1668. Mention must also be made of the International
Hobbes Association which does much to unite Hobbes
scholarship around the world.

Much of this recent interest has been linked with a
new conception of how the history of philosophy and
intellectual history generally should be done. It is a
style that first became prominent amongst historians of
science in the late 1950s and 1960s. It came to be
much more fully appreciated than hitherto that to
understand a major intellectual work it was necessary
to understand the context of its creation. Thus, to
make sense of Galileo or Newton it was necessary to
comprehend the complex intellectual forces both
within and outside natural philosophy which shaped
what is now thought of as the scientific revolution of
the seventeenth century. Many of those interested in
the history of philosophy took this message from the
historians of science and the lesson learnt is now
amply finding fruitful expression. Hobbes studies have
been enormously enriched by this movement,
undoubtedly aided by the fact that Hobbes himself so
richly crosses the boundaries between science,
philosophy, history, and political thought. There is
every reason to suppose that this is a process set to
continue for some time to come. The reissue of
Molesworth’s The English Works of Thomas Hobbes
can only advance that enterprise.

G.A.J. Rogers
University of Keele
1992
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TO

GEORGE GROTE, ESQ.

M.P. FOR THE CITY OF LONDON.

Dgar GroTe,

I dedicate to you this edition of
the Works of Hobbes; first, because 1 know
you will be well pleased to see a complete
collection of all the writings of an Author
for whom you have so high an admiration.
Secondly, because I am indebted to you for
my first acquaintance with the speculations of
one of the greatest and most original thinkers
in the Knglish language, whose works, I have
often heard you regret, were so scarce, and so
much less read and studied than they deserved

to be. It now, therefore, gives me great satis-



DEDICATION.

faction to be able to gratify a wish, you have fre-
quently expressed, that some person, who had
‘time and due reverence for that illustrious
man, would undertake to edite his works, and
bring his views again before his countrymen,
who have so long and so unjustly neglected
him. And likewise, I am desirous, in some
way, to express the sincere regard and respect
that I feel for you, and the gratitude that I
owe you for the valuable instruction, that I have
obtained from your society, and from the
friendship with which you have honoured me,
during the many years we have been com-

panions in political life.
Yours, truly,

Wirtiam MoLESWORTH.

February 25th, 1839.
79, Eaton Square, London.



ELEMENTS OF PHILOSOPHY.
THE FIRST SECTION,

CONCERNING BODY,

WRITTEN IN LATIN

THOMAS HOBBES OF MALMESBURY,

AND

TRANSLATED INTO ENGLISH.



THE

TRANSLATOR TO THE READER.

Ir, when I had finished my translation of this first section of
the Elements of Philosophy, I had presently committed the
same to the press, it might have come to your hands sooner
than now it doth., But as I undertook it with much diffidence
of my own ability to perform it well; so I thought fit, before
I published it, to pray Mr. Hobbes to view, correct, and order
it according to his own mind and pleasure. Wherefore, though
- you find some places enlarged, others altered, and two chapters,
xviny and xx, almost wholly changed, you may nevertheless
remain assured, that as now I present it to you, it doth not at
all vary from the author’s own sense and meaning. As for
the Six Lessons to the Savilian Professors at Oxford, they are
not of my translation, but were written, as here you have
them in English, by Mr, Hobbes himself; and are joined to

this book, because they are chiefly in defence of the sdme.*

* They will be published in a separate volume, with other works of a

similar description.  W. M.



THE AUTHOR’S EPISTLE DEDICATORY,

TO THE

RIGHT HONORABLE, MY MOST HONORED LORD,

WILLIAM, EARL OF DEVONSHIRE.

Tuis first section of the Elements of Philosophy, the
monument of my service and your Lordship’s bounty,
though, after the Third Section published, long de-
ferred, yet at last finished, I now present, my most
excellent Lord, and dedicate to your Lordship. A
little book, but full ; and great enough, if men count
well for great; and to an attentive reader versed in
the demonstrations of mathematicians, that is, to
your Lordship, clear and easy to understand, and
almost new throughout, without any offensive novelty.
I know that that part of philosophy, wherein are
considered lines and figures, has been delivered to
us notably improved by the ancients; and withal a
most perfect pattern of the logic by which they were
enabled to find out and demonstrate such excellent

theorems as they have done. I know also that the
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hypothesis of the earth’s diurnal motion was the
invention of the ancients; but that both it, and
astronomy,  that is, celestial physics, springing up
together with it, were by succeeding philosophers
strangled with the snares of words. And therefore
the beginning of astronomy, except observations, I
think is not to be derived from farther time than from
Nicolaus Copernicus ; who in the age next preceding
the present revived the opinion of Pythagoras, Aris-
tarchus, and Philolaus. After him, the doctrine of
the motion of the earth being now received, and a dif-
ficult question thereupon arising concerning the de-
scent. of  heavy bodies, Galileusin our time, striving
with that difficulty, was the first that opened to us the

gate of natural philosophy universal, which is the

; knowledgeof the nature of motion. Sothatneithercan

the-age of natural philosophy be reckoned higher than
to him.. Lastly, the science of man’s body, the most
profitable part of natural science, was first discovered
with admirable sagacity by our countryman Doctor
Harvey, principal Physician to King James and King
Charles, in his books of the Motion of the Blood,
and of the Generation of Living Creatures; who is
the only man I know, that conquering envy, hath
established a new doctrine in his life-time. Before

these, there was nothing certain in natural philosophy.
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but every man’s experiments to himself, and the
natural histories, if they may be called certain, that
areno certainer than civil histories. But since these,
astronomy and natural philosophy in general have,
for so little time, been extraordinarily advanced by
Joannes Keplerus, Petrus Gassendus, and Marinus
Mersennus; and the science of human bodies in
special by the wit and industry of physicians, the
only true natural philosophers, especially of our most.
learned men of the College of Physicians in London.
Natuial Philosophy is therefore but young; but
Civil Philosophy yet much younger, as being no older
(I say it provoked, and that my detractors may know
how little they have wrought upon me) than my own
book De Cive. But what? were there no philoso-
phers natural nor civil among the ancient Greeks?
There were men so called; witness Lucian, by whom
they are derided ; witness divers cities, from which
they have been often by public edicts banished. But
it follows not that there was philosophy. There
walked in old Greece a certain phantasm, for super-
ficial gravity, though fall within of fraud and filth, a
little like philosophy; which unwary men, thinking
to be it, adhered to the professors of it, some to one,
some to another, though they disagreed among them-

selves, and with great salary put their children to
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them to be taught, instead of wisdom, nothing but -
to dispute, and, neglecting the laws, to determine
every question according to their own fancies. The
first doctors of the Church, next the Apostles, born
in those times, whilst they endeavoured to defend
the Christian faith against the Gentiles by natural
reason, began also to make use of philosophy, and
with the decrees of Holy Scripture to mingle the
sentences of heathen philosophers ; and first some
harmless ones of Plato, but afterwards also many
foolish and false ones out of the physics and meta-
physics of Aristotle ; and bringing in the enemies,
betrayed unto them the citadel of Christianity. TFrom
that time, instead of the worship of God, there entered
a thing called school divinity, walking on one foot
firmly, which is the Holy Scripture, but halted on
the other rotten foot, which the Apostle Paul called
vain, and might have called pernicious philosophy ;
for it hath raised an infinite number of controversies
in the Christian world concerning religion, and from
those controversies, wars. It is like that Empusa in
the Athenian comic poet, which was taken in Athens
for a ghost that changed shapes, having one brazen
leg, but the other was theleg of an ass, and was sent,
as was believed, by Hecate, as a sign of some ap-

proaching evil fortune. Against this Empusa I think
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there cannot be invented a better exorcism, than to
distinguish between the rules of religion; that is, the
rules of honouring God, which we have from the
laws, and the rules of philosophy, that is, the opi-
nions of private men; and to yield what is due to
religion to the Holy Scripture, and what is due to
philosophy to natural reason. And this I shall do,
if I but handle the Elements of Philosophy truly and
clearly, as I endeavour to do. Therefore having in
the Third ‘Section, which.I have published and dedi-
cated to your Lordship; long since reduced all power
ecclesiastical and civil by strong arguments of reason,
without repugnance to God’s word, to one and the
same sovereign authority; I intend now, by putting
into a clear method the true foundations of natural
philosophy, to fright and drive away this metaphy-
sical Empusa ; not by skirmish, but by letting in the
light upon her. Tor I am confident, if any con-
fidence of a writing can proceed from the writer’s
fear, circumspection, and diffidence, that in the
three former parts of this book all that I have said
is sufficiently demonstrated from definitions ; and a)l
in the fourth part from suppositions not absurd.
But if there appear to your Lordship anything less
fully demonstrated than to satisfy every reader, the

cause was this, that I professed to write not all to
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all, but some things to geometricians only. But that
your Lordship will be satisfied, I cannot doubt.

There remains the second section, which is con-
cerning Man. That part thereof, where I handle the
Optics, contaning six chapters, together with the
tables of the figures belonging to them, I have already
written and engraven lying by me above these six
years. The rest shall, as soon as I can, be added to
it; though by the contumelies and petty injuries of
some unskilful men, I know already, by experience,
how much greater thanks will be due than paid me,
for telling men the truth of what men are. But the
burthen I have taken on me I mean to carry through;
not striving to appease, but rather to revenge myself
of envy, by encreasing it. For it contents me that
I have your Lordship’s favour, which, being all you
require, I acknowledge ; and for which, with my
prayers to Almighty God for your Lordship’s safety,
I shall, to my power, be always thankful.

Your Lordship’s most humble servant,

THOMAS HOBBES.

London,
April 23, 1655.



- / o r{i At F ororad
Zg vy
St % L Dereonghere

=
Kwﬂ"“""”f@ wnd o7y vty gowd £,

7 ; S A £ /( %r é«m/’/w’ /) ;'Xf’lxl' ZA"
73 %\/‘%}/\A—, Wr»mé,h./) ? LWM%—YL’

W/W Zo’"’””# "Qj WM%WL#«/ Q/Xh,,
Hrens, &vhyf»oy ﬁﬂ'y)m Ircectod | s
§ /’Ka/’ /%/y 'rr»/ }1}( f—ﬁf VL;,% o nel
f\//}ko ﬁ/,,m ﬂru/.lv)u}y/’)tu%[ W

N

;\ ow-) ﬂ;/i/rcoéay W'y/%/""%"/ '{‘“ Pren 8o

J{O/M/b 4«/7’:»/\4/ y//i/ vr/n///k'» Py A &

arrd i A ey o %W%/W/»W‘/k% Foptng
a/g pheat St QW‘/u%"ﬁ)W ["7""“4‘071/57

/W Hencrrinttty pd Jo frs meimgthg, JTEnke
& 1l b ot Mok Aosct Iript lopisyd AR 04-»/

;@%7;’%

M/\7

o7 =

7 ‘2
57

’ﬂm

L. L Ly
e
>y

t % K\ 26
\(‘\ \3\ b? M/D MQ/ch $ Kot %“/Cf M
YR A |
§\ %m/lﬁ/ ay&h Fratra g A /ou/’u at
\3 3 VDWMWJ&“M#LSL Qm%

ot ) M,Z,Yﬂ %//p ,é,/%n; W5l S oy s
oy e MWW@ /@M SR 1
3 Bispe for Bt tre thetpFdunll. Qvﬂc/‘/

\ MW }//\44 d“//(@//%w P }1‘,#;,25 L

oy %

j






THE

AUTHOR’S EPISTLE TO THE READER.

Tuink not, Courteous Reader, that the philosophy, the
elements whereof I am going to set in order, is that which
makes philosophers’ stones, nor that which is found in the
metaphysic codes; but that it is the natural reason of man,
busily flying up and down among the creatures, and bringing
back a' true report of their order, causes and effects. Phi-
losophy, therefore, the child of the world and your own mind,
is within yourself; perhaps not fashioned yet, but like the
world its father, as it was in the beginniﬁg, a thing confused.
Do, therefore, as the statuaries do, who, by hewing off that
which is superfluous, do not make but find the image. Or imi-
tate the creation: if you will be a philosopher in good earnest,
let your reason move upon the deep of your own cogitations
and experience; those things that lie in confusion must be set
asunder, distinguished, and every one stamped with its own
name set in order; that is to say, your method must re-
semble that of the creation. The order of the creation was,
light, distinction of day and night, the firmament, the lumi-
naries, sensible creatures, man ; and, after the creation, the
commandment. Therefore the order of contemplation will
* be, reason, definition, space, the stars, sensible quality,
man ; and after man is grown up, subjection to command.
In the first part of this section, which is entitled Logic, I set
up the light of reason. In the second, which hath for title
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the Grounds of Philosophy, | distinguish the most common
notions by aceurate definition, for the avoiding of confusion
and obscurity. The third part concerns the expansion of
space, that is Geometry. 'The fourth contains the Motion of
the Stars, together with the doctrine of sensible qualities.

In the second section, if it please God, shall be handled
Man. In the third section, the doctrine of Subjection is handled
already. This is the method I followed; and if it like you,
you may use the same; for I do but propound, not commend
to you anything of mine. But whatsoever shall be the
method you will like, I would very fain commend philosophy
to you, that is to say, the study of wisdom, for want of which
we have all suffered much damage lately. For even they, that
study wealth, do it out of love to wisdom ; for their treasures
serve them but for a looking-glass, wherein to behold.and
contemplate their own wisdom. Nor do they, that love to be
employed in public business, aim at anything but place
wherein to show their wisdom. Neither do voluptuous men
neglect philosophy, but only because they know not how great
a pleasure it is-to the mind of man to be ravished in the
vigorous and perpetual embraces of the most beauteous world.
Lastly, though for nothing else, yet because the mind of man
is no less impatient of empty time than nature is.of empty
place, to the end you be not forced for want of what to do, to
be troublesome to men that have business, or take hurt by
falling into idle company, but have somewhat of your own
wherewith to fill up your time, I recommend unto you to
study philosophy. Farewell.

T. H.
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COMPUTATION OR LOGIC.

CHAPTER I

Or PHILOSOPHY,

1. The Introduction.—2. The Definition of Philosophy ex-
plained.—8. Ratiocination of the Mind.—4. Properties, what
they are.—5. How Properties are known by Generation, and
contrarily.—6. The Scope of Philosophy.—7. The Utility of
it.—8. The Subject.—9. The Parts of it.—10. The Epilogue.

PrILOSOPHY seems to me to be amongst men now,
in the same manner as corn and wine are said to
have been in the world in ancient time. TFor from
the beginning there were vines and ears of corn
growing here and there in the fields; but no care
was taken for the planting and sowing of them.
Men lived therefore upon acorns; or if any were
so bold as to venture upon the eating of those
unknown and doubtful fruits, they did it with dan-
ger of their health. In like manner, every man
brought Philosophy, that is, Natural Reason, into
the world with him; for all men can reason to
some degree, and concerning some things: but
where there is need of a long series of reasons,
there most men wander out of the way, and fall
into error for want of method, as it were for want
VOL. I. B
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Introduction.
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of sowing and planting, that is, of improving their
reason. And from hence it comes to pass, that
they who content themselves with daily experience,
which may be likened to feeding upon acorns, and
either reject, or not much regard philosophy, are
commonly esteemed, and are, indeed, men of
sounder judgment than those who, from opinions,
though not vulgar, yet full of uncertainty, and
carelessly received, do nothing but dispute and
wrangle, like men that are not well in their wits.
I confess, indeed, that that part of philosophy by
which magnitudes and fignres are computed, is
highly improved. But because I have not observed
the like advancement in the other parts of it, my
purpose is, as far forth as I am able, to lay open
the few and first Elements of Philosophy in gene-
ral, as so many seeds from which pure and true
Philosophy may hereafter spring up by little and
little.

I am not ignorant how hard a thing it is to
weed out of men’s minds such inveterate opinions
as have taken root there, and been confirmed in
them by the authority of most eloquent writers;
especially seeing true (that is, accurate) Philosophy
professedly rejects not only the paint and false
colours of language, but even the very ornaments
and graces of the same; and the first grounds of
all science are not only not beautiful, but poor,
arid, and, in appearance, deformed. Nevertheless,
there being certainly some men, though but few,
who are delighted with truth and strength of rea-
son in all things, I thought I might do well to take
this pains for the sake even of those few. I proceed
therefore to the matter, and take my beginning
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from the very definition of philosophy, which is parT 1.
[

this. —_——
2. Purrosorny is such knowledge of effects or i))]cﬁlnitioln of
hilosophy

appearances, as we acquire by true ratiocinlion cxplined.
Jrom the knowledge we have first of their causes
or generation: And again, of such causes or gene-
rations as may be from knowing first their effects.

IFor the better understanding of which definition,
we must consider, first, that although Sense and
Memory of things, which are common to man and
all living creatures, be knowledge, yet because they
are given us immediately by nature, and not gotten
by ratiocination, they are not philosophy.

Secondly, seeing Experience is nothing but me-
mory; and Prudence, or prospect into the future
time, nothing but expectation of such things as
we have already had experience of, Prudence also
is not to be esteemed philosophy.

By raTiocinaTION, I mean computation. Now
to compute, is either to collect the sum of many
things that are added together, or to know what
remains when one thing is taken out of another.
Ratiocination, therefore, is the same with addition
and substraction ; and if any man add multiplica-
tion and division, I will not be against it, seeing
multiplication is nothing but addition of equals one
to another, and division nothing but a substraction
of equals one from another, as often as is possible.

So that all ratiocination is comprehended in these
two operations of the mind, addition and substrac-
tion.

3. But how by the ratiocination of our mind, Ratiocination
we add and substract in our silent thoughts, with- '
out the use of words, it will be necessary for me

B2
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to make intelligible by an example or two. If
therefore a man see something afar off and ob-
scurely, although no appellation had yet been given
to anything, he will, notwithstanding, have the
same idea of that thing for which now, by im-
posing aname on it, we call it body. Again, when,
by coming nearer, he sees the same thing thus and
thus, now in one place and now in another, he
will have a new idea thereof, namely, that for
which we now call such a thing animated. Thirdly,
when standing nearer, he perceives the figure,
hears the voice, and sees other things which are
signs of a rational mind, he has a third idea,
though it have yet no appellation, namely, that for
which we now call anything rational. Lastly,
when, by looking fully and distinctly upon it, he
conceives all that he has seen as one thing, the
idea he has now is compounded of his former ideas,
which are put together in the mind in the same
order in which these three single names, body,
antmated, rational, are in speech compounded into
this one name, body-cnimated-rational, or man,
In like manner, of the several conceptions of four
sides, equality of sides, and right angles, is com-
pounded the conception of a square. Tor the
mind may conceive a figure of four sides without
any conception of their equality, and of that equa-
lity without conceiving a right angle; and may
join together all these single conceptions into one
conception or one idea of a square. And thus we
see how the conceptions of the mind are com-
pounded. Again, whosoever sees a man standing
near him, conceives the whole idea of that man;
and if, as he goes away, he follow him with his
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eyes only, he will lose the idea of those things
which were signs of his being rational, whilst,
nevertheless, the idea of a body-animated remains
-still before his eyes, so that the idea of rational is
substracted from the whole idea of man, that is to
say, of body-animated-rational, and there remains
that of body-animated; and a while after, at a
greater distance, the idea of animated will be lost,
and that of body only will remain; so that at last,
when nothing at all can be seen, the whole idea
will vanish out of sight. By which examples, I
think, it is manifest enough what is the internal
ratiocination of the mind without words.

We must not therefore think that computation,
that is, ratiocination, has place only in numbers,
as if man were distinguished from other living
creatures (which is said to have been the opinion
of Pythagoras) by nothing but the faculty of num-
bering; for magnitude, body, motion, time, degrees
of quality, action, conception, proportion, speech
and names (in which all the kinds of philosophy
consist) are capable of addition and substraction.
Now such things as we add or substract, that is,
which we put into an account, we are said to con-
stder, in Greek AoyilesOar, in which language also
svAhoyileslar signifies to compute, reason, ox reckon.

4. But ¢ffects and the appearances of things to
sense, are faculties or powers of bodies, which
make us distinguish them from one another ; that
is to say, conceive one body to be equal or un-
equal, like or unlike to another body; as in the
example above, when by coming near enough to
any body, we perceive the motion and going of
the same, we distinguish it thereby from a tree, a

PART 1.
1.
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what they are,
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column, and other fixed bodies ; and so that motion
or going is the properiy thercof, as being proper
to living creatuves, and a faculty by which they
make us distinguish them from other bodies.

5. How the knowledge of any cffect may be
gotten from the knowledge of the generation
thereof, may easily be understood by the example
of a circle: for if there be set before us a plain
figure, having, as near as may be, the figure of a
circle, we cannot possibly perceive by sense whe-
ther it be a true circle or no; than which, never-
theless, nothing is more easy to be known to him
that knows first the generation of the propounded
figure. Ior let it be known that the figure was
made by the circumduction of a body whereof one
end remained unmoved, and we may reason thus;
a body carried about, retaining always the same
length, applies itself first to one radius, then to
another, to a third, a fourth, and successively to
all ; and, therefore, the same length, from the same
point, toucheth the circumference in every part
thereof, which is as much as to say, as all the radiz
are equal. We know, therefore, that from such
generation proceeds a figure, from whose one
middle point all the extreme points are reached
unto by equal radii. And in like manner, by
knowing first what figure is set before us, we may
come by ratiocination to some generation of the
same, though perhaps not that by which it was
made, yet that by which it might have been made;
for he that knows that a circle has the property
above declared, will easily know whether a body
carried about, as is said, will generate a circle or
no.
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6. The end or scope of philosophy is, that we varr 1.
may make use to our benefit of cffects formerly "
seen; or that, by application of bodies to one seope of
another, we may produce the like effects of those "lsPy:
we conceive in our mind, as far forth as matter,
strength, and industry, will permit, for the com-
modity of human life. TFor the inward glory and
triumph of mind that a man may have for the mas-
tering of some difficult and doubtful matter, or for
the discovery of some hidden truth, is not worth
so much pains as the study of Philosophy requires;
nor need any man care much to teach another
what he knows himself, if he think that will be the
only benefit of his labour. The end of knowledge
is power ; and the use of theorems (which, among
geometricians, serve for the finding out of proper-
ties) is for the construction of problems; and,
lastly, the scope of all speculation is the perform-
ing of some action, or thing to be done.

7. But what the utility of philosophy is, espe- Utility of
cially of natural philosophy and geometry, will be " ***F"
best understood by reckoning up the chief com-
modities of which mankind is capable, and by
comparing the manner of life of such as enjoy
them, with that of others which want the same.

Now, the greatest commodities of mankind are the
arts ; namely, of measuring matter and motion ; of
moving ponderous bodies; of architecture; of
navigation ; of making instruments for all uses;
of calculating the celestial motions, the aspects of
the stars, and the parts of time; of geography, &c.
By which sciences, how great benefits men receive
is more easily understood than expressed. These
henefits are enjoyed by almost all the people of
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Europe, by most of those of Asia, and by some of
Africa: but the Americans, and they that live near
the Poles, do totally want them. But why? Have
they sharper wits than these? Have not all men
one kind of soul, and the same faculties of mind ¢
What, then, makes this difference, except philo-
sophy? Philosophy, therefore, is the cause of all
these benefits. But the utility of moral and civil
philosophy is to be estimated, not so much by the
commodities we have by knowing these sciences,
as by the calamities we receive from not knowing

+ them. Now, all such calamities as may be avoided

by human industry, arise from war, but chiefly
from civil war ; for from this proceed slaughter,
solitude, and the want of all things. But the cause
of war is not that men are willing to have it ; for
the will has nothing for object but good, at least
that which seemeth good. Nor is it from this,
that men know not that the effects of war are
evil; for who is there that thinks not poverty
and loss of life to be great evils? 'The cause,
therefore, of civil war is, that men know not the
causes neither of war nor peace, there being but
few in the world that have learned those duties
which unite and keep men in peace, that is to say,
that have learned the rules of civil life sufficiently.
Now, the knowledge of these rules is moral philo-
sophy. But why have they not learned them,
unless for this reason, that none hitherto have
taught them in a clear and exact method? For
what shall we say ? Could the ancient masters of
Greece, Egypt, Rome, and others, persuade the
unskilful multitude to their innumerable opinions
concerning the nature of their gods, which they
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themselves knew not whether they were true or
false, and which were indeed manifestly false and
absurd; and could they not persuade the same
multitude to civil duty, if they themselves had
understood it? Or shall those few writings of
geometricians which are extant, be thought suffi-
cient for the taking away of all controversy in the
matters they treat of, and shall those innumerable
and huge volumes of e¢kics be thought unsufficient,
if what they teach had been certain and well de-
monstrated ¢ What, then, can be imagined to be
the cause that the writings of those men have
increased science, and the writings of these have
increased nothing but words, saving that the for-
mer were written by men that knew, and the
latter by such as knew not, the doctrine they
taught only for ostentation of their wit and elo-
quence? Nevertheless, I deny not but the reading
of some such books is very delightful ; for they
are most eloquently written, and contain many
clear, wholesome and choice sentences, which yet
are not universally true, though by them univer-
sally pronounced. From whence it comes to pass,
that the circumstances of times, places, and per-
sons being changed, they are no less frequently
made use of to confirm wicked men in their pur-
poses, than to make them understand the precepts
of civil duties. Now that which is chiefly wanting
in them, is a true and certain rule of our actions,
by which we might know whether that we under-
take be just or unjust. Tor it is to no purpose to
be bidden in every thing to do right, before there
be a certain rule and measure of right established,
which no man hitherto hath established. Seeing,

PART I.
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therefore, from the not knowing of civil duties,
that is, from the want of moral science, proceed
civil wars, and the greatest calamities of mankind,
we may very well attribute to such science the
production of the contrary commodities. And
thus much is sufficient, to say nothing of the praises
and other contentment proceeding from philosophy,
to let you see tlie utility of the same in every kind
thereof.

8. The subject of Philosophy, or the matter it
treats of, is every body of which we can conceive
any generation, and which we may, by any consi-
deration thereof, compare with other bodies, or
which is capable of composition and resolution;
that is to say, every body of whose generation or
properties we can have any knowledge. And this
may be deduced from the definition of philosophy,
whose profession it is to search out the properties
of bodies from their generation, or their generation
from their properties; and, therefore, where there
is no generation or property, therc is no philo-
sophy. Therefore it excludes Z%eology, T mean
the doctrine of God, eternal, ingenerable, incom-
prehensible, and in whom there is nothing neither
to divide nor compound, nor any generation to be
conceived.

It excludes the doctrine of angels, and all such
things as are thought to be neither bodies nor
properties of bodies; there being in them no place
neither for composition nor division, nor any capa-
city of more and less, that is to say, no place for
ratiocination.

It excludes Aistory, as well natural as political,
though most useful (nay necessary) to philosophy ;
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because such knowledge is but experience, or
authority, and not ratiocination.

It excludes all such knowledge as is acquired by
Divine inspiration, or revelation, as not derived to
us by reason, but by Divine grace in an instant,
and, as it were, by some sense supernatural.

It cxcludes not only all doctrines which are
false, but such also as are not well-grounded ; for
whatsoever we know by right ratiocination, can
neither be false nor doubtful ; and, therefore, ws-
trology, as it is now held forth, and all such divi-
nations rather than sciences, are excluded.

Lastly, the doctrine of God's worship is excluded
from philosophy, as being not to be known by
natural reason, but by the authority of the Church ;
and as being the object of faith, and not of know-
ledge.

9. The principal parts of philosophy are two.
For two chief kinds of bodies, and very different
from one another, offer themselves to such as
search after their generation and properties; one
whereof being the work of nature, is called a natu-
ral body, the other is called a commonwealth, and
is made by the wills and agreement of men. And
from these spring the two parts of philosophy,
called natural and civil. But seeing that, for the
knowledge of the properties of a commonwealth,
it is necessary first to know the dispositions, affec-
tions, and manners of men, civil philosophy is again
commonly divided into two parts, whereof one,
which treats of men’s dispositions and manners, is
called ethics ; and the other, which takes cogni-
zance of their civil duties, is called politics, or
simply civil philosophy. In the first place, there-
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fore (after I have set down such premises as ap-
pertain to the nature of philosophy in general), 1
will discourse of bodies natural ; in the second,
of the dispositions and manners of men ; and in
the third, of the civil duties of subjects.

10. To conclude; seeing there may be many
who will not like this my definition of philosophy,
and will say, that, from the liberty which a man
may take of so defining as seems best to himself,
he may conclude any thing from any thing (though
I think it no hard matter to demonstrate that this
definition of mine agrees with the sense of all men);
yet, lest in this point there should be any cause of
dispute betwixt me and them, I here undertake
no more than to deliver the elements of that science
by which the effects of anything may be found out
from the known generation of the same, or con-
trarily, the generation from the effects ; to the end
that they who search after other philosophy, may
be admonished to seek it from other principles.
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CHAPTER II.
OF NAMIES.

1. The necessity of sensible Moniments or Marks for the help
of Memory : a Mark defined.—2: The necessity of Marks for
the signification of the conceptions of the Mind,—3. Names
supply both those necessities,—4. The Definition of a Name.—
5. Names are Signs not of Things, but of our Cogitations.—
6. What it is we give Names to.—7. Names Positive and
Negative.—8. Contradictory Names.—9. A Common Name.—
10. Names of the First and Second Intention.—11, Universal,
Particular, Individual, and Indefinite Names.—12. Names
Univocal and Equivocal.—13. Absolute and Relative Names.—
14. Simple and Compounded Names.—15. A Predicament

described.—16. Some things to be noted concerning Predica-
ments.

1. How unconstant and fading men’s thoughts PART I.

are, and how much the recovery of them depends ——

upon chance, there is none but knows by infallible Jeeesiy.

experience in himself. TFor no man is able to re- Monimens

member quantities without sensible and present for the help
K . of Memory.

measures, nor colours without sensible and present

patterns, nor number without the names of num-

bers disposed in order and learned by heart. So

that whatsoever a man has put together in his

mind by ratiocination without such helps, will

presently slip from him, and not be revocable but

by beginning his ratiocination anew, From which

it follows, that, for the acquiring of philosophy,

some sensible moniments are necessary, by which

our past thoughts may be not only reduced, but
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also registered every one in its own order. These
moniments I call yarks, namely, sensible things
taken at pleasure, that, by the sense of them, such
thoughts may be recalled to our mind as are like
those thoughts for which we took them.

2. Again, though some one man, of how excel-
lent a wit soever, should spend all his time partly
in reasoning, and partly in inventing marks for
the help of his memory, and advancing himself in
learning ; who sces not that the benefit he reaps to
himself will not be much, and to others none at
all?  Tor unless he communicate his notes with
others, his science will perish with him. But if
the same notes be made common to many, and so
one man’s inventions be taught to others, sciences
will thereby be increased to the general good of
mankind. It is therefore necessary, for the ac-
quiring of philosophy, that there be certain signs,
by which what once man finds out may be mani-
fested and made known to others. Now, those
things we call s1ans are the antecedents of their
consequents, and the consequents of their antece-
dents, as often as we observe them to go before
or follow after in the same manner. For example,
a thick cloud is a sign of rain to follow, and rain a
sign that a cloud has gone before, for this reason
only, that we seldom see clouds without the con-
sequence of rain, nor rain at any time but when a
cloud has gone before. And of signs, some are
natural, whereof I have already given an example,
others are arbitrary, namely, those we make choice
of at our own pleasure, as a bush hung up, signi-
fies that wine is to be sold there; a stone set in
the ground signifies the bound of a field; and
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words so and so connected, signify the cogitations
and motions of our mind. The diffcrence, there-
fore, betwixt marks and signs is this, that we
make those for our own use, but these for the use
of others,.

PART I.

3. Words so connected as that they become Names

signs of our thoughts, are called speecH, of which

supply
both those

every part is a name. But seeing (as is said) both neeessities:

marks and signs are necessary for the acquiring of
philosophy, (marks by which we may remember
our own thoughts, and signs by which we may
male our thoughts known to others), names do
both these offices ; but they serve for marks before
they be used as signs. For though a man were
alone in the world, they would be useful to him
in helping him to remember; but to teach others,
(unless there were some others to be taught) of
no use at all. Again, names, though standing
singly by themselves, are marks, because they serve
to recal our own thoughts to mind: but they can-
not be signs, otherwise than by being disposed and
ordered in speech as parts of the same.  IFor ex-
ample, a man may begin with a word, whercby the
hearer may frame an idea of something in his
mind, which, nevertheless, he cannot conceive to
be the idea which was in the mind of him that
spake, but that he would say something which
began with that word, though perhaps not as by
itself, but as part of another word. So that the
nature of a name consists principally in this, that
it is a mark taken for memory’s sake ; but it serves
also by accident to signify and make known to
others what we remember ourselves, and, therefore,
I will define it thus:
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PART L 4. ANAME s a word taken at pleasure to serve

2 Jor a mavk, which may raise in owr mind a thought

Definition Zl'/L'.C’ to some thought we had before, and which
being pronounced to others, may be to them a
sign of what thought the speaker had, or had not
before in his mind. And it is for brevity's sake
that I suppose the original of names to be arbi-
trary, judging it a thing that may be assumed as
unquestionable. For considering that new names
are daily made, and old ones laid aside; that
diverse nations use different names, and how im-
possible it is either to observe similitude, or make
any comparison betwixt a name and a thing, how
can any man imagine that the names of things
were imposed from their natures? For though
some names of living creatures and other things,
which our first parents used, were taught by God
himself ; yet they were by him arbitrarily imposed,
and afterwards, both at the Tower of Babel, and
since, in process of time, growing everywhere out
of use, are quite forgotten, and in their room have
succeeded others, invented and received by men
at pleasure. Moreover, whatsoever the common
use of words be, yet philosophers, who were to
teach their knowledge to others, had always the
liberty, and sometimes they both had and will have
a necessity, of taking to themselves such names as
they please for the signifying of their meaning, if
they would have it understood. Nor had mathe-
maticians need to ask leave of any but themselves
to name the figures they invented, parabolus, hy-
perboles, cissoeides, quadratices, &ec. or to call
one magnitude A, another B.
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5. But secing names ordered in specch (as is PART L
defined) are signs of our conceptions, it is mani- — ' —
e . o ] 3 . 9 we «» Names
fest they are not signs of the things themselves ; e

for that the sound of this word stone should be ot of things,
the sign of a stone, cannot be .understood in any cogitations.
sense but this, that he that hears it collects that

he that pronounces it thinks of a stone. And,
therefore, that disputation, whether names signify

the matter or form, or something compounded of

both, and other like subtleties of the metaphysics,

is kept up by erring men, and such as understand

not the words they dispute about.

6. Nor, indeed, is it at all necessary that every wyat i is
name should be the name of something. For as )¢ gve
these, a man, a tree, a stone, are the names of the
things themselves, so the images of a man, of a
tree, and of a stone, which are represented to men
sleeping, have their names also, though they be
not things, but only fictions and phantasms of
things. Tor we can remember these; and, there-
fore, it is no less necessary that they have names
to mark and signify them, than the things them-
selves. Also this word fufure is a name, but no
future thing has yet any being, nor do we know
whether that which we call future, shall ever have
a being or no. Nevertheless, seeing we use in our
mind to knit together things past with those that
are present, the name fulure serves to signify such
knitting together. Moreover, that which neither
is, nor has been, nor ever shall, or ever can be,
has a name, namely, that which neither is nor has
been, &c. ; or more briefly this, émpossible. To
conclude ; this word nothing is a name, which yet
cannot be the name of any thing: for when, for

VOL. I. C
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PART I example, we substract 2 and 3 from 5, and so

~—— nothing remaining, we would call that substrac-

tion to mind, this spcech nothing remains, and in

it the word nothing is not unuseful. And for the

same reason we say truly, less than nothing re-

mains, when we substract more from less; for the

mind feigns such remains as these for doctrine'’s

sake, and desires, as often as is necessary, to call

the same to memory. But seeing every name has

some relation to that which is named, though that

which we name be not always a thing that has a

being in nature, yet it is lawful for doctrine's sake

to apply the word tZing to whatsoever we name ;

as if it were all one whether that thing be truly
existent, or be only feigned.

i\;:lmlt'if?;tim 7. The first distinction of names is, that some

° are positive, or affirmative, others negative, which

are also called privetive and indefinite. Positive

are such as we impose for the likeness, equality,

or identity of the things we consider; negative,

for the diversity, unlikeuess, or inequality of the

same. Examples of the former are, ¢ man, a

philosopher ; for a man denotes any one of a

multitude of men, and ¢ philosopher, any one of

many philosophers, by reason of their similitude ;

also, Socrates is a positive name, because it sig-

nifies always one and the same man. Examples of

negatives are such positives as -have the negative

particle no¢ added to them, as wnot-man, not-

philosopher. Butpositives were hefore negatives ;

for otherwise there could have been no use at all

of these. For when the name of white was

imposed upon certain things, and afterwards upon

other things, the names of bluck, blue, trans-
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parent, &e. the infinite dissimilitudes of these PART I
with white could not be comprehended in any one _
name, save that which had in it the negation of
white, that is to say, the name nof-while, or some
other equivalent to it, in which the word white is
repeated, such as wunlike to white, §c. And by
these negative names, we take notice ourselves,
and signify to others what we have not thought of.

8. Positive and negative names are contra- Contradictory

dictory to one another, so that they cannot both
be the name of the same thing. Besides, of con-
tradictory names, one is the name of anything
whatsoever ; for whatsoever is, is either man, or
not-man, white or not-white, and so of the rest.
And this is so manifest, that it needs no farther
proof or explication ; for they that say ¢ke same
thing cannot both be, and not be, speak obscurely;
but they that say, whatsoever is, either is, or is
not, speak also absurdly and ridiculously. The
certainty of this axiom, viz. ¢f two contradictory
names, one is the name of anything whatsocver,
the other not, is the original and foundation of all
ratiocination, that - is, of all philosophy; and
therefore it ought to be so exactly propounded,
that it may be of itself clear and perspicuous to
all men; as indeed it is, saving to such, as
reading the long discourses made upon this sub-
ject by the writers of metaphysics (which they
believe to be some egregious learning) think they
understand not, when they do.

9. Secondly, of names, some are common to A common
many things, as a man, « tree; others proper to "
one thing, as ke that writ the Iliad, Homer, this
man, that men. And a common name, being the

c2
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name of many things severally taken, but not
collectively of all together (as man is not the name
of all mankind, but of every one, as of Peter,
John, and the rest severally) is therefore called an
universel name ; and therefore this word wriver-
sal is never the name of any thing existent in
nature, nor of any idea or phantasm formed in the
mind, but always the name of some word or
name; so that when a living creature, a stone, a
spirit, or any other thing, is said to be universal,
it is not to be understood, that any man, stone,
&c. ever was or can be universal, but only that
these words, Ziving creature, stone, §c. are uni-
versal names, that 1s, names common to many
things ; and the conceptions answering them in
our mind, are the images and phantasms of
several living creatures, or other things. And
therefore, for the understanding of the extent of
an universal name, we nced no other faculty but
that of our binagination, by which we remember
that such names bring sometimes one thing, some-
times another, into our mind.  Also of common
names, some arc more, some less common. More
common, is that which is the name of more
things; less common, the name of fewer things;
as living creature is more common than man, or
horse, or fion, because it comprehends them all:
and therefore a more common name, in respect of
a less common, is called the genus, or a general
name ; and this in respect of that, the species, or
a special name.

10. And from hence proceeds the third distinc-
tion of names, which is, that some are called
names of the first, others of the second intention.
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Of the first intention are the names of things,
a man, stone, §e.: of the second are the names
of names and speeches, as universal, particular,
genus, species, syllogism, and the like. Butit
is hard to say why those are called names of the
JSirst, and these of the second intention, unless
perhaps it was first intended by us to give names
to those things which are of daily use in this life,
and afterwards to such things as appertain to
science, that is, that our second intention was to
give names to names. But whatsoever the cause
hereof may be, yet this is manifest, that genws,
species, definition, §c. are names of words and
names only; and therefore to put genws and
species for things, and definition for the nature of
any thing, as the writers of metaphysics have
done, is not right, seeing they be only signifi-
cations of what we think of the nature of things.

. Fourthly, some names are of certain and
(h'tm mined, others of uncertain and undetermined
signification. Of determined and certain signifi-
cation is, first, that name which is given to any
one thing by itself, and is called an individual
name ; as Homer, this tree, that living creature,
&c. Secondly that which has any of these words,
all, every, both, either, or the like added toit;
and it is therefore called an universal name,
because it signifies every one of those things to
which it is commen ; and of cerfain signification
for this reason, that he which hears, conceives in
his mind the same thing that he which speaks
would have him conceive. Of indefinite significa-
tion is, first, that name which has the word some,
or the like added to it, and is called a particular

P\RT I

Universal,
pnrm,ulnr,
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name ; secondly, a common name set by itself
without any note either of universality or particu-
larity, as man, stone, and is called an indefinite
name ; but both particular and indefinite names
are of uncertain signification, because the hearer
knows not what thing it is the speaker would have
him conceive ; and therefore in speech, particular
and indefinite names are to be esteemed equivalent
to one another. But these words, «ll, every, some,
&c. which denote universality and particularity,
are not names, but parts only of names; so that
every man, and that man which the hearer con-
cetves in hies mind, are all one; and some man,
and that man whiclk the speaker thought of, signify
the same. Irom wheuce it is evident, that the
use of signs of this kind, is not for a man’s own
sake, or for his getting of knowledge by his own
private meditation (for every man has his own
thoughts sufficiently determined without such helps
as these) but for the sake of others; that is, for
the teaching and signifying of our conceptions to
others; nor were they invented only to make us
remember, but to make us able to discourse with
others.

12. Fifthly, names are usually distinguished
into univocal and equivocal. Univocal are those
which in the same train of discourse signify
always the same thing ; but equivocal those which
mean sometimes one thing and sometimes another.
Thus, the name #riangle is said to be wunivocal,
because it is always taken in the same sense; and
parabola to be equivocal, for the signification it
has sometimes of allegory or similitude, and some-
times of a certain geometrical figure. Also every
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metaphor is by profession eguivocal. But this PART I
distinction belongs not so much to names, as to —~—
those that use names, for some use them properly

and accurately for the finding out of truth ; others

draw them from their proper sense, for ornament

or deceit.

13. Sixthly, of names, some are absolute, others Absolue

relative. Relative are such as are imposed for names.
some comparison, as jfather, son, cause, ¢ffect,
like, unlike, equal, unequal, master, servant, §c.
And those that signify no comparison at all are
absolute names. But, as it was noted above, that
universality is to be attributed to words and names
only, and not to things, so the same is to be said
of other distinctions of names; for no things are
either univocal or equivocal, or relative or abso-
lute. There is also another distinction of names
into concrete and abstract ; but because abstract
names proceed from proposition, and can have no
place where there is no affirmation, I shall speak
of them hereafter.

14. Lastly, there are simple and compounded simple and
names. But here it is to be noted, that a name is omhowt!
not taken in philosophy, as in grammar, for one
single word, but for any number of words put
together to signify one thing ; for among philoso-
phers sentient animated body passes but for one
name, being the name of every living creature,
which yet, among grammarians, is accounted three
names. Also a simple name is not here distin-
guished from a compounded name by a preposition,
as in grammar. But I call a simple name, that
which in every kind is the most common or most
universal ; and that a compounded name, which
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PART L by the joining of another name to it, is made less

——— universal, and signifies that more conceptions than

ff]‘l‘l‘}l’)'juj‘)'(',‘id one were in the mind, for which that latter name

mames.  was added. For example, in the conception of
man (as is shown in the former chapter.) First,
he is conceived to be something that has exten-
sion, which is marked by the word body. Body,
therefore, is a simple name, being put for that
first single conception ; afterwards, upon the sight
of such and such motion, another conception
arises, for which he is called an animated body ;
and this I here call a compounded name, as 1 do
also the name animal, which is equivalent to an
anmimated body. And, in the same manner, an
anmimated rational body, as also a man, which is
equivalent to it, is a more compounded name.
And by this we see how the composition of con-
ceptions in the mind is answerable to the compo-
sition of names; for, as in the mind one idea or
phantasm succeeds to another, and to this a
third ; so to one name is added another and
another successively, and of them all is made one
compounded name. Nevertheless we must not
think bodies which are without the mind, are
compounded in the same manner, namely, that -
there is in nature a body, or any other imaginable
thing existent, which at the first has no magnitude,
and then, by the addition of magnitude, comes
to have quantity, and by more or less quantity to
have density or rarity ; and again, by the addition
of figure, to be figurate, and after this, by the
injection of light or colour, to become lucid or
coloured ; though such has been the philosophy
of many.
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15. The writers of logic have endeavoured to PART I
digest the names of all the kinds of things into —2
certain scales or degrees, by the contmual subor- § Préticament
dination of names less common, to names more
common. In the scale of hodies they put in the
first and highest place body simply, and in the
next place under it less common names, by which
it may be more limited and determined, namely
animated and inanimated, and so on till they
come to individuals. In like manner, in the
scale of quantities, they assign the first place to
quantity, and the next to line, superficies, and
soltd, which are names of less latitude ; and these
orders or scales of names they usually call pred:-
caments and categories. And of this ordination
not only positive, but negative names ‘also are
capable ; which may be exemplified by such forms
of the predicaments as follow :

Tur Fora or Tie Prepicament or Boby.

Not-Body, or

Accident.
Not ani-
mated.
Body { Not living
Animated | Creature.
Living Not Man.
Creature Man Not Peter.

Peter.

ity, or h.
Absolutely, as {Q“a'!tlt): ?1 $0 muc
Both Accident and Body i Quality, or such,

are considered or

Cowparatively, whicl: is called
their Relation.
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SART
IAI;? L Tre Forym oF tie PrEprcaMuxT oF QUANTITY.
———

A predicament Not continual,

described. as Number.

. Line.
Quantity Of itself, as JSuperficios.
[ Solidt.

Continual
Time, by Line.

Motion, by Line and

By accident, as Time.
Yoree, by Motion and

Solid.

Where, it is to be noted, that line, superficies,
and solid, may be said to be of such and such
quantity, that is, to be originally and of their
own nature capable of equality and inequality ;
but we cannot say there is either majority or
minority, or equality, or indeed any quantity at
all, in ¢ime, without the help of Zine and motion ;
nor in motion, without Zine and #¢ime; mnor in
Jorce, otherwise than by motion and solid.

Tnr Fonrat or tiur PrEpIicCAMENT OF QUALITY.

Seccing.
Hearing.
Primary Smelling,
Tasting.
(Perception Touching.
by Sense
Imagination.

Affection {pleﬂsant.

Secondary {
unpleasant.

Quality <

By Seeing, as Light and Colour.
By Ilearing, as Sound.
Sensible By Smelling, as Odours.
| Quality By Tasting, as Savours.
By Touching, as Hardness, Heat,
Cold, &c.
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PART 1.
Tue Form or TuE PREDICAMENT oF RELATION. 2.

Magnitudes, as Equality and Inequality.
Qualities, as Likeness and Unlikeness.

Relation of . ! In Place.
Together {In Time.
Order

Yln Place {Former.
Not together

Later.

In Time Former.
Later.

16. Concerning which predicaments it is to be Some things
: o s s . to be noted
noted, in the first place, that as the division is concerning
made in the first predicament into contradictory P e
names, so it might have been done in the rest.
Tor, as there, body is divided into animated and
not-animated, so, in the second predicament,
continual quantity may be divided into lire and
not-line, and again, not-line into superficies and
not-superficies, and so in the rest; but it was not
necessary. _ v
Secondly, it is to be observed, that of positive
names the former comprehends the latter ; but of
negatives the former is comprehended by the
latter. For example, living-creature is the name
of every man, and therefore it comprehends the
name man ; but, on the contrary, ®ot-man is the
name of everything which is not-living-creature,
and therefore the name not-living-creature, which
is put first, is comprehended by the latter name,
not-man.
Thirdly, we must take heed that we do not
think, that as names, so the diversities of things
themselves may be searched out and determined
by such distinctions as these; or that arguments
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may be taken from hence (as some have done
ridiculously) to prove that the kinds of things are
not infinite.

Fourthly, I would not have any man think I
deliver the forms ahove for a true and exact or-
dination of names ; for this cannot be performed
as long as philosophy remains imperfect ; nor that
by placing (for example) Zight in the predicament
of qualities, while another places the same in the
predicament of bodies, I pretend that either of
us ought for this to be drawn from his opinion ;
for this is to be done only by arguments and
ratiocination, and not by disposing of words into
classes.

Lastly, I confess 1 have not yet seen any great
use of the predicaments in philosophy. I believe
Aristotle when he saw he could not digest the
things themselves into such orders, might never-
theless desire out of his own authority to reduce
words to such forms, as I have done ; but I do it
only for this end, that it may be understood what
this ordination of words is, and not to have it
received for true, till it be demonstrated by good
reason to be so.
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CHAPTER IIL.

OF PROPOSITION.

1. Divers kinds of speech.—2. Proposition defined. --3. Subject,
predicate, and copula, what they are; and abstract and con-
crete what, The use and abuse of names abstract.—5. Pro-
position, universal and particular.—6. Affirmative and negative.
—7. True and false.—8. True and false belongs to speech,
and not to things.—9. Proposition, primary, not primary,
definition, axiom, petition.—10. Proposition, necessary and
contingent. — 11. Categorical and hypothetical. — 12. The
same proposition diversely pronounced.—18. Propositions that
may be reduced to the same categorical proposition, are equi-
pollent.—14. Universal propositions converted by contradic-
tory names, are.equipollent.—15. Negative propositions ave
the same, whether negation be before or after the copula—
16. Particular propositions simply converted, are equipollent.
—17. What are subaltern, contrary, subcontrary, and con-
tradictory propositions,—18. Consequenee, what it is.—19.
Talsity cannot follow from truth.—20. How ane proposition
is the cause of another.

1. From the connexion or contexture of names PART I
arise divers kinds of speech, whereof some signify i
the desires and affections of men ; such are, first, g:;;ijf“‘s
interrogations, which denote the desire of know-
ing : as, Who is @ good man 2 In which speech
there is one name expressed, and another desired
and expected from him of whom we ask the same.
Then prayers, which signify the desire of having
something ; promises, threats, wishes, commands,
complaints, and other significations of other
affections. Speech may also be absurd and in-
significant ; as when there is a succession of
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PART I )words, to which there can be no succession of

—— |thoughts in mind to answer them ; and this hap-
pens often to such, as, understanding nothing in
some subtle matter, do, nevertheless, to make
others believe they understand, speak of the same
incoherently ; for the connection of incoherent
words, though it want the end of speech (which
is signification) yet it is speech; and is used by
writers of metaphysics almost as frequently as
speech significative. In philosophy, there is but
one kind of speech useful, which some call in Latin
dictum, others enuntiatum et pronunciatum ; but
most men call it proposition, and is the speech of
those that affirm or deny, and expresseth truth or
falsity.

[ Propasitin 2. 4 PROPOSITION is a speech consisting of
two names copulated, by whick ke that speaketl
signifies he conceives the latter name to be the
name of the same thing whereof the former is
the name ; or (which is all one) that the former
name is comprehended by the latter. Tor example,
this speech, man is « living creature, in which
two names are copulated by the verb s, is a pro-
position, for this reason, that he that speals it
conceives both living creature and man to be
names of the same thing, or that the former name,
| man, is comprehended by the latter name, living
tereature. Now the former name is commonly
called the subject, or antecedent, or the contained
name, and the latter the predicate, consequent,
or contatming name. The sign of connection
amongst most nations is either some word, as the
word s in the proposition man is « living creature,
or some case or termination of a word, as in this
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proposition, man walketl (which is equivalent to PaRT I
this, man is walking) ; the termination by which it —-~—
is said he walketh, rather than he is walking,
signifieth that those two are understood to le
copulated, or to be names of the same thing.

But there are, or certainly may be, some nations
that have no word which answers to our verb is,
who nevertheless form propositions by the position
only of one name after another, as if instead of
man is @ living creuture, it should be said man
a living creature; for the very order of the
names may sufficiently show their connection ;
and they are as apt and useful in philosophy, as if
they were copulated by the verb /s.

3. Wherefore, in every proposition three things Subjeet,
are to be considered, viz. the two names, which b et

and copula,

are the subject, and the predicate, and  their what ey are,
copulation ; both which names raise in our mind and concrete
the thought of one and the same thing; but the
(‘opulatlon makes us think of the cause for which
those names were imposed on that thing. As, for
example, when we say « body is moveable, th()ugh
we conceive the same thing to be designed by
both those names, yet our mind rests not there,
but searches farther what it is o be « body, or to
be moveable, that is, wherein consists the differ-
ence betwixt these and other things, for which
these are so called, others are not so called.
They, therefore, that seek what it is fo be any
thing, as o be moveable, to be hot, §e. seek in
things the causes of their names.

And from hence arises that distinction of names
(touched in the last chapter) into concrefe and

abstract. Tor concrete is the name of any thing
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which we suppose to have a being, and is there-

fore called the sudject, in Latin suppositum, and .
in Greek vmoxéyervov ; as body, moveable, moved, .

Jigurate, @ cubit high, hot, cold, like, e¢qual,
Appius, Lentulus, and the like; and, absiract
is that which in any subject denotes the cause
of the concrete name, as fo be a body, to Le
moveable, to be moved, to be figurate, to be of
such quantity, to be hot, to be cold, to be like,
to be equal, to be Appius, to be Lentulus, §c.
Or names equivalent to these, which are most
commonly called abséract names, as corporiety,
mobility, motion, figure, quantity, heat, cold,
likeness, equality, and (as Cicero has it) Appiety
and Lentulity. Of the same kind also are infini-
tives ; for to live and fo move are the same with

life and motion, or to be Living and fo be moved.

‘But abstract names denote only the causes of |

concrete names, and not the things themselyes.
For example, when we see any thing, or conceive
in our mind any visible thing, that thing appears
to us, or is conceived by us, not in one point, but
as having parts distant from one another, that is,
as -being extended and filling some space. Secing
therefore we call the thing so conceived dody,
the cause of that name is, that that thing is
extended, or the extension or corporiety of it.
So when we see a thing appear sometimes here,
sometimes there, and call it moved or removed,
the cause of that name is that it is moved or the
motion of the same.

And these causes of names are the same with
the causes of our conceptions, namely, some
power of action, or affection of the thing con-
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ceived, which some call the manner by which any PART L.
thing works upon our senses, but by most men -
they are called accidents ; 1say accidents, not in

that sense in which accident is opposed to
necessary; but so, as being neither the things
themselves, nor parts thercof, do nevertheless
accompany the things in such manner, that (saving
extension) they may all perish, and be destroyed,

but can never be abstracted.

4. There is also this difference betwixt concrete Thewse ¢
and abstract names, that those were invented namesabstract,
before propositions, but these after; for these
could have no being till there were propositions,
from whose copula they proceed. Now in all
matters that concern this life, but chiefly in philo-
sophy, there is both great use and great abuse of
abstract names ; and the use consists in this, that
without them we cannot, for the most part, either
reason, or compute the properties of bodies; for
when we would multiply, divide, add, or substract
heat, light, or motion, if we should double or add
them together by concrete namcs, saying (for
example) hot is double to hot, light double to
light, or moved double to moved, we should not
double the properties, but the bodies themselves
that are hot, light, moved, &e¢. which we would
not do. But the abuse proceeds from this, that
some men seeing they can consider, that is (as I
said before} bring into account the increasings
and decreasings of quantity, heat and other acci-
dents, without considering their bodies or subjects
(which they call abstracting, or making to exist
apart by themselves) they speak of acmdents, asl
if they might be separated from all bodies. And

VOL. L. D
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from henee proceed the gross crrors of writers
of metaphysics; for, because they can consider
thought without the consideration of body, they
infer there is no need of a thinking-body ; and
because quantity may be considered without con-
sidering body, they think also that quantity may
be without body, and body without quantity ; and
that a body has quantity by the addition of quan-
tity to it. TFrom the same fountain spring those
insignificant words, abstract substance, separated
essence, and the like; as also that confusion of
words derived from the Latin verb est, as essence,
essentiality, entity, entitative ; besides reality,
aliquiddity, quiddity, &ec. which could never
have been heard of among such nations as do not
copulate their names by the verb 4s, but by
adjective verbs, as runneth, readeth, &ec. or by
the mere placing of one name after another; and
yet seeing such nations compute and reason, it is
evident that philosophy has no neced of those
words essence, entity, and other the like barbarous
terms,

5. There are many distinctions of propositions,
whereof the first is, that some are wniversal,
others particular, others indefinite, and others
singular ; and this is commonly called the dis-
tinction of quantity. An wniversal proposition is
that whose subject is affected with the sign of an
universal name, as every man is a living creature.
Particular, that whose subject is affected with
the sign of a particular name, as some man is
learned. An indefinite proposition has for its
subject a common name, and put without any
sign, as man is « living creature, man is learned.
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And a singwlar proposition is that whose subject
is a singular name, as Socrafes is a philosopher,

this man is Dlack.

6. The second distinction is into affirmative
and negative, and is called the distinction of
quality. An gffirmative proposition is that whose
predicate is a positive name, as man is @ living
creatmw Neoative thdt whose __Rredxcate is_a

“7. The third dlstmctlon 18, th'u: one is true,
another false. A ¢rue proposition is that, whose
predicate contains, or comprehends its subject, or

whose predicate is the name of every thing, of

which the subject is the name ; as man is a living
creature is therefore a true proposition, because
whatsoever 1s called uan, the same is also called
living creature ; and some man is sick, is true,
because sick is the name of some man. That
which is not true, or that whose predicate does
not contain its subject, is called a  fwlse proposi-
tion, as man s @ stone.

Now these words trae, truth, and true propo-
sttion, are equivalent to one another; for truth
consists in speech, and not in the things spoken
of; and though #rwe be sometimes opposed to
apparent or /c’z gned, yet it is always to be referred
to the truth of proposition ; for the image of a
man in a glass, or a ghost, is therefore denied to
be a very man, because this proposition, « ghost
is a man, is not true ; for it cannot be denied but
that a ghost is a very ghost. And therefore truth
or verity is not any affection of the thing, but of
the proposition concerning it. As for that which
the writers of metaphysics say, that @ thing, one
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thing, and « wvery thing, arc cquivalent to one
another, it is but trifling and childish ; for who
docs not know, that « men, one man, and « very
man, signify the same.

8. And from hence it is evident, that truth and
falsity have no place but amongst such living
creatures as use speech. I'or though some brute
creatures, looking upon the image of a man in a
glass, may be affected with it, asif it were the
man himself, and for this reason fear it or fawn
upon it in vain; yet they do not apprehend it as
true or false, but only as like; and in this they are
not deceived. Wherefore, as men owe all their
true ratiocination to the right understanding of
speech ; so also they owe their errors to the mis-
understanding of the same ; and as all the orna-
ments of philosophy proceed only from man, so
from man also is derived the ugly absurdity of
false opinions. Ifor speech has something in it
like to a spider’s web, (as it was said of old of
Solow’s laws) for by contexture of words tender
and delicate wits are ensnared and stopped;
but strong wits break easily through them.

From hence also this may be deduced, that the
first truths were arbitrarily made by those that
first of all imposed names upon things, or received
them from the imposition of others. Tor it is
true (for example) that man is @ living creature,
but it is for this reason, that it pleased men to
impose both those names on the same thing.

9. Fourthly, propositions are distinguished into
primary and not primary.  Primary is that
wherein the subject is explicated by a predicate of
many names, as man is a body, animated,
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rational; for that which is Lomprch(,nd(:([ in the
name man, is more lar ‘*Lly explcssed in the names

body, mzmz(uf(’(l, and wmonul JOlllCd torr(‘thu 5

o

and it is called primary, because it is firstin ratio-
cination ; for nothing can be proved, without
understanding first the name of the thing in
question. Now primary propositions are nothing
but definitions, or parts of definitions, and these
only are the principles of demonstration, being
truths constituted arbitrarily by the inventors of
speech, and therefore not to be demonstrated.
To these propositions, some have added others,
which they call primary and principles, namely,
axioms, and common mnotions ; which, (though
they be so evident that they need no proof) yet,
because they may be proved, are not truly prin-
ciples; and the less to be received for such, in
regard propositions not intelligible, and some-
times manifestly false, are thrust on us under the
name of principles by the clamour of men, who
obtrude for evident to others, all that they them-
selves think true. Also certain petitions are com-
monly received into the number of principles; as,
for example, that a straight line may be drawn
between two points, and other petitions of the
writers of geometry; and these are indeed the
principles of art or construction, but not of science
and demonstration.

-
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10. Fifthly, propositions are distinguished into proposition

necessary, that is, necessarily true; and true, but
not necessarily, which they call contingent. A
necessary proposition is when nothing can at any
time be conceived or feigned, whereof the subject
is the name, but the predicate also is the name of

necessary &
conlingent.
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I’M;T L the same thing ; as man is « Living ereature is a

——— necessary proposition, because at what time
11"0'21’::5\':?; soever we suppose the name man agrees with any
contingent. thing, at that time the name living-creature also
agrees with the same. But a contingent proposi-
tion is that, which at one time may be true, at
another time false ; as every crow is black ; which
may perhaps be true now, but false hereafter.
Again, in every necessary proposition, the predi-
cate is either equivalent to the subjeet, as in this,
man is @ rationel living ereature ; or part of an
equivalent name, as in this, man is ¢ lLiving crea-
ture, for the name rational-living-creature, or
man, is compounded of these two, rational and
living-creature.  But in a contingent proposition
this cannot be; for though this were true, every
man is « liar, yet because the word Ziar isno part
of a compounded name equivalent to the name
man, that proposition is not to be called necessary,
but contingent, though it should happen to be true
always. And therefore those propositions only
are necessary, which are of sempiternal truth, that
1s, true at all thmes.  From hence also it is mani-
fest, that truth adheres not to things, but to
speech only, for some truths are eternal; for it
will be eternally true, if man, then lLiving-crea-
ture; but that any man, or living-creature, should

exist eternally, is not necessary.
Categorical & 11. A sixth distinction of propositions is into
hypothetical. o teporical and hypothetical. A categorical
proposition is that which is simply or absolutely
pronounced, as every man is « lLiving-creature,
no man is « tree; and hypothetical is that which
is pronounced conditionally, as, i any thing be @
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man, the same is also a lwzng -creature, if any- PARL I.
thing be a man, the same is also not-a-stone. —r—
A categorical proposition, and an hypothe- f;;f}fﬁ;‘ﬁ::,&

tical answering it, do both signify the same, if the

propositions be necessary ; but not if they be con-

tingent. For example, if this, every man is a

living-creature, be true, this also will be true,

any thing be a man, the same is also « living-

creature ; but in contingent propositions, though

this be true, every crow is black, yet this, i any

thing be a crow, the same is black, is false. But

an hypothetical proposition is then rightly said

to be true, when the consequence is true, as every

man is « living-creature, is rightly said to be a

true proposition, because of whatsoever it is truly

said ¢hat is @ man, it cannot but be truly said also,

the same is « living creature. And therefore

whensoever an Aypothetical proposition is true,

the categorical answering it, is not only true, but

also necessary ; which I thought worth the noting,

as an argument, that philosophers may in most

things reason more solidly by Ahypothetical than

categorical propositiou%

12. But sceing every propo:;ltlon may be, and Thesame

proposition

uses to be, pronounced and written in many forms, diversely

and we are obliged to speak in the same manner """

as most men speak, yet they that learn philosophy

from masters, had need to take heed they be not

deceived by the variety of expressions. And

therefore, whensoever they meet with any obscure

proposition, they ought to reduce it to its most

simple and categorical form ; in which the copu-

lative word zs must be expressed by itself, and not

mingled in any manner either with the sabject or
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PART L. predicate, both which must be separated and
—~— clearly distinguished one from another. TFor
example, if this proposition, man can not sin, be
compared with this, man cannot sin, their dif-
ference will easily appear if they be reduced to
these, man is able not to sin, and, man is not adle
to sin, where the predicates are manifestly dif-
ferent. But they ought to do this silently by
themselves, or betwixt them and their masters
only; for it will be thought both ridiculous and
absurd, for a man to use such language publicly.
Being therefore to speak of equipollent proposi-
tions, I put in the first place all those for equipol-
lent, that may be reduced purely to one and the
same categorical proposition.
glr:tpgls;t;oges 13. Secopdly, Fhat which' is categor'{cal and
reduced to NECESSArY, is equipollent to its hypothetical pro-
:L‘:osr:'c'lflf;‘o position; as this categorical, @ »ight-lined tri-
lc’;fl’l'l;‘;;‘]c we angle has it.s: three (uzg.les cgual to two right
angles, to this hypothetical, if any figure be a
right-lined triangle, the three angles of it are
equal to two right angles.
Universal 14. Also, any two universal propositions, of
Doerted by Which the terms of the one (that is, the subject
ooy and predicate) are contradictory to the terms of
equipollent. the other, and their order inverted, as these, every
man is @ living creature, and every thing that is
not a living-creature is not @ man, ave equipollent.
For seeing every man is a living creature is a
true proposition, the name living creature con-
tains the name man ; but they are both positive
names, and therefore (by the last article of the
precedent chapter) the negative name nof man,

contains the negative name no? living-creature ;




S

OF PROPOSITION. 41

wherefore every thing that is nof a lLiving-crea- PART L
ture, is not @ man, is a true proposition. Likewise ——
these, no man is « tree, no tree is a man, are
equipollent. Tor if it be true that ¢ree is not the

name of any maen, then no one thing can be signi-

fied by the two names maen and #ree, wherefore

no tree is @ man is a true proposition.  Also to

this, whatsoever is not a living-creature is not

man, where both the terms are negative, this

other proposition is equipollent, only a living crea-

ture s @ man,

15. Fourthly, negative propositions, whether Negative

the particle of negation be set after the copula as Jro e sum

as are the same,
some nations do, or before it, as it is in Latin and whether the

negation be
+ Greek, if the terms be the same, are equipollent : \t’lcfore orlatm
i . . the copula.
\1 as, for example, man is not a tree, and, man is
\ not-a-tree, are equipollent, though Aristotle deny
1it.  Also these, every man is not « tree, and no
man is « tree, are equipollent, and that so mani-
festly, as it needs not be demonstrated.
16. Lastly, all particular propositions that have raricular
. f ; . . propositions
their terms inverted, as these, some man is blind, iy con-
o N N ; y . H . . verted, ave
some blind thing is « man, are equipollent ; for ;o0 o0
etther of the two names, is the name of some one
and the same man ; and therefore in which soever
of the two orders they be connected, they signify
} the same truth.

17. Of propositions that have the same terms, whatarcsnb-

. . . altern, con-
and are placed in the same order, but varied either { supeon-

by quantity or quality, some are called subaltern, trry, and
contradictory
others conirary, others subcontrary, and others propositions.
contradictory.
Subaltern, are universal and particular propo-

sitions of the same quality; as, every man is «
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PART 1. living creature, some man is a living creature

~——— Or, N0 man is wise, some man is not wise. Of

Propositions. thege, if the universal be true, the particular will
be true also.

Contrary, are universal propositions of different
quality ; as, every man is happy, no man is
happy. And of these, if one be true, the other
is false: also, they may both be false, as in the
example given,

Subcontrary, are particular propositions of
different quality ; as, some man is learned, some
man is not learned ; which cannot be both false,
but they may be both true.

Contradictory are those that differ both in
quantity and quality ; as, every man is a lving
creature, some man 1S not « living-creature ;
which can neither be both true, nor both false.

Lonsequence, 18. A propqsition is said to fo%low from two

" other propositions, when these being granted to

be true, it cannot be denied but the other is true

also. For example, let these two propositions,

every man is « Living creature, and, every living

ereature ts @ body, be supposed true, that is, that

body is the name of cvery living creature, and

living creature the name of every man. Seeing

therefore, if these be understood to be true, it

cannot be understood that body is not the name of

every man, that is, that cvery man is « body is

false, this proposition will be said to follow from

those two, or to be necessarily inferred from them.

Falsity 19. That a true proposition may follow from

cumnot oW palse propositions, may happen sometimes; but
from trath, 1€ prop > Yy PP s

false from true, never. Tor if these, cvery man

is « stone, and every stone is a living creature,
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(which are both false) be granted to be true, it is TART L
granted also that living ereature is the name of ——
cvery stone, and stone of every man, that is, that
living creature is the name of every man; that
is to say, this proposition every man is « living
creature, is true, as it is indeed true, Wherefore
a true proposition may sometimes follow from
false. But if any two propositions be true, a
false one can never follow from them. Tor if
true follow from false, for this reason only, that
the false are granted to be true, then truth from
two truths granted will follow in the same manner.

20. Now, seeing none but a true proposition How one
will follow from true, and that the understanding & the caee
of two propositions to be true, is the cause of °f aother
understanding that also to be true which is
deduced from them; the two antecedent propo-
sitions are commonly called the causes of the
inferred proposition, or conclusion. And from
hence it is that logicians say, the premises are
causes of the conclusion ; which may pass, though
it be not properly spoken ; for though understand-
ing be the cause of understanding, yet speech is
not the cause of speech. But when they say, the
cause of the properties of any thing, is the thing
itself, they speak absurdly. TFor example, if a
figure be propounded which is triangular ; seeing
every triangle has all its angles together equal
to two right angles, from whence it follows that
all the angles of that figure are equal to two right
angles, they say, for this reason, that that figure
is the cause of that equality. But sceing the
figure does not itself make its angles, and there-
fore cannot be said to be the efficient-cause, they
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call it the formal-cause ; whereas indeed it is no
cause at all; nor does the property of any figure
follow the figure, but has its being at the same
time with it; only the knowledge of the figure
goes before the knowledge of the properties;
and one knowledge is truly the cause of another
knowledge, namely the efficient cause.

And thus much concerning proposition ; which
in the progress of philosophy is the first step,
like the moving towards of oue foot. By the
due addition of another step I shall proceed to
syllogism, and make a complete pace. Of which
in the next chapter.

CHAPTER IV.

OTF SYLLOGISNM.

1. The definition of syllogism.—2, In a syllogism there ave but
three terms.—3. Major, minor, and middle terin; also ajor
and minor proposition, what they ave.—4. The middle term in
every syllogism ought to he determined in both the propositions
to one and the same thing.—35. Irom two particular propo-
sitions nothing can be concluded,.—6. A syllogism is the col-
lection of two propositions into one sum.—7. The figure of a
syllogiem, what it is.—8. What is in the mind answering to a
syllogism.—9. The first indirect figure, how it is made.—
10. The second indirect figure, how made.—11. How the third
indirect figure is made.—12. There are many moods in every
figure, but most of them useless in philosophy.—13. An
hypothetical syllogism when equipollent to a categorical.

1. A spEECH, consisting of three propositions,
from two of which the third follows, is called a
sYLLoGisM ; and that which follows is called the
conclusion ; the other two premises. Tor example,
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this speech, covery man is a living creature, PARTI.
every living creature is a body, therefore, cvery ———
man is « body, is a syllogism, because the third
proposition follows from the two first ; that is, if

those be granted to be true, this must also be
granted to be true.

2. I'rom two propositions which have not one In asyllogism

term common, no conclusion can follow; and ::;cerg ﬂtrcenlr’\‘;.t
therefore no syllogism can be made of them.
For let any two premises, ¢ man is a living crea-
ture, a tree is a plant, be both of them true, yet
because it cannot be collected from them that
plant is the name of a man, or man the name of
a plant, it is not necessary that this conclusion, «
manis a plant, should be true. Corollary: there-
fore, in the premises of a syllogism there can be
but three ¢erms. ‘

Besides, there can be no term in the conclusion,
which was not in the premises. For let any two
premises be, « man is « living creature, « living
ereature is « body, yet if any other term be put
in the conclusion, as man is two-footed ; though
it be true, it cannot follow from the premises,
because from them it cannot be collected, that
the name two-footed belongs to a man; and
therefore, again, in every syllogism there can be
but three ferms.

3. Of these terms, that which is the predicate Major, minor
in the conclusion, is commonly called the major ; ?;i(:nm'gfis}f
that which is the subject in the conclusion, ;,“,“jl?;s?ii';};’:m
the minor, and the other is the middle term ; as what theyare.
in this syllogism, ¢ man is a living creature, «
living creature is a body, therefore, a man is a
body, body is the major, man the minor, and
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PART 1. living creature the middle term.  Also of the
~——~— premises, that in which the major term is found,
is called the major proposition, and that which

has the minor term, the minor proposition.
’tléi}le“rril:lcti::ry 4. If the middle term be not in both the pre-
syllogism to” Mises determined to one and the same singular
o dl?;fyr,m;,':id thing, no conclusion will follow, nor syllogism be
Eﬁi’?ﬁ'&suﬁ‘é made. For let the minor term be man, the middle
same thing.  term Ziving creature, and the major term flion ;
and let the premises be, man is « living creature,
some living creature is a lion, yet it will not fol-
low that every or any man ts « lion. By which
it is manifest, that in every syllogism, that propo-
sition which has the middle term for its sudject,
ought to be either universal or singular, but not
particular nor indefinite. For example, this syl-
logism, every man is a living creature, some living
creature is four-footed, therefore some man is
Jour-footed, is therefore faulty, because the middle
term, living creature, is in the first of the premises
determined only to man, for there the name of
living creature is given to man only, but in the
latter premise it may be understood of some other
living creature besides man. But if the latter
premise had been universal, as here, every man is
a lLiving creature, every living creature is a body,
therefore every man is @ body, the syllogism had
been true; for it would have followed that body
had been the name of every living creature, that
is of man ; that is to say, the conclusion every man
is a body had been true. Likewise, when the
middle term is a singular name, a syllogism may
be made, I say a true syllogism, though useless in
philosophy, as this,some man is Socrates, Socrates
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. is a philosopher, therefore, some man is « philo- PART 1.

: sopher ; for the premises being granted, the con- ~———

" clusion cannot be denied.

t . 3

‘ 5. And therefore of two premises, in both From two
. . . . . particular

which the middle term is particular, a syllogism

propositions
cannot be made ; for whether the middle term be [ohingcan
the subject in both the premises, or the predicate
in both, or the sudject in one, and the predicate
in the other, it will not be necessarily determined

to the same thing. For let the premises be,

Some man is blind, } In both which the middle
Some man is learned, term s the subject,

it will not follow that dlind is the name of any
learned man, or learned the name of any dlind
man, seeing the name learned does not contain
' the name &/ind, nor this that ; and therefore it is
* not necessary that both should be names of the
} same man. So from these premises,

o Every man is a lving-creature, | 1n both which the middle
‘ Livery horse is a living-creature,) term is the predicate,
|

nothing will follow. For seeing living creature
is in both of them indefinite, which is equivalent
to particular, and that man may be one kind of
living creature, and horse another kind, it is not
necessary that maen should be the name of /forse,
or horse of man. Or if the premises be,

Every man is a living- In one of which the middle-

creature : : :
ure, . rterm is the sudject, and in
Some living creature is ;
the other the predicate,
four-footed,

the conclusion will not follow, because the name
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PART L. living creature being not determined, it may in
—~—— one of them be understood of man, in the other of
not-man.
{‘hzyc‘(‘)‘l’ﬁ':::n‘f 6. Now it 1s manifest from what has been said,
of twa propo- that a syllogism is nothing but a collection of the
onesum,  sum of two propositions, joined together by a
common term, which is called the middle termne.
And as proposition is the addition of two names,
so syllogism is the adding together of three.
;}“.':;llﬁoggli!:;:no“ 7. Syllogismsareusually distinguished according
what itis.  to their diversity of figwures, that is, by the diverse
position of the middle term. And again in
figure there is a distinction of certain moods,
which consist of the differences of propositions in
quantity and quality. 'The first figure is that, in
which the terms are placed one after another
according to their latitude of signification ; in
which order the minor term is first, the middle
term next, and the major last; as, if the minor
term be mean, the middle term, living creature,
and the major term, body, then, man is a living-
creature, is a body, will be a syllogism in the first
figure: in which, man is a living creature is the
minor proposition ; the major, living creature is
a body, and the conclusion, or sum of both, man s
a body. Now this figure is called direct, because
the terms stand in direct order; and it is varied
by quantity and quality into four moods.: of
which the first is that wherein all the terms are
positive, and the minor term wuniversal, as every
man is a living creature, every living creature is
a body : in which all the propositions are affirma-
tive, and universal. But if the major term be a

negative name, and the minor an universal name,
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the figure will be in the second mood, as, every
man ts a living creature, every living creature is
not a tree, in which the major proposition and
conclusion are both universal and negative. To
these two, are commonly added two more, by
making the minor term particular. Also it may
happen that both the major and middle terms
are negative terms, and then there arises another
mood, in which all the propositions are negative,
and yet the syllogism will be good; as, if the
minor term be man, the middle term not @ stone,
and the major term not e flint, this syllogism,
no man ts a stone, whatsoever is not a stone 1is
not a flint, therefore, no man is a flint, is true,
though it consist of three negatives. But in phi-
losophy, the profession whereof is to establish
universal rules concerning the properties of things,
seeing the difference betwixt negatives and affirm-
atives is only this, that in the former the subject
is affirmed by a negative name, and by a positive
in the latter, it is superfluous to consider any other
mood in direct figure, besides that, in which all
the propositions are both universal and affirm-
ative.

8. The thoughts in the mind answering to a
direct syllogism, proceed in this manner; first,
there is conceived a phantasm of the thing named,
with that accident or quality thereof, for which it
is in the minor proposition called by that name
which is the subject ; next, the mind has a phan-
tasm of the same thing with that accident, or
quality, for which it hath the name, that in the
same proposition is the predicate; thirdly, the
thought returns of the same thing as having that

VOL. I. E
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PARTL. accident in it, for which it is called by the name,
—~— that is the predicate of the major proposition ;
and lastly, remembering that all those are the acci-
dents of one and the same thing, it concludes that
those three names are also names of one and the
same thing ; that is to say, the conclusion is true.
For example, when this syllogism is made, man is
a lLiving creature, a lLiving creature is a body,
therefore, man is « body, the mind conceives first
an image of a man speaking or discoursing, and
remembers that that, which so appears, is called
man; then it has the image of the same man
moving, and remembers that that, which appears
so, is called Ziving ereature ; thirdly, it conceives
an image of the same man, as filling some place or
space, and remembers that what appears so is
called body ; and lastly, when it remembers that
that thing, which was extended, and moved and
spake, was one and the same thing, it concludes
that the three names, man, living creature, and
body, are names of the same thing, and that there-
fore man is @ living creature is a true proposition.
TFrom whence it is manifest, that living creatures
that have not the use of speech, have no concep-
tion or thought in the mind, answering to a syllo-
gism made of universal propositions ; seeing it is
necessary to think not only of the thing, but also by
turns to remember the divers names, which for di-
vers considerations thereof are applied to the same.
the fist -~ 9. The rest of the figures arise either from the
pixect P inflexion, or inversion of the first or direct figure;
’ which is done by changing the major, or minor,
or both the propositions, into converted proposi-
A tions equipollent to them.

wize L
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From whence follow three other figures; of
which, two are inflected, and the third inverted.
The first of these three is made by the conversion
of the major proposition. TFor let the minor,
middle, and major terms stand in direct order,
thus, man is @ living creature, is not a stone,
which is the first or direct figure; the inflection
will be by converting the major proposition in this
manner, man is & living creature, a stone is not
@ living creature ; and this is the second figure,
or the first of the indirect figures; in which the
conclusion will be, man is not « stone. For
(having shown in the last chapter, art. 14, that
universal propositions, converted by contradiction
of the terms, are equipollent) both those syllogisms
conclude alike ; so that if the major be read (like
Hebrew) backwards, thus, ¢ lLving creature is not
« stone, it will be direct again, as it was before.
In like manner this direct syllogism, man is not «
tree, is not « pear-tree, will be made indirect by
converting the major proposition (by contradiction
of the terms) into another equipollent to it, thus,
man s not & tree, @ pear-tree is a tree; for the
same conclusion will follow, man is not a pear-tree.

But for the conversion of the direct figure into
the first indirect figure, the major term in the
direct figure ought to be negative. Tor though
this direct, man is a living creature, is « body, be
made indirect, by conveiting the major propo-
sition, thus,

Man is a living creature,
Not a body is not a living creature,
Therefore, Every man is a body ;
Yet this conversion appears so obscure, that

)
2

=

PART L.
&
et
The tirst in-
divect fizure
how made.



52 COMPUTATION OR LOGIC.

PARTT.  this mood is of no usc at all. By the conversion

——~— of the major proposition, it is manifest, that in this
figure, the middle term is always the predicate in
both the premises.

fetcctongg:rd; 10. The second indirect figure is made by con-

howmade, Verting the minor proposition, so as that the
middle - term is the subject in both. But this
never concludes universally, and therefore is of no
use in philosophy. Nevertheless I will set down
an example of it; by which this direct

Every man is a living creature,
Every living creature is a body,

by conversion of the minor proposition, will stand
thus,

Some living creaiure is a man,

Foery living creature is a body,

Therefore, Some man is a body.

For every man is a living creature cannot be
converted into this, every living creature is «
man : and therefore if this syllogism be restored
to its direct form, the minor proposition will be
some man is @ Living creature, and consequently
the conclusion will be some man is ¢ body, seeing
the minor term man, which is the subject in the
conclusion, is a particular name.

flfgl‘;’elc’fﬁg’l';‘: 11. The third indirect or inverted figure, is
ismade.  made by the conversion of both the premises.
For example, this direct syllogism,

Every man is a living creature,
Euvery living creature is not a stone,
Therefore, Jfvery man is not « stone,

being inverted, will stand thus,
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Livery stone is not a living creature, PART L.
Whatsoever is not a living creature, is not a man, M
Therefore, Kvery stone is not a man ;

which conclusion is the converse of the direct

conclusion, and equipollent to the same.
The figures, therefore, of syllogisms, if they be

numbered by the diverse situation of the ‘middle

term only, are but three; in the first whereof, the

middle term has the middle place; in the second,

the last ; and in the third, the first place. But if

they be numbered according to the situation of

the terms simply, they are four; for the first may

be distinguished again into two, namely, into

direct and inverted. TFrom whence it is evident,

that the controversy among logicians concerning

the fourth figure, is a mere Aoydpayia, or conten-

tion about the name thereof; for, as for the thing

itself, it is plain that the situation of the terms

(not considering the quantity or quality by which

the moods arc distingnished) makes four dif-

ferences of syllogisms, which may be called

figures, or have any other name at pleasure. Thereare
12. In every one of these figures there are ny moods in

many moods, which are made by varying the pre- jie”, Jevre.

mises according to all the differences they are l‘:l‘;'}‘\‘ﬂc‘;;;'ﬁgs

capable of, by quantity and quality ; as namely,

in the direct figure there are six moods; in the

first indirect figure, four; in the second, fourteen;

and in the third, eighteen. But because from the

direct figure I rejected as superfluous all moods

besides that which consists of universal proposi-

tions, and whose minor proposition is affirmative,

I do, together with it, reject the moods of the rest
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of the ﬁgures which are made by conversion of
the ])remlses in the direct figure.
As it was showed before, that in necessary

when'equipol- PT Ol)OSltl()llS a categorical and hypothetical propo-

lent to a cate-
gorical.

sition are equipollent; so likewise it is manifest
that a categorical and hypothetical syllogism are
equivalent. For every categorical syllogism, as
this,

Ilvery mon s a living creature,

Erery living creature is a body,

Therefore, Fuery man is a body,

is of equal force with this hypothetical syllogism :

If any thing be a man, the snme is also a lving creatwre,
If any thing be a living creature, the same is a body,
Therefore, If any thing be a man, the sume is a body.

In like manner, this categorical syllogism in an
mdivect figure,

No stone is e living creature,

Fleery man is a living crealire,

Therelore, No wan is « stone,

Ovr, No stone is 0 1nan,

is equivalent to this hypothetical syllogism :

If any thing be a man, the same is ¢ lving creature,
If any thing be a stone, the same is not a living creature,
Therefore, If any thing be « stone, the same is not a.man,
Or, If any thing be @ man, the same is not a stone.

And thus much seems sufficient for the nature
of syllogisms; (for the doctrine of moods and
figures is clearly delivered by others that have
written largely and profitably of the same). Nor
are precepts so necessary as practice for the
attaining of truc ratiocination; and they that
study the demonstrations of mathematicians, will
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sooner learn true logic, than they that spend time AR,
in reading the rules of syllogizing which logicians —-—
have made; no otherwise than little children
learn to go, not by precepts, but by exercising
their feet. This, therefore, may serve for the first
pace in the way to Philosophy.
In the next place I shall speak of the faults and
errors into which men that reason unwarily are
apt to fall ; and of their kinds and causes.

CHAPTER V.
OF ERRING, FALSITY, AND CAPTIONS,

1. Erring aund falsity how they differ.  Error of the mind by
itself without the use of words, how it happens.—2. A scven-
fold incoherency of names, cvery one of which makes always
a false proposition.—3, Examples of the first manner of iuco-
hevency.—4. OF the sceondi—35. OF the third—6, OF the
fourth.—7. Of the fifth,—8. Of the sixth.—9. Of the seventh.
10. Talsity of propositions detected by resolving the tevns
with definitions continued till they come to simple names, or
names that are the most general of their kind.—I1. Of the
fault of a syllogism consisting in the implication of the terms
with the copula.—12. Of the fault which consists in equivo-
cation.—18. Sophistical captions arc oftener faulty in the
matter than in the form of syllogisims.

1. MEN are subject to e7» not only in affirming and Ering & fai-
denying, but also in perception, and in silent er e
cogitation. In affirming and denying, when they Jumie®
call any thing by a name, which is not the name the wse of

words, how it

thereof ; as if from seeing the sun first by reflec- happeos.
tion in water, and afterwards again directly in the
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firmament, we should to both those appearances
give the name of sun, and say there are two suns;
which none but men can do, for no other living
creatures have the use of names. This kind of
error only deserves the name of fulsity, as arising,
not from sense, nor from the things themselves,
but from pronouncing rashly; for names have
their constitution, not from the species of things,
but from the will and consent of men. And hence
it comes to pass, that men pronounce fulsely, by
their own negligence, in departing from such
appellations of things as are agreed upon, and are
not deceived neither by the things, nor by the
sense ; for they do not perceive that the thing
they see is called sun, but they give it that name
from their own will and agreement. Tacit
errors, or the errors of sense and cogitation, are
made, by passing from one imagination to the
imagination of another different thing; or by
feigning that to be past, or future, which never
was, nor ever shall be; as when, by seeing the
image of the sun in water, we imagine the sun
itself to be there; or by seeing swords, that there
has been or shall be fighting, because it uses to be
so for the most part; or when from promises we
feign the mind of the promiser to be such and such;
or lastly, when from any sign we vainly imagine
something to be signified, which is not. And
errors of this sort are common to all things that
have sense ; and yet the deception proceeds neither
from our senses, nor from the things we perceive;
but from ourselves while we feign such things as
are but mere images to be something more than
images. But neither things, nor imaginations of
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things, can be said to be false, seeing they are PARTL.
truly what they are; nor do they, as signs, pro- ——
mise any thing which they do not perforra; for

they indeed do not promise at all, but we from

them ; nor do the clouds, but we, from seeing the

clouds, say it shall rain. The best way, therefore,

to free ourselves from such errors as arise from
natural signs, is first of all, before we begin to
reason concerning such conjectural things, to sup-

pose ourselves ignorant, and then to make use of

our ratiocination ; for these errors proceed from

the want of ratiocination; whereas, errors which
consist In affirmation and negation, (that is, the

falsity of propositions) proceed only from reasoning

amiss. Of these, therefore, as repugnant to phi-
losophy, I will speak principally.

2. Errors which happen in reasoning, that is, A sevenfold
in syllogizing, consist either in the falsity of the :ﬂfxf,);s,re:ﬁ):rf
premises, or of the inference. In the first of these :l",‘\‘j:'y‘s Jmake
cases, a syllogism is said to be faulty in the proposition.
matter of it; and in the second case, in the
Jorm. 1 will first consider the matter, namely,
how many ways a proposition may be false; and
next the form, and how it comes to pass, that
when the premises are true, the inference is, not-
withstanding, false.

Seeing, therefore, that proposition only is true,

(chap. 111, art. 7) in which are copulated two
names of one and the same thing; and that always
false, in which names of different things are copu-
lated, look how many ways names of different
things may be copulated, and so many ways a
false proposition may be made.

Now, all things to which we give names, may be
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reduced to these four kinds, namely, bodies, acci-
dents, phantasms,and names themselves; and there-

- for e, in every true proposition, it is necessary that
the names copulated, be both of them names of
bodies,or both names of accidents,orboth names of
phantasms, or both names of nwmes. For names
otherwise copulated are incoherent, and constitute
a false proposition. It may happen, also, that the
name of a body, of an accident, or of a phantasm,
may be copulated with the name of a speech. So
that copulated names may be incoherent seven
manner of ways.

1. If the name of a Body Y= { the name of an Accident.
2. If the name of a Body l o ‘ the nome of a Phantasm.
3. If the name of a Body 3 ‘ the name of a Name.

4., If the name of an Acci(lent} g- the name of a Phantasm.
5.If the name of an Accident | g | the name of a Name.

6. If the name of a Phantasm ’ ~'1" the name of a Name.
7.If the name of a Body,| = .

Accident, or Phantasm J = }L the name of a Specch.

Of all which I will give some examples.

3. After the first of these ways propositions are
false, when abstract names are copulated with
concrete names ; as (in Latin and Greek) esse est
ens, essentia est ens, vo vl wai (1) quidditas
est ens, and many the like, which are found in
Aristotle’s Metaphysics. Also, the understanding
worketh, the understanding understandetk, the
sight seeth ; a body is magnitude, a body is
quantity, a body is extension; to be a man is a
man, whitencss is a white thing, &c.; which is
as if one should say, the runner is the running,
or the walk walketh. Moreover, essence is sepa-
rated, substance is abstracted: and others like
these, or derived from these, (with which common
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philosophy abounds.) For seeing no _subject of PART L.
,an accident (that is, no body) is an acczdent ——
name of an accident ought to be g gwen ’co a bod /,

nor of a bod"/ to an accident.

- 4. False, n the second manrner, are such Propo- The sceond.
sitions as these; a glost is a body, or a spirit,

that is, a thin body ; sensible specics fly up and

down in the air, or are moved hither and thither,

which is proper to bodies; also, a shadow s
moved, or is a body; light is moved, or is «a

body ; colour is the object of sight, sound of
hearing ; space or place is extended ; and innu-
merable others of this kind. TFor seeing ghosts,

sensible species, a shadow, light, colour, sound,

space, &c. appear to us no 1ess sleepnm than
‘waking, they cannot be things w1thout ug but . om
‘only phantasms of the ‘mind that _lmagi

“and therefore the names of these, copulated with

the names of bodies, cannot constitute a truc
proposition.

5. Talse propositions of the third kind, are such The thisd.
as these; genus est ens, wuniversale est ens, ens
de ente predicatur. For genus, and universale,
and predicare, are names of names, and not of
things. Also, number is infinite, is a false propo-
sition ; for no number can be infinite, but only
the word number is then called an indefinite name
when there is no determined number answering to
it in the mind.

6. To the fourth kind belong such false propo- The fourth.
sitions as these, an object is of such maguitude or
Jigure as appears to the beholders ; colour, light,
sound, are in the object; and the like. For the
same object appears sometimes greater, sometimes
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lesser, sometimes square, sometimes round, accoy-
ding to the diversity of the distance and medium ;
but the true magnitude and figure of the thing
seen 1s always one and the same; so that the
magnitude and figure which appears, is not the
true magnitude and figure of the object, nor any-
thing but phantasm ; and therefore, in such pro-
positions as these, the names of accidents are
copulated with the names of phantasms.

7. Propositions are false in the fifth manner,
when it is said that the definition is the essence of
a thing ; whiteness, or some other accident, is
the genus, or universal. Tor definition is not the
essence of any thing, but a speech signifying
what we conceive of the essence thercof; and so
also not whiteness itself, but the word whiteness,
1s a genus, or an universal name.

8. In the sixth manner they err, that say the
tdea of anything is universal; as 1f there could
be in the mind an image of a man, which were
not the image of some one man, but a man simply,
which is impossible ; for every idea is one, and of
one thing; but they are deceived in this, that they
put the name of the thing for the ¢dea thereof.

9. They err in the seventh manner, that make
this distinction between things that have being,
that some of them exist by themselves, others by
accident ; namely, because Socrates is a man is
a necessary proposition, and Socrates is a musi-
cian a contingent proposition, therefore they say
some things exist necessarily or by themselves,
“others contingently or by accident ; whereby,

seemgnecevsm i, contingent, by itself, by accident,
! are not names of thmgb, but of propositions, they
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that say any thing that has being, exists by acci- TARTT.
dent, copulate the name of a proposition with the ——
name of a thing. In the same manner also, they

err, which place some ideas in the understanding,
others in the fancy ; as if from the understanding

of this proposition, man is a living creature, we

had one idea or image of a man derived from_. .~ -
sense to the memory, and another to the under-
standing ; wherein that which deceives them is

this, that they think one idea should be answerable

to a name, another to a proposition, which is

false ; for proposition signifies only the order of
those things one after another, which we observe

in the same idea of man; so that this proposition,

man is @ living creature raises but one idea in

us, though in that idea we consider that first, for
which he is called man, and next that, for which

he is called living creature. The falsities of pro-
positions in all these several manners, is to be
discovered by the definitions of the copulated
names.

10. But when names of bodies are copulated Fality of
with names of bodies, names of accidents with 5:?53(‘1'01?;
names of accidents, names of names with names of [o e
names, and names of phantasms with names of definitions.
phantasms, if we, nevertheless, remain still doubt-
ful whether such propositions are true, we ought
then in the first place to find out the definition of
both those names, and again the definitions of
such names as are in the former definition, and so
proceed by a.continual resolution till we come to
a simple name, that is, to the most general or
most universal name of that kind ; and if after all
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PART L this, the truth or falsity thercof be not evident,
—~— we must search it out by philosophy, and ratioci-
nation, beginning from definitions. For every
proposition, universally true, is either a definition,
or part of a definition, or the evidence of it

depends upon definitions.
(())ffa;%og;ﬂ; 11. That fault of 8 syllogism which lie§ hid %n
consisting in the form thereof, will always be found either in
implication of ¢} 6 implication of the copula with one of the
the copula.  terms, or in the equivocation of some word; and
in either of these ways there will be four terms,
which (as I have shewn) cannot stand in a true
syllogism. Now the implication of the copula
with either term, is easily detected by reducing
the propositions to plain and clear predication ;

as (for example) if any man should argue thus,
The hand toucheth the pen,

The pen toucheth the paper,
Therefore, The hand toucheth the paper ;

the fallacy will casily appear by reducing it, thus:
The hand, is, touching the pen,
The pen, is, touching the paper,
Therefore, The Land, is, touching the paper ;
where there are manifestly these four terms, the
hand, toucking the pen, the pen, and touching the
the paper. But the danger of being deceived by
sophisms of this kind, does not seem to be so
great, as that I need insist longer upon them.
Of the 12. And though there may be fallacy in equi-
funlt Wh%  yocal terms, yet in those that be manifestly such,
equivecation. theye is none at all ; nor in metaphors, for they

profess the transferring of names from one thing
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to another. Nevertheless, sometimes equivocals
(and those not very obscure) may deceive; as in
this argumentation :—1I¢ belongs to metuphysics
to treat of principles ; but the first principle of
all, is, that the same thing cannot both exist and
not exist at the same time ; and thercfore it
belongs to metaphysics to treat whether the same
thing nay both exist and not exist at the same
time ; where the fallacy lies in the equivocation
of the word principle ; for whereas Aristotle in
the beginning of his Metaphysics, says, that the
treating of principles belongs to primary science,
he understands by principles, causes of things,
and certain existences which he calls primary ;
but where he says a primary proposition is «
principle, by principle, there, he means the
beginning and cause of knowledge, that is, the
understanding of words, which, if any man want,
he is incapable of learning.

13. But the captions of sophists and sceptics,
by which they were wont, of old, to deride and
oppose truth, were faulty for the most part, not
in the form, but in the matter of syllogism; and
they deceived not others oftener than they were
themselves deceived. Ifor the force of that famous
argument of Zeno against motion, consisted in
this proposition, whatsoever may be divided into
parts, infinite in number, the same is infinite ;
which he, without doubt, thought to be true, yet
nevertheless is false. For to be divided into infi-
nite parts, is nothing else but to be divided into
as many parts as any man will. But it is not
necessary that a line should have parts infinite in
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number, or be infinite, because I can divide and
subdivide it as often as I please; for how many
parts soever I make, yet their number is finite;
but because he that says parts, simply, without
adding how many, does not limit any number, but
leaves it to the determination of the hearer, there-
fore we say commonly, a line may be divided
infinitely ; which cannot be true in any other
sense.

And thus much may suffice concerning syllo-
gism, which is, as it were, the first pace towards
philosophy; in which I have said as much as is
necessary to teach any man from whence all true
argumentation has its force. And to enlarge this
treatise with all that may be heaped together,
would be as superfluous, as if one should (as 1
said before) give a young child precepts for the
teaching of him to go ; for the art of reasoning is
not so well learned by precepts as by practice, and
by the reading of those books in which the con-
clusions are all made by severe demonstration.
And so I pass on to the way of philosophy, that is,
to the method of study.
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CHAPTER VL

OF METHOD.

1. Method and science defined.—2. It is more eazily known
. concerning singular, than universal things, that they are ; and
contrarily, it is more easily known concerning universal, than
singular things, why they are, or what are their causes.—
3. What it is philosophers seek to know.—4. The first part,
by which principles are found out, is purely analytical.—5. The
highest causes, and maqgst universal in every kind, are known
by themselves.—G6. Method from principles found out, tending
to science simply, what it is.—7. That method of civil and
natural science, which proceeds from sense to principles, is
analytical ; and again, that, which begins at principles, is
synthetical.—8. The method of searching out, whether any
thing propounded be wmatter or accident.—9. The method of
‘'seeking whether any accident be in this, or in that subject.
10. The method of searching after the cause of any effect
propounded.—11. Words serve to invention, as murks ; to
demonstration, as signs.—12. The method of demonstration
is synthetical.—13. Definitions only are primary and universal
propositions.—14. The nature and definition of a definition.
15. The properties of a definition.—16. The nature of a
demonstration.—17. The properties of a demonstration, and
order of things to be demonstrated.—18, The faults of a
demonstration.—19. Why the analytical method of geometri-
cians cannot be treated of in this place.

1. For the understanding of method, it will be FPARTL
necessary for me to repeat the definition of philo- ~————
sophy, delivered above (Chap. 1, art. 2.) in this if;ﬁ‘,‘:;‘d:g‘},ed_
manner, Philosophy is the knowledge we acquire,

by true ratiocination, of appearances, or apparent

effects, from the knowledge we have of some pos-

sible production or generation of the same ; and
VOL. I. ¥
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PART L . ; R .
RT 1 of such production, as has been or may be, from

~————— the knowledge we have of the effects. MrurHOD,
Method and

science dofined therefore, in the study of “philosophy, is the

shortest way of finding out ¢ffects by their known
causes, or of causes by their known effects. DBut
we are then said to know any effect, when we
know that there be causes of the same, and in
what subject those causes are, and in what sub-
Ject they produce that effect, and in what manner
they work the same. And this is the science of
causes, or, as they call it, of the dwr.. All other
science, which is called the &y, is either percep-
tion by sense, or the imagination, or memory
remaining after such perception.

The first beginnings, therefore, of knowledge,
are the phantasms of sense and imagination ; and
that there be such phantasms we know well enough
by nature ; but to know why they be, or from
what causes they proceed, is the work of ratioci-
nation ; which consists (as is said above, in the
1st Chapter, Art. 2) in composition, and division
or resolution. 'There is therefore no method, by
which we find out the causes of things, but is
either compositive or resolutive, or partly com-
positive, and partly resolutive. And the resolutive
is commonly called analytical method, as the
compositive is called synthetical.

It s easier 2+ IE is common to all sorts of method, to pro-
i:i?,\l"l:'g qlgg‘:‘_ ceed from known things to unknown ; and this is
lar than wni- manifest from the cited definition of philosophy.
:ﬁ;fatlhg’,’:f:' But in knowledge by sense, the whole object is
and contratily y oye known, than any part thereof ; as when we

it s easier

known con- gee 4 man, the conception or whole idea of that
cexnmg uni-

versal thansin-an is first or more known, than the particular




OF METHOD, 67
ideas of his being figurate, animate, and rational;
that_ is, we first see the whole man, and take
notice of his being, before we observe in him those
other particulars. And therefore in any know-
ledge of the ¢, or that any thing is, the beginning
of our search is from the whole idea; and con-
trarily, in our knowledge of the didr, or of the
causes of any thing, that is, in the sciences, we
have more knowledge of the causes of the parts
than of the whole. For the cause of the whole
is compounded of the causes of the parts; but it
is necessary that we know the things that are to
be compounded, before we can know the whole
compound. Now, by parts, I do not here mean
parts of the thing itself, but parts of its nature;
as, by the parts of man, I do not understand his
head, his shoulders, his arms, &c. but his figure,
quantity, motion, sense, reason, and the like;
which accidents being compounded or put together,
constitute the whole nature of man, but not the
man himself. And this is the meaning of that
common saying, namely, that some things are
more known to us, others more known to nature;
for I do not think that they, which so distinguish,
mean that something is known to nature, which
is known to no man; and therefore, by those
things, that are more known to us, we are to
understand things we take notice of by our senses,
and, by more known to nature, those we acquire
the knowledge of by reason; for in this sense it
is, that the whole, that is, those things that have
universal names, (which, for brevity’s sake, I call
universal) are more known to us than the parts,
that is, such things as have names less universal,
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(which I therefore call singular ) ; and the causes
of the parts are more known to nature than the
cause of the whole; that is, universals than
singulars.

3. In the study of philosophy, men search after
science either simply or indefinitely ; that is, ‘to
know as much as they can, without propounding
to themselves any limited question; or they
enquire into the cause of some determined appear-
ance, or endeavour to find out the certainty of
something in question, as what is the cause of
light, of heat, of gravity, of a figure propounded,
and the like; or in what subject any propounded
accident is inherent ; or what may conduce most
to the generation of some propounded effect from
many accidents ; or in what manner particular
causes ought to be compounded for the production
of some certain effect. Now, according to this
variety of things in question, sometimes the analy-
tical method is to be used, and sometimes the
synthetical.

4. But to those that search after science inde-
finitely, which consists in the knowledge of the
causes of all things, as far forth as it may be
attained, (and the causes of singular things are
compounded of the causes of universal or simple
things) it is necessary that they know the causes
of universal things, or of such accidents as are
comamon to all bodies, that is, to all matter, before
they can know the causes of singular things, that
is, of those accidents by which one thing is distin-
guished from another. And, again, they must
know what those universal things are, before they
can know their causes. Moreover, seeing universal
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things are contained in the nature of singular PART 1
things, the knowledge of them is to be acquired ——
by reason, that is, by resolution. For example, if
there be propounded a conception or idea of some
singular thing, as of a square, this square is to be
resolved into a plain, terminated with e certain
number of equal and straight lines and right
angles. TFor by this resolution we have these
things universal or agreeable to all matter, namely,
line, plain, (which contains superficies) termi-
nated, angle, straightness, rectitude, and equality;
and if we can find out the causes of these, we may
compound them altogether into the cause of a
square. Again, if any man propound to himself
the conception of gold, he may, by resolving,
come to the ideas of solid, visible, heavy, (that is,
tending to the centre of the earth, or downwards)
and many other more universal than gold itself;
and these he may resolve again, till he come to
such things as are most universal. And in this
manner, by resolving continually, we may come to
know what those things are, whose causes being
first known severally, and afterwards compounded,
bring us to the knowledge of singular things.
I conclude, therefore, that the method of attaining
to the universal knowledge of things, is purely
analytical.

5. But the causes of universal things (of those, The highest.
at least, that have any cause) are manifest of most universal
themselves, or (as they say commonly) known to ;r:ee{f,'oyw],‘,"{,dy’
nature; so that they need no method at all; for themselves.
they have all but one universal cause, which is
motion. For the variety of all figures arises out

of the variety of those motions by which they are
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PART L made; and motion cannot be understood to have
——— any other cause besides motion; nor has the
variety of those things we perceive by sense, as of
colours, sounds, savours, &c. any other cause than
motion, residing partly in the objects that work
upon our senses, and partly in ourselves, in such
manner, as that it is manifestly some kind of
motion, though we cannot, without ratiocination,
come to know what kind. For though many
cannot understand till it be in some sort demon-
strated to them, that all mutation consists in
motion ; yet this happens not from any obscurity
in the thing itself, (for it is not intelligible that
anything can depart either from rest, or from the
motion it has, except by motion), but either by
having their natural discourse corrupted with
former opinions received from their masters, or
else for this, that they do not at all bend their
mind to the enquiring out of truth.
I‘:fﬁ:z‘i%‘}ef;‘"“ 6. By tl.le knowledge.: therefore of uni.ver.sals,
foundout,  and of their causes (which are the first principles
ii?;‘.:';&s‘i‘;,p,y, by which we know the 8uért of things) we have in
whatitis.  the first place their definitions, (which are nothing-
but the explication of our simple conceptions.)
For example, he that has a true conception of
place, cannot be ignorant of this definition, place
is that space which is possessed or filled ade-
quately by some body ; and so, he that conceives
motion aright, cannot but know that motion is
- the privation of one place, and the acquisition of
another. In the next place, we have their gene-
rations or descriptions; as (for example) that «
line is made by the motion of a point, superficies
by the motion of a line, and one motion by another
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motion, &c. It remains, that we enquire what PART 1.
. ).
motion begets such and such effects; as, what ——
motion makes a straight line, and what a circular ; Method from

N principles
what motion thrusts, what draws, and by what {2:*;}1 aut,
ending to

way ; what makes a thing which is seen or heard, sciencesimply,
to be seen or heard sometimes in onec manner, ™" ™
sometimes in another. Now the method of this
kind of enquiry, is compositive. For first we are
to observe what effect a body moved produceth,
when we consider nothing in it besides its motion;
and we see presently that this makes a line, or
length ; next, what the motion of a long body
produces, which we find to be superficies; and so
forwards, till we see what the effects of simple
motion are; and then, in like manner, we are to
observe what proceeds from the addition, multipli-
cation, subtraction, and division, of these motions,
and what effects, what figures, and what properties,
they produce; from which kind of contemplation
sprung that part of philosophy which is called
geometry.

From this consideration of what is produced by
simple motion, we are to pass to the consideration
of what effects one body moved worketh upon
another ; and because there may be motion in all
the several parts of a body, yet so as that the
whole body remain still in the same place, we
must enquire first, what motion causeth such and
such motion in the whole, that is, when one body
invades another body which is either at rest or in
motion, what way, and with what swiftness, the .
invaded body shall move; and, again, what motion
this second body will generate in a third, and so
forwards. TFrom which contemplation shall be
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drawn that part of philosophy which treats of
motion.

In the third place we must proceed to the
enquiry of such effects as are made by the motion
of the parts of any body, as, how it comes to
pass, that things when they are the same, yet
seem not to be the same, but changed.. And here
the things we search after are sensible qualities,
such as light, colour, transparency, opacity,
sound, odour, savour, heat, cold, and the like;
which because they cannot be known till we
know the causes of sense itself, therefore the
consideration of the causes of seeing, hearing,
smelling, tasting, and fouching, belongs to this
third place; and all those qualities and changes,
above mentioned, are to be referred to the fourth
place ; which two considerations comprehend
that part of philosophy which is called physics.
And in these four parts is contained whatsoever
in natural philosophy may be explicated by
demonstration, properly so called. TIor if a cause
were to be rendered of natural- appearances in
special, as, what are the motions and influences of
the heavenly bodies, and of their parts, the reason
hereof must either be drawn from the parts of the
sciences above mentioned, or no reason at all will
be given, but all left to uncertain conjecture.

After physics we must come to moral philo-
sophy ; in which we are to consider the motions
of the mind, namely, appetite, aversion, love,
benevolence, hope, fear, anger, emulation, envy,
&ec.; what causes they have, and of what they
be causes. And the reason why these are to
be considered after physics is, that they have



e - —— e —

OF METHOD. 73

their causes in sense and imagination, which are PART L
the subject of physical contemplation. Also the ——
reason, why all these things are to bhe searched
after in the order above-said, is, that physics
¢annot be understood, except we know first what
motions are in the smallest parts of bodies; nor.
such motion of parts, till we know what it is that
males another body move; nor this, till we know
what simple motion will effect. And because all
appearance of things to sense is determined, and
made to be of such and such quality and quantity
by compounded motions, every one of which has a
certain degree of velocity, and a certain and
determined way ; therefore, in the first place, we
we are to search out the ways of motion simply
(in which geometry consists) ; next the ways of
such generated motions as are manifest: and,
lastly, the ways of internal and invisible motions
(which is the enquiry of natural philosophers).
"And, therefore, they that study natural philosophy,
study in vain, except they begin at geometry ;
and such writers.or disputers thereof, as are
ignorant of geometry, do but make their readers
and hearers lose their time.
7. Civil and moral philosophy do not so adhere That method
to one another, but that they may be severed. ?‘Sfﬁﬂsi?;;:
For the causes of the motions of the mind are Jroceeding

from sense to
known, not only by ratiocination, but also by the f;:;;g’lﬁ? is
experience of every man that takes the pains to andagain,that
observe those motions within himself. And, :thw]?rinbceiglg)nll;:
therefore, not only they that have attained the ™ ®nthetcsh
lnowledge of the passions and perturbations of
the mind, by the synthetical method, and from

the very first principles of philosophy, may by
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PART I proceeding in the same way, come to the causes
~——and necessity of constituting commonwealths, and
ofeicitandnn 10 get the knowledge of what is natural right, and
ot what are civil duties; and, in every kind of
from sense ggvernment, what are the rights of the common-

is 53:;?;:11::]:15: wealth, and all other knowledge appertaining to
f‘,'f,‘}c‘}?“{,’;;j‘ﬁ civil philosophy ; for this reason, that the princi-
i‘s‘sg’;‘t’;‘ﬁg‘;’i ples of the politics consist in the knowledge of
the motions of the mind, and the knowledge of

these motions from the knowledge of sense and
imagination; but even they also that have not
learned the first part of philosophy, namely,
geometry and physics, may, notwithstanding,
attain the principles of civil philosophy, by the
analytical method. TFor if a question be pro-
pounded, as, whether such an action be just or
unjust; if that unjust be resolved into fact against
law, and that notion lew into the command of him
or them that have coercive power; and that
power be derived from the wills of men that con-
stitute such power, to the end they may live in
peace, they may at last come to this, that the
appetites of men and the passions of their minds
are such, that, unless they be restrained by some
power, they will always be making war upon one
another ; which may be known to be so by any
man's experience, that will but examine his own
“mind. And, therefore, from hence he may pro-
- ceed, by compounding, to the determination of
the justice or injustice of any propounded action.
So that it is manifest, by what has been said, that
the method of philosophy, to such as seek science
simply, without propounding to themselves the
solution of any particular question, is partly



OF METHOD,. 75

analytical, and partly synthetical; namely, that
which proceeds from sense to the invention of
principles, analytical ; and the rest synthetieal.

8. To those that seek the cause of some certain
and propounded appearance or effect, it happens,
sometimes, that they know not whether the thing,
whose cause is sought after, be matter or body, or
some accident of a body. For though in geometry,
when the cause is sought of magnitude, or propor-
tion, or figure, it be certainly known that these
things, namely magnitude, proportion, and figure,
are accidents ; yet in natural philosophy, where all
questions are concerning the causes of the phan-
tasms of sensible things, it is not so easy to
discern between the things themselves, from which
those phantasms proceed, and the appearances of
those things to the sense; which have deceived
many, especially when the phantasms have been
made by light. For example, a man that looks
upon the sun, has a certain shining idea of the

“magnitude of about a foot over, and this he calls

the sun, though he know the sun to be truly a
great deal bigger; and, in like manner, the phan-
tasm of the same thing appears sometimes round,
by being seen afar off, and sometimes square, by
being nearer. Whereupon it may well be doubted,
whether that phantasm be matter, or some body
natural, or only some accident of a body ; in the ex-
amination of which doubt we may use this method.
The properties of matter and accidents already
found out by us, by the synthetical method, from
their definitions, are to be compared with the idea
we have before us; and if it agree with the pro-
perties of matter or body, then it is a body ; other-
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wise it is an accident. Seeing, therefore, matter
cannot by any endeavour of ours be either made or
destroyed, or increased, or diminished, or moved
out of its place, whereas that idea appears, vanishes,
is increased and diminished, and moved hither and
thither at pleasure; we may certainly conclude
that it is not a body, but an accident only. And
this method is synthetical.

9. But if there be a doubt made concerning the
subject of any known accident (for this may be
doubted sometimes, as in the precedent example,
doubt may be made in what subject. that splendour
and apparent magnitude of the sun is), then our
enquiry must proceed in this manner. First,
matter in general must be divided into parts,
as, into object, medium, and the sentient itself, or
such other parts as seem most conformable to the
thing propounded. Next, these parts are severally
to be examined how they agree with the definition
of the subject; and such of them as are not
capable of that accident are to be rejected. Tor
example, if by any true ratiocination the sun be
found to be greater than its apparent magnitude,
then that magnitude is not in the sun ; if the sun
be in one determined straight line, and one deter-
mined distance, and the magnitude and splendour
be seen in more lines and distances than one, as it
is in reflection or refraction, then neither that
splendour nor apparent magnitude are in the sun
itself, and, therefore, the body of the sun cannot
be the subject of that splendour and magnitude.
And for the same reasons the air and other parts
will be rejected, till at last nothing remain which
can be the subject of that splendour and mag-
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nitude but the sentient itself. And this method, PART 1.
in regard the subJe('t is divided into parts, is %
analytical ; and in regard the properties, both of

the subject and accident, are compared with the
accident concerning whose subject the enquiry is

made, it is synthetical.

10. But when we seek after the cause of any Method of
propounded effect, we must in the first place get searching for
mnto our mind an exact notion or idea of that ;'r‘gpouff(‘;:,‘
which we call cause, namely, that a cause is the
sum or aggregate of all such accidents, both in
the agents and the patient, as concur to the
producing of the ¢ffect propounded; all which
existing togetlher, it cannot be understood but
that the effect existeth with them; or that
it can possibly exist if any one of them be
absent. This being known, in the next place we
must examine singly every accident that accom-
panies or precedes the effect, as far forth as it
seems to conduce in any manner to the production
of the same, and see whether the propounded
effect may be conceived to exist, without the
existence of any of those accidents; and by this
means separate such accidents, as do not concur,
from such as concur to produce the said effect;
which being done, we are to put together the
concurring accidents, and consider whether we
can possibly conceive, that when these are all
present, the effect propounded will not follow;
and if it be evident that the effect will follow,
then that aggregate of accidents is the entire
cause, otherwise not ; but we must still search out
and put together other accidents. For example,
if the cause of light be propounded to be sought
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PART 1. out; first, we examine things without us, and find
——— that whensoever light appears, there is some prin-
fe[‘f,‘.l‘,‘,’{},g‘}z,. cipal object, as it were the fountain of light,
:l‘:]‘; cause c‘;f without which we cannot have any perception of
propounded. light 5 and, therefore, the concurrence of that
object is necessary to the generation of light.
Next we consider the medium, and find, that
unless it be disposed in a certain manner, namely,
that it be transparent, though the object remain
the same, yet the effect will not follow; and,
therefore, the concurrence of transparency is also
necessary to the generation of light. Thirdly, we
observe our own body, and find that by the indis-
position of the eyes, the brain, the nerves, and the
heart, that is, by obstructions, stupidity, and
debility, we are deprived of light, so that a fitting
disposition of the organs to receive impressions
from without is likewise a necessary part of the
cause of light. Again, of all the accidents inherent
in the object, there is none that can conduce to
the effecting of light, but only action (or a certain
motion), which cannot be conceived to be wanting,
whensoever the effect is present ; for, that anything
may shine, it is not requisite that it be of such or
such magnitude or figure, or that the whole
body of it be moved out of the place it is in (unless
it may perhaps be said, that in the sun, or other
body, that which causes light is the light it hath
in itself; which yet is but a trifling exception,
seeing nothing is meant thereby but the cause of
light ; as if any man should say that the cause of
light is that in the sun which produceth it) ; it
remains, therefore, that the action, by which light
is generated, is motion only in the parts of the
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object. Which being understood, we may easily PART I.
conceive what it is the medium contributes, ——
namely, the continuation of that motion to the
eye; and, lastly, what the eye and the rest of the
organs of the sentient contribute, namely, the
continuation of the same motion to the last organ
of sense, the heart. And in this manner the cause
of light may be made up of motion continued
from the original of the same motion, to the
original of vital motion, light being nothing but
the alteration of vital motion, made by the impres-
sion upon it of motion continued from the object.
But I give this only for an example, for I shall
speak more at large of light, and the generation of
it, in its proper place. In the mean time it is
manifest, that in the searching out of causes, there
is need partly of the analytical, and partly of the
synthetical method; of the analytical, to con-
ceive how circumstances conduce severally to the
production of effects; and of the synthetical, for
the adding together and compounding of what they
¢an effect singly by themselves. And thus much
may serve for the method of invention. It remains
that I speak of the method of teaching, that is, of
demonstration, and of the means by which we
demonstrate.

11. In the method of invention, the use of o serve
words consists in this, that they may serve for asmarks; to

N demonstration

marks, by which, whatsoever we have found out as sigus.
may be recalled to memory; for without this all
our inventions perish, nor will it be possible for
us to go on from principles beyond a syllogism
or two, by reason of the weakness of memory.
Tor example, if any man, by considering a triangle
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PART I set before him, should find that all its angles
———— together taken are equal to two right angles, and
that by thinking of the same tacitly, without any
use of words either understood or expressed ; and
it should happen afterwards that another triangle,
unlike the former, or the same in different situa-
tion, should be offered to his consideration, he
would not know readily whether the same pro-
perty were in this last or no, but would be forced,
as often as a different triangle were brought before
him (and the difference of triangles is infinite) to
begin his contemplation anew ; which he would
have no need to do if he had the use of names,
for every universal name denotes the conceptions
we have of infinite singular things. Nevertheless,
as I said above, they serve as marks for the help
of our memory, whereby we register to ourselves
our own inventions; but not as signs by which
we declare the same to others; so that a man may
be a philosopher alone by himself, without any
master ; Adam had this capacity. DBut to teach,
that is, to demonstrate, supposes two at the least,
and syllogistical speech.
The method of  12. And seeing teaching is nothing but leading
s oo the mind of him we teach, to the knowledge of
our inventions, in that track by which we attained
the same with our own mind; thercfore, the same
method that served for our invention, will serve
also for demonstration to others, saving that we
omit the first part of method which proceeded
from the sense of things to universal principles,
which, because they are principles, cannot be
demonstrated ; and seeing they are known by
nature, (as was said above in the 5th article) they
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need no demonstration, though they need expli-
cation. The whole method, therefore of demon-
stration, is synthetical, consisting of that order of
speech which begins from primary or most
universal propositions, which are manifest of
themselves, and proceeds by a perpctual com-
position of propositions into syllogisms, till at
last the learner understand the truth of the
conclusion sought after.

13. Now, such principles are nothing but defi-
nitions, whereof there are two sorts; one of
names, that signify such things as have some con-
ceivable cause, and another of such names as

'signify things of which we can conceive no cause

“at all. Names of the former kind are, body, or

matter, quantity, or extension, motion, and what-
soever is common to all matter. Of the second
kind, are such a body, such and so great motion,
so great magnitude, such figure, and whatsoever
we can distinguish one body from another by.
And names of the former kind are well enough
defined, when, by speech as short as may be, we
raise in the mind of the hearer perfect and clear
ideas or conceptions of the things named, as when
we define motion to be the leaving of one place,
and the acquiring of another continually ; for
though no thing moved, nor any cause of motion
be in that definition, yet, at the hearing of that
speech, there will come into the mind of the
hearer an idee of motion clear enough. But
definitions of things, which may be understood to
have some cause, must consist of such names as
express the cause or manner of their generation,
as when we define a circle to be a figure made by
VoL. L. G
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thie circumduction of a straight line in a plane, &e.
Besides definitions, there is no other proposition
that ought to be called primary, or (according
to severe truth) be reccived into the number of
principles. For those axioms of Isuclid, seeing
they may be demonstrated, are no principles of
demonstration, though they have by the consent of
all men gotten the authority of principles, because
they need not be demonstrated. Also, those
petitions, or postulata, (as they call them) though
they be principles, yet they-are not principles of
demonstration, but of construction only ; that is,
not of science, but of power; or (which is all one)
not of theorems, which are speculations, but of
problems, which belong to practice, or the doing
of something. But as for those common received
opinions, Nature abhors vacuity. Nature doth
nothing in vain, and the like, which are neither
evident in themselves, nor at all to be demon-
strated, and which are oftener false than true,
they are much less to be acknowledged for
principles.

To return, therefore, to definitions; the reason
why I say that the cause and generation of such
things, as have any cause or generation, ought to
enter into their definitions, is this. The end of
science is the demonstration of the causes and
generations of things; which if they be not in the
definitions, they cannot be found in the conclusion
of the first syllogism, that is made from those
definitions; and if they be not in the first con-
clusion, they will not be found in any further
conclusion deduced from that ; and, therefore, by
proceeding in this manner, we shall never come to
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science ; which is against the scope and intention PART T

of demonstration. —
14. Now, seeing definitions (as I have said) are ihﬁcrhﬂ':;:irs"

principles, or primary propositions, they are there- ot a definition,

fore speeches; and seeing they are used for the

raising of an ¢dea of some thing in the mind of

the learner, whensoever that thing has a name,

the definition of it can be nothing but the expli-

cation of that name by speech; and if that name

be given it for some compounded conception, the

definition is nothing but a resolution of that name

into its most universal parts. As when we define

man, saying man is ¢ body animated, sentient,

rational, those names, body animated, §c. are

parts of that whole name man; so that definitions

of this kind always consist of genus and djfference;

the former names being all, till the last, general ;

and the last of all, difference. But if any name

be the most universal in its kind, then the defini-

tion of it cannot consist of genus and djfference,

but is to be made by such circumlocution, as best

explicateth the force of that name. Again, it is

_pbssible, and happens often, that the genus and

difference are put together, and yet make no
definition ; as these words, « straight line, contain
both the genus and difference; but are not a
definition, unless we should think a straight line
may be thus defined, a straight line is a straight
line: and yet if there were added another name,
consisting of different words, but signifying the
same thing which these signify, then these might
be the definition of that name. TFrom what has
been said, it may be understood how a defini-
tion ought to be defined, namely, that it is «
G 2
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PART 1. proposition, whose predicate resolves the subject,

——— when it may ; and when it may not, it exemplifies
the same.

Properties of 15, The properties of a definition are:

a definition. . .

First, that it takes away equivocation, as also
all that multitude of distinctions, which are used
by such as think they may learn philosophy by
disputation. TFor the nature of a definition is to
define, that is, to determine the signification of
the defined name, and to pare from it all other
signification besides what is contained in the
definition itself ; and therefore one definition does
as much, as all the distinctions (how many soever)
that can be used about the name defined.

Secondly, that it gives an universal notion of
the thing defined, representing a certain universal
picture thereof, not to the eye, but to the mind.
For as when one paints a man, he paints the image
of some man; so he, that defines the name man,
makes a representation of some man to the mind.

Thirdly, that it is not necessary to dispute
whether definitions are to be admitted or no. TFor
when a master is instructing his scholar, if the
scholar understand all the parts of the thing
defined, which are resolved in the definition, and
yet will not admit of the definition, there needs no
further controversy betwixt them, it being all one
as if he refused to be taught. But if he under-
stand nothing, then certainly the definition is
faulty ; for the nature of a definition consists in
this, that it exhibit a clear idea of the thing defined;
and principles are either known by themselves, or
else they are not principles.

Fourthly, that, in philosophy, definitions are
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before defined names. TFor in teaching philosophy,
the first beginuing is from definitions ; and all pro-
gression in the same, till we come to the knowledge
of the thing compounded, is compositive. Seeing,
therefore, definition is the explication of a com-
pounded name by resolution, and the progression
is from the parts to the compound, definitions
must be understood before compounded names ;
nay, when the names of the parts of any speech
be explicated, it is not necessary that the definition
should be a name compounded of them. Tor
example, when these names, equilateral, quadri-
lateral, right-angled, are sufficiently understood,
it is not necessary in geometry that there should
be at all such a name as square; for defined
names are received in philosophy for brevity's
sake only.

Fifthly, that compounded names, which are de-
fined one way in some one part of philosophy,
may in another part of the same be otherwise
defined ; as a parabole and an fyperbole have
one definition in geometry, and another in rhetoric;
for tdefinitions are instituted and serve for the
understanding of the doctrine which is treated of,
And, therefore, as in one part of philosophy, a
defiuition may have in it some one fiv name for
the more brief explanation of some proposition in
geometry ; so it may have the same liberty in
other parts of philosophy; for the use of names is
particular (even where many agree to the settling
of them) and arbitrary.

Sixthly, that no name can be defined by any
one word ; because no one word is sufficient for
the resolving of one or more words,
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Seventhly, that a defined name ought not to be
repeated in the definition. For a defined name is
the whole compound, and a definition is the reso-
lation of that compound into parts; but no total
can be part of itself.

16. Any two definitions, that may be com-
pounded into a syllogism, produce a conclusion ;
which, because it is derived from principles, that
is, from definitions, is sald to be demonstrated;
and the derivation or composition itself is called a
demonstration. In like manner, if a syllogism be
made of two propositions, whereof one is a defi-
nition, the other a demonstrated conclusion, or
neither of them is a definition, but both formerly
demonstrated, that syllogism is also called a de-
monstration, and so successively. The definition
therefore of a demonstration is this, « demonstra-
tion is a syllogism, or series of syllogisms,
derived and continued, from the definitions of
names, to the last conclusion. And from hence it
may be understood, that all true ratiocination,
which taketh its beginning from true principles,
produceth science, and is true demonstration.
For as for the original of the name, although that,
which the Greeks called amodéitic, and the Latins
demonstratio, was understood by them for that
sort only of ratiocination, in which, by the de-
scribing of certain lines and figures, they placed
the thing they were to prove, as it were before
men’s eyes, which is properly amodewview, or to
shew by the figure; yet they seem to have done it
for this reason, that unless it were in geometry,
(in which only there is place for such figures)
there was no ratiocination certain, and ending in
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science, their doctrines concerning all other things PART 1.
being nothing but controversy and clamour; ——
which, nevertheless, happened, not because the
truth to which they pretended could not be made
evident without figures, but because they wanted
true principles, from which they might derive
their ratiocination ; and, therefore, there is no
reason but that if true definitions were premised
in all sorts of doctrines, the demonstrations also
would be true.
17. It is proper to methodical demonstration, Properties of
First, that there be a true succession of one Soyomnirtion,
reason to another, according to the rules of syllo- jivss tobe
gizing delivered above.
Secondly, that the premises of all syllogisms be
demonstrated from the first definitions.
Thirdly, that after definitions, he that teaches
or demonstrates any thing, proceed in the same
method by which he found it out ; namely, that
in the first place those things be demonstrated,
which immediately succeed to universal definitions
(in which is contained that part of philosophy
which is called philosophia prima). Next, those
things which may be demonstrated by simple
motion (in which geometry consists). After
geometry, such things as may be taught or shewed
by manifest action, that is, by thrusting from, or
pulling towards. And after these, the motion or
mutation of the invisible parts of things, and the
doctrine of sense and imaginations, and of the
internal passions, especially those of men, in which
are comprehended the grounds of civil duties, or
civil philosophy; which takes up the last place.
And that this method ought to be kept in all sorts of
philosophy, is evident from hence, that such things
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as I have said are to be taught last, cannot be de-
monstrated, till such as are propounded to be first
treated of, be fully understood. Of which method
no other example can be given, but that treatise
of the elements of philosophy, which T shall begin
in the next chapter, and continue to the end of
the work.

18. Besides those paralogisms, whose fault lies
either in the falsity of the premises, or the want
of true composition, of which I have spoken in
the precedent chapter, there are two more, which
are frequent in demonstration; one whereof is
commouly called petitio principii; the other is
the supposing of a fulse cause ; and these do not
only deceive unskilful learners, but sometimes
masters themselves, by making them take that for
well demonstrated, which is not demonstrated at
all.  Petitio principic is, when the conclusion to
be proved is disguised in other words, and put
for the definition or principle from whence it is
to be demonstrated ; and thus, by putting for the
cause of the thing sought, either the thing itself or
some effect of it, they make a circle in their
demonstration. As for example, he that would
demonstrate that the earth stands still in the
centre of the world, and should suppose the earth’s
gravity to be the cause thereof, and define gravity
to be a quality by which every heavy body tends
towards the centre of the world, would lose his
labour; for the question is, what is the cause of
that quality in the earth ? and, therefore, he that
supposes gravity to be the cause, puts the thing
itself for its own cause.

Of a false cause 1 find this example in a cer-
tain treatise where the thing to be demonstrated
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is the motion of the earth. He begins, therefore, FART T
with this, that seeing the earth and the sun are ——
not always in the same situation, it must needs he
that one of them be locally moved, which is true ;
next, he affirms that the vapours, which the sun
raises from the earth and sea, are, by reason of
this motion, necessarily moved, which also is true;
from whence he infers the winds are made, and
this may pass for granted ; and by these winds he
says, the waters of the sea are moved, and by
their motion the bottom of the sea, as if it were
beaten forwards, moves round; and let this also
be granted ; wherefore, he concludes, the earth is
moved ; which is, nevertheless, a paralogism. TFor,
if that wind were the cause why the earth was,
from the beginning, moved round, and the motion
¢ither of the sun or the earth were the cause of
that wind, then the motion of the sun or the earth
was before the wind itself ; and if the earth were
moved, before the wind was made, then the wind
could not be the cause of the earth’s revolution ;
but, if the sun were moved, and the earth stand
still, then it is manifest the earth might remain
unmoved, notwithstanding that wind; and there-
fore that motion was not made by the cause which
he allegeth. But paralogisms of this kind are
very frequent among the writers of physics,
though none can be more elaborate than this in
the example given.

19. It may to some men seem pertinent to treat Why e aua.
: lytical method

in this place of that art of the geometricians, of geometi.
which they call logistice, that is, the art, by be weatcd of
which, from supposing the thing in question to he ™ s plee.
true, they proceed by ratiocination, till either they

come to something known, by which they may
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demonstrate the truth of the thing sought for; or
to something which is impossible, from whence
they collect that to be false, which they supposed
true. But this art cannot be explicated here, for

be treated of this reason, that the method of it can neither be

in this place.

practised, nor understood, unless by such as are
well versed in geometry; and among geometri-
cians themselves, they, that have most theorems in
readiness, are the most ready in the use of this
logistica ; so that, indeed, it is not a distinct
thing from geometry itself; for there are, in the
method of it, three parts; the first whereof con-
sists in the finding out of equality betwixt known
and unknown things, which they call equation ;
and this equation cannot be found out, but by such
as know perfectly the nature, properties, and
transpositions of proportion, as also the addition,
subtraction, multiplication, and division of lines
and superficies, and the extraction of roots; which
are the parts of no mean geometrician. 'The
second is, when an equation is found, to be able to
judge whether the truth or falsity of the question
may be deduced from it, or no; which yet requires
greater knowledge. And the third is, when such
an equation is found, as is fit for the solution of
the question, to know how to resolve the same in
such manner, that the truth or falsity may there-
by manifestly appear; which, in hard questions,
cannot be done without the knowledge of the
nature of crooked-lined figures; but he that un-
derstands readily the nature and properties of
these, is a complete geometrician. It happens
besides, that for the finding out of equations, there
is no certain method, but he is best able to do it,
that has the best natural wit.
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CHAPTER VIL
OF PLACE AND TIME.

1. Things that have no existence, may nevertheless be under-
stood and computed.—2. What is Space.—3. Time.—4. Part.
5. Division.— 6. One.—7. Number.---8. Composition. —
9. The whole.—10. Spaces and times contiguous, and con-
tinnal.—11. Beginning, end, way, finite, infinite.—12. What
is infinite in power. Nothing infinite can be truly said to be
cither whole, or onc; nor infinite spaces or times, many.—
18. Division proceeds not to the least.

1. In the teaching of natural philosophy, I cannot l‘AR7’i‘ 1.,
bégin better (as I have already shewn) than from ——

- privation ; that is, from feigning the world to be Mhings that

ave no ex-

annjhilated. But, if such annihilation of all things istence; miny
be supposed, it may perhaps be asked, what would be understaod
remain for any man (whom only I except from ™ °"P**"
this universal annihilation of things) to consider

as the subject of philosophy, or at all to reason

upon; or what to give names unto for ratiocina-

tion’s sake.
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I say, therefore, there would remain to that man
ideas of the world, and of all such bodies as he
had, before their annihilation, scen with his eyes,
or perceived by any other sense; that is to say,
the memory and Imagination of magnitudes,
motions, sounds, colours, &c. as also of their order
and parts. All which things, though they be
nothing but ideas and phantasms, happening in-

. ternally to him that imagineth; yet they will
tappear as if they were external, and not at all
depending upon any power of the mind. And

these are the things to which he would give
names, and subtract them from, and compound
them with one another. Ior seeing, that after the
destruction of all other things, I suppose man
still remaining, and namely that he thinks, ima-
gines, and remembers, there can be nothing for
him to think of but what is past; nay, if we do
but observe diligently what it is we do when we
consider and reason, we shall find, that though
all things be still remaining in the world, yet we
compute nothing but our own phantasms. For
when we calculate the magnitude and motions of
heaven or earth, we do not ascend into heaven
that we may divide it into parts, or measure the
motions thereof, but we do it sitting still in our
closets or in the dark. Now things may be con-
sidered, that is, be brought into account, either as
internal accidents of our mind, in which manner
we consider them when the question is about
some faculty of the mind ; or as species of external
things, not as really existing, but appearing only
to exist, or to have a being without us. And in
this manner we are now to consider them.
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2. If therefore we remember, or have a phantasm
of any thing that was in the world before the
supposed annihilation of the same; and consider,
not that the thing was such or such, but only that
it_had a being without the mind, we have pre-
sently a conception of that we call space: an
imaginary space indeed, because a mere phantasm,
yet that very thing which all men call so. Tor no
man calls it space for being already filled, but
because it may be filled; mnor does any man
think bodies carry their places away with them,
but’ that the same space contains sometimes one,
sometimes another body; which could not be if
space should always accompany the body which is
once in it. And this is of itself so manifest, that
I should not think it needed any explaining at all,
but that I find space to be falsely defined by
certain philosophers, who infer from thence, one,
that the world is infinite (for taking space to be
the extension of bodies, and thinking extension
may encrease continually, he infers that bodies
may be infinitely extended); and, another, from the
same definition, concludes rashly, that it is im-
possible even to God himself to create more
worlds than one; for, if another world were to be
created, he says, that seeing there is nothing

. without this world, and therefore (according to his

definition) no space, that new world must be
placed in nothing ; but in nothing nothing can be
placed ; which he affirms only, without showing
any reason for the same; whereas the contrary is
the truth: for more cannot be put into a place
already filled, so much is empty space fitter than
that, which is full, for the receiving of new hodies.

PART TI.
7.
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PARTIL Having therefore spoken thus much for these

—— men’s sakes, and for theirs that assent to them,
I return to my purpose, and define space thus:
| SPACE s Lhe phantasm ()f a thing existing without
( the mind simply ; that is to say, that phnnt'mm
in which we consider no other accident, but only
that it appears without us.

Time. 3. As abody leaves a phantasm of its magnitude
in the mind, so also a moved body leaves a
phantasm of its motion, namely, an idea of that
body passing out of one space into another by
continual succession. And this idea, or phantasm,
is that, which (without receding much from the
common opinion, or from Aristotle’s definition)
I call Time. Tor seeing all men confess a year
to be time, and yet do not think a year to be
the accident or affection of any body, they must
needs confess it to be, not in the things without
us, but only in the thought of the mind. So
when they speak of the times of their predecessors,
they do not think after their predecessors are
gone, that their times can be any where else than
in the memory of those that remember them.
And as for those that say, days, years, and months
are the motions of the sun and moon, seeing it is
all one to say, motion past and motion destroyed,
and that future motion is the same with motion
which is not yet begun, they say that, which they
do not mean, that there neither is, nor has been,
nor shall be any time: for of whatsoever it may
be said, ¢ has been or it shall be, of the same
also it might have been said heretofore, or may
be said hereafter, 7¢ 7s. What then can days,
months, and years, be, but the names of such
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computations made in our mind ?  Z%me therefore
is a phantasm, but a phantasm of motion, for if
we would know by what moments time passes
away, we make use of some motion or other, as
of the sun, of a clock, of the sand in an hour.
glass, or we mark some line uwpon which we
imagine something to be moved, there being no
other means by which we can take notice of any
time at all. And yet, when 1 say ¢éme is a phan-
tasm of motion, I do not say this is sufficient to
define it by ; for this word time comprehends the
notion of former and latter, or of succession
in the motion of a body, in as much as it is first
here then there. Wherefore a complete definition
rof time is such as this, TIME is the phantasm of
before and after in motion ; which agrees with
“this definition of Aristotle, time is the number of
motion according to former and latter ; for that
numbering is an act of the mind; and therefore
it is all one to say, time is the number of motion
according to jformer and latter ; and time is «
phantasm of motion numbered. But that other
definition, time is the measure of motion, is not
so exact, for we measure time by motion and
not motion by time.

4. One space is called part of another space,
and one time part of another time, when this
contains that and something besides. I'rom
whence it may be collected, that nothing can
rightly be called a ParT, but that which is com-
pared with something that contains it.

5. And therefore to make parts, or to part or
DIVIDE space or ¢ime, is nothing else but to con-
sider one and another within the same ; so that

PART IT.
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if any man divide space or time, the diverse
conceptions he has are more, by one, than the
parts he makes; for his first conception is of that
which 1is to be divided, then of some part of it,
and again of some other part of it, and so
forwards as long as he goes on in dividing.

But it is to be noted, that here, by division, 1
do not mean the severing or pulling asunder of
one space or time from another (for does any
man think that one hemisphere may be separated
from the other hemisphere, or the first hour from
the second?) but diversity of consideration; so
that division is not made by the operation of the
hands but of the mind.

6. When space or time is considered among
other spaces or times, it is said to be oNE, namely
one of them; for except one space might be
added to another, and subtracted from another
space, and so of time, it would be sufficient to
say space or time simply, and superfluous to say
one space or one time, if it could not be conceived
that there were another. The common definition
of one, namely, that one is that which is undivided,
is obnoxious to an absurd consequence ; for it may
thence be inferred, that whatsoever is divided is
many things, that is, that every divided thing, is
divided things, which is insignificant.

7. NUMBER is one and one, or one one and one,
and so forwards ; namely, orne and one make the
number fwo, and one one and one the number
three ; so are all other numbers made; which is
all one as if we should say, number is unities.

8. To comrounDd space of spaces, or time of
times, is first to consider them one after another,
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and then altogether as one; as if one should
reckon first the head, the feet, the arms, and the
body, severally, and then for the account of them
all together put mean. And that which is so put
for all the severals of which it consists, is called
the wanoLr; and those severals, when by the
division of the whole they come again to be
considered singly, are parts thereof; and therefore
the whole and all the parts taken together are
the same thing. And as I noted above, that in
division it is not necessary to pull the parts
asunder ; so in composition, 1t is to be understood,

that for the making up of a whole there is no

need of putting the parts together, so as to make
them touch one another, but only of collecting
them into one sum in the mind. For thus all men,
being considered together, make up the whole of
mankind, though never so much dispersed by time
and place ; and twelve hours, though the hours of
several days, may be compounded into one number
of twelve.

9. This being well understood, it is manifest,
that nothing can rightly be called a whole, that is
not conceived to be compounded of parts, and that
it may be divided into parts; so that if we deny
that a thing has parts, we deny the same to be a
whole. Tor example, if we say the soul can have
no parts, we affirm that no soul can be a whole
soul. Also it is manifest, that nothing has parts
till it be divided ; and when a thing is divided,
the parts are only so many as the division makes
them. Again, that a part of a part is a part of
the whole; and thus any part of the number four,
as fwo, is a part of the number eight ; for four is

VOL. L. I
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made of two and two ; but eight is compounded
of two, two, and four, and therefore fwo, which
is a part of the part fowr, is also a part of the
whole eight.

10. Two spaces are said to be coNTIGUOUS,
when there is no other space betwixt them. DBut
two times, betwixt which there is no other time, are
called immediate, as A B, BC. B C
And any two spaces, as well as
times, are said to be conTiNUAL, when they have
one common part, as A C, B D, B C D
where the part B C is common;
and more spaces and times are continual, when
every two which are next one another are
continual.

11. That part which is between two other parts,
is called a MEAN; and that which 1s not between
two other parts, an EXTREME. And of extremes,
that which is first reckoned is the BEGINNING,
and that which last, the xnp; and all the means
together taken are the way. Also, eaxtreme parts
and Zimits are the same thing. And from hence
it is manifest, that beginning and end depend
upon the order in which we number them; and
that to terminate or limit space and time, is the
same thing with imagining their beginning and
end ; as also that every thing is FINITE or INFI-
NITE, according as we imagine or not imagine it
limited or terminated every way; and that the
limits of any number are wunifies, and of these,
that which is the first in our nwmbering is the
beginning, and that which we number last, is the
end. When we say number is infinite, we mean
only that no number is expressed; for when we
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speak of the numbers fwo, three, a thousand, &e. PARTIT.
they are always finite. But when no more is said ——

“but this, number is infinite, it is to be understoad

as if it were said, this name number is an indefi-
nite name.

12. Space or time is said to be finite in power, ¥hat is inf-

or terminable, when there may be assigned athiné infi-
number of finite spaces or times, as of paces or {’,.‘;Ty can be
hours, than which there can be no greater number ye cither whote
of the same measure in that space or time; and finite spaces
. . 0 . . . . Ol'lllllCS,lllﬂlly.
infinite in power is that space or time, in which
a greater number of the said paces or hours may
be assigned, than any number that can be given.
But we must note, that, although in that space or
time which is infinite in power, there may be
numbered more paces or hours than any number
that can be assigned, yet their number will always
be finite; for every number is finite. And there-
fore his ratiocination was not good, that under-
taking to prove the world to be finite, reasoned
thus; If the world be infinite, then there may be
taken in it some part which is distant from us an
infinite number of paces: but no such part can
be taken; wherefore the world is not infinite ;
because that consequence of the major proposition
is false; for in an infinite space, whatsoever we take
or design in our mind, the distance of the same
from us is a finite space; for in the very designing
of the place thereof, we put an end to that space,
of which we ourselves are the beginning; and
whatsoever any man with his mind cuts off both
ways from infinite, he determines the same, that
is, he makes it finite.

Of infinite space or time, it cannot be said that

n2
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it is a whole or one: not a whole, because not
compounded of parts; for seeing parts, how many
soever they be, are severally finite, they will also,
when they are all put together, make a whole
finite: nor one, because nothing cau be said to be
one, except there be another to compare it with;
but it cannot be conceived that there are two
spaces, or two times, infinite. Lastly, when we
make question whether the world be finite or
infinite, we have nothing in our mind answering
to the name world ; for whatsoever we imagine,
is therefore finite, though our computation reach
the fixed stars, or the ninth or tenth, nay, the
thousandth sphere. The meaning of the question
is this only, whether God has actually made so
great an addition of body to body, as we are able
to make of space to space.

13. And, therefore, that which is commonly
said, that space and time may be divided infinitely,
is not to be so understood, as if there mnight be
any infinite or eternal division; but rather to be
taken in this sense, whatsoever is divided, is
divided into such parts as may again be divided ;
or thus, the least divisible thing is not to be
given ; or, as geometricians have it, no quantity
is so small, but a less may be taken; which may
easily be demonstrated in this manner. Let any
space or time, that which was thought to be the
least divisible, be divided into two equal parts, A
and B. I say either of them, as A, may be
divided again. For suppose the part A to be
contiguous to the part B of one side, and of the
other side to some other space equal to B. This
whole space, therefore, being greater than the
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space given, is divisible. Wherefore, if it be raRT 1L
divided into two equal parts, the part in the ——

middle, which is A, will be also divided into two
equal parts; and therefore A was divisible.

CHAPTER VIII.
OF BODY AND ACCIDENT.

1. Body defined.—2. Accident defined.—3. How an accident
may be understood to be in its subject.—4. Magnitude, what
it is.—5. Place, what it is, and that it is immovable, —
6. What is full and empty.—7. Here, there, somewhere, what
they signify.—8. Many bodies cannot be in one place, nor
one body in many places.—9. Contiguous and continual, what
they are.—-10. The definition of motion. No motion intelli-
gible but with time.—11. What it is to be at rest, to have
been moved, and to be moved. No motion to be conceived,
without the conception of past and future—12. A point, a
line, superficies and solid, what they are—13. Equal, greater,
and less in bodies and magnitudes, what they are.—14. One
and the same body has always onc and the same magnitude.
15. Veloeity, what it is,—16. Iqual, greater, and less in times,
what they are~—17. Equal, greater, and less, in velocity, what.
18. Equal, greater, and less, in motion, what.—19. That
which is at rest, will always be at rest, except it be moved by
some external thing ; and that which is moved, will always be
moved, unless it be hindered by some external thing.—
20. Accidents are generated and destroyed, but bodies not so.
21. An accident cannot depart from its subject.—22. Nor be
moved. — 28. Essence, form, and matter, what they are.
24. First matter, what.—25. That the whole is greater than
any part thereof, why demonstrated.

1. Havina understood what imaginary space is, Body aefined.
in which we supposed nothing remaining without
us, but all those things to be destroyed, that, by
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PART IT. existing heretofore, left images of themselves in
—%— our minds; let us now suppose some one of those
things to be placed again in the world, or created
anew. It is nccessary, therefore, that this new-
created or replaced thing do not only fill some
part of the space above mentioned, or be coinei-
dent and coextended with it, but also that it have
no dependance upon our thought. And this is
that which, for the extension of it, we commonly
call body ; and because it depends not upon our
thought, we say is a thing subsisting of itself ;
as also existing, because w1thout us; and, lastly,
it is called the subject, because it is so placed in
and suljected to imaginary space, that it may be
understood by reason, as well as perceived by
sense. The definition, therefore, of body may be
this, a body is that, which having no dependance
upon our thought, is coincident or coextended

with some part of space.
Accident 2. But what an «ccident is cannot so easily be
defined explained by any definition, as by examples. Let
us imagine, therefore, that a body fills any space,
or i1s coextended with it; that coextension is not
the coextended body: and, in like manner, let us
imagine that the same body is removed out of its
place ; that removing is not the removed body : or
let us think the same not removed; that not
removing or rest is not the resting body. What,
then, are these things? They are accidents of
that body. But the thmg in questlon is, what is
an aceident 2 which is an enquiry after that which
~we know already, and not that which we should
enquire after. For who does not always and in
the same manner understand him that says any
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thing is extended, or moved, or not moved ?  But PARTII.
most men will have it be said that an eccident is ——
something, namcly, some part of a natural thing, fl\f‘fl';&,“‘
when, indeed, it is no part of the same. To satisfy
these men, as well as may be, they answer best
that define an wccident to be the manner by which
any body is concewed ; which is all one as if they
should say, an accident is that faculty of any
body, by whick it works in us a conception of
itself. 'Which definition, though it be not an
answer to the question propounded, yet it is an
answer to that question which should have been
propounded, namely, whence does it happen that
one part of any body appears here, another
there 2 Tor this is well answered thus: i¢ happens
Jrom the extension of that body. Or, how comes
it to pass that the whole body, by succession, is
seen now here, now there 2 and the answer will be,
by reason of its motion. Or, lastly, whence is it
that any body possesseth the same space for
sometime 2 and the answer will be, decause it is
not moved. For if concerning the name of a
body, that is, concerning a concrete name, it be
asked, what is it 2 the answer must be made by
definition ; for the question is concerning the
signification of the name. But if it be asked
concerning an abstract name, what is it 2 the
cause is demanded why a thing appears so or so.
As if it be asked, what is hard 2 'The answer
will be, hard is that, whereof no part gives place,
but when the whole gives place. But if it be
demanded, what is hardress 2 a cause must be
shewn why a part does not give place, except the
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whole give place. Wherefore, I define an accident
to be the manner of our conception of body.

3. When an accident is said to be in « body, it
1s not so to be understood, as if any thing were
contained in that body ; as if, for example, redness
were in blood, in the same manner, as blood is in
a bloody cloth, that is, as a part in the whole;
for so, an accident would be a body also. But, as
magnitude, or rest, or motiou, is in that which is
great, or which resteth, or which is moved, (which,
how it is to be understood, every man understands)
so also, it is to be understood, that every other
accident is im its subject. And this, also, is
explicated by Aristotle no otherwise than nega-
tively, namely, that an accident is in its subject,
not as any part thereof, but so as that it may be
away, the subject still remaining ; which is right,
saving that there are certain accidents which can
never perish except the body perish also; for no
body can be conceived to be without extension, or
without figure. All other accidents, which are
not common to all bodies, but peculiar to some
only, as to be at rest, to be moved, colowr,
hardness, and the like, do perish continually, and
are succeeded by others; yet so, as that the body
never perisheth. And as for the opinion that some
may have, that all other accidents are not in their
bodies in the same manner that extension, motion,
rest, or figure, are in the same; for example, that
colour, heat, odour, virtue, vice, and the like, are
otherwise in them, and, as they say, inherent;
I desire they would suspend their judgment for
the present, and expect a little, till it be found out
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by ratiocination, whether these very accidents are
not also certain motions either of the mind of the
perceiver, or of the bodies themselves which are
perceived; for in the search of this, a great part
of natural philosophy consists.

4. The eatension of a body, is the same thing
with the magnitude of it, or that which some call
real space. But this magnitude does not depend
upon our cogitation, as imaginary space doth; for
this is an effect of our imagination, but megnitude
is the cause of 1t; this is an accident of the mind,
that of a body existing out of the mind.

5. That space, by which word I here understand
imaginary space, which is coincident with the
magnitude of any body, is called the place of that
body ; and the hody itself is that which we call
the thing placed. Now place, and the magnitude
of the thing placed, differ. TFirst in this, that a
body keeps always the same magnritude, bhoth
when it is at rest, and when it is moved; but when
it is moved, it does not keep the same place.
Secondly in this, that place is a phantasm of any
body of such and such quantity and figure; but
magnitude is the peculiar accident of every body ;
for one body may at several times have several
places, but has always one and the same magnitude.
Thirdly in this, that place is nothing out of the
mind, nor magmnitude any thing within it. And
lastly, place is feigned extension, but magnitude
true extension; and a placed body is not extension,
but a thing extended. Besides, place is immovadble;
for, seeing that which is moved, is understood to
be carried from place to place, if place were
moved, it would also be carried from place to
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place, so that one place must have another place,
and that place another place, and so on infinitely,
which s ridiendous.  And as for those, that, by
making place to be of the same natare with real
space, would fromn thence maintain it to be
immovable, they also make place, though they do
not perceive they make it so, to be a mere phan-
tasm. For whilst one affirms that place is therefore
said to be immovable, because space in general is
considered there; if he had remembered that
nothing is general or universal besides names or
signs, he would easily have seen that that space,
which he says is considered in general, is nothing
but a phantasm, in the mind or the memory, of a
body of such magnitude and such figure. And
whilst another says: real space is made immovable
by the understanding ; as when, under the super-
ficies of running water, we imagine other and
other water to come by continual succession, that
superficies fixed there by the understanding, is the
immovable place of the river: what clse does he
make it to be but a phantasm, though he do it
obscurely and in perplexed words? Lastly, the
nature of place does not consist in the superficies
of the ambient, but in solid space ; for the whole
placed body is coextended with its whole place,
and every part of it with every answering part of
the same place ; but seeing every placed body is a
solid thing, it cannot be understood to be coex-
tended with superficies. Besides, how can any
whole body be moved, unless all its parts be
moved together with it? Or how can the internal
parts of it be moved, but by leaving their place ¢
But the internal parts of a body cannot leave the
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snpérﬁcics of an external part contignous to it; PART i,
and, therefore, it follows, that if place be the —- —
superficies of the wmbient, then the parts of a
body moved, that is, bodies moved, are not moved.

6. Space, or place, that is possessed by a hady, :‘nuﬂel’:,&;“
is called fufl, and that which is not so possessed,
is called empty.

7. Here, there, in the country, in the city, and 1(1:,"3“!]1\\310
other the like names, by which answer is made to what they
the question where is it 2 are not properly names """
of place, nor do they of themselves bring into the
mind the place that is sought ; for kere and there
signify nothing, unless the thing be shewn at the
same time with the finger or something else; but
when the eye of him that seeks, is, by pointing or
some other sign, directed to the thing sought, the
place of it is not hereby defined by him that
answers, but found out by him that asks the ques-
tion. Now such shewings as are made by words
only, as when we say, in the country, or in the
city, are some of greater latitude than others, as
when we say, in the country, in the city, in such a
street, in a house, in the chamber, in bed, &c.

For these do, by little and little, direct the seeker
nearer to the proper place; and yet they do not
determine the same, but only restrain it to a lesser
space, and signify no more, than that the place of
the thing is within a certain space designed by
those words, as a part is in the whole. And all
such names, by which answer is made to the ques-
tion where 2 have, for their highest genus, the
name somewhere. Trom whence it may be under-
stood, that whatsoever i1s somewhere, is in some
place properly so called, which place is part of
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that greater space that is signified by some of these
names, i the country, in the city, or the like.

8. A body, and the magnitude, and the place
thereof, are divided by one and the same act of
the mind ; for, to divide an extended body, and the
extension thereof, and the idea of that extension,
which is place, is the same with dividing any one
of them ; because they are coincident, and it
cannot be done but by the mind, that is by the
division of space. I'rom whence it is manifest,
that neither two bodies can be together in the
same place, nor one body be in two places at the
same time. Not two bodies in the same place ;
because when a body that fills its whole place is
divided into two, the place itself is divided into
two also, so that there will be two places. Not
one body in two places ; for the place that a body
fills being divided into two, the placed body will
be also divided into two; for, as 1 said, a place
and the body that fills that place, are divided both
together; and so there will be two bodies.

9. Two bodies are said to be contiguous to one
another, and continwal, i the same manner as
spaces are ; namely, those are contiguous, between
which there is no space. Now, by space I under-
stand, here as formerly, an idea or phantasm of a
body. Wherefore, though between two bodies
there be put no other body, and consequently no
magnitude, or, as they call it, real space, yet if
another body may be put between them, that is, if
there intercede any imagined space which may
receive another body, then those bodies are not
contiguous. And this is so easy to be understood,
that I should wonder at some men, who being
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otherwise skilful enough in philosophy, are of a
different opinion, but that I find that most of those
that affect metaphysical subtleties wander from
truth, as if they were led out of their way by an
ignis  fatuus. TFor can any man that has his
natural senses, think that two bodies must
therefore necessarily touch one another, because
no other body is between them? Or that there
can be no vacwwm, because vacwum is nothing, or
as they call it, non ens 2 Which is as childish, as
if one should reason thus; no man can fast,
because to fast is to eat nothing: but nothing
cannot be eaten. Continual, are any two bodies
that have a common part ; and more than two are
continual, when every two, that are next to one
another, are conttnucl.

PART II.
8.
——

10. MoTION is @ continual relinquishing of The dcfinition

one place, and acquiring of another ; and that
] O e

place which is relinquished is commonly called the
terminus a quo, as that which is acquired is called
the terminus ad quem ; 1 say a continual relin-
quishing, because no body, how little soever, can
totally and at once go out of its former place into
another, so, but that some part of it will be in a
part of a place which is common to both, namely,
to the relinquished and the acquired places. Tor
example, let any body be in the

place A CB D; the same body can- M
not come into the place BD E F, l l : '

but it must first be in GHI K, ————a0v—1-
whose part G H B D is common to CHDKE

both the places A CB D, and G H I K, and
whose part B D I K, is common to both tie places
GHIK,and BDETF. Now it cannot be con-

of motion. No
motion intelli-
gible but with
time.
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ccived that any thing can be moved without time;
for time is, by the definition of it, a phantasm, that
is, a conception of motion ; and, therefore, to con-
ceive that any thing may be moved without time,
were to conceive motion without motion, which is
impossible.

That is said to be at rest, which, during
any time, is in one place ; and that to be moved,
or to have been moved, which, whether it be now
at rest or moved, was formerly in another place
than that which it is now tn. From which defini-
tions it may be inferred, first, that whatsocver is
moved, has been moved ; for if it be still in the
same place in which it was formerly, it is at rest,
that is, it 1s not moved, by the definition of 7est ;
but if it be in another place, it has been moved,
by the definition of moved. Secoundly, that whaet
s moved, will yet be moved ; for that which is
moved, leaveth the place where it is, and therefore
will be in another place, and consequently will
be moved still.  Thirdly, that whatsoever is
moved, is not in one place during any time, how
little soever that time be ; for by the definition of
rest, that which is in one place during any time, -

1s at rest.

There is a certain sophism against motion, ‘which
seems to spring from the not understandmg of
this last proposition. For they say, that, 7/ any
body be moved, it is moved cither in the place
where it is, or in the place where it is not ; both
which are false s and ther q/m e nothing is moved.
But the falsity lies in the major prOposmon ; for
that which is moved, is neither moved in the place
where it is, nor in the place where is not; but
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from the place where it is, to the place whereit is
not. Indeed it cannot be denied but that what-
soever 18 moved, is moved somewhere, that is,
within some space; but then the place of that
body is not that whole space, but a part of it, as
is said above in the seventh article. I'rom what
is above demonstrated, namely, that whatsoever is
moved, has also been moved, and will be moved,
this also may be collected, that there can be no
conception of motion, without conceiving past
and future time.

PART 11.
5.
Ny

12, Though there be no body which has not A point,a line,

some magnitude, yet if, when any body is moved

superficies,
3 and solid,

the magnitude of it be not at all considered, the “hatthey are-

way it makes is called a Zine, or one single
dimension ; and the space, through which it
passeth, is ‘called length; and the body itself, a
point ; in which sense the carth is called a point,
and the way of its yearly revolution, the ecliptic
line. But if a body, which is moved, be considered
as long, and be supposed to be so moved, as that
all the several parts of it be understood to make
several lines, then the way of every part of that
body is called breadth, and the space which is
made is called supesficies, consisting of two

dimensions, one whereof to every several part of -

the other is applied whole. Again, if a body be
considered as having superficies, and be under-
stood to be so moved, that all the several parts of
it describe several lines, then the way of every
part of that body is called thickness or depih,
and the space which is made is called solid,
consisting of three dimensions, any two whereof

are applied whole to every several part of the
third,
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But if a body be cousidered as solid, then it is
not possible that all the several parts of it should
describe several lines; for what way soever it be
moved, the way of the following part will fall into
the way of the part before it, so that the same
solid will still be made which the foremost super-
ficies would have made by itself. And therefore
there can be no other dimension in any body, as
it is a body, than the three which I have now
described ; though, as it shall be shewed hereafter,
velocity, which is motion according to length,
may, by being applied to all the parts of a solid,
make & magnitude of motion, cousisting of four
dimensions; as the goodness of gold, computed
in all the parts of it, makes the price and value
thereof.

13. Bodies, how many soever they be, that
can fill every one the place of every one, are said
to be equal every one to every other. Now, one
body may fill the same place which another body
filleth, though 1t be not of the same figure with
that other body, if so be that it may be understood
to be reducible to the same figure, cither by
flexion or transposition of the parts. And one
body is greater than another body, when « part
of that is equal to all this; and less, when all
that is equal to a part of this. Also, magnitudes
are equal, or greater, or lesser, than one another,
for the same consideration, namely, when the
bodies, of which they are the magnitudes, are
either equal, or greater, or less, &e.

14. One and the same body is always of one
and the same magnitude. Tor seceing a body
and the magnitude and place thereof cannot be
comprehended in the mind otherwise than as they
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are coincident, if any body be understood to be at
rest, that is, to remain in the same place during
some time, and the magnitude thereof be in one
part of that time greater, and in another part less,
that body’s place, which is one and the same, will
be coincident sometimes with greater, sometimes
with less magnitude, that is, the same place will be
greater and less than itself, which is impossible.
But there would be no need at all of demonstrating
a thing that is in itself so manifest, if there were
not some, whose opinion concerning bodies and
their magnitudes is, that a body may exist separated
from its magnitude, and have greater or less mag-
nitude bestowed wupon if, making wuse of this
principle for the explication of the nature of rarum
and densum.

15. Motion, in as much as a certain length may
in a certain time be transmitted by it, is called
VELOCITY or swiftness: &c. Tor though swift
be very often understood with relation to slower
or less swift, as great is in respect of less, yet
nevertheless, as magnitude is by philosophers taken
absolutely for extension, so also velocity or swift-
ness may be put absolutely for motion according to
length.

16. Many motions are said to be made in equal
times, when every one of them begins and ends
together with some other motion, or if it had
begun together, would also have ended together
with the same. TFor time, which is a phantasm of
motion, cannot he reckoned but by some exposed
motion ; as in dials by the motion of the suxn or of
the hand ; and if two or more motions begin and
end with this motion, they are said to be made in

VOL. I. 1
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equal times; from whence also it is casy to under-
stand what it is to be moved in greater or longer
time, and in less time or not so long ; namely,
that that is longer moved, which beginning with
another, ends later; or ending together, began
sooner.

17. Motions are said to be equally swift, when
equal lengths are transmitted in equal times; and
greater swiftness is that, wherein greater length is
passed in equal time, or equal length in less time.
Also that swiftness by which equal lengths are
passed in equal parts of time, is called wniform
swiftness or motion ; and of motions not uniform,
such as become swifter or slower by equal in-
creasings or decreasings in equal parts of time, are
said to be accelerated or retarded uniformly.

18. But motion is said to be greater, less, and
equal, not only in regard of the length which is
transmitted in a certain time, that is, in regard of
swiftness only, but of swiftness applied to every
smallest particle of magnitude; for when any
body is moved, every part of it is also moved ; and
supposing the parts to be halves, the motions of
those halves have their swiftuness equal to one
another, and severally equal to that of the whole ;
but the motion of the whole is equal to those two
motions, either of which is of equal swiftness with
it; and therefore it is one thing for two motions
to be equal to one another, and another thing for
them to be equally swift. And this is manifest in
two horses that draw abreast, where the motion of
both the horses together is of equal swiftness with
the motion of either of them singly; but the
motion of both is greater than the motion of one
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of them, namely, double.  Whercfore motions are PART I,

said to be simply equal to one another, when the ————

swiftness of one, computed in cvery part of its

magnitude, is equal to the swiftness ¢f the other

computed also in every part of its magnitude :

and greater than one another, when the swiftness

of one computed as above, is greater than the

swiftness of the other so computed ; and less,

when less. Besides, the magnitude of motion

computed in this manner is that which is commonly

called FoRrcE. '

19. Whatsoever is at rest, will always be at Thatwhich

. ., is atrest will

rest, unless there be some other body besides ity agays ve at

which, by endeavouring to get into its place by {,f‘m‘;‘vt‘d‘"h';

motion, syffers it no longer to remain at rest. :;:;:gf“mml

For suppose that some finite body exist and be at

rest, and that all space besides be empty ; if now

this body begin to be moved, it will certainly be

moved some way ; seeing thercfore there was

nothing in that body which did not dispose it to

rest, the reason why it is moved this way is in

something out of it ; and in like manner, if it had

been moved any other way, the reason of notion

that way had also been in something out of it ; but

seeing it was supposed that nothing is out of it,

the reason of its motion one way would be the

same with the reason of its motion every other

way, wherefore it would be moved alike all ways

at once ; which is impossible.

In like manner, whatsoever is moved, will That which is
always be moved, except there be some other body waysve moved,
besides it, which causeth it to rest. Tor if we :;:llsjstyb(;::)?g
suppose nothing to be without it, there will be no sl thivg.
reason why it should rest now, rather than at

I 2
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PART I another time ; wherefore its motion wonld cease

~—-— in every particle of time alike; which is not
intelligible.

Accidents are (), When we say a living ereature, a tree, or any

ﬁ;‘fr';;:f\,“ﬁ:' other specified body is generated or destroyed,

bodies not 50 3¢ §s not to he so understood as if there were made

a body of that which is not-body, or not a body of

a body, but of a living creature not a living crea-

ture, of a tree not a tree, &c. that is, that those

accidents for which we call one thing a living

creature, another thing a tree, and another by

some other name, are generated and destroyed ;

and that therefore the same names are not to be

given to them now, which were given them before.

But that magnitude for which we give to any

thing the name of body is neither generated nor

destroyed. Tor though we may feign in our mind

that a point may swell to a huge bulk, and that

this may again contract itself to a point; that is,

though we may imagine something to arise where

before was nothing, and nothing to be there where

before was something, yet we cannot comprehend

in our mind how this may possibly be done in

nature.  And therefore philosophers, who tie

themselves to natural reason, suppose that a body

can neither be generated nor destroyed, but only

that it may appear otherwise than it did to us,

that is, under different species, and consequently

be called by other and other names; so that that

which is now called man, may at another time

have the name of not-man ; but that which is once

called body, can never be called not-body. But it

is manifest, that all other accidents besides magni-

tude or extension may be generated and destroyed ;
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as when a white thing is made black, the whiteness PART TL
that was in it perisheth, and the blackness that — —
was 10t in it is now generated ; and therefore

bodies, and the accidents under which they appear
diversely, have this difference, that bodies are

things, and not generated ; accidents are generated,

and not things.

21. And therefore, when any thing appears g"‘"‘)‘;fi[;‘:l:‘:“
otherwise than it did by reason of other and other fromitssubject
accidents, it is not to be thought that an accident
goes out of one subject into another, (for they are
not, as I said above, in their subjects as a part in
the whole, or as a contained thing in that which
contains it, or as a master of a family in his house,)
but that one accident perisheth, and another is
generated. For example, when the hand, being
moved, moves the pen, motion does not go out of
the hand into the pen; for so the writing might be
continued though the hand stood still; but a new
motion is generated in the pen, and is the pen’s
motion.

22. And therefore also it is improper to say, an Nor be moved.
accident is moved; as when, instead of saying,

Jigure is an accident of a body carried away, we
say, @ body carries away its figure.
23. Now that accident for which we give a Essence, form,
. . , and matter,
certain name to any body, or the accident which what they are.
denominates its subject, is commonly called the
ESSENCE thereof; as rationality is the essence of
a man ; whiteness, of any white thing, and exten-
sion the essence of a body. And the same essence,
in as much as it is generated, is called the Form.
Again, a body, in respect of any accident, is called
the sumsecT, and in respect of the form it is
called the MATTER.
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Also, the production or perishing of any aceident
makes its subject be said Zo be changed ; only the
production or perishing of form makes it be said it
is generated or destroyed ; but in all gencration
and mutation, the name of matier still remains.
Tor a table made of wood is not only wooden, but
wood ; and a statuc of brass is brass as well as
brazen ; though Aristotle, in his Metaphysics, says,
that whatsoever is made of any thing ought not to
be called éxewo, but éxéonvor; as that which is made
of wood, not &iXor, but &Xwor, that is, not wood,
but wooden.

24. And as for that matter which is common to
all things, and which philosophers, following Aris-
totle, usually call materia prime, that is, first
matter, it is not any body distinet from all other
bodies, nor is it one of them. What then is it?
A merc name; yet a name which is not of vain
use ; for it signifies a conception of body without
the consideration of any form or other accident
except only magnitude or extension, and aptuess
to receive form and other aceident. So that when-
soever we have use of the name body i general,
if we use that of materic prima, we do well.  For
as when a man not knowing which was first,
water or ice, would find out which of the two were
the matter of both, he would be fain to suppose
some third matter which were neither of these
two ; so he that would find out what is the matter
of all things, ought to suppose such as is not the
matter of anything that exists. Wherefore materia
prime is nothing 5 and therefore they do not
attribute to it either form or any other accident
besides quantity ; whereas all singular things have
their forms and accidents certain.
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Materia prima, thercfore, is body in general,
that is, body considered universally, not as having
neither form nor any accident, but in which no
form nor any other accident but quantity are at all
considered, that is, they are not drawn into argu-
mentation.

25. From what has been said, those axioms may
be demonstrated, which are assumed by Euclid in

PART II.
8.
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That the whole
is greater than
any part there-
of, why demon.

the beginning of his first element, about the equa- strated.,

lity and inequality of magnitudes ; of which,
omitting the rest, T will here demonstrate ouly
this one, the whole 1s greater than any part
thereof'; to the end that the veader may know that
those axioms are not indemonstrable, and therefore
not principles of demonstration ; and from hence
learn to be wary how he admits any thing for a
principle, which is not at least as evident as these
are. Greater is defined to be that, whose part is
equal to the whole of another. Now if we suppose
any whole to be A, and a part of it to be B;
secing the whole B is equal to itself, and the same
B is a part of A; therefore a part of A will he
cqual to the whole B, Wherefore, by the definition
above, A is greater than B; which was to be proved.
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CHAPTER IX.
OF CAUSE AND EFFECT.

1. Action and passion, what they are.—2. Action and passion
mediate and immediate.— 3. Cause simply taken. Cause
without which no effect follows, or canse necessary by sup-
position. —4. Cause efficient and material.— 5. An entire
cause is always sufficient to produce its effect. At the same
instant that the cause is entire, the effect is produced. Lvery
effect has a necessary cause.—6. The generation of cffects is
continual. What is the beginning in causation.—7. No cause
of motion but in a body contiguous and moved.—8. The same
agents and patients, if alike disposed, produce like cffects
though at different times. — 9. All mutation is motion.
10. Contingent accidents, what they are.

1. A BODY is said to work upon or «ct, that is to
say, do something to another body, when it either
generates or destroys some accident in it : and the
body in which an accident is generated or destroyed
is said to syffer, that is, to have something done to
it by another body; as when one body by putting
forwards another body generates motion in it, it is
called the AGENT ; and the body in which motion
is so generated, is called the PATIENT ; so fire that
warms the hand is the «gent, and the hand, which
is warmed, is the patient. That accident, which
is generated in the patient, is called the urrecr.

2. When an agent and patient are contiguous to
one another, their action and passion are then said
to be immediate, otherwise, mediate ; and when
another body, lying betwixt the agent and patient,
is contiguous to them both, it is then itself both an
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agent and a patient; an agent in vespeet of the PART AL
body next after it, upon which it works, and a ~——
patient in respect of the body next before it, from
which it suffers. Also, if many Dbodies he o
ordered that every two which are next to one
another be contiguous, then all those that are
betwixt the first and the last are both agents and
patients, and the first is an agent only, and the last
a patient only.
3. An agent is understood to produce its deter- Cruse simply
mined or certain effect in the patient, according to
some certain accident or accidents, with whiech
both it and the patient are affected ; that is to say,
the agent hath its effect precisely such, not because
it is a body, but because such a body, or so moved.
For otherwise all agents, seeing they are all bodies
alike, would produce like effects in all patients.
And therefore the fire, for example, does not warm,
because it is a body, but because it is hot; nor
does one body put forward another body because it
is a body, but because it is moved into the place
of that other body. The cause, thevefore, of all
‘effects consists in certain accidents both in the
‘agents and in the patients ; which when they ave
all present, the effect is produced ; but if any one
of them be wanting, it is not produced; and that Cause without
accident either of the agent or patient, without }f,',’,'(ff:.;"f,fm’“‘
which the effect cannot be produced, is called by supposition,
cause sine qua non, Or cause necessary by sup-
position, as also the cause requisite for the pro-
duction of the ¢ffect. But a cause simply, or an
entire cause, is the aggregate of wll the accidents
both of the agents how many soever they be, and
‘of the patient, put together ; which when they
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PARE I are all supposed to be present, it cannot be under-
" stood but that the effect is produced at the same

mstant ; and if any one of them be wanting, it
cunnot be understood but that the ¢ffect is not
produced.

g;;‘iﬁf{fﬁ‘:l"‘» 4. The aggregate of accidents in the agent or
agents, requisite for the production of the effect,
the effect being produced, is called the efficient
cause thereof; and the aggregate of accidents in
the patient, the effect being produced, is usually
called the material cause ; 1 say the effect being
produced ; for where there is no effect, there can
be no cause; for nothing can be called a cause,
where there is nothing that can be called an
effect. But the efficicnt and material causes are
both but partial causes, or parts of that cause, which
in the next precedent article T called an entire
cause. And from hence it is manifest, that the
effect we expect, though the agents be not defective
on their part, may nevertheless be frustrated by a
defect in the patient; and when the patient is
sufficient, by a defect in the agents.

Anentirecanse 5 An entire cause is always sufficient for the

is always suf- . . .

gﬁicci:‘tit;ue{%‘)e?{_ prod.uctlou of its effect, if the effect be at all
possible. Tor let any effect whatsoever be pro-
pounded to be produced ; if the same e produced,
it is manifest that the cause which produced it was
a sufficient cause ; but if it be not produced, and
yet be possible, it is evident that something was
wanting either in some agent, or in the patient,
without which it could not be produced ; that is,
that some accident was wanting which was requi-
site for its production; and therefore, that cause was
not entire, which is contrary to what was supposed,
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It follows also from hence, that in whatsoever PAROT In.
instant the cause is entire, in the same instant the ——
~fFe - N ' T 3 F - \ Atthe samein-
effect is produced. For if it be not produced, ;"¢

something is still wanting, which is requisite for SI\IEZ?I:Z:\;‘;:S,
the production of it ; and therefore the cause was duced.
not entire, as was supposed.

And seeing a necessary cause is defined to be Every effect
that, which being supposed, the effect cannot but i‘ffy"clfﬁzf
follow ; this also may be collected, that whatsoever
effect is produced at any time, the same is produced
by a necessary cause. For whatsoever is produced,
in as much as it is produced, had an entire cause,
that is, had all those things, which being supposed,
it cannot be understood but that the effect fol-
lows ; that is, it had a necessary cause. And in the
same manner it may be shewn, that whatsoever
effects are hereafter to be produced, shall have a
necessary cause; so that all the effects that have
been, or shall be produced, have their necessity in
things antecedent.

6. And from this, that whensoever the cause 18 The genera-
entire, the effect is produced in the same instant, boooneets

is continual,
it is manifest that cansation and the production Yhatis the

of cffects cousist i a certain continual progress ,lc“lz::tt'l(:\l;\m
so that as there is a continual mutation in the
agent or agents, by the working of other ageuts
upon them, so also the patient, upon which they
work, is continually altered and changed. Tor
example: as the heat of the fire increases more
and more, so also the effects thereof, nanely, the
heat of such bodies as are next to it, and again, of
such other bodies as are next to them, increase
more and more accordingly; which is already no

little argument that all mutation consists in motion
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only; the truth whereof shall be further demon-
strated in the ninth article. But in this progress
of causation, that is, of action and passion, if any
man comprehend in his imagination a part thercof,
and divide the same into parts, the first part or
beginning of it cannot be considered otherwise
than as action or cause; for, if it should be consi-
dered as effect or passion, then it would be neces-
sary to consider something before it, for its cause
or action; which cannot be, for nothing can be
before the beginning. And in like manner, the
last part is considered only as effect ; for it cannot
be called cause, if nothing follow it; but after the
last, nothing follows. And from hence it is, that in
all action the beginning and cause are taken for
the same thing. Butevery one of the intermediate
parts are both action and passion, and cause and
effect, according as they are compared with the
antecedent or subsequent part.

7. There can be no cause of motion, except in a
body contiguous and moved. TFor let there be
any two bodies which are not contiguous, and he-
twixt which the intermediate space is empty, or, if
filled, filled with another body which is at rest;
and let one of the propounded hodies be supposed
to be at rest; T say it shall always be at rest.  Tor
if it shall be moved, the cause of that motion, by
the 8th chapter, article 19, will be some external
body; and, therefore, if between it and that ex-
ternal body there be nothing but empty space,
then whatsoever the disposition be of that external
body or of the patient itself, yet if it be supposed
to be now at rest, we may conceive it will con-
tinue so till it be touched by some other body.
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But seeing-cause, by the definition, is the aggre- PART L.
gate of all such accidents, which being supposed ——
to be present, it cannot be conceived but that the
effect will follow, those accidents, which are either
in external bodies, or in the patient itself, cannot
be the cause of future motion. And in like manner,
seeing we may conceive that whatsoever is at rest
will still be at rest, though it be touched by some
other body, except that other body be moved;
therefore in a contiguous body, which is at vest,
there can be no cause of motion. Wherefore there
is no cause of motion in any body, except 1t be
contiguous and moved.

The same reason may serve to prove that what-
soever is moved, will always be moved on in the
same way and with the same velocity, except it
be hindered by some other contiguous and moved
body; and consequently that no bodies, cither
when they are at rest, or when there is an inter-
position of vacuum, can generate or extinguish or
lessen motion in other bodies. There is one that
has written that things moved are more resisted
by things at rest, than by things coutrarily moved ;
.for this reason, that he conceived motion not to be
so contrary to motion as rest. That which deceived
him was, that the words »es¢ and mofion are but
contradictory names; whereas motion, indeed, is
not resisted by rest, but by contrary motion.

8. But if a body work upon another body at one The same
time, and afterwards the same body work upon the (&'t

patients, if

same body at another time, so that both the agent Mike dispo-

sed, produce
and patient, and all their parts, be in all things as hke eflects,

though at dif-
they were ; and there be no difference, except only ferent times.

in time, that is, that one action be former, the
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PM}J‘P 1. other later in time; it is manifest of itself, that the

- ——— cffects will be equal and like, as not differing in
anything besides time.  And as cffects themselves
proceed from their causes, so the diversity of them
depends upon the diversity of their causes also.

All mutation ). This being true, it is nccessary that mutation
can be nothing else but motion of the parts of that
body which is changed. TFor first, we do not say
anything is changed, but that which appears to our
senses otherwise than it appeared formerly. Se-
condly, both those appearances are ecffects pro-
duced in the sentient; and, therefore, if they be
different, it is necessary, by the preceding article,
that either some part of the agent, which was for-
merly at rest, is now moved, and so the mutation
consists in this motion; or some part, which was
formerly moved, is now otherwise moved, and so
also the mutation consists in this new motion; or
which, being formerly moved, is now at rest,
which, as I have shewn above, cannot come to
pass without motion; and so again, mutation is
motion ; or lastly, it happens in some of these
manners to the patient, or some of its parts; so
that mutation, howsoever it be made, will consist
in the motion of the parts, either of the body
which is perceived, or of the sentient body, or of
both. Mutation therefore is motion, namely, of
the parts either of the agent or of the patient;
which was to be demonstrated. And to this it is
consequent, that rest cannot be the cause of any-
thing, nor can any action proceed from it; secing
neither motion nor mutation can be caused by it.

contingent  10. Accidents, in respect of other accidents
aocidents:  which precede them, or are before them in time.
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and upon which they do not depend as upon their PART L.
causes, are called contingent accidents; I say, in ——
vespect of those accidents by which they are not
generated ; for, in respect of their causes, all things
come to pass with egqual necessity ; for otherwise
they would have no causes at all ; which, of things

generated, 1s not intelligible.

CHAPTER X.
OF POWER AND ACT.

1. Power and cause arc the same thing.—2. An act is produced
at the same instant in which the power is plenary.—3. Active
and passive power are parts only of plenary power.—4. An
act, when said to be possible.—5. An act necessary and con-

tingent, what.—6. Active power consists in motion,—7. Causc,
formal and final, what they are.

1. CORRESPONDENT to ceause and ¢ffeet, are Powerand
POWER and AcT; nay, those and these are the same {]':if\é].w
same things; though, for divers considerations,

they have divers names. For whensoever any

agent has all those accidents which are necessarily
requisite for the production of some effect in the
patient, then we say that agent has power to pro-

duce that effect, if it be applied to a patient. But,

as I have shewn in the precedent chapter, those
accidents constitute the efficient cause ; and there-

fore the same accidents, which constitute the
efficient cause, constitute also the power of the

agent. Wherefore the power of the agent and

the efficient cause ave the same thing. But they

are considered with this difference, that cause is
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rart IL. so called in vespeet of the effect already produced,

—~——and power in respect of the same cffect to be pro-
duced hereafter ; so that cause respects the past,
power the future time. Also, the power of the
agent is that which is commonly called active
power.

In like manner, whensoever any patient has all
those accidents which it 1s requisite it should have,
for the production of some effect in it, we say it is
in the power of that patient to produce that effect,
if it be applied to a fitting agent. But those acci-
dents, as is defined in the precedent chapter, con-
stitute the material cause ; and therefore the power
of the patient, commonly called passive power,
and material cause, are the same thing ; but with
this different consideration, that in cause the past
time, and in power the future, is respected.
Wherefore the power of the agent and patient
together, which may be called entire or plenary
power, is the same thing with entire canse ; for
they both cousist in the sum or aggregate of all
the accidents, as well in the agent as in the patient,
which are requaisite for the production of the cffect.
Lastly, as the accident produced is, in respect of
the cause, called an effect, so in respect of the
power, it is called an act.

Anactispro- 2. As therefore the effect is produced in the

duced at the . . . . .

same instant SAIME instant in which the cause is entire, so also

‘I:L“‘Vl‘l’cl'; 1?1,: every act that may be produced, is produced in the

nary, same instant in which the power is plenary. And
as there can be no effect but from a sufficient and
necessary cause, so also no act can be produced but
by sufficient power, or that power by which it
could not but be produced.
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3. And as it is manifest, as I have shewn, that PA?.(;I‘ IL.
the efficient and material causes are severally and ~——
. rve ond
by themselves parts only of an entire cause, and e o

passive power
cannot produce any effect but by being joined o parts ouly

of plenary

together, so also power, active and passive,- are pover.
parts only of plenary and entire power ; nor, except
they be joined, can any act proceed from them;
and therefore these powers, as I said in the first
article, are but conditional, namely, the agent has
power, if it be applied to a patient ; and the
patient has power, if it be applied to an agent ;
otherwise neither of them have power, nor can the
accidents, which are in them severally, be properly
called powers; nor any action be said to be pos-
sible for the power of the agent alone or of the
patient alone.

4. For that is an impossible act, for the produc- An act, when
tion of which there is no power plenary. [For ;nl;;lsi'\?lé).c
seeing plenary power is that in which all things
concur, which are requisite for.the production of
an act, if the power shall never be plenary, there
will always be wanting some of those things, with-
out which the act cannot be produced ; wherefore
that act shall never be produced ; that is, that act
is IMPOSSIBLE : and every act, which is not impos-
sible, is PossIBLE. Every act, therefore, which 1s
possible, shall at some time be produced ; for if it
shall never be produced, then those things shall
never concur which are requisite for the produc-
tion of it ; wherefore that act is émpossible, by the
definition ; which is contrary to what was sup-
posed.

5. A mecessary act is that, the production Anactneces

o, e . . sary and con-
whereof it is impossible to hinder ; and therefore ungem, what,

VOL. 1. K
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every act, that shall be produced, shall necessarily
be produced ; for, that it shall not be produced, is
impossible ; because, as is already demonstrated,
every possible act shall at some time be produced ;
nay, this proposition, what shall be, shall be, is as
necessary a proposition as this, @ wan s « man,
But here, perhaps, some man may ask whether
those future things, which are commonly called
contingents, ave necessary. I say, therefore, that
generally all contingents have their necessary
causes, as 1s shewn in the preceding chapter; but
are called contingents in respect of other events,
upon which they do not depend ; as the rain, which
shall be tomorrow, shall be necessary, that is,
from necessary causes; but we think and say it
happens by chance, hecanse we do not yet perceive
the causes thereof, though they exist now ; for men
commonly call that casual or contingent, whereof
they do not perceive the necessary caunse; and in
the same manner they used to speak of things past.
when not knowing whether a thing be done or no,
they say it is possible it never was done.
Wherefore, all propositions concerning future
things, contingent or not contingent, as this, ##
will rain tomorrow, or this, tomorrow the sun
will rise, are either nccessarily true, or necessarily
false ; but we call them contingent, because we do
not yet know whether they be true or false;
whereas their verity depends not upon our know-
ledge, but upon the foregoing of their causes. But
there are some, who though they confess this whole
proposition, fomorrow it will either rain, or not
rain, to be true, yet they will not acknowledge the
parts of it, as, tomorrow it will ran, or, tomorrow
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1t will not rain, to be either of them true by itself;
because they say neither this nor that is true defer-
minately. But what is this determinately true, but
true upon our knowledge, or evidently true ? And
therefore they say no more but that it is not yet
kunown whether it be true or uo; but they say it
more obscurely, and darken the evidence of the
truth with the same words, with which they eudea-
vour to hide their own ignorance.

6. In the 9th article of the preceding chapter, 1
have shewn that the efficient cause of all motion
and mutation consists in the motion of the agent,
or agents; and in the first article of this chapter,
that the power of the agent is the same thing with
the efficient cause. I'rom whence it may be under-
stood, that all active power consists in motion also ;
and that power is not a certain accident, which
differs from all acts, but is, indeed, an act, namely,
motion, which is therefore called power, because
another act shall be produced by it afterwards.
For example, if of three bodies the first put
forward the second, and this the third, the motion
of the second, in respect of the first which pro-
duceth it, is the act of the second body; but, in
respect of the third, it is the active power of the
same second body.

PART II.
10,
B

Active power
consists in
motion.

7. The writers of metaphysics reckon up two Cause, formal

and final,

other causes besides the efficient and material, whatmey are.

namely, the ESSENCE, which some call the formal

cause, and the END, or final cause ; both which

are nevertheless efficient causes. For when it is

said the essence of a thing is the cause thereof, as

to be rational is the cause of man, it is not intel-

ligible; for it is all one, as if it were said, {0 be @
K 2
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man 1s the cause of man ; which is not well said.
And yet the knowledge of the essence of anything,
is the cause of the knowledge of the thing itself;
for, if 1T first know that a thing is »r«tional, I know
from thence, that the same is man ; but this is no
other than an efficient cause. A finel cause has no
place but in such things as have sense and will;

and this also I shall prove hereafter to be an effi-
cient cause.

CHAPTER XI.
OF IDENTITY AND DIFFERENCE.

1. What it is for one thing to differ from another.—2. To diffor
in number, magnitude, specics, and genus, what.—3. What is
relation, proportion, and relatives.—4. Droportionals, what.—
5. The proportion of magnitudes to one another, wherein it
consists.—6. Relation is no new accident, but one of those
that were in the relative before the relation or comparison was
made. Also the causes of accidents in the correlatives, are the
cause of relation.—7, Of the begiuning of individuation.

1. HitugrTo I have spoken of body simply, and
accidents common to all bodics, as maguitude,
motion, rest, action, passion, power, possible, &c. ;
and I should now descend to those accidents by
which one body is distinguished from another, but
that it 1s first to be declared what it is to be dis-
tinct and not distinct, namely, what are the samn
and DIFFERENT; for this also is common to all
bodies, that they may be distinguished and differ-
enced from one another. Now, two bodies are
said to djffer from one another, when something
may be said of one of them, which cannot be said
of the other at the same time.
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2. And, first of all, it is manifest that no two PARTIL
hodies are the same ; for seeing they are two, they ~——
are in two places at the same time ; as that, which s inor:]ulgft:cr,

the same, is at the same time in one and the same l’;)?fé'::::'lﬁd
place. All bodies therefore differ from one another geaus, what.
in number, namely, as one and another; so that

the same aud djfferent in number, are names
opposed to one another by contradiction.

In magnitude bodies differ when one is greater
than another, as « cubit long, and two cubits long,
of two pound weight, and of three pound weight.

And to these, equals are opposed.

Bodies, which differ more than in magnitude, are
called wunlike ; and those, which differ only in mag-
nitude, Zike. Also, of unlike bodies, some are said
to differ in the species, others in the genus ; n the
species, when their difference is perceived by one
and the same sense, as white and black ; and in the
genus, when their difference is not perceived but
by divers senses, as white and /hot.

3. And the lLikeness, or unlikeness, equality, or Whatis
inequality of one body to another, is called their :,c,"‘,';,’(,(:.'l';o,,,
RELATION ; and the bodies themsclves ielatives or #nd relaives,
correlatives ; Aristotle calls them 7d mpog i 5 the
first whereof is usually named the antecedent, and
the second the consequent ; and the relation of the
antecedent to the consequent, according to mag-
nitude, namely, the equality, the excess or defect
thereof, is called the rrororTiON of the ante-
cedent to the consequent; so that proportion is
nothing but the equality or inequality of the mag-
nitude of the antecedent compared to the magni-
tude of the consequent by their difference only,
or compared also with their difference. For ex-
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I’ART 1L ample, the proporfion of three to two consists
N only in this, that three exceeds two by unity ; and
the proportion of two to five in this, that two,
compared with five, is deficient of it by three,

either simply, or compared with the numbers dif-

ferent ; and therefore in the proportion of unequals,

the proportion of the less to the greater, iscalled nE-

rrcT; and that of the greater to the less, Excuss.
E]rsop‘g]rll:an- 4. Besides, of unequals, some are more, some
’ less, and some equally unequal; so that there is
proportion of proportions, as well as of magni-
tudes ; namely, where two unequals have 1Plat10n

to two other unequals; as, when the inequality

which is between 2 and 3, is compared with the
inequality which is between 4 and 5. In which
comparison there are always four magnitudes ; or,

which is all one, if there be but three, the middle-

most is twice numbered ; and if the proportion of

the first to the second, be equal to the proportion

of the third to the fourth, then the four are said

to be proportionals ; otherwise they are not pro-
portionals. ‘

The propor- 5. The proportion of the antecedent to the con-

tion of mag- . . . .
nitdes o - S€quent consists in their difference, not only

one another, simply taken, but also as compared with one of
consists.  the relatives; that is, either in that part of the
greater, by which it exceeds the less, or in the re-
mainder, after the less is taken out of the greater
as the proportion of two to five consists in the
three by which five exceeds two, not in three
simply only, but also as compared with five or two.
For though there be the same difference between
two and five, which is between nine and twelve,

namely three, yet there is not the same inequality ;
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and therefore the proportion of two to five is not PARTIL.
in all relation the same with that of nine to twelve, ——
but only in that which is called arithmetical.

6. But we must not so think of relation, as if if, Relation is no
were an accident differing from all the other acci- butone afthoso
dents of the relative; but one of them, namely, i vereinthe

that by which the comparison is made. TFor ex- the rlation or

A . . comparisonwas
ample, the likeness of one whife to another white, made. Alsothe
or its unlikeness to black, is the same accident fein s
with its whiteness ; and equality and inequality, "ives tre the
the same accident with the magnitude of the thing tion.
compared, though under another name: for that
which is called w/ite or great, when it is not com-
pared with something else, the same when it is
compared, is called like or wnlike, equal or un-
equal. And from this it follows that the causes
of the accidents, which are in relatives, are the
causes also of likeness, unlikeness, equality and
inequality ; namely, that he, that makes twounequal
bodies, makes also their inequality ; and he, that
makes a rule and an action, makes also, if the
action be congruous to the rule, their congruity;
if incongruous, their incongruity. And thus much
concerning comparison of one body with another.

7. But the same body may at different times be orthe begin-
compared with itself. And from hence springs a %38t "%
great controversy among philosophers about the
beginning of individuation, namely, in what sense
it may be conceived that a body is at one time the
same, at another time not the same it was formerly.

For example, whether a man grown old be the
same man he was whilst he was young, or another
man; or whether a city be in different ages the
same, or another city. Some place individuity in



PART IT,
1L
[
Of the begin-
ning of indi-

viduation.

136 PHILOSOPHY.

the unity of matter ; others, in the unity of form ;
and one says it consists in the unity of the aggre-
gate of all the accidents together. Tov matter,
it is pleaded that a laump of wax, whether it be
spherical or cubical, is the same wax, because the
same matter. FFor form, that when a man is grown
from an infant to be an old man, though his matter
be changed, yet he is still the same numerical
man ; for that identity, which cannot be attributed
to the matter, ought probably to be ascribed to the
form. Forthe aggregate of accidents, no instance
can be made ; but because, when any new accident
is generated, a new name is commonly imposed on
the thing, therefore he, that assigned this cause of
individuity, thought the thing itself also was
become another thing. According to the first
opinion, he that sins, and he that is punished,
should not be the same man, by reason of the per-
petual flux and change of man’s body ; nor should
the city, which makes laws in one age and abro-
gates them in another, be the same city; which
were to confound all civil rights. According to
the second opinion, two bodies existing both at
once, would be one and the same numerical body.
For if, for example, that ship of Theseus, concern-
ing the difference whercof made by continual re-
paration in taking out the old planks and putting
i new, the sophisters of Athens were wont to dis-
pute, werve, after all the planks were changed, the
same numerical ship it was at the beginning ; and
if some man had kept the old planks as they were
taken out, and by putting them afterwards together
in the same order, had again made a ship of them,
this, without doubt, had also been the same nume-
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rical ship with that which was at the beginning; PART II.
and so there would have been two ships numerically ——
the same, which is absurd, But, according to the [ e e
third opinion, nothing would be the same it vidution.
was; sothat aman standing would not be the same
he was sitting ; nor the water, which is iu the vessel,
the same with that which is poured out of it.
Wherefore the beginning of #ndividuation is not
always to be taken ecither from matter alone, or
from form alone.

But we must consider by what name anything
is called, when we inquire councerning the identity
of it. For it is one thing to ask concerning Socrates,
whether he be the same man, and another to ask
whether he be the same body; for his body, when
he is old, cannot be the same it was when he was
an infant, by reason of the difference of magnitude ;
for one body has always one and the same magni-
tude ; yet, nevertheless, he may be the same man.
And therefore, whensoever the name, by which it
is asked whether a thing be the same it was, is
given it for the matter only, then, if the matter be
the same, the thing also is individually the same;
as the water, which was in the sea, 1s the siune
which is afterwards in the cloud; and any body is
the same, whether the parts of it be put together,
or dispersed; or whether it be congealed, or dis-
solved. Also, if the name be given for such form
as is the beginning of motion, then, as long as that
motion remains, it will be the same individual
thing ; as that man will be always the same, whose
actions and thoughts proceed all from the same
beginning of motion, namely, that which was in
his generation; and that will be the same river



PART IL,
il
NT——
Of the begin-
ning of indi-

viduation,

Definition
of quantity.

138 PHILOSOPITY.

which flows from onc and the same fountain,
whether the same water, or other water, or some-
thing else than water, flow from thence; and that
the same city, whose acts proceed continually from
the same institution, whether the men be the same
or no. Lastly, if the name be given for some
accident, then the identity of the thing will depend
upon the matter; for, by the taking away and
supplying of matter, the accidents that were, are
destroyed, and other new ones are generated,
which cannot be the same numerically ; so that a
ship, which signifies matter so figured, will be the
same as long as the matter remains the same; but
if no part of the matter be the same, then it is
numerically another ship ; and if part of the matter
remain and part be changed, then the ship will
be partly the same, and partly not the same.

CHAPTER XII.

O QUANTITY.

1. The definition of quantity.—2. The exposition of quantity,
what it is.—3. How line, superficies, and solid, are exposed.
4. Howtime is exposed.—5. How number is exposed.—G. How
velocity is exposed.—7. How weight is exposed.—8. How the
proportion of magnitudes is exposed.—9. How the proportion
of times and velocities is exposed.

1. WHAT and how manifold dimension is, has

been said in the 8th chapter, namely, that there are

three dimensions, line or length, superficies, and
solid ; every one of which, if it be determined, that
is, if the limits of it be made known, is commonly
called quantity ; for by quantity all lmen under-
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stand that which is signified by that word, by
which answer is made to the question, How much
is it 2 Whensoever, therefore, it is asked, for
example, How long is the jouwrney? it is not
answered indefinitely, length; nor, when it is
asked, flow big is the field 2 is it answered inde-
finitely, superficies ; nor, if a man ask, How great
is the bulk 2 indefinitely, soflid : but it is answered
determinately, the journey is a hundred miles ; the
field is a hundred acres; the bulk is a hundred
cubical feet; or at least in some such manner, that
the magnitude of the thing enquired after may
by certain limits be comprehended in the mind.
QuanTiTY, therefore, cannot otherwise be defined,
than to be @ dimension determined, or a dimen-
sion, whose limits are set out, either by theiwr
place, or by some comparison.

2. And quantity is determined two ways; one,
by the sense, when some sensible object is set
before it; as when a line, a superficies or solid,
of a foot or cubit, marked out in some matter, is
objected to the eyes; which way of determining,
is called exposition, and the quantity so known
is called exposed quantity ; the other by memory,
that is, by comparison with some exposed quan-
tity. In the first manner, when it is asked of what
quantity a thing is, it is answered, of such quantity
as you see exposed. In the second manner, answer
cannot be made but by comparison with some
exposed quantity ; for if it be asked, how long is
the way? the answer is, so many thousand paces ;
that is, by comparing the way with a pace, or some
other measure, determined and known by exposi-
tion; or the quantity of it is to some other quan-
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tity known by exposition, as the diameter of a
square is to the side of the same, or by some
other the like means. But it is to be understood,
that the quantity exposed must be some standing
or permanent thing, such as is marked out in
consistent or durable matter ; or at least something
which is revocable to sense ; for otherwise no com-
parison can be made by it. Seeing, therefore, hy
what has been said in the next preceding chapter,
comparison of one magnitude with another is the
same thing with proportion; it is manifest, that
quantity determined in the second manner is
nothing else but the proportion of a dimension not
exposed to another which is exposed; that is, the
comparison of the equality or inequality thereof
with an exposed quantity.

8. Lines, superficies, and solids, are exposed,
first, by motion, in such manner as in the 8th
chapter [ have said they are generated; but so as
that the marks of such motion be permanent ; as
when they are designed upon some matter, as a
line upon paper; or graven in some durable
matter.  Secondly, by apposition ; as when one
line or length is applied to another line or length,
one breadth to another breadth, and one thickness
to another thickness; which is as much as to
describe a line by points, a superficies by lines,
and a solid by superficies; saving that by points
in this place are to be understood very short
lines; and, by superficies, very thin solids.
Thirdly, lines and superficies may be exposed by
section, namely, a line may be made by cutting
an exposed superficies; and a superficies, by the
cutting of an exposed solid.
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4. Time is exposed, not only by the exposition
of a line, but also of some moveable thing, which
1s moved uniformly upon that line, or at least is
supposed so to be moved. For, seeing time is an
idea of motion, in which we consider former and
latter, that is succession, it is not sufficient for the
exposition of time that a line be described; but
we must also have in our mind an imagination of
some moveable thing passing over that line; and
the motion of it must be uniform, that time may
be divided and compounded as often as there shall
be need. And, therefore, when philosophers, in
their demonstrations, draw a line, and say, Let
that line be time, it is to be understood as if they
said, Let the conception of wniform motion wupon
that line, be time. Lor though the circles in dials
be lines, yet they are not of themselves sufficient
to note time by, except also there be, or bhe sup-
posed to be, a motion of the shadow or the hand.

5. Number is exposed, cither by the exposition
of points, or of the names of number, one, two,
three, §e.; and those points must not he conti-
guous, so as that they cannot be distinguished by
notes, but they must be so placed that they may
be discerned one from another ; for, from this it
is, that number is called discreet quantity,
whereas all quantity, which is designed by motiou,
is called continual quantity. But that number
may be exposed by the names of number, it is
necessary that they be recited by heart and in
order, as one, two, three, &ec.; for by saying one,
one, one, and so forward, we know not what
number we are at beyond two or three; which
also appear to us in this manner, not as number,
but as figure.
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6. For the exposition of welocity, which, by the
definition thereof, is a motion which, in a certain
time, passeth over a certain space, it is requisite,
not only that time be exposed, but that there be
also exposed that space which is transmitted by
the body, whose velocity we would determine ;
and that a body be wnderstood to be moved in
that space also ; so that there must be exposed two
lines, upon one of which uniform motion must be
understood to be made, that the time may be de-
termined ; and, upon the other, the
velocity is to be computed. As if A B

.we would expose the velocity of the D

body A, we draw two lines A B
and C D, and place a body in C also; which done,
we say the velocity of the hody A is so great,
that it passeth over the line A B in the same time
in which the body C passeth over the line C D
with uniform motion.

7. Weight is exposed by any heavy body, of
what matter soever, so it be always alike heavy.

8. The proportion of two magnitudes is then
exposed, when the magnitudes themselves are ex-
posed, namely, the proportion of equality, when
the magnitudes are equal ; and of inequality, when
they are unequal. Tor seeing, by the 5th article
of the preceding chapter, the proportion of two
unequal magnitudes consists in their difference,
compared with either of them; and when two un-
equal magnitudes are exposed, their difference is
also exposed; it follows, that when magnitudes,
which have proportion to one another, are ex-
posed, their proportion also is exposed with them ;
and, in like manner, the proportion of equals,
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which consists in this, that there is no difference
of magnitude betwixt them, is exposed at the
same time when the equal magnitudes themselves
are exposed. Tor example, if the exposed lines
A B and C D be equal, the propor-
tion of equality is exposed in them; = — .~
andif the exposed lines, E FandEG € D
be unequal, the proportion which [ ¢ 1
I F has to E G, and that which . G i
has to B F are also exposed in them ; for not only
the lines themselves, but also their difference, G F,
is exposed. The proportion of unequals is quan-
tity ; for the difference, G I¥, in which it consists,
is quantity. But the proportion of equality is not
quantity ; because, between equals, there is no
difference ; nor is one equality greater than another,
as one inequality is greater than another inequality.
9. The proportion of two times, or of two uni-
Jorm wvelocities, is then exposed, when two lines
are exposed by which two bodies are understood
to be moved uniformly; and therefore the same
two lines serve to exhibit both their own propor-
tion, and that of the times and velocities, accord-
ing as they are considered to be exposed for the
magnitudes themselves, or for the times or velo-
cities. Tor let the two lines A and B be ex-
posed; their proportion therefore (by the .
last foregoing article) is exposed; and if B
they be considered as drawn with equal
and uniform velocity, then, seeing their times are
greater, or equal, or less, according us the same
spaces are transmitted in greater, or equal, or
less time, the lines A and B will exhibit the
equality or inequality, that is, the proportion
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PART IT. of the times. To conclude, if the same lines, A
—— and B, be considered as drawn in the same time,
then, seeing their velocities are greater, or equal,
or less, according as they pass over in the same
time longer, or equal, or shorter lines, the same
lines, A and B, will exhibit the equality, or in-
equality, that is, the proportion of their velocities.

CHAPTER XIII.

OF ANALOGISM, OR THE SAME PROPORTION.

1, 2,8, 4. The nature and definition of proportion, arithmetical
and geometrical.—5. The definition, and some properties of
the same arithmetical proportion.—6, 7. The definition and
transimutations of analogism, or the same geometrical propor-
tion.—8, 9. The definitions of hyperlogism and hypologism,
that is, of greater and less proportion, and their transmuta-
tions.—10, 11, 12. Comparison of analogical quantities, ac-
cording to magnitude.—13, 14, 15. Composition of proportions.
16, 17, 18, 19, 20, 21, 22, 23, 24, 25. The definition and
properties of continual proportion.—26, 27, 28, 29. Compa-
rison of arithmetical and geometrical proportions.

[Note, thatin this chapter the sign -+ signifies that the-quantities betwixt
which it is put, are added together; and this sign — the remuinder after
the latter quantity is taken out of the former. So that A4 DB is equal o
both A and B together; and where you sce A— D, there A is the whole,
B the part taken out of it, and A—DB the remainder.  Also, two letiers, set
together without any sign, signily, unless they belong to a figure, that one
of the quantities is multiplied by the other ; as A I signifies the product of
A multiplicd by B.]}

Thenatwre 1. GREAT and little are not intelligible, but by com-

and definition . .
of proportion, parison. Now that, to which they are compared,

?\."ig'e';f,’éf;}lcal_ is something exposed; that is, some magnitude
either perceived by sense, or so defined by words,
that it may be comprehended by the mind. Also
that, to which any magnitude is compared, is either
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greater or less, or equal to it. And therefore pro-
portion (which, as I have shewn, is the estimation
or comprehension of magnitudes by comparison,)
is threefold, namely, proportion of equality, that
is, of equal to equal ; or of excess, which is of the
greater to the less ; or of de¢fect, which is the pro-
portion of the less to the greater.

Again, every one of these proportions is two-
fold ; for if it be asked concerning any magnitude
given, how great it is, the answer may be made
by comparing it two ways; first, by saying it is
greater or less than another magnitude, by so
much ; as seven is less than ten, by three unities;
and this is called arithmetical proportion. Se-
condly, by saying it is greater or less than another
magnitude, by such a part or parts thereof; as
seven is less than ten, by three tenth parts of the
same ten. And though this proportion be not
always explicable by number, yet it is a deter-
minate proportion, and of a different kind from
the former, and called geometrical proportion,
and most commonly proportion simply.

2. Proportion, whether it be arithmetical or
geometrical, cannot be exposed but in two magni-
tudes, (of which the former is commonly called the
antecedent, and the latter the comsequent of the
proportion) as I have shewn in the 8th article of
the preceding chapter. And, therefore, if two
proportions be to be compared, there must be four
magnitudes exposed, namely, two antecedents and
two consequents ; for though it happen sometimes
that the consequent of the former proportion be
the same with the antecedent of the latter, yet in
that double comparison it must of necessity be
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twice numbered ; so that there will be always four
terms.

3. Of two proportions, whether they be arith-
metical or geometrical, when the magnitudes com-
pared in both (which Euclid, in the fifth definition
of his sixth book, calls the quantities of propor-
tions,) are equal, then one of the proportions
cannot be either greater or less than the other;
for one equality is neither greater nor less than
another equality. But of two proportions of in-
equality, whether they be proportions of excess or
of defect, one of them may be cither greater or less
than the other, or they may both be equal; for
though there be propounded two magnitudes that
are unequal to one another, yet there may be
other two more unequal, and other two equally
unequal, and other two less unequal than the two
which were propounded. And from hence it may
be understood, that the proportions of excess and
defect are quantity, being capable of more aud
less; but the proportion of equality is not quan-
tity, becanse not capable neither of more, nor of
less.  And therefore proportions of inequality may
be added together, or subtracted from one another,
or be multiplied or divided by one another, or by
number ; but proportions of equality not so.

4. Two equal proportions are commonly called
the same proportion; and; it is said, that the
proportion of the first antecedent to the first
consequent is the saeme with that of the second
antecedent to the second consequent. And when
four magnitudes are thus to one another in geo-
metrical proportion, they are called proportionals ;
and by some, more briefly, analogism. And greater
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proportion is the proportion of a greater ante- PWSTH
cedent to the same consequent, or of the same ——
antecedent to a less consequent; and when the
proportion of the first antecedent to the first con-
sequent is greater than that of the second ante-
cedent to the second consequent, the four magni-
tudes, which are so to one another, may be called
hyperlogism.

Less proportion is the proportion of a less ante-
cedent to the same consequent, or of the same
antecedent to a greater consequent ; and when the
proportion of the first antecedent to the first conse-
quent is less than that of the second to the second,
tho four magnitudes may be called hypologisme.

. One arithmetical proportion is the same with The definition
anothel arithmetical proportion, when one of the ;‘:iluscos"fr‘lll?e
antecedents exceeds its consequent, or is exceeded f,“,'c':-fcf.“";,),.'[;_
by it, as much as the other antecedent exceeds its vortion.
consequent, or 1s exceeded by it. And therefore,
in four magnitudes, arithmetically proportional,
the sum of the extremes is equal to the sum of the
means.  IFor if A. B :: C. D be arithmetically pro-
portional, and the difference on both sides be the
same excess, or the same defect, I8, then B+C (if
A be greater than B) will be equal to A~T+C;
and A+D will be equalto A4+C—E; but A—E+C
and A+C—E are equal. Or if A be less than B,
then B+C will be equal to A+E+C; and A4+D
will be equalto A+C+E ; but A+E+C and A+C
+ B are equal.

Also, if there be never so many magnitudes,
arithmetically proportional, the sum of them all
will be equal to the product of half the number of
the terms multiplied by the sum of the extremes.

L 2
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For if A. B::C. D:: E.F be arithmetically pro-
portional, the couples A+V, B+E, C+D will be
equal to one another ; and their sum will be equal
to A+1T°, multiplied by the number of their combi-
nations, that is, by half the number of the terms.

If, of four unequal magnitudes, any two, together
taken, be equal to the other two together taken,
then the greatest and the least of them will be in
the same combination. Let the unequal magni-
tudes be A, B, C, D; and let A+B be equal to
C+D; andlet A be the greatest of them all ; I say
B will be the least. For, if it may be, let any of
the rest, as D, be the least. Seceing therefore A
is greater than C, and B than D, A+1B will be
greater than C+D; which is contrary to what was
supposed.

If there be any four magnitudes, the sum of the
greatest and least, the sum of the means, the
difference of the two greatest, and the difference
of the two least, will be arithmetically propor-
tional. For, let there be four magnitudes, whereof
A is the greatest, D the least, and B and C the
means; I say A+D. B+C:: A—B. C—D are
arithmetically proportional. Tfor the difference
between the first antecedent and its consequent is
this, A+D—B-—C; and the difference between
the second antecedent and its consequent this,
A—B—C+D; but these two differences are equal ;
and therefore, by this 6th article, A+D. B+C::
A—B. C—D are arithmetically proportional.

If, of four magnitudes, two be equal to the other
two, they will be in reciprocal arithmetical pro-
portion. TFor let A+B be equal to C+D, I say
A. C:: D. B are arithmetically proportional. TFor
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if they be not, let A. C:: D. E (supposing E to be
greater or less than B) be arithmetically propor-
tional, and then A+E will be equal to C+D;
wherefore A+ 1B and C+D are not equal ; which 13
contrary to what was supposed.

6. One geometrical proportion is the same with
another geometrical proportion; when the same
cause, producing equal effects in equal times, de-
termines both the proportions.

If a point uniformly moved describe two lines,
either with the same, or different velocity, all the
parts of them which are contemporary, that is,
which are deseribed in the same time, will be two
to two, in geometrical proportion, whether the
auntecedents be taken in the same line, or not.
For, from the point A (in the 10th figure at the
end of the 14th chapter) let the two lines, A D,
A G, be described with uniform motion ; and let
there be taken in them two parts A B, A E, and
again, two other parts, AC, AT; in such man-
ner, that A B, A &, be contemporary, and likewise
A C, AT contemporary. I say first (taking the
antecedents A B, A C in the line A D, and the con-
quents AE, AT in the line A G) that AB. AC::
AE. AT are proportionals. For seeing (by the
8th chap. and the 15th art.) velocity is motion
considered as determined by a certain length or
line, in a certain time transmitted by it, the quan-
tity of the line AB will be determined by the
velocity and time by which the same A B is de-
scribed ; and for the same reason, the quantity of
the line A C-will be determined by the velocity
and time, by which the same A C is described;
and therefore the proportion of A B to AC, whe-
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PARTIL ther it be proportion of equality, or of excess or
—— defect, is determined by the velocities and times
The definition [,y which A B, A C are described ; but seeing the
tions of anale- motion of the point A upon A DB and A Cis uni-
g e form, they are both described with equal velocity ;
and therefore whether one of them have to the
other the proportion of majority or of minority,
the sole cause of that proportion is the difference
of their times ; and by the same reason it is evi-
dent, that the proportion of AE to AT is deter-
mined hy the difference of their times only. Seeing
therefore AB, AL, as also A C, A F are contem-
porary, the difference of the times in which A B
and A C are described, is the same with that in
which A E and A T are described.  Wherefore the
proportion of A B to A C, and the proportion of
A E to AT are both determined by the same cause.
But the cause, which so determines the proportion
of both, works equally in equal times, for it is uni-
form motion ; and therefore (by the last precedent
definition) the proportion of A B to A Cis the same
with that of AE to AI'; and consequently A B.
AC:: AE AT are proportionals; which is the

first.

Secondly, (taking the antecedents in different
lines) I say, AB. AE::AC. AL are proportion-
als ; for seeing A BB, A Il are described in the same
time, the difference of the velocities in which they
are described is the sole cause of the proportion
they have to one another. And the same may be
said of the proportion of ACto AT. But seeing
both the lines AD and A G are passed over by
uniform motion, the difference of the velocities in
which A B, AE are described, will be the same
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with the difference of the velocities, in which A C, PM}}‘ IL
AT are described. Wherefore the cause which ~——
determines the proportion of AB to A E, is the 1 definition
same with that which determines the proportion of tions of unale-
ACto AF; and therefore AB. AE:: AC. AF, 5™
are proportionals ; which remained to be proved.

Coroll. 1. If four magnitudes be in geometrical
proportion, they will also be proportionals by per-
mutation, that is, by transposing the middle terms.
For I have shown, that not only AB. AC:: AL,
AT, but also that, by permutation, AB. AE::
A C. A F are proportionals.

Coroll. 11. If there be four proportionals, they
will also be proportionals by inversion or conver-
sion, that 1s, by turning the antecedents into con-
sequents. For if in the last anclogism, 1 had for
A B, AC, put by inversion AC, A B, and in like
manner converted AL, A I'into A I, A E, yet the
same demonstration had served. For as well A C,
A B, as A B, AC are of equal velocity; and A C,
AT, as well as AT, A C are contemporary.

Coroll. 111. If proportionals be added to propor-
tionals, or taken from them, the aggregates, or
remainders, will be proportionals. For contempo-
raries, whether they be added to contemporarics,
or taken from them, make the aggregates or re-
mainders contemporary, though the addition or
subtraction be of all the terms, or of the antece-
dents alone, or of the consequents alone.

Coroll. 1v. If both the antecedents of four pro-
portionals, or both the consequents, or all the
terms, be multiplied or divided by the same num-
ber or quantity, the products or quotients will be
proportionals. Ior the multiplication and division
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VARTIL - of proportionals, is the same with the addition and

————  subtraction of them.

The defiviton - Coroll, v. If there be four propor.tionals, they

‘g‘i"s"‘;"’é:"“'°' will also be Rl‘()portionals by composition, that is,
by compounding an antecedent of the antecedent
and consequent put together, and by taking for
consequent either the consequent singly, or the
antecedent singly. For this composition is nothing
but addition of proportionals, namely, of conse-
quents to their own antecedents, which by suppo-
sition are proportionals.

Coroll, vi. In like manner, if the antecedent
singly, or consequent singly, be put for antecedent,
and the consequent be made of both put together,
these also will be proportionals. Forv it is the -
verston of proportion by composition,

Coroll, vii. If there be four proportionals, they
will also be proportionals by division, that is, by
taking the remainder after the consequent is sub-
tracted from the antecedent, or the difference
between the antecedent and consequent for ante-
cedent, and either the whole or the subtracted for
consequent; as if A.B::C.D bhe proportionals,
they will by division be A—B.B:: C—D.D, and
A—B.A::C—D. C; and when the consequent is
greater than the antecedent, B—A. A:: D—C.C,
and B--A. B:: D—C. D. TForinall these divisions,
proportionals are, by the very supposition of the
analogism A. B :: C. D, taken from A and B, and
from C and D.

Coroll. vii1. If there be four proportionals, they
will also be proportionals by the conversion of
proportion, that is, by inverting the divided pro-
portion, or by taking the whole for antecedent,
and the difference or remainder for consequent.
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As, if A. B:: C. D be proportionals, then A. A—B TPARTL.
::C. C—D, as also B.A—B::D.C—D will be ~—~—
. . . The definition
proportionals. For seeing these inverted be pro- aud transmuta.
portionals, they are also themselves proportionals. E:,‘;;',:ﬂ{:”“"*
Coroll. 1x. If there be two analogisms which
have their quantities equal, the second to the se-
cond, and the fourth to the fourth, then either the
sum or difference of the first quantities will be to
the second, as the sum or difference of the third
quantities is to the fourth. Let A. B::C.D and
E.B::F.Dbeanalogisms; IsayA+E. B::C+I'.D
are proportionals. Yor the said analogisms will
by permutation be A.C::B.D, and E.F:: B.D;
and therefore A.C:: 1. T will be proportionals,
for they have both the proportion of B.to D com-
mon. Wherefore, if in the permutation of the
first analogism, there be added E and F to A and
C, which & and I' are proportional to A and C,
then (by the third coroll.) A+E. B:: C+I. D will
be proportionals ; which was to be proved.
Also in the same manner it may be shown, that
A—E.B:: C—F.D are proportionals.
7. If there be two analogisms, where four an-
tecedents make an analogism, their consequents
also shall make an analogism ; as also the sums of
their antecedents will be proportional to the sums
of their consequents. Tor if A, B::C.D and
E.T::G.H be two analogisms, and A.E:: C.G he
proportionals, then by permutation A.C::E.G,
and E. G:: I*, H, and A. C:: B. D will be propor-
tionals ; wherefore B.D:: E.G, thatis, B.D::1".H,
and by permutation B.F:: D. H are proportionals;
which 1s the first. Secondly, I'say A+E. B+I::
C+G.D+H will be proportionals, Tor seeing
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A E::C.G are proportionals, A+E.E:: C+G. G
will also by composition he proportionals, and by
permutation A+E. C+G::E. G will be propor-
tionals; wherefore, also A+E.C+G:: F. H will
be proportionals. Again, secing, as is shown above,
B.I:: D. H are proportionals, B+TF. F:: D+H. H
will also by composition be proportionals; and by
permutation B+F. D+H :: I'. H will also be pro-
portionals; wherefore A+E. C+G:: B+F. D+H
are proportionals ; which remained to be proved.

Coroll. By the same reason, if there be never so
many analogisms, and the antecedents be propor- -
tional to the antecedents, it may be demonstrated
also that the consequents will be proportional to
the consequents, as also the sum of the antece-
dents to the sum of the consequents.

8. In an hyperlogism, that is, where the pro-
portion of the first antecedent to its consequent
is greater than the proportion of the second ante-
cedent to its consequent, the permutation of the
proportionals, and the addition of proportionals to
proportionals, and substraction of them from one
another, as also their composition and division, and
their multiplication and division by the same num-
ber, produce always an hyperlogism. For suppose
A.B::C.Dand A.C:: Li. I be analogisms, A+ L. 3
:: C4+F. D will also be an analogism; but A+E.
B::C.D will be an hyperlogism; wherefore by
permutation, A+E. C::B.D is an hyperlogism,
because A. B:: C. D is an analogism. Secondly, if
to the hyperlogism A+I.B::C. D the propor-
tionals G and H be added, A+E+G. B:: C+H. D
will be an hyperlogism, by rcason A+E+G.
B:: C+IF+H. D is an analogism. Also, if G and
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H be taken away, A+E—G. B:: C—H. D will be PM‘]&;I‘ 1L
au hyperlogism ; for A+E—G.B::C+F—H.D ——
is an analogism. Thirdly, by composition A 4E Jfedetnions
+B. B:: C+D. D will be an hyperlogism, because bypologism&ec.
A+E+B.B:: C+¥F+D. D is an analogism, and so
it will be in all the varietics of composition.
Fourthly, by division, A+E—B. B::C—D. D will
by an hyperlogism, by reason A E—B. B:: C+F
—D. D is an analogism. Also A+E—B. A+E::
C—D. C is an hyperlogism ; for A+E—B. A+L::
C+F—D. Cis an analogism. Fifthly, by multipli-
cation 4 A+4 E. B::4 C. D is an hyperlogism, be-
cause 4A.B::4C. D is an analogism; and by
division + A+21E. B:: 1 C.D is an hyperlogism,
because + A. B ::4 C. D is an analogism.

9. But if A+E.B::C.D be an hyperlogism,
then by inversion B. A+E::D. C will be an hy-
pologism, because B.A::D.C being an analo-
gism, the first consequent will be too great. Also,
by conversion of proportion, A+E. A+E—B:: C.
C—D is an hypologism, because the inversion of
it, namely A+E—B. A+E::C—D. Cis an hyper-
logism, as I have shown but now. So also 3. A +
E—B::D.C—D is an hypologism, because, as I
have newly shown, the inversion of it, namely
A+E—B.B::C—D. D is an hyperlogism. Note
that this hypologism A+E. A+ E—B:: C. C—-D is
commonly thus expressed; if the proportion of
the whole, (A+E) to that which is taken out of it
(B), be greater than the proportion of the whole
(C) to that which is taken out of it (D), then the
proportion of the whole (A +E) to the remainder
(A+E—B) will be less than the proportion of the
whole (C) to the remainder (C—D).



PART II.
13,
R

Comparison
of analogical
quantities,
according

to magnitude,

156 PHILOSOPHY.

10. If there be four proportionals, the difference
of the two first, to the difference of the two last,
will be as the first antecedent is to the second
antecedent, or as the first consequent to the second
consequent. For if A.B::C.D be proportionals,
then by division A—B.B::C~D.D will be pro-
portionals; and by permutation A—B.C—D::
B. D ; that is, the differences are proportional to
the consequents, and therefore they ave so also to
the antecedents.

11. Of four proportionals, if the first be greater
than the second, the third also shall be greater
than the fourth. Tor seeing the first is greater
than the second, the proportion of the first to the
second is the proportion of excess; but the pro-
portion of the third to the fourth is the same with
that of the first to the second ; and therefore also
the proportion of the third to the fourth is the
proportion of excess ; wherefore the third is greater
than the fourth. In the same manner it may he
proved, that whensoever the first is less than the
second, the third also is less than the fourth ; and
when those are equal, that these also ave equal.

12, If there be four proportionals whatsoever,
A.B:: C.D, and the first and third be multiplied by
any one number, as by 2; and again the second and
fourth be multiplied by any one number, as by 3;
and the product of the first 2 A, be greater than
the product of the second 3 B; the product also
of the third 2 C, will be greater than the product
of the fourth 3 D. But if the product of the first
be less than the product of the second, then the
product of the third will be less than that of the
fourth, And lastly, if the products of the first
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and second be equal, the products of the third and
fourth shall also be equal. Now this theorem
is all one with Buclid’'s definition of the same
proportion; and it may be demonstrated thus.
Seeing A. B:: C. D are proportionals, by permu-
tation also (art. 6, corvoll. 1.) A.C::B.D will be
proportionals ; wherefore (hy coroll. 1v. art. 6) 2 A.
2 C::3 B. 3D will be proportionals; and again,
by permutation, 2A. 3B::2C. 3D will be pro-
portionals ; and therefore, by the last article, if
2 A be greater than 3 B, then 2 C will be greater
than 3 D ; if less, less; and if equal, equal ; which
was to be demonstrated.

13. If any three magnitudes be propounded, or
three things whatsoever that have auny proportion
one to another, as three numbers, three times,
three degrees, &c. ; the proportious of the first to
the second, and of the second to the third, together
taken, are equal to the proportion of the first to
the third.  Let there be three lines, for any pro-
portion may be reduced to the proportion of lines,
A B, AC, AD; and in the first place, let the pro-
portion as well of the first A B to the second A C,

as of the second A C to the
A B C . .
e third AD, be the proportion
of defect, or of less to greater ; 1 say the propor-
tions together taken of AB to AC, and of AC to
A D, are equal to the proportion of AB to A D.
Suppose the point A to be moved over the whole
line AD with uniform motion; then the propor-
tions as well of AB to AC, as of ACto A D, are
determined by the difference of the times in which
they arc described ; that is, A B has to A C such
proportion as is determined by the different times
of their description ; and A C to AD such propor-
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tion as is determined by their times. DBut the
proportion of A B to AD is such as is determined
by the difference of the times in which A B and
A D are described ; and the difference of the times
in which AB and A C are described, together with
the difference of the times in which ACand AD
are described, is the same with the difference of
the times in which AB and AD are described.
And therefore, the same cause which determines
the two proportions of A B to AC and of A C to
A D, determines also the proportion of AB to
AD. Wherefore, by the definition of the same
proportion, delivered above in the 6th article, the
proportion of A B to AC together with the pro-
portion of A C to AD, is the same with the pro-
portion of A 3 to A D.

In the second place, let A D be the first, AC
the second, and A B the third, and let their pro-
portion be the proportion of excess, or the greater
to less ; then, as before, the proportions of AD to
AC and of ACtoA B, and of AD to A B, will be
determined by the difference of their times ; which
in the description of AD and A C, and of A C and
A B together taken, is the same with the differ-
ence of the times in the description of A D and
A B. Wherefore the proportion of AD to A B is
equal to the two proportions of AD to A C and of
ACto AB.

In the last place. If one of the proportions,
namely of A D to A B, be the proportion of excess,
and another of them, as of A B to A C be the pro-
portion of defect, thus also the proportion of A D
to A C will be equal to the two proportions toge-
ther taken of AD to A B, and of A B to A C. For
the difference of the times in which AD and AB



OF ANALOGISM, 159

are described, is excess of time; for there goes
more time to the description of A D than of A B ;
and the difference of the times in which A B and
A C are described, is defect of time, for less time
goes to the description of A B than of AC; hut
this excess and defect being added together, make
D B—B C, which is equal to DC, by which the
first A D exceeds the third A C; and therefore the
proportions of the first AD to the second A B,
and of the second A B to the third A C, are deter-
mined by the same cause which determines the
proportion of the first AD to the third AC.
Wherefore, if any three magnitudes, &ec.

Coroll. 1. If there be never so many magnitudes
having proportion to one another, the proportion
of the first to the last is compounded of the pro-
portions of the first to the second, of the second
to the third, and so on till you come to the last;
or, the proportion of the first to the last is the
same with the sum of all the intermediate propor-
tions. For any number of magnitudes having pro-
portion to one another, as A, B, C, D, E being
propounded, the proportion of A te E, as is newly
shown, is compounded of the proportions of A to D
and of D to E; and again, the proportion of A to
D, of the proportions of A to C, and of Cto D;
and lastly, the proportion of A to C, of the pro-
portions of A to B, and of B to C.

Coroll. 11. From hence it may be understood
how any two proportions may be compounded. For
if the proportions of A to B, and of C toD), be
propounded to be added together, let B have to
something else, as to B, the same proportion which
C has to D, and let them be set in this order,
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A, B, E; for so the proportion of A to E will evi-
dently be the sum of the two proportions of A to B,
and of B to E, that is, of CtoD. Or let it be as
D to C, so A to something else, as to E, and let
them be ordered thus, E, A, B; for the proportion
of £ to B will be compounded of the proportions
of E to A, that is, of C to D, and of A to B. Also,
it may be understood how one proportion may be
taken out of another. TFor if the proportion of C
to D be to be subtracted out of the proportion of
A to B, let it be as C to D, so A to something else,
as B, and setting them in this order, A, E, B, and
taking away the proportion of A to E, that is, of
C to D, there will remain the proportion of E to B.

Coroll. 111. If there be two orders of magnitudes
which have proportion to one another, and the
several proportions of the first order be the same
and equal in number with the proportions of the
second order; then, whether the proportions in
both orders be successively answerable to one ano-
ther, which is called ordinate proportion, or not
successively answerable, whicl is called perturbed
proportion, the first and the last in both will be pro-
portionals. For the proportion of the first to the
last is equal to all the intermediate proportions;
which being in both orders the same, and equal in
number, the aggregates of those proportions will
also be equal to one another ; but to their aggre-
gates, the proportions of the first to the last are
equal ; and therefore the proportion of the first to
the last in one order, is the same with the propor-
tion of the first to the last in the other order.
Wherefore the first and the last in both are pro-
portionals.
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14. If any two quantities be made of the mutual
multiplication of many quantities, which have pro-
portion to one another, and the efficient quantities
on both sides be equal in number, the proportion
of the products will be compounded of the several
proportions, which the efficient quantities have to
one another.

First, let the two products be A B and CD,
whereof one is made of the multiplication of A
into B, and the other of the multiplication of C
into D. I say the proportion of AB to CD is
compounded of the proportions of the efficient A
to the efficient C, and of the efficient B to the
efficient D. For let AB, CB and CD be set in
order; and as Bis to D, so let C be to another
quantity as E; and let A, C, E be

set also in order. Then (by ég é
coroll. 1v. of the 6th art.) it will c D' F,

be as A B the first quantity to CB
the second quantity in the first order, so A to C in
the second order ; and again, as CB to CD in the
first order, so B to D, that is, by construction,
so C to & in the second order; and therefore (by
the last corollary) AB. CD:: A.E will be pro-
portionals. But the proportion of A to E is com-
pounded of the proportions of A to C, and of B to
D; wherefore also the proportion of AB to CD
is compounded of the same.

Secondly, let the two products be ABT, and
CD G, each of them made of three efficients, the
first of A, B and F, and the second of C,D and
G; I say, the proportion of ABT to CDG is
compounded of the proportions of A to C, of B to
D, and of F to G. Tor let them be set in order as
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before; and as Bis to D, so let C be to another
quantity IX; and again, as I' is to G, so let E be to
another, H; and let the first order stand thus,
ABT, CBF, CDF aud CDG; ABF. A,
and the second order thus, CBF. C
A, C,E, H. Then the propor- cD F- L
tion of ABT to CBTF in the cD G, H'
first order, will be as A to Cin ’ '
the second ; and the proportion of CB I to CD F
in the first order, as B to D, that is, as C to E (by
construction) in the second order; and the pro-
portion of CD T to CD G in the first, as I' to G,
that is, as Il to H (by construction) in the second
order; and therefore ABF. CDG:: A. H will be
proportionals. But the proportion of A to H is
compounded of the proportions of A to C, B to D,
and I to G. Wherefore the proportion of the
product A BF to €D G is also compounded of the
same. And this operation serves, how many soever
the efficients be that make the quantities given.
From hence ariseth another way of compounding
many proportions into one, namely, that which is
supposed in the 5th definition of the 6th book of
Euclid; which is, by multiplying all the antece-
dents of the proportions into one another, and in
like manner all the consequents into one another.
And from hence also it is evident, in the first
place, that the cause why parallelograms, which
are made by the duction of two straight lines into
one another, and all solids which are equal to
figures so made, have their proportions compounded
of the proportions of the efficients; and in the
second place, why the multiplication of two or
more fractions into one another is the same thing
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with the composition of the proportions of their PART 11,
several numerators to their several denominators. —-—
For example, if these fractions §, %, 2 be to be ff‘“;,‘&“;;‘r‘l‘]’:ns
multiplied into one another, the numerators 1, 2, 3,
are first to be multiplied into one another, which
make 6 ; and next the denominators 2, 3, 4, which
make 24 ; and these two products make the frac-
tion 7. In like manner, if the proportions of 1
to 2, of 2 to 3, and of 3 to 4, be to be compounded,
by working as I have shown above, the same pro-
portion of 6 to 24 will be produced.

15. If any proportion be compounded with itself
inverted, the compound will be the proportion of
equality. For let any proportion be given, as of
A to B, and let the inverse of it be that of Cto D;
and as C to D, so let B be to another quantity ;
for thus they will be compounded (by the sccond
coroll. of the 12th art.) Now secing the propor-
tion of C to D is the inverse of the proportion of
A to B, it will beas Cto D, so Bto A; and there-
fore if they be placed in order, A, B, A, the propor-
tion compounded of the proportions of A to B, and
of C to D, will be the proportion of A to A, that
is, the proportion of equality. And from hence
the cause is evident why two equal products have
their efficients reciprocally proportional. For, for
the making of two products equal, the proportions
of their efficients must be such, as being com-
pounded may make the proportion of equality,
which cannot be except one be the inverse of the
other; for if betwixt A and A any other quantity,
as C, be interposed, their order will he A,C, A, and
the later proportion of C to A will be the inverse
of the former proportion of A to C.

M 2



PART IL
13.
H—I
The definition
and properties
of continual
proportion,

164 PHILOSOPHY.

16. A proportion is said to be multiplied by a
number, when it is so often taken as there be
unities in that number; and if the proportion bhe
of the greater to the less, then shall also the
quantity of the proportion be increased by the
multiplication ; but when the proportion is of the
less to the greater, then as the number increaseth,
the quantity of the proportion diminisheth; asin
these three numbers, 4, 2, 1, the proportion of 4 to
1 is not only the duplicate of 4 to 2, but also twice
as great ; but inverting the order of those numbers
thus, 1, 2, 4, the proportion of 1 to 2 is greater
than that of 1 to 4; and therefore though the
proportion of 1 to 4 be the duplicate of 1 to 2, yet
it is not twice so great as that of 1 to 2, but con-
trarily the half of it. In like manner, a proportion
is said to be divided, when between two quantities
are interposed one or more means in continual
proportion, and then the proportion of the first to
the second is said to be subduplicate of that of the
first to the third, and subtriplicate of that of the
first to the fourth, &c.

This mixture of proportions, where some are
proportions of excess, others of defect, as in a
merchant’s account of debtor and creditor, is not
so easily reckoned as some think; but maketh the
composition of proportions sometimes to be addi-
tion, sometimes substraction ; which soundeth
absurdly to such as have always by composition
understood addition, and by diminution substrac-
tion. Therefore to make this account a little
clearer, we are to consider (that which is com-
monly assumed, and truly) that if there be never
so many quantities, the proportion of the first to
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the last is compounded of the proportions of the PART I
first to the second, and of the second to the third, ———
and so on to the last, without regarding their 1o =iy
equality, excess, or defect ; so that if two propor- of continual
tions, one of inequality, the other of equality, be proportion:
added together, the proportion is not thereby made

greater nor less; as for example, if the proportions

of A to B and of B to B be compounded, the pro-

portion of the first to the second is as much as the

sum of both, because proportion of equality, being

not quantity, neither augmenteth quantity nor
lesseneth it. But if there be three quantities,

A, B, C, unequal, and the first be the greatest, the

last least, then the proportion of B to C is an ad-

dition to that of A to B, and makes it greater;

and on the contrary, if A be the least, and C the
greatest quantity, then doth the addition of the
proportion of B to C make the compounded pro-
portion of A to C less than the proportion of A to

B, that is, the whole less than the part. The com-
position therefore of proportions is notin this case

the augmentation of them, but the diminution ;

for the same quantity (Euclid v. 8) compared with

two other quantities, hath a greater proportion to

the lesser of them than to the greater. Likewise,

when the proportions compounded are one of

excess, the other of defect, if the first be of excess,

as in these numbers, 8, 6, 9, the proportion com-
pounded, namely, of 8 to 9, is less than the pro-
portion of one of the parts of it, namely, of 8

to 6; but if the proportion of the first to the

second be of defect, and that of the second to

the third be of excess, as in these numbers, 6, 8, 4,

then shall the proportion of the first to the third
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PART 1. be greater than that of the first to the second, as

——— 6 hath a greater proportion to 4 than to 8; the

;{l}‘d”p‘ifl‘)';ir’fi‘:; reason whereof is manifestly this, that the less any

of centimal — quantity is deficient of another, or the more one

PPN exceedeth another, the proportion of it to that
other is the greater.

Suppose now three quantities in continual pro-
portion, AB 4, AC6, AD 9. Because therefore
AD is greater than AC, but not greater than A D,
the proportion of AD to AC will be (by Euclid,
v. 8) greater than that of AD to AD; and like-
wise, because the proportions of AD to AC, and
of AC to A B are the same, the proportions of AD
to A C and of A C to A B, being both proportions
of excess, make the whole proportion of AD to
A B, or of 9 to 4, not only the duplicate of AD to
AC, that is, of 9 to 6, but also the double, or
twice so great. On the other side, because the
proportion of AD to A D, or 9 to 9, being propor-
tion of equality, is no guantity, and yet greater
than that of ACto AD, or 6 to 9, it will be as 0—9
to 0—6, so A C to AD, and again, as 0—9 to 0--6,
$0 0—6 to 0—4 ; hut 0 -4, 0—6, 0—9 are in con-
tinual proportion ; and because 0—4 is greater
than 0—6, the proportion of 0—4 to 0—6 will be
double to the proportion of 0—4 to 0—9, double I
say, and yet not duplicate, but subduplicate.

If any be unsatisfied with this ratiocination, let
him first consider that (by Euclid v. 8) the propor-
tion of AB to A C is greater than that of AB to
AD, wheresoever D be
placed in the line AC B C D
prolonged; and the A i s E
further off the point
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D is from C, so much the greater is the proportion PART L.
of AB to AC than that of AB to AD. Thereis ~——
. . . The definition

therefore some point (which suppose be E) in such and properties
distance from C, as that the proportion of A B to ;f;;g,%{;:;::}‘
A C will be twice as great as that of AB to AE.
That considered, let him determine the length of
the line AE, and demonstrate, if he can, that A E
is greater or less than A D,

By the same method, if there be more quantities
than three, as A, B, C,; D, in continual proportion,
and A be the least, it may be made appear that
the proportion of A to B is triple magnitude,
though subtriple in multitude, to the proportion of
A to D. :

17. If there be never so many quantities, the
number whereof is odd, and their order such, that
from the middlemost quantity both ways they
proceed in continual proportion, the proportion of
the two which are next on ecither side to the mid-
dlemost is subduplicate to the proportion of the
two which are next to these on both sides, and
subtriplicate of the proportion of the two which
are yet one place more remote, &c.  For let the
magnitudes be C, B, A, D, E, and let A, B, C, as
also A, D, & be in continual proportion; I say
the proportion of D to B is subduplicate of the
proportion of E to C. For the proportion of D to
B is compounded of the proportions of D to A, and
of A to B once taken; but the proportion of E to
C is compounded of the same twice taken; and
therefore the proportion of D to B is subduplicate
of the proportion of E to C. And in the same
manner, if there were three terms on either side,
it might be demonstrated that the proportion of
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D to B would be subtriplicate of that of the ex-
tremes, &c.

18. If there be never so many continual propor-
tionals, as the first, second, third, &c. their differ-
ences will be proportional to them. For the second,
third, &c. are severally consequents of the preceding,
and antecedents of the following proportion. But
(by art. x.) the difference of the first antecedent
and consequent, to difference of the second antece-
dent and consequent, is as the first antecedent to
thesecond antecedent, that is, as the first term to
the second, or as the second to the third, &c. in
continual proportionals,

19. If there be three continual proportionals,
the sum of the extremes, together with the mean
twice taken, the sum of the mean and either of
the extremes, and the same extreme, are conti-
nual proportionals. TFor let A.B. C be continual
proportionals. Seceing, therefore, A. B :: B. C are
proportionals, by composition also A +B. B:: B+4+C.
C will be proportionals ; and by permutation A+B.
B+C:: B. C will also be proportionals ; and again,
by composition A+2 B+C. B+C:: B+C. C; which
was to be proved.

20. In four continual proportionals, the greatest
and the least put together is a greater quantity
than the other two put together. Let A.B::C.D
be continual proportionals; whereof let the great-
est be A, and the least be D ; I say A+D isgreater
than B4C. For by art. 10, A—B.C—D :: A.C
are proportionals; and therefore A—B is, by art.
11, greater than C—D. Add B on both sides, and
A will be greater than C+B--D. And again, add
D on both sides, and A+D will be greater than
B+C; which was to be proved.




OF ANALOGISM. 169

21. If there be four proportionals, the extremes PART IL.
multiplied into one another, and the means multi- e
plied into one another, will make equ'xl products, ;r.'.];;,lf:;‘el.t:f’c’;
Let A.B::C.D be proportionals; I say A D is of continual
equal to BC. Tor the proportion of AD to B g e
is compounded, by art. 13, of the proportions of
A to B, and D to C, that is, its inverse B to A;
and therefore, by art. 14, this compounded pro-
portion is the proportion of equality ; and there-
fore also, the proportion of A D to B C is the pro-
portion of equality. Wherefore they are equal,

2. If there be four quantities, and the propor-

tion of the first to the second be duplicate of the
proportion of the third to the fourth, the product
of the extremes to the product of the means, will
be as the third to the fourth. Let the four quan-
tities be A, B, C and D; and let the proportion of
A to B be duplicate of the proportion of C to D,
I say A D, that is, the product of A into D is to
B C, that is, to the product of the means, as C to D).
Tor seeing the proportion of A to B is dnplicate of
the proportion of C to D, if it be as Cto D, so D
to another, E, then A.B.::C. B will be propor-
tionals ; for the proportion of A to B is by suppo-
sition duplicate of the proportion of C to D ; and
C to E duplicate also of that of C to D by the defi-
nition, art. 15. Wherefore, by the last article, AE
or A into E is equal to B C or B into C; but, by
coroll. 1v. art. 6, ADis to AE as D to E, that is,
as C to D ; and therefore A D is to BC, which as
I have shown is equal to A E, as C to D; which
was to be proved.

Moreover, if the proportion of the first A to
the second B be triplicate of the proportion of
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the third C to the fourth D, the product of the
extremes to the product of the means will be
duplicate of the proportion of the third to the
fourth. For if it be as C to D so D to E, and
again, as D to E so E to another, F, then the
proportion of C to F will be triplicate of the pro-
portion of C to D ; and consequently, A.B::C.F
will be proportionals, and A F equal to BC. But
as AD to AT, sois D to I'; and therefore, also,
as ADto BC, so D toF, thatis, so Cto E; but
the proportion of C to E is duplicate of the pro-
portion of Cto D; wherefore, also, the proportion
of A D to BC is duplicate of that of C to D, as was
propounded.

23. If there be four proportionals, and a mean
be interposed betwixt the first and second, and
another betwixt the third and fourth, the first of
these means will be to the sccond, as the first of
the proportionals is to the third, or as the second
of them is to the fourth. Torlet A.B:: C.D be
proportionals, and let E be a mean betwixt A and
B, and I a mean betwixt C and D; Isay A.C::
E. T are proportionals. ~ For the proportion of A
to E is subduplicate of the proportion of A to B,
or of Cto D. Also, the proportion of Cto F is
subduplicate of that of C to D; and therefore
A.L::C. T are proportionals ; and by permutation
A.C::E.F are also proportionals; which was to
be proved.

24. Any thing is said to be divided into extreme
and mean proportion, when the whole and the
parts are in continual proportion. As for example,
when A+B. A.B are continual proportionals; or
when the straight line A C is so divided in B, that
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A C. AB.BC are in continual proportion. And if PART II.
the same line A C be again divided , BC —
in D, so as that AC.CD. AD be — | — | —
continual proportionals; then also

A C. A B. AD will be continual proportionals;

and in like manner, though in contrary order,

CA. CD. CB will be continual proportionals;

which cannot happen in any line otherwise

divided.

25. If there be three continual proportionals, and

again, three other continual proportions, which
have the same middle term, their extremes will be
in reciprocal proportion. For let A.B.C and
D.B.E be continual proportionals, I say A.D::
E. C shall be proportionals. Ior the proportion of
A to D is compounded of the proportions of A to B,
and of B to D; and the proportion of T to Cis
compounded of those of It to B3, that is, of I3 to D,
and of B to C, that is, of A to B. Wherefore, by
equality, A. D :: K. C are proportionals.

26. If any two unequal guantities be made ex- comparison of
tremes, and there be interposed betwixt them any i;‘}l“;‘;g;‘fg’;‘,,
number of means in geometrical proportion, and ¢ provertion.
the same number of means in arithmetical propor-
tion, the several means in geometrical proportion
will be less than the several means in arithmetical
proportion. For betwixt A the lesser, and E the
greater extreme, let there be interposed three
means, B, C, D, in geometrical proportion, and as
many more, I, G, H, in arithmetical proportion ;

I say B will be less than Y, C than G, and D than
H. TFor first, the difference between A and F is the
same with that between F and G, and with that
between G and H, by the definition of arithme-
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PART II. tical proportion ; and therefore, the difference of

~—~— the proportionals which stand next to one another,

Sr?::ﬁ?er:f:ﬁ °fto the difference of the extremes, is, when there is

and geometri- hut one mean, half their difference; when two, a
cal proportions, ., .

third part of it ; when three, a quarter, &c. ; so that

in this example it is a quarter. But the difference

between D and E, by art. 17, is more than a

quarter of the difference be-

tween the extremes, because A é
the proportion is geometrical, B F
and therefore the difference (o G
between A and D is less than

three quarters of the same D H___
difference of the extremes. In  E E

like manner, if the difference
between A and D be understood to be divided
into three equal parts, it may be proved, that the
difference between A and C is less than two gquar-
ters of the difference of the extremes A and L.
And lastly, if the difference between A and C be
divided into two equal parts, that the difference
between A and B is less than a quarter of the
difference of the extremes A and E.

From the consideration hereof, it is manifest,
that B, that is A together with something else
which is less than a fourth part of the difference of
the extremes A and E, is less than T, thatis, than
the same A with something else which is equal to
the said fourth part. Also, that C, that is A with
something else which is less than two fourth parts
of the said difference, is less than G, that is, than
A together with the said two-fourths. And lastly,
that D, which exceeds A by less than three-fourths
of the said difference, is less than H, which ex-
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ceeds the same A by three entire fourths of the PART IL
said difference. And in the same manner it would ——
be if there were four means, saving that instead Comparisun of
of fourths of the difference of the extremes we are and geomeuri-
to take fifth parts ; and so on. prov
27. LemMMma. If a quantity being given, first one
quantity be both added to it and subtracted from
it, and then another greater or less, the propor-
tion of the remainder to the aggregate, is greater
where the less quantity is added and substracted,
than where the greater quantity is added and sub-
stracted. Let B be added to and substracted from
the quantity A ; so that A—B be the remainder,
and A+B the aggregate; and again, let C, a
greater quantity than B, be added to and sub-
stracted from the same A, so that A—C be the
remainder and A+C the aggregate; I say A—B.
A+B::A—C. A+C will be an hyperlogism.  For
A—B. A:: A—C. A is an hyperlogism of a greater
antecedent to the same consequent; and therefore
A—B. A+B::A—C.A+Cis a much greater hy-
perlogism, being made of a greater antecedent to
a less consequent.
28. If unequal parts be taken from two equal
quantities, and betwixt the whole and the part of
each there be interposed two means, one in geome-
trical, the other in arithmetical proportion; the
difference betwixt the two means will be greatest,
where the difference betwixt the whole and its part
is greatest. Forlet A Band A B be two equal quan-
tities, from which let two unequal parts be taken,
namely, AE the less, and AT the greater; and
betwixt AB and AElet AG be a mean in geo-
metrical proportion, and A H a mean in arithme-
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PART IL. tical proportion, Also
13. . i /]
—— Dbetwixt ABand AT let A F‘ ({; I,{ _1}
Comparisor o' A 1 be a mean in geo- “‘wl'? 'I*‘” 'K—"E

and geometri- petrical proportion, and
cal proportions.

H G is greater than K I.
For in the first place we have

this analogism

Then by composition we have
this .

And by taking the halves of
the antecedents this third .

And by conversion a fourth .
And by division this fifth

K a mean in arithmetical proportion; I say

AB AG::BG. GE, by
article 18.

AB+AG AB::BG+GE
thatis, BE. B G.

1AB+IAG.ABIBG

1 GEL, thatis, BH. BG.
ABYAB4+3AG::BG.BH.
$AB—1AG }AB+}AG

::HG.BI.
And by doubling the first an-
tecedent and the first con-

sequent . AB—AG.AB 4+ AG:HG.BH.

Also by the same method may

be found out this analogism AB—~AL AB+4+AI:KI.BK.

Now seeing the proportion of A Bto AE is
greater than that of A B to AT, the proportion of
A B to A G, which is half the greater proportion,
is greater than the proportion of A B to AT the
half of the less proportion; and therefore A1 is
greater than A G. Wherefore the proportion of
AB—AGto A B+A G, by the precedent lemma,
will be greater than the proportion of A B—AT to
AB+AT; and therefore also the proportion of
H G to B H will be greater than that of K1 to BK,
and much greater than the proportion of K1 to
B H, which is greater than B K; for BH 1is the
half of BE, as B K is the half of BF, which, by
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supposition, is less than BE.  Wherefore H G is PART II.
greater than K 1; which was to be proved. ——
Coroll. It is manifest from hence, that if any Comparison of
quantity be supposed to be divided into equal 3:\(‘;;5:3::;2:\3
parts infinite in number, the difference between
the arithmetical and geometrical means will be
infinitely little, that is, none at all. And upon
this foundation, chiefly, the art of making those
numbers, which are called Logarithms, seems to
have been built.
29. If any number of quantities be propounded,
whether they be unequal, or equal to one ano-
ther ; and there be another quantity, which multi-
plied by the number of the propounded quantities,
is equal to them all ; that other quantity is a mean
in arithmetical proportion to all those propounded
quantities.
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CHAP. XIV.

OF STRAIT AND CROOKIED,; ANGLE AND
FIGURE.

1. The definition and propertics of a strait line.—2, The defini-
tion and properties of a plane superficies.—38. Several sorts of
crooked lines,—4. The definition and properties of a circular
line. -~ 5. The properties of a strait line taken in a planc.
6. The definition of tangent lines. — 7. The definition of an
angle, and the kinds thereof.—8. In concentric circles, arches
of the same angle are to one another, as the whole circumfer-
ences are.—9. The quantity of an angle, in what it consists.
10. The distinction of angles, simply so called.—11. Of strait
lines from the centre of a circle to a tangent of the same.
12. The general definition of parallels, and the properties of
strait parallels.—13. The circumferences of circles are to
one another, as their diameters arc.—14. In triangles, strait
lines parallel to the bases are to one another, as the parts of
the sides which they cut off from the vertex.—15. By what
fraction of a strait line the circumference of a circle is made.
16. That an angle of contingence is quantity, but of a differ-
ent kind from that of an angle simply so called ; and that it
can neither add nor take away any thing from the same.
17. That the inclination of planes is angle simply so called.
18. A solid angle what it is,—19. What is the nature of
asymptotes. — 20, Situation, by what it is determined.—
21. What is like situation ; what is figure; and what are like
figures.

PART II. 1. BETWEEN two points given, the shortest line is
14.

——— that, whose extreme points cannot be drawn far-
The ,;‘i,';','l',.‘t'{;'; ther asunder without altering the quanti?y, that is,
ofa strait line. without altering the proportion of that line to any

other line given. Tor the magnitude of a line is

computed by the greatest distance which may be
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between its extreme points ; go that any onc line, PARTIT
whether it be extended or bowed, has always one ~———
and the same length, because it can have but one The If‘,ﬁf;,‘;‘,.‘l'{’,;;
greatest distance between its extreme points. of a strait line.
And seeing the action, by which a strait line is
made crooked, or contrarily a crooked line is made
strait, is nothing but the bringing of its extreme
points nearer to one another, or the setting of
them further asunder, a crooked line may rightly
be defined to be that, whose extreme points may
be understood to be drawn further asunder ;
and a strait line to be that, whose extreme
points cannot be drawn further asunder ; and
comparatively, a more crooked, to be that line
whose extreme points are nearer to one another
than those of the other, supposing both the lines
to he of equal length. Now, howsoever a linc
be bowed, it makes always a sinus or cavity, some-
times on one side, sometimes on another; so that
the same crooked line may either have its whole
cavity on one side only, or it may have it part on
one side and part on the other side. Which
being well understood, it will be easy to under-
stand the following comparisons of strait and
crooked lines.
First, if a strait and a crooked line have their
extreme points common, the crooked line is longer
than the strait line. TFor if the extreme points of
the crooked line be drawn out to their greatest
distance, it will be made a strait line, of which
that, which was a strait line from the beginning,
will be but a part; and therefore the strait line
was shorter than the crooked line, which had the
same extreme points. And for the same reason,
VOL. 1. N
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14,

e
The definition
and properties
of a strait line.
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if two crooked lines have their extreme points
common, and both of them have all their cavity on
one and the same side, the outermost of the two
will be the longest line.

Secondly, a strait line and a perpetually crook-
ed line cannot be coincident, no, not in the least
part. For if they should, then not only some
strait line would have its extreme points common
with some crooked line, but also they would, by
reason of their coincidence, be equal to one ano-
ther ; which, as I have newly shown, cannot be.

Thirdly, between two points given, there cau
be understood but one strait line; because there
cannot be more than one least interval or length
between the same points. For if there may be
two, they will either be coincident, and so both of
them will be one strait line; or if they be not
coincident, then the application of one to the other
by extension will make the extended line have its
extreme points at greater distance than the other;
and consequently, it was crooked from the begin-
ning.

Fourthly, from this last it follows, that two
strait lines cannot include a superficies. For if
they have both their extreme points common, they
are comncident; and if they have but one or neither
of them common, then at one or both ends the
extreme points will be disjoined, and include no
superficies, but leave all open and undetermined.

Fifthly, every part of a strait line is a strait
line. For seeing every part of a strait line is the
least that can be drawn between its own extreme
points, if all the parts should not constitute a strait
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line, they would altogether be longer than the PART 1.
whole line. —
2. A plane or a plane superficies, is that which The definition
is described by « strait line so moved, that «li S'r)d“li,rﬂ’.’,c;;ﬁs
the several points thereof describe several strait "'
Jines. A strait line, therefore, is necessarily all of
it in the same plane which 1t describes. Also the
strait lines, which are made by the points that
describe a plane, are all of them in the same plane.
Moreover, if any line whatsoever be moved in a
plane, the lines, which are described by it, are all
of them in the same plane.
All other superficies, which are not plane, are
crooked, that is, are either concave or convex.
And the same comparisons, which were made of
strait and crooked lines, may also be made of plane
and crooked superficies.
For, first, if a plane and crooked superficies be
terminated with the same lines, the crooked super-
ficies is greater than the plane superficies. TFor if
the lines, of which the crooked superficies con-
sists, be extended, they will be found to be longer
than those of which the plane superficies consists,
which cannot be extended, because they are strait.
Secondly, two superficies, whercof the one is
plane, and the other continually crooked, cannot
be coincident, no, not in the least part. For if they
were coincident, they would be equal; nay, the
same superficies would be both plane and crooked,
which is impossible.
Thirdly, within the same terminating lines
there can be no more than one plane superficies ;
because there can be but one least superficies
within the same.
N2
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PARTIL  Fourthly, no number of plane superficies can

~~~ include a solid, unless more than two of them end
in a common vertex. For if two planes have both
the same terminating lines, they are coincident,
that is, they are but one superficies; and if their
terminating lines be not the same, they leave one
or more sides open.

Fifthly, every part of a plane superficies is a
plane superficies. For seeing the whole plane
superficies is the least of all those, that have the
same terminating lines; and also every part of the
same superficies is the least of all those, that are
terminated with the same lines; if every part
should not constitute a plane superficies, all the
parts put together would not be equal to the
whole.

Severalsortsof 3, Of straitness, whether it be in lines or in

crooked lines. superficies, there is but one kind ; but of crooked-
ness there are many kinds; for of crooked magni-
tudes, some are congruous, that is, are coincident
when they are applied to one other; others are
incongruous. Again, some are opotouepeic Or uni-
form, that is, have their parts, howsocver taken,
congruous to one another ; others are avopotopepeic
or of several forms. Moreover, of such as are
crooked, some are continually crooked, others have
parts which are not crooked.

Definitionand 4, If a strait line be moved in a plane, in such

{:’irrocx:xe);l;el?noet:a manner, that while one end of it stands still, the
whole line be carried round about till it come
again into the same place from whence it was first
moved, it will describe a plane superficies, which
will be terminated every way by that creoked line,
which is made by that end of the strait line which
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was carried round. Now this superficies is called PART 1.
a CIRCLE ; and of this circle, the unmoved point i  ———
the centre; the crooked line which terminates it, I‘?rf)‘;g‘r‘t’l‘;‘s‘ :;?g
the perimeter; and every part of that crooked circulas line.
line, a circumference or arch; the strait line, which
generated the circle, is the semidiameter or ra-
dius 3 and any strait line, which passeth through
the centre and is terminated on both sides in the
circumference, is called the diameter. Moreover,
every point of the radius, which describes the
circle, describes in the same time its own peri-
meter, terminating its own circle, which is said to
be concentric to all the other circles, because this
and all those have one common centre.

Wherefore in every circle, all strait lines from
the centre to the circumference are equal. TFor
they are all coincident with the radius which
generates the circle.

Also the diameter divides both the perimeter
and the circle itself into two equal parts. Ior if
those two parts be applied to one annther, and the
semiperimeters be coincident, then, seeing they
have one common diameter, they will be equal;
and the semicircles will be equal also; for these
also will be coincident. But if the semiperimeters
be not coincident, then some one strait line, which
passes through the centre, which centre is in the
diameter, will be cut by them in two points.
Wherefore, seeing all the strait lines from the
centre to the circumference are equal, a part of
the same strait line will be equal to the whole;
which is impossible.

For the same reason the perimeter of a circle
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PART 11. will be uniform, that is, any one part of it will be
——— coincident with any other equal part of the same.
dhe proper- 5, From hence may be collected this property
line taken in of @ strait line, namely, that it is all contained in
PR that plane which contains both its extreme points.
For seeing both its extreme points are in the
plane, that strait line, which describes the plane,
will pass through them both; and if one of them
be made a centre, and at the distance between
both a circumference be described, whose radius
is the strait line which describes the plane, that
circumference will pass through the other point.
Wherefore between the two propounded points,
there is one strait line, by the definition of a circle,
contained wholly in the propounded plane; and
therefore if another strait line might be drawn
between the same points, and yet not be contained
in the same plane, it would follow, that between
two points two strait lines may be drawn; which

has been demonstrated to be impossible.

It may also be collected, that if two planes cut
one another, their common section will be a strait
line. TFor the two extreme points of the inter-
section are in both the intersecting planes; and
between those points a strait line may be drawn ;
but a strait line between any two points is in the
same plane, in which the points are; and seeing
these are in both the planes, the strait line which
connects them will also be in both the same planes,
and therefore it is the common section of both.
And every other line, that can be drawn between
those points, will be either coincident with that
line, that is, it will be the same line ; or it will not




OF STRAIT AND CROOKED. 183

be comcident, and then it will be in neither. or
but in one of those planes.

As a strait line may be understood to be
moved round about whilst one end thereof remains
fixed, as the centre; soin like manner it is easy to
understand, that a plane may be circumduced
about a strait line, whilst the strait line remains
still in one and the same place, as the axis of that
motion. Now from hence it is manifest, that any
three points are in some one plane. Tor as any
two points, if they be connected by a strait line,
are understood to be in the same plane in which
the strait line is ; so, if that plane be circumduced
about the same strait line, it will in its revolution
take in any third point, howsoever it be situate;
and then the three points will he all in that plane;
and consequently the three strait lines which con-
nect those points, will also be in the same plane,

6. Two lines are said to fouch one another,
which being both drawn to one and the same
point, will not cut one another, though they be
produced, produced, I say, in the same manner in
which they were generated. And therefore if two
strait lines touch one another in any one point,
they will be contiguous through their wholelength.
Also two lines continually crooked will do the
same, if they be congruous and be applied to one
another according to their congruity ; otherwise,
if they be incongruously applied, they will, as all
other crooked lines, touch one another, where they
touch, but in one point only. Which is manifest
from this, that there can be no congruity between
a strait line and a line that is continually crooked ;
for otherwise the same line might be both strait

PART 11,
14,
[

Definition of
tangent lines,
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l’A:F;l' It and crooked. Besides, when a strait line touches
——~— a crooked line, if the strait line be never so little
moved about upon the point of contact, it will cut
the crooked line; for seeing it touches it but in
one point, if it incline any way, it will do more
than touch it ; that is, it will cither be congruous
to it, or it will cutit; but it cannot be congruous

to it; and therefore it will cut it.
ae o™ 7. An angle, according to the most general
1‘.'.':.'.-33,'.-“ kinds acceptation. of the word, may be thus defined;
' when two lines, or many supeificies, concur in one
sole point, and diverge cvery where else, the
quantity of that divergence is an ANGLE. And an
angle is of two sorts; for, first, it may be made
by the concurrence of lines, and then it is a super-
JSicial angle ; or by the concurrence of superficies,

and then it is called a solid angle.

Again, from the two ways by which two lines
may diverge from one another, superficial angles
are divided into two kinds. TFor two strait lines,
which are applied to one another, and are con-
tiguous in their whole length, may be separated or
pulled open in such manner, that their concur-
rence in one point will still remain; and this
separation or opening may be either by circular
motion, the centre whereof is their point of con-
currence, and the lines will still retain their strait-
ness, the guantity of which separation or divergence
is an angle simply so called; or they may be
separated by continual flexion or curvation in every
imaginable point; and the quantity of this sepa-
ration is that, which is called an angle of con-
tingence.

Besides, of superficial angles simply so called,
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those, which are in a plane superficics, are plane; PART 11
and those, which are not plane, are denominated e
from the superficies in which they are.
Lastly, those are strait-lined angles, which are
made by strait lines ; as those which are made by
crooked lines are crooked-lined ; and those which
are made both of strait and crooked lines, are
miwed angles.
‘ . Two arches intercepted between two radii of In concentric

circles, arches

u)ncentrlc circles, have the same proportion to one of e sume
another, which their whole perimeters have to one i e
another. For let the point A (in the first figure) 2 the whole
be the centre of the two circles BCD and E F G, are.
in which the radii AEB and AFC intercept the
arches BC and EF; I say the proportion of the
arch B C to the arch E F is the same with that of
the perimeter BCD to the perimeter EFG. For
if the radius AFC be understood to be moved
about the centre A with circular and uniform
motion, that is, with equal swiftness everywhere,
the point C will in a certain time describe the
perimeter BCD, and in a part of that time the
arch B C; and because the velocities are equal by
which both the arch and the whole perimeter are
described, the proportion of the magnitude of the
perimeter B C D to the magnitude of the arch BC
is determined by nothing but the difference of the
times in which the perimeter and the arch are
described. But both the perimeters are described
in one and the same time, and both the arches in
one and the same time ; and therefore the propor-
tions of the perimeter BCD to the arch BC, and
of the perimeter EFG to the arch BT, are
both determined by the same cause. Whercfore
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PARTIL BCD.BC: :ETG. BT are proportionals (by the

—— 6th art. of the last chapter), and by permutation
BCD.EFG::BC. ET will also be proportionals ;
which was to be demonstrated.

oty 9. Nothing is contributed towards the quantity

in whauit of an angle, neither by the length, nor by the
equality, nor by the inequality of the lines which
comprehend it. Tor the lines A B and AC com-
prehend the same angle which is comprehended by
the lines AE and AI', or ABand AF. Norisan
angle either increased or diminished by the abso-
lute quantity of the arch, which subtends the
same ; for both the greater arch B C and the
lesser arch EI' are subtended to the same angle,
But the quantity of an angle is estimated by the
quantity of the subtending arch compared with the
quantity of the whole perimeter. And therefore
the quantity of an angle simply so called may be
thus defined : the quantity of an angle is an arch
or circumference of a cirele, determined by its
proportion to the whole perimeter. Sothat when
an arch is intercepted between two strait lines
drawn from the centre, look how great a portion
that arch is of the whole perimeter, so great is the
angle. Trom whence it may be understood, that
when the lines which contain an angle are strait
lines, the quantity of that angle may be taken at
any distance from the centre. But if one or both
of the containing lines be crooked, then the quan-
tity of the angle is to be taken in the least distance
from the centre, or from their concurrence; for
the least distance is to be considered as a strait
line, seeing no crooked line can be imagined so
little, but that there may be a less strait line.  And
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although the least strait line cannot be given, PART 1.
because the least given line may still be divided, — e
yet we may come to a part so small, as is not at all
considerable; which we call a point. And this

point may be understood to be in a strait line

which touches a crooked line; for an angle is
generated by separating, by circular motion, one

strait line from another which touches it, as has

been said above in the 7th article. Wherefore an

angle, which two crooked lines make, is the same

with that which is made by two strait lines which

touch them.

10. From hence it follows, that vertical angles, The distinetion
such as are ABC, DBF in the second figure, are ;:;’s‘f‘f:ilsu’(?.]'
equal to one another. For if, from the two semi-
perimeters D AC, I'D A, which are equal to one
another, the common arch D A be taken away, the
remaining arches A C, D I* will be equal to one
another.

Another distinction of angles is into 7ig/ht and
oblique. A right angle is that, whose quantity is
the fourth part of the perimeter. And the lines,
which make a right angle, are said to be perpen-
dicular to one another. Also, of oblique angles,
that which is greater than a right, is called an
obtuse angle; and that which is less, an acute
angle. From whence it follows, that all the angles
that can possibly be made at one and the same
point, together taken, are equal to four right
angles ; because the quantities of them all put
together make the whole perimeter. Also, that
all the angles, which are made on one side of a
strait line, from any one point taken in the same,
are equal to two right angles ; for if that point be
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PAFICIH- made the centre, that strait line will be the dia-
———— meter of a circle, by whose circumference the
quantity of an angle is determined ; and that dia-
meter will divide the perimeter into two equal
parts,
Ofstaithines 11, If a tangent be made the diameter of a
teofacirde circle, whose centre is the point of contact, a
oFihoseme strait line drawn from the centre of the former
circle to the centre of the latter circle, will make
two angles with the tangent, that is, with the dia-
meter of the latter circle, equal to two right angles,
by the last article. And because, by the Gth article,
the tangent has on both sides equal inclination to
the circle, each of them will be a right angle; as
also the semidiameter will be perpendicular to the
same tangent. Moreover, the semidiameter, inas-
much as it is the semidiameter, is the least
strait line which can be drawn from the centre
to the tangent; and every other strait line, that
reaches the tangent, will pass out of the circle,
and will therefore be greater than the semidia-
meter. In like manner, of all the strait lines,
which may be drawn from the centre to the tan-
gent, that is the greatest which makes the greatest
angle with the perpendicular ; which will be mani-
fest, if about the same centre another circle be
described, whose semidiameter is a strait line
taken nearer to the perpendicular, and there be
drawn a perpendicular, that is, a tangent, to the
same.
From whence it is also manifest, that if two
strait lines, which make equal angles on either
side of the perpendicular, be produced to the tan-

gent, they will be equal.
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12. There is in BEuclid a definition of strait-
lined parallels ; but I do not find that parallels in
general are anywhere defined; and thercfore for
an universal definition of them, [ say that any fwo
tines whatsoever, strait or crooked, as also any
two superficies, are PARALLEL ; when two equal
strazt lines, wheresocver they fall wpon them,
make ahways equal angles with each of them.

From which definition it follows ; first, that any
two strait lines, not inclined opposite ways, falling
upon two other strait lines, which are parallel, and
intercepting equal parts in both of them, are them-
selves also equal and parallel. Asif ABand CD
(in the third figure), inclined both the same way,
fall upon the parallels A C and B D, and A C and
B D be equal, A B and CD will also be equal and
parallel. For the perpeudiculars BE and DF
being drawn, the right angles EBD and FDH
will be equal. Wherefore, seeing E I' and B D are
parallel, the angles E B A and I D C will be equal.
Now if D C be not equal to B A, let any other
strait line equal to B A be drawn from the point D ;
which, seeing it cannot fall upon the point C, let
it fall wpon G.  Wherefore A G will be ecither
greater or less than B D; and therefore the angles
E B A and F D Care not. equal, as was supposed.
‘Wherefore A B and C D are equal; which is the
first.

Again, because they make equal angles with the
perpendiculars B E and D F; therefore the angle
CDH will be equal to the angle ABD, and, by
the definition of parallels, A B and C D will be
parallel ; which is the second.

That plane, which is included both ways
within parallel lines,is called ¢ PARALLELOGRAM.

PART IIL
bt
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the proper-
ties of strait
parallels.



PART I1.

14,
[—

General defi-
nition of pa-

ratlels, &c.

190 PHILOSOrHY.

Coroll. 1. FFrom this last it follows, that the
angles A B D and C D H are equal, that is, that
a strait line, as B H, falling upon two parallels, as
A B and C D, makes the internal angle A B D
equal to the external and opposite angle CD H.

Coroll. 11. And from hence again it follows, that
a strait line falling upon two parallels, makes the
alternate angles equal, that is, the angle A G I, in
the fourth figure, equal to the angle G F D. For
seeing G F D is equal to the external opposite
angle E G B, it will be also equal to its vertical
angle A G F, which is alternate to G I' D.

Coroll. trr. That the internal angles on the
same side of the line I' G are equal to two right
angles. Tor the angles at F, namely, G I' C and
G F D, are equal to two right angles. But GF D
is equal to its alternate angle A G F. Wherefore
both the angles G I' C and A G IV, which are in-
ternal on the same side of the line F G, are equal
to two right angles.

Coroll. 1v. That the three angles of a strait-
lined plain triangle are equal to two right angles;
and any side being produced, the external angle
will be equal to the two opposite internal angles.
For if there be drawn by the vertex of the plain
triangle A B C (fig. 5) a parallel to any of the
sides, as to A B, the angles A and B will be equal
to their alternate angles Il and F, and the angle C
is common. But, by the 10th article, the three
angles I, C and F, are equal to two right angles;
and therefore the three angles of the triangle are
equal to the same; which is the first. Again,
the two angles B and D are equal to two right
angles, by the 10th article. Wherefore taking
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away B, there will remain the angles A and C, PART II.

equal to the angle D ; which is the second. ———r
Coroll. v. If the angles A and B be equal, the Jeri o™

sides A C and C B will also be equal, because A B rallels, &c.
and E F are parallel ; and, on the contrary, if the

sides A C and C B be equal, the angles A and B

will also be equal. TFor if they be not equal, let

the angles B and G be equal. Wherefore, seeing

G B and E F are parallels, and the angles G and B

equal, the sides G C and C B will also be equal;

and because C B and A C are equal by supposi-

tion, C G and C A will also be equal ; which cannot

be, by the 11th article.

Coroll. vi. From hence it is manifest, that if
two radii of a circle be connected by a strait line,
the angles they make with that connecting line
will be equal to one another; and if there be
added that segment of the circle, which is sub-
tended by the same line which connects the radii,
then the angles, which those radii make with the
circumference, will also be equal to one another.

For a strait line, which subtends any arch, makes
equal angles with the same; because, if the arch
and the subtense be divided in the middle, the two
halves of the segment will be congruous to one
another, by reasons of the uniformity both of the
circumference of the cirele, and of the strait line.

13. Perimeters of circles are to one another, as The circomfe-
their semidiameters are. For let there be any two ences of eir-
circles, as, in the first figure, B C D the greater, jioterastheir
and E I G the lesser, having their common centre
at A ; and let their semidiameters be A C and A E.

I say, A C has the same proportion to A E, which
the perimeter B C D has to the perimeter E I G.
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PARTIL  TFor the magnitude of the semidiameters A C and
14. . . : .

—— A E is determined by the distance of the points
C and E from the centre A; and the same dis-
tances are acquired by the uniform motion of a
point from A to C, in such manner, that in equal
times the distances acquired be equal. But the
perimeters 3 C D and E T G are also determined
by the same distances of the points C and E from
the centre A ; and therefore the perimeters B C D
and E I G, as well as the semidiameters A C and
A E, have their magnitudes determined by the
same cause, which cause makes, in equal times,
equal spaces. Wherefore, by the 13th chapter and
6th article, the perimeters of circles and their
semidiameters are proportionals; which was to be

proved. .
13:}‘;"}:‘({40‘:3;1 14. If two strait lines, which constitute an angle,
wllel to the he cut by strait-lined parallels, the intercepted pa-
another, as the rallels will be to one another, as the parts which
Fdes :lillitﬁ they cut off from the vertex. Let the strait lines
they cutof A B and A C, in the 6th figure, make an angle at
A, and be cut by the two strait-lined parallels B C
and D E, so that the parts cut off from the vertex
in either of those lines, as in A B, may be A B
and A D. 1 say, the parallels B C and D E are to
one another, as the parts A B and A D. For let
A B be divided into any number of equal parts, as
into AF, FD,D B; and by the points IFand D,
let I' G and D E be drawn parallel to the base B C,
and cut A Cin G and E ; and again, by the points
G and E, let other strait lines be drawn parallel
to A B,and cut B Cin H and I. If now the point
A be understood to be moved uniformly over A B,

and in the same time B be moved to C, and all the
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points I, D, and B be moved uniformly and with PART L.
equal swiftness over F G, D E,and B C; then shall ————
B pass over B H, equal to I' G, in the same time that
A passes over AT ; and A I and I'G will be to one
another, as their velocities are; and when A is in
F,Dwillbein Ky when Aisin D, D will bein E;
and in what manner the pommt A passes by the
points ¥, D, and B, in the same manner the point
B will pass by the points H, I, and C; and the
strait lines FG, D K, KE, B H, H I, and I C, are
equal, by reason of their parallelism : and therefore,
as the velocity in A B is to the Veloeity in B C, so
is AD toD E; but as the velocity in A B is to
the velocity in B C, so is A B to B C; that is to say,
all the parallels will be severally to all the parts
cut off from the vertex, as A I'is to F G. Where-
fore, AF. GIF:: AD.DE:: AB. BCare propor-
tionals.
The subtenses of equal angles in different circles,
as the strait lines B C and F I (in fig. 1), are to
one another as the arches which they subtend.
For (by art. 8) the arches of equal angles are to
one another as their perimeters are; and (by art.
13) the perineters as their semidiameters ; but the
subtenses B3 C and I* & are parallel to one another
by reason of the equality of the angles which they
make with the semidiameters; and therefore the
same subtenses, by the last precedent article, will
be proportional to the semidiameters, that is, to
the perimeters, that is, to the arches which they
subtend.
15. If in a circle any number of equal subtenses ¥ vhat froc:
he placed immediately after one another, and strait fincthe circum.
. . ference of a cir-
lines be drawn from the extreme point of the first cle is made.
VOL. I. 0
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subtense to the extreme points of all the rest, the
first subtense being produced will make with the
secoud subtense an external angle double to that,
which is made by the same first subtense, and a
tangent to the circle touching it in the extreme
points thereof; and if a strait line which subtends
two of those arches be produced, it will make an
external angle with the third Su\;tense, triple to
the angle which is made by the tangent with the
first subtense; and so continually. For with the
radius A B (in fig. 7) let a circle be described, and
in it let any number of equal subtenses, BC, CD,
and D I, be placed ; alsolet B D and B E be drawn ;
and by producing BC, BD and BE to any dis-
tance in G, H and I, let them make angles with
the subtenses which succeed one another, namely,
the external angles G CD, and HD E. Lastly, let
the tangent KB be drawn, making with the first
subtense the angle K BC. 1 say the angle GCD
is double to the angle K B C, and the angle H D I
triple to the same angle KB C. For if AC be
drawn cutting BD in M, and from the point C
there be drawn L C perpendicular to the same A C,
then CL and M D will be parallel, by reason of
the right angles at C and M; and therefore the
alterne angles LCD and B D C will be equnal : as
also the angles BDC and CBD will be equal,
because of the equality of the strait lines B C and
CD. Wherefore the angle GCD is double to
either of the angles CBD or CDB; and there-
fore also the angle G CD is double to the angle
L CD, that is, to the angle K BC. Again, CD is
parallel to BE, by reason of the equality of the
angles CBE and D E B, and of the strait lines
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CBand DE; and therefore the angles GCD and  PART IL
G B E are equal ; and consequently G BE, as also . \—FT
D E B is double to the angle K B C. But the eX- don of » strai

tion of a strait

ternal angle HIDE is equal to the two internal fhethecrenn-
DEB and DB E; and therefore the angle H D E cle is made.
1s triple to the angle K B C, &e.; which was to be

proved.

Coroll. 1. From hence it is manifest, that the
angles K B C and C B D, as also, that all the angles
that are comprehended by two strait lines meeting
in the circumference of a circle and insisting upon
equal arches, are equal to one another.

Coroll. 11. If the tangent B K be moved in the
circumference with uniform motion about the
centre B,it will in equal times cut off equal arches;
and will pass over the whole perimeter in the same
time in which itself describes a semiperimeter about
the centre B.

Coroll. 111. From hence also we may under-
stand, what it is that determines the bending or
curvation of a strait line into the circumference of
a circle ; namely, that it is fraction continually in-
creasing in the same manner, as numbers, from
one upwards, increase by the continual addition of
unity. For the indefinite strait line K B being
broken in B according to any angle, as that of
K B C, and again in C according to a double angle,
and in D according to an angle which is triple,
and in B according to an angle which is quadru-
ple to the first angle, and so continually, there will
be described a figure which will indeed be recti-
lineal, if the broken parts be considered as having
magnitude ; but if they be understood to be the
least that can be, that is, as so many points, then

02
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I‘-\I}}‘IL the figure described will not be rectilineal, but a
———— circle, whose circumference will be the broken
line.

Coroll. 1v. TFrom what has been said i this pre-
sent article, it may also be demonstrated, that an
angle in the centre is double to an angle in the
circumference of the same cirele, if the intercepted
arches be equal. TFor seeing that strait line, by
whose motion an angle is determined, passes over
equal arches in equal times, as well from the centre
as from the circumference; and while that, which
is from the cirevinference, is passing over half its
own perimeter, it passes in the same time over the
whole perimeter of that which is from the centre,
the arches, which it cuts off in the perimeter whose
centre is A, will be double to those, which it makes
n its own semiperimeter, whose centre is B, But
in equal circles, as arches arc to one another, so
also are angles.

It may also be demonstrated, that the external
angle made by a subtense produced and the next
equal subtense is equal to an angle from the centre
insisting upon the same arch; as in the last dia-
gram, the angle G CD is equal to the angle CA D;
for the external angle G CD is double to the angle
CBD; and the angle C AD insisting wpon the
same arch CD is also double to the same angle
CBDor KBC.

That an angle  16. An angle of contingence, if it be compared
of contingence __« ) . .

is quantity, bae With an angle simply so called, how little soever,
of & Jillerent has such proportion to it as a point has to a line;
;{;"sa;'%:ﬂﬁ'; that is, no proportion at all, nor any quantity. For
and that it can first, an angle of contingence is made by continual
neitheraddeor goxion 5 so that in the generation of it there is no
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circular motion at all, in which consists the nature
of an angle simply so called ; and therefore it can-
not be compared with it according to quantity.
Secondly, seeing the external angle made by a
subtense produced and the next subtense is equal
to an angle from the centre insisting upon the
same arch, as in the last figure the angle GC D 1s
equal to the angle CA D, the angle of contingence
will be equal to that angle from the centre, which
is made by A B and the same A B; for no part of
a tangent can subtend any arch; but as the point
of contact is to be taken for the subteuse, so the
angle of contingence is to be accounted for the
external angle, and equal to that angle whose arch
is the same point B.

Now, seeing an angle in gencral is defined to be
the opening or divergence of two lines, which con-
cur i one sole point; and seeing one opening is
greater than another, it cannot be denied, but that
by the very generation of it, an angle of contin-
genee 1s quantity ; for wheresoever there is greater
and less, there is also quantity ; but this quantity
consists in greater and less flexion; for how much
the greater a circle is, so much the nearer comes
the circumference of it to the nature of a strait
line ; for the circumference of a circle being made
by the curvation of a strait line, the less that strait
line is, the greater is the curvation ; and therefore,
when one strait line is a tangent to many cireles,
the angle of contingence, which it makes with a
less circle, is greater than that which it makes
with a greater circle.

Nothing therefore is added to or taken from an
angle simply so called, by the addition to it or

PART I,
14.
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FART 11, talking from it of never so many angles of contin-

—— gence. And as an angle of one sort can never be
equal to an angle of the other sort, so they cannot
be either greater or less than one another.

From whence it follows, that an angle of a seg-
ment, that is, the angle, which any strait line
makes with any arch, is equal to the angle which
is made by the same strait line, and another which
touches the circle in the point of their concur-
rence ; as in the last figure, the angle which is
made between G B and B K is equal to that which
is made between G B and the arch B C.

That the incli- ~ 17. An angle, which is made by two planes, is

:L“‘:,?;‘,ﬁf::‘n?;f; commonly called the inclination of those planes;

socalled: and because planes have equal inclination in all
their parts, instead of their inclination an angle is
taken, which is made by two strait lines, one of
which is in one, the other in the other of those
planes, but both perpendicular to the common
section.

Asolidangle 18, A solid angle may be conceived two ways.

wha . First, for the aggregate of all the angles, which are
made by the motion of a strait line, while one ex-
treme point thereof remaining fixed, it is carried
about any plain figure, in which the fixed point of
the strait line is not contained. And in this sense,
it seems to be understood by Euclid. Now it is
manifest, that the quantity of a solid angle so con-
ceived is no other, than the aggregate of all the
angles in a superficies so described, that is, in the
superficies of a pyramidal solid. Secondly, when
a pyramis or cone has its vertex in the centre of a
sphere, a solid angle may be understood to be the
proportion of a spherical superficies subtending
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that vertex to the whole superficies of the sphere.
In which sense, solid angles are to one another as
the spherical bases of solids, which have their ver-
tex in the centre of the same sphere.

19. All the ways, by which two lines respect one
another, or all the variety of their position, may
be comprehended under four kinds; for any two
lines whatsoever are either parallels, or being pro-
duced, if need be, or moved one of them to the
other parallelly to itself, they make an angle; or
else, by the like production and motion, they touch
one another ; or lastly, they are asymptotes. 'The
nature of parallels, angles, and tangents, has heen
already declared. It remains that I speak briefly
of the nature of asymptotes.

Asymptosy depends upon this, that quantity is
infinitely divisible. And from hence it follows, that
any line being given, and a body supposed to be
moved from one extreme thereof towards the other,
it is possible, by taking degrees of velocity always
less and less, in such proportion as the parts of the
line are made less by continual division, that the
same body may be always moved forwards in that
line, and yet never reach the end of it. Tor it is
manifest, that if any strait line, as A I, (in the 8th
figure) be cut anywhere in B, and again B F be cut
in C, and CF in D, and D Fin E, and so eternally,
and there be drawn from the point F, the strait
line F F at any angle A F F; and lastly, if the strait
lines AF, BF,CF,DF, EF, &c., having the same
proportion to one another with the segments of
the line A I, be set in order and parallel to the
same A T, the crooked line A B C D E, and the
strait line I' F, will be asymptotes, that is, they
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PARTIL will always come nearer and nearer together, but

~——— never touch one another. Now, because any line
may be cut eternally according to the proportions
which the segments have to one another, therefore
the divers kinds of asymptotes are infinite in num-
ber, and not necessary to be further spoken of in
this place. In the nature of asymptotes in general
there is no more, than that they come still nearer
and nearver, but never touch. But in special in the
asymptosy of hyperbolic lines, it is understood
they should approach to a distance less than any
given quantity.

Siuatlon, by 20. SITUATION is the relation of one place to

decermined. gnother ; and where there are many places, their
situation is determined by four things; by ¢keir
distances from one another ; by several distances
Jrom a place assigned; by the order of strait
lines drawn from a place assigned to the places
of them all; and by the angles which are made
by the lines so drawn. Vor if their distances,
order, and angles, be given, that is, be certainly
known, their several places will also be so certainly
known, as that they can be no other.

What is 21. Points, how many soever they be, have like

like sitnatioun ;

whatis figure; sifuation with an equal number of other points,
ﬁ'i‘i ;:E:'.tr:sl.‘e when all the strait lines, that are drawn from some
one point to all these, have severally the same
proportion to those, that are drawn i the same
order and at equal angles from some one point to
all those. For let there be any number of points
as A, B, and C, (in the 9th figure) to which from
some one point D let the strait ines D A, D B, and
D C be drawn; and let there be an equal number

of other points, as E, F, and G, and from some

— N R -
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point H let the strait lines H K, H I, and H G be PARTIL.
drawn, so that the angles AD B and BD C be ——
severally and in the same order equal to the angles 't ke
E HTF and F H G, and the strait lines D A, D B, is figure; &e-
and D C proportional to the strait lines H E, HT,

and H G; I say, the three points A, B, and C, have

like situation with the three points E, T, and G, or

are placed alike. TFor if H E be understood to be

laid uwpon D A, so that the point H be in D, the

point F will be in the strait line D B, by reason of

the equality of the angles A D B and E H F; and

the point G will be in the strait line D C, by reason

of the equality of the angles B D C mn(l FHG;

and the strait lines A B a.nd E I, as also B C and

1" G, will be parallel, because A D. E H:: BD.

FH:: CD. G Hare proportionals by construction ;

and thercfore the distances between the points A

and B, and the points B and C, will be propor-

tional to the distances between the points IS and F,

and the points I and G, Wherefore, in the situa-

tion of the points A, B3, and C, and the sitnation

of the points E, I and G, the angles in the same

order are equal; so that their situations differ in
nothing but the inequality of their distances from

one another, and of their distances from the points

D and H. Now, in both the orders of points, those
inequalities are equal; for AB. BC:: EF. IF G,

which are their distances from one another, as

also DA.DB.DC:: HE., HF. HG, which are

their distances from the assumed points D and

H, are proportionals. Their difference, therefore,
consists solely in the magnitude of their distances.

But, by the definition of /ike, (chapter 1. article 2)

those things, which differ only in magnitude, are

like. Wherefore the points A, B, and C, have to
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PA}‘:‘“- one another like sitnation with the points B, F,

\\msnTke and G, or are place(} alil;e ; which was to be proved.

situation; what FIGURE 28 quantity, determined by the sitiwation

s hgure, & op placing of all its extreme points. Now I call

those points extreme, which are contiguous to the

place which is without the figure. In lines there-

fore and superficies, all points may be called ex-

treme; hut in solids only those which are in the
superficies that includes them.

Like figures are those, whose extreme points in
one of them are all placed like all the extreme
points in the other; for such figures differ in
nothing but magnitude.

And like figures are alike placed, when in both
of them the homologal strait lines, that is, the strait
lines which connect the points which answer one
another, are parallel, and have their proportional
sides inclined the same way.

And seeing every strait line is like every other
strait line, and every plane like every other plane,
when nothing but planeness is considered ; if the
lines, which include planes, or the superficies,
which include solids, have their proportions known,
it will not be hard to know whether any figure
Le like or unlike to another propounded figure.

And thus much concerning the first grounds of
philosophy. The next place belongs to geometry ;
in which the quantities of figures are sought out
from the proportions of lines and angles. Where-
fore it is necessary for him, that would study geo-
metry, to know first what is the nature of quantity,
proportion, angle and figure. Having therefore
explained these in the three last chapters, I
thought fit to add them to this part; and so pass

to the next.




PART IIL.

PROPORTIONS OF MOTIONS
AND MAGNITUDES.

CHAPTER XV.

OF THE NATURE, PROPERTIES, AND DIVERS
CONSIDERATIONS OF MOTION AND
ENDEAVOUR.

1. Repetition of some principles of the doctrine of motion
formerly set down, — 2. Other principles added to  them.
8. Certain theorems concerning the nature of maotion,—4.
Divers considerations of motion.—5. The way by which the
first endeavour of bodies moved tendeth.—6. In motion which
is made by concourse, one of the movents ceasing, the endea-
vour is made by the way by which the rest tend.—7. All endea-
vour is propagated in infinitun.—8. How much greater the
velocity or magnitude is of a movent, so much the greater is
the efficacy thereof upon any other body in its way.

1. THE next things in order to be treated of are parr I
5.

iMoTION and MAGNITUDE, which are the most 7 _
|common accidents of all bodies. This place there- Repetition

of some prin-
fore most properly belongs to the elements of ciples of the
doctrine of

geometry. But because this part of philosophy, motion for-
having been improved by the best wits of all ages, ety setdown.

has afforded greater plenty of matter than can well
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be thrust together within the narrow limits of this
discourse, I thought fit to admonish the reader,
that before he proceed further, he take into his
hands the works of Euclid, Archimedes, Apollo-
nius, and other as well ancient as modern writers.
For to what end is it, to do over again that which
is already done? The little therefore that I shall
say concerning geometry in some of the following
chapters, shall be such only as is new, and con-
ducing to natural philosophy.

I have already delivered some of the principles
of this doctrine in the eighth and ninth chapters;
which I shall briefly put together here, that the
reader in going on may have their light nearer at
hand.

Tirst, therefore, in chap. viir. art. 10, motion is
defined to be the continual privation of one place,
and acquisition of another.

Secondly, it is there shown, that whatsoever is
moved is moved in time.

Thirdly, in the same chapter, art. 11, I have
defined rest to be when « body remains for some
time in one place.

Fourthly, it is there shown, that whatsocver is
moved is not in any determined place ; as also
that the same has been moved, is still moved, and
will yet be moved ; so that in every part of that
space, in which motion is made, we may consider
three times, namely, the past, the present, and
the future time.

Fifthly, in art. 15 of the same chapter, I have
defined velocity or swiftness to be motion con-
sidered as power, namely, that power by which a
body moved may in a certain time transmit «
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certain length ; which also may more briefly be PART ITL.
enunciated thus, velocity is the quantity of motion ~——
determined by time and line. Repetition

Sixthly, in the same chapter, art. 16, T have principles, &e.
shown that motion is the measure of time.

Seventhly, in the same chapter, art. i7, I have
defined motions to be equally swift, when in equal
times equal lengths are transmitted by them.

Eighthly, in art. 18 of the same chapter, mofions
are defined to be equal, when the swiftness of one
moved body, computed in cvery part of its mag-
nitude, is equal to the swiftuess of another, com-
puted also in every part of its magnitude. From
whence it is to be noted, that motions equal to
one another, and motions equally swift, do not
signify the same thing; for when two horses draw
abreast, the motion of both is greater than the
motion of either of them singly; but the swiftness
of both together is but equal to that of either.

Ninthly, in art. 19 of the same chapter, I have
shown, that whatsoever is at rest will always be
at rest, unless there be some oter hody besides
it, whick by getting into its place syffers it no
longer to remain at rest.  And that whatsoever is
moved, will always be moved, unless there he some
other body besides it, which hinders its motion.

Tenthly, in chap. 1x. art. 7, [ have demonstrated,
that when any body is moved which was formerly
at rest, the immediate efficient cause of that motion
18 in some other moved and contiguous hody.

Eleventhly, I have shown in the same place, that
whatsoever is moved, will always be moved in the
same way, and with the same swiftuess, if it be
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PART I ot lundered by some other moved and contiguous

——~  body.

2;‘1‘00:}"{&2‘1 2. To which ‘principles I shall here add those

wothem, that follow. TFirst, I define ENDEAVOUR Z0 De
motion made in less space and time than can be
gwen ; that is, less than can be determined or
assigned by exposition or number ; that is, motion
made through the length of « point, and in an
instant or point of time. Tor the explaining of
which definition it must be remembered, that by a
point is not to be understood that which has no
quantity, or which cannot by any means be
divided ;: for there is no such thing in nature;
but that, whose quantity is not at all considered,
that is, whereof neither quantity nor any part is
computed in demonstration; so that a point is not
to be taken for an indivisible, but for an undivided
thing; as also an instant is to be taken for an
undivided, and not for an indivisible time.

In like manner, endeavour is to he conceived as
motion ; but so as that neither the quantity of the
time in which, nor of the line in which it is made,
may in demonstration be at all brought into com-
parison with the quantity of that time, or of that
line of which it is a part. And yet, as a point may
be compared with a point, so one endeavour may
be compared with another endeavour, and one
may be found to be greater or less than another.
For if the vertical points of two angles be com-
pared, they will be equal or unequal in the same
proportion which the angles themselves have to
one another. Or if a strait line cut many circum-
ferences of concentric circles, the inequality of the
points of intersection will be in the same propor-
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tion which the perimeters have-to one another.
And in the same manner, if two motions begin
and end both together, their endeavours will be
equal or unequal, according to the proportion of
their velocities ; as we see a bullet of lead descend
with greater endeavour than a ball of wool.

Secondly, 1 define 1mpETUS, 0 quickness qﬁ
motion, to be the sunftn()s.s or velocity of the body.
moved, but considered in the several points of
that time in which it is moved. In which sense,
impetus is nothing else but the quantity or velocity
of endeavour. But considered with the whole
time, it is the whole velocity of the body moved
taken together throughout all the time, and equal
to the product of « line representing the time,
multiplied into a line representing the arith-
metically mean impetus or quickness. Which
arithmetical mean, what it is, is defined in the 29th
article of chapter xrirr.

And because in equal times the ways that are
passed are as the velocities, and the impetus is the
velocity they go withal, reckoned in all the several
points of the times, it followeth that during any
time whatsoever, howsoever the #mpetus be in-
creased or decreased, the length of the way passed
over shall be increased or decreased in the same
proportion; and the same line shall represent
both the way of the body moved, and the several
mmpetus or degrees of swiftness wherewith the way
is passed over.

And if the body moved he not a point, hut a
strait line moved so as that every point thereof
make a several strait line, the plane described by
its motion, whether uniform, accelerated, or re-
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tarded, shall be greater or less, the time being the
same, in the same proportion with that of the
impetus reckoned in one motion to the 7mpetus
reckoned in the other. For the reason is the same
in parallelograms and thelr sides.

For the same cause also, if the body moved be a
plane, the solid described shall be still greater or
less in the proportions of the several impetus or
quicknesses reckoned through one line, to the
several impetus reckoned throngh another.

This understood, let A B C D, (in figure 1, chap.
XVITL.) be a parallelogram ; in which suppose the
side A B to be moved parallelly to the opposite side
C D, decreasing all the way till it vanish in the
point C, and so describing the fignre ABET C;
the point B, as A B decreaseth, will therefore de-
scribe the line B ET C; and suppose the time of
this motion designed by the line CD; and in the
same time CD, supposc the side A C to be moved
parallel and uniforinly to BD. From the point O
taken at adventure in the line C D, draw O R pa-
rallel to B D, cutting the line BEFC in E, and
the side A B in R. And again, from the point Q
taken also at adventure in the line CD, draw Q S
parallel to B D, cutting the line BEF C in F, and
the side AB in S; and draw E G and F I parallel
to CD, cutting