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PREFACE

Tue general scope of the problem attacked in this
book is sufficiently indicated in the introductory
chapter. Suffice it to add here merely that my atten-
tion was directed to its profound importance in
consequence of assuming responsibility for an ad-
vanced course in the history of British philosophy at
Columbia University. An intensive study of the
classic English thinkers early taught me that no one
could hope to appreciate the motives underlying their
work till he had mastered the philosophy of the one
Englishman whose authority and influence in modern
times has rivalled that of Aristotle over the late
medieval epoch—Sir Isaac Newton.

I wish to express my special indebtedness to Dean
E. J. E. Woodbridge, of the Department of Philosophy,
Columbia University, for the stimulus of his teaching
and for his own critical interest in Newton’s philosophy;
to Prof. Morris R. Cohen, of the College of the
City of New York, an authority in this field ; to Dr
J. H. Randall, Jr, whose extensive researches in the
same field have made his criticisms most helpful ;
and finally to my wife, without whose faithful com-
panionship and co-operation the task would have been
quite impossible of fulfilment.

A word about the quotations in the following
chapters. Since I have dealt in large part with
hitherto untranslated source material, I must accept
responsibility for the translations of : Copernicus
(except for the Letter to Pope Paul III, where I have
used Miss Dorothy Stimson’s translation in her
Gradual Adcceptance of the Copernican Theory of the

v



vi PREFACE

Universe) ; Kepler 5 Galileo (except his Dialogues
Concerning the Two Grear Systems of the World and
Dialogues and Mathematical Demonstrations Concerning
Two New Sciences, where 1 have used the translations
noted) ; Descartes, as regards all the quotations taken
from the Cousin edition of his works ; More’s
Enchiridion Metaphysicum ; Barrow 5 and Newton, as
regards the quotations from Horsley’s edition of his
works, Vol. IV, pp. 314—20. The remaining quota-
tions are from translations already in the field.

I wish to express hearty thanks to my friend and
colleague, Professor T'. V. Smith, of the University
of Chicago, who has shared with me the labour of
reading the proofs.

18, /A T8,
University of Chicago.
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CHAPTER 1
INTRODUCTION

(A) Historical Problem Suggested by the Nature of
Modern Thought

How curious, after all, is the way in which we moderns
think about our world ! And it is all so novel, too.
The cosmology underlying our mental processes is
but three centuries old—a mere infant in the history
of thought—and yet we cling to it with the same
embarrassed zeal with which a young father fondles
his new-born baby. Like him, we are ignorant
enough of its precise nature ; like him, we nevertheless
take it piously to be ours and allow it a subtly pervasive
and unhindered control over our thinking.

The world-view of any age can be discovered in
various ways, but one of the best is to note the recurrent
problems of its philosophers. Philosophers never
succeed in getting quite outside the ideas of their
time so as to look at them objectively—this would,
indeed, be too much to expect. Neither do maidens
who bab their hair and make more obvious their
nether bifurcation see themselves through the eyes of
an elderly Puritan matron. But philosophers do
succeed in glimpsing some of the problems involved in
the metaphysical notions of their day and take harmless
pleasure in speculating at them in more or less futile
fashion. Let us test the modern world-view in this
manner. What are the problems whose correct
treatment, it has generally been taken for granted,
constitute the main business of metaphysical thinkers ?
Well, most conspicuous of these is the so-called problem
of knowledge ; the main current of speculative

B
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inquiry from Descartes onward has been permeated
by the conviction that investigation into the nature
and possibility of knowledge forms a necessary pre-
liminary to the successful attack upon other ultimate
issues. Now, how did all this come about? What
assumptions were people accepting when they plunged
themselves into these profound epistemological
ponderings ? How did these assumptions get into
men’s thinking ? To raise such questions at a time
when everybody vigorously believes that philosophy
must do this sort of thing, is, of course, inopportune
and futile, but now that some contemporary philoso-
phers have made bold to discard epistemology as the
study of unreal puzzles, the occasion is ripe to suggest
them. Does the problem of knowledge lead thinking
into false directions, and nullify its conclusions by
unsound premises ? What are the premises anyway,
how are they related to the other essential features of
modern thought, and what was it at bottom that
induced people in modern times to think in this
fashion ? The central place of epistemology in modern
philosophy is no accident ; it is a most natural corollary
of something still more pervasive and significant, a
conception of man himself, and especially of his
relation to the world around him. Knowledge was not
a problem for the ruling philosophy of the Middle
Ages ; that the whole world which man’s mind seeks
to understand is intelligible to it was explicitly taken
for granted. That_ people subsequently came to
consider knowledge a problem implies that they had
been led to accept certain different beliefs about the
nature of man and about the things which he tries to
understand. What are those beliefs and how did they
appear and develop in modern times ? In just what way
did they urge thinkers into the particular metaphysical
attempts which fill the books of modern philosophy ?
Have these contemporary thinkers who decry episte-
mology really made this whole process thoroughly
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objective to themselves ? Why, in a word, is the main
current of modern thought what it is ?

When °the main current of modern thought’ is
spoken of in this wholesale fashion, a brief word might
be injected to show that a certain obvious danger is
not blindly fallen into. It may very well be that the
truly constructive ideas of modern philosophy are not
cosmological ideas at all, but such ethico-social con-
cepts as ‘ progress,” ‘control,” and the like. These
form a fascinating key to the interpretation of modern
thought and give it a quite different contour from that
which it assumes when we follow up its metaphysical
notions. But with that aspect of modern thinking we
are not concerned in the present treatment. In the
last analysis it is the ultimate picture which an age
forms of the nature of its world that is its most funda-
mental possession. It is the final controlling factor
in all thinking whatever. And that the modern mind
clearly has such a picture, as clearly as any previous
age that one might wish to select, it will not take us
long to see. What are the essential elements in that
picture, and how did they come there ?

Doubtless it is no mystery why, amid all the genetic
studies entered upon with such confidence to-day,
the precise nature and assumptions of modern scientific
thinking itself have not as yet been made the object
of really disinterested, critical research. ‘That this is
true is not due merely to the fact, itself important
enough, that all of us tend easily to be caught in the
point of view of our age and to accept unquestioningly
its main presuppositions : it is due also to the associa-
tion in our minds between the authoritarian principle
and that dominant medieval philosophy from which
modern thought broke in successful rebellion. Modern
thinkers have been so unanimous and so vigorous in
their condemnation of the manner in which large
propositions were imposed on innocent minds by
external authority that it has been rather easily taken
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for granted that the propositions themselves were
quite untenable, and that the essential assumptions
underlying the new principle of freedom, the manner
in which knowledge was successfully sought with its
support, and the most general implications about the
world which seemed to be involved in the process, are
thoroughly well grounded. But what business have
we to take all this for sound doctrine ? Can we justify
it ? Do we know clearly what it means ? Surely here
is need for a critical, historical study of the rise of the
fundamental assumptions characteristic of modern
thinking. At least it will compel us to replace this
easy optimism with a more objective insight into our
own intellectual postulates and methods.

Let us try to fix in preliminary fashion, although as
precisely as we may, the central metaphysical contrast
between medieval and modern thought, in respect to
their conception of man’s relation to his natural
environment. For the dominant trend in medieval
thought, man occupied a more significant and deter-
minative place in the universe than the realm of
physical nature, while for the main current of modern
thought, nature holds a more independent, more
determinative, and more permanent place than man.
It will be helpful to analyse this contrast more specific-
ally. For the Middle Ages man was in every sense
the centre of the universe. The whole world of nature
was believed to be teleologically subordinate to him
and his eternal destiny. Toward this conviction the
two great movements which had become united in the
medieval synthesis, Greek philosophy and Judeo-
Christian theology, had irresistibly led. The pre-
vailing world-view of the period was marked by a deep
and persistent assurance that man, with his hopes and
ideals, was the all-important, even controlling fact in
the universe.

This view underlay medieval physics. The entire
world of nature was held not only to exist for man’s.
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sake, but to be likewise immediately present and fully

intelligible to his mind. Hence the categories in terms |

of which it was interpreted were not those of time,

space, mass, energy, and the like ; but substance, |

essence, matter, form, quality, quantity—categories
developed in the attempt to throw into scientific
form the facts and relations observed in man’s unaided
sense-experience of the world'and the main uses which
he made it serve. Man was believed to be active
in his acquisition of knowledge—nature passive.
When he observed a distant object, something pro-
ceeded from his eye to that object rather than from the
object to his eye. And, of course, that which was real
about objects was that which could be immediately
perceived about them by human senses. Things that
appeared different were different substances, such as
ice, water, and steam. The famous puzzle of the
water hot to one hand and cold to the other was a
genuine difficulty to medieval physics, because for it
heat and cold were distinct substances. How then
could the same water possess both heat and cold ?
Light and heavy, being distinguished by the senses,
were held to be distinct qualities, each as real as the
other. Similarly on the teleological side: an ex-
planation in terms of the relation of things to human
purpose was accounted just as real as and often more
important than an explanation in terms of efficient
causality, which expressed their relations to each other.
Rain fell because it nourished man’s crops as truly as
because it was expelled from the clouds. Analogies
drawn from purposive activity were freely used. Light
bodies, such as fire, tended upward to their proper
place ; heavy bodies, such as water or earth, tended
downward to theirs. Quantitative differences were
derived from these teleological distinctions. Inas-
much as a heavier body tends downward more strongly
than a lighter, it will reach the earth more quickly
when allowed to fall freely. Water in water was
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believed to have no weight, inasmuch as it was already
in its proper place. But we need not multiply
instances ; these will sufficiently illustrate the many
respects in which medieval science testified to its
presupposition that man, with his means of knowledge
and his needs, was the determinative fact in the world.

Furthermore, it was taken for granted that this
terrestrial habitat of man was in the centre of the
astronomical realm. With the exception of a few
hardy but scattered thinkers, the legitimacy of selecting
some other point of reference in astronomy than the
earth, had never suggested itself to any one. The
earth appeared a thing vast, solid, and quiet; the
starry heavens seemed like a light, airy, and not too
distant sphere moving easily about it; even the
keenest scientific investigators of ancient times dared
not suggest that the sun was a twentieth of its actual
distance from the earth. "What more natural than to
hold that these regular, shining lights were made to
circle round man’s dwelling-place, existed in short for
his enjoyment, instruction, and use ? The whole
universe was a small, finite place, and it was man’s
place. He occupied the centre ; his good was the
controlling end of the natural creation.

Finally, the visible universe itself was infinitely
smaller than the realm of man. The medieval thinker
never forgot that his philosophy was a religious philoso-
phy, with a firm persuasion of man’s immortal destiny.
The Unmoved Mover of Aristotle and the personal
Father of the Christian had become one. There was
an eternal Reason and Love, at once Creator and End
of the whole cosmic scheme, with whom man as a
reasoning and loving being was essentially akin. In
the religious experience was that kinship revealed, and
the religious experience to the medieval philosopher
was the crowning scientific fact. Reason had become
married to mystic inwardness and entrancement ;
the crowning moment of the one, that transitory but
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inexpressibly ravishing vision of God, was likewise the
moment in which the whole realm of man’s knowledge
gained final significance. The world of nature existed
that it might be known and enjoyed by man. Man in
turn existed that he might  know God and enjoy him
forever.” In this graciously vouchsafed kinship of
man with an eternal Reason and Love, lay, for medi-
eval philosophy, a guarantee that the whole natural
world in its present form was but a moment in a great
divine drama which reached over countless @ons past
and present and in which man’s place was quite indes-
tructible.

Let us make all this vivid to ourselves by the aid of
a few verses from that marvellous poetic product of
the philosophy of the Middle Age, the Divine Comedy
of Dante. It but puts in sublime form the prevailing
conviction of the essentially Auman character of the
universe.

** The Ali-Mover’s glory penetrates through the universe, and regloweth
in one region more, and less in another.

In that heaven which most receiveth of his light, have I been ; and have
seen things which whoso descendeth from up there hath nor knowledge
nor power to re-tell ;

Because, as it draweth nigh to 1ts desire, our intellect sinketh so deep, that
memory cannot go back upon the track.

Nathless, whatever of the holy realm 1 had the power to treasure in my
memory, shall now be matter of my song . . .

Much is granted there which is not granted here to our powers, in virtue
of the place made as proper to the human race. . . .

 All things whatsoever observe a mutual order; and this the form that
maketh the universe like unto God.

Herein the exalted creatures trace the impress of the Eternal Worth, which
is the goal whereto was made the norm now spoken of.

In the order of which I speak all things incline, by diverse lots, more near
and less unto their principle ;

Wherefore they move to diverse ports o’er the great sea of being, and each
one with instinct given it to bear it on.

This beareth the fire toward the moon ; this is the mover in the hearts
of things that die ; this doth draw the earth together and unite it.

Nor only the creatures that lack intelligence doth this bow shoot, but
those that have both intellect and love . . ."
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Gazing upon his son with the Iove which the one and the other eternally
breathes forth, the primal and ineffable Worth,

Made whatsoever circleth through mind or space with so great order that
whoso looketh on it may not be without some taste of him.

Then, reader, raise with me thy sight to the exalted wheels, directed to that
part where the one movement smiteth on the other ;

And amorously there begin to gaze upon that Master’s art, who within
himself so loveth it, that never doth he part his eye from it.

See how thence off brancheth the oblique circle that beareth the planets,
to satisfy the world that calleth on them ;

And were their pathway not inclined, much virtue in the heaven were in
vain, and dead were almost every potency on earth ;

And if, from the straight course, or more or less remote were the departure,
much were lacking to the cosmic order below and eke above.”

From the description of Dante’s final mystic union

with God:

“ O light supreme, who so far dost uplift thee o’er mortal thought, re-lend

unto my mind a little of what thou then didst seem,

And give my tongue such power that it may leave only a single spark of
thy glory unto the folk to come

I hold that by the keenness of the living ray which I endured I had been
lost, had mine eyes turned aside from it.

And so I was the bolder, as I mind me, so long to sustain it as to unite my
glance with the Worth infinite.

O grace abounding, wherein I presumed to fix my look on the eternal
light so Iong that I consumed my sight thereon !

Within its depths I saw ingathered, bound by love in one volume, the
scattered leaves of all the universe ;

Substance and accidents and their relations, as though together fused,
after such fashion that what T tell of is one simple flame. . . .

Thus all suspended did my mind gaze fixed, immoveable, intent, ever
enkindled by its gazing.

Such at that light doth man become that to turn thence to any other sight
could not by possibility be ever yielded.

For the good, which is the object of the will, is therein wholly gathered,
and outside it that same thing is defective which therein is perfect. . . .

O Light eternal, who only in thyself abidest, only thyself dost understand,
and to thyself, self-understood, self-understanding, turnest love and
smiling :

That circling which appeared in thee to be conceived as a reflected light,
by mine eyes scanned some little,

In itself, of its own color, seemed to be painted with our effigy and thereat
my sight was all committed to it,
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As the geometer who all sets himself to measure the circle and who findeth
not, think as he may, the principle he lacketh ;

Such was I at this new seen spectacle 5 I would perceive how the image
consorteth with the circle, and how it settleth there ;

But not for this were my proper wings, save that my mind was smitten by
a flash wherein its will came to it.

To the high fantasy here power failed ; but already my desire and will
were rolled—even as a wheel that moveth equally—

By the Love that moves the sun and the other stars.”!

Compare with this an excerpt from a representative
contemporary philosopher of influence, which embodies
a rather extreme statement of the doctrine of man
widely current in modern times. After quoting the
Mephistophelian account of creation as the perform-
ance of a quite heartless and capricious being,? he
proceeds:

““ Such, in outline, but even more purposeless, more void of meaning, is
the world which Science presents for our belief. Amid such a world, if
anywhere, our ideals henceforward must find a home. That man is the
product of causes which had no prevision of the end they were achieving ;
that his origin, his growth, his hopes and fears, his loves and his beliefs, are
but the outcome of accidental collocations of atoms ; that no fire, no heroism,
no intensity of thought and feeling, can preserve an individual life beyond the
grave ; thatall the labours of the ages, all the devotion, all the inspiration, all
the noonday brightness of human genius, are destined to extinction in the
vast death of the solar system, and that the whole temple of Man’s achieve-
ment must inevitably be buried beneath the debris of a universe in ruins—
all these things, if not quite beyond dispute, are yet so nearly certain, that no
philosophy which rejects them can hope to stand.  Only within the scaffold-
ing of these truths, only on the firm foundation of unyielding despair, can
the soul’s habitation henceforth be safely built. . . .

“* Brief and powerless is Man's life ; on him and all his race the slow, sure
doom falls pitiless and dark. Blind to good and evil, reckless of destruction,
omnipotent matter rolls on its relentless way ; for Man, condemned to-day
to lose his dearest, to-morrow himself to pass through the gate of darkness,
it remains only to cherish, ere yet the blow falls, the lofty thoughts that
ennoble his little day ; disdaining the coward terrors of the slave of Fate,
to worship at the shrine that his own hands have built ; undismayed by the
empire of chance, to preserve a mind free from the wanton tyranny that
rules his outward life ; proudly defiant of the irresistible forces that tolerate,

1 Selections from the Paradiso, Cantos I, X, and XXXIII, Temple Classics edition.
* Bertrand Russell, 4 Free Man's Worship (Mysticism and Logic) New York, 1918, p. 46, ff.
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for a2 moment, his knowledge and his condemnation, to sustain alone, a weary
but unyielding Atlas, the world that his own ideals have fashioned despite
the trampling march of unconscious power.”

»

What a contrast between the audacious philosophy
of Dante—reposeful, contemplative, infinitely con-
fident—and this view ! To Russell, man is but the
chance and temporary product of a blind and purpose-
| less nature, an irrelevant spectator of her doings, almost
an alien intruder on her domain. No high place in a
cosmic teleology is his ; his ideals, his hopes, his
mystic raptures, are but the creations of his own errant
and enthusiastic imagination, without standing or
application to a real world interpreted mechanically
in terms of space, time, and unconscious, though
eternal, atoms. His mother earth is but a speck in
the boundlessness of space, his place even on the earth
but insignificant and precarious, in a word, he is at
the mercy of brute forces that unknowingly happened
to throw him into being, and promise ere long just as
unknowingly to snuff out the candle of his little day.
Himself and all that is dear to him will in course of
time become * buried in a universe of ruins.”

This is, of course, an extreme position ; at the same
time is it not true that the reflective modern man, in
his cosmological moods, feels this analysis of the
situation thrusting itself upon him with increasing
cogency ? To be sure, there are always some who try
to avoid cosmology ; there are likewise a few idealistic
philosophers and a much larger number of religious
enthusiasts who confidently hold to a different view, but
would it not be safe to say that even among their ranks
there is much secret fear that something like the above
conviction would be found inescapable if the facts were
faced with absolute candour ? For there is a truth on
such matters as on all others. In any case, speculation
has clearly been moving in this direction : just as it
was thoroughly natural for medieval thinkers to view
nature as subservient to man's knowledge, purpose, and
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destiny ; 5o now it has become natural to view her as
existing and operating in her own self-contained inde-
pendence, and so far as man’s ultimate relation to her is
clear at all, to consider his knowledge and purpose somehow
produced by her, and Fkis destiny wholly dependent on her.

(B) Tke Metaphysical Foundations of Modern Science the
Key 10 this Problem

One hardly philosophizes to-day in the true sense of
the word unless one understands how it was that this
veritable upheaval in the main current of intelligent
thought has historically come about. And this is
precisely the question we wish to ask. But, and this
1s now the interesting point, when the question 1s
raised in just this form, one soon realizes that a study
of modern philosophy—that is, of the writings of
those men whose names fill the histories of modern
philosophy—gives one little help in the attempt to
answer it. For modern metaphysics, at least begin-
ning with the work of Berkeley and Leibniz, has another
and more significant connecting thread than that of its
epistemological interest ; it is in large part a series of
unsuccessful protests against this new view of the
relation of man to nature. Berkeley, Hume, Kant,
Fichte, Hegel, James, Bergson—all are united in one
earnest attempt, the attempt to reinstate man with his
high spiritual claims in a place of importance in the
cosmic scheme. The constant renewal of these
attempts and their constant failure widely and
thoroughly to convince men, reveals how powerful
a grip the view they were attacking was winning over
people’s minds, and now, perhaps even more than in
any previous generation, we find philosophers who are
eager above all things to be intellectually honest, ready
to give up the struggle as settled and surrender the
field. A philosophy akin to Russell’s in the relevant
essentials, ventures to-day to call itself by the name
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* naturalism,” implying the assurance that a frank
facing of the facts by a normal mind, free from
malicious inner distortions, will inevitably lead to
acquiescence in his results.

What is the reason for the failure of these attempts ?
A possible answer to this question is, of course, that
they were condemned to be ineffectual from the start,
that the modern view of man’s relation to his environ-
ment, though never acknowledged before in quite this
form, is after all the truth. The pathetic characteristic
of human nature which enables man easily to think
more highly of himself than he ought to think—to
swallow gullibly a flattering notion of his own import-
ance in the drama of the ages—might fairly well
explain the fact that in all the dominant currents of
thought in almost all previous times and places, even
where the theoretic interest had become strong, he was
prone to fancy that there was something imbedded in
the eternal structure of things more akin to that which
was most precious in himself than particles of matter
in their changing relations. That the scientific
philosophy of the Greeks, with all its sublime passion
for the very truth of things, arrived in its turn at an
exalted philosophy of man, might be due to the cir-
cumstances insisted upon by some historians of thought,
that the zenith of Greek metaphysics was attained quite
consciously through the extension, to the physical
realm, of concepts and methods already found helpful
in dealing with personal and social situations. It
might be the result of a misapplication, to the universe
at large, of a point of view legitimate enough in a certain
field, the misapplication being based in the last analysis
on the unwarranted assumption that because man,
while here, can know and use portions of his world,
some ultimate and permanent difference is thereby
made in that world.

There might be, however, another possible answer
to this question. It is obvious, from a casual observa-
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tion of the medieval and modern methods of attacking
the difficulties of metaphysics, that a radical shift has
been made in the fundamental terminology used.
Instead of treating things in terms of substance,
accident, and causality, essence and idea, matter and
form, potentiality and actuality, we now treat them in
terms of forces, motions, and laws, changes of mass in
space and time, and the like.  Pick up the works of
any modern philosopher, and note how complete the
shift has been. To be sure, works in general philoso-
phy may show little use of such a term as mass, but the
other words will abundantly dot their pages as funda-
mental categories of explanation. In particular it is
difficult for the modern mind, accustomed to think so
largely in terms of space and time, to realize how
unimportant these entities were for scholastic science.
Spatial and temporal relations were accidental, not
essential characteristics.  Instead of spatial connexions
of things, men were seeking their logical connexions ;
instead of the onward march of time, men thought of
the eternal passage of potentiality into actuality. But
the big puzzles of modern philosophers are all con-
cerned with space and time. Hume wonders how it is
possible to know the future, Kant resolves by a
coup de force the antinomies of space and time, Hegel
invents a new logic in order to make the adventures
of being a developing romance, James proclaims an
empiricism of the ‘flux,” Bergson bids us intuitively
plunge into that stream of duration which is itself the
essence of reality, and Alexander writes a metaphysical
treatise on space, time, and deity. It is evident, in
other words, that modern philosophers have been
endeavouring to follow the ontological quest in terms
of a relatively new background of language and a new
undercurrent of ideas. It might be that the reason
tor the failure of philosophy to assure man something
more of that place in the universe which he once so
confidently assumed is due to an inability to rethink a
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correct philosophy of man in the medium of this
altered terminology. It might be that under cover of
this change of ideas modern philosophy had accepted
uncritically certain important presuppositions, either
in the form of meanings carried by these new terms or
in the form of doctrines about man and his knowledge
subtly insinuated with them—presuppositions which
by their own nature negatived a successful attempt to
reanalyse, through their means, man’s true relation to
his environing world.

During the last generation these ideas of science
have been subjected to vigorous analysis and criticism
by a group of keen thinkers, who have asked themselves
what modifications in the traditional conceptions would
be demanded if we sought to overhaul them in the
light of a broader and more consistently interpreted
experience. At present this critical investigation
has culminated in a rather extensive transformation
of the major concepts of scientific thinking, furthered
on the one hand by radical physical hypotheses of a
gifted student of nature like Einstein, and on the other
by the attempted reshaping of scientific methods and
points of view by philosophers of science such as
Whitehead, Broad, Cassirer.? These are the most
timely and important happenings in the world of
scientific philosophy at the present moment. They
are compelling people to ask more fundamental
questions than have been asked for generations. They
are prodding scientists into an extremely healthy state
of scepticism about many of the traditional foundations
of their thinking. But the kind of work which these
pioneers of thought are eager to see done is only a
part of the job that really needs to be done. And that

S See ially, A. N. Whitehead, The Principles of Natural Knowledge, Cambridge,
1919; The Concept of Nature, Cambridge, 1920; The Principle of Relativity, Cambridge, 1923;
C. D. Broad, Perception Physics, and Reality, London, 1914 : Scientific Thought, London,
1923 ; E. Cassirer, Das Erkenntniss-problem in der Philosophic und Wissenschaft
der neueren Zeit, 3 vols, Berlin, 1906-20; Substance and Function and Einstein’s Theory of
Relativity (trans. by W. C. and M. C, Swabey), Chicago, 1923 ; See also the earlier studies
of K. Pearson, E. Mach, H. Poincare. and for fuller familiarity with the field the works of
Minkowski, Weyl, Robb, Eddington,
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job in its entirety cannot be done merely by confining
one’s interest to the securing of a consistent conception
of method in physical science, nor by a careful analysis
of the categories of physics as they reveal their meaning
to us in the present era of scientific achievement.
Cassirer sins on the first count ; Whitehead and Broad
on both counts. To follow the remarkably acute
German scholar is to gain a magnificent historical
perspective but to forget, in the very laboriousness of
the effort, the pervasive influence of the movement
studied on cosmological thinking among modern
intelligent folk generally. To follow the English
critics is in addition to take much out of the past for
granted which needs just as vigorous prying-into as
the contemporary problems to which our inquiring
attention has been drawn. We inevitably see our
limited problem in terms of inherited notions which
ought themselves to form part of a larger problem.
The continued uncritical use in the writings of these
men of traditional ideas like that of *the external
world,” the dichotomy assumed between the world
of the physicist and the world of sense, the physiologi-
cal and psychological postulates taken for granted, as,
for example, the distinction between sensation and
act of sensing, are a few illustrations of what is meant.
Our questions must go deeper, and bring into clear
focus a more fundamental and more popularly sig-
nificant problem than any of these men are glimpsing.
And the only way to come to grips with this wider
problem and reach a position from which we can decide
between such alternatives as the above is to follow
critically the early use and development of these
scientific terms in modern times, and especially to
analyse them as presented in their first precise and, so
to say, determinative formulation. Just how did it
come about that men began to think about the universe
in terms of atoms of matter in space and time instead
of the scholastic categories ? Just when did teleological
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explanations, accounts in terms of use and the Good,
become definitely abandoned in favour of the notion
that true explanations, of man and his mind as well as
of other things, must be in terms of their simplest
parts ? What was happening between the years 1500
and 1700 to accomplish this revolution ? And then,
what ultimate metaphysical implications were carried
over into general philosophy in the course of the
transformation ? Who stated these implications in the
form which gave them currency and conviction ?
How did they lead men to undertake such inquiries as
that of modern epistemology ! What effects did they
have upon the intelligent modern man’s ideas about his
world ¢

When we begin to break up our puzzle into specific
questions like these we realize that what we are pro-
posing is a rather neglected type of historical inquiry,
that is, an analysis of the philosophy of early modern
science, and in particular of the metaphysics of Sir
Isaac Newton. Not that much of this has not been
written ; indeed Professor Cassirer himself has done
work on modern epistemology which will long remain
a monumental achievement in its field. But a much
more radical historical analysis needs to be made. We
must grasp the essential contrast between the whole
modern world-view and that of previous thought, and
use that clearly conceived contrast as a guiding clue
to pick out for criticism and evaluation, in the light of
their historical development, every one of our sig-
nificant modern presuppositions. An analysis of this
scope and to this purpose has nowhere appeared.  Such
considerations make it plain, also, why this arduous
labour cannot be avoided, as some present-day thinkers
fondly hope, by making a large use in our philosophiz-
ing of the categories of evolutionary biology. These
categories have indeed tended to supplant, in dis-
quisitions about living matter at least, much of the
terminology of mechanical physics. But the whole
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magnificent movement of modern science is essentially
of a piece; the later biological and sociological
branches took over their basic postulates from the
earlier victorious mechanics, especially the all-important
postulate that valid explanations must always be in
terms of small, elementary units in regularly changing
relations. To this has likewise been added, in all
but the rarest cases, the postulate that ultimate
causality is to be found in the motion of the physical
atoms. ~So far as biology has its own peculiar meta-
physical assumptions, they are as yet covered up in the
vagueness of its major concepts, °environment,”
‘ adaptation,” etc., and must be given time to reveal
their specific nature. It is the creative period of
modern science, then, in the seventeenth century
chiefly, to which we must turn for the main answer to
our problem. As for pre-Newtonian science, it is one
and the same movement with pre-Newtonian philoso-
phy, both in England and on the continent ; science
was simply natural philosophy, and the influential
figures of the period were both the greatest philoso-
phers and the greatest scientists. It is largely due
to Newton himself that a real distinction came to be
made between the two ; philosophy came to take
science, in the main, for granted, and another way to
put our central theme is, did not the problems to whick
philosophers now devoted themselves arise directly out
of that uncritical acceptance ? A brief summary of
Newton’s work will show that this is very possible.
Since his day, a two-fold importance has generally
been ascribed to Newton. Popularly, he has pro-
foundly affected the thinking of the average intelligent
man by his outstanding scientific exploits, of which
the most striking was his conquest of the heavens in
the name of human science by identifying terrestrial
gravitation with the centripetal movements of the
celestial bodies. Great as is the name of Newton
to-day, it is difficult for us to picture the adoration

Cc
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with which he was regarded all over Europe in the
eighteenth century. It seemed to men, if we are
to trust the voluminous literature of the time, that
such achievements as the discovery of the laws of
motion and the law of universal gravitation, represented
an incomparable, uniquely important victory of mind,
which it could fall to the lot of only one man through-
out all time to realize—and Newton had been that
man. Henry Pemberton, who edited the third
edition of the Principia for Newton, and who wrote
one of the numerous commentaries on it, declared
that “. . . my admiration at the surprising inven-
tions of this great man, carries me to conceive of him
as a person, who not only must raise the glory of the
country which gave him birth, but that he has even
done honour to human nature, by having extended the
greatest and most noble of our faculties, reason, to
subjects which, till he attempted them, appeared to be
wholly beyond the reach of our limited capacities.’” ¢
The admiration of other scientific minds is represented
by Locke’s designation of himself, beside the in-
comparable Mr. Newton, an under-labourer, employed
in clearing the ground and removing some of the
rubbish that lies in the way to knowledge ”” ;5 or by
the famous tribute of Laplace who remarked that
Newton was not only the greatest genius that ever
had existed, but also the most fortunate ; inasmuch
as there is but one universe, and it can therefore
happen to but one man in the world’s history to be
the interpreter of its laws. Literary men like Pope
found expression for the prevailing veneration of the
great scientist in such a famous couplet as :

* Nature and Nature’s Jaws lay hid in night
God said, ‘ Let Newton be,” and all was light.”
while the new authoritarianism that developed under

¢ 4 View of Isaac Nzwlan s Phtlosophy, London, 1728, Dedication to Sir Robert Walpole.

§ Essay C Hum, tanding, Fplstle to the Reader.

¢ Epitaph, intended for hewton s tomb in Westminster Abbey, Poetical Works Glasgow,
1785. vol. 11, p. 342.
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Newton’s name, attacked so violently by Berkeley in
his Defence of Free Thinking in Mathematics, was still
deplored twenty years later by eager inquirers such as
George Horne :

** The prejudice for Sir Isaac has been so great, that it has destroyed the
intent of his undertaking, and his books have been a means of hindering that
knowledge they were intended to promote. It is a notion every child
imbibes almost with his mother’s milk, that Sir Isaac Newton has carried
philosophy to the highest pitch it is capable of being carried, and established
a system of physics upon the solid basis of mathematical demonstration.””?

Such representative quotations disclose the creation,
under Newton’s leadership, of a new background in
the minds of Europe’s intelligentsia such that all
problems must have been viewed afresh because they
were seen against it.

A student of the history of physical science will
assign to Newton a further importance which the
average man can hardly appreciate. He will see in
the English genius a leading figure in the invention of
certain scientific tools necessary for fruitful further
development such as the infinitesimal calculus. He
will find in him the first clear statement of that union
of the experimental and mathematical methods which
has been exemplified in all subsequent discoveries of
exact science. He will note the separation in Newton
of positive scientific inquiries from questions of
ultimate causation. Most important, perhaps, from
the point of view of the exact scientist, Newton was
the man who took vague terms like force and mass and
gave them a precise meaning as quantitative continua,
so that by their use the major phenomena of physics
became amenable to mathematical treatment. It is
because of these remarkable scientific performances
that the history of mathematics and mechanics for a
hundred years subsequent to Newton appears primarily
as a period devoted to the assimilation of his work and

" A Fair, Candid, and Impartial State of the Case between Sir Isaac Newton and Mr Hutchinson.
Oxford, 1753, p. 72.
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the application of his laws to more varied types of
phenomena. So far as objects were masses, moving
in space and time under the impress of forces as he
had defined them, their behaviour was now, as a result
of his labours, fully explicable in terms of exact
mathematics.

It may be, however, that Newton is an exceedingly
important figure for still a third reason. He not only
found a precise mathematical use for concepts like
force, mass, inertia ; he gave new meanings to the
old terms space, time, and motion, which had hitherto
been unimportant but were now becoming the funda-
mental categories of men’s thinking.  In his treatment
of such ultimate concepts, together with his doctrine
of primary and secondary qualities, his notion of the
nature of the physical universe and of its relation to
human knowledge (in all of which he carried to a more
influential position a movement already well advanced)
—in a word, in his decisive portrayal of the ultimate
postulates of the new science and its successful method
as they appeared to him, Newton was constituting
himself a philosopher rather than a scientist as we now
distinguish them. He was presenting a metaphysical
groundwork for the mathematical march of mind
which in him had achieved its most notable victories.
Imbedded directly and prominently in the Principia,
Newton’s most widely studied work, these metaphysical
notions were carried wherever his scientific influence
penetrated, and borrowed a possibly unjustified
certainty from the clear demonstrability of the gravita-
tional theorems to which they are appended as Scholia.
Newton was unrivalled as a scientist—it may appear
that he is not above criticism as a metaphysician.
He tried scrupulously, at least in his experimental work,
to avoid metaphysics. He disliked hypotheses, by
which he meant explanatory propositions which were
not immediately deduced from phenomena. At the
same time, following his illustrious predecessors, he
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does give or assume definite answers to such funda- }
mental questions as the nature of space, time, and/
matter ; the relations of man with the objects of his
knowledge ; and it is just such answers that constitute
metaphysics. The fact that his treatment of these
great themes—borne as it was over the educated world
by the weight of his scientific prestige—was covered
over by this cloak of positivism, may have become
itself a danger. It may have helped not a little to
insinuate a set of uncritically accepted ideas about the
world into the common intellectual background of the
modern man. What Newton did not distinguish,
others were not apt carefully to analyse. The actual
achievements of the new science were undeniable ;
furthermore, the old set of categories, involving, as it
appeared, the now discredited medieval physics, was
no longer an alternative to any competent thinker.
In these circumstances it is easy to understand how
modern philosophy might have been led into certain
puzzles which were due to the unchallenged presence
of these new categories and presuppositions.

Now a penetrating study of post-Newtonian philoso-
phers quickly reveals the fact that they were philoso-
phizing quite definitely in the light of his achievements,
and with his metaphysics especially in mind. At
the time of his death Leibniz was engaged in a heated
debate on the nature of time and space with Newton’s
theological champion, Samuel Clarke. Berkeley’s
Commonplace Book and Principles, still more his lesser
works such as The Analyst, A Defence of Free Thinking
in Mathematics, and De Moru, show clearly enough
whom he conceived to be his deadly foe.®! Hume’s
Enguiry Concerning Human Understanding and Enguiry
Concerning the Principles of Morals contain frequent
references to Newton. The French Encyclopadists
and materialists of the middle of the eighteenth century
felt themselves one and all to be more consistent

The fullest edition of Berkeley's Works is that of A. C. Fraser, Oxford, 1877, 4 vols.
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Newtonians than Newton himself. In his early years
Kant was an eager student of Newton, and his first
works? aim mainly at a synthesis of continental
philosophy and Newtonian science. Hegel wrote®
an extended and trenchant criticism of Newton. Of
course, these men do not accept Newton as gospel
truth—they all criticize some of his conceptions,
especially force and space—but none of them subjects
the whole system of categories which had come to its
clearest expression in the great Principia to a critical
analysis. It may be that their failure to construct a
convincing and encouraging philosophy of man is
due in large part to this untested remainder. It may
be that many of the terms and assumptions in which
their thinking proceeded were in their unanalysed
form essentially refractory to any such brilliant
achievement.

The only way to bring this issue to the bar of truth
is to plunge into the philosophy of early modern
science, locating its key assumptions as they appear,
and following them out to their classic formulation in
the metaphysical paragraphs of Sir Isaac Newton.
The present is a brief historical study which aims to
meet this need. The analysis will be sufficiently
detailed to allow our characters to do much speaking
for themselves, and to lay bare as explicitly as possible
the real interests and methods revealed in their work.
At its close the reader will understand more clearly the
nature of modern thinking and judge more accurately
the validity of the contemporary scientific world-view.

Let us start our inquiry with certain questions
suggested by the work of the first great modern
astronomer and the founder of a new system of the
celestial orbs, Nicholas Copernicus.

* See especially his Thoughts on the True Estimation of Living Forces. 1746 ; General
Physiogony and Theory of the Heavens, 1755 ; Monadoloeia Physica, 1756; and Inguiry inio
the fvidm:z of the Principles of Natural Theology and Morals, 1764 in any edition of his
works.

19 Hegel, Phenomenology of Mind (Baillie trans , London, 1910, Vol. I, pp. 124, ff., 233
fi. ; ’I;Iulosophy of Nature, passim; and Hislory of Philosophy (Hallane trans.), Vol. III
322, .



CHAPTER 1II
COPERNICUS AND KEPLER

(A) The Problem of the New Astronomy

Whry did Copernicus and Kepler, in advance of any
empirical confirmation of the new hypothesis that the
earth is a planet revolving on its axis and circling round
the sun, while the fixed stars remain at rest, believe it
to be a true picture of the astronomical universe ?
This is historically the most convenient question with
which to open our attack.

By way of preparing an answer to this question let
us ask another, namely what ground a sane, representa-
tive thinker, contemporary to Copernicus, would have
for rejecting this new hypothesis as a piece of rash and
quite unjustified apriorism ? We are so accustomed
to think of the opposition to the great astronomer as
being founded primarily on theological considerations
(which was, of course, largely true at the time) that we
are apt to forget the solid scientific objections that
could have been, and were, urged against it.

First of all, there were no known celestial phenomena
which were not accounted for by the Ptolemaic method
with as great accuracy as could be expected without
more modern instruments. Predictions of astrono-
mical events were made which varied no more from the
actual occurrence than did predictions made by a
Copernican. And in astronomy, as elsewhere,
possession is nine-tenths of the law. No sensible
thinker would have abandoned a hoary, time-tested
theory of the universe in favour of a new-fangled
scheme unless there were important advantages to be

23
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gained, and in this case there was distinctly no gain
in accuracy. The motions of the heavenly bodies
could be charted according to Ptolemy just as correctly
as according to Copernicus.

In the second place, the testimony of the senses
appeared to be perfectly plain on the matter. It was
before the days when one could actually see by the aid
of a telescope the spots on the sun, the phases of Venus,
the rough surface of the moon—could discover, in a
word, fairly convincing proof that these bodies were
made of essentially the same material as the earth,
and could determine how vast their actual distances
were. To the senses it must have appeared incon-
testable that the earth was a solid, immovable substance,
while the light ether and the bits of starry flame at its
not too distant limit floated easily around it day by
day. The earth is to the senses the massive, stable
thing ; the heavens are by comparison, as revealed
in every passing breeze and every flickering fire, the
tenuous, the unresisting, the mobile thing.

In the third place, there had been built up on the
basis of this supposedly unshakeable testimony of the
senses a natural philosophy of the universe which
furnished a fairly complete and satisfactory background
for man’s thinking. The four elements of earth,
water, air, fire, in their ascending scale not only as to
actual spatial relations, but also in dignity and value,
were the categories in which men’s thinking about the
inanimate realm had become accustomed to proceed.
There was necessarily involved in this mode of thinking
the assumption that the heavenly bodies were more
noble in quality and more mobile in fact than the earth,
and when these prepossessions were added to the other
fundamentals of the Aristotelian metaphysics, which
brought this astronomical conception into general
harmony with the totality of human experience to date,
the suggestion of a widely different theory in astronomy
would inevitably appear in the light of a contradiction
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of every important item of knowledge man had gained
about his world.

Finally, there were certain specific objections to the
new theory which in the state of astronomical observa-
tion and mechanical science reached at the time could
not be satisfactorily answered. Some of them, such
as the assertion that a body projected vertically in the
air must fall considerably to the west of its starting-point
if the Copernican theory be correct, had to wait for its
refutation till Galileo laid the foundations of modern
dynamics. Others, such as the objection that accord-
ing to Copernicus the fixed stars ought to reveal an.
annual parallax, due to the 186,000,000-mile difference
in the position of the earth every six months, were not
answered till Bessel’s discovery of such a parallax in
1838. In Copernicus’ day the non-appearance to the
senses of any stellar parallax implied, if his theory be
sound, the necessity of attributing to the fixed stars a
distance so immense that it would have been dismissed
by all but a few as ridiculously incredible. And these
are but two of the many legitimate deductions from the
new hypothesis which completely failed of empirical
confirmation.

In the light of these considerations it is safe to say
that even had there been no religious scruples whatever
against the Copernican astronomy, sensible men all
over Europe, especially the most empirically minded,
would have pronounced it a wild appeal to accept the
premature fruits of an uncontrolled imagination, in
preference to the solid inductions, built up gradually
through the ages, of men’s confirmed sense experience.
In the strong stress on empiricism, so characteristic of
present-day philosophy, it is well to remind ourselves
of this fact. Contemporary empiricists, had they
lived in the sixteenth century, would have been first to
scoff out of court the new phllosophv of the universe.

Why, in the face of such weighty facts, did Coper-
nicus propound the new theory as a true account of the
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relations between the earth and the heavenly bodies ?
He must have been moved by strong reasons, and if
we can locate them with precision we shall have
discovered the cornerstone and the foundation struc-
ture of the philosophy of modern physical science.
For to oppose to these profoundly serious objections
he could plead only that Ais conception threw the facts
of astronomy into a simpler and more harmonious mathe-
matical order. 1t was simpler, since in place of some
eighty epicycles of the Ptolemaic system, Copernicus
was able to ‘save the phenomena’ with only thirty-
four, all those which had been required by the assump-
tion that the earth remained at rest being now elimin-
ated. It was more harmonious, in that the major
part of the planetary phenomena could now fairly
well be represented by a series of concentric circles
around the sun, our moon being the only irregular
‘ntruder. But what was this increased simplicity
and harmony against the solid philosophical objections
just advanced ¢

In answering this question, let us describe briefly
the relevant circumstances in Copernicus’ intellectual
environment, and their influence upon him in this
critical step. The answer, we shall discover, is to be
found principally in the following four features of that
environment.

First, of course, both ancient and medieval observers
had noted that in many respects nature appeared to be
governed by the principle of simplicity, and they had
recorded the substance of their observations to this
effect in the form of proverbial axioms which had
become currently accepted bits of man’s conception of
the world.  ‘That falling bodies moved perpendicularly
towards the earth, that light travelled in straight lines,
that projectiles did not vary from the direction in which
they were impelled, and countless other familiar facts
of experience, had given rise to such common proverbs
as 1 ‘ Nawura semper agit per wvias brevissimas’ ;
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‘ natura nikil facit frustra’ ; * natura neque redundat in
superfluis, neque deficit in necessariis.’  This notion,
that nature performs her duties in the most commodious
fashion, without extra labour, would have tended to
decrease somewhat the repulsion which most minds
must have felt at Copernicus ; the cumbrous epicycles
had been decreased in number, various irregularities
in the Ptolemaic scheme were eliminated, and that was
something to be expected if proverbs like these are
true of nature. When Copernicus, in the name of this
principle of simplicity, attacks certain complexities in
the older view, such as the equants of Ptolemy and his
inability to attribute uniform velocity to the planetary
motions? ; likewise when he praises his own system as
representable by  paucioribus et multo convenientioribus
rebus’ 5 he rightly expects to decrease somewhat the
prejudices which his revolutionary view is certain to
awake.

The new astronomy involved, in the second place,
the assertion that the correct point of reference in
astronomy was not the earth, as had been taken for
granted hitherto by all but a handful of ancient
speculators, but the fixed stars and the sun. That
such a tremendous shift in the point of reference could
be legitimate was a suggestion quite beyond the grasp
of people trained for centuries to think in terms of a
homocentric philosophy and a geocentric physics.
No one whatsoever could be expected even to entertain
such a notion a hundred years prior to Copernicus,
save an occasional astronomer skilled in the lore of his
science and able to realize that at least there was some
recompense in the form of greater simplicity for
considering the possibilities of a solar-centric system.
But certain things had happened during these hundred
years that made it not quite so impossible to persuade
people who could appreciate the advantages of a new

F‘]Nkolai Coppernici de hypothesibus motuum ceslestium a se constituiis Commentariolus,
ol. 1a.
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point of reference to give it some scope in their minds.
The Renaissance had happened, namely the shifting
of man’s centre of interest in literature from the present
to the golden age of antiquity. The Commercial
Revolution had begun, with its long voyages and
exciting discoveries of previously unknown continents
and unstudied civilizations ; the business leaders of
Europe and the champions of colonialism were
turning their attention from petty local fairs to the
great untapped centres of trade in Asia and the
Americas. The realm of man’s previous acquaintance
seemed suddenly small and meagre ; men’s thoughts
were becoming accustomed to a widening horizon.
The earth was circumnavigated, which proved in more
popular fashion its rotundity. The antipodes were
found to be quite inhabited. It seemed a possible
corollary that the centre of importance in the universe
was perhaps not even in FEurope. Further, the
unprecedented religious upheaval of the times had
contributed powerfully to loosen men’s thinking.
Rome had been taken for granted as the religious centre
of the world for well over a thousand years ; now there
appeared a number of distinct centres of religious life
besides Rome. The rise of vernacular literatures and
the appearance of distinctly national tendencies in
art added their bit to the same unsettlement ; there
was a renouncement, in all these respects, of man’s
former centres of interest and a fixation on something
new. In this ferment of strange and radical ideas,
widely disseminated by the recent invention of printing,
it was not so difficult for Copernicus to consider
seriously for himself and suggest persuasively to others
that a still greater shift than any of these must now be
made, a shift of the centre of reference in astronomy
from the earth to the sun. That the way had already
been paved to some extent for this most radical revolu-
tion is suggested by the free speculations of such a
thinker as Nicholas of Cusa, who dared to teach that



PRE-COPERNICAN MATHEMATICS 29

there is nothing at all without motion in the universe
—the latter is infinite in all directions, possessing no
centre—and that the earth travels its course in common
with the other stars. That this widening of the
intellectual horizon of the age, with the suggestion
of new centres of interest, was a decisive factor in
Copernicus’ personal development, the brief biogra-
phical sketch which he gives of himself in the De
Revolutionibus strongly suggests®. The argument
used by Copernicus and other defenders of the new
cosmography, like Gilbert of Colchester, in answer to
the objection that objects on its surface would be hurled
off like projectiles 1f the earth were really in such a
rapid motion—the argument that rather would the
supposed immense sphere of the fixed stars fly asunder
—implies that these men were already venturing to
think of the heavenly bodies as homogeneous with the
earth, to which the same principles of force and motion
apply. London and Paris had become like Rome ;
in the absence of evidence to the contrary it is to be
conceived that the distant celestial bodies are like the
earth.

(B) Metaphysical Bearings of the Pre-Copernican Progress
in Mathematics

Thirdly, certain facts ordinarily confined to the
histories of mathematics are of vital importance in this
connexion. So significant are they for our study that
we must pause upon them at somewhat greater length.
It is a commonplace to mathematicians that save for
the last two centuries, during which higher algebra has
to a considerable extent freed men’s minds from depen-
dence on spatial representations in their mathematical
thinking, geometry has always been the mathematical
science par excellence. In it, as Kepler remarks?,

3 Copernicus, De Revolutionibus Celestium Orbium, Letter to Pope Paul IIL. Stra:
thinkers, of course, in the ancient world, such as Anaxagoras, and the late medieval period,
such as Da Vinci, had regarded the stars as homogeneous with the earth.

2 Joannis Kepleri Asironoms Opera Omnia ed. Ch. Frisch, Frankfurt and Erlangen, 1858,
ff., Vol. 8, p. 148.
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the certainty possible in exact mathematical reasoning
is allied at every step with visible extended images,
hence many who are quite incompetent in abstract
thinking readily master the geometrical method. In
ancient times, as revealed by the literary works, as well
as the special treatises in our possession, arithmetic
developed in close dependence on geometry. When-
ever Plato (as in the Meno) turns to mathematics
for an illustration of some pet contention, his doctrine
of reminiscence, for example, the proposition used is
always one that can be presented geometrically. The
famous Pythagorean doctrine that the world is' made of
numbers is apt to appear quite unintelligible to moderns
till it is recognized that what they meant was geomerrical
units, i.e., the sort of geometrical atomism that was
taken over later by Plato in his Timeus. They meant
that the ultimate elements of the cosmos were limited
portions of space. Inasmuch as optics and mechanics
were treated by the ancients as branches of mathe-
matics, it was customary also to think by means of
spatial images in these sciences, and to represent what
was known of them geometrically.

Now when, in the later Middle Ages, there appeared
a powerful revival of mathematical study, the same
assumptions and methods were taken for granted, and
enthusiastic expectations were expressed regarding
the possibility of a fuller mathematical interpretation
of nature. Roger Bacon* eagerly adopted these
assumptions and shared to the full this enthusiasm ;
two centuries after Bacon, the great and many-sided
thinker, Leonardo da Vinci, stands out as the leader
in this development. The importance of mathematics
in scientific inquiry is strongly stated : « He who is
not a mathematician according to my principles must
not read me ”’;° < Oh, students, study mathematics,

¢ W. W. R. Ball, 4 Short Account of the History of Mathematics, 4th ed., London, 1912,
p- 175. Cf. also Robert Steele, Roger Bacon and the State of Science in the Thirteenth Century
(in Singer, Studies in the History and Method of Sctence, Vol. 2, London, 1921).

® H. Hopstock, Leonardo as Anatomsist (Singer, Vol. 2).
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and do not build without a foundation.” He made
extensive experiments in mechanics, hydraulics, and
optics, in all of which he takes it for granted that sound
conclusions are to be expressed mathematically and
represented geometrically. During the next century,
that marked by the appearance of Copernicus’ epoch-
making book, this geometrical method in mechanics
and the other mathematico-physical sciences was
assumed by all important thinkers. The Nova
Scienza of Tartaglia, published in 1537, applies
this method to certain problems of falling bodies and
the maximum range of a projectile, while Stevinus
(1548~1620) uses a definite scheme for the representa-
tion of forces, motions, and times by geometrical lines.

In view of these leading facts thus briefly sum-
marized, it was natural that when in the fifteenth
and sixteenth centuries a more extended use began to
be made of algebraic symbols, mathematicians were
able only very gradually to detach their thinking from
continued dependence on geometrical representation.
Let us study with some care the way in which this
algebraic development took place. The popular
objects of mathematical inquiry in these centuries
dealt primarily with the theory of equations, and in
particular with methods for the reduction and solution
of quadratic and cubic equations.  Pacioli, for
example (died about 1510), was mainly interested in
using the growing algebraic knowledge to investigate
the properties of geometrical figures. He dealt with
such problems as the following : The radius of an
inscribed triangle is four inches. The segments into which
one side is divided by the point of contact arve six inches
and eight inches.  Find the other two sides® A modern
student would solve this problem at once by the aid
of a simple algebraic equation 5 Pacioli finds it possible
to do it only by an elaborate geometrical construction,
using algebra merely to help him find the lengths of

¢ Ball, Skort Account, p. 211, ff.
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the various lines required. Similarly the solution of
quadratic and cubic equations in the sixteenth century
was always sought by the geometrical method. W. W.
R. Ball gives an interesting example of this cumbrous
mode of reaching such results in Cardanus’ solution
of the cubic equation: #* + gx = 7 We can
readily appreciate what a tremendous advance was in
store for modern algebra when it finally succeeded in
freeing itself from the shackles of spatiality. In the
meantime, however, the vast possibilities hid in the
algebraic symbols were rapidly opening up, and
mathematicians were becoming familiar with more
complicated processes, though still dependent on the
aid of geometrical representations of their work. By
the time of Cardanus men were occupied with problems
complex enough to involve frequent transformations,
especially the reduction of complex to simple terms,
without any change of value. Put in the language of
geometrical representation, this meant for such thinkers
the reduction of complex to simple figures, a resultant
simple triangle or circle being regarded as the equiva-
lent of the more involved combination of figures which
it replaced. This was often a rather complicated
process, and various mechanical schemes were invented
to aid the poor mathematician’s endeavours. Galileo
published in 1597 a geometrical compass, which
consists of a detailed set of rules for reducing irregu-
lar to regular figures, and a combination of regular
figures to a single one, with applications to such
particular problems as extracting the square root,
finding mean proportionals, and the Ilike. This
geometrical reduction, so characteristic of mathematics
in the sixteenth century, is fundamental for our under-
standing of Copernicus. It is an essential factor in his
doctrine of the relativity of motion.

Finally, throughout the ancient and medieval period
to the time of Galileo, astronomy was considered a

? Ibid., p. 224, ff.
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branch of mathematics, i.e., of geometry. It was the
geometry of the heavens. Our current conception
of mathematics as an ideal science, of geometry in
particular as dealing with an ideal space, rather than
the actual space in which the universe is set, was a
notion quite unformulated before Hobbes, and not
taken seriously till the middle of the eighteenth
century, though it was dimly felt after by a few Aristo-
telian opponents of Copernicus. The space of
geometry appears to have been the space of the real
universe to all ancient and medieval thinkers who give
any clear clue to their notion of the matter. In the
case of the Pythagoreans and Platonists the identity
of the two was an important metaphysical doctrine ;
in the case of other schools the same assumption
seems to have been made, only its bearings were not
thought out along cosmological lines. Euclid takes
it for granted that physical space (ywpiov) is the realm
of geometry® ; later mathematicians use his terminol-
ogy, and there is no clear indication anywhere in the
available works that anybody thought differently.
When some, like Aristotle, defined space in a quite
different manner®, it is noticeable that the definition
is still such that the needs of geometers are fully met.
The great issue among ancient astronomers was not on
this fundamental point of the identity of the field of
geometry and astronomical space, but on the question,
whether a convenient set of geometrical figures that
‘saved the astronomical phenomena’ could be
appropriately used in case they implied the rejection
of a speculative theory of the physical structure of the
heavens.’® It is possible that in the case of some
* Euclid, Elements, Book 1, Axioms 8 and 10, also Prop. IV; Book XI, Prop. III, VII;
and especially Book XII, Prop. II. Sir Robert Heath, in his edition of the first book in
Greek, doubts the genuineness of the second and third passages. If interpolations, however,

they date from ancient times, and so far as I know no question has been raised about the other
uses of the word in Euclid.

? The boundary of the enclosing body on the side of the enclosed. Phys. IV. 4. Tdmros is
Aristotle’s word.

19 See a most interesting treatment of this whole matter in P. Dub:m Essai sur la i otion
de théorie physique de Platon & Galilée, Paris, 1908,

D
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who gave an affirmative answer to this question a
vigorous touch of positivism had led to suspicion of all
metaphysical assumptions about the matter, so that
in their minds the relation of the world of geometry
to that of astronomy was hardly more than methodol-
ogical.  Ptolemy, for example, in the first chapter of
the Almagest, rejects the attempt to interpret the
phenomena of astronomy physically (7.e., metaphysic-
ally), but it is not certain whether this is mainly to
brush aside those who would shackle his free geometri-
cal procedure by speculations about homocentric
spheres and the like, or whether it actually implied
abstention from all assumptions about the ultimate
nature of the astronomical realm. Certainly in the
ancient world few were capable of such a degree of
positivism as this implies, especially as to the senses
the heavens appear to express the realm of geometry
in its purest form. The sun and moon seem perfect
circles, the stars but luminous points in pure space.
To be sure, they were held to be physical bodies of
some sort, and so possessed more than geometrical
characteristics, but there was no way of investigating
such, hence it must have been easy to raise no questions
which would imply any difference between the realm
of geometry and astronomical space.  In fact, we know
that, by many, astronomy was regarded as closer to
the geometrical ideal of pure mathematics than
arithmetic. Typical lists of the mathematical sciences
offered by Alfarabi and Roger Bacon place them in
the order : geometry, astronomy, arithmetic, music.
Of course, this was in part due to the higher dignity
ascribed to the heavenly bodies and the fact that the
main uses of arithmetic were commercial. But not
wholly. Astronomy, more than arithmetic, was like
geometry. It was nothing essentially but the geometry
of the heavens ; men readily felt, therefore, that
whatever was true in geometry must be necessarily
and fully true of astronomy.
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If, now, astronomy is buta branch of geometry, and
if the transformation and reduction of algebraic
equations is uniformly pursued by the geometrical
method detailed above, indicating that such are still
felt to be essentially geometrical problems, shall we
have to wait long for a thinker to appear who will
raise the question, why is not such reduction possible
in astronomy ? If astronomy is mathematics it must
partake of the relativity of mathematical values, the
motions represented on our chart of the heavens must
be purely relative, and it makes no difference as far as
truth is concerned what point be taken as the point of
reference for the whole spatial system.

This position in part had been already taken in
ancient times by Ptolemy himself ; against the cham-
pions of this or that cosmology of the heavens he had
dared to claim that it is legitimate to interpret the
facts of astronomy by the simplest geometrical scheme
which will ‘save the phenomena,” no matter whose
metaphysics might be upset!!. His conception of
the physical structure of the earth, however, prevented
him from carrying through in earnest this principle
of relativity, as his objections to the hypothesis that
the earth moves amply show'.  Copernicus was the
first astronomer to carry it through in earnest, with full
appreciation of its revolutionary implications.

Let us understand briefly what this principle of
mathematical relativity in astronomy means. What
astronomers observe is a set of regularly changing
relations between their point of observation and the
heavenly bodies. In the absence of any strong sug-
gestion to the contrary they naturally take their point
of observation as the point of reference in the science,
and soon discovering, in the very infancy of astronomy,
that the earth must be a globe, it becomes the zerra
Jfirma in the charting of the celestial motions, it is the

1 In his Mathematical Composition, Book 13, Ch. 2.

12 For example, * if there were motion, it would be proportional to the great mass of the
earth and would leave behind animals and objects thrown into 1o
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immovable centre to which all else is referred.  Acting
on this assumption, and supported by all the con-
siderations mentioned earlier in the chapter, astrono-
mers would have to express geometrically this system
of changing relations substantially as Ptolemy did ;
his scheme of deferents and epicycles, excentrics,
equants, and the rest, constitute about as simple a
representation of the facts as is possible on this
assumption. What Copernicus discovered was that
exactly the same results could be attained by a mathe-
matical reduction of Ptolemy’s highly complex geo-
metry of the planets. Let us take an illustration, over-

simple as far as any actual fact about the celestial
motions is concerned, but which will illustrate the
point. Erom E as point of reference we observe
the motion of a heavenly body D such that when it is
opposite another body S, say at G, it appears very
much larger than when it is on the other side of its
orbit, at F. We can represent such a motion by a
combination of two circles ABC, with E as centre, and
ABD, which has its centre on the circumference of
the former. Let us suppose that each of these circles
revolves as indicated by the arrows, a full revolution
of each being completed in the same time. The point
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D on the circle ABD will then trace out a path DGCEF,
which, if the radii and velocities be properly chosen,
will correspond fairly well with the observed facts.
But it is obvious that there must be some point in the
direction of the body S, which is the centre of the
resulting circular path DGCF, and if it be taken as
the point of reference, the facts can be represented by
a single circle instead of two. Suppose that the facts
do not negate locating that point at the centre of S.
Suppose furthermore that, encouraged by this sim-
plification of the charted motions, we note that
certain irregularities in the motion of the planet D,
which we had been able to represent only by additional
circles, complete themselves in exactly the same time
as the body S completes an important annual variation
in its apparent motion around E. We regard S as at
rest, with both our point of reference E and the planet
D revolving around it, and lo, the irregularities in the
planet and the annual variation in the motion of S
cancel each other. Thus in place of a system around
E as point of reference which had already begun to be
involved and cumbrous, we have a simple system of
two circular motions around S. This is exactly the
way in which Copernicus thought out the new astron-
omy. As a result of his work, all the epicycles which
had been demanded by the assumption that E is to
be maintained as point of reference rather than S
were eliminated. Mathematically, there is no question
as to which is true. As far as astronomy is mathe-
matics, both are true, because both represent the
facts, but one is simpler and more harmonious than
the other.

The particular event which led Copernicus to
consider a new point of reference in astronomy was
his discovery that the ancients had disagreed about
the matter. Ptolemy’s system had not been the only
theory advanced.’?

1 Copernicus, De Revolutionibus, Letter to Pope Paul III.
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“ When, therefore, I had long considered this uncertainty of traditional
mathematics, it began to weary me that no more definite explanation of the
movement of the world-machine established in our behalf by the best and
most systematic builder of all, existed among the philosophers who had
studied so exactly in other respects the minutest details in regard to the
sphere. Wherefore I took upon myself the task of re-reading the books of
all the philosophers which I could obtain, to seek out whether any one had
ever conjectured that the motions of the spheres of the universe were other
than they supposed who taught mathematics in the schools. And I found
first, that, according to Cicero, Nicetas had thought the earth was moved.
Then later I discovered, according to Plutarch, that certain others had held
the same opinion. . . .

“ When from this, therefore, I had conceived its possibility, I myself also
began to meditate upon the mobility of the earth. And although the
opinion seemed absurd, yet because I knew the liberty had been accorded to
others before me of imagining whatsoever circles they pleased to explain the
phenomena of the stars, I thought I also might readily be allowed to experi-
ment whether, by supposing the earth to have some motion, stronger
demonstrations than those of the others could be found as to the revolution
of the celestial sphere.

** Thus, supposing these motions which I attribute to the earth later on in
this book, I found at length by much and long observation, that if the
motions of the other planets were added to the rotation of the earth and
calculated as for the revolution of that planet, not only the phenomena of the
others followed from this, but also it so bound together both the order and
magnitude of all the planets and the spheres and the heaven itself, that in
no single part could one thing be altered without confusion among the other
parts and in all the universe. Hence for this reason in the course of this work
I have followed this system....”

Likewise in the brief Commentariolus, written about
1530, after describing his dissatisfaction with the
ancient astronomers for their inability to get a con-
sistent geometry of the heavens that should not
violate the postulate of uniform velocity', he proceeds:

*“ Hence thiskind of theory did not seem sufficiently certain, nor sufficiently
in accord with reason.  So when I had noted these things, I often considered
if perchance a more rational system of circles might be discovered, on which
all the apparent diversity might depend, and in such a manner that each of
the planets would be um'form]y moved, as the principle of absolute motion
requires. Attacking a problem obviously difficult and almost inexplicable,
at length I hit upon a solution whereby this could be reached by fewer and

¢ A principle resting ultimately upon a religious basis. The cause (God) is constant and
unremitting, hence the effect must be uniform. (De Revolutionibus, Bk. I, Ch. 8.)
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much more convenient constructions than had been handed down of old,
if certain assumptions, which are called axioms, be granted me. . . .

* Accorded then these premises, I shall attempt to show briefly how
simply the uniformity of motion can be saved. . .."” 13

These passages show clearly that to Copernicus’
mind the question was not one of truth or falsity, not,
does the earth move ? He simply included the earth
in the question which Ptolemy had asked with reference
to the celestial bodies alone ; what motions should we
attribute to the earth in order to obtain the simplest
and most harmonious geometry of the heavens that
will accord with the facts ? That Copernicus was able
to put the question in this form is ample proof of the
continuity of his thought with the mathematical
developments just recounted, and this is why he con-
stantly appealed to mathematicians as those alone able
to judge the new theory fairly. He was quite con-
fident that they, at least, would appreciate and accept
his view.

“ Nor do I doubt that skilled and scholarly mathematicians will agree with
me if, what philosophy requires from the beginning, they will examine and
judge, not casually but deeply, what I have gathered together in this book
to prove these things.”  Mathematics is written for mathematicians, to
whom these my labours, if I am not mistaken, will appear to contribute
something. . . .” “ What . .. I may have achieved in this, I leave to the
decision of your Holiness especially, and to all other learned mathemati-
cians.” * If perchance there should be foolish speakers who, together with
those ignorant of all mathematics, will take it upon themselves to decide
concerning these things, and because of some place in the Scriptures wickedly
distorted to their purpose, should dare to assail this my work, they are of no
importance to me, to such an extent do I despise their judgment as rash.”16
And it is not surprising that for the sixty years that
clapsed before Copernicus’ theory was confirmed
in ‘more empirical fashion, practically all those who
ventured to stand with him were accomplished mathe-
maticians, whose thinking was thoroughly in line
with the mathematical advances of the day.

15 Commentariolus, Fol. 13, b, 2a.

1¢ These quotations are all from his Letter to Pope Paul III in the De Revolutionibus.
Cf. also Bk. I, Chs, 7 and 10.
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(C) Ultimate Implications of Copernicus’ Step—Revival of
Pythagoreanism.

But now, of course, the question which Copernicus
has thus easily answered carries with it a tremendous
metaphysical assumption. Nor were people slow to
see it and bring it to the forefront of discussion.
Is it legitimate to take any other point of reference in
astronomy than the earth ? Mathematicians who were
themselves subject to all the influences working in
Copernicus’ mind, would, so he hoped, be apt to say
yes. But of course the whole Aristotelian and empiri-
cal philosophy of the age rose up and said no. For
the question went pretty deep, it meant not only, is
the astronomical realm fundamentally geometrical,
which almost any one would grant, buz is the universe as
a whole, including our earth, fundamentally mathematical
in its structure ? Just because this shift of the point
of reference gives a simpler geometrical expression for
the facts, is it legitimate to make it ? To admit this
point is to overthrow the whole Aristotelian physics
and cosmology. Even many mathematicians and
astronomers might not be willing to follow the ten-
dencies of their science to this extreme ; the current
of their general thinking flowed on another bed. To
follow Ptolemy in ancient times meant merely to reject
the cumbrous crystalline spheres.  To follow Coper-
nicus was a far more radical step, it meant to reject
the whole prevailing conception of the universe. That
Copernicus himself and some others were able to
answer this ultimate question with a confident affirma-
tive suggests a fourth contributory feature of Coper-
nicus’ environment ; it suggests that for many minds
of the age at least, there was an alternative background
besides Aristotelianism, in terms of which their meta-
physical thinking might go on, and which was more
favourable to this astonishing mathematical movement.

As a matter of fact there was just such an alternative
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background. All students of philosophy are aware
that during the early Middle Ages the synthesis of
Christian theology and Greek philosophy was accom-
plished with the latter in a predominantly Platonic,
or rather Neo-Platonic cast. Now the Pythagorean
element in Neo-Platonism was very strong. All the
important thinkers of the school liked to express their
favourite doctrines of emanation and evolution in
terms of the number theory, following Plato’s sug-
gestion in the Parmenides that plurality unfolded itself
from unity by a necessary mathematical process.

Now during this early period of medieval philosophy
it is significant that the only original work of Plato
in the hands of philosophers was the Timeus, which
presents Plato more in the light of a Pythagorean than
any other dialogue. It was largely because of this
curious circumstance that the first return to a serious
study of nature, under Pope Gerbert and his disciple
Fulbert about 1000, was undertaken as a Platonic
venture. Plato appeared to be the philosopher of
nature ; Aristotle, who was known only through his
logic, seemed like a barren dialectician. It was no
accident that Gerbert was an accomplished mathe-
matician, and that William of Conches, a later member
of the school, stressed a geometrical atomism which
he had drawn from the Timzus.

When Aristotle captured medieval thought in the
thirteenth century, Neo-Platonism was not by any
means routed, but remained as a somewhat suppressed
but still widely influential metaphysical current, to
which dissenters from the orthodox Peripateticism
were accustomed to appeal. The interest in mathe-
matics evidenced by such freethinkers as Roger Bacon,
Leonardo, Nicholas of Cusa, Bruno, and others,
together with their insistence on its importance, was
in large part supported by the existence and pervading
influence of this Pythagorean stream. Nicholas of
Cusa found in the theory of numbers the essential
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element in the philosophy of Plato. The world is an
infinite harmony, in which all things have their
mathematical proportions.” Hence ‘‘knowledge is
always measurement,” ‘‘ number is the first model of
things in the mind of the Creator ” ; in a word, all
certain knowledge that is possible for man must be
mathematical knowledge. The same strain appears
strongly in Bruno, though in him even more than in
Cusa the mystico-transcendental aspect of the number
theory was apt to be uppermost.

It was natural, then, that in the fifteenth and six-
teenth centuries, after men’s minds had become
thoroughly restless but before they were independent
enough to break more definitely with ancient traditions,
there was a strong revival of Platonism in Southern
Europe. An Academy was founded in Florence under
the patronage of the Medicean family, and boasting
as its scholarchs such names as Pletho, Bessarion, Mar-
silius Ficinus, and Patrizzi. In this Platonic revival
it was again the Pythagorean element that assumed
prominence, coming to striking expression in the
thoroughgoing mathematical interpretation of the
world offered by John Pico of Mirandola. The work
of these thinkers penetrated to some extent every
important centre of thought south of the Alps, includ-
ing the University of Bologna, where their most
important representative was Dominicus Maria de
Novara, professor of mathematics and astronomy.
Novara was Copernicus’ friend and teacher during
the six years of his stay in Italy, and among the
important facts which we know about him is this,
that he was a free critic of the Ptolemaic system of
astronomy, partly because of some observations which
did not agree closely enough with deductions from it,
but more especially because he was thoroughly caught
in this Platonic-Pythagorean current and felt that the
whole cumbrous system violated the postulate that the

' R. Eucken, Nicholas von Kuss (Philosophiscke Monatshefte, 1882).
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astronomical universe is an orderly mathematical
harmony.

This was in fact the greatest point of conflict between
the dominant Aristotelianism of the later Middle Ages
and this somewhat submerged but still pervasive
Platonism. The latter regarded a universal mathe-
matics of nature as legitimate (though, to be sure, just
how this was to be applied was not yet solved) ; the
universe is fundamentally geometrical ; its ultimate
constituents are nothing but limited portions of space ;
as a whole it presents a simple, beautiful, geometrical
harmony. On the other hand the orthodox Aristote-
lian school minimized the importance of mathematics.
Quantity was only one of the ten predicaments and
not the most important. Mathematics was assigned
an intermediate dignity between metaphysics and
physics. Nature was fundamentally qualitative as
well as quantitative ; the key to the highest knowledge
must, therefore, be logic rather than mathematics.
With the mathematical sciences allotted this subor-
dinate place in his philosophy, it could not but appear
ridiculous to an Aristotelian for any one to suggest
seriously that his whole view of nature be set aside in
the interest of a simpler and more harmonious geo-
metrical astronomy. Whereas for a Platonist (espe-
cially as Platonism was understood at the time) it
would appear a most natural, though still radical step,
involving as it did a homogeneity of substance through-
out the whole visible cosmos. However, Copernicus
could take the step because, in addition to the motive
factors already discussed, he had definitely placed
himself in this dissenting Platonic movement. Already
before he went to Italy in 1496 he had felt its appeal,
and, while there, he found ample reinforcement for
his daring leap in the energetic Neo-Platonic environ-
ment south of the Alps, and particularly in his long

/

13 Dorothy Stimson, The Gradual Acceptance of the Copernican Theory of the Universe,
New York, 1917, p. 25.
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and fruitful intercourse with a bold and imaginative
Pythagorean like Novara. It was no accident that
he became familiar with the remains of the early
Pythagoreans, who almost alone among the ancients
had ventured to suggest a non-geocentric astronomy.
His knowledge of Greek was first acquired while
studying with Novara, perhaps with the explicit
purpose of reading for himself the works of the
Pythagorean astronomers. He had himself become
convinced that the whole universe was made of num-
bers, hence whatever was mathematically true was
really or astronomically true. Our earth was no
exception—it, too, was essentially geometrical in
nature—therefore the principle of relativity of mathe-
matical values applied to man’s domain just as to any
other part of the astronomical realm. The trans-
formation to the new world-view, for him, was nothing
but a mathematical reduction, under the encourage-
ment of the renewed Platonism of the day, of a com-
plex geometrical labyrinth into a beautifully simple and
harmonious system.

“ We are taught all this [the motion of the earth on
its axis and around the sun] by the order of succession,
in which those phenomena (various planetary happen-
ings) follow each other, and by the harmony of the
world, if we will only, as the saying goes, look at the
matter with both eyes.” ¥ Note the same strain in
the quotations above.

(D) Kepler's Early Acceptance of the New W orld-Scheme

Now during the half-century after Copernicus, no
one was bold enough to champion his theory save a
few eminent mathematicians like Rheticus and a few
incorrigible intellectual radicals like Bruno. In the
late eighties and early nineties, however, certain
corollaries of Copernicus’ work were seized upon by

1% D¢ Revolutionsbus, Bk., I, Ch. g.
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the youthful Kepler, then in his student days, and
they form a helpful transition from the first great
modern astronomer to the second. Copernicus had
himself noted the greater importance and dignity
which seemed to be attributed to the sun in the new
world-scheme, and had been eager to find mystical
as well as scientific justification for it. One passage
is worth quoting by way of illustration. “ Then in
the middle of all stands the sun. For who, in our
most beautiful temple, could set this light in another
or better place, than that from which it can at once
illuminate the whole ? Not to speak of the fact that
not unfittingly do some call it the light of the world,
others the soul, still others the governor.  Tremigistus
calls it the visible God ; Sophocles’ Electra, the
All-seer. And in fact does the sun, seated on his
royal throne, guide his family of planets as they
circle round him.”?  Also Copernicus had formed a
rudimentary conception of scientific hypothesis,
accommodated to his new astronomical method. A
true hypothesis is one which binds together rationally
(#.e., for him mathematically) things which had before
been held distinct ; it reveals the reason, in terms of
that which unites them, why they are as they are.
“We find then in this arrangement an admirable
harmony of the world, and a dependable, harmonious
interconnexion of the motion and the size of the paths,
such as otherwise cannot be discovered. For here the
penetrating observer can note why the forward and the
retrograde movement of Jupiter appears greater than
that of Saturn, and smaller than that of Mars, and
again greater with Venus than with Mercury ; and
why such retrogression appears oftener with Saturn
than with Jupiter, less often with Mars and Venus
than with Mercury. Moreover, why Saturn, Jupiter,
and Mars, when they rise in the evening, appear
greater than when they disappear and reappear [with

* De Revolutionibus, Bk, I, Ch, 10,
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the sun] . . . And all this results from the same
cause, namely the motion of the earth.”’2t

These ideas were seized upon by the young Kepler,
and they furnish in large part the motivation for his
life-work. The specific reasons for his early adoption
of the Copernican theory are in part obscure, but it is
easy to show from his works that he felt vigorously all
those general environmental influences that appealed
so strongly to Copernicus. With him nature’s
simplicity and unity was a commonplace.?? *‘ Natura
simplicitatem amat.” *‘ Amat illa unitatem.” ‘‘ Num-
quam in ipsa quicqguam otiosum aut superfluum exstitir.”
“ Natura semper quod potest per faciliora, non agit per
ambages difficiles.”’ ‘The advantages of Copernicanism
from this point of view were easily noted. Also the
general broadening of men’s outlook, now reinforced
by Copernicanism, had become a powerful stimulus
to every fertile and imaginative mind, and Kepler’s
profound attainments in the science of mathematics
could not but lead him to feel with full force all those
considerations which had influenced the mind of his
predecessor. His teacher of mathematics and astro-
nomy at Tibingen, Mistlin, who had been strongly
attracted by the greater order and harmony attainable
in the Copernican scheme, was an adherent of the new
astronomy at heart, though he had so far expressed
himself only with the greatest caution. Kepler’s
achievements in mathematics would alone have been
sufficient to win for him enduring fame ; he first
enunciated clearly the principle of continuity in
mathematics, treating the parabola as at once the
limiting case of the ellipse and the hyperbola, and
showing that parallel lines can be regarded as meeting
at infinity ; he introduced the word °focus’ into
geometry ; while in his Stereometria Dolorum, pub-
lished 1615, he applied the conception to the solution
of certain volumes and areas by the use of infinitesi-

3 De¢ Revolutionibus, Bk. I, Ch. ro. 2 Opera, 1, 112, ff,
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mals, thus preparing the way for Desargues, Cavalieri,
Barrow, and the developed calculus of Newton and
Leibniz. The Neo-Platonic background, which
furnished the metaphysical justification for much of
this mathematical development (at least as regards its
bearing on astronomy) awoke Kepler’s full conviction
and sympathy. Especially did the ewmsthetic satisfac-
tions gained by this conception of the universe as a
simple, mathematical harmony, appeal vigorously to
his artistic nature. ‘I certainly know that I owe it
[the Copernican theory] this duty, that as I have
attested it as true in my deepest soul, and as I con-
template its beauty with incredible and ravishing
delight, I should also publicly defend it to my readers
with all the force at my command.”#?

These elements were mingled in his thought in
varying degree, but the most potent single factor in
his early enthusiasm for Copernicanism appears to be
found in its exaltation in dignity and importance of the
sun. Founder of exact modern science though he was,
Kepler combined with his exact methods and indeed
found his motivation for them in certain long dis-
credited superstitions, including what it is not unfair
to describe as sunworship. In 1593, at the age of
twenty-two, he defended the new astronomy in a
disputation at Tibingen, which performance as a
whole is apparently lost, at least Dr. Frisch does not
present it in his complete edition of Kepler’s works.
However, there appears in Kepler’s miscellaneous
remains a small fragment of a disputation on the
motion of the earth, which from its highly bombastic
style and other internal characteristics, may very likely
be a portion of this adolescent effort. At any rate, the
fragment is clearly a product of his early years, and
the noteworthy fact about it is that the exalted position
of the sun in the new system appears as the main and
sufficient reason for its adoption?!. A few quotations

3 Opera, VI, 116, Cf. also VIII, 693. 3 Opera, VIII, 266, fi.
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will reveal the tenor of this curious piece of exuberance.

*“ In the first place, lest perchance a blind man might deny it to you, of
all the bodies in the universe the most excellent is the sunm, whose whole
essence is nothing else than the purest light, than which there is no greater
star ; which singly and alone is the producer, conserver, and warmer of all
things ; it is a fountain of light, rich in fruitful heat, most fair, limpid, and
pure to the sight, the source of vision, portrayer of all colours, though
himself empty of colour, called king of the planets for his motion, heart of
the world for his power, its eye for his beauty, and which alone we should
judge worthy of the Most High God, should he be pleased with a material
domicile and choose a place in which to dwell with the blessed angels. . . .
For if the Germans elect him as Czsar who has most power in the whole
empire, who would hesitate to confer the votes of the celestial motions on
him who already has been administering all other movements and changes
by the benefit of the light which is entirely his possession ? . . . Since, there-
fore, it does not befit the first mover to be diffused throughout an orbit, but
rather to proceed from one certain principle, and as it were, point, no part
of the world, and no star, accounts itself worthy of such a great honour ;
hence by the highest right we return to the sun, who alone appears, by virtue
of his dignity and power, suited for this motive duty and worthy to become
the home of God himself, not to say the first mover.”

In his subsequently expressed reasons for accepting
Copernicanism this central position of the sun is
always included, usually first?s, This ascription of
deity to the sun was covered over by Kepler with such
mystical allegorization as was necessary to give it a
hearing in the prevailing theological environment,
with especial reference to the doctrine of the Trinity.
The sun, according to Kepler, is God the Father, the
sphere of the fixed stars is God the Son, the intervening
cthereal medium, through which the power of the sun
is communicated to impel the planets around their
orbits, is the Holy Ghost®. ‘To pronounce this
allegorical trapping is not to suggest, of course, that
Kepler’s Christian theology is at all insincere ; it is
rather that he had discovered an illuminating natural
proof and interpretation of it, and the whole attitude,
with its animism and allegorico-naturalistic approach,

3 Cf,, for example, Opera, VI, 313. 3 Opera, 1, 11,
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is quite typical of much thinking of the day. Kepler’s
contemporary Jacob Boehme, is the most characteristic
representative of this type of philosophy.

This aspect of his thought would have been, to say
the least, somewhat at variance with the exact mathe-
matical method in astronomy, of which Kepler was
also the firm champion, as revealed by his discovery,
after long and arduous search such as would have
completely discouraged all but the most ardent spirits,
of the three great laws of planetary motion. But the
connexion between Kepler, the sun-worshipper, and
Kepler, the seeker of exact mathematical knowledge
of astronomical nature, is very close. It was primarily
by such considerations as the deification of the sun
and its proper placing at the centre of the universe
that Kepler in the years of his adolescent fervour and
warm imagination was induced to accept the new
system. But, his mind immediately proceeded, and
here his mathematics and his Neo-Pythagoreanism
come into play, if the system is true, there must be
many other mathematical harmonies in the celestial
order that can be discovered and proclaimed as con-
firmation of Copernicanism, by an intensive study of
the available data. This was a task in exact mathe-
matics, and it was very fortunate for Kepler that he
was just plunging into such profound labours at the
time when Tycho Brahe, the greatest giant of observa-
tional astronomy since Hipparchus, was completing
his life-work of compiling a vastly more extensive and
incomparably more precise set of data than had been
in the possession of any of his predecessors. Kepler
had joined Tycho Brahe the year before the latter’s
death and had full access to his magnificent accumula-
tions. It became the passion of his life to penetrate
and disclose, for the ‘ fuller knowledge of God
through nature and the glorification of his profession,”’#
these deeper harmonies, and the fact that he was not

¥ Opera, VIII, 688.
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satisfied merely with mystical manipulation of numbers,
or @sthetic contemplation of geometrical fancies, we
owe to his long training in mathematics and astronomy,
and in no small degree to the influence of the great
Tycho, who was the first competent mind in modern
astronomy to feel ardently the passion for exact
empirical facts.

Thus Kepler joined with his speculative super-
stitions an eagerness to find precise formulae confirmed
in the data ; it was the observed world about which
he was philosophizing, hence ¢ without proper
experiments I conclude nothing,”? hence also his
refusal to neglect variations between his deductions and
the observations which would not have troubled the
ancients. At one time he had a splendid theory of the
planet Mars all ready to write off, but a discrepancy of
eight minutes between certain of his conclusions and
Tycho’s results persuaded him to throw his labours
overboard and begin anew. ‘The difference between
Kepler and the early philosophizers like Nicholas of
Cusa who had taught that all knowledge is ultimately
mathematical and that all things were bound together
by proportion, is that the later thinker insists on exactly
applying the theory to observed facts. Kepler’s
thinking was genuinely empirical in the modern sense
of the term. The Copernican revolution and the
star-cataloguing of Tycho were necessary to furnish
an important new mathematical theory to be developed
and confirmed and a fuller set of data, in which, if at
all, the confirmation must be found. It was by this
method and for this purpose that Kepler reached his
epoch-making discoveries of the famous three laws.
These were not especially important to Kepler’s own
mind, being only three out of scores of interesting
mathematical relations which, as he pointed out, were
established between the observed motions if the
Copernican hypothesis be true. The one of the three

3 Opera, V, 224, Cf.also I, 143,
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which delighted him most was the second, that the
planet-vector, in its revolution round the sun, sweeps
over equal areas in equal times, because it first solved
the problem of the irregularity of planetary velocities,
a prominent point of attack in Copernicus’ treatment
of the Ptolemaic system, but which he himself had been
unable to solve. Both Copernicus and Kepler were
firmly convinced for religious reasons of the uniformity
of motion, 7.e., each planet in its revolution is impelled
by a constant and never failing cause, hence Kepler’s
Jjoy at being able to ‘ save ’ this principle as regards the
areas even though it had to be surrendered as regards
the planet’s path. But the discovery which yielded
Kepler the most inordinate delight and to which he
referred for many years as his most important achieve-
ment, was the discovery published in his first work, the
Mysterium Cosmographicum (1597), that the distances
between the orbits of the six planets then known bore a
certain rough resemblance to the distances which
would be obtained if the hypothetical spheres of the
planets were inscribed in and circumscribed about the
five regular solids properly distributed between them.
Thus if a cube be inscribed in the sphere of Saturn,
the sphere of Jupiter will approximately fit within it,
then between Jupiter and Mars the tetrahedron,
between Mars and the earth the dodecahedron, etc.
Of course, this performance has remained entirely
unfruitful—the correspondence is rough, and the
discovery of new planets has quite upset its underlying
assumptions—but Kepler never forgot the pristine
enthusiasm which this achievement awoke in him.
In a letter penned shortly after the discovery he
wrote :

*“ The intense pleasure I have received from this discovery can never be
told in words. I regretted no more the time wasted ; I tired of no labour ;
I shunned no toil of reckoning, days and nights spent in calculation, until
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I could see whether my hypothesis would agree with the orbits of Copernicus
or whether my joy was to vanish into air.”’ 29

Kepler’s enunciation of his third law, in the Har-
monices Mundi, 1619, is imbedded in a laborious
attempt to determine the music of the spheres according
to precise laws, and express it in our form of music
notation®. These features of Kepler’s work are
commonly dismissed by puzzled historians of astro-
nomy as relics of medievalism, a procedure hardly fair
to the intelligence of the Middle Ages, and quite
over-favourable to Kepler. For our purpose, however,
it is essential to note them. They are decidedly of a
piece with his central aim, namely to establish more
mathematical harmonies in the Copernican astronomy
quite irrespective of their fruitfulness for such further
achievements as became the goal of later scientific
labours. They grow directly out of his whole philoso-
phy of the aim and procedure of science, and the new
metaphysical doctrines which in rudimentary fashion
he perceived to be implied in the acceptance of Coper-
nicanism and in the adoption of such an aim.

(E) First Formulation of the New Metaphysics—Causality,
Quantity, Primary and Secondary Qualities

What are the fundamental features of Kepler’s
philosophy of scientific procedure ? Let us work our
way into them through a fuller understanding of the
point we have just stressed. Kepler was convinced
that there must be many more mathematical harmonies
discoverable in the world which will amply serve to
confirm the truth of the Copernican system. The
connexion of this conviction with his background in
mathematics and the Pythagorean metaphysics has
already been noted. But he often speaks of his

22 Oliver Lodge, Pioneers of Science, Ch. II1.

® Kepler did not suppose that the spheres emitted audible sounds ; their mathematical
relations, however, changed in ways analogous to the development of a musical harmony and
similarly representable.
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accomplishments as having skown the necessary and
rational ground of the new structure of the world, as
having penetrated to the mathematical connexion of
facts formerly held distinct®*.  In thus stating his
aim and achievement he was carrying further and
expressing more explicitly Copernicus’ thought when
the latter had declared that his new system solved
such problems as why the retrograde motion of
Jupiter is less frequent than that of Saturn, etc.  Just
what does he mean by stating his aim in this fashion ?
First and centrally, he means that he has reached a
new conception of causality, that is, he thinks of the
underlying mathematical harmony discoverable in the
observed facts as the cause of the latier, the reason, as he
usually puts it, why they are as they are. 'This notion of
causality is substantlally the Aristotelian formal
cause reinterpreted in terms of exact mathematics ;
it also has obvious close relations with the rudimentary
ideas of the early Pythagoreans. The exactness or
rigour with which the causal harmonfmust be verified
in phenomena is the new and 1mportant feature in
Kepler. Tycho had urged Kepler in a letter “to
lay a solid foundation for his views by actual observa-
tion, and then by ascending from these to strive to reach
the cause of things.”?2 Kepler, however, preferred to
let Tycho gather the observations, for he was ante-
cedently convinced that genuine causes must always
be in the nature of underlying mathematical harmonies.
A typical example of this use of the word cause is in
the preface to the Mysterium Cosmographicum. Kepler
speaks of the system of the five regular solids, which
can be inserted between the spheres of the six planets,
as the cause of the planets being six in number.
““ Habes rationem numeri planetarum.”’®® The centrality
of the sun is the cause of the coincidence of the planet-
ary excentrics according to the ancients within or near
3 Opera, 1

3), ff.
EEE Davn’d Brewster, Memoirs of Sir Isaac Newton, Vol. 11, p. 401.
3 Opera, 1, 113, Cf. also I, 106, fi.
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the sun3%,  God created the world in accordance with
the principle of perfect numbers, hence the mathe-
matical harmonies in the mind of the creator furnish
the cause * why the number, the size, and the motions
of the orbits are as they are and not otherwise,” 25
Causality, to repeat, becomes reinterpreted in terms of
mathematical simplicity and harmony.

Further, this conception of causality involves a
corresponding transformation in the idea of scientific
hypothesis. An explanatory hypothesis of observed ~
effects being an attempt to express in simple form
their uniform causes, a true hypothesis for Kepler
must be a statement of the underlying mathematical
harmony discoverable in the effects. Kepler includes
an interesting treatment of astronomical hypothesis
in a letter written partly to refute Reimarus Ursus’
position on the same subject ®. Kepler’s thought is,
that of a number of variant hypotheses about the same
Sfacts, that one is true whick skows why facts, which in the
other hypotheses remain unrelated, are as they are, i.c.,
which demonsirates their orderly and rational mathe-
matical connexion. ‘To put it in his own summary:
* Therefore, neither this nor that supposition is worthy
of the name of an astronomical hypothesis, but rather
that which is implied in both alike.”’3” To illustrate
by his stock example, other theories of the heavens
had been forced to rest content with the simple state-
ment that certain planetary epicycles coincide in their
time of completion with the time of the sun’s apparent
revolution around the earth. The Copernican hypo-
thesis must be the true one, inasmuch as it reveals
why these periods must be as they are. Such facts
imply, in other words, that in the scheme of regularly
changing mutual relations which makes up our solar
system the sun is to be taken as at rest rather than the
earth 3. A true hypothesis is always a more inclusive

;: 8})&!11, ;11,0156; 1, 118, :: g[um, fI(, 238, ff,
DL 3 Cf. Opera, 1, 113. Palp ek
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conception, binding together facts which had hitherto
been regarded as distinct ; it reveals a mathematical
order and harmony where before there had been
unexplained diversity. And it is important to
remember that this more inclusive mathematical order
is something discovered ## the factsthemselves.  This is
precisely stated in many passages®, and the constant
insistence on exact verification from observations would
otherwise lose its point.

Now such a mathematico-zsthetic conception of
causality and hypothesis already implies a new meta-
physical picture of the world ; in fact, it is just these
ideas that made Kepler so impatient with certain well-
meaning Aristotelian friends who advised him to treat
his own and Copernicus’ discoveries as mathematical
hypotheses merely, not necessarily true of the
real world. Such hypotheses as these, Kepler
maintained, are precisely what give us the true picture
of the real world, and the world thus revealed is a
bigger and far more beautiful realm than man’s reason
had ever before entered. We must not surrender
that glorious and illuminating discovery of the true
nature of reality. Let the theologians weigh their
authorities ; that is their method. But for philoso-
phers the discovery of (mathematical) causes is the
way to truth. “‘Indeed I reply in a single word to
the sentiments of the saints on these questions about
nature ; in theology, to be sure, the force of authorities
is to be weighed, in philosophy, however, that of
causes. Therefore, a saint is Lactantius, who denied
the rotundity of the earth ; a saint is Augustine, who,
admitting the rotundity, yet denied the antipodes ;
worthy of sainthood is the dutiful performance of
moderns who, admitting the meagreness of the earth,
yet deny its motion.  But truth is more saintly for
me, who demonstrate by philosophy, without violating
my due respect for the doctors of the church, that the
earth is both round and inhabited at the antipodes,

3% As for example, Opera, V, 226, fi. I, 687.
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and of the most despicable size, and finally is moved
among the stars,”40

We begin now to glimpse the tremendous signific-
ance of what these fathers of modern science were
doing, but let us continue with our questions. What
further specific metaphysical doctrines was Kepler
led to adopt as a consequence of this notion of what
constitutes the real world ? For one thing, it led him
to approprlate in his own way the distinction between
primary and secondary qualities, which had been
noted in the ancient world by the atomist and sceptical
schools, and which was being revived in the sixteenth
century in varied form by such miscellaneous thinkers
as Vives, Sanchez, Montaigne, and Campanella.
Knowledge as it is immediately offered the mind
through the senses is obscure, confused, contradictory,
and hence untrustworthy ; only those features of the
world in terms of which we get certain and consistent
knowledge open before us what is indubitably and
permanently real. Other qualities are not real qualities
of things, but only signs of them. For Kepler, of
course, the real qualities are those caught up in this
mathematical harmony underlying the world of the
senses, and which, therefore, have a causal relation to
the latter. The real world is a world of quantitative
characteristics only ; its differences are differences of
number alone. In his mathematical remains there is a
brief criticism of Aristotle’s treatment of the sciences,
in which he declares that the fundamental difference
between the Greek philosopher and himself was that
the former traced things ultimately to qualitative, and
hence irreducible distinctions, and was, therefore,
led to give mathematics an intermediate place in dignity
and reality between sensible things and the supreme
theological or metaphysical 1deas; whereas he had
found means for discovering quantitative proportions
between all things, and therefore gave mathematics

49 Opera, 111, 156,
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the pre-eminence. “ Wherever there are qualities,
thereare likewise quantities, but not always vice versa.”1t

Again, Kepler’s position led to an important doctrine
of knowledge. Not only is it true that we can discover
mathematical relations in all objects presented to the
senses ; all certain knowledge must be knowledge of their
quantitative characteristics, perfect knowledge is always
mathematical. ‘‘ There are, in fact, as I began to
say above, not a few principles which are the special
property of mathematics, such principles as are dis-
covered by the common light of nature, require no
demonstration, and which concern quantities primarily;
then they are applied to other things, so far as the
latter have something in common with quantities.
Now there are more of these principles in mathematics
than in the other theoretical sciences because of that
very characteristic of the human understanding which
seems to be such from the law of creation, that nothing
can be known completely except quantities or by
quantities. And so it happens that the conclusions
of mathematics are most certain and indubitable.””2
He notes certain practical illustrations of this fact in
optics, music, and mechanics, which, of course, best
afforded him the confirmation he sought. * Just
as the eye was made to see colours, and the ear to hear
sounds, so the human mind was made to understand,
not whatever you please, but quantity.”*3  Therefore,
quantity is the fundamental feature of things, the
‘ primarium  accidens  substantiae,” ** *‘ prior to the
other categories.” Quantitative features are the sole
features of things as far as the world of our knowledge
is concerned.

Thus we have in Kepler the position clearly stated
that the real world is the mathematical harmony
discoverable in things. The changeable, surface
qualities which do not fit into this underlying harmony
are on a lower level of reality; they do not so truly

4 Opera, VIIL, 147, fi. 2 Opera, VIII, 148. 3 Opera, I, 31, 4 Opera, VIII, 150.
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exist. All this is thoroughly Pythagorean and Neo-
Platonic in cast, it is the realm of the Platonic ideas
suddenly found identical with the realm of geometrical
relationships. Kepler apparently has no affiliations
with the Democritan and Epicurean atomism, whose
revival was destined to play an important part in post-
Keplerian science. So far as his thought dwells upon
the elementary particles of nature it is the geometrical
atomism of the Timeus and the ancient doctrine of
the four elements that he inherited, but his interest is
not in these ; it is the mathematical relations revealed
in the cosmos at large that arouse his enthusiasm and
interest. When he says that God made the world
according to number he is thinking not about minute
figured portions of space, but about these vaster
numerical harmonies?5,

The reason why there exists this vast and beautiful
mathematical order in the universe is not further
explicable for Kepler except by way of the religious
aspect of his Neo-Platonism. He quotes with appro-
val the famous saying of Plato, that God ever geo-
metrizes ; he created the world in accordance with
numerical harmonies*®, and that is why he made
the human mind such that it can only know by
quantity.

We have here then, in Kepler’s work, a second great

48 The astrological affiliations of his doctrine of primary and secondary qualities bring this
out very clearly. Kepler has usually beenregarded as half incincere in his astrological labours,
the passage cited to this end being so interpretable but not necessarily, nor, in the lightof a
host of other statements, justifiably. It is the statement that * God gives every animal the
means of saving its life—why object if he gives astrology to the astronomer? ” (Opera,
VIII, 705). Like other poor astronomers of the time, Kepler found in astrology a kind of
service he could render which people without astronomical zeal were willing fo pay for, a
situation which be regarded as quite providential. But this does not at all mean that he did
not thoroughly believe in astrology. Those who so maintain can hardly have read his essay
De Fund is Astrologiae Certioribus (Opera, 1, 417, ff.), in which he advances for the critic-
ism of philosophers seventy-five propositions, of varying generality, whose soundness he is
prepared to defend. Those acquainted with the thought currents of Kepler’s day know that
there had been in the sixteenth century a powerful revival of interest and belief in astrology,
and Kepler was prepared by his general philosophy of science to give it a comprehensive
philosophical basis.  When the planets in their revolutions happen to fall in certain unusual
Telations, portentous consequences might very well ensue for human life—mighty vapours
are perhaps projected from them, penetrate the animal spirits of men, stir their passions to an
uncommon heat, with the resnlt that wars and revolutions follow. {Cf. Opera, 1477, f1.)
There is no question but that the suggestion of such possibilities harmonizes with his general

philosophy—the interesting point here is the fact thatthe mathematical entities with which
he is concerned are these larger astronomical harmonies rather than the elementary atoms.
.

46 Opera, 1, 31,
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event in the development of the metaphysics of modern
science. Aristotelianism had won out in the long
preceding period of human thought because it seemed
to make intelligible and rational the world of common-
sense experience. Kepler early realized that the
admission of validity to the Copernican world-scheme
involved a radically different cosmology, a cosmology
which could rest upon the revived Neo-Platonism for
its general background, would find its historical
justification in the remarkable developments in the
sciences of mathematics and astronomy, and which
could lay bare a marvellous significance and a new
beauty in the observed events of the natural cosmos
by regarding them as exemplifications of simple,
underlying numerical relations. The task involved
revising to this end the traditional ideas of causality,
hypothesis, reality, and knowledge ; hence Kepler
offers us the fundamentals of a metaphysic based in
outline upon the early Pythagorean speculations, but
carefully accommodated to the new ideal and method.
Fortunate indeed it was for Kepler’s historical import-
ance that his venture proved pragmatically successful.
The acquisition of further empirical facts in astronomy
by Galileo and his successors showed that the astrono-
mical and physical universe was enough like what
Copernicus and Kepler had dared to believe, for them
to become established as fathers of the outstanding
movement of human thought in modern times, instead
of being consigned to oblivion as a pair of wild-minded
apriorists. In particular, Kepler’s method had just
enough in common with the successful procedure of
later science, so that out of a vast mass of painfully and
laboriously won geometrisms in nature, three chanced
to become fruitful foundations for the later stupendous
scientific achievements of Newton. But only those
who fix their attention on these three, forgetting
the arduous amassing of quite useless numerical
curiosities which to him were quite as significant, could

-~
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make, without qualification, such claims for him as are
made by Eucken and Apelt :

“ Kepler is the first who ventured here an exact-
mathematical treatment of the problems (of astronomi-
cal science), the first to establish natural laws in the
specific sense of the new science.””s” ““ Kepler was
the first to discover the art of successfully inquiring
her laws of nature, since his predecessors merely con-
structed explanatory concepts which they endeavoured
to apply to the course of nature.””*8

Such laudations, while not wholly false, obscure our
genuine debt to Kepler. His solid and forward-
looking achievement as a philosopher of science, is
his insistence that valid mathematical hypotheses
must be exactly verifiable in the observed world. He
is entirely convinced on @ priori grounds that the
universe is basically mathematical, and that all genuine
knowledge must be mathematical, but he makes it
plain that the laws of thought innate in us as a divine
gift, cannot come to any knowledge of themselves ;
there must be the perceived motions which furnish the
material for their exact exemplification?®. For this
side of his thought we have to thank his training in
mathematics and in particular his association with that
giant of careful star-observation, Tycho Brahe. It is
this, together with his reinterpretation, in terms set
by the situation of his day, of such notions as causality,
hypothesis, reality, and the like, that constitute the
constructive portion of his philosophy. But his
outlook and method were as fully dominated by an
esthetic as by a purely theoretic interest, and the
whole of his work was overlaid and confused by crude
inherited superstitions which the most enlightened
people of his time had already discarded.

47 R. Eucken, Kepler als Philosoph (Philosophische Monatshefte, 1575, D. 42, ff.).
R E N Apelt Epochen der Geschichte der Menscheit, Vol. 1, p. 2
42 Opera, V, 229.



CHAPTER III
GALILEO

GatrLeo was a contemporary of Kepler, his life over-
lapping that of the great German astronomer at both
ends. After the two became acquainted through the
publication of the Mysterium Cosmographicum in 1597,
they remained firm friends and carried on a con-
siderable and interesting correspondence, but it cannot
be said that either influenced the philosophy of the
other to any important extent. Each, of course, made
use of the other’s positive and fruitful scientific
discoveries, but the metaphysics of each was con-
ditioned primarily by general environmental influences
and by intensive reflection on the ultimate bearings of
his own achievements.

(A) The Science of * Local Motion’

Galileo’s father had destined his son for the study
of medicine, but at the early age of seventeen the
latter acquired a consuming interest in mathematics,
and after securing his sire’s reluctant consent, pro-
ceeded during the next few years to make himself
master of the subject. Were it not for his more
stupendous achievements he, like Kepler, would have
won brilliant fame as a mathematician. He invented
a geometrical calculus for the reduction of complex
to simple figures, and wrote an essay on continuous
quantity., The latter was never published, but such
was his mathematical name .aat Cavalieri did not
publish his own treatise on the Method of Indivisibles,
as long as he hoped to see Galileo’s essay printed. At
the youthful age of twenty-five he was appointed
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professor of mathematics at the University of Pisa,
largely because of the fame won by some papers on
the hydrostatic balance, the properties of the cycloid,
and the centre of gravity in solids. The direction of
his early mathematical studies is sufficiently indicated
by these works ; it was the mechanical branch that
absorbed his attention and interest from the very
beginning. The famous event in the Cathedral of
Pisa, when he observed that the swings of the great
hanging lamp were apparently isochronous, had just
preceded, and in part inspired, his first interest in
mathematics, hence the mathematical study of mechani-
cal motions became quite naturally the focus of his
work. Furthermore, as soon as he became competent
in this new field he eagerly embraced the Copernican
system (though continuing for many years to teach
Ptolemaism to his classes out of deference to popular
feeling), and the Copernican attribution of motion to
the earth gave him a powerful impetus to study more
closely, i.e., mathematically, such motions of small
parts of the earth as occur in every-day experience, as
we learn on the authority of his great English disciple,
Hobbest. Hence the birth of a new science, terres-
trial dynamics, which presented itself to Galileo as a
simple and natural extension of the exact mathematical
method to a field of somewhat more difficult mechanical
relations. Others before him had asked why heavy
bodies fall ; now, the homogeneity of the earth with
the heavenly bodies having suggested that terrestrial
motion is a proper subject for exact mathematical
study, we have the further question raised : Aow do
they fall ? with the expectation that the answer will
be given in mathematical terms.

As Galileo notes in the introduction to his science of
dynamics or ‘local motion,’® many philosophers had

* Epistle Dedicatory to the Elemenis of Philosophy Concerning Body, Works, Molesworth
edmun London, 1839, Vol. I (English), p. viii.

B ical D C 2 Two New Sciences, by Galileo
Gahlm (Crew and De Salvio translation), New York, xgu, p- 153, fI.
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written on motion, ‘‘ nevertheless I have discovered by
experiments some properties of it which are worth
knowing and which have not hitherto been either
observed or demonstrated.” Some, too, had observed
that the motion of a falling body was one of accelera-
tion, * but to just what extent this acceleration occurs
has not yet been announced.” The same thought is
again expressed with reference to the motion of pro-
jectiles—others had observed that a projectile followed
a curved path, but none had demonstrated that the
path must be a parabola. It was this reduction of
terrestrial motions to terms of exact mathematics
which, fully as much as the significant astronomical
discoveries that empirically confirmed Copernicanism,
measured his import to those of his contemporaries
who were fitted to appreciate this stupendous advance
in human knowledge. His friend and admirer Fra
Paolo garpi reflected the opinion of such minds when
he exclaimed, * To give us the science of motion God
and Nature have joined hands and created the intellect
of Galileo.””® Galileo’s practical mechanical inventions
are themselves sufficiently remarkable. In his early
years he invented a pulsimeter, operating by means of a
small pendulum, and also a contrivance for measuring
time by the uniform flow of water. Later he became
the inventor of the first crude thermometer, and in the
last year of his life sketched out complete plans for a
pendulum clock. His achievements in the early
development of the telescope are known to all students.
Now what are the main metaphysical conclusions
that Galileo found implied in his work ? Let us first
consider briefly those in which his agreement with
Kepler is most complete, passing then to a fuller
treatment of his more novel suggestions. Our
expectation that the reduction of the motions of bodies
to exact mathematics must carry large metaphysical
bearings to Galileo’s mind will not be disappointed.

3 Two New Sciences, Editor's Preface.
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(B) Narure as Mathematical Order—Galileo’s Method.

First of all, Nature presents herself to Galileo, even
more than to Kepler, as a simple, orderly system, whose
every proceeding is thoroughly regular and inexorably
necessary. ‘‘ Nature . . . doth not that by many
things, which may be done by few.”’* He contrasts
natural science with law and the humanities, in respect
that the conclusions of the former are absolutely true
and necessary, not at all dependent on human judg-
ments. Nature is ° inexorable,” acts only * through
immutable laws which she never transgresses,” and
cares ‘‘ nothing whether her reasons and methods of
operating be or be not understandable by men.”s

Further, this rigorous necessity in nature results
from her fundamentally mathematical character—
nature is the domain'of mathematics.  ‘‘ Philosophy
is written in that great book which ever lies before our
eyes—I mean the universe—but we cannot understand
itif we do not first learn the language and grasp the
symbols, in which it is written. This book is written
in the mathematical language, and the symbols are
triangles, circles, and other geometrical figures,
without whose help it is impossible to comprehend
a single word of it ; without which one wanders in
vain through a dark labyrinth.”” Galileo is continually
astonished at the marvellous manner in which natural
happenings follow the principles of geometry®, and
his favorite answer to the objection that mathematical
demonstrations are abstract and possess no necessary
applicability to the physical world, is to proceed to
further geometrical demonstrations, in the hope that
they will become their own proof to all unprejudiced
minds®.

¢ Dialogues Concerning the Two Great Systems of the World, Salusbury translation, London
1661 P. 99,

5 Two Great Systems, p. 40.

® Letter to the Grand Duchess Christina, 1615 (Cf. Salusbury, Vol. I),

?Opere Complete di Galileo Galilei, Firenze, 1842, fi., Vol. IV, p. 171.

* Two Great Systems, p. 178, 181, ff.
* Two New Sciences, p. 52.
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Mathematical demonstrations then, rather than the
scholastic logic, furnish the key to unlock the secrets
of the world.  ““ Of course, logic teaches us to know,
whether the conclusions and demonstrations which
are already discovered and at hand are consistent,
but it cannot be said that it teaches us how to find
consistent conclusions and demonstrations.”® “We
do not learn to demonstrate from the manuals of
logic, but from the books which are full of demon-
strations, which are the mathematical and not the
logical.” In other words, logic is the instrument of
criticism, mathematics that of discovery. Galileo’s
chief criticism of Gilbert was that the father of the
magnetic philosophy was not sufficiently well grounded
in mathematics, particularly geometry.

Now this method of mathematical demonstration,
being grounded as it is in the very structure of nature,
presents itself occasionally in Galileo as being in large
part independent of sensible verification—an exclu-
sively @ priori method of reaching truth. J. J. Fahie
quotes him as having written that ‘‘ ignorance had
been the best teacher he ever had, since in order to
be able to demonstrate to his opponents the truth of
his conclusions, he had been forced to prove them by a
variety of experiments, though to satisfy his own mind
alone he had never felt it necessary to make any.”’12
If this was seriously meant, it was extremely important
for the advance of science that Galileo had strong
opponents, and in fact there are other passages in his
works which show that his confident belief in the
mathematical structure of the world emancipated him
from the necessity of close dependence on experiment.’
He insists that from a few experiments valid conclusions
can be drawn which reach far beyond experience
because ‘‘ the knowledge of a single fact acquired

sgpen .

12 The Scientific Works of Galileo (Singer Vol. 11, p. 251).
1 Two Great Systems, p. 82.
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through a discovery of its causes prepares the mind
to understand and ascertain other facts without need
of recourse to experiment.’’’* He illustrates the mean-
ing of this principle in his study of projectiles ; once
we know that their path is a parabola, we can demon-
strate by pure mathematics, without need of experi-
ment, that their maximum range is 45°. In fact,
confirmation through experiment is only necessary
in the case of conclusions, into whose necessary and
rational basis we can have no immediate intuition 15,
We shall return later to his use of this important
word.

It is abundantly apparent, however, from the whole
of Galileo’s achievements and interests, that he never
seriously entertained the possible extreme of this
mathematical apriorism?®, and his meaning becomes
fairly clear when we study passages of a different tenor.
After all, *“ our disputes are about the sensible world,
and not one of paper ;' it is useless to wrangle on
general principles alone about what is fitting or not in
nature, we must ‘‘ come to the particular demonstra-
tions, observations, and experiments.”’® This is just
as true in astronomy as in physics. Experience is the
‘ true mistress of astronomy ’ ; * the principal scope
of astronomers is only to render reason for the appear-
ances in the celestial bodies.””® Sensible facts are
before us to be explained ; they cannot be overridden
or ignored. It was not merely for controversial
victories that Galileo found it frequently convenient
to appeal to the confirmation of the senses. His
empiricism went pretty deep. ‘“Oh, my dear
Kepler, how I wish that we could have one hearty
laugh together ! Here at Padua is the principal
professor of philosophy, whom I have repeatedly and
urgently requested to look at the moon and planets

1 Two New Sciences, p. 276. 1 Opere, 1V, 189.

1¢ Cf, Two New Sciences, p. 97. 17 Two Great Systems, p. 96.
P.
'8 Two Great Systems, p. 31. 1° Two Great Systems, pp. 305, 308.
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through my glass, which he pertinaciously refuses to
do. Why are you not here 7 What shouts of laughter
we should have at this glorious folly ! And to hear the
professor of philosophy at Pisa labouring before the
Grand Duke with logical arguments, as if with
magical incantations, to charm the new planets out
of the sky.”2® Galileo could hardly have become the
doughty figure in the overthrow of Aristotelianism
that he appeared to his contemporaries had it not been
for his popularly verifiable discoveries, which showed
clearly to men’s senses that some of Aristotle’s state-
ments were false. ‘The authority of the Stagyrite
was profoundly shaken when people were empirically
forced to admit that all bodies fall with uniform accelera-
tion, that Venus presents phases like the moon, that
the sun’s face is spotted, and the like. Galileo himself
remarks that Aristotle would change his opinion if he
saw our new observations, for his method was essen-
tially empirical. ‘I do believe for certain, that he
first procured, by the help of the senses, such experi-
ments and observations as he could, to assure him as
much as was possible of the conclusion, and that he
afterwards sought out the means how to demonstrate
it ; for this is the usual course in demonstrative
sciences. And the reason thereof is, because when the
conclusion is true, by the help of the resolutive method,
one may hit upon some proposition before demon-
strated, or come to some principle known per se ; but
if the conclusion be false, a man may proceed i infini-
tum, and never meet with any truth already known.”’ 2
This passage introduces us to Galileo’s conception
of the proper way of combining the mathematical and
the experimental methods in science. With it in
mind, let us study his other expressions on this point.
It is clear to start with that what our philosophy
seeks to explain is nothing other than the world revealed
by the senses. ‘“In every hypothesis of reason,

3¢ Letter to Kepler, 1610, quoted in Lodge, Pioneers of Science, Ch. 4.
* Two Great Systems, p. 37.
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error may lurk unnoticed, but a discovery of sense
cannot be at odds with the truth.” * How could it
be otherwise ? Nature did not make human brains
first, and then construct things according to their
capacity of understanding, but she first made things
in her own fashion and then so constructed the human
understanding that it, though at the price of great
exertion, might ferret out a few of her secrets.”’?* But
the world of the senses is not its own explanation ; as
it stands it is an unsolved cipher, a book written in a
strange lafiguage, which is to be interpreted or ex-
plained in terms of the alphabet of that language.
After long wandering in false directions, man has at
last discovered what the rudiments of this alphabet
are—namely the principles and units of mathematics.
We discover that every branch of mathematics always
applies to the material world, physical bodies, for
example, are always geometrical figures, even though
they never reveal those exact shapes that we like to
treat in pure geometry®. Hence when we seek to
decipher an unfamiliar page of nature, obviously the
method is to seek our alphabet in it, to ‘ resolve’ it
into mathematical terms.

Galileo points out that this method of explaining:
the world of the senses often leads, strange though it
may seem, to conclusions that do violence to immediate
sensible experience. ‘The prime example of this is.
the Copernican astronomy, which furnishes the
supreme example of the victory of mathematical
reason over the senses. ‘1 cannot sufficiently
admire the eminence of those men’s wits, that have
received and held it to be true, and with the sprightli-
ness of their judgments offered such violence to their
own senses, as that they have been able to prefer that
which their reason dictated to them, to that which
sensible experiments represented most manifestly to.
the contrary. . . . I cannot find any bounds for my

N Opere, VII, 341; 1, 288,  Two Great Systems, p. 224, fi.
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admiration, how that reason was able in Aristarchus
and Copernicus, to commit such a rape on their senses,
as in despite thereof to make herself mistress of their
credulity.”* Reason even occasionally, by the inven-
tion of such instruments as the telescope, gives sense
an opportunity to correct her own misjudgments.
Largely because of the acceptance of the Copernican
astronomy and its substantiation by his own telescopic
observations, Galileo was led to parade with all
possible vigour the common facts of sense illusion,
and for every fact that told against the trustworthiness
of the senses he had many which tended to establish
the validity of his mathematical solutions. On the
one hand we cannot deny that it is the senses which
offer us the world to be explained ; on the other we
are equally certain that they do not give us the rational
order which alone supplies the desired explanation.
‘The latter is always mathematical, to be reached only
by the accepted methods of mathematical demonstra-
tion. “The properties belonging to uniform
motion have been discussed in the preceding section ;
but accelerated motion remains to be considered. And,
first of all, it seems desirable to find and explain a
definition best fitting natural phenomena. For any
one may invent an arbitrary type of motion and discuss
its properties ; thus, for instance, some have imagined
helices and conchoids as described by certain motions,
which are not met with in nature, and have very
commendably established the properties which these
curves possess in virtue of their definitions ; but we
have decided to consider the phenomena of bodies
falling with an acceleration such as actually occurs in
nature and to make this definition of accelerated
motion exhibit the essential features of observed
accelerated motions. And this, at last, after repeated
efforts we trust we have succeeded in doing. In this
belief we are confirmed mainly by the consideration
3 Two Great Sysiems, p. 301.
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that experimental results are seen to agree with and
exactly correspond with those properties which have
been, one after another, demonstrated by us. Finally,
in the investigation of naturally accelerated motion
we were led, by hand as it were, in following the habit
and custom of nature herself, in all her various other
processes, to employ only those means which are most
common, simple, and easy.”® Here the claim to have
successfully applied mathematical demonstrations to
physical motion is certainly central.

As with Kepler, so with Galileo, this mathematical
explanation of nature must be in exact terms ; it is no
vague Pythagorean mysticism that the founder of
dynamics has in mind. We might have gathered as
much from his obvious achievements, but he tells us
so explicitly. “‘ Neither doth this suffice [knowledge
that falling bodies descend with accelerating velocity],
but it is requisite to know according to what propor-
tion such acceleration is made ; a problem that I
believe was never hitherto understood by any philoso-
pher or mathematician, although philosophers, and
particularly the peripatetics, have writ great and entire
volumes touching motion.”’2¢

Viewed as a whole, Galileo’s method then can be
analysed into three steps, éntuizion or resolution, demons-
tration, and experiment ; using in each case his own
favourite terms. Facing the world of sensible experi-
ence, we isolate and examine as fully as possible a
certain typical phenomenon, in order first to intuit
those simple, absolute elements in terms of which the
phenomenon can be most easily and completely
translated into mathematical form ; which amounts
(putting the matter in another way) to a resolution of
the sensed fact into such elements in quantitative
combinations. Have we performed this step properly,
we need the sensible facts no more ; the elements
thus reached are their real constituents, and deductive

3 Two Great Sciences, p. 160, ff. ¢ Two Great Systems, p. 144.
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demonstrations from them by pure mathematics
(second step) must always be true of similar instances
of the phenomenon, even though at times it should be
impossible to confirm them empirically. This
explains the bold tone of his more a priori passages.
For the sake of more certain results, however, and
especially to convince by sensible illustrations those
who do not have such implicit confidence in the
universal applicability of mathematics, it is well to
develop where possible demonstrations whose con-
clusions are susceptible of verification by experiments.
Then with the principles and truths thus acquired we
can proceed to more complex related phenomena and
discover what additional mathematical laws are there
implicated. That Galileo actually followed these three
steps in all of his important discoveries in dynamics
is easily ascertainable from his frank biographical
paragraphs, especially in the Dialogues Concerning Two
New Sciences®.

A further question suggests itself at this point :
is this remarkable mathematical structure of the world,
which makes possible such stupendous conquests of
science as the Copernican astronomy and the Galilean
dynamics, something ultimate, or is it further ex-
plicable ? If a religious basis be a further explication,
the latter would appear to be the answer for Galileo,
as for Kepler. The Neo-Platonic background of the
mathematical and astronomical development of the
times has strongly penetrated the mind of the Italian
scientist, as in the case of so many lesser figures. By
his free use of the word ‘ nature,” he does not mean
to deny an ultimately religious interpretation of things.
God, by his immediate creative knowledge of nature,
thinks into the world that rigorous mathematical
necessity which we reach only laboriously through
resolutions and demonstrations—God is a geometrician
in his creative labours—he makes the world through

17 Cf. especially p. 178.
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and through a mathematical system. The distinction
between his knowledge of things and ours is that his
is complete, ours partial ; his immediate, ours dis-
cursive. ‘“ As to the truth, of which mathematical
demonstrations give us the knowledge, it is the same
which the Divine Wisdom knoweth ; but . . . the
manner whereby God knoweth the infinite propositions,
whereof we understand some few, is highly more
excellent than ours, which proceedeth by ratiocination,
and passeth from conclusion to conclusion, whereas
his is done at a single thought or intuition.” For God
the apprehension of the essence of any thing means
the immediate comprehension, without temporal
reasoning, of all its infinite implications. ‘‘ Now
these inferences which our intellect apprehendeth
with time and a gradual motion the Divine Wisdom,
like light, penetrateth in an instant, which is the same
as to say, hath them always present.”’?® God knows
infinitely more propositions than we, but yet in the
case of those that we understand so thoroughly as to
perceive the necessity of them, 7.e., the demonstrations
of pure mathematics, our understanding equals the
divine in objective certainty.

It was this religious basis of his philosophy that
made Galileo bold to declare that doubtful passages
of scripture should be interpreted in the light of
scientific discovery rather than the reverse. God
has made the world an immutable mathematical sys-
tem, permitting by the mathematical method an abso-
lute certainty of scientific knowledge. The dis-
agreements of theologians about the meaning of
scripture are ample testimony to the fact that here no
such certainty is possible. Is it not obvious then
which should determine the true meaning of the
other 7 * Methinks that in the discussion of natural
problems, we ought not to begin at the authority of
places of scripture, but at sensible experiments and

% Two Great Systems, p. 86, ff.
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necessary demonstrations. For, from the Divine
Word, the sacred scripture and nature did both alike
proceed. . . . Nature, being inexorable and immutable,
and never passing the bounds of the laws assigned her,
. . . I conceive that, concerning natural effects, that
which either sensible experience sets before our eyes,
or necessary demonstrations do prove unto us, ought
not, upon any account, to be called into question,
much less condemned upon the testimony of texts of
scripture, which may, under their words, couch senses
seemingly contrary thereto. . . . Nor does God less
admirably discover himself to us in Nature’s actions,
than in the Scripture’s sacred dictions.”?* He quoted
by way of orthodox support Tertullian’s dictum that
we know God first by nature, then by revelation.

(C) The Subjectivity of Secondary Qualities

Swept onward by the inherent necessities of this
mathematical metaphysic, Galileo, like Kepler, was
inevitably led to the doctrine of primary and secondary
qualities, only with the Italian genius the doctrine
appears in a much more pronounced and developed
form. = Galileo makes the clear distinction between
that in the world which is absolute, objective, immut-
able, and mathematical ; and that which is relative,
subjective, fluctuating, and sensible. The former is
the realm of knowledge, divine and human ; the latter
is the realm of opinion and illusion. The Copernican
astronomy and the achievements of the two new sciences
must break us of the natural assumption that sensed
objects are the real or mathematical objects. They
betray certain qualities, which, handled by mathe-
matical rules, lead us to a knowledge of the true
object, and these are the real or primary qualities,
such as number, figure, magnitude, position, and
motion, which cannot by any exertion of our powers
be separated from bodies—qualities which also can

3 [ ctier o the Grand Duchkess, 1615.
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be wholly expressed mathematically. The reality of
the universe is geometrical ; the only ultimate charac-
teristics of nature are those in terms of which certain
mathematical knowledge becomes possible.  All other
qualities, and these are often far more prominent to
the senses, are secondary, subordinate effects of the
primary.

Of the utmost moment was Galileo’s further
assertion that these secondary qualities are sudjective.
In Kepler there had been no clear statement of this
position ; appareatly for him the secondary qualities
were out there in the astronomical world, like the

rimary, only they were not so real or fundamental.
Galileo fell definitely in line with the Platonic identifica-
tion of the realm of changing opinion with the realm of
sense experience, and became the heir to all the
influences emanating from the ancient atomists which
had been recently revived in the epistemology of such
thinkers as Vives and Campanella. The contused and
untrustworthy elements in the sense picture of nature
are somehow the effect of the senses themselves. It is
because the experienced picture has passed through
the senses that it possesses all these confusing and
illusive features. The secondary qualities are declared
to be effects on the senses of the primary qualities
which are alone real in nature. As far as the object
itself is concerned, they are nothing more than names.
This doctrine, too, was bolstered up by considerations
derived from the Copernican astronomy. Just as the
deceptive appearance of the earth, which makes us
suppose it to be at rest, arises from the position and
local motion of the onlooker, so these deceptive
secondary qualities arise from the fact that our know-
ledge of objects is mediated by the senses.

This important and radical doctrine is most im-
pressively presented by Galileo in a passage in the
1l Saggiatore where the cause of heat offers itself for
discussion. After asserting his conviction that
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motion is the cause sought, Galileo explains his mean-
ing at considerable length.

* But first I want to propose some examination of that which we call heat,
whose generally accepted notion comes very far from the truth if my serious
doubts be correct, inasmuch as it is supposed to be a true accident, affection,
and quality really residing in the thing which we perceive to be heated.
Nevertheless I say, that indeed I feel myself impelled by the necessity, as
soon as I conceive a piece of matter or corporeal substance, of conceiving that
in its own nature it is bounded and figured in such and such a figure, that in
relation to others it is large or small, that it is in this or that place, in this or
that time, that it is in motion or remains at rest, that it touches or does not
touch another body, that it is single, few, or many ; in short by no imagina-
tion can a body be separated from such conditions : but that it must be
white or red, bitter or sweet, sounding or mute, of a pleasant or unpleasant
odour, I do not perceive my mind forced to acknowledge it necessarily
accompanied by such conditions ; so if the senses were not the escorts,
perhaps the reason or the imagination by itself would never have arrived at
them. Hence I think that these tastes, odours, colours, etc., on the side of
the object in which they seem to exist, are nothing else than mere names,
but hold their residence solely in the sensitive body ; so that if the animal
were removed, every such quality would be abolished and annihilated.
Nevertheless, as soon as we have imposed names on them, particular and
different from those of the other primary and real accidents, we induce
ourselves to believe that they also exist just as truly and really as the latter.
I think that by an illustration I can explain my meaning more clearly.
I pass a hand, first over a marble statue, then over a living man. Concern-
ing all the effects which come from the hand, as regards the hand itself,
they are the same whether on the one or on the other object—that is, these
primary accidents, namely motion and touch (for we call them by no other
names)—but the animate body which suffers that operation feels various
affections according to the different parts touched, and if the sole of the foot,
the kneecap, or the armpit be touched, it perceives besides the common sense
of touch, another affection, to which we have given a particular name, calling
it tickling. Now this affection is all ours, and does not belong to the hand

.atall. And it seems to me that they would greatly err who should say that
the hand, besides motion and touch, possessed in itself another faculty
different from those, namely the tickling faculty ; so that tickling would be
anaccident thatexists init. A piece of paper, or a feather, lightly rubbed on
whatever part of our body you wish, performs, as regards itself, everywhere
the same operation, that is, movement and touch ; but in us, if touched
between the eyes, on the nose, and under the nostrils, it excites an almost
intolerable tickling, though elsewhere it can hardly be felt at all. Now this
tickling is all in us, and not in the feather, and if the animate and sensitive
body be removed, it is nothing more than a mere name. Of precisely a
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similar and not greater existence do I believe these various qualities to be
possessed, which are attributed to natural bodies, such as tastes, odours,
colours, and others.” 39

The doctrine was further enlarged, as compared with
Kepler, by Galileo’s adoption of the atomic theory of
matter. Kepler had needed no atomism ; the mathe-
matical harmonies in the world of astronomy which
he was zealous to discover were vast geometrical
relations among the celestial bodies. But Galileo,
extending the mathematical idea to terrestrial motions,
found it convenient to assume that matter is resoluble
into “ infinitely small indivisible atoms,”’3* whereby
he could explain the changes of solids into fluids and
gases, and solve such problems as those of cohesion,
expansion, and contraction, without the necessity of
admitting the existence of empty spaces in solid bodies
or the penetrability of matter.?2 These atoms possess
none but mathematical qualities, and it is their varied
motions operating upon the senses which cause the
disturbing secondary experiences 3. Galileo dis-
cusses in some detail, in the case of taste, smell, and
sound, how differences in number, weight, figure, and
velocity on the part of these atoms may cause the
experienced differences in the resulting sensation.

The question of the historical relations of Galileo’s
atomism is difficult to solve. He does not give the
atoms prominence, and it is evident that their place in
his work is more contributory than fundamental.
Such remarks as he does make, however, appear to
indicate that besides the geometrical atomism of the
Timeus, which seems to underlie the notions of
Copernicus and Kepler, his thought has taken on some
affiliations with the philosophy of Democritus and
Epicurus. Galileo does not always include weight
among the primary qualities of the atoms. When he
does so it is in a connexion which suggests that he

1 Opere, 1V, 333, fi. " Two New Sciences, p. 40. * Two New Sciences, p. 48.
82 Opere, 1V, 335, fi.
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was impelled to the addition by considerations arising
from his own work rather than by an ancient tradi-
tion. ‘I desire, before passing to any other
subject, to call your attention to the fact that these
forces, resistances, moments, figures, etc., may be
considered either in the abstract, dissociated from
matter, or in the concrete, associated with matter.
Hence the properties that belong to figures that are
merely geometrical and non-material must be modified
when we fill these figures with matter and give them
weight.”® He goes on to observe that when a geo-
metrical figure is filled with matter it becomes 7pso facto
a ‘ force ’ or a * moment,” unphilosophical terms which
he was struggling to endow for the first time with
exact mathematical meaning. Yet the materialistic
metaphysics of the ancient atomists was already being
revived under influential auspices. The work of
Gassendi and Magnenus did not appear till the middle
of the seventeenth century, but Francis Bacon had
already turned to Democritus as a possible substitute
for Aristotelianism on some cosmological doctrines,
and Lowenheim ® has succeeded in discovering a few
references to Democritus in Galileo himself3¢. The
Italian thinker had little use for some of the prominent
features of Pythagoreanism, especially the notion of
perfect figures, pointing out that perfection in any
thing is wholly relative to the use to be made of it.
It may be that to a considerable extent the Galilean
atomism and its general mechanical corollaries were
due to the percolation through the intervening ages
of some fragmentary ideas from the great Greek
materialist, especially as popularized by his Roman
poet-follower.  Certainly the doctrine of primary
and secondary qualities, with causality lodged in the
atoms as above portrayed, exhibits strong marks of a

¥ Two New Sciences, p. 112, ff.

% |, Lowenheim, Der Einfiuss Demokrits auf Galiles (Arckiv fdr Geschichie der Philosophie,.

1894).
3 For example, Opere, X1I, 88,
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Democritanism brought up to date and fitted into the
new mathematical programme. A quite similar
subjectivism of secondary qualities had been taught by
the ancient speculator, and it is to this feature of the
doctrine that Galileo eagerly reverts.

“ But that external bodies, to excite in us these tastes, these odours, and
these sounds, demand other than size, figure, number, and slow or rapid
motion, I do not believe ; and I judge that, if the ears, the tongue, and the
nostrils were taken away, the figure, the numbers, and the motions would
indeed remain, but not the odours nor the tastes nor the sounds, which,
without the living animal, I do not believe are anything else than names, just
as tickling is precisely nothing but a name if the armpit and the nasal mem-
brane be removed ; . . . and turning to my first proposition in this place,
having now seen that many affections which are reputed to be qualities
residing in the external object, have truly no other existence than in us, and
without us are nothing else than names ; Isay that I am inclined sufficiently
to believe that heat is of this kind, and that the thing that produces heat in us
and makes us perceive it, which we call by the general name fire, is a multi-
tude of minute corpuscles thus and thus figured, moved with such and such
a velocity ; . . . But that besides their figure, number, motion, penetration,
and touch, there is in fire another quality, that is heat—that I do not believe
otherwise than I have indicated, and I judge that it is so much due to us that,
if the animate and sensitive body were removed, heat would remain nothing
more than a simple word.” 37

This form of the primary-secondary doctrine in
Galileo is worth a moment’s pause, for its effects in
modern thought have been of incalculable importance.
It is a fundamental step toward that banishing of man
from the great world of nature and his treatment as an
effect of what happens in the latter, which has been a
pretty constant feature of the philosophy of modern
science, a procedure enormously simplifying the field
of science, but bringing in its train the big metaphysi-
cal and especially epistemological problems of modern
philosophy. Till the time of Galileo it had always
been taken for granted that man and nature were both
integral parts of a larger whole, in which man’s place
was the more fundamental. Whatever distinctions

37 Opere, 1V, 336, fl.
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mlght be made between being and non-being, between
primary and secondary, man was regarded as funda-
mentally allied with the positive and the primary. In
the philosophies of Plato and Aristotle this is obvious
enough ; the remark holds true none the less for the
ancient materialists. Man’s soul for Democritus was
composed of the very finest and most mobile fire-atoms,
which statement at once allied it to the most active
and causal elements in the outside world. Indeed, to
all 1mportant ancient and medieval thinkers, man was
a genuine microcosm ; in him was exemplified such
a union of things primary and secondary as truly
typified their relations in the vast macrocosm, whether
the real and primary be regarded as ideas or as some
material substance. Now, in the course of translating
this distinction of primary and secondary into terms suited
to the new mathematical interpretation of nature, we have
the first stage in the reading of man quite out of the real
and primary realm. Qbviously man was not a subject
suited to mathematical study. His performances
could not be treated by the quantitative method, except
in the most meagre fashion. His was a life of colours
and sounds, of pleasures, of griefs, of passionate loves,
of ambitions, and strivings. Hence the real world
must be the world outside of man ; the world of
astronomy and the world of resting and moving
terrestrial objects. The only thing in common between
man and this real world was his ability to discover it,
a fact which, being necessarily presupposed, was
easily neglccted and did not in any case suffice to
exalt him to a parity of reality and causal efficiency
with that which he was able to know. Quite naturally
enough, along with this exaltation of the external world
as more primary and more real, went an attribution
to it of greater dignity and value. Galileo himself
proceeds to this addition . Sight is the most
excellent of the senses, because it has relation to light,

38 Opere, 1V, 336.
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the most excellent object ; but, as compared with the
latter, it is as far inferior as the finite in comparison
with the infinite, the temporal with the instantaneous,
the divisible with the indivisible ; it is even as darkness
compared with light. Connexions are obvious with
the ancient world in this respect also ; Plato and
Aristotle had taught that that which man 1s able to
know and contemplate, in their case the realm of Ideas
or Forms, is more exalted than man himself. But note
again that in Galileo there is a far-reaching difference.
The features of the world now classed as secondary,
unreal, ignoble, and regarded as dependent on the
deceitfulness of sense, are just those features which
are most intense to man in all but his purely theoretic
activity, and even in that, except where he confines
himself strictly to the mathematical method. It was
inevitable that in these circumstances man should now
appear to be outside of the real world ; man is hardly
more than a bundle of secondary qualities. Observe
that the stage is fully set for the Cartesian dualism—
on the one side the primary, the mathematical realm ;
on the other the realm of man. And the premium of
importance and value as well as of independent exist-
ence all goes with the former. Man begins to
appear for the first time in the history of thought as
an irrelevant spectator and insignificant effect of the
great mathematical system which is the substance of
reality.

(D) Motion, Space, and Time

So far we have been studying in Galileo largely a
further development of philosophical positions already
reached in Kepler. But the fact that Galileo was
devoting himself to the study of édodies in motion,
including specifically physical bodies handled in daily
experience on the surface of the earth, led to notable
additions in his philosophy beyond anything distinctly
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suggested in the German astronomer. And first,
his explicit abandonment of final causality as a principle
of explanation. It is well to remind ourselves of the
manner in which terrestrial or ‘local’ motions had
been analysed by Aristotle and the scholastics. The
analysis, being intended to answer the question why
they moved rather than 4ow they moved, was developed
in terms of the substances concerned in any given
motion, hence the prominence of such words and
phrases as action, passion, efficient cause, end, natural
place. About the motion itself almost nothing was
said, save that a few simple distinctions were drawn
between natural and violent motion, motion in a right
line and motion in a circle, and the like. The why
of motion had been the object of study and the study
had proceeded in qualitative and substantive terms ;
with Galileo now it is the Aow of motion that becomes
the object of analysis, and that by the method of exact
mathematics.

Obviously, the teleological terminology of the
scholastics was no longer serviceable, and the lucid
mind of Galileo perceived the necessity of developing
a new terminology which would express the process of
motion irself and that in such a manner as to give
mathematics a foothold in the phenomena. This was
to him, of course, an essential part of the first step in
his scientific method, the intuitive perception in a
group of facts, of such elements as, quantitatively
combined, would produce the facts observed. In this
gigantic task he found very little help offered in the
labours of earlier and contemporary mathematicians.
Astronomy, to be sure, had always been regarded as a
branch of applied geometry, hence motion was
recognized already as a geometrical conception. The
work of Copernicus had intensified the mathematical
study of motion, a result noticeable for example in the
great interest excited among geometers of the time in
various figures generated by curious observed motions.

G
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The properties of the cycloid were attacked by almost
all the leading geometers of the period, those sup-
posedly interested in pure mathematics as well as those,
like Galileo and Torricelli, who were more particularly
absorbed in mechanics. But Galileo’s problem was
nothing less than the creation of a new mathematical
science to replace theidealistic 1physics of the scholastics.
Naturally enough, the principle on which he developed
the new terminology was the conservative one of
taking terms of common parlance which as yet had had
no precise significance, such as force, resistance, mo-
ment, velocity, acceleration, and the like, and giving
them an exact mathematical meaning, i.e., defining
them in such a way that they could take their place
beside the definitions of lines, angles, curves, and
figures, that mathematicians were already familiar
with. Of course, Galileo neither recognized this need
nor satisfied it in the completely systematic fashion
that we should like, even the great Newton was not
above some confusion and error in this respect. Galileo
offers the new definitions as he sees need for them,
and in many cases the precise meaning must be gathered
from his use rather than from any specific statement.
But from his new terminology certain supremely
important consequences follow for the metaphysics of
modern science.

First of all, the mathematical study of the 4ow of
motion, inevitably thrusts into prominence the con-
cepts of space and time. 'When we subject any case of
motion to mathematical treatment we analyse it into
certain units of distance covered in certain units of
time. This had been recognized in a rudimentary
fashion by the ancients as far as astronomy was
concerned 5 to trace any planetary motion in the
geometry of the heavens by mathematical methods
meant correlating the successive positions of the
planet on the celestial sphere with certain positions in
the apparently regular succession of seasons, days,
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and hours, which were the accepted measure of time.
But all this remained a thing apart from the meta-
physical ideas of the ancients, for the latter, being
shaped largely by considerations of man’s life and
interests, was worked out, as already noted, in quite a
different terminology. The larger implications of
the possibility of analysing motion quantitatively into
space and time were not glimpsed, and ultimate
questions about the nature of the latter were raised in
other connexions. It must be remembered that the
qualitative, as opposed to the quantitative method in
the physics of Aristotle and scholasticism, not only
made space and time very unimportant, but in the case
of the former at least led to a definition fundamentally
at variance with that given by the Platonists and
Pythagoreans and rather more suited to the mathe-
matical method. According to Aristotle space is
not something underlying all objects so far as they are
extended, something occupied by them ; it is the
boundary between any object and those which enclose
it. ‘The object itself was a qualitative substance rather
than a geometrical thing. The habits of thinking
encouraged by this aspect of the Aristotelian physics
could be overcome only slowly by the new science
people could not at once accustom themselves to the
thought that objects and their relations were funda-
mentally mathematical. For this, however, the revival
of Neo-Platonism and the mathematical advances of
the age culminating in the Copernican astronomy had
contributed. Physical space was assumed to be
identical with the realm of geometry, and physical
motion was acquiring the character of a pure mathe-
matical concept. Hence in the metaphysics of Galileo,
space (or distance) and time become fundamental
categories. The real world is the world of bodies in
mathematically reducible motions, and this means that the
real world is a world of bodies moving in space and time.
In place of the teleological categories into which



84 GALILEO

scholasticism had analysed change and movement, we
now have these two formerly insignificant entities given
new meanings as absolute mathematical continua and
raised to the rank of ultimate metaphysical notions.
The real world, to repeat, is a world of mathematically
measurable motions in space and time.

With respect to time, there are features in Galileo’s
work of particular significance for modern metaphy-
sics. To discuss events in terms of space or distance
was to assign a new importance and dignity to a
characteristic that had been regarded as merely
accidental by the scholastics and to give it a new
definition for those whose physical thinking had been
controlled by Aristotle—to be sure, an important
transformation enough because it made the world of
nature infinite instead of finite—but in the case of
time the thought-revolution went much deeper. Not
that a new definition of it was particularly needed—
the conception of time as the measure of motion,
common to practically all parties among previous
philosophers, was sufficiently serviceable still—but
the substitution of the entity for the old categories of
potentiality and actuality involved a radically new view
of the universe, a view such that the very existence of a
being like man became one enormous puzzle.

In the course of ancient philosophy previous to
Aristotle, change (including, of course, motion) had
been either denied, neglected, reluctantly admitted, or
apotheosized ; it had not been rationally explained.
Aristotle offered his analysis of events in terms of
potentiality and actuality as a means of reducing
change to intelligibility. This signal achievement
became the common possession of most important
thought-movements since his day, especially when the
victory of religious interests kept the mystical experi-
ence of the devout worshipper in the forefront of
attention. Most remarkably did this method of
analysis permit a logical continuity to appear between
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the transformation of the acorn into the oak or the oak
into a table, and the union with God in the religious
ecstasy, where man, the highest in the hierarchy of
formed matter, came in blissful contact with Pure Form
or Absolute Actuality. When medieval philosophers
thought of what we call the temporal process it was
this continuous transformation of potentiality into
actuality that they had in mind, a transformation
which culminated in those ravishing moments when
the overpowering wvisio Dei was vouchsafed to some
pious and trembling mortal. God was that One who
eternally exists, and ever draws into movement by his
perfect beauty all that is potentially the bearer of a
higher existence. He is the divine harmony of all
goods, conceived as now realized in ideal activity,
eternally present, himself unmoved, yet the mover of
all change. To put this in modern terms, the present
exists unmoved and continually draws into itself the
future. That this sounds absurd to our ears is because
we have followed Galileo and banished man, with his
memory and purpose, out of the real world. Con-
sequently time seems to us nothing but a measurable
continuum, the present moment alone exists, and that
moment itself is no temporal quantity but merely a
dividing line between the infinite stretch of a vanished
past and the equally infinite expanse of the untrodden
future. To such a view it is impossible to regard the
temporal movement as the absorption of the future
into the actual or present, for there really is nothing
actual. All is becoming. We are forced to view the
movement of time as passing from the past into the
future, the present being merely that moving limit
between the two. Time as something /ived we have
banished from our metaphysics, hence it constitutes
for modern philosophy an unsolved problem. The
fact that man can think in the present of a past happen-
ing seems a strange matter to modern speculators,
requiring to be accounted for, and even M. Bergson,
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doughty champion though he is of time lived, can
present it only in terms of an ever self-multiplying
snowball, a notion which would make a modern
physicist gnash his teeth and a medieval scholastic
gasp in amazement?®. We forget that we are no
longer part of the real world of modern metaphysics
and that time as a measurable continuum—the dividing
line of the present moving in regular and solemn silence
from the dead past into the unborn future—is a notion
whose ultimate metaphysical validity is conditioned
upon making our exclusion permanent. If we are a
part of the world, then the 7 of physics must become
but a partial element in real time, and a more inclusive
philesophy thus rewon might again consider the
evidence in favour of attributing movement to the
future rather than to the present, while the idea of the
past as dead and vanished might be consigned to
oblivion with other curious relics of an over-mechanical
age.

But now we are observing the birth of that age.
Instead of a process of actualization of potentiality
we have time, a mathematically measurable duration.
This further insistence, that the temporality of motion
is reducible to terms of exact mathematics, has also
been of fundamental importance—it means that time
for modern physics becomes nothing more than an
irreversible fourth dimension. Time, like a spatial
dimension, can be represented by a straight line and
co-ordinated with spatial facts similarly represented s°.
Galileo’s exact study of velocities and accelerations
forced him to devise a simple technique for the
geometrical representation of time, which was fairly
adequate to the truths he sought to illustrate. With
him, the physical world begins to be conceived as a
perfect machine whose future happenings can be full
predicted and controlled by one who has full knowledge

3 Cf. Broad's attempt to introduce this notion into physics—Scientific Thought, Part I,

Ch. 2. Some bints of a return to Aristotelianism are present,
4° Two New Sciences, p. 265.
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and control of the present motions. With man
eliminated from the real world, the latter appeared
bound by mechanical necessity. Thinking was
started on that current which led nearly two centuries
later to the famous remark of Laplace, that a super-
human intelligence acquainted with the position and
motion of the atoms at any moment could predict
the whole course of future events. To hypothesize
such an intelligence in a world whose present is nothing
but a moving mathematical limit between past and
future—in fact, the existence of any intelligence,
reason, knowledge, or science in such a world—strikes
one as something of an anomaly ; however, modern
metaphysicians, struggling desperately with the simpler
difficulties presented by the new view of space, have
had little time or energy to attack more perplexing
scandals in the current notion of time. After all, it
was a marvellous attainment for Galileo to have dis-
covered that there was something in time that could be
fully treated mathematically. In this aspect of his
work there lay behind him the growing accuracy
through the centuries of astronomical predictions,
which had just made a marvellous leap in the labours
of Tycho Brahe. Thinkers were now familiar enough
with the idea of the exact measurement of motion for a
genius to take the final step and discover mathematical
time. Of Galileo’s own inventions for the more exact
temporal measurement of motion, mention has already
been made.

We have had occasion to note above how Galileo’s
dynamical investigations taught him that physical
bodies possess qualities, other than the traditional
geometrical ones, which are capable of mathematical
expression. To be sure, these qualities only reveal
themselves in differences of motion, but these differ-
ences are specific and themselves mathematical, hence
it is advantageous to give them precise quantitative
definitions. Thus appear the prime concepts of
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modern physics as distinct from geometry, such as
force, acceleration, momentum, velocity, and the rest.
The degree with which Galileo anticipated the full
Newtonian conception of mass has been hotly debated
by historians of science—for our purpose it is hardly
necessary to enter the lists. His work with falling
bodies would hardly have forced him to such a con-
ception, for all bodies fall with the same acceleration.
More probably his experiments on horizontal struts
of various sizes and proportions, where differences of
weight cause marked variations in the results, were the
principal cause of his realization that bodies possess a
characteristic, somehow connected with weight and
with experienced resistance, that is capable of mathe-
matical treatment 4%, ‘This characteristic was not closely
allied in his mind with the first law of motion, which
(in his unsystematic statement of it) was a general
corollary from the fact that forces always produce
accelerations in bodies rather than simple velocities.
Galileo was a pioneer in most of these matters—it is
hardly fair to ask of him either much in achievement
or unimpeachable consistency. In anticipation of
Descartes, however, it is important to note in Galileo
the realization that the exact mathematician can hardly
be satisfied with motion as a blanket term of explana-
tion, or with the general possibility of its mathematical
expression. Bodies, geometrically equal, move
differently when placed in the same position relative
to the same other bodies. Galileo’s thought was not
clear on this point, but he perceived dimly that unless
these differences can be so expressed that all motions
become susceptible of exact quantitative treatment,
our ideal of a complete mathematical physics has not
been attained.

4 Two New Sciences p. 2, fl., 89.
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(E) The Nature of Causality—God and the Physical
¥ orld—Positivism

With what positive conception of causality did
Galileo replace the rejected teleology of the scholastics ?
Here again we meet a doctrine of most profound
significance for modern thought. We have noted in
Kepler the translation into mathematical terms of the
scholastic formal cause ; the cause of the observed
effects is the mathematical beauty and harmony dis-
coverable in them. This idea of causality, however,
could not satisfy Galileo. His thought moved in
dynamical rather than formal terms ; furthermore
Kepler had been dealing with fairly simple and uniform
motions, in whose case it was easy not to look for
much more than a formal cause ; whereas Galileo was
primarily concerned with accelerated motions, and
these always presuppose (according to his terminology)
some force or forces as cause. Hence the cause of
every motion which is not simple and uniform must be
expressed in terms of force. But before we delve into
this conception, it is imperative to note its relations
with the doctrine of primary and secondary qualities,
the elimination of man from the real world, and the
change in the scientific notion of God which was
encouraged by this whole revolution. Medieval
philosophy, attempting to solve the ultimate w#hy of
events instead of their immediate Aow, and thus
stressing the principle of final causality (for the answer
to such a question could only be given in terms of
purpose or use), had had its appropriate conception
of God. Here was the teleological hierarchy of the
Aristotelian forms, all heading up in God or Pure
Form, with man intermediate in reality and importance
between him and the material world. The final why
of events in the latter could be explained mainly in
terms of their use to man ; the final why of human
activities in terms of the eternal quest for union with
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God. Now, with the superstructure from man up
banished from the primary realm, which for Galileo
is identified with material atoms in their mathematical
relations, the Zow of events being the sole object of
exact study, there had appeared no place for final
causality whatsoever. The real world is simply a
succession of atomic motions in mathematical con-
tinuity. Under these circumstances causality could
only be intelligibly lodged in the motions of the atoms
themselves, everything that happens being regarded
as the effect solely of mathematical changes in these
material elements. The connexion of this with the
primary-secondary doctrine we have already observed,
where Galileo had some support for his position in
Kepler’s work and in the views traditionally ascribed
to the ancient atomists. But what in the world should
be done with God ? With final causality gone, God as
Aristotelianism had conceived him was quite lost ;
to deny him outright, however, at Galileo’s stage of
the game, was too radical a step for any important
thinker to consider. The only way to keep him in the
universe was to invert the Aristotelian metaphysics
and regard him as the First Efficient Cause or Creator
of the atoms. 'This view had been already vaguely
wandering about in some corners of Europe, adopted
probably from a few Arab speculators who had thus
endeavoured to reconcile atomism with Mohammedan
theism#2. It also fitted admirably in many respects
with the popular Christian picture of God originally
constructing the world out of nothing. God thus
ceases to be the Supreme Good in any important
sense 5 he is a huge mechanical inventor, whose power
is appealed to merely to account for the first appearance
of the atoms, the tendency becoming more and more
irresistible as time goes on to lodge all further causality
for whatever effects in the atoms themselves. In
Galileo, however, this step is not clearly taken. There

“ W, Windleband, History of Phibosophy (Tufts translation) New York, 1907, p. 317.
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seemed to be some present invisible reality which
produced the observed acceleration of bodies. Atomic
motions are treated merely as secondary causes of
events, the primary or ultimate causes being conceived
always in terms of force 2.

“There can be but one true and primary cause of
the effects that are of the same kind,” and between this
primary cause and its various effects there is a firm
and constant connexion. He means by these state-
ments that for every distinct type of mathematically

God.
the
FinalCause

Nature
essentially

Efficient

qualitative Creator

Medievol Philosophy Galileo

expressible motion there is some primary cause, or
indestructible force, which can always be depended on
to produce its effects4¢. The chiet tokens or charac-
teristics of these ultimate causes are identity, uniform-
ity, and simplicity, features essential to them if their
effects are to be quantitatively treated. Gravity is
an example of the most noticeable of these primary
forces.

Secondary or immediate causes on the other hand

4 Two Great Systems, pp. 381, 407. 4 Cf, Two New Sciences, p. 95, fl.
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are always themselves specific motions, which serve
to set off or bring into play these more ultimate causes.
Bodies at rest, for example, do not of themselves acquire
motion ; for that there must have been some prior
motion or combination of motions as the cause. In
this secondary and more specific sense of causality,
“ that and no other is in the proper sense to be called
cause, at whose presence the effect always follows, and
at whose removal the effect disappears.”® Furthermore
any alteration in the effect can only be due to the
presence of some new fact in the motion or motions
which constitute the cause. This side of Galileo’s
doctrine of causality was destined for a most fruitful
development ; occasionally, in fact, in his own work
he deprecated confusing the study of the properties
of accelerated motions with discussions about the
forces which cause them¢. And when the concept of
work performed became fundamental in physics,
largely due to the achievements of Huyghens, all was
ready for the final doctrine, already implicit in the
whole movement, that causes and effects for science
are both motions, and the cause is mathematically
equivalent to the effect in terms of work. In more
popular parlance we have the postulate of the con-
servation of energy, energy being always revealed in
the form of motion. The conception of the world as a
perfect machine is thus rendered inevitable, and it is
no accident that first in Huyghens and (in a more
philosophical form) in Leibniz we have this position
unequivocally proclaimed. This was closely allied
to the new idea of time as a mathematical continuum,
and its contrast with the scholastic analysis of causality
could hardly have been greater. Instead of causal
explanation in terms not unsuited to a metaphysic
which regarded man as a determinative part of nature
and a link between matter and God, we now, after his
banishment from the real world, explain causality

$ Opere, IV, 216, 4¢ Two New Sciences, p. 166 , ff.
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solely in terms of forces revealing themselves in the
mathematically expressible-motions of matter itself.

But what, now, is the nature of these ultimate forces
which reveal themselves in the vast system of motions
constituting the real world ? Can we find Galileo
attempting to answer this question, much of the
medieval metaphysics which has now been deported
may be able to re-enter. But here is the last evidence
of Galileo’s revolutionary greatness. In an age when
uncontrolled speculation was the order of the day we
find a man with sufficient self-restraint to leave certain
ultimate questions unsolved, as beyond the realm of
positive science. This touch of agnosticism in
Galileo strikes one familiar with thought-currents of
his generation as a mark of genius superior even to
his marvellous constructive achievements. To be
sure, it was not as thoroughgoing as agnosticism
became later—Galileo never thought of denying an
ultimately religious answer to the problems of the
universe4’™—but it was enough to save science her
opportunity for further stupendous victories in the
mathematical interpretation of the world ; it forbade
man to gratify his animistic weaknesses at the expense
of the rigorous mathematical character of reality, and
it plunged modern metaphysics into the most curious
embarrassments. According to Galileo, we know
nothing about the inner nature or essence of force,
we only know its quantitative effects in terms of
motion.

<«

Salv. [Galileo’s spokesman]. . if he will but assure me, who is the
mover of one of these movables [Mars and Jupiter], I will undertake to be
able to tell him who maketh the earth to move. Nay, more ; I will under-
take to be able to do the same if he can but tell me, who moveth the parts of
the earth downwards.”

Simp. ** The cause of this is most manifest, and every one knows that it
is gravity.”
Salv. **. .. you should say that every one knows that it is called

gravity ; but I do not question you about the name, but about the essence

47 Two Gread Sysiems, pp. 385, 424.
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of the thing . . . not as if we really understood any more, what principle or
virtue that is, which moveth a stone downwards, than we know who moveth
it upwards, when it is separated from the projicient, or who moveth the moon
round, except only the name, which more particularly and properly we have
assigned to all motion of descent, namely gravity.”48

In his discussion on the tides he severely criticizes
Kepler for explaining the moon’s influence on the tides
in terms that sound like the occult qualities of the
scholastics, judging it better for people *“to pronounce
that wise, ingenious, and modest sentence, ‘ I know it
not,’” "’ rather than to *suffer to escape from their
mouths and pens all manner of extravagances.’™?
Galileo was by no means consistent in this positivism.
In some cases he allowed his own speculations to run
rampant. He did not hesitate to explain the spots
on the sun as black smoke given off by the ethereal
pabulum which the sun is continually devouring in
constant supply in order to continue spreading light
and heat ; nor to account for the miracle of Joshua3°
by supposing, with Kepler, that the planetary revolu-
tions on their axes were caused by the sun’s revolution
on his, hence a temporary cessation of the latter might
explain the stoppage of the former. It is difficult to
tell, however, whether such a remark was meant for
more than religious consumption. Yet that this
positivistic trend in his thought was something vital
1s amply proved by the fact that at times even the
fundamental questions of the creation of the universe
and its first cause he is tempted to relegate to the realm
of the unknown, at least until, on the basis of the
positive achievements of mechanics, we find it possible
to proceed to their solution. ‘. . . Profound
considerations of this sort belong to a higher science
than ours. We must be satisfied to belong to that
class of less worthy workmen who procure from the
quarry the marble out of which, later, the gifted

4 Two Great Systems, p. 210, ff.
4* Two Great Sciences, n. 406 ff.
#¢ Letter to the Grand Duchess,
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sculptor produces those masterpieces which lay hidden
in this rough and shapeless exterior.”’s

It is difficult indeed to leave Galileo without pausing
a moment to reflect on the simply stupendous achieve-
ments of the man. The space at our disposal forbids
such supererogatory disquisitions, but just consider
that the history of thought must turn to this single
individual as the one who, by experimental disproof,
overthrew a hoary science, who confirmed by sensible
facts a new theory of the universe that hitherto had
rested on & priori grounds alone, who laid the founda-
tions of the most stupendous intellectual conquest of
modern times, the mathematical science of physical
nature ; and then, as if these accomplishments were
not enough, we must turn to him likewise as the
philosopher who sufficiently perceived the larger
implications of his postulates and methods to present
in outline a new metaphysic—a mathematical inter-
pretation of the universe—to furnish the final justifica-
tion for the onward march of mechanical knowledge.
Teleology as an ultimate principle of explanation he
set aside, depriving of their foundation those con-
victions about man’s determinative relation to nature
which rested upon it. ‘The natural world was por-
trayed as a vast, self-contained mathematical machine,
consisting of motions of matter in space and time, and
man with his purposes, feelings, and secondary quali-
ties was shoved apart as an unimportant spectator and
semi-real effect of the great mathematical drama out-
side. In view of these manifold and radical per-
formances Galileo must be regarded as one of the
massive intellects of all time. In every single respect
of importance he broke the ground or otherwise
prepared the way for the only two minds in this advanc-
ing current of thought comparable to his own—
Descartes and Sir Isaac Newton.

51 Two New Svsiems, p. 194.



CHAPTER 1V
DESCARTES

DescarTes’ importance in this mathematical movement
was twofold ; he worked out a comprehensive hypoth-
esis in detall of the mathematical structure and
operations of the material universe, with clearer
consciousness of the important implications of the
new method than had been shown by his predecessors ;
and he attempted both to justify and atone for the
reading of man and his interests out of nature by his
famous metaphysical dualism.

‘While still in his 'teens, Descartes became absorbed
in mathematical study, gradually forsaking every other
interest for it, and at the age of twenty-one was in
command of all that was then known on the subject.
During the next year or two we find him performing
simple experiments in mechanics, hydrostatics, and
optics, in the attempt to extend mathematical know-
ledge in these fields. He appears to have followed the
more prominent achievements of Kepler and Galileo,
though without being seriously affected by any of the
details of their scientific philosophy. On the night of
November 10th, 1619, he had a remarkable experience
which confirmed the trend of his previous thinking
and gave the inspiration and the guiding principle for
his whole life-work!. The experience can be com-
pared only to the ecstatic illumination of the mystic ;
in it the Angel of Truth appeared to him and seemed

1 An admirable account of this event In the light of the available sources, with critical

comments on the views of other Cartesian authorities, is given in Milhaud, Descaries sazant,
Paris, 1922, p. 47, ff.
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to justify, through added supernatural insight, the
conviction which had already been deepening in his
mind, that mathematics was the sole key needed to
unlock the secrets of nature. The vision was so vivid
and compelling that Descartes in later years could refer
to that precise date as the occasion of the great revela-
tion that marked the decisive point in his career.

(A) Mathematics as the Key o Knowledge

The first intensive studies into which he plunged
after this unique experience were in the field of
geometry, where he was rewarded within a very few
months by the signal invention of a new and most
fruitful mathematical tool, analytical geometry. This
great discovery not only confirmed his vision and
spurred him on to further efforts in the same direction,
but it was highly important for his physics generally.
‘The existence and successful use of analytical geometry
as a tool of mathematical exploitation presupposes an
exact one-to-one correspondence between the realm
of numbers, i.e., arithmetic and algebra, and the realm
of geometry, i.e., space. That they had been related
was, of course, a common possession of all mathematical
science ; that their relation was of this explicit and
absolute correspondence was an intuition of Descartes.
He perceived that the very nature of space or extension
was such that its relations, however complicated, must
always be expressible in algebraic formulae, and,
conversely, that numerical truths (within certain
powers) can be fully represented spatially. As one
not unnatural result of this notable invention, the hope
deepened in Descartes” mind that the whole realm of
physics might be reducible to geometrical qualities
alone. Whatever else the world of nature may be, it
is obviously a geometrical world, its objects are
extended and figured magnitudes in motion. If we
can get rid of all other qualities, or reduce them to

H



98 DESCARTES

these, it is clear that mathematics must be the sole
and adequate key to unlock the truths of nature. And
it was not a violent leap from the wish to the thought.

During the following ten years, besides his numerous
travels, Descartes was engaged in further mathematical
studies, which were written down toward the end of
this period, and he was also working out a series of
specific rules for the application of his all-consuming
idea. In these rules we find the conviction expressed
that all the sciences form an organic unity?, that all
must be studied together and by a method that applies
to all3. This method must be that of mathematics,
for all that we know in any science is the order and
measurement revealed in its phenomena ; now mathe-
matics is just that universal science that deals with
order and measurement generallyt. That is why
arithmetic and geometry are the sciences in which
sure and indubitable knowledge is possible.  They
‘ deal with an object so pure and uncomplicated that
they need make no assumptions at all that experience
renders uncertain, but wholly consist in the rational
deduction of consequences.”® This does not mean
that the objects of mathematics are imaginary entities
without existence in the physical world®. Whoever
denies that objects of pure mathematics exist, must
deny that anything geometrical exists, and can hardly
maintain that our geometrical ideas have been ab-
stracted from existing things. Of course, there are no
substances which- have length without breadth or
breadth without thickness, because geometrical
figures are not substances but boundaries of them.
In order for our geometrical ideas to have been
abstracted from the world of physical objects, granted
that this is a tenable hypothesis, that world would
have to be a geometrical world—one fundamental
characteristic of it is extension in space. It may turn

* The Philosophical Works of Descartes, Haldane and Ross translation, Cambridge, 1911,
Vol.1,p.1,f,9. *Vol.I p.306. ‘Vol.I,p.13. *Vol.I, p, ¢ fl. ¢VolII, p. 227.
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out that it possesses no characteristics not deducible
from this.

Descartes is at pains carefully to illustrate his thesis
that exact knowledge in any science is always mathe-
matical knowledge. Every other kind of magnitude
must be reduced to mathematical terms to be handled
effectively ; if it can be reduced to extended magnitude
so much the better, because extension can be repre-
sented in the imagination as well as dealt with by the
intellect.  ““ Though one thing can be said to be
more or less white than another, or a sound sharper or
flatter, and so on, it is yet impossible to determine
exactly whether the greater exceeds the less in the
proportion two to one, or three to one, etc., unless we
treat the quantity as being in a certain way analogous
to the extension of a body possessing figure.”” Physics,
as something different from mathematics, merely
determines whether certain parts of mathematics are
founded on anything real or not®.

What, now, is this mathematical method for
Descartes in detail ? Faced with a group of natural
phenomena, how is the scientist to proceed ? Descartes’
answer early in the Rules is to distinguish two steps in
the actual process, intuition and deduction. *‘ By
intuition I understand . . . the conception which an
unclouded and attentive mind gives us so readily and
distinctly that we are wholly freed from doubt about
that which we understand.”® He illustrates this
by citing certain fundamental propositions such as
the fact that we exist and think, that a triangle is
bounded by three lines only, etc. By deduction he
means a chain of necessary inferences from facts in-
tuitively known, the certitude of its conclusion being
known by the intuitions and the memory of their
necessary connexion in thought.® As he proceeds
further in the Rules, however, he realizes the inade-
quacy of this propositional method alone to yield a

* Vol. I, s6. % Vol. I, 62. *Vol.1 7. W Vol. I, 8, 45.
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mathematical physics, and introduces the notion of
simple natures, as discoveries of intuition in addition
to these axiomatic propositions'’. By these simple
natures he means such ultimate characteristics of
physical objects as extension, figure, motion, which
can be regarded as producing the phenomena by
quantitative combinations of their units. He notes
that figure, magnitude, and impenetrability seem to
be necessarily involved in extension, hence the latter
and motion appear to be the final and irreducible
qualities of things. As he proceeds from this point
he is on the verge of most far-reaching discoveries,
but his failure to keep his thought from wandering, and
his inability to work out the exceedingly pregnant
suggestions that occur to him make them barren for
both his own later accomplishments and those of science
in general. Bodies are extended things in various
kinds of motion. We want to treat them mathe-
matically. We intuit these simple natures in terms of
which mathematical deductions can be made. Can we
formulate this process more exactly, with special
reference to the fact that these simple natures must
make extension and motion mathematically reducible ?
Descartes tries to do so, but at the crucial points his
thought wanders, and as a consequence Cartesian
physics had to be supplanted by that of the Galileo-
Newton tradition. What are those features of ex-
tension, he asks, that can aid us in setting out mathe-
matical differences in phenomena ? Three he offers,
dimension, unity, and figure. The development of
this analysis is not clear 2, but apparently a consistent
solution of his idea would be that unity is that feature
of things which enables simple arithmetic or geometry
to gain a foothold in them, figure that which con-
cerns the order of their parts, while dimension is any
feature which it is necessary to add in order that no
part of the facts shall have escaped mathematical

1 Vol. I, 42, fl. 3 Vol, I, 61, fi.
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reduction. *‘ By dimension I understand not pre-
cisely the mode and aspect according to which a subject
is considered to be measurable. Thus it is not merely
the case that length, breadth, and depth are dimen-
sions, but weight also is a dimension in terms of which
the heaviness of objects is estimated. ~ So, too, velocity
is a dimension of motion, and there are an infinite
number of similar instances.” This conception of
weight, velocity, etc., as further mathematical dimen-
sions akin to length, breadth, and depth, except that
they are dimensions of motion rather than of extension,
harboured enormous possibilities which were entirely
unrealized either in Descartes or in the work of later
scientists. Had he succeeded in carrying the thought
through, we might to-day think of mass and force as
mathematical dimensions rather than physical concepts,
and the current distinction between mathematics and
the physical sciences might never have been made.
It might be taken for granted that a// exact science is
mathematical—that science as a whole is simply a
larger mathematics, new concepts being added from
time to time in terms of which more qualities of the
phenomena become mathematically reducible. In
this sense he might have converted the world to his
doctrine at the end of the second book of the Principles??,
that all the phenomena of nature may be explained
by the principles of mathematics and sure demonstra-
tions given of them. There are passages in his later
works in which he still seems to be thinking of weight
as a dimension of motion. He criticizes Democritus
for asserting gravity to be an essential characteristic
of bodies, ‘“ the existence of which I deny in any
body in so far as it is considered by itself, because this
is a quality depending on the relationship in respect
of situation and motion which bodies bear to one
another.”*  In general, however, he tended to forget

12 Principles of Philosophy, Part 11, Prineiple 64.
14 Principles, Part 1V, Principle 202,



102 DESCARTES

this significant suggestion, and we find him denying
weight as a part of the essence of matter because we
regard fire as matter in spite of the fact that it appears
to have no weights. It has apparently slipped his
mind that he once conceived of such differences as
themselves mathematical.

The fact is, Descartes was a soaring speculator as
well as a mathematical philosopher, and a compre-
hensive conception of the astronomico-physical world
was now deepening in his mind, in terms of which he
found it easy to make a rather brusque disposal of
these qualities which Galileo was trying to reduce to
exact mathematical treatment, but which could not be
so reduced in terms of extension alone. This scheme
was in effect to saddle such qualities upon an unoffend-
ing ether, or first matter, as Descartes usually calls it,
thereby making it possible to view the bodies carried
about in this ether as possessing no features not
deducible from extension. Descartes’ famous vortex
theory was the final product of this vigorous, all-
embracing speculation.  Just how did he reach it ?

(B) Geomerrical Conception of the Physical Universe

We have noted the biographical reasons for Des-
cartes’ hope that it would be possible to work out a
physics which required no principles for its completion
beyond those of pure mathematics ; there were also
certain logical prejudices operating, such as that
nothing cannot possess extension, but wherever there
is extension there must be some substance®. Further-
more, as for motion, Descartes had been able to account
for it in a manner which fairly satisfied him ; God
set the extended things in motion in the beginning,

38 Principles, Part 11, Prineiple 11, 1% Principles, Part 11 Principles 8, 16.
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and maintained the same quantity of motion in the
universe by his ‘ general concourse,”” which, con-
firmed by more immediately conceived distinct ideas,
meant that motion was just as natural to a body as
rest, i.e., the first law of motion.  Since the creation
then, the world of extended bodies has been nothing
but a vast machine. There is no spontaneity at any
point ; all continues to move in fixed accordance with
the principles of extension and motion. This meant
that the universe is to be conceived as an extended
plenum, the motions of whose several parts are com-
municated to each other by immediate impact. There
is no need of calling in the force or attraction of Galileo
to account for specific kinds of motion, still less the
¢ active powers ’ of Kepler ; all happens in accordance
with the regularity, precision, inevitability, of a
smoothly running machine.

How could the facts of astronomy and of terrestrial
gravitation be accounted for in a way which would not
do havoc with this beautifully simple hypothesis ? Only
by regarding the objects of our study as swimming
helplessly in an infinite ether, or ‘first matter,” to use
Descartes’ own term, which, being vaguely and not at
all mathematically conceived, Descartes was able to
picture as taking on forms of motion that rendered the
phenomena explicable. This primary matter, forced
into a certain quantity of motion divinely bestowed,
falls into a series of whirlpools or vortices, in which the
visible bodies such as planets and terrestrial objects
are carried around or impelled toward certain central
points by the laws of vortical motion. Hence the
bodies thus carried can be conceived as purely mathe-
matical ; they possess no qualities but those deducible
from extension and free mobility in the surrounding
medium. Verbally, to be sure, Descartes made the
same claim for the first matter itself, but it was the
world of physical bodies that he was eager to

17 Principles, Part 11, Principle 36.
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explain, hence in terms of this hypothesis he imagined
himself to have realized the great ambition of his life
in the achievement of a thoroughly geometrical
physics. What he did not appreciate was that this
speculative success was bought at the expense of loading
upon the primary medium those characteristics which
express themselves in gravitation and other variations
of velocity—the characteristics in a word which Galileo
was endeavouring to express mathematically, and
which Descartes himself in his more exact mathe-
matical mood had conceived as dimensions. This
procedure did not at all drive them out of the extended
realm but merely hid under cover of vague and general
terms the problem of their precise mathematical
treatment. To solve that problem, Descartes’ work
had to be reversed, and the Galilean concepts of force,
acceleration, momentum, and the like, reinvoked.

The unfortunate feature of the situation at this time
was that thinkers were accepting the notion that
motion was a mathematical concept, the object of
purely geometrical study, whereas with the single
exception of Galileo, they had not come to think of it
seriously and consistently as exactly reducible to mathe-
matical formulae. Galileo had caught this remarkable
vision, that there is absolutely nothing in the motion
of a physical body which cannot be expressed in
mathematical terms, but he had discovered that this
can be done only by attributing to bodies certain
ultimate qualities beyond the merely geometrical
ones, in terms of which this full mathematical handling
of their motions can take place. Descartes realized
well enough the facts that underlie this necessity—
that bodies geometrically equivalent move differently
when placed in the same position relative to the same
neighbouring bodies—but thinking of motion as a
mathematical conception in general and not having
caught the full ideal of its exact reduction in a way
comparable to his treatment of extension, he failed to
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work out to a clear issue his earlier suggestion of
weight and velocity as dimensions, and turned instead
to the highly speculative vortex theory, which concealed
the causes of these variations in the vague, invisible
medium, and thereby saved the purely geometrical
character of the visible bodies.

The vortex theory was, none the less, a most
significant achievement historically. It was the first
comprehensive attempt to picture the whole external
world in a way fundamentally different from the
Platonic-Aristotelian-Christian view which, centrally
a teleological and spiritual conception of the processes
of nature, had controlled men’s thinking for a millen-
ium and a half. God had created the world of physical
existence, for the purpose that in man, the highest
natural end, the whole process might find its way back
to God. Now God is relegated to the position of first
cause of motion, the happenings of the universe then
continuing in eternum as incidents in the regular
revolutions of a great mathematical machine. Galileo’s
daring conception is carried out in fuller detail. The
world is pictured concretely as material rather than
spiritual, as mechanical rather than teleological. The
stage is set for the likening of it, in Boyle, Locke, and
Leibniz, to a big clock once wound up by the Creator,
and since kept in orderly motion by nothing more
than his ‘ general concourse.’

The theory had an important practical value for
Descartes as well.  In 1633 he had been on the point
of publishing his earliest mechanical treatises, but had
been frightened by the persecution of Galileo for his
advocacy of the motion of the earth in the Dialogues on
the Two Great Systems, just published. As the
impact motion and vortex theory developed in his
mind, however, he perceived that place and motion
must be regarded as entirely relative conceptions,
a doctrine which might also save him in the eyes of
the Church. As regards place he had already reached
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this conviction, defining it in the Rules as ‘“ a certain
relation of the thing said to be in the place toward the
parts of the space external to it.”1® This position
was reaffirmed more strongly still in the Analyrical
Geomerry and the Dioprrics, where he states categorically
that there is no absolute place, but only relative ;
place only remains fixed so long as it is defined by our
thought or expressed mathematically in terms of a
system of arbitrarily chosen co-ordinates?. The full
consequence of this for a true definition of motion is
brought out in the Principles, in which, after noting
the vulgar conception of motion as the ‘‘action by
which any body passes from one place to another,’2°
he proceeds to *“ the truth of the matter,”” which is that
motion is ‘‘ the transference of one part of matter or
one body from the vicinity of those bodies that are in
immediate contact with it, and which we regard as in
repose, into the vicinity of others.”?!  Inasmuch as
we can regard any part of matter as in repose that is
convenient for the purpose, motion, like place, becomes
wholly relative. The immediate practical value of the
doctrine was that the earth, being at rest in the sur-
rounding ether, could be said in accordance with this
definition to be unmoved, though it, together with
the whole vortical medium, must be likewise said to
move round the sun. Was this clever Frenchman not
justified in remarking that ‘I deny the movement of
the earth more carefully than Copernicus, and more
truthfully than Tycho ?” 22

Now during these years in which Descartes was
developing the details of his vortex theory and the
idea of the extended world as a universal machine, he
was occupying himself with still more ultimate meta-
physical problems. The conviction that his mathe-
matical physics had its complete counterpart in the

18 Philosophical Works, Vol. 1, p. 5

13 Cf. Dioptrics, Discourse 6 (Ozuvns Cousin ed., Vol. V, p. 54, fi.).
2® Part 11, Principle 24.

21 Part II, Principle 25

32 Prinziples, Part lII Pnnaples 19-31.
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structure of nature was being continually confirmed
pragmatically, but Descartes was not satisfied with such
empirical probabilism. He was eager to get an
absolute guarantee that his clear and distinct mathe-
matical ideas must be eternally true of the physical
world, and he perceived that a new method would be
required to solve this ultimate difficulty. A sense of
the genuineness and fundamental character of this
problem appears definitely in his correspondence early
in 1629, and in a letter 23 to Mersenne, April 15, 1630,
we learn that he has satisfactorily (to himself) solved
it by conceiving the mathematical laws of nature as
established by God, the eternal invariableness of whose
will is deducible from his perfection. The details of
this metaphysic are presented in the Discourse, the
Meditations, and the Principles, where it is reached
through the method of universal doubt, the famous
* cogito ergo sum,’ and the causal and ontological proofs
of the existence and perfection of God. As regards
the subjection of his mental furniture to the method of
universal doubt, he had decided ten years earlier, as he
tells us in the Discourse, to make the attempt as soon as
he should be adequately prepared for it ; now, how-
ever, the main motive that impels him to carry it
through is no mere general distrust of his own early
beliefs, but a consuming need to get a solution for this
specific problem. We shall not follow him through
these intricacies, but concentrate our attention upon
one famous aspect of his metaphysics, the dualism of
two ultimate and mutually independent entities, the
res extensa and the res cogitans.

(C) * Res extensa’ and * res cogitans’

In Galileo the union of the mathematical view of
nature and the principle of sensible experimentalism
had left the status of the senses somewhat ambiguous.

¥ Oeuvres (Cousin ed.) VI, 108, ff. CL an interesting treatment of this stage in Descartes
biography in Liard, Descartes, Paris, 1911, p. y3, ff.
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It is the sensible world that our philosophy attempts
to explain and by the use of the senses our results are
to be verified ; at the same time when we complete
our philosophy we find ourselves forced to view the
real world as possessed of none but primary or mathe-
matical characteristics, the secondary or unreal quali-
ties being due to the deceitfulness of the senses.
Furthermore, in certain cases (as the motion of the
earth) the immediate testimony of the senses must be
wholly renounced as false, the correct answer being
reached by reasoned demonstrations. Just what is,
then, the status of the senses, and how are we specific-
ally to dispose of these secondary qualities which are
shoved aside as due to the illusiveness of sense ?
Descartes attempts to answer these questions by
renouncing empiricism as a method and by providing
a haven for the secondary qualities in an equally real
though less important entity, the thinking substance.
For Descartes it is, to be sure, the sensible world

about which our philosophizing goes on*, but the
method .of correct procedure in philosophy must not
rest upon the trustworthiness of sense experience at
all.  “In truth we perceive no object such as it is
by sense alone (but only by our reason exercised upon
sensible objects).”?% “ In things regarding which there
is no revelation, it is by no means consistent with the
character of a philosopher . . . to trust more to the
senses, in other words to the inconsiderate judgments
of childhood, than to the dictates of mature reason.” 26
We are to seek the “certain principles of material
things . . . not by the prejudices of the senses, but by
the light of reason, and which thus possess so great
evidence that we cannot doubt of their truth.”’#?
Sensations are called ¢ confused thoughts,’ 2% and there-
fore sense, as also memory and imagination which

* Philosophical Works, Vol. 1, p. 15.

% Principles, Part I, Principle 73.

6 Principles, Part I, Principle 76. CE. also Part I, Principles 37, 20.

27 Principles, Part 111, Principle 1.
8 Principles, Part IV, Principle 197.
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depend on it, can only be used as aids to the under-
standing in certain specific and limited ways ; sensible
experiments can decide between alternative deductions
from the clearly conceived first principles ; memory
and imagination can represent extended corporeality
before the mind as a help to the latter’s clear conception
of it2*. It is not even necessary, as a basis for a valid
philosophy, that we always have the sensible experience
to proceed from ; reasoning cannot of course alone
suffice to give a blind man true ideas of colours, but
if a man has once perceived the primary colours without
the intermediate tints, it is possible for him to con-
struct the images of the latter ®,

Our method of philosophical discovery, then, is
distinctly rational and conceptual ; the sensible world
is a vague and confused something,  guo philosophy
proceeds to the achievement of truth. Why, now,
are we sure that the primary, geometrical qualities
inhere in objects as they really are, while the secondary
qualities do not ? How is it that *“ all other things we
conceive to be compounded out of figure, extension,
motion, etc., which we cognize so clearly and dis-
tinctly that they cannot be analysed by the mind into
others more distinctly known ?”” 31 Descartes’ own
justification for this claim is that these qualities are
more permanent than the others. In the case of the
piece of wax, which he used for illustrative purposes in
the second Meditation, no qualities remained constant
but those of extension, flexibility, and mobility, which
as he observes, is a fact perceived by the understanding,
not by the sense or imagination. Now flexibility is
not a property of all bodies, hence extension and
mobility alone are left as the constant qualities of all
bodies as such ; they can by no means be done away with
while the bodies still remain. But, we might ask, are
not colour and resistance equally constant properties.

9 Philosophical Works, Vol. 1 p, 35, 39, fi. Discourse, Part V
Vol I, p. 54.
" Vol. I, p 4I.
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of bodies ? Objects change in colour, to be sure, and
there are varying degrees of resistance, but does one
meet bodies totally without colour or resistance ?
The fact is and this is of central importance for our
whole study, Descartes’ real criterion is not permanence
but the possibility of mathematical handling ; in his case,
as with Galileo, the whole course of his thought from
his adolescent studies on had inured him to the notion
that we know objects only in mathematical terms, and
the sole type for him of clear and distinct ideas had
come to be mathematical ideas, with the addition of
certain logical propositions into which he had been
led by the need of a firmer metaphysical basis for his
achievements, such as the propositions that we exist,
that we think, etc. Hence the secondary qualities,
when considered as belonging to the objects, like the
primary, inevitably appear to his mind obscure and
confused 3 ; they are not a clear field for mathematical
operations. This point cannot be stressed too strongly,
though we shall not pause over it now.

But now the addition of such logical propositions
as the above to the mathematical definitions and
axioms as illustrations of clear and distinct ideas, is
quite important. It occurs as early as the Rules, and
shows already the beginnings of his metaphysical
dualism. No mathematical object is a more cogent
item of knowledge than the * cogito ergo sum’ ; we can
turn our attention inward, and abstracting from the
whole extended world, note with absolute assurance
the existence of a totally different kind of entity, a
thinking substance. Whatever may be the final
truth about the realm of geometrical bodies, still we
know that we doubt, we conceive, we affirm, we will,
we imagine, we feel. Hence when Descartes directed
his energies toward the construction of a complete
metaphysic, this clean-cut dualism was inescapable.
On the one hand there is the world of bodies, whose

* Philosophical Works, Vol. I, p. 164, fi.
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essence is extension ; each body is a part of space, a
limited spatial magnitude, different from other bodies
only by different modes of extension—a geometrical
world—knowable only and knowable fully in terms of
pure mathematics. ‘The vortex theory provided an
easy disposal of the troublesome questions of weight,
velocity, and the like ; the whole spatial world becomes
a vast machine, including even the movements of
animal bodies and those processes in human physiology
which are independent of conscious attention. This
world has no dependence on thought whatever, its
whole machinery would continue to exist and operate
if there were no human beings in existence at all 33,
On the other hand, there is the inner realm whose
essence is thinking, whose modes are such subsidiary
processes 3 as perception, willing, feeling, imagining,
etc., a realm which is not extended, and is in turn
independent of the other, at least as regards our
adequate knowledge of it. ~ But Descartes is not much
interested in the res cogitans, his descriptions of it are
brief, and, as if to make the rejection of teleology in
the new movement complete, he does not even appeal
to final causes to account for what goes on in the realm
of mind. Everything there is a mode of the thinking
substance.

In which realm, then, shall we place the secondary
qualities ? The answer given is inevitable. We can
conceive the primary qualities to exist in bodies as
they really are ; not so the secondary. “In truth
they can be representative of nothing that exists out of
our mind.”% They are, to be sure, caused by the
various effects on our organs of the motions of the
small insensible parts of the bodies®*. We cannot

2 Ocupres, Cousin ed., Paris, 1824, ff., Vol. X, p. 194.

3 In his Traité de homme Descartes had asserted that these subsidiary processes can be
performed by the body without the soul, the sole function of the latter being to think, Cf.
Qcuvres, X1, pp. 201, 342: Discourse (Open Court ed.), p.59, ff.; Kahn, Maaphysics of the
Supernatural, p. 10. ff. His mature view, however, as expressed in the Meditations and
Principles, is as above stated. Ct., for example, Meditation 11.

# Principles, Part I, Principles 70, 71.
3 Oeuvres (Cousin), Vol. 1V, p. 235, ff.
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conceive how such motions could give rise to secondary
qualities 7 the bodies ; we can only attribute to the
bodies themselves a disposition of motions, such that,
brought into relation with the senses, the secondary
qualities are produced. That the results are totally
different from the causes need not give us pause :

“ The motion merely of a sword cutting a part of our skin causes pain
(but does not on that account make us aware of the motion or figure of the
sword). And it is certain that this sensation of pain is not less different
from the motion that causes it, or from that of the part of our body that the
sword cuts, than are the sensations we have of colour, sound, odour, or
taste.”37

Hence all qualities whatever but the primary can
belumped together and assigned to thesecond member
of the metaphysical wedding. We possess a clear and
distinct knowledge of pain, colour, and other things of
this sort, when we consider them simply as sensations
or thoughts ; but

... “when they are judged to be certain things subsisting beyond our minds,
we are wholly unable to form any conception of them. Indeed, when any
one tells us that he sees colour in a body or feels pain in one of his limbs,
this is exactly the same as if he said that he there saw or felt something of the
nature of which he was entirely ignorant, or that he did not know what he
saw or felt.”’38

““ We can easily conceive, how the motion of one body can be caused by
that of another, and diversified by the size, figure, and situation of its parts,
but we are wholly unable to conceive how these same things (size, figure, and
motion), can produce something else of a nature entirely different from
themselves, as, for example, those substantial forms and real qualities which
many philosophers suppose to be in bodies. . .”"

“ But since we know, from the nature of our soul, that the diverse motions
of body are sufficient to produce in it all the sensations which it has, and since
we learn from experience that several of its sensations are in reality caused
by such motions, while we do not discover that anything besides these motions
ever passes from the organs of the external senses to the brain, we have reason
to conclude that we in no way likewise apprehend that in external objects
which we call light, colour, smell, taste, sound, heat, or cold, and the other
tactile qualities, or that which we call their substantial forms, unless as the

37 Principles, Part IV, Principle 197.

% Principles, Part I, Principles 68, ff.
33 Part IV, Principles 198, 199.
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various dispositions of these objects which have the power of moving our
nerves in various ways. ... "

Such, then, is Descartes’ famous dualism—one
world consisting of a huge, mathematical machine,
extended in space ; and another world consisting of
unextended, thinking spirits. And whatever is not
mathematical or depends at all on the activity of
thinking substance, especially the so-called secondary
qualities, belongs with the latter.

(D) Problem of Mind and Body

But the Cartesian answer raises an enormous pro-
blem, how to account for the interrelation of these
diverse entities. If each of the two substances exists
in absolute independence of the other, how do motions
of extended things produce unextended sensations,
and how is it that the clear conceptions or categories
of unextended mind are valid of the res extensa 2
How is it that that which is unextended can know,
and, knowing, achieve purposes in, an extended
universe ? Descartes’ least objectionable answer to
these difficulties is the same answer that Galileo made
to a similar though not so clearly formulated problem
—the appeal to God. God has made the world of
matter such that the pure mathematical concepts
intuited by mind are forever applicable to it. ‘This
was the answer that the later Cartesians attempted to
work out in satisfactory and consistent form. The
appeal to God was, however, already beginning to lose
caste among the scientific-minded ; the positivism
of the new movement was above everything else a
declaration of independence of theology, specifically
of final causality, which seemed to be a mere blanket
appeal to a kind of answer to scientific questions as
would make genuine science impossible. It was an
answer to the ultimate why, not to the present Zow.
Descartes himself had been a powerful figure in just

it
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this feature of the new movement. He had categori-
cally declared it impossible for us to know God’s
purposes4®. Hence this answer had little weight
among any but his metaphysically-minded followers,
whose influence lay quite outside the main current of
the times ; and those passages in which he appeared
to offer a more immediate and scientific answer to
these overwhelming difficulties, especially when
capitalized by such a vigorous thinker as Hobbes,
were the ones which proved significant. In these
passages Descartes appeared to teach that the obvious
relationships between the two entities of the dualism
implied after all the real localization of mind, duz it
was of the utmost importance for the whole subsequent
development of science and philosophy that the place thus
reluctantly admitted to the mind was pitifully meagre,
never exceeding a varying portion of the body with which
it is allied. Descartes never forswore the main
philosophical approach which had led to his out-
spoken dualism. All the non-geometrical properties
are to be shorn from res extensa and located in the mind.
He asserts in words that the latter *“ has no relation to
extension, nor dimensions,”’* we cannot ‘‘ conceive of
the space it occupies ” ; yet, and these were the
influential passages, it is *‘ really joined to the whole
body and we cannot say that it exists in any one of its
parts to the exclusion of the others ” ; we can affirm
that it * exercises its functions” more particularly
in the conarion, * from whence it radiates forth through
all the remainder of the body by means of the animal
spirits, nerves, and even the blood.”” With such state-
ments to turn to in the great philosopher of the new
age, is it any wonder that the common run of intelligent
people who were falling into line with the scientific
current, unmetaphysically minded at best, totally

48 Principles, Part 111, Principle 2.
* Passions of the Soul, Articles 30, 31 (Philosophical Works, Vol. I, 345, ff.). Italics ours.

In his later writings Descartes was much more guarded in his language. Cf. Osuvres (Cousin
ed.), X, 96, ff.
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unable to appreciate sympathetically the notion of a
non-spatial entity quite independent of the extended
world, partly because such an entity was quite unrepre-
sentable to the imagination, partly because of the
obvious difficulties involved, and partly because of the
powerful influence of Hobbes, came to think of the mind
as something located and wholly confined within the body ?
What Descartes had meant was that through a part of
the brain a quite unextended substance came into
effective relation with the realm of extension. The net
result of his attempts on this point for the positive
scientific current of thought was that the mind existed
in a ventricle of the brain. The universe of matter,
conceived as thoroughly geometrical save as to the
vagueness of the ‘first matter,” extends infinitely
throughout all space, needing nothing for its continued
and independent existence ; the universe of mind,
including all experienced qualities that are not mathe-
matically reducible, comes to be pictured as locked up
behind the confused and deceitful media of the senses,
away from this independent extended realm, in a petty
and insignificant series of locations inside of human
bodies. This is, of course, the position which had
been generally accorded the ‘soul ’ in ancient times,
but not at all the * mind,” except in the case of those
philosophers of the sensationalist schools who made no
essential distinction between the two.

Of course, the problem of knowledge was not solved
by this interpretation of the Cartesian position, but
rather tremendously accentuated. How is it possible
for such a mind to know anything about such a world ?
‘We shall postpone for the present, however, considera-
tions of this sort ; all the men with whom we are
immediately occupied either failed to see this enormous
problem, or else evaded it with the easy theological
answer.

Note, however, the tremendous contrast between
this view of man and his place in the universe, and that
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of the medieval tradition. The scholastic scientist
looked out upon the world of nature and it appeared to
him a quite sociable and human world. It was finite
in extent. It was made to serve his needs. It was
clearly and fully intelligible, being immediately present
to the rational powers of his mind ; it was composed
fundamentally of, and was intelligible through, those
qualities which were most vivid and intense in his own
immediate experience—colour, sound, beauty, joy,
heat, cold, fragrance, and its plasticity to purpose and
ideal. Now the world is an infinite and monotonous
mathematical machine. Not only is his high place in a
cosmic teleology lost, but all these things which were
the very substance of the physical world to the scholas-
tic—the things that made it alive and lovely and
spiritual—are lumped together and crowded into the
small fluctuating and temporary positions of extension
which we call human nervous and circulatory systems.
The metaphysically constructive features of the dual-
ism tended to be lost quite out of sight. It was
simply an incalculable change in the viewpoint of
the world held by intelligent opinion in Europe.



CHAPTER V
SEVENTEENTH-CENTURY ENGLISH PHILOSOPHY

THe work of Descartes had an enormous influence
throughout all Europe during the latter half of the
seventeenth century, largely because he was not only
a great mathematician and anatomist, but also a
powerful philosophical genius, who treated afresh,
and with a remarkably catholic reach, all the big
problems of the age by hitching them up in one fashion
or another to the chariot of victorious mathematical
science. In England especially, he aroused wide-
spread interest mixed with considerable keen criticism.
Among the thinkers flourishing there in the third
quarter of the century who were sympathetic with the
big task that Descartes was trying to accomplish
though severely critical of him in certain important
details, were Thomas Hobbes and Henry More.
The work of the former has been already briefly
referred to ; we shall now describe his significance
in the mathematical current of the times by locating
it in a somewhat wider context as indicated by the
above title.

During the preceding century thought had been
relatively freer of theological trammels in England
than elsewhere in Europe, and in the first quarter of
the seventeenth century secular learning had been
mightily advanced by the championship of a man than
whom there was none higher in the political counsels
of the realm, Lord Chancellor Bacon. It is impossible
to trace any direct influence of Bacon on the meta-
physics of Boyle or Newton, but the former’s con-
ception of science as an exalted co-operative enterprise,
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his empirical stress on the necessity and cogency of
sensible experiments, his distrust of hypothesis and
general analysis of inductive procedure, all penetrated
the leading scientific minds of the middle of the
century, especially Robert Boyle, through whom they
exercised a notable influence on Newton. We shall
discuss Boyle in some detail in the chapter following.

(A) Hobbes® Arack on the Cartesian Dualism

Thomas Hobbes was a trusted friend of Bacon, but
his philosophical powers were not seriously awakened
until he acquired an interest in geometry at the
advanced age of forty, and under the urge of that
interest familiarized himself with all the new develop-
ments which had been set in such vigorous motion by
the astronomical revolution.  Especially did he acquire
a profound respect for Galileo, whom he visited at
length on his third journey to the continent (1634-7)
and from whom he received helpful confirmation of the
notion already simmering in his own mind, that the
sole and adequate explanation of the universe is to be
found in terms of body and motion. He never suc-
ceeded, however, in giving precise mathematical
meanings to these terms in the way of the great Italian ;
his shift to the new terminology of space, time, force,
momentum, etc., was somewhat superficial and in
many important respects he always remained a
scholastic.

On his next journey to France Hobbes became
acquainted with the Meditations of Descartes through
the medium of their common friend Mersenne, and
penned for the author’s benefit the third set of Oédjec-
#ions to the proposed work. In these objections Hobbes
appears as an uncompromising opponent of Descartes’
dualism and the conception of ‘idea’ by which it
was justified. According to Hobbes, all activity
and change whatever are motion ; now thinking in all
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its forms is an activity, therefore thinking is a kind of
motion. Mind is simply a name for the sum of an
individual’s thinking activities, is thus nothing but a
series of motions in an animal organism. *If this
be so, reasoning will depend on names, names on the
imagination, and imagination, perchance, as I think,
on the motion of the corporeal organs. Thus mind
will be nothing but the motions in certain parts of an
organic body.” ! To set up mind as a separate
substance, wholly different in kind from corporeal
substance or its activities appeared to Hobbes a mere
relic of the scholastic occult qualities. ““If M.
Descartes shows that he who understands and the
understanding are identical, we shall lapse back into
the scholastic mode of speaking. The understanding
understands, the vision sees, will wills, and by exact
analogy, walking, or at least the faculty of walking,
will walk.”? This, Hobbes holds, will hardly do
for a philosophical presentation of the situation.
Away with this unjustified dualism. Mental processes,
including reasoning itself, are but kinds of activity,
and activity is always motion. Let us carry forward
the new method consistently, reduce these things, too,
frankly to motion, and study them in terms of the
recently established principles of motion. It is
because of this position that Hobbes regards geometry,
“the science of simple motion,”? and geometrical
mechanics, which he took over from Galileo, as the
indispensable prerequisite for all further accomplish-
ments in science or philosophy.

Now motion implies a something which moves, and
that something can only be conceived in corporeal
fashion ; we must think of it as a dody. *‘ We can
conceive no activity whatsoever apart from its subject,
e.g., we cannot think of leaping apart from that which
leaps, of knowing apart from a knower, or of thinking

1 The Philosophical Works of Descaries (Haldane and Ross), Vol. II, p. €5.

* Haldane and Ross, Vol. I1, p. 65.
» Hobbes, Works, Vol. I (English), p. 71, fi.



120 THE SEVENTEENTH CENTURY

without a thinker. And hence it seems to follow that
that which thinks is something corporeal ; for, as it
appears, the subject of all activities can be conceived
only after a corporeal fashion, or as in material guise,
as M. Descartes himself afterwards shows, when he
illustrates by means of wax.”* Why, we ask, must
it be so conceived ? The answer is that for Hobbes an
idea is always an #mage’, and an image, of course, must
always be of something possessing corporeal character-
istics. ‘“ Hence we have no idea, no image of God ;
we are forbidden to worship him in the form of an
image, lest we should think we could conceive
him who is inconceivable. Therefore it appears
that we have no idea of God.”¢ We merely
give the name God to the object which we reach by a
reasoned search for the first cause of things?. Inas-
much as images are always of particular objects, we
find Hobbes quite in line with the strong nominalistic
tendency of the later Middle Ages, vigorous especially
in England, which regarded individual things as the
only real existences. This nominalistic aspect of
his philosophy led him to see no reality in universal
essences or natures. They are just zames, nothing
more. For example a triangle : “If the triangle
exists nowhere at all, I do not see how it can have any
nature . . . The triangle in the mind comes from the
triangle we have seen, or from one imaginatively
constructed out of triangles we have beheld. Now
when we have once called the thing by the name
triangle, although the triangle itself perishes, yet the
name remains. . . . But the nature of the triangle will
not be of eternal duration, if it should chance that that
triangle perished. In like manner the proposition,
man is an animal, will be eternally true, because the
names it employs are eternal, butif the human race were
to perish there would no longer be a human nature.

4 Haldane and Ross, Vol. II, p. 62. ¢ Haldane and Ross, Vol. I, p. 67.
® Haldane and Ross, Vol. I, p. 65. * Haldane and Ross, Vol. 11, p. 71.
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Whence it is evident that essence in so far as it is
distinguished from existence, is nothing els= than a
union of names by means of the verb is. And thus
essence without existence is a fiction of our mind.”®

Nothing exists then but particular objects in
motion, which we have to think in terms of images
and hence must conceive as corporeal ; further,
reasoning is nothing but a stringing together of images
or the names which we have arbitrarily assigned to
them? ; it is the motion of these images succeeding
one another in a certain way. Therefore Hobbes sees
no justification for a metaphysical dualism. Nothing
without us but bodies in motion, nothing within us but
organic motions. In this peremptory conclusion he
not only sets the fashion for the popular interpreters
of the Cartesian dualism, in holding that the mind is
something confined to a portion of the brain and
circulatory system, but more radical still, he swallows
up the res cogitans by treating it as a combination of
certain types of motion possessed by res extensae.
We have in his work the first important attempt to
apply the new assumptions and method of Galileo
universally.

Now Hobbes recognizes that he has obligated him-
self to give an explanatory account, in terms of body
and motion, of these images, inasmuch as they do not
obviously present themselves as either bodies, or
motions, or located in the brain. This explanation,
which appears first in the Treatise of Human Nature,
is of profound significance in the early development
of the new doctrine of the human mind, and represents
Hobbes’ chief importance in the current which leads
on to the metaphysics of Newton. Much of his
naturalism, especially in psychology and political
theory, was too upsetting to influence greatly the
thought of his generation except counteractively, but

* Haldane and Ross, Vol. IT, p. 76, ff,
5.

7
* Hobbes, Leviathan, Bk. I, Chs. 3, (Works, Vol. 3.)
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his contribution here was too much in line with the
victorious scientific march of the times to fail of
profound effect. He attacks the problem by way of an
attempt to show how it is that although secondary
qualities are not really in bodies (* an image or colour
is but an apparition unto us of the motion, agitation,
or alteration, which the object worketh in the brain,
or spirits, or some internal substance of the head ™ 1),
yet they seem to us to be there just as much as the
primary.

(B) Treatment of Secondary Qualities and Causality

Hobbes’ position is that images are simply gradually
decaying sense experiences, or phantasms, as he calls
them, and that the latter arise from a conflict of motions
produced in the human organism ; the motion coming
in from the object clashes with certain vital motions
proceeding outward from the heart,

‘“ which endeavour because outward, seemeth to be some matter without.
And this seeming, or fancy, is that which men call Sense ; and consisteth,
as to the eye, in a light, or colour figured ; to the ear, in a sound ; to the
nostril, in an odour ; to the tongue and palate, in a savour ; and to the rest
of the body, in heat, cold, hardness, softness, and such other qualities, as we
discern by feeling. All which qualities called sensible, are in the object
which causeth them but so many several motions of the matter, by which it
presseth our organs divercsely. Neither in us that are pressed are they any
thing else but diverse motions (for motion produceth nothing but motion).
But their appearance to us is Fancy, the same waking that dreaming.
And as pressing, rubbing, or striking the eve, makes us fancy a light ;
and pressing the ear produceth a din ; so do the bodies also we see or hear
produce the same by their strong, though unobserved actions. For if those
colours or sounds were in the bodies or objects which cause them, they
could not be severed from them, as by glasses, and in echoes by reflection,
we see they are ; where we know the thing we see is in one place, the appear-
ance in another. And though at some certain distance the real and very
object seem invested with the fancy it begets in us ; yet still the object is one
thing, the image or fancy another.” !  ““ And from hence also it followeth,
that whatsoever accidents or qualities our senses make us think there be in
19 Hobbes Treatise of Human Nature (English Works, Vol. 1V), Ch. 2, Par. 4.
11 Hobbes, Levsathan, Bk. 1, Ch. 1.
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the world, they be not there, but are seeming and apparitions only ; the
things that really are in the world without us, are those motions by which
these seemings are caused. And this is the great deception of sense, which
also is to be by sense corrected : for as sense telleth me, when I see directly,
that the colour seemeth to be in the object 5 so also sense telleth me, when 1
see by reflection, that colour is not in the object.”12

Hobbes thus adds to his materialistic reduction
of the Cartesian dualism and his conviction that man is
to be adequately explained in the same terms that have
been found so successful in treating res extensae (which
was possible for him because he had failed to appreciate
the exact-mathematical ideal of the new movement
in the minds of his more scientific contemporaries),
a specific explanation of the big difficulty which would
naturally occur to any one suddenly taught that
secondary qualities were really not in the object but
in himself. According to Hobbes, all sense qualities
appear to be without, because * there is in the whole
organ, by reason of its own internal natural motlon,
some resistance or reaction against the motion which is
propagated from the object to the innermost part of
the organ ; there is also in the same organ an endea-
vour opposite to the endeavour which proceeds from
the object ; so when that endeavour inwards is the
last action in the act of sense, then from the reaction,
how little soever the duration of it be, a phantasm or
idea hath its being; which by reason that the endeavour
is now outward, doth always appear as something
situate without thc organ. . . . For light and colour,
and heat and sound, and other qualities which are
commonly called sensible, are not objects, but phan-
tasms in the sentients.””?® It is no more true that
fire heateth, therefore it is itself hot ; than that fire
causeth pain, therefore it is itself in pain ™.

Now, we might ask, does not this line of reasoning
apply to the primary qualities as much as to the

3 Tyeatise of Human Nature, Ch. 2, Par. 1o,
1 Elements of Philosophy (}:mzlmh Works, Vol. 1), Bk. 1V, Ch. 25, Par. 2.
1 Elements of Philosophy, Bk, 1V, Ch, 27, Par. 3.
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secondary—are not they also mere phantasms in the
sentients ¢ Apparently there is no difference between
them in this respect. Hobbes answers this objection
by a frank affirmative, and proceeds to make a distinc-
tion between space and geometrical extension, a
distinction which, as we saw, may have been felt by
some ancient scientists and which ultimately became
important in modern thought but only in post-
Newtonian times. Space, for Hobbes, is itself a
phantasm, * the phantasm of a thing existing without
the mind simply ; that is to say, that phantasm, in
which we consider no other accident, but only that it
appears without us.”” 5 Extension, however, is an
essential characteristic of body, as we learn by the
geometrical study of motion. There are always such
extended bodies in motion external to us, which cause
by their motions the phantasms within, including that
“ withoutness * of the phantasms, which is space.
Time is likewise a phantasm, ‘ of before and after in
motion.” * The present only has a being in Nature ;
things past have a being in the memory only ; but
things to come have no being at all ; the future being
but a fiction of the mind, applying the sequels of
actions past to the actions that are present.” v In
nature there is motion but no time ; time is a phantasm
of the before-and-afterness of memory and anticipation.
Thus the entire perceived image, however contrary to
appearances, is within the body. Mind is organic
motion, and sense is appearance of outness taking
place really within the organs. The big epistemologi-
cal difficulty in such a position Hobbes apparently does
not notice. He assumes without critical examination
the essentials of Galileo’s mechanical cosmology.

Now Hobbes’ combination of materialism and
nominalism as thus developed has prepared him to
proclaim quite frankly and without the qualifications

15 Elements of Plulasophy, Bk. II, Ch. 7, Par. 2, fi. Cf. also quotation 11, p. 122, ff, above.
1¢ Leviathan, Bk. I, Ch. 3.



TREATMENT OF CAUSALITY 125

and exceptions in Galileo and Descartes the doctrine
of causality which has become accepted more and more
fully and clearly in modern times, deserving for that
reason to be set over against the medieval principle of
final causality by the Supreme Good as its contrasting
modern conception. Hobbes insists very strongly
on interpreting causality always in terms of particular
motions of particular bodies. The vast, hidden forces,
which were for Galileo the primary or ultimate causes
of effects, disappear in Hobbes, who has followed
Descartes in denying the existence of a vacuum in
nature. *“ There can be no cause of motion, except
in a body contiguous and moved.” ¥ * For if those
bodies be not moved which are contiguous to a body
unmoved, how this body should begin to be moved 1s
not imaginable ; as has been demonstrated . . . to the
end that philosophers might at last abstain from the
use of such unconceivable connections of words.” 28
The Jatter passage occurs in the midst of a criticism
of Kepler for calling in such occult powers as magnetic
attraction as causes for motion. Hobbes held, of
course, that magnetic virtue itself can be nothing but
a motion of body. Everything that exists is a particu-
lar body ; everything that happens a particular
motion.

Finally, Hobbes’ nominalism together with his
mechanical account of the genesis of the deceitful
phantasms, expressed itself in a feature of his philoso-
phy that has been subsequently most influential.
We should note that in a certain respect Hobbes
represented a counter-tendency to the work of Galileo
and Descartes ; he is trying to reunite the sundered
halves of the Cartesian dualism and bring man back
into the world of nature as a part of her domain. But
the contrary logic of the movement was too much for
him. He was unable to introduce the exact-mathe-

17 Elements of Philosophy, Bk. II, Ch, 9, Par. 7.
18 Elements, Book 1V, Ch. 26, Par. 8, 7.
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matical method into his biology or psychology, with
the result that the allied astronomy and physics became
inexact and uncertain, and were for that reason of no
use whatever to later scientists. Couple this fact
with the extreme radicalism of his endeavour to reduce
mind to bodily motion, and his failure to convert
science to complete materialism is quite understand-
able. A remnant of the res cogitans still remained ;
even Hobbes’ phantasms had to be explained rather
than denied. But someone might have carried over
the teleological method of explanation, discredited
now in physics, to the modern analysis of the human
mind ; nature might have been abandoned to mathe-
matical atomism while the other side of the dualism
might have been accounted for mainly in terms of
purpose or use. That this did not happen in the
dominant current of modern thought we likewise owe
largely to Hobbes. Having carried through the new
conception of causality to a decisive statement, having
also, in his doctrine of the relation of the human mind
to nature, made such a strong bid for a consistent
materialism, there was no temptation for him to return
to teleology in his psychological analysis. y He was not
able to develop a psychology in terms of mathematical
atoms, but he strayed no farther from this method than
was necessary ; he described the mind as a compound
of the elementary parts or phantasms above referred
to, produced in the vital organs by the clash of inrush-
ing and outpushing motions, and combined according
to simple laws of association. Purpose and reasoning
are admitted, but they appear not as ultimate principles
of explanation, which had been their significance for
the scholastic psychologist ; they represent merely a
certain type of phantasm or group of phantasms within
the total compound. This treatment, aided by the
decline of the notion of God as Supreme Good, set
the fashion for almost the whole modern development
of psychology. Locke, the next great psychologist,
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followed Hobbes’ method still more explicitly and in
greater detail, with the result that after him only an
occasional idealist ventured to write a psychology in
terms of different main assumptions. Spinoza,
though without influence till much later, is interesting
to mention in contrast with Hobbes. His main
interests would have been favourable to an ultimate
teleology in explaining the attribute of thought ; only
being able, as he thought, to apply the mathematical
method here also, he conceived it, like the realm of
extension, in terms of mathematical implication rather
than in terms of ends and means. From now on it is
a settled assumption for modern thought in practically
every field, that to explain anything 1s to reduce it to
its elementary parts, whose relations, where temporal
in character, are conceived in terms of efficient causality
solely.

(C) More’s Notion of Extension as a Category of Spirit

Henry More, the Cambridge Platonist, was also
powerfully stimulated by the philosophy of Descartes
and was eager to get beyond the dualism of the
French thinker, but being a deeply religious spirit,
he sensed serious difficulties in Hobbes’ smashing
way of disposing of the problem. The general
account of man’s cognitive relation to nature which
had developed by this time he took over (very signific-
antly) without noticing any serious difficulty with
it. “I say in general, that sensation is made by
the arrival of motion from the object to the organ,
where it is received in all the circumstances we per-
ceive it in, and conveyed by virtue of the soul’s presence
there, assisted by her immediate instrument the spirits,
by virtue of whose continuity to those of the common
sensorium, the image or impress of every object is
faithfully transmitted thither.” ** These phrases ‘ the

1% More, Immortality of the Soul (A Collection of Several Philosophical Writings, 4th ed.,
Loadon 1712). Bk, II, Ch. 11, Par. 2.
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soul’s presence there,” * her immediate instrument the
spirits,”  the common sensorium,’ will need elucidation
later ; let us proceed to note here that More accepts
the general structure of the primary-secondary doc-
trine, though on Galileo-Cartesian rather than
Hobbesian lines ; the latter’s dismissal of the ‘ soul
as merely a name for the unconceivable cause of vital
motions More would not at all admit. For him it was
as real a substance as corporeal matter. But for the
rest he is quite orthodox. ‘‘ The diversity there is of
sense or perception does necessarily arise from the
diversity of the magnitude, position, figure, vigour,
and direction of motion in parts of the matter . . . there
being a diversity of perception, it must imply also a
diversity of modification of reaction ; and reaction
being nothing but motion in matter, it cannot be
varied but by such variations as are compatible to
matter, namely such as are magnitude, figure, posture,
local motion, . . . direction . . . and a vigour thereof.
These are the first conceivables in matter, and therefore
diversity of perception must of necessity arise from
these.”’2°  As regards the ultimate structure of matter,
too, the common notions of the day were accepted
uncritically, with the exception that there appear
certain added idiosyncracies, such as the contention
that the atoms, though extended, have no figure.
Matter is composed “of homogeneous atoms, im-
penetrable as regards each other, without figure, though
extended, filling all space, and by their own nature
inert, though movable by spirit.””2*  The reason, such
as it is, for this curlous notion, is given in the preface
to the Immortality of the Soul : *‘ those indiscerptible
particles of matter have no figure at all ; as infinite
greatness has no figure, so infinite littleness has none
also.”” The Cartesian doctrine of the conservation of
the quantity of motion was likewise accepted. God

10 I'mmortality of the Soul, Bk. I, Ch, 1, Axiom 22.
2 Enchirsdion Metaphysicum, London, 1671, Ch. 9, Par. 21,
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originally impressed the same quantity of motion on
matter as exists in it now.

V But More was in trouble because he, no more than
Hobbes, could conceive it possible that anything could
exist without extension, *“ it being the very essence of
whatsoever is, to have parts or extension in some
measure or other. For, to take away all extension,
is to reduce a thing only to a mathematical point, which
is nothing else but pure negation or nonentity, and
there being no medium betwixt extended and non-
extended, no more than there is betwixt entity and
non-entity, it is plain that if a thing be at all it must
be extended.”?* It was just this consideration,
however, that led More boldly to refuse to join Des-
cartes and Hobbes in assigning extension solely to
matter as its essential quality, and made him a vigorous
protestant against certain assumptions of the new
ontology. For him, spirit too must be extended,
though its other qualities are widely different from
those of matter. Spirit is freely penetrable, and itself
able to penetrate and impart motion to matter ;23
it has absolute powers of contraction and dilation, which
means that it can occupy greater or less space at will.
“The chief seat of the soul, where she perceives all
objects, where she imagines, reasons, and invents,
and from whence she commands all the parts of the
body, is those purer animal spirits in the fourth
ventricle of the brain,” 24 but he adds that it is not by
any means confined there, it is able to spread through-
out the whole body on occasion, and even slightly
beyond the limits of the body, as a kind of spiritual
effluvium?*. The notion of these extended spirits
possessing powers of contraction and dilation led
More to a curious doctrine of a fourth dimension
which he calls essential spissitude—as we might put it,

1 Immorialily of the Soul, Preface. Cf. also Divine Dialogues, 2nd edition, London, 1713,
p 49, ff.
J iinchirid;nn. Ch. o, Par. 21.
 Immorlality of the Soul, BK. 11, Ch. 7, Par. 18.
* Divine Dialogues, p. 75, ff.

K
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a kind of spiritual density. ‘1 mean nothing else
by spissitude, but the redoubling or contracting of
substance into less space than it does sometimes
occupy.” 26 When the soul, for example, is contracted
principally in the fourth ventricle, the space occupied
possesses not only the three normal dimensions, but
also this fourth dimension or spissitude. There are
no distinctions of degree in the latter, however, its
dilation into more space leaves it essentially the same.
To appreciate to the full More’s speculations along this
line, it is necessary to read his portrayal of the life of
the soul after death, where it occupies an ethereal
body, the motions of whose particles it can com-
pletely control. It adds and diminishes motion,
alters the temper and shape of the body, quite according
to its fancy 27.

Is this just loose-reined imagination, or does More
feel confident that he can point to facts which are only
thus explicable # In a letter to Boyle, December 4,
1665, he writes as the sum and substance of his
doctrine that * the phenomena of the world cannot be
solved merely mechanically, but that there is the
necessity of the assistance of a substance distinct from
matter, that is, of a spirit, or being incorporeal,” 2
and again he declares his fundamental disagreement
with Descartes’ philosophy to be due to ““ its pretence
of solving, though but the easiest and simplest
phenomena merely mechanically ; [a refutation of
which] I think I have done irrefutably, nay I am
unspeakably confident of it ; and have therewithal
ever and anon plainly demonstrated the necessity of
incorporeal beings ; which is a design, than which
nothing can be more seasonable in this age ; wherein
the notion of a spirit is hooted at by so many for
nonsense.”

What are these irrefutable demonstrations of the

1 Inmmortality of the Soul, Bk. I, Ch. 2, par. 11.
37 tywmortality of the Soul, BK. [I[ Ch. 1, Pars. 7, 8, 10, 11.
28 Boyle, Works (Birch edition), Vol. VI p. 513, fi. CL. Divine Dialogties, p. 106, ff,
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existence of incorporeal beings, which, of course, for
More, mean extended spiritual substances? Are the
new doctrines of the nature of the world riding rough-
shod over certain important facts ?

Most obviously, of course, the immediate experi-
ence of volition, in which we move, in accordance
with our own purposes, both the limbs and other
organs of our bodies, and likewise parts of the material
world around us. ‘I regard this gland [the pineal]
in accordance with your principles, as the seat of the
common sense, and as the fortress of the soul. I
question, however, if the soul does not occupy the
whole body. Otherwise, I beg you, how can it happen
that the soul, not being possessed of hooked or branch-
ing parts, can be so exactly united to the body ? I
ask you further, if there are not effects in nature, of
which one \would be unable to offer a mechanical
reason ? V&}hence this natural sense that we have of
our own existence ? And this empire which our soul
has over the animal spirits, whence it also ? How does
it make them flow through all parts of the body ? ”2°
We have the immediate testimony for such powers
“ when we find it possible at our will to set in motion
or arrest our animal spirits ; to despatch them or to
draw them back, as we please. Whence, I ask if it
be unworthy of a philosopher to inquire if there be not
in nature an incorporeal substance, which, while it
can impress on any body all the qualities of body, or
at least most of them, such as motion, figure, position
of parts, etc. . . . would be further able, since it is
almost certain that this substance removes and stops
bodies, to add whatever is involved in such motion,
that is, it can unite, divide, scatter, bind, form the
small parts, order the forms, set in circular motion
those which are disposed for it, or move them in any
way whatever, arrest their circular motion, and do such

**Second Letter to Descartes (Oeuvres de Descartes, Cousin ed., Vol X, p. 229, ff.). Cf.
also I'mmortality of the Soul, Bk. 11, Chs. 17, 18 ; Bk. I, Ch, 7.
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similar further things with them as are necessary to
produce according to your principles light, colours,
and the other objects of the senses. . . . Finally, incor-
poreal substance having the marvellous power of
cohering and dissipating matter, of combining it,
dividing it, thrusting it forth and at the same time
retaining control of it, by mere application of itself
without bonds, without hooks, without projections or
other instruments ; does it not appear probable that
it can enter once more in itself, since there is no
impenetrability to frustrate it, and expand itself again,
and the like?”

In this passage More extends his reasoning from
the conclusion of an incorporeal substance in human
beings to the assumption of a similar and greater
incorporeal substance in nature as a whole, for he was
convinced that the facts of science showed nature to be
no more a simple machine than is a human being. The
facts cited in this further connexion are the facts
which had become the subject-matter of the most
eager scientific study of the time, such as the ultimate
cause of motion, cohesion, magnetism, gravity, and
the like®*.  More notes that, although the sufficient
immediate causes of motion can be described in mechan-
ical terms, the ultimate reason of why the parts of the
universe are in motion rather than in rest cannot be
accounted for mechanically. Furthermore, many of
the particular qualities or motions exhibited by the
parts of matter had not been mechanically reduced,
such as the phenomena of cohesion and magnetism.
Why do the parts of a solid body cohere so powerfully
together, and yet when once sundered that cohesion is
lost 7 What is the cause of the curious motions set up
by the loadstone ¢ How, finally, is his challenge to the
adherents of a universal mechanical view of nature, is
it possible to reconcile the facts of gravitation with
the principles of mechanical motion as revealed in the

3® Enchiridion, Chs, 9-15.
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laws of motion expressed by Descartes and Hobbes ?
According to mechanical principles, by which he
means the doctrine that all motion is by impact, More
holds that a stone let loose above the surface of the earth
ought to fly off at a tangent, or at most, by the theory
of the Cartesian vortices, be carried around continually
by the earth’s diurnal motion at the same distance from
it.3* It would never, by mechanical principles, fall in a
straight line towards the earth. “ So that in all
nature there can be nothing more certain or well
tested than that the phenomenon of gravity is repug-
nant to mechanical laws ; and further that its explana-
tion cannot be resolved into causes purely mechanical
and corporeal ; but that it is necessary here to admit
certain additional causes which are immaterial and
incorporeal.” 32 Such causes More finds in the
conception of a ‘spirit of nature,” which holds the
different parts of the material universe together in a
unitary system which is distinctly not mechanical.

(D) Tte © Spirit of Nature’

This * spirit of nature,” as More describes it, bears
obvious similarities with the ancient, especxa]lv
Platonic notion of the anima mundi, a l1vmg hylarch-
ical principle which penetrates matter and whose
active powers are expressed in the larger astronomical
and physical phenomena of nature. In fact More
occastonally calls it the * universal soul of the world.’s?
The idea was quite common throughout the later
Middle Ages, being appealed to frequently by mystics,
theosophists and speculative natural philosophers ;
in Kepler, for example, we find each planet, mcludmg
the earth, endowed with a soul, whose constant powers
are shown in the planetary whlrlmgs More’s main
purpose, however, was to reinterpret this vagrant idea

3 Enchiridion, Ch, 1I, Par.
32 Immorlality o]the Soul Bk III Ch. 13.
¥ As in Immortality, Bk. ]II Ch. 13, Par. 7,
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in terms which would give it better standing in the
new scientific current, and, of course, without pre-
judice to his religious views. In the preface to the
Immortality of the Soul he calls the spirit of nature ‘ the
vicarious power of God upon the matter,” that is, the
immediate plastic agent of God through which his will
is fulfilled in the material world. It corresponds in
nature as a whole to the animal spirits supposed to
pervade the nervous and circulatory systems of an
individual, through whose agency the purpose of the
soul is transmitted to the various organs and limbs.
Its functions are vital, vegetative, and directive, but
it is not itself conscious. More defines it more
carefully as ‘““a substance incorporeal, but without
sense and animadversion, pervading the whole matter
of the universe, and exercising a plastic power therein,
according to the sundry predispositions and occasions
in the parts it works upon (note his contentment with
vague and general statements here), raising such
phenomena in the world, by directing the parts of the
matter, and their motion, as cannot be resolved into
mere mechanical powers.” % He adds more specific-
ally still in a note that it possesses life, but not sense,
animadversion, reason, or free-will. However, More
is eager to guard against the charge that by invoking
as causes incorporeal spiritual substances he is weaken-
ing the zest for exact scientific treatment of natura
phenomena and the growing faith in the possibility
of their reduction to regular, orderly principles. This
spirit of nature, he says, is to be held a genuine cause,
yet it is dependable and uniform in its manifestations,
hence the careful scientific study of the sow of things
is not superseded or prejudiced. “1 affirm with
Descartes, that nothing affects our sense but such
variations of matter as are made by differences of
motion, figure, position of parts, etc., but I dissent
from him in this, that I hold it is not mere and pure

3 [smmortality of the Soul, Bk. III, Ch. 12, Par. 1,
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mechanical motion that causes all these sensible
modifications in matter, but that many times the
immediate director thereof is this spirit of nature,
one and the same everywhere, and acting always alike
upon the like occasions, as a clearminded man, and of a
solid judgment, gives always the same verdict in the same
circumstances.” % It is chiefly in this respect that More
wishes to distinguish his conception from that of
the ancient and medieval anima mundi (an interest
which itself reveals the widespread influence of the
exact ideal of the new science), and hopes thereby to
obviate the objection of those who, like Descartes,
opposed the injection of such a principle into natural
philosophy while it seemed still possible that all the
phenomena might be explained on a purely mechanical
basis. In effect, his position is that mechanical causes
produce types of motion that are not exhaustive of all
motion—they produce only the kind of motion that
obeys the basic laws of motion. But there are also
these phenomena of gravity, cohesion, magnetism,
etc., revealing other forces and motions not mechani-
cal, but yet without which the universe that we know
and live in could not exist. Since these forces are not
mechanical they must be spiritual (e.g., the Cartesian
dualism), and something akin to the spirit of nature
offers itself as the most suitable explanatory entity.
More thus sums up his fundamental conclusions on
this subject : ““ I have .. . from mechanical principles,
granted on all sides, and confirmed by experience,
demonstrated that the descent . . . of a stone, or a bullet,
or any such like heavy body, is enormously contrary
to the laws of mechanics ; and that according to them
they would necessarily, if they lie loose, recede from the
earth and be carried away out of our sight into the
farthest parts of the air, if some power more than
mechanical did not curb that motion, and force them
downwards towards the earth. . . . Nor . . . needs the

3% [mmortality of the Soul, Bk, 111, Ch, 13, Par. 7. Italies ours,
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acknowledgment of this principle to dampen our
endeavours in the search of the mechanical causes of
the phenomena of nature, but rather make us more
circumspect to distinguish what is the result of the
mere mechanical powers of matter and motion, and
what of a higher principle. For questionless this
secure presumption in some, that there is nothing but
matter in the world, has emboldened them too rashly
to venture on mechanical solutions where they would
not hold.””3s

But finally, for More, this all-pervading order and
harmony in the world itself implies the existence of
incorporeal substance of a yet higher order than the
spirit of nature, a spiritual substance rational, pur-
posive, supremely worthy of obedience and worship.
*“ We have discovered out of the simple phenomenon
of motion [f.e., its ultimate cause] the necessity of the
existence of some incorporeal essence distinct from
the matter. But there is a further assurance of this
truth, from the consideration of the order and admirable
effect of this motion in the world. Suppose matter
could move itself, could mere matter, with self-motion,
amount to that admirable wise contrivance of things
which we see in the world ? Can a blind impetus pro-
duce such effects, with that accuracy and constancy,
that the more wise a man is, the more he will be
assured, that no wisdom can add, take away, or alter
anything in the works of nature, whereby they may be
bettered ? How can that therefore which has not so
much as sense, arise to the effects of the highest reason
or intellect?”’3? More is convinced by such teleo-
logical proofs that there exists a supremely wise creator
and governor of the universe, whose agent and sub-
ordinate medium in the execution of his purposes is
this lower incorporeal being, the spirit of nature.

38 Immortality of the Soul, Preface.
37 I'mmoriality of the Soul, Bk. 1, Ch. 12. Cf. also Antidote to Athessm (same collection)
Bk. 11, Chs. 1, 2 ; Divine Dialogues, p. 2o, ff,, etc,
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(E) Space as the Divine Presence

Now since every thing real is extended, God too,
for More, must be an extended being. To deny
him extension would be to reduce him to a mathe-
matical point ; it would read him out of the universe
altogether. More’s devout religious interest, coupled
with his keen appreciation of the scientific current of
the day, led him to feel instinctively that the only way
to save a proper place for God in the new metaphysical
terminology of the times was to declare boldly for the
divine extension throughout all space and all time.
This was one of the significant points at issue between
More and Descartes. In his first letter to the latter
More declared : ““ You define matter or body in too
broad a fashion, for it seems that not only God, but
even the angels, and everything which exists by itself,
is an extended being ; whence extension appears to
possess no narrower limits than the absolute essence
of things, though it can nevertheless be diversified
in accordance with the variety of the same essences.
Now the reason which makes me believe that God 1s
extended in his fashion, is that he is omnipresent, and
fills intimately the whole universe and each of its
parts ; for how could he communicate motion to
matter, as he has done betimes, and as he is actually
doing according to you, if he did not have immediate
contact with matter. . .. God is therefore extended and
expanded after his fashion ; whence God is an
extended being.”3® Descartes’ reply® to this con-
tention was that God is indeed extended in power, that
is, he is able to move matter at any point, but that this
was essentially different from the exact geometrical
extension attributable to matter. More, however,
was not satisfied. ‘‘ By true extension you understand
that which is accompanied with the faculty of being
touched and possesses impenetrability. I admit with
you that this is not the case with God, with an angel,

3% Qeuvres de Descartes (Cousin), vol, X, p. 181,
 Oeuvres, X., p. 195 ff.
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and with the soul, which are devoid of matter ; but I
maintain that there is in angels, and in souls, just as
true an extension, however little acknowledged by the
run of the schools.”*® Hence in the case of the vase
emptied of air, an illustration used by Descartes, who
asserted that either some other material must enter the
vase or else its sides would fall into mutual contact,
More was prepared stoutly to maintain that this was no
necessary conclusion—the divine extension might fill
the vase and hold its sides apart*’. At the same time
More, no more than Descartes or Hobbes, seriously
entertained the idea of a vacuum in nature. Matter
is doubtless infinite, because ‘‘the divine creative
activity, never idle at any point, has created matter in
all places, without leaving the least minute space
void.”” 42

The suggestion of the vase, however, filled with
naught but the divine extension, leads to More’s
interesting and important conception of space and its
relation to the divine being. For Descartes, space and
matter were the same thing, a material body being
nothing but a limited portion of extension. Hobbes,
in his struggles with the doctrine of primary and
secondary qualities, had been led to distinguish
between space and extension. You can suppose all
bodies of matter annihilated, but you cannot succeed
in thinking away space. Therefore space is a phan-
tasm, an imaginary thing of the mind, while extension
remains an essential quality of bodies which exist,
of course, quite independently of those motions in
human brains which make up the mind. More
agrees with Hobbes that matter can be thought away
without thereby space being successfully eliminated,
but he draws an entirely different conclusion from the
fact*3. If space cannot be thought away, it must be a
real existence underlying all extended substances in the

4* Second Letter, Ocuvres, X, p. 212, fi. 41 Second Letter, Oeuvres, X, p. 223,
4 Firat Letter, Oeuvres, X, p. 184. © Fnchiridion, Ch, 8,
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universe, and possessing a list of most remarkable
qualities. Matter may be infinite, but none the less
it is thoroughly distinct from this limitless immobile
substratum or space against which its varied move-
ments become measurable. More attacked Des-
cartes’ doctrine of the relativity of motion, holding that
an absolute, homogeneous, unchanging space was
presupposed by motion and its measurability. Other-
wise, he maintained, one is forced into self-contra-
diction®t, Take, for example, three bodies AB, CD,
and EF

| e | cD|

| AB | \M N | AB|

| EF | | EF |
in the position M, and let them change their relations
so as to appear as at N. Now, then, AB has moved
to the right in relation to EF, and to the left in relation
to CD, that is, it has moved in opposite directions at the
same time. More holds that the only way out of this
contradiction is to affirm an absolute space in which
AB has remained at rest. This is, of course, a failure
to appreciate fully the doctrine of relativity, and the
contradiction results only because the point of reference
in the bodies is changed ; but what More is concerned
to maintain is really something deeper, namely that
the fact and the measurability of motion imply the
assumption of an infinite geometrical system as a real
existent background of the world of nature, in terms
of which the measurement is made. What sensible
body we take to be at rest in this system as the centre
of our coordinates is a matter of complete indifference
as far as the principle of absolute space is concerned.

This absolute space thus defended, More finds to be

& Ey;himiion. €h. 7, Par. 5. Cf. an argument involving similar premises in Divine Dialogues,
p- 52.1i,
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a most marvellous being. It must be a real existence,
because it is infinitely extended, yet being absolutely
distinguished from matter, it has no corporeal charac-
teristics whatever except extension®s. | Therefore,
according to his premises, it must be a genuine spiritual
substance, and as More reflects further about it it
becomes more and more exalted to his mind. He
lists no fewer than twenty attributes which can be
applied both to God and to space : each is ‘‘ one,
simple, immobile, eternal, perfect, independent, exist-
ing by itself, subsisting through itself, incorruptible,
necessary, immense, uncreated, uncircumscribed, in-
comprehensible, omnipresent, incorporeal, permeating
and embracing all things, essential being, actual being,
pure actuality.” The ascription of this remarkable
list of epithets to space is a significant illustration of
how religious spirits in sympathy with the new mathe-
matical movement found in infinite space the true
substitute, in terms of the geometrical view of the
universe, for the Pure Form or Absolute Actuality of
Aristotelianism. On the continent this religious
corollary of the new order found its great champion
in Malebranche, to whom space became practically
God himself.

More did not go quite as far as this. In the
Antidote against Atheism, written prior to 1662, he
suggests three possible views of space, evidently
uncertain which to adopt*®*.  One is that space is the

48 Enchiridion, Ch, 8, Par. 7.

‘" Antidote against Atheism, Appendix, Ch. 7, ** If there were no matter, but the immensity
of the divine essence only, occupying all by his ubiquity, then the reduplication, as I may so
speak, of his indivisible substance, whereby he presents himself everywhere, would be the
subject of that diffusion and mensurahlllt) And I add further, that the perpetual observa-
tion of this infinite amplitude and mensurability, which we cannot disimagine in our fancy

. . may be a more rude and obscure notion offered to our mind of that necessary and self-
exm.e’nt essence which the idea of God does with greater iulness and distinctness represent
to u

‘[’here is also another way of answering this objection, which is this ; that thisimagination
of space is not the imagination of any real thing, but only of the large ‘and i immense capacity
of the potentiality of the matter, which we cannot free our minds from. . .

““ If, after the removal of wrporéal matter out of the world, there will be still space and
dlstance, in which this very matter, while it was there, was also conceived to lie, and this
distant space cannot but be something, and yet not corporeal because neither xmpenetrable
nor tangible, it must of necessity be a substance incorporeal, necessarily and eternally existent
of itself ; which the clearer idea of a Bemv absolutely perfect will more fully and punctually
inform us to be the self-subsisting God,”
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immensity or omnipresence of the divine essence ;
the second, that it is simply the possibility of matter,
distance being no real or physical property, but merely
the negation of tactual union, etc. ; and the third,
that space is no other than God himself. In his last
important work, the Euchiridion Metaphvsicum, pub-
lished in 1671, More is prepared to tell us his final
choice between these possibilities4?. ‘The second,
that of space as potentiality, he rejects as definitely
unsatisfactory, but he does not quite venture to say
that space is itself God without considerable qualifica-
tion from the first position. He expresses his con-
clusion thus : ‘I have clearly shown that this infinite
extension, which commonly is held to be mere space,
is in truth a certain substance, and that it is incorporeal
or a spirit. . . . This immense /locus internus or space
really distinct from matter, which we conceive in our
understanding, is a certain rather rude dmoypag, . . .
a certain rather confused and vague representation of
the divine essence or essential presence, in so far as it
is distinguished from his life and activities. For none
of these attributes which we have been recounting
[i.e., the twenty listed above] appear to concern the
divine life and activity, but simply his bare essence and
existence.” % Elsewhere he presents the same
thought in a somewhat more worshipful mood :
“ That spiritual object, which we call space, is only a
passing shadow, which represents for us, in the weak
light of our intellect, the true and universal nature
of the continuous divine presence, till we are able to
perceive it directly with open eyes and at a nearer
distance.” % In other words, space is God so far as
he is omnipresent merely, abstracting from the other
characteristics which concern his life and power.
But its spiritual character is something essential.
Space is divine. A mechanical world alone would

47 Enchiridion, Ch. 8, Par, 8, fi.
s Enchiridion, Ch. 8, Par. 14, ff.
4% Opera Omnia, London, 1675-9, Vol. I, p. 171, fi.



142 THE SEVENTEENTH CENTURY

inevitably fly into pieces, by the unhampered operation
of the laws of motion. All continuity in the universe
—this immobile, incorporeal space as well as those
invisible forces such as gravity and cohesion, which
hold together in one system the different parts of the
cosmic frame—is fundamentally spiritual®®. “ The
prop and stay of things is God’s benignity.”’ 51

Ralph Cudworth, the second most influential of the
Cambridge thinkers, did not venture to adopt More’s
bold hypothesis of the spatiality of God ; in his case
a thorough familiarity with the ancient philosophers
and a consuming zeal to confute atheists kept him from
developing such a scientific interest in the detailed
progress of the mechanical philosophy, as had been also
an obvious motive in More. Hence his religious
interest expresses itself not in an attempt to force a
theistic metaphysics into the categories of the new
science at any cost, but rather by a return to Platonic
and Aristotelian thought. But it is interesting to
observe how, even in a thinker essentially conservative
and failing to share the dominant interests of the main
current of his day, certain of its significant results had
taken firm root. He adopts the doctrine of the
mechanical structure of the material universe and the
notion of primary and secondary qualities approvingly,
observing that the real difficulty is not to explain forms
and qualities in terms of magnitudes, figures, motions,
and the like, but how to account for souls and minds on
any such basis. He is confident that a consistent
pursuit of the mechanical philosophy would inevitably
lead to the admission of incorporeal beings, especially
one supreme spiritual Deity. Cudworth brings for-
ward five reasons for this assurance®2. First, the
atomical hypothesis, allowing nothing to body but
extension and its modes, * cannot possibly make life

%0 Compare with the pre-Socratic notion of the world as the product of the opposite forces
Love and Strite.

81 4 Platonic Song of the Soul, Part I1, Canto 4, Stanza 14.

52 Cudworth, The True Intellectual System of the Universe, Bk, I, Ch. 1, Pars. 27, 28, 38, 39.
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and cogitation to be qualities of body ; since they are
neither contained in those things . . . nor can result
from any conjugations of them. Wherefore it must
needs be granted, that life and cogitation are the
attributes of another substance distinct from body, or
incorporeal. Again . . . since no body could ever
move itself, it follows undeniably, that there must be
something else in the world besides body, or else
there could never have been any motion in it. More-
over, according to this philosophy, the corporeal
phenomena themselves cannot be solved by mechan-
ism alone without fancy (reference to Hobbes’ theory).
Now fancy is no mode of body, and therefore must
needs be a mode of some other kind of being in
ourselves, that is cogitative and incorporeal. ~ Further-
more, . . . sense itself is not a mere corporeal passion
from bodies without, in that . . . there is nothing really
in bodies like to those fantastic ideas that we have of
sensible things, as of hot and cold, red and green,
bitter and sweet, and the like, which therefore must
needs owe their being to some activity of the soul
itself ; and this is all one as to make it incorporeal.
Lastly . . . sense is not the wpiriipov of truth concern-
ing bodies themselves . . . from whence it plainly
follows, that there is something in us superior to sense,
which judges of it, detects its fantastry, and condemns
its imposture, and determines what really is and is not,
in bodies without us, which must needs be a higher
self-active vigour of the mind, that will plainly speak
it to be incorporeal.”?3 At the same time, the
mechanical philosophy does offer an adequate and
satisfactory explanation of the material world, and
hence for Cudworth it definitely supersedes the
scholastic forms and qualities, an explanation in terms
of which ““is nothing else but to say, that it is done
we know not how ; or, which is yet more absurd, to
make our very ignorance of the cause, disguised under

¥ He speaks of the soul as extended, however, Cf, Bk. III, Ch. 1, Sect. 3.
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those terms of forms and qualities, to be itself the cause
of the effect.”

Cudworth is thus thinking in general conformity
with the main outlines of the Cartesian dualism, and
for him, as for every one else in the century with the
possible exception of Hobbes, all ultimate difficulties,
metaphysical or epistemological, are resolved by the
appeal to God.

(¥) Barrow’s Philosophy of Method, Space, and Time

Isaac Barrow (1630-77), Newton’s intimate friend,
teacher, and predecessor in the Lucasian chair of
mathematics at Cambridge, is usually counted import-
ant in the history of his century as a mathematician
and theologian only. In his mathematical and
geometrical lectures, however, he offers some remarks
on mathematical method, space, and time, which have
significant metaphysical bearings ; also he, like More,
influenced strongly the metaphysical thinking of
Newton. Hence it seems appropriate to consider his
importance in the present chapter. Newton was a
student at Cambridge during the entire period of
Barrow’s mathematical interest, and it is known that
he attended the latter’s lectures. After 1664 their
friendship became quite intimate, and in 1669 Newton
revised and edited Barrow’s geometrical lectures,
adding the last lecture himself, with perhaps parts of
the others. It is hardly possible, however, that the
discussion of time, in which we are principally in-
terested, should have been the work of Newton,
inasmuch as it covers practically the entire first
lecture, and had Newton been the author we should
certainly have record of the fact.

Barrow’s views on mathematical method and on
space appear most prominently in his Lectiones
mathematicae, delivered in the years 1664—6. With
regard to the former he comes as near as any philoso-



BARROW’S PHILOSOPHY 145

pher of the century to a clear perception and statement
of just what the method of the victorious mathematical
physicists was, but his failure to see all the way through
and to propound a coherent and consistent programme,
for the use of scientific enquirers, of mathematical
units, hypothesis, experiment, etc., is most tantalizing.

After a few preliminary remarks on the history of
mathematics, Barrow observes that the object of the
science is guantizy, which may be considered either in
its pure form, as in geometry and arithmetic, or in its
mixed form, united with non-mathematical qualities.>*
For example, a straight line may be considered in its
pure and absolute form, as in geometry, or it may be
considered as the distance between the centres of two
bodies, or as the path of the centre of a body, as in
astronomy, optics, or mechanics. The geometer
simply abstracts magnitude in general as his object,
just as any other scientist abstracts that which appears
to be the essential nature of whatever portion of
phenomena he is studying. The attempt to speak of
the mathematician as dealing with an ideal or intelligi-
ble realm as opposed to the realm of sensible objects
is mistaken : it is the sensible realm, so far as it is
intelligible, especially so far as it reveals quantitative
continuity, that is the object of all science’®.  Thus
physics, so far as it is a science, is wholly mathematical,
likewise all of mathematics is applied in physics,
hence we may say that the two sciences are co-exten-
sive and equal’®. Similarly in astronomy, once its
special postulates are laid down, all the reasoning is
purely geometrical. In fact, Barrow regards geometry
as distinctly the type science in mathematics (following
his predecessors) ; algebra is not a part of mathematics
but a kind of logic used in it, while arithmetic is
included in geometry, numbers only possessing
mathematical significance when the units of which they

8 The Mashematical Works of Isaac Barrow D.D. (Whewell edition), Cambridge, 1860
Vol. I, p. 30, ff.

 Barrow, p. 38, ff. *¢ Barrow, p. 44, fl.
P- 44
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are composed are equal, i.e., when they are equal parts
of a continuous homogeneous quantity*’. Now it is
such a quantity that is the object of geometry, and
mathematical numbers are thus nothing more than
marks or signs of geometrical magnitudes®s.  Barrow
here appears a true English nominalist, and is evidently
maintaining (in agreement with Hobbes and More)
that everything genuinely existent must be conceived
as extended. Weights, forces, and times, Barrow
holds, are extended in some sense, inasmuch as they
are treated as geometrical quantities®?.

Next, Barrow attempts a description of the method
of geometrical investigation and demonstration®?.
His first statement of it is exceedingly vague and
general®, but his summary a few pages later is
somewhat better. Mathematicians *‘ take up for
contemplation those features of which they have in
their minds clear and distinct ideas, they give these
appropriate, adequate and unchanging names ; then,
for the investigation of their properties and the
construction of true conclusions about them, they
apply @ priori only certain axioms which are exceed-
ingly familiar, indubitable, and few in number.
Similarly the hypotheses which they set up a priori
are very few, in the highest degree consonant with
reason, and undeniable by any sane mind.” In this
manner mathematical science becomes unique in its
cogency®. Barrow, somewhat repetitive here, lists
eight specific reasons for the certainty of geometry ;
the clearness of the conceptions involved, the unam-
biguous definitions of mathematical terms, the
intuitive assurance and universal truth of its axioms,
the clear possibility and easy imaginability of its pos-
tulates and hypotheses, the small number of its
axioms, the clear conceivability of the mode by which
magnitudes are supposed to be generated, the easy

7 Barrow, p. 53, fi. 85 Barrow, p. 56.
5% Barrow, p. 134, ff. *® Barrow, p. 65, fi.
1 Barrow, p. 75, ff. Cf. also p. 89, 115, ff. ¢ Barrow, p. 66, ff.
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order of the demonstrations, and finally the fact that
mathematicians pass by what they do not know, or are
not certain of, * preterring to acknowledge their
ignorance than rashly to affirm any thing.” Even
the positivism of the new movement had touched
Barrow.

How, now, we may ask, are we sure of the truth of
those principles by which we confidently apply geo-
metry to the study of nature ? Barrow holds that these
are ultimately derived from reason, sensed objects
being merely the occasion which awakens them ¢2.
“ Who ever saw, or distinguished by any sense, an
exact straight line, or a perfect circle ?”” Reason
perceives, however, thus stimulated by sense, that
geometrical figures really exist in the sensible world,
though not visibly or tangibly ; they are like the
statue which exists in the block of marble upon which
the sculptor is working. At the same time, Barrow
affirms, if you prefer to believe with Aristotle that all
general propositions are derived by induction, you
must still admit the universal validity of mathematical
principles, because they have been confirmed b
constant experience, and God is immutable. Mathe-
matics is thus the perfect and certain science . The
way to get the fullest knowledge possible is always to
define your object in terms of those properties from
which mathematical deductions can be drawn in the
simplest fashion. Barrow reaches this conclusion
rather hazily and without perceiving its full import
for physical science ; later on in the course of lectures,
however, he attacks the problem from another angle
and appears to make a somewhat closer approximation
to clarity.

Mathematics is fundamentally, Barrow observes,
a science of measurement ®*. Now anything whatever
may be used as a measure—we may measure our
distance from a fire by the degree of heat experienced,

* Barrow, p. 8z, ff. ¢4 Barrow, p. 9o, ff. ¢ Barrow, p. 210.
+ P » P- 99, P
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or from a flower by its odour, just as we may measure
a longer distance by the time employed by a traveller
oraship®. Butwe hardly speak of such measurement
as mathematical. Now, wherever possible, mathe-
matical measurement is the simplest and easiest
manner of such determination, because it measures in
terms of a definite unit which is homogeneous with the
thing measured, and thus gives the resulting measure
an exact numerical form¢?. Hence that is said to be
known in a peculiar sense which is expressed by
numerical relation to some definite, known quantity
which we thus take as a unit®®. Till quantities are
reduced to such numerical expressions they are judged
unknown, inasmuch as immediate judgments of sense
about its world lack the clearness of number, they
cannot be conceived so easily by the mind, nor held so
well in the memory because of their fickle, changeable
character ; and only by numbers can the quantities of
all things be reduced to a few familiar and commonly
adopted measures.

The only omission in this discussion is definite
direction how to disentangle among those character-
istics of an object that have been hitherto unreduced to
mathematics, a unit in terms of which they can be
numerically expressed. Perhaps we should not blame
Barrow too heavily for this failure, however, since for
that science has still to wait.

Barrow’s religious interest appears above in his
postulate of the constancy of nature ; he goes on to
affirm that all demonstration presupposes the existence
of God. ‘I say that all demonstration assumes the
truth of hypotheses [postulates, we should say] ; the
truth of an hypothesis attributes to the thing which is
assumed a possible existence ; this possibility involves
an efficient cause of the thing (otherwise it would be
impossible for it to exist) ; the efficient cause of all
things is God.”¢® This religious reference appears

¢ Barrow, p. 223. %7 Barrow, p. 226, i, * D arrow, p. 239, fi, * Barrow, p. 111,
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more strongly, however, in his discussion of space and
time.

One of the important attributes of geometrical
magnitudes is, that they occupy space?®. What is
space ? It is impious, Barrow observes, to regard space
as a real existence independent of God ; likewise to
regard matter as infinitely extended is contrary to
scripture.  But, if we discover the proper relation
between space and God, we can truthfully ascribe a
real existence to the former. God can create worlds
beyond this world, hence God must extend beyond
matter, and it is just this superabundance of the
divine presence and power that we mean by space 7%
Apart from this religious reference, however, space
cannot be described as anything actually existing”? ;
it is ““ nothing else than pure simple potency, mere
capacity, ponibility, or . . . interponibility of some
magnitude.”

Here is an interesting combination of ideas about
space with which More was playing at the same time
in fact, inasmuch as both men were resident in Cam-
bridge, it is likely that the thinking of each was directly
influenced by the other. More was not much
interested in time, however, whereas Barrow, having
come to conceive of geometrical magnitudes as gener-
ated by motion, and being zealously engaged in the
attempt to construct a geometrical calculus on the
basis of this conception, was just as much interested
in time as in space. And in his views on time, which
are offered in the Lectiones geometricae, probably
written before the above discourses on method and
space, he appears in a somewhat more original light.

After noting some of the interesting features of time,
especially its quantitative character, Barrow asks
whether there was time before the creation of the
world, and whether it flows now beyond the limits of
the world, where nothing persists.?® His answer is :

'Y Barrow, p. 149, ff. " Barrow, p. 154. ™ Barrow, p. 158, ff, ™ Barrow, Vol, 11, p. 160, fi
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* Just as there was space before the world was founded, and even now there
is an infinite space beyond the world (with which God co-exists) . . . so
before the world and together with the world (perhaps beyond the world)
time was, and is; since before the world arose, certain beings were able
continually to remain in existence [God and the angels presumably], so now
things may exist beyond the world capable of such permanence. . . . Time,
therefore, does not denote an actual existence, but simply a capacity or
possibility of permanent existence ; just as space indicates the capacity of an
intervening magnitude. . . . But does time not imply motion ? Not at all,
I reply, as far as its absolute, intrinsic nature is concerned ; no more than
rest ; the quantity of time depends on neither essentially ; whether things
run or stand still, whether we sleep or wake, time flows in its even tenor.
Imagine all the stars to have remained fixed from their birth ; nothing would
have been lost to time ; as long would that stillness have endured as has
continued the flow of this motion. Before, after, at the same time (as far
as concerns the rise and disappearance of things), even in that tranquil state
would have had their proper existence, and might by a more perfect mind
have been perceived. But although those magnitudes are quantities abso-
lutely, independent of all reference to measure, yet we cannot perceive their
quantities except by the application of measures ; thus time is in itself a
quantity, although, that the quantity of time may be distinguished by us,
the aid of motion must be called in as a measure by which we judge temporal
quantities and compare them with each other ; and so time as something
measurable implies motion, since if all things had remained unmoved, in no
way would we be able to distinguish how much time had flowed past ; the
age of things would have been indistinguishable to us and its growth would
have been undiscoverable.” 7

«. . . It is not apparent to those aroused from sleep how much time has
intervened ; but from this it is not rightly deduced that, It is clear, that
apart from motion and change there is no time.” We do not perceive it
clearly, hence it does not exist—a piece of deceptive inference—and sleep
is deceptive, which causes us to connect two distant instants of time. . . .
Moreover, since we conceive time as flowing past always in an even channel,
not now more slowly, then more rapidly in turn (if indeed such disparity be
granted, time would in no wise admit of computation or dimension), on that
account not all motion is judged equally suited for determining and dis-
tinguishing the quantity of time, but chiefly that which, being in the highest
degree simple and uniform, proceeds always in an even tenor ; the mobile
preserving always the same force, and being borne through a uniform

7 The intervening part of the quotation shows again how far the Cartesian-Hobbesian
philosophy was influencing even pious minds who were interested in science. * Do I say that
we would not perceive the flow of time ? Most certainly not, nor would we perceive anvything
else, but bound in a continued stupor we would remain stock still like posts or rocks, For
we notice nothing except so far as some change affecting the sense disturbs us. or an internal
operation ot the mind stimulates our consciousness and excites it. It is from the extension or
intension of motion pressing inward or raising a disturbance within us, that we judge the
different degrees and quantities of things. So the quantity of motion, in so far asit can be
noted by us, depends on the extension of motion,”
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medium. Wherefore to determine time some such mobile must be chosen
as at least so far as concerns the periods of its motion, keeps constantly an
equal impulse and covers an equal distance.”

Barrow notes that the motions of the stars, and
especially of the sun and moon, are generally accepted
for this purpose, and then takes up the question how,
if the measurement of time be thus dependent on
motion, time may itself be, as defined, the measure of
motion.

* But how, say you, do we know that the sun is carried by an equal
motion, and that one day, for example, or one year, is exactly equal to another,
or of equal duration ? I reply that in no other way is this known to us
{excepting what may be gathered from the divine testimony) than by com-
paring the motion of the sun itself with other equal motions. Certainly if
the motion of the sun as registered in the sundial . . . be perceived to agree with
the motions of any time-measuring instrument which is constructed with
sufficient accuracy? . . . From which reasoning it seems to follow, which
perchance may appear astonishing to some, that strictly speaking the celestial
bodies are not actually the first and original measures of time ; but rather
those motions which are observed near us by the senses, and are subject to
our experiments ; since by their aid we judge the regularity of the celestial
motions. Not even is Sol himself a worthy judge of time, or to be accepted
as a veracious witness, except so far as time-measuring instruments attest his
veracity by their votes.”

Barrow adds that there is no way at all of comparing
the periods of the celestial revolutions now with those
many centuries ago, hence it is not possible to declare
for certain that Methusaleh was really longer lived
than a modern who failed of his hundredth year.
He then answers the specific problem of the ultimate
relation of time and motion, as had his predecessors
the ultimate relation of space and extension.

*“ Nor let anyone object that time is commonly regarded as the measure
of motion, and that consequently differences of motion (swifter, slower,
accelerated, retarded) are defined by assuming time as known ; and that
therefore the quantity of time is not determined by motion but the quantity
of motion by time : for nothing prevents time and motion from rendering
each other mutual aid in this respect. Clearly, just as we measure space,

7% The sentence is incomplete in the original,
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first by some magnitude, and learn how much it is, later judging other
congruent magnitudes by space ; so we first reckon time from some motion
and afterwards judge other motions by it ; which is plainly nothing else
than to compare some motions with others by the mediation of time ; just
as by the mediation of space we investigate the relations of magnitudes with
each other. . . . Further, since time, as has been shown, is a quantity uniformly
extended, all of whose parts correspond to the respective parts of an equable
motion, or proportionately to the parts of space traversed by an equable
motion, it can be represented, that is, proposed to our mind or fantasy, in a
most successful manner by any homogeneous magnitude ; especially by the
simplest, such as a straight or circular line ; between which and time there
are also not a few similarities and analogies.”7®

This lengthy disquisition has been presented almost
entire, because it represents beautifully a natural and
logical step in the development of a philosophy of
time comparable to that of space common in England
at the time of More and Barrow, and it clearly leads up
to the conception of time advanced in Newton. In the
case of both space and time Barrow admits the validity
of More’s religious approach ; considered as real and
absolute existences they are nothing but the omni-
presence and the eternal duration of God. But
Barrow was likewise interested in another approach,
that of positive mathematical science. From this
point of view they are nothing really existing, but
merely express potentialities of magnitudeand duration.
Why, then, when discussing them from the scientific
point of view, does Barrow not drop the absolutistic
terminology and treat space and time as purely
relative to magnitude and motion, inasmuch as prac-
tically that is how they must always be treated ¢ In
part, doubtless, because Barrow has evidently formed a

8 The balance of the passage elucidates this point somewhat further. * For besides the
fact that time has parts which are wholly similar, it accords with reason to consider it as a
quantity endowed with a single dimension ; for we conceive it constituted either by the simple
addition of successive moments, or by the (so to speak) continued flow of a single moment,
whence we are accustomed to attribute to it length alone ; nor do we determine its quantity
in any other way than by the length of a traversed line.  Just as I say, a line is regarded as the
path of a moving point, possessing from the point a certain indivisibility, but from the motion
divisibility of one kind, that is according to length ; so time is conceived as the path of an
instant continually flowing, possessing a certain indivisibility from the instant, but divisible
inso farasit isa successive flow. And just as the quantity of a line depends on length alone,
the result of motion, so the quantity of time follows from 2 single succession spread out, as it
were, in length ; which the length of the traversed space proves and determines. So we shall
always represent time by a straight line .., ”
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clearer and more definite conception of the meaning
of time as a distinct mathematical dimension, but
mainly because the validity of the other approach never
disappears from sight. Time is not a metaphysically
independent entity. Barrow never forgot that there
was an infinite and everliving God, whose existence
beyond the world involved space, and whose continued
life before the creation of things in motion involved
time. It was just because they were caught up in the
unchangeable divine nature that space and time
possessed that clarity and fixity which made it possible
to compare with exactness by their aid sensible mag-
nitudes and motions. Hence even when he no longer
notes the specifically religious reference it is implicitly
present ; he can speak of time as  flowing in its even
tenor,” as ‘“independent of motion as far as its
absolute and intrinsic nature is concerned,” as ‘‘an
absolute quantity, independent of all reference to
measure,”’ and the like. We shall find these remarks
on time a helpful introduction to the portrayal of it
in the chief work of his illustrious pupil.

' In the meantime let us not forget our larger bearings.
Galileo’s mathematical analysis of motion had thrust
upon the attention of the philosophically-minded two
strange new entities, which had to be taken account of,
and for those in the onward march of the times used
as basic categories in place of the old scholastic
substances, essences, and the like. Space and time
acquired new meanings, and became of central import-
ance in men’s thinking. What should be done with
them philosophically ? Descartes, bold metaphysician
that he was, had an answer ready as regards space—
he seized upon it as the very substance of the material
universe, crowding into the immaterial world of
thought whatever could not be fully treated geometri-
cally. Pious English thinkers like More and Barrow
sensed the religious danger of this summary dualism,
and attempted to bring the conception of God up to
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date so that space would no longer appear independent
of the deity ; likewise, following Hobbes, they made a
more fundamental distinction between space and
matter. It took somewhat longer, however, for a
philosophy of time to develop. Descartes had been
unable to do it, partly because time was obviously a
mode of thinking substance as well as of res extensa,
but more because he considered motion as a mathe-
matical conception in general and had failed to appre-
ciate Galileo’s ideal of its detailed quantitative formu-
lation. When men gradually attempted, however,
to make more precise the notions and interrelations of
force, acceleration, momentum, velocity, etc., it was
natural that they found themselves compelled to an
exact statement of what they meant by time. As
they grew more confident on this point, time came
gradually to seem as natural and self-justifying a
continuum as space, quite as independent of human
perception and knowledge, and to be metaphysically
disposed of on the same principles. This stage in the
development of a philosophy of time we reach first
distinctly in Barrow. Just as space had ceased to
appear accidental to objects and relative to magnitudes,
and became a vast, infinite substance existing in its
own right (except for its relation to God) so time
ceased to be regarded merely as the measure of motion,
and became a mysterious something ultimately of
religious significance, but quite independent of motion,
in fact measured now by it, flowing on from everlasting
to everlasting in its even mathematical course. From
being a realm of substances in qualitative and teleo-
logical relations the world of nature had definitely
become a realm of bodies moving mechanically in space
and time.



CHAPTER VI
GILBERT AND BOYLE

Hosszs’ classic works had appeared in the forties and
fifties of the seventeenth century ; Newton’s Principia
was finished in 1687. During the intervening genera-
tion English thought was affected to a considerable
extent by the writings of men like More, Cudworth,
and Barrow, but more powerfully moved by the
discoveries and publications of the great physicist
and chemist Robert Boyle. Newton’s thinking on
ultimate problems bears as obvious marks of his lucid
and many-sided mind as it does of the religious meta-
physic of the Cambridge leader. For Boyle, although
not commonly recognized as such, was a thinker of
genuine philosophical calibre.

But before we attempt a presentation of the funda-
mentals of Boyle’s philosophy, it will be helpful to
bring together a few threads which should now be
united in our minds as we pass on to Newton via the
metaphysics of the father of modern atomic chemistry.

More’s conception of a ‘ spirit of nature,’ an active,
nourishing, generating, directing agent, through whom
the will of God becomes expressed in the world of
matter, is apt to be somewhat puzzling to modern
students, though in essence the notion is simple and
it came to play a quite understandable part in the newly-
evolving philosophy of science. Its connexions with
the ancient idea of the soul of the world’ and its
similarity of function in the world at large to the
‘animal spirits > within the nervous and circulatory
system of an individual have been already remarked

155
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upon. More, it will be remembered, had insisted
that this spirit of nature is an incorporeal, spiritual
being, though without conscious intelligence or
purpose, and had pounced upon it to explain such
phenomena as gravity and magnetism, which seemed
to him obvious evidence of non-mechanical forces in
nature. Boyle, too, is convinced that clear thinking
must admit something of the sort, and it is of central
importance in Newton. We need a somewhat larger
background for this conception.

(A) The Non-Mathematical Scientific Current

Back in the days of Kepler and Galileo, besides the
exact mathematical movement in science, so powerfully
advanced by their achievements and bringing in its
train the remarkable metaphysical revolution which
it seemed to imply, there was another scientific
current under way, flowing by slower and more tenta-
tive steps, but none the less scientific in interest and
fruitfulness. Its method was wholly empirical and
experimental rather than mathematical, and it was
primarily in connexion with this other current that
attempts to give science a correct metaphysical ground-
work made a quite positive and definite appeal to this
¢ spirit of nature,’ or, as it was more commonly called,
¢ ethereal spirit.’

William Gilbert, the father of scientific magnetism,
whose classic work O the Loadstone and Magnetic
Bodies appeared in the year 1600, was one of the
luminaries of this non-mathematical scientific current.
We shall not pause for a study of the details of his
work, but the conviction into which he was led by the
phenomena of magnetism, that the earth is fundamen-
tally a huge magnet?, is of interest and importance.
Gilbert conceives the interior of the earth as composed
of a homogeneous magnetic substance? ; the earth’s

‘William Gilbert of Colchester, Ow tke Loadstone and Magnetic Bodies, Mottelay translation

New York, 1893, p. 64, fl.
Gilbert ,p. 313, ff
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cohesion and likewise its diurnal revolution about its
poles being thus accounted for, since ‘“a spherical
loadstone, floated in water, moves circularly on its
centre to become conformed to the earth on the plane
of the equator.”® Moreover, as all but the very
surface of the earth is of a homogeneous structure,
the geometrical centre of the earth is also the centre
of its magnetic movementst. Gilbert was one of the
carliest champions in England of the Copernican
theory as regards the diurnal revolution of the earth® ;
he did not accept the more radical position that the
earth also revolves around the sun, though holding that
the latter is the first mover and inciter of the planetary
motions. Further, it is to Gilbert’s experiments on
magnetism that we owe the first beginnings of the use
and conception of the word ‘ mass ’ as we find it later
matured in Newton. According to Gilbert, the
strength and reach of a loadstone’s magnetism varies
according to its quantity or mass®, that is, if it be of
uniform purity and from a specified mine. Galileo
and Kepler borrowed the notion of mass from Gilbert
in this sense and connexion.

Now Gilbert, like the other fathers of modern
science, was not content simply to note and formulate
the results of his experiments ; he sought ultimate
explanations of the phenomena. How can a loadstone
attract a piece of iron that is separated from it in
space ¢ His answer in essence was one which had been
current in ancient times ; magnetism is interpreted
animistically. Magnetic force is something ‘ animate,’
it ““imitates a soul,” nay, it “ surpasses the human
soul while united to an organic body,” because though
the latter “ uses reason, sees many things, investigates
many more ; but however well equipped, it gets light
and the beginnings of knowledge from the outer senses,
as from beyond a barrier—hence the very many igno-

* Gilbert, p. 331, 4 Gilbert, p. 150, * Gilbert, p. 344.
¢ Gilbert, p. 152, fl. ? Gilbert, p. 308, ff.
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rances and foolishnesses whereby our judgments and
our life-actions are confused, so that few or none do
rightly and duly order their acts.””® But the magnet
sends forth its energy *“ withouterror ... quick, definite,
constant, directive, motive, imperant, harmonious.” ®
‘Thus the earth, since it is itself a great magnet, has a
soul, which is none other than its magnetic force. ““As
for us, we deem the whole world animate, and all
globes, all stars, and this glorious earth, too, we hold
to be from the beginning by their own destinate souls
governed ‘and from them also to have the impulse of
self-preservation. Nor are the organs required for
organic action lacking, whether implanted in the
homogenic nature or scattered through the homogenic
body, albeit these organs are not made up of viscera
as animal organs are, nor consist of definite members.’’%°
The power of this magnetic soul to act at a distance,
which especially interested Gilbert, he explained by
the conception of a magnetic efluvium emitted by the
loadstone. This effluvium he supposes to reach out
around the attracted body as a clasping arm and draw
it to itself*'; yet it is nothing corporeal at all ; it
“ must needs be light and spiritual so as to enter the
iron”; it is a breath or vapour which awakens
within the attracted body a responding vapour. It is
thus apparent that although Gilbert calls this magnetic
efluvium incorporeal and spiritual, he does not mean
that it is unextended or absolutely non-material in
the Cartesian sense, but only that it is extremely thin
like a rare atmosphere!?. It is unlike matter in being
penetrable and a motive power. The earth and every
other astronomical body send out these magnetic
effluvia to certain spatial limits, and the surrounding
incorporeal ether thus composed shares the diurnal
rotation of the body'®. Beyond this ethereal vapour
there is void space, in which the suns and planets,

® Gilbert, p. 311, * Gilbert, p. 349. 10 Glbert, P 309. ! Gilbert, p. 106, ff.
2 Gilbert, p. 121, ff. 1 Gilbert, p. 326.
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meeting no resistance, move by their own magnetic
force. In his posthumous work, De mundo nostro
sublunari Philosophia Nova, Gilbert discusses the
relation between the earth and the moon in magnetic
terms!, the earth exercising the greater effect of the
two because of its greater mass, but he is unable to
make clear the principles which prevent the two from
falling together.

William Harvey, discoverer of the circulation of the
blood, in spite of his strong insistence on empiricism,
admitted the conception of ethereal spirits to explain
the passage of heat and nourishment from the sun to
the heart and blood of living creatures®® ; and we are
already aware how Descartes, whose physiology was
greatly influenced by Harvey®, surreptitiously trans-
ferred to the ether those qualities which express
themselves in the weight and varied velocity of bodies,
in order that he might regard the bodies themselves
as purely geometrical. In so doing Descartes gave
the cue for the further harmonious development of the
theory of an ethereal medium and the mathematico-
mechanical interpretation of the universe. ~Secondary
qualities of things had been banished to the realm of
man ; now those qualities which went beyond pure
geometry but whose effects in motion Galileo had been
reducing to mathematical formulae, or Gilbert and
Harvey had been studying by sensible experiments,
came to be thought of as somehow explicable through
this ethereal medium, which was regarded by most as
pervading all space. In it and by its determinate
forces, the visible and tangible bodies moved. It was
this distinction between solid bodies and the ether
that More at once seized upon. Descartes’ doctrine

1 Book II, Chs 18, 19, Amsterdam, 1651.

15 William Harvey, On the Motion of the Heart and Blood in Animals (Everyman edition),
. 57.

18 Hobbes was also profoundly influenced by Harvey. In the Preface to the ELlements
of Philosophy he refers to Harvey as the founder of scientific physiology, forsooth because it
was developed in terms of motion. He notes with envy that Harvey was the only man he
knew of, who was able to conquer prejudice sufficicntly to achieve the complete revolution of a
science within his lifctitne,
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of the all-sufficiency of simple impact motion to account
for every happening in the 7es extensa, More pronounced
an unjustified assumption. The ethereal medium,
whatever may be said about tangible bodies, was not a
mere machine. If it were, the universe would rapidly
dissipate, by the first law of motion. Qualities and
powers were assumed in it which were not mechanical.
Therefore it must be spiritual, incorporeal, the active
executor of the divine will, holding the frame of the
world together in the phenomena of cohesion, mag-
netism, and gravity. At the same time its effects are
regular and orderly, doubtless reducible to exact
scientific law. All this complex of ideas was shared
by Boyle, and passed from More and Boyle to Newton,
in whose philosophy it played a distinctive part.

(B) Boyle’s Importance as Scientist and Philosopher

Robert Boyle exemplifies in most interesting fashion
all the leading intellectual currents of his day ; every
important or prevalent interest and belief occupied
some place in his thinking and the conglomeration was
harmonized with considerable success around the foci
of his two most dominant enthusiasms, experimental
science and religion. Boyle defines philosophy as
‘““a comprehension of all those truths or doctrines,
which the natural reason of man, freed from pre-
judices and partiality, and assisted by Iearnin%
attention, exercise, experiments, etc., can manifestly
make out, or by necessary consequence deduce from
clear and certain principles.””” His conception of
the leading note of the scientific current of which he
formed a part appears at the end of an attack on the
highly dogmatic and metaphysical character of the
scholastic philosophy. ““ Our great Verulam at-
tempted with more skill and industry (and not without

. 17 The Works of the Honourable Roberi Boyle, Birch edition, 6 Vols.,, London, 1672, Yol.
V, p. 168.
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some indignation) to restore the more modest and
useful way practised by the ancients, of inquiry into
particular bodies without hastening to make systems,
into the request it formerly had ; wherein the admir-
able industry of two of our London physicians, Gilbert
and Harvey, had not a little assisted him. And I
need not tell you that since him Descartes, Gassendi,
and others, having taken in the application of geo-
metrical theorems for the explanation of physical
problems ; he and they, and other restorers of natural
philosophy, have brought the experimental and mathe-
matical way of inquiry into nature, into at least as high
and growing an esteem, as it ever possessed when it
was most in vogue among the naturalists that preceded
Aristotle.”*®  Boyle frequently mentions as his three
leading predecessors Bacon, Descartes, and Gassendi ;
he remarks that he did not in his youth read them
seriously “* that I might not be prepossessed with any
theory or principles, till I had spent some time in
trying what things themselves would incline me to
think” * ; but now that he has begun to examine
their writings carefully he realizes that his essays
might have been enriched and some things better
explained had he read them before. As for Bacon,
Boyle early joined a small group of scientific inquirers
pledged to the Baconian spirit and purpose—an
embryo Salomon’s house—and he always shared those
many features of the chancellor’s philosophy which
were in harmony with the other significant develop-
ments of the time. In particular he carried forward
the interest in practical control of nature through
knowledge of causes, which had been such a prominent
feature in Bacon, and which he regards as closely
related to the empirical method. If your ultimate
aim is to know, deductions from the atomical or
Cartesian principles are likely to give- you most
satisfaction ; if your aim is control of nature in the

'* Boyle, Vol, 1V, p. 59, * Boyle, 1, 302,

M



162 GILBERT AND BOYLE

interest of particular ends, you can often discover the
necessary relations between qualities immediately
experienced, without ascending to the top in the series
of causes?®. Gassendi’s revival of Epicurean atomism
seemed to Boyle especially important, although he
never made significant use of its specific points of
difference from Descartes’ cosmology, so that one
suspects that the feeling of kinship was due more to
Gassendi’s empiricism than to his atomic speculations.
Boyle notes that the Cartesians and atomists agree in
explaining phenomena by small bodies variously
figured and moved, the difference being on meta-
physical rather than physical points, whence * their
hypotheses might, by a person of reconciling disposi-
tion, be looked upon as . . . one philosophy which,
because it explicates things by corpuscles, or minute
bodies, may (not very unfitly) be called corpuscular.’”2
Frequently, too, following More, though with a some-
what broader meaning for the phrase, he calls it the
mechanical philosophy, because its characteristics
appear in obvious and powerful form in mechanical
engines. Boyle’s chief points of disaffection with
Descartes were the latter’s banishment of final causes
on the ground that we cannot know God’s purposes,
and his main postulates about motion??.  The English
thinker holds it obvious that some of the divine ends
are readable by all, such as the symmetry of the world
and the marvellous adaptation of living creatures,
hence it is foolish to reject teleological proofs for the
existence of God. As for the laws of motion, they
appear to him clearly evident neither to experience nor
to reason®®. In particular, the doctrine of the
permanence of the quantity of motion in the world
rests upon too a priori and speculative a proof, that
from the immutability of God.  Some experiments do
not seem to bear it out, and in any case we have no
means of investigating its truth in the remote regions

20 Boyle, I, 310, 3 Boyle, 1, 355,  Boyie, V, 401,  Boyle, V, 140, 397.
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of the universe. Boyle was likewise a prominent
figure in the overthrow of Hobbes’ physical philosophy
and 1ts method. After his experimental refutation of
Hobbes’ theory of the nature of the air, no important
thinker dared again to promulgate a physics composed
of deductions from general principles without careful
and exact experimental verification. The element of
faithfulness to fact in the method of the new movement
found a most powerful champion in Boyle. Besides
these affiliations with the recent past, Boyle carried on
an enormous correspondence with various prominent
contemporary scientists and philosophers, including
Locke, Newton, More, Hobbes, Sydenham, Hooke,
Glanvill ; and even Spinoza offered criticisms of some
of his experimental conclusions.

How, specifically, did he conceive his own function
in this advancing movement ? *‘ Since the mechanical
philosophers have brought so few experiments to
verify their assertions, and the chemists are thought
to have brought so many on behalf of theirs, that of
those that have quitted the unsatisfactory philosophy
of the schools . . . the greater number have embraced
their doctrines . . . for these reasons, I say, I hoped I
might at least do no unseasonable piece of service to
the corpuscular philosophers, by illustrating some of
their notions with sensible experiments, and manifest-
ing that the things by me treated of may be at least
plausibly explicated without having recourse to in-
explicable forms, real qualities, the four peripatetic
elements, or so much as the three chemical principles?*.
In other words, Boyle notes that the new assumptions
lacked as yet extensive experimental verification,
and that in particular the subject-matter of chemistry
had not yet been successfully explained atomically ;
the prevailing method was largely mystical and
magical ; the three principles supposed to be ultimate
constituents were the highly complex substances salt,

* Boyle, I, 356.
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sulphur, and mercury. Chemistry had not moved
forward with astronomy and mechanics, and Boyle
is eager to see it raised to their exact level by trying
whether the principles of atomism may not be success-
fully applied in this other field. Astronomers and
geographers ‘“ have hitherto presented us rather a
mathematical hypothesis of the universe than a
physical, having been careful to show us the magni-
tudes, situations, and motions of the great globes,
without being solicitous to declare what simpler
bodies, and what compounded ones, the terrestrial
globe we inhabit does or may consist of.”25 It is
this chemical analysis of things right before our eyes
that Boyle is eager to further, and the method he
champions, following Gilbert’s practice more than
Bacon’s theory, is that of reasoned analysis of sensible
facts, confirmed by exact experiment. The new
philosophy, he observes, is built upon two foundations,
reason and experience, of which the latter has only
recently come into its own2¢. Does this unduly
subordinate reason to experience 7 Not at all, Boyle
answers. *‘ Those that cry up abstracted reason, as if
it were self-sufficient, exalt it in words ; but we that
address reason to physical and theological experience,
and direct it how to consult them and take its informa-
tion from them, exalt it in effect ; and reason is much
less usefully served by the former sort of men than
by the latter ; since while those do but flatter it, these
take the right way to improve it.”2? In the last
analysis, moreover, our criterion of truth is rational.
“ Experience is but an assistant to reason, since it
doth indeed supply informations to the understanding,
but the understanding still remains the judge, and has

25 Boyle, 1II, 318.

6 Boyle, V, 513, fi. *“ But now the virtuosiI speak of {. . . by whom . .. I mean those
that understand and cultivate experimental philosophy) make a much greater and better nse
S oAl & e mat st it the phearon bt St So bt  Sarcs SHETES
they are solicitous, when they find it needful, to enlarge their experience by trials purposcly

devised.”
37 Boyle, V, 540.
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the power or right to examine and make use of the
testimonies that are presented to it.”’28

(C) Acceprance and Defence of the Mechanical World View

Boyle was not himself a profound mathematician,
but he readily perceived the fundamental importance
of mathematics in an atomistic interpretation of the
chemical world, according to the now prevalent
principle.  *“ It is true that matter, or body, is the
subject of the naturalist’s speculation ; but if it be also
true that most, if not all, the operations of the parcels
of that matter . . . one upon another, depend upon
those modifications which their local motion receives
from their magnitude and their figure, as the chief
mechanical affections of the parts of matter ; it can
scarcely be denied that the knowledge of what figures
are, for instance, more or less capacious and advantaged
or disadvantaged for motion or for rest, for penetrating
or for resisting penetration, for being fastened to one
another, etc., must be of constant use in explaining
many of the phenomena of nature.”?® This is, of
course, just the business of geometry, it is the science
of magnitude, figure, and especially of motion.
Astronomy, for example, is a science about physical
things, in which, without an adequate knowledge of
mathematics to guide in the framing of hypotheses or
judging of them, a thinker is apt to go astray (witness
Epicurus and Lucretius) ; in fact in any subject
dealing with things which possess geometrical quali-
ties, the aid of lineal schemes and pictures to the
imagination is quite considerable’®. But more than
this, and here Boyle expresses his complete agreement
with the mathematical metaphysics of Galileo and

* Boyle, V, 539. Boyle remarks further : * The outward senses are but the instruments
of the soul . .. the sensories may deceive us . . . it is the part of reason, not sense, to judge
whether none of the requisites of sense be wanting . . . and also it is the part of reason to
judge what conclusions may, and what canunot, be safely grounded on the information of the
senses and the testimony of experience. So when it is said that experience corrects reason, it
is somewhat an improper way of speaking ; since it is reason itself that upon the information
of experience, corrects the judgments she had made before.”

* Boyle, 111, 425, fi,  Boyle, 111, 431, 429, 441.
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Descartes, the whole world seems to be fundamentally
mathematical in structure ; ‘‘ nature does play the
mechanician ”” ¥ ;  mathematical and mechanical
principles are the *“ alphabet, in which God wrote the
world ” ; which for Boyle is a conclusion justified
for the most part by the undeniable fact of the success-
ful explanation of things through the use of these
principles. They have proven themselves the right
key to the cipher. Had he lived before Galileo,
Boyle would undoubtedly have remained in the main
an Aristotelian ; but the remarkable and experiment-
ally verifiable achievements of the great mathematical
physicists had made him (as was the case with other
empiricists) a post factum convert. Further, inasmuch
as God played the mathematician in creating the
world, mathematical principles, like the axioms of
logic, must be ultimate truths superior to God himself,
and independent of revelation® ; in fact revelation
itself must be so interpreted as not to contradict those
principles, ““ for God, being infinitely knowing, and
being the author of our reason, cannot be supposed to
oblige us to believe contradictions.” I look upon
the metaphysical and mathematical principles .
to be truths of a transcendent kind, that do not
properly belong either to philosophy or theology ;
but are universal foundations and instruments of all
the knowledge we mortals can acquire.” 33

This mathematical view of nature involves, of course,
a mechanical conception of its operations. ‘‘ That
which I chiefly aim at, is to make it probable to you
by experiments, that almost all sorts of qualities, most
of which have been by the schools either left unexpli-
cated, or generally referred to I know not what
incomprehensible substantial forms, may be produced
mechanically 5 I mean by such corporeal agents, as
do not appear either to work otherwise than by virtue
of the motion, size, figure, and contrivance of their

* Boyle, 1V, 76, fi.; 111, 20, 34, fi, % Boyle, 111, 429. " Boyle, VI, 711, fi,
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own parts (which attributes I call the mechanical
affections of matter).”’3 These parts are ultimately
reducible to atoms, equipped with primary qualities
alone, and portrayed by Boyle, in spite of Gassendi’s
revival of Epicureanism, in essentially Cartesian
terms®. Of such ultimate or primary qualities the
most important is motion %, for Boyle follows Descartes’
conception of the process by which the uniform
res extensa was originally diversified into its various
parts. *‘ Iagree with the generality of philosophers so
far as to allow, that there is one catholic or universal
matter common to all bodies, by which I mean a
substance extended, divisible, and impenetrable. But
because this matter being in its own nature but one,
the diversity we see in bodies must necessarily arise
from somewhat else than the matter they consist of,
and since we see not how there could be any change in
matter, if all its parts were perpetually at rest among
themselves, it will follow that to discriminate the
catholic matter into variety of bodies, it must have
motion in some or all its designable parts ; and that
motion must have various tendencies, that which is in
this part of the matter tending one way, and that which
is in that part tending another.” ¥ In fact it is just
this attempt to account for variety and change by
reducing them wholly to motion that leads us inevitably
to the atomic theory?®.

Now although the natural world as we see it could

34 Boyle, I11, 13.

3 Boyle, 111, 292. ““ And there are some . . . qualities, namely size, shape, motion, and
rest, that are wont to be reckoned among qualities which may more conveniently be esteemed
the primary modes of the parts of matter, since from these simple attributes, or primordial
affections, all the qualities are derived.”

3 Following Galileo, Boyle also calls these absolufe qualities ; that is, in no circumstances
can they be thonght away from bodies, 111, 22.

37 Boyle, 111, 15.

38 Royle, 111, 16: ** It will follow, both that matter must be actually divided into parts,
that being the genuine effect of variously determined motion, and that each of the primitive
fragments, or other distinct and entire masses of matter, must have two attributes; its
own magnitude or rather size, and its own figure or shape. And since experience shows us
that this division of matter is frequently made into insensible corpuscles or particles, we may
conclude, that the minutest fragments, as well as the biggest masses of the universal matter
are likewise endowerd, each with its own peculiar bulk and shape. . . . Whether these acci
dents may not conveniently enough be called the moods or primary affections of bodics, to

distinguish them from those less simple qualities (as colours, tastes, and odours) that belong
to bodies upon thejr account, 1'shall not now stay to consider.” Cf, also 29-35.
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not have been produced without that infusion of motion
which broke up the primitive matter and forced its
parts to combine in the manifold ways which account
for present phenomena, yet (for reasons which will
appear later) Boyle is eager to insist that matter as
such did not need to be set in motion, 7i.e., motion is
not an inherent quality of matter. More’s conception
of absolute space helped him out at this point. A
body is as truly a body when it rests, as when it moves,
he points out, hence motion is not of the essence of
matter®®, ‘‘which seems principally to consist in
extension.”’4® Boyle is not quite sure whether
impenetrability can be deduced from extension alone?? ;
if not it must be included in the essential qualities of
matter along with size and figure which are so deduc-
ible, but his main point is to insist that matter can in
no wise move itself, it is dependent for its motion upon
something that is not matter. Boyle criticizes
Descartes for appearing to make matter independent
of God. According to Cartesian principles God
cannot abolish extension or the laws of motion2.

Out of matter, then, variously moved in its different
parts, both insensibly small and large, all the pheno-
mena of nature without exception are to be explained?.
Boyle, no more than Descartes or Hobbes, had caught
the full vision of Galileo, that motion is to be expressed
in exact mathematical terms ; his purpose when he
descends to the detailed problems of theory is merely
to show how, according to the principle of permutations
and combinations, a small number of primary differ-
ences in bulk, figure, and motion can give rise in their
various possible combinations to an almost infinite
diversity of phenomena®*. Boyle illustrates in various

32 Boyle, V, 242. 4% Boyle, II, 42. 41 Boyle, 1V, 198, fi.

2Boyle, 1V, 43, fi. AL Bovle, 1V, yo, ff. espeually 77, i
44 Boyle, 111, 297, fi. '« The . grand difficulty ob)ected agamst the [corpuscularian]
doctrine pmposed by me about the origin of qualities . . . is . . that it is incredible that

so great a variety of qualities as we actually find to be in bodies should spring from principles
so few in number as two, and so simple as matter and local motion; whereas the latter
is but one of the six kinds of motion reckoned up by Aristotle and his followers . . . and the
former, bemg all of one uniform nature, is according to us diversified only by the effects of
local motion,”
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ways how the primitive homogeneous matter is broken
up under the influence of local motion into pieces of
specific bigness and shape, some of which are at rest,
others in motion ; and that from these considerations
it is possible to deduce seven other categories, such as
position, order, texture, etc., which furnish us with an
adequate alphabet, out of which the book of the
universe can be constructed. Lest even this seem
insufficient, he points out that local motion itself is a
principle of great diversity. “* So likewise motion,
that seems so simple a principle, especially in simple
bodies, may even in them be very much diversified ;
for it may be more or less swift, and that in an infinite
diversity of degrees; it may be simple or compounded,
uniform or difform, and the greater celerity may
precede or follow. The body may move in a straight
line, or in a circular, or in some other curve line . . .
the body may also have an undulating motion . . .
or may have a rotation about its own middle parts,
etc.”’** Boyle was confident, of course, that his own
experiments on aerostatics and hydrostatics admirably
confirmed this wholly mechanical conception of the
origin of forms and qualities.

It is interesting to note that by Boyle’s time the new
geometrical metaphysics had become so settled in the
current of intelligent thinking that rudimentary
attempts begin to be made to give new meanings to
some of the traditional metaphysical terms, with the
intent of better fitting them into the language of the
day. He proposes to use the term form, for example,
to mean (instead of the scholastic essential qualities)
‘“ those mechanical affections necessary to constitute
a body of that determinate kind.”**  Nature, too, he
wishes to rescue from the vague and varied uses to
which it had been put in ancient and medieval dis-
cussions, and define it in terms of the new dualism—
it is not a collection of substances nor a mysterious

- # Boyle, 111, 299, $* Boyle, 111, 28,



170 GILBERT AND BOYLE

wielder of incalculable forces, but a system of mechani-
cal laws ; i.e., it is the world of matter and motion
distinct from rational souls and immaterial spirits?”.
Boyle strongly opposes More’s doctrine of angels and
of a ‘ spirit of nature’ or subordinate spiritual being
operating toward certain ends, and thereby accounting
for such phenomena of attraction as cohesion, suction,
gravity and the like*8, He is thoroughly convinced
that these, like other qualitative phenomena, can be
explained on a corpuscularian or mechanical basis,
though he attempts no solution of the problems
involved.

(D) Palue of Qualitative and Teleological Explanations

But for him the appeal to a mysterious entity is no
genuine explanation ; to explain a phenomenon is to
deduce it from something else in nature more known
than the thing to be explained.*®* Substantial forms and
other covers for our ignorance, like ‘nature,’ are
therefore no explanations, they just are as unique as
the things to be explained®®. At the same time some
qualitative explanations, where nothing better is
available, are not worthless, for Boyle, like More,
believes that the new philosophy has gone to unjustifi-
able extremes in Descartes and Hobbes. The most
satisfying explanations, to be sure, are those in terms
of bulk, shape, and motion, ‘ yet are not those explica-
tions to be despised, wherein particular effects are
deduced from the most obvious and familiar qualities
or states of bodies, such as heat, cold, weight, fluidity,
hardness, fermentation, etc., though these themselves
do probably depend on those three universal ones
formerly named.” Gravity offers a good example.

47 Boyle, V, 177.—* Of universal nature, the notion I would offer would be some such as
B T el T s e
motion prescribed by the Author of things . . . I shall express what I call general nature by
cosmical mechanism, i.¢., a comprisal of all the mechanical aﬁeuion,i {figure, size, motion

etc.) that belong to the matter of the great system of the universe,’
8 Bovle, V, 192, ff, 49 Boyle, 111, 46, 59 Boyle, T, 308, fl,
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“ He, I say, may be allowed to have rendered a reason
of a thing proposed, that thus refers the phenomena to
that known affection of almost all bodies here below,
which we call gravity, though he does not deduce the
phenomena from atoms, nor give us the cause of
gravity ; as indeed scarce any phllosopher has yet
given us a satlsfactory account of it.” Tt was for the
same reasons and in the same spirit that Boyle criticized
te]eologlcal explanations ; the validity of final causal-
ity, unlike Descartes and Hobbes, he does not at all
call in question, but points out that an answer to the
ultimate why of anything is no substitute for an answer
to the immediate sow. *‘ For to explicate a phenom-
enon, it is not enough to ascribe it to one general
efficient, but we must intelligibly show the particular
manner, how that general cause produces the proposed
effect. He must be a very dull inquirer who, demand-
ing an account of the phenomena of a watch, shall
rest satisfied with being told, that it is an engine made
by a watchmaker ; though nothing be thereby de-
clared of the structure and coaptation of the spring,
wheels, balance, and other parts of the engine, and the
manner, how they act on one another, so as to co-
operate to make the needle point out the true hour of
the day.”s* A total explanation of things is not the
object of experimental science ; that, indeed, will go
far beyond mechanism ; there is ““ the admlrable
conspiring of the several parts of the universe to the
production of particular effects ; of all of which
it will be difficult to give a satisfactory account without
acknowledging an mtelllgent Author or Disposer of
things.”2 ~ But, Boyle reiterates in his reply to More’s
criticisms of hlS experimental conclusions,

supposing the world to have been at first made, and to
be continually preserved by God’s power and wisdom ;
and supposing his general concourse to the main-
tainance of the laws he has established in it, the

" Boyle, V, 245, # Boyle, 11, 76, fl,
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phenomena I strive to explicate may be solved mechan-
ically, that is by the mechanical affections of matter,
without recourse to nature’s abhorrence of a vacuum,
to substantial forms, or to other incorporeal creatures.
And therefore if 1 have shown, that the phenomena
I have endeavoured to account for, are explicable
by the motion, bigness, gravity, shape [note the
inclusion of gravity in this list], and other mechanical
affections . . ., I have done what I pretended.”s® It
was important indeed for the onward march of the
new philosophy of science that Boyle’s acceptance of
teleology as a valid metaphysical principle did not
lead him to apply it in physics 3*; here he follows his
great predecessors in holding that the immediate and
secondary cause of any effect is always a prior motion
of some sort. ‘ The world being once constituted
by the great Author of things as it now is, I look upon
the phenomena of nature to be caused by the local
motion of one part of matter hitting against another.”
“Local motion seems to be indeed the principal
amongst second causes, and the grand agent of all
that happens in nature ; for though bulk, figure, rest,
situation, and texture do concur to the phenomena
of nature, vet in comparison of motion they seem to be
in many cases, effects, and in many others little better
than conditions, or requisites, or causes size gua non,”®®
but all these remain wholly inefficacious until actual
motion occurs. Boyle is eager constantly to affirm,
however, in refutation of Hobbes, that this applies
only to secondary causes—to assert absolutely that
motion is impossible except by a body contiguous and

5 Boyle, 111, 608, fi.

¢ Boyle, 1V, 459. On space and time, Boyle’s ideas are not very clear. His main interest
Toleia e e e B iFocrioy ot
space in words he is led to admit it by implication. He appears to follow Descartes’ position
S e T e e v e
by the irresistible power of God, this way, or that way, there should ensue a motion without

change of place.” There appears to be some confusion of thought here, but Boyle nowhere
offers us a clearer analysis.

*‘Boyle, I11, 42 ; Cf. also 1V, 6o, 72 ff., 76, fi,
#* Boyle, IIT 15,
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moved, is to involve oneself in an infinite regress and
to deny ultimate causality by a spiritual deity®”.

(E) Insistence on Reality of Secondary Qualities—
Conception of Man

Boyle’s many agreements with Descartes have
appeared frequently in the quotations thus far cited ;
when he comes to treat of man’s place in the world
and the mechanism of sensation, it is, as we should
expect, the Cartesian dualism that furnishes the main
background of his thought, but with a significant
difference, for which we are prepared by his remarkably
moderate treatment of qualitative and teleological
explanations. Galileo and Descartes had been eager
to banish man from the mathematical world of nature
into a secondary and unreal realm—to be sure Descartes
had maintained the independence of thinking sub-
stance—but the whole effect of his work, like that of
Galileo, was to make man’s place and importance seem
very meagre, secondary, dependent. ‘The real world
was the mathematical and mechanical realm of exten-
sion and motion, man being but a puny appendage and
irrelevant spectator. ‘This view had pervaded the
mind of the age ; Hobbes’ smashing materialism had
powerfully aided it ; in their absorption in the con-
quest of nature by mathematical principles, thinkers
were forgetting that the being who was gaining this
knowledge and victory must by that very achievement
be a rather remarkable creature.. Confronting this
seemingly irresistible tendency to read man out of
nature and belittle his importance, Boyle is eager
positively to reassert the factual place of man in the
cosmos and his unique dignity as the child of God.
Hence the primary qualities are not more rea/ than
the secondary ; since man with his senses is a part of
the universe, all qualities are equally real. To be

+7 Boyle, 1V, 167.
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sure, ‘ if we should conceive all the rest of the universe
to be annihilated save one such body, suppose a metal,
or a stone, it were hard to show that there is physically
anything more in it than matter, and the accidents we
have already named [the primary qualities] . . .
But now we are to consider, that there are de facto
in the world certain sensible and rational beings that
we call men ; and the body of man having several
external parts, as the eye, the ear, etc., each of a distinct
and peculiar texture, whereby it is capable of receiving
impressions from the bodies about 1t, and upon that
account it is called an organ of sense ; we must con-
sider, I say, that these sensories may be wrought upon
by the figure, shape, motion, and texture of bodies
without them after several ways, some of those external
bodies being fitted to affect the eye, others the ear,
others the nostrils, etc. And to these operations of
the objects on the sensories, the mind of man, which
upon the account of its union with the body perceives
them, gives distinct names, calling the one light or
colour, the other sound, the other odour, etc.”’?® Easy
enough it was for the mind to regard such sensible
qualities as really existent in things themselves,
“ whereas indeed there is in the body to which these
sensible qualities are attributed, nothing of real and
physical, but the size, shape, and motion or rest of its
component particles, together with the texture of the
whole, that results from their being so contrived as
they are.”” At times Boyle is rather muddled about
the matter ; in one passage he is disposed to agree
with the Aristotelians that * they [the sensible qualities]
have an absolute being irrelative to us; for snow,
for instance, would be white, and a glowing coal
would be hot, though there were no man or any other
animal in the world . . . as the coal will not only heat
or burn a man’s hand if he touch it, but would likewise
heat wax . . . and thaw ice into water, although all the

#* Boyle, 111, 22, ff., 35.
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men and sensible beings in the world were annihilated.”
Of course, this would hardly prove the coal hot, yet
his general solution of the problem is fairly conser-
vative ; it is that in objects themselves these secondary
qualities exist as ‘““a disposition of its constituent
corpuscles, that in case it were truly applied to the
sensory of an animal, it would produce such a sensible
quality which a body of another texture would not,
as though if there were no animals there would be no
such thing as pain, yet a pin may, upon the account of
its figure, be fitted to cause pain in case it were moved
against a man’s finger . . .” Inasmuch, however,
as there are men and animals in the world, such a
‘ disposition * or ‘fitness ’ in things is just as real as
the qualities it possesses in itself. ““To be short, if we
fancy any two of the bodies about us, as a stone, a
metal, etc., to have nothing at all to do with any other
body in the universe, it is not easy to conceive how
either one can act upon the other but by local motion

. or how by motion it can do any thing more than
put the parts of the other body into motion too, and
thereby produce in them a change of texture and
situation, or of some other of its mechanical affections :
though this (passive) body being placed among other
bodies in a world constituted as ours now is, and being
brought to act upon the most curiously contrived
sensories of animals, may upon both of these accounts
exhibit many differing sensible phenomena, which,
however we look upon them as distinct qualities, are
consequently but the effects of the often-mentioned
catholic affections of matter.”

That Boyle should have felt it necessary to point
out so emphatically * that there are de facto in the world
certain sensible and rational beings that we call men,”®
is a highly significant commentary on the scientific
mind of his time. In Boyle himself this emphasis is
due, not so much to a conviction that the astounding

* Boyle, 111, 36.
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achievements of mechanical science necessarily implied
a significant place in the world for its inventor, but
rather to his religious interests®®, the assertion of
human worth being uniformly more flavoured with
the latter than with the former. ‘° Matter, how
vastly extended, and how curiously shaped soever, is
but a brute thing that is only capable of local motion,
and its effects and consequents on other bodies, or the
brain of man, without being capable of any true, or at
least any intellectual perception, or true love or hatred ;
and when I consider the rational soul as an immaterial
and immortal being, that bears the image of its divine
maker, being endowed with a capacious intellect, and a
will, that no creature can force : I am by these con-
siderations disposed to think the soul of man a nobler
and more valuable being, than the whole corporeal
world.” #*  Some touches of the medieval teleological
hierarchy are thus reaffirmed in Boyle, against the
prevailing current.

Just what is man, however, this curious perceiver of
sensible qualities, this being that loves and hates, and
has a rational soul 7 Boyle’s views here are strictly
Cartesian. Man’s body, being body, is mechanical
like the rest of nature ; men are ““ engines endowed
with wills.” ¢2  Elsewhere the non-corporeal part
is characterized as an ‘‘ immaterial form,” ¢3 or, quite
frequently, as above, a * rational soul.” More’s
doctrine of the extension of spirit he entirely rejects ;
the soul is not only indivisible but also unextended ¢,
for which reason, Boyle holds, it must be immaterial
and immortal. Furthermore, the prevalent notion of
spirit as a thin vapour or breath, he sets definitely
aside as a confusion of terms. * When I say that
spirit is incorporeal substance . . . if he should answer,
that when he hears the words incorporeal substance,
he imagines some aerial or other very thin, subtil,

0 CE IV, 1715 V, 515 « Boyle, 1V, 19, fi,  Boyle, V, 143.
+ Boyle, 111, 4o. ¢ Boyle, V, 416,
Y
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transparent body, I shall reply, that this comes from a
vicious custom he has brought himself to, of imagining
something whenever he will conceive anything, though
of a nature incapable of being truly represented by any
image in the fancy. . . . Because the use of imagining,
whenever we would conceive things, is so stubborn an
impediment to the free actings of the mind, in cases
that require pure intellection, it will be very useful,
if not necessary, to accustom ourselves not to be
startled or frighted with every thing that exceeds or
confounds the imagination, but by degrees to train up
the mind to consider notions that surpass the imagina-
tion and yet are demonstrable by reason.” ¢

All this sounds Cartesian enough, and when Boyle
comes to describe in detail the process of sensation he
is a thoroughly orthodox follower of the ambiguous
Cartesian psychology as it has come to be popularly
interpreted. Just note with care his portrayal of the
facts. The soul is something unextended ®¢ ; at the
same time it resides in the conarion, to which the
impressions of external bodies on the sensories are
carried as motions of nerve fibres, ‘ where these
differing motions being perccived by the there residing
soul, become sensations, because of the intimate
union . . . of the soul with the body.” Boyle takes it
for granted, too, that our ideas are stored up for
future use in a small part of the brain®’. Hobbes’
modification of Descartes has not escaped him. He
notes, however, some of the difficulties involved in
the union of incorporeal with corporeal substance,
being especially interested in the fact that particular
sensations are not really explained by the theory.
*“ For I demand why, for instance, when I look upon a
bell that is ringing, such a motion or impression in the
conarion produces in the mind that peculiar sort of
perception, seeing and not hearing ; and another
motion, though coming from the same bell, at the same

** Boyle, VI, 688, fl. cf -also 796. % Boyle IV 44. *? Boyle 1V, 454.
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time, produces that quite different sort of perception,
that we call sound, but not vision ; what can be
answered but that it was the good pleasure of the author
of human nature to have it so.” ¢ He observes that
at such points we are no better off than the scholastics
with their occult qualities.

(F) Pessimistic View of Human Knowledge— Positivism

Here we come upon one of the most interesting and
historically significant features of Boyle’s philosophy,
his epistemology, for Boyle began to see some of the
difficulties for a theory of human knowledge involved
in this position. Though, to be sure, he appeals to
religion to help him over his final difficulties here
(thereby following the example set by the other
champions of the new science), yet his statement is so
closely akin to that of Newton that it deserves careful
attention. We might well ask, as we examine the
metaphysics of the age—with its prevalent conception
of the soul located within the body, where it is affected
by the primary motions coming to the various senses
and promulgated to its seat in the brain—how any
certain knowledge at all is possible of the real corporeal
world outside, with which the soul is never in contact ?
How is it possible for it to build up an orderly system
of ideas that shall truly represent a world forever inac-
cessible to it ? How, indeed, do we know that there is
any such world ? But it took a long time for men to
feel this difficulty in all its overwhelming force ; even
Locke, who in the Essay finds himself securely caught in
it, fails to see the inevitably sceptical consequence of
his position. Galileo and Gilbert had dimly sensed
that the new metaphysics meant a rather meagre realm
of human knowledge, and the ancients were not
unfamiliar with the ultimate difficulties about know-
ledge that certain doctrines of sensation involved.

8 Boyle 1V, 43 ff.
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But now Boyle raises the doubt, still rather naively
and innocently, on the basis of the new psychology,
and it is vital to our purpose to observe that he readily
abandons the more consistent form of Descartes’
dualism in favour of important elements from Hobbes ;
he pictures the soul as entirely shut up within the
brain. ‘“ And if it be a necessary imperfection of
human nature that, whilst we remain in this mortal
condition, the soul, being confined to the dark prison
of the body, is capable . . . but of a dim knowledge;
so much the greater value we ought to have for
Christian religion, since by its means . . . our faculties
will be elevated and enlarged.”®  This dimness
and meagre reach of knowledge is what we should
expect in a world constituted like ours : “I see no
necessity that intelligibility to a human understanding
should be necessary to the truth or existence of a
thing, any more than that visibility to a human eye
should be necessary to the existence of an atom, or of
a corpuscle of air, or of effluviums of a loadstone,
etc.” 7 Viewing such statements in the light of the
whole development, how natural they seem! The mind
of man had come in touch with a vast realm of being,
which seemed to it pre-eminently real, yet in which,
in view of the current metaphysical spectacles, its own
existence and knowledge seemed incomparably res-
tricted and petty, and to which they were wholly
irrelevant. Boyle’s further comments in this con-
nexion, however, are rather simple. He observes that
we know very little about the celestial globes and the
deeply subterranean parts of the earth ; our experience
and inquiries deal only with the “ crust or scurf of
the earth,” 7! which is but a * small (not to say con-
temptible) portion.” Our knowledge is * confined to
but a small share of the superficial part of a physical
point.”

 Boyle, IV, 45. Cf. Locke's Essay, II, 1177, Locke was intimately acquainted with

both Boyle and Newton.
¢ Boyle, 1V, 450 ; cf. also VI, 694, ff. 71 Boyle 1V, 50.
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The moral of all this to Boyle is that we must not
reject things because they transcend our intelligence,
but consider whether it may not be because our capa-
cities are too limited to grasp them. This applies
both to science and religion, especially the latter.

It is largely in this mood that Boyle becomes
flavoured in his thinking with that conception of
science that we have noted already in Galileo and which
has later come to be designated by the name of positiv-
ism. [mportant touches of the positivistic spirit are
to be found in Harvey 2, and Boyle now relates it to
the total philosophical situation. Since the reach of
human knowledge is so small in comparison with the
totality of being, it is ridiculous to attempt the pro-
jection of great systems ; better to have a little know-
ledge which is certain because based on experiment,
and 1s growing, though always incomplete and frag-
mentary, than to construct large speculative hypotheses
of the universe”. In much of his work Boyle con-
sciously avoids unyielding theories of phenomena,
and contents himself with gathering facts and offering
suggestions which might prepare the way for some
future “sound and comprehensive hypothesis.”7¢
He severely criticizes the eagerness of the human
mind to know a great deal before it makes sure, by
careful observation and experiment, that its knowledge
is genuine.”® ‘It is not, that I at all condemn the
practice of those inquisitive wits, that take upon them
to explicate to us even the abstrusest phenomena of
nature. . . . I admire them when their endeavours
succeed, and applaud them even when they do but
fairly attempt . . . but I have hitherto, though not
always, yet not unfrequently found, that what pleased
me for a while, as fairly comporting with the observa-
tions, on which such notions were grounded, was soon

72 Harvey (Everyman edition), p. 16, ff.
s Boyle, 1, 299, fi.

7 Boyle, 1, 695 ; Cf. also I, 66z, fi.
" Boyle, 1V, 460.
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after disgraced by some further or new experiment.” 7¢
Hence while not confuting such opinions except where
he judged them ‘‘ impediments to the advancement of
experimental learning,”?7 nor even then unless he
believed he * could bring experimental objections
against them,”” Boyle was chiefly anxious to secure the
full recognition on the part of his contemporaries in the
new science of a definitely experimental standard.
“ For it is none of my design, to engage myself with,
or against any one sect of naturalists, but barely to
invite you to embrace or refuse opinions, as they are
consonant to experiments, or clear reasons deduced
thence, or at least analogous thereunto.” Difficult
problems, such as the composition of the continuum,
do not need to be solved before science can proceed
further ; “ because there is a multitude of considerable
things to be discovered or performed in nature, without
so much as dreaming of this controversy.” 78

Not only is it true that science can proceed to much
important assemblage of facts and tentative considera-
tion of hypotheses without holding a firm system of
convictions about the phenomena in question ; it is
also true that oftentimes alternative hypotheses suggest
themselves, either of which may reveal, in conformity
with our general method and criteria (i.e., atomism,
empiricism, etc.), the causes of the facts observed. In
such cases it may be impossible to assert positively
that one of these hypotheses is absolutely true to the
exclusion of the others.?® Therefore science must often
be satisfied with probabilism in its explanations
from the standpoint of human reason, hypotheses
differ in walue and probability of truth, but cannot be
judged absolutely. ~“ For the use of an hypothesis . . .
(is] to render an intelligible account of the causes of
the effects, or phenomena proposed, without crossing
the laws of nature, or other phenomena ; the more

" Boyle, I, 307; Cf.also 1V, 235, fl. 77 Boyle, I, 311, fI.
* Boyle, 1V, 43. 7% Boyle, 11, 45.
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numerous, and the more various the particles are,
whereof some are explicable by the assigned hypothesis,
and some are agreeable to it, or at least are not dis-
sonant from it, the more valuable is the hypothesis,
and the more likely to be true.” #® A third reason for
this tentative attitude is that, for Boyle, the fact of
time itself renders impossible the construction of a
complete system of truth at any given date. More
things are constantly happening, and there is never
any guarantee that they will fit into our present
hypotheses, no matter how carefully formed and
verified.®?

Boyle sums up his position on these topics in a
paragraph, which may well be quoted almost 77 700 2.

(G) Boyle’s Philosophy of the Ether

The prevalent notion of the existence of an ethereal
medium pervading space Boyle regards from this
critical point of view ; it is in general a likely hypo-
thesis, but should nevertheless be looked upon as
tentative and doubtful, because of lack of adequate
experiments on the subject. ‘. . . That there may
be such a substance in the universe, the asserters of it

9 Boyle IV, 234.

¥ Boyle, IV, 796.

¥ Boyle, I, 302, ff.—* And truly. .. if men could be persnaded to mind more the advance-
ment of natural philosophy than that of their own reputations, it were not, methinks, very
uneasy to make them sensible, that one of the considerablest services that they could do
mankind, were to set themselves diligently and industriously to make experiments and collect
observations, without being overforward to establish principles and axioms, believing it
uneasy to erect such theorics, as are capable to explicate all the phenomena of nature, before
they have been able to take notice of the tenth part of those phenomena, that are to be
explicated. Not that I at all disallow the use of reasoning upon experiments, or the endeavour-
ing to discern as early as we can the confederations, and differences, and tendencies of things :
for such an absolute suspension of the exercise of reason were exceeding troublesome, if not
impossible . . . in physiology it is sometimes conducive to the discovery of truth, to permit the
understanding to make an hypothesis, in order to the explication of this or that difficulty,
that by examining how far the phenomena are, or are not, capable of being solved by that
hypothesis, the understanding may, even by its own errors, be instructed. For it has been
truly observed by a great philosopher, that truth does more easily emerge out of error than
confusion. Thaf then, that I wish for, as to systems, is this, that men, in the first place, would
forbear to establish any theory, till they have consulted with (though not a fully competent
number of experiments, such as may afford them all the phenomena to be explicated by that
theory, yet) a considerable number of experiments, in proportion to the comprehensiveness of
the theory to be erected on them. And, in the next place, I would have such kind of super-
structures looked upon only as temporary ones ; which though they may be preferred before
any others, as being the least imperfect, or, if you please, the best in their kind that we yet
have, yet are they not entirely to be acqui d in, as perfect, or uncapable of
improving alterations,”
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will probably bring for proofs several of the phenomena
I am about to relate ; but whether there be or be not
in the world any matter that exactly answers to the
descriptions they make of their first and second elements
I shall not here discuss, though divers experiments
seem to argue that there is an ethereal substance
very subtle and not a little diffused.” 8 As to just
how he conceives this substance, the following passage
is illuminating. 1 considered, that the interstellar
part of the universe, consisting of air and ether, or
fluids analogous to one of them, is diaphanous ; and
that the ether is as it were, a vast ocean, wherein the
luminous globes, that here and there, like fishes,
swim by their own motion, or like bodies in whirl-
pools are carried about by the ambient, are but very
thinly dispersed, and consequently that the proportion
that the fixed stars and planetary bodies bear to the
diaphanous part of the world, is exceeding small, and
scarce considerable.” #

Now it is highly important to observe, in connexion
with the theory of the ether, that by Boyle’s time an
ethereal fluid had become commonly appealed to for
the fulfilment of two very diverse functions in the realm
of matter. One such function was the communication
of motion by successive impact, which became central
in the mechanical system outlined by Descartes, and
furnished an explanation of all those experiments
which told against the existence of a vacuum in
nature. This conception of motion as proceeding
always by the impact of material bodies was so much
in line with the postulates and methods of the new
science that it was scarce possible for any thinker of
importance to avoid the conviction that something of
the sort must be true ; consequently the vigour with
which philosophers of all groups attacked the notion
that there could be any such thing as action at a
distance. Even More had to have an extended God

# Boyle, 111, 309. * Boyle, 111, 706.
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in order to show how he could exert his power at any
point of space he pleased. According to this con-
ception, the ether was naturally conceived as a homo-
geneous, phlegmatic fluid, filling all space that was not
occupied by other bodies, and possessing no character-
istics that could not be deduced from extension. Its
other function was to account for curious phenomena
like magnetism, in which forces were apparently at
work of a unique kind, such as could not be reduced to
those universal, orderly, mechanical motions, for the
propagation of which the ether in its first function was
called upon. Thinkers like More, whose main
motive was religious, were content with traditional
conceptions of a “spirit of nature’ at this point, an
extended being which possesses powers of vegetation,
nourishment, regulation and guidance, without con-
sciousness, reason, or purpose. More scientific
minds, too, allowed their imaginations to wander
somewhat loosely in these traditional paths, but
gradually more hopeful hypotheses were tried. Gil-
bert’s ethereal notions, as we noted, were highly
speculative, and followed the ancient system of ideas
in large measure ; in Boyle the suggestion appears
that a more scientific approach to the problem of the
ether might be made if we assume in it two kinds of
matter, one homogeneous and fitted to perform the
first function, the other possessed of such powers as
will account for the phenomena of the second. ‘It
may not, therefore, be unseasonable to confess to you
that I have had some faint suspicion, that besides those
more numerous and uniform sorts of minute particles
that are by some of the new philosophers thought to
compose the ether I lately discoursed of, there may
possibly be some other kind of corpuscles fitted to
have considerable operations, when they find con-
gruous bodies to be wrought on by them ; but though
it is possible, and perhaps probable, that the effects
we are considering may be plausibly explicated by the
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ether, as it is really understood, yet 1 somewhat
suspect that those effects may not be due solely to the
causes they are ascribed to, but that there may be,
as I was beginning to say, peculiar sorts of corpuscles
that have yet no distinct name, which may discover
peculiar faculties and ways of working, when they
meet with bodies of such a texture as disposes them
to admit, or to concur with, the efficacy of these un-
known agents. This suspicion of mine will seem the
less improbable if you consider, that though in the
ether of the ancients there was nothing taken notice of
but a diffused and very subtle substance ; yet we are
at present content to allow that there is always in the
air a swarm of steams moving in a determinate course
between the north pole and the south.” # )
This distinction between two kinds of ethereal
matter, made in order that the ether might furnish an
adequate explanation of these two types of phenomena,
we shall meet again in Newton, who wrote of its
possibilities in a letter to Boyle, some ten years after
Boyle had penned this paragraph (1679). In the
meantime scientists were quite at sea as to the status
of gravity in this connexion. Were the phenomena
of gravity explicable mechanically, or were they
essentially magnetic or electric in their nature ? We
have noted how Gilbert championed the latter view—
the earth is a huge magnet, and even the relation
between the earth and the moon is to be understood
magnetically—his view was on the whole dominant
among English experimental scientists, while it exer-
cised considerable influence on such continental
luminaries as Galileo and Kepler. Descartes was the
great champion of the former view ; by supposing
that the all-pervading ethereal medium fell into a
series of vortices of varying sizes, he held it possible
to explain the phenomena of gravity entirely mechanic-
ally, i.e., without attributing to either the ethereal

* Boyle, 111, 316,
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matter or other bodies any qualities not deducible from
extension. As we have observed, the mere fact that
the ether assumes and maintains the vortical form
implies in it qualities that go far beyond extension,
but the weight of Descartes’ great name and achieve-
ments upheld the conception as an exceedingly
alluring one, especially to those who saw in mathe-
matical mechanics the possible key to all the secrets
in nature. In terms of the main movement of the
times, it seemed like a more scienzific hypothesis than
the other. In the main, Boyle was inclined to side
with Descartes on this point, though with a rather
loose interpretation of the word *‘ mechanical.”
Newton, as we shall see, upheld the other view, while
he also suggested a possible way of combining the
two.

On March 21, 1666, Robert Hook wrote a letter
to Boyle, in which he described various experiments he
had made on the subject of gravity, partly to determine
whether the force of gravity increased and decreased
according to some regular law, and partly to decide
whether it was magnetic, electric, or of some other
nature’®. Hook observed that the results secured
were indecisive. A little later in the same year
(July 13) Boyle received a letter from John Beale®,
in which the latter urged Boyle to offer an explanation
of gravity, observing that it seemed to have important
bearings on both mechanics and magnetism. Early
in the seventies Boyle is still unwilling to give any
definite hypothesis about gravity, but sees no harm in
calling it mechanical in nature, *“ since many proposi-
tions of Archimedes, Stevinus, and those others, that
have written of statics, are confessed to be mathe-
matically or mechanically demonstrated, though those
authors do not take upon them to assign the true cause
of gravity, but take it for granted, as a thing univer-
sally acknowledged, that there is such a quality in the

** Boyle, VI, 505, fi, 27 Boyle, VI, 404, ff.
) 2R ’
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bodies they treat of. . . Since such kind of explications
have been of late generally called mechanical, in respect
of their being generally grounded upon the laws of the
mechanics ; I, that do not use to contend about names,
suffer them quietly to be so.”®® This extract is from
Boyle’s reply to More’s objections to his published
assertion that his experiments on the weight and
elasticity of the air showed that such phenomena were
explicable on mechanical principles ; and as long as
there was no defined and recognized meaning for the
term mechanical, it is difficult to see how such debates
could be either avoided or settled. More and Boyle
were sufficiently at one, however, in their religious
interests not to be in profound disagreement on any
subject ; in fact ten years later Boyle was careful to
speak of gravity in language that would have been
entirely pleasing to More®®.

(H) God's Relation to the Mechanical World

Boyle’s deeply religious character has been patent
enough from many of the quotations already cited.
It is time, however, to fix our attention on this side of
his philosophy more directly, and to note its ultimate
relations, in his own mind, to experimental science.
His religious activities were multifarious ; among
other things he contributed heavily toward the
support of missionaries in far corners of the globe,
and carried on quite a correspondence with some of
them, including John Eliot of New England fame.
He founded the famous series of Boyle lectures, in
which he hoped that answers would be offered to the
new objections and difficulties in the way of accepting
the Christian religion, arising from the developments

*® Boyle, III, 601.

2 Boyle, V, 204—* It is obvious to them that will observe, that that which makes lumps
of earth, or terrestrial matter, fall through the air to the earth issome general agent, whatever
that be, which according to the wise disposition of the Author of the universe, determines the

motion of those bodies we call heavy, by the shortest ways that are permitted them, towards
the central part of the terraquaeous globe,”
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of the time in science and philosophy. Dr Bentley,
an important correspondent of Newton, became the
first lecturer on the Boyle foundation. We learn from
Birch’s Life of Boyle, that ““he had so profound a
veneration for the Deity that the very name of God
was never mentioned by him without a pause and a
visible stop in his discourse ; in which Sir Peter Pett,
who knew him for almost forty years, afirms that he
was so exact, that he did not remember to have
observed him once to fail in it.”?® Experimental
science was to Boyle, as to Bacon, itself a religious task.
3 . So much admirable workmanship as God hath
displayed in the universe, was never meant for eyes
that wilfully close themselves, and affront it with the
not judging it worthy the speculating. Beasts inhabit
and enjoy the world ; man, if he will do more, must
study and spiritualize it.”°* He was eager that
others might undertake the work of science in the
worshipful spirit of religion, praying, for example,
in his will that the Royal Society might refer all their
attainments to the glory of God.

What, to Boyle, were the fundamental facts of
experience that clearly point to the existence of God ?
Two types of fact he offers most profusely in this
connexion, the fact of human reason and intelligence,
and the fact of order, beauty, and adaptation in the
universe at large. *I make great doubt, whether
there be not some phenomena in nature, which the
atomists cannot satisfactorily explain by any figuration,
motion, or connexion of material particles whatsoever :
for some faculties and operations of the reasonable soul
in man are of so peculiar and transcendent a kind, that
as I have not yet found them solidly expllcated by
corporeal principles, so I expect not to see them in
haste made out by such.”**  Just what kind of a God
this fact implies, and what his relations with the
intelligible world of nature must be in detail, Boyle

?* Boyle, I, 138, » Boyle, 111, 62, 2 Boyle, 11, 47, ff,
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as we shall see, answers in terms of traditional doctrine
rather than by an attempt to secure a fresh insight into
the problem. As regards his second, more distinc-
tively teleological argument, compare the following
statement, selected from many available : “‘ That the
consideration of the vastness, beauty, and regular
motions of the heavenly bodies ; the excellent structure
of animals and plants ; besides a multitude of other
phenomena of nature, and the subserving of most of
these to man ; may justly induce him as a rational
creature, to conclude, that this vast, beautiful, orderly,
and (in a word) many ways admirable system of things,
that we call the world, was framed by an Author
supremely powerful, wise and good, can scarce be
denied by an intelligent and unprejudiced considerer.”’??

Once having established God, Boyle is content to
interpret His place in the world and relation to man in
accepted Christian fashion. "He is the God who has
given us direct and special information about himself
and our duties to him in the Holy Scriptures, which
are an object of study more valuable than any know-
ledge we canacquire through a study of nature.®* It is
“not grateful, to receive understanding and hope of
eternal felicity from God, and not study what we can
of His nature and purposes through His revelation
. . . [or] to dispute anxiously about the properties of
an atom, and be careless about the inquiry into the
properties of the great God, who formed all things.” %
Science and theology are thus both parts of a larger
whole which far transcends them in reach and worth.
*“ The gospel comprises indeed, and unfolds, the whole
mystery of man’s redemption, as far forth as it is
necessary to be known for our salvation : and the
corpuscularian or mechanical philosophy strives to
deduce all the phenomena of nature from adiaphorous
matter, and local motion.  But neither the fundamental
doctrine of Christianity, nor that of the powers and

** Boyle, V, s15, fi.: cf. 236 IV, 721, ¢ Boyle, 1V, 7. % Boyle IV, 26.
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effects of matter and motion, seems to be more than an
epicycle . . . of the great and universal system of God’s
contrivances, and makes but a part of the more general
theory of things, knowable by the light of nature,
improved by the information of the scriptures : so
that both these doctrines . . . seem to be but members
of the universal hypothesis, whose objects I conceive
to be the nature, counsels, and works of God, so far
as they are discoverable by us in this life.” ¢ Boyle
pictures the future state as a continuation of our search
for knowledge of this vaster realm of the divine
activity ; the chief difference will be that our present
handicap will be removed, as God will then * enlarge
our faculties, so as to enable us to gaze, without being
dazzled, upon those sublime and radiant truths, whose
harmony, as well as splendour, we shall then be
qualified to discover, and consequently, with transports,
to admire.”” *7

This religious faith in the divine origin and control
of the universe, coupled with his sense of the meagre-
ness of human knowledge, leads Boyle to a definite
rejection of Descartes’ assumption that the mechanical
laws of motion, discovered and verified in the realm of
our experience, must apply without change to the
totality of res extensa. *° Now if we grant, with some
modern philosophers, that God has made other worlds
besides this of ours, it will be highly probable, that he
has there displayed his manifold wisdom in productions
very different from those wherein we here admire it

. In these other worlds we may suppose, that the
original fabric, or that frame, into which the omniscient
architect at first contrived the parts of their matter,
was very different from the structure of our system
besides this, 1 say, we may conceive, that there may be
a vast difference between the subsequent phenomena
and productions observable in one of those systems,
from what regularly happens in ours, though we should

% Boyle, IV, 19. 7 Boyle, IV, 32.
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suppose no more, than that two or three laws of local
motion, may be differing in those unknown worlds,
from the laws that obtain in ours. ... God may have
created some parts of matter to be of themselves
quiescent . . . and yet he may have endowed other parts
of matter with a power like that which the atomists
ascribe to their principles [second function of the
ether] of restlessly moving themselves, without losing
that power by the motion they excite in quiescent
bodies. And the laws of this propagation of motion
among bodies may not be the same with those that are
established in our world.” #8

As we should expect from these arguments for God’s
existence and power, the first and foremost function
of the Deity in the economy of the universe was to set
it in motion, in such ways that the orderly and har-
monious system now revealed in it should result®?.

The frequent use of the phrase ‘ general concourse,’
which had already occurred in Descartes, indicates in
the next place the sense on Boyle’s part that God was
somehow needed constantly to keep the univetse from
going to pieces ; to this his religious interest mainly
impelled him, though he was also to some extent moved
by the same considerations that influenced More.
Boyle feels, too, that a mechanical universe would
inevitably fly apart—those forces which hold its
different parts together in an orderly whole, are
essentially spiritual in their nature. * This most
potent Author, and Opificer of the world, hath not
abandoned a masterpiece so worthy of him, but does

°* Boyle, V, 139.

* Boyle, V, 413, fi.—* The most wise and powerful Author of nature, whose piercing sight
is able to penetrate the whole universe and survey all parts of it at once, did, at the beginning
of things, frame things corporeal into such a system, and settled among them such laws of
motion, as he judged suitable to the ends he proposed to himself in making the world ; and
as by virtue of his vast and boundless intellect, that he at first employed, he was able, not only
to see the present state of things he had made but to foresee all the effects, that pamcular
bodies so and so qualified, and acting a((nrdmg to the laws of motion by him established,
could in such and such circumstances have on one another; so, by the same omniscient
power, he was able to contrive the whole tabric, and all the parts of it, in such manner, that
whilst his general concourse maintained the order of nature, each part of this great engine,
the world, should, without either intention or knowledge, as regularly and constantly act

towards the attainment of the respective ends which he designed the for, as if themselves
really understood and industriously prosccuted, those ends.”
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still maintain and preserve it, so regulating the
stupendously swift motions of the great globes, and
other vast masses of the mundane matter, that they do
not, by any notable irregularity, disorder the grand
system of the universe, and reduce it to a kind of chaos,
or confused state of shuffled and depraved things.” 100
Just how much is meant in this conception of God’s
‘ general concourse’ maintaining the system of the
world, is exceedingly difficult to make out in harmony
with the rest of Boyle’s philosophy, especially when we
note his insistence that secondary or physical causes
operate quite mechanically, once regular motion has
been established.11

The key to this difficulty in Boyle, such as it is,
seems to be found in his answer to the deists, who
denied the necessity of any such general concourse,
holding that ‘“ after the first formation of the universe,
all things are brought to pass by the settled laws of
nature. For though this be confidently, and not
without colour pretended ; yet ... I look upon a law
as being indeed but a notional thing, according to
which an intelligent and free agent is bound to regulate
his actions.  But inanimate bodies are utterly incapable
of understanding what a law is . . . and therefore the
actions of inanimate bodies, which cannot incite or
moderate their own actions, are produced by real power,
not by laws.”192  This thought, that inasmuch as the
world cannot know what it 1s doing, its orderly and
law-abiding behaviour must be accounted for by real,
constant, intelligent power, occurs in other passagesi®
in Boyle. Nowhere is there any clear attempt to
reconcile this with the position that the laws of motion
and the phenomena of gravity represent quite self-
sufficient mechanical operations.

100 Boyle ; V, 519, cf. also 198, fi.

191 Boyle, 1V 68, ff. ;-——*The laws of motion being settled, and al! upheld by his incessant
concourse and general providence, the phenomena of the world thus constituted are physically
produced by the mechanical affections of the parts of matter, and what they operate upon
one another according to mechanical laws.”

102 Boyle, V, 520.

10 Boyle, of. 11, 40, 38, fi.
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God is thus conceived, not only as the first cause of
things, but also as an active, intelligent being in the
present, ever watchful to maintain the harmonious
system of the world and to realise desirable ends
in it.** His ““ knowledge reaches at once, to all that
he can know ; his penetrating eyes pierce quite
through the whole creation at one look. . . . God
beholds at once all, that any one of his creatures in the
vast universe, either does or thinks. Next the
knowledge of God is not a progressive, or discursive
thing, like that acquired by our ratiocinations, but an
intuitive knowledge . . . God . . . needs not know any
one thing by the help of another, but knows every-
thing in itself (as being the Author of it) and all things
being equally known to him, he can, by looking if I
may so speak, into himself, see there, as in a most
divine and universal looking-glass, everything that is
knowable most distinctly, and yet all at once.”s
This encomium of the divine intelligence reminds us
of Galileo and Descartes; it even savours somewhat of
More’s extended Deity, which Boyle had previously
denied. In one interesting passage, in fact, Boyle
quite forgets his antagonism to this doctrine of the
Cambridge divine. ‘Things happen *‘ as if there were
diffused through the universe an intelligent being,
watchful over the public good of it, and careful to
administer all things wisely for the good of the particu-
lar parts of it, but so far forth as is consistent with the
good of the whole, and the preservation of the primitive
and catholic laws established by the supreme cause.” 106

Now in such a passage as this Boyle is obviously
going beyond even the conception of God as needed to
maintain the system of the world by his ‘ general
concourse ’ ; he is adding the doctrine of a particular
providence and attempting to reconcile it with the rule
of universal law in the Stoic fashion. Particular
individuals, or parts of the universe, are ““ only so far

1%¢ Boyle, V, 140. 1*5 Boyle, V, 150. 1% Boyle, II, 39. Italics ours.

o
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provided for, as their welfare is consistent with the
general laws settled by God in the universe, and to such
of those ends as he proposed to himself in framing it,
as are more considerable than the welfare of those
particular creatures.” 7 At the same time consis-
tency with the general laws just mentioned must not
be pressed, for “this doctrine [is not] inconsistent
with the belief of any true miracle, for it supposes the
ordinary and settled course of nature to be maintained,
without at all denying, that the most free and powerful
Author of nature is able, whenever He thinks fit, to
suspend, alter, or contradict those laws of motion,
which he alone at first established and which need his
perpetual concourse to be upheld.”%®  God might
thus at any time, * by withholding his concourse, or
changing these laws of motion, that depend entirely
upon his will . . . invalidate most, if not all, the axioms
of natural philosophy.”’1%?

Hence, although God ordinarily confines the
motions of matter to the regular laws originally estab-
lished in it, yet he has by no means surrendered his
right to change its operations in the interest of some
new or special purpose. What types of event does
Boyle intend to include under the head of miracles
in this sense ? First, of course, the miracles recorded
in revelation. It will not follow from the existence
of regular laws in nature, *‘ that the fire must necessarily
burn Daniel’s three companions or their clothes, that
were cast . . . into the midst of a burning fiery furnace,
when the author of nature was pleased to withdraw his
concourse to the operation of the flames, or super-
naturally to defend against them the bodies that were
exposed to them.”t®  Secondly, Boyle counts a
miracle the union of a rational, immortal soul with a
physical body at birth1!! ; thirdly, prayer for special
help in times of sickness he does not think it becomes a

197 Boyle, V, 251, fi. 10t Boyle, V, 414. 1% Boyle, IV, 161, fi.
110 Boyle, IV, 162. 11 Boyle, III, 48, ff.
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Christian philosopher to pronounce hopeless!® ;
and fourthly, he is disposed to think that there are
many more irregularities in the cosmos at large than
we are tempted to admit. “ When I consider the
nature of brute matter, and the vastness of the bodies
that make up the world, the strange variety of those
bodies that the earth does comprise, and others of
them may not absurdly be presumed to contain ;
and when I likewise consider the fluidity of that vast
interstellar part of the world wherein these globes
swim ; I cannot but suspect that there may be less of
accurateness, and of constant regularity, than we have
been taught to believe in the structure of the
universe.” 112 As examples he cites the spots on the
sun, which he interprets as an irregular vomiting of
quantities of opaque matter ; and the comets, which
were a great matter of wonder and inystery to all
scientists of the day. Boyle holds it more satisfactory
to attribute these types of event to the immediate
interposition of the divine author of things, than to call
in some third entity or subordinate being, such as
nature. God doubtless has ends far transcending
those which are revealed in the harmonious system
discovered by science.

It is noticeable, however, that Boyle is eager not to
overstress the importance of miracles ; the main
argument for God and providence is the exquisite
structure and symmetry of the world—regularity, not
irregularity—and at moments when his scientific
passion is uppermost, he almost denies everything he
has claimed for the present direct interposition of the
deity. If God ‘ but continue his ordinary and general
concourse, there will be no necessity of extraordinary
interpositions, which may reduce him to seem, as it
were, to play after games ; all those exigencies, upon
whose account philosophers and physicians seem to

112 Boyle, V, 216, ff. 113 Boyle, III 322,
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have devised what they call nature, being foreseen
and provided for in the first fabric of the world ;
so that mere matter so ordered, shall . . . doall . ..
according to the catholic laws of motion.”’2** ‘The
universe 1s distinctly not a puppet, whose strings have
to be pulled now and again, but *“ it is like a rare clock,
such as may be that at Strasburg, where all things are
so skilfully contrived, that the engine being once set
a-moving, all things proceed according to the artificer’s
first design, and the motions . . . do not require the
peculiar interposing of the artificer, or any intelligent
agent employed by him, but perform their functions
upon particular occasions, by virtue of the general and
primitive contrivance of the whole engine.”

This reinterpretation of theism, which we meet with
in Boyle, to the end of relating it definitely to the new
scientific conception of the world, we shall find repeated
almost point for point in Newton, save for being shorn
of its most extreme ambiguities. The only other
influences at all comparable in this aspect of Newton’s
philosophy were those of More and of the theosophist,
Jacob Boehme. The former was Newton’s colleague
at Cambridge, and the latter, whom he read copiously,
must have strengthened his conviction that the
universe as a whole is not mechanically but only
religiously explicable.

We are now equipped to consider, in somewhat
fuller detail than has been devoted to any thinker thus
far, the metaphysics of the man whose epoch-making
conquests for science enabled him to turn the bulk
of the convictions so far reached from still dubitable
assumptions into almost hallowed axioms for the
subsequent course of modern thought.  Before we do
so, however, let us summarize the central steps in the
remarkable movement we have been tracing.

114 Boyle, V, 163.
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() Summary of the Pre-Newtonian Development

Copernicus dared to attribute to the earth a diurnal
motion on its axis and an annual motion around the
sun, because of the greater mathematical simplicity
of the astronomical system thus attained, a venture
whose metaphysical implications he could accept
because of the widespread revival in his day of the
Platonic-Pythagorean conception of the universe, and
which was suggested to his mind by the preceding
developments in the science of mathematics. Kepler,
moved by the beauty and harmony of this orderly
system of the universe and by the satisfaction it
accorded his adolescent deification of the sun, devoted
himself to the search for additional geometrical har-
monies among the exact data compiled by Tycho
Brahe, conceiving the harmonious relations thus laid
bare as the cause of the visible phenomena and likewise
as the ultimately real and primary characteristics of
things. Galileo was led by the thought of the motion
of the earth and its mathematical treatment in astron-
omy to see if the motions of small parts of its crust
might not be mathematically reducible, an attempt
whose successful issue crowned him as the founder of a
new science and led him in his efforts to see the fuller
bearings of what he had accomplished to further
metaphysical inferences. The scholastic substances
and causes, in terms of which the fact of motion and its
ultimate why had been accounted for teleologically,
were swept away in favour of the notion that bodies are
composed of indestructible atoms, equipped with none
but mathematical qualities, and move in an infinite
homogeneous space and time in terms of which the
actual process of motion could be formulated mathe-
matically. Intoxicated by his success and supported
by the onrushing Pythagorean tide, Galileo conceived
the whole physical universe as a world of extension,
figure, motion, and weight ; all other qualities which
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we suppose to exist iz rerum natura really have no place
there but are due to the confusion and deceitfulness
of our senses. The real world is mathematical, and an
appropriate positive conception of causality is presented ;
all immediate causality is lodged in quantitatively
reducible motions of its atomic elements, hence only
by mathematics can we arrive at true knowledge of
that world. In so far, in fact, as we cannot attain
mathematical knowledge it is better to confess our
ignorance and proceed by tentative steps towards a
fuller future science than to propound hasty specula-
tions for grounded truths. In Descartes the early
conviction that mathematics is the key to unlock the
secrets of nature was powerfully strengthened by a
mystic experience and directed by his pristine inven-
tion, that of analytical geometry. Could not the whole
of nature be reduced to an exclusively geometrical
system ? On this hypothesis Descartes constructed
the first modern mechanical cosmology. But what
about the non-geometrical qualities ? Some, those with
which Galileo had been struggling, Descartes hid in
the vagueness of the ether ; others, encouraged by
Galileo’s example and led by his metaphysical pro-
pensities, he banished out of the realm of space and
made into modes of thought, another substance totally
different from extension and existing independently
of it. ‘““ When any one tells us that he sees colour in a
body or feels pain in one of his limbs, this is exactly
the same as if he said that he there saw or felt some-
thing, of the nature of which he was entirely ignorant,
or that he did not know what he saw or felt.”” But
these totally different substances are in obvious and
important relations. How is this to be accounted for ?
Descartes found himself quite unable to answer this
overwhelming difficulty without speaking of the
res cogitans as though it were after all confined to an
exceedingly meagre location within the body. This
pitiful position was definitely accorded the mind in
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Hobbes, who had already begun an attempt to reduce
everything, thought included, to bodies and motions,
and to develop a plausible account of secondary quali-
ties which should reduce them to phantasmic unrealities
and show why they appear without us when really
caused by the clash of motions within. Further,
Hobbes’ union of this attempt with a thoroughgoing
nominalism made him bold to proclaim frankly for the
first time in the new movement the doctrine that
causality is always to be found in particular motions,
and that valid explanations in any field whatever must
be explanations in terms of elementary parts whose
temporal relations are to be conceived after the fashion
of efficient causality solely. More, painfully following
the developments of the new scientific philosophy, was
willing to assent to everything asserted so far (except
the Hobbesian reduction of the mind to vital motions),
if it be granted that God is infinitely extended through-
out space and time and has at his disposal a subordinate
spiritual being, the spirit of nature, by which he can
hold together in an orderly and purposive system a
world which if left to mechanical forces alone would
inevitably fly apart. This conception, More main-
tained, would have the additional advantage of properly
disposing of space—our scientific methods imply its
absolute and real existence, and it reveals an exalted
set of attributes—it is therefore to be regarded as the
omnipresence of God, as distinguished from his other
faculties. Barrow presents a similar treatment of
time, but with a significant difference. Apart from
the religious reference, neither space nor time is aught
but potentiality, yet language about them appropriate
only to that reference is freely used in purely scientific
connexions, furthering among those more interested
in science than religion the conception of space and
time as infinite, homogeneous, absolute entities, quite
independent of bodies, motions, and human knowledge.

In the meantime a more empirical scientific move-
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ment was under way, led in England by such investi-
gators as Gilbert and Harvey, and proceeding by the
method of specific hypothesis and experiment rather
than that of geometrical reduction. 'This method was
applied to the solution of certain hitherto refractory
physical problems and to the revolutionizing of chem-
istry by Robert Boyle, who had also been powerfully
stimulated by Gassendi’s revival of Epicurean atomism.
It was highly significant, however, that Boyle, though
not an important mathematician himself, took over
in toto the view of nature and of man’s relation to it
proffered by Galileo and Descartes, with the exception
that chiefly for religious reasons he reaffirmed man’s
teleological importance in the cosmic scheme and
consequently maintained the equal reality of secondary
qualities with the primary. We observe at the same
time that for Boyle the popularly accepted position
of the mind inside the brain being further reflected
upon, human knowledge is an essentially incomplete
and meagre affair, and hence his tentative, positivistic
emphasis is strong. Likewise in his day the notion
of an all-pervading ether appears to have been used
to fulfil two distinct and definite functions—to account
for the propagation of motion across a distance, and to
explain such phenomena as cohesion, magnetism, etc.,
which had hitherto escaped exact mathematical
reduction.  Finally, his consuming religious zeal led
him to attempt, not without inconsistency, to combine
the notion of a present divine providence with the
conception of the world as a vast clock-like machine,
set in motion in the beginning by the Creator and thence
running merely by the operation of its own secondary
causes.

Were we attempting a complete picture of the
philosophy of science in the sixteenth and seventeenth
centuries, many more significant figures would have to
be added to our treatment, such as, to take only the
most outstanding names, Huyghens, Malebranche,
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Leibniz, Pascal, and Spinoza. But it cannot be shown
that the philosophy of these men influenced Newton,
or otherwise entered significantly into the doctrine of
man’s relation to nature which, further developed and
supported by his work, became a part of the general
intellectual background of subsequent thinkers. In
fact, from this point of view, Leibniz appears rather as
the first great protestant against the new metaphysical
orthodoxy.



CHAPTER VII

THE METAPHYSICS OF NEWTON

Section 1. Newton’s Method

It has been often remarked that history is made
rapidly when the great man and his opportunity
appear simultaneously. In the case of Newton there
is no question about the reality and importance of
precisely such a coincidence. That the subsequent
history for nearly a hundred years of mathematics,
mechanics, and astronomy (in considerable part, too,
of optics) presented itself primarily as a period of the
fuller appreciation and further application of Newton’s
achievements, and this a century studded with stars
of the first magnitude in each of these fields, can
hardly be accounted for otherwise than by supposing
that the field had been ripe for a mighty genius and
the genius at hand to reap the harvest. Newton
himself on one occasion remarked, ‘“If I have seen
farther [than other men], it is because I have stood
upon the shoulders of giants.” It is indeed true
that his forerunners, especially men like Galileo,
Descartes, and Boyle, were giants—they had prepared
the way for the most stupendous single achievement
of the human mind—but that Newton saw farther
was, of course, not merely due to his place in the line.
For him to invent the needed tool and by its aid to
reduce the major phenomena of the whole universe
of matter to a single mathematical law, involved his
endowment with a degree of all the qualities essential
to the scientific mind—pre-eminently the quality of
mathematical imagination—that has probably never
been equalled. Newton enjoys the remarkable
202
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distinction of having become an authority paralleled
only by Aristotle to an age characterized through and
through by rebellion against authority. However,
we must not pause over these encomiums ; Newton’s
supremacy in modern science, the most successful
movement of thought that history so far records,
stands unquestioned.

Would that in the pages of such a man we might
find a clear statement of the method used by his
powerful mind in the accomplishment of his dazzling
performances, with perhaps specific and illuminating
directions for those less gifted ; or an exact and
consistent logical analysis of the ultimate bearings of
the unprecedented intellectual revolution which he
carried to such a decisive issue! But what a disap-
pointment as we turn the leaves of his works ! Only
a handful of general and often vague statements
about his method, which have to be laboriously
interpreted and supplemented by a painstaking study
of his scientific biography—though, to be sure, he
hardly suffers in this respect by comparison with
even the best of his forerunners, such as Descartes
and Barrow—one of the most curious and exasperating
features of this whole magnificent movement is that
none of its great representatives appears to have known
with satisfying clarity just what he was doing or how
he was doing it.  And as for the ultimate philosophy
of the universe implied by the scientific conquests,
Newton did little more than take over the ideas on
such matters which had been shaped for him by his
intellectual ancestry, merely bringing them occasion-
ally up to date where his personal discoveries obviously
made a difference, or remoulding them slightly into
a form more palatable to certain of his extra-scientific
interests. In scientific discovery and formulation
Newton was a marvellous genius ; as a philosopher
he was uncritical, sketchy, inconsistent, even second-
rate.
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His paragraphs on method are, however, superior
to his other metaphysical pronouncements, a fact
which is natural enough in view of the more immediate
scientific bearing of the former and Newton’s posses-
sion of a valuable heritage in the discussion and
practice of his great predecessors. Iet us see how
he describes his method, so far as is necessary for an
appreciation of his metaphysical influence.

Newton observes in his preface to the Principia
that ““ all the difficulty of philosophy seems to consist |
in this—from the phenomena of motions to investigate
the forces of nature, and then from these forces to
demonstrate the other phenomena.”  This statement
is highly interesting in that it reveals at once the
precise field to which Newton confined his work. It
is the phenomena of morions that is to be the object
of our study, and that study is to proceed by the
discovery of forces (defined, of course, as the cause
of all changes in motion), from which in turn demon-
strations are to be drawn, applying to, and confirmed
by, other motions. In fact Newton never rose, in
his conception of method, to any higher degree of
generality than that revealed in his own practice—it
is always 4is method that he is talking about. This
is, perhaps, to be expected, though it is somewhat
disappointing philosophically.

(A) The Mathematical Aspect

The phrase ““ to demonstrate the other phenomena ”
at once suggests the fundamental place of mathematics
in Newton’s method, which he himself insists upon
in elucidating the meaning of his chosen title—
Mathematical Principles of Natural Philosophy—which,
by the way, aptly expresses in brief form the funda-
mental assumption of the new movement. “‘ We offer
this work as mathematical principles of philosophy. . ..
by the propositions mathematically demonstrated in
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the first book, we then derive from the celestial
phenomena the forces of gravity with which bodies
tend to the sun and the several planets. Then, from
these forces, by other propositions which are also
mathematical, we deduce the motions of the planets,
the comets, the moon, and the sea. I wish we could
derive the rest of the phenomena of nature by the
same kind of reasoning from mechanical principles ;
for I am induced by many reasons to suspect that
they may all depend upon certain forces by which
the particles of bodies, by some causes hitherto un-
known, are either mutually impelled towards each
other, and cohere in regular figures, or are repelled
and recede from each other ; which forces being
unknown, philosophers have hitherto attempted the
search of nature in vain ; but I hope the principles
here laid down will afford some light either to that
or some truer method of philosophy.” 1

This passage plunges us at once into the central
role which Newton conceives mathematics to play in
natural philosophy and his constant hope that all
natural phenomena might in the end prove explicable
in terms of mathematical mechanics.  Judging from
his remarks thus far quoted, the procedure of science
is twofold, the deduction of forces from certain
motions, and the demonstration of other motions
from the forces thus known.

We might expect to find a strong statement of the
place of mathematics in philosophical method in his
Universal Arithmetic, which contains the substance of
his lectures at Cambridge in the years 1673-83. In
this we are disappointed, his directions on translating
problems into the mathematical language being
applied only to questions which already obviously
involved quantitative relationships®.  The most
interesting feature philosophically in the book is the

% Preface, Motte translation.
* Ralpbson and Cunn translation, London, 1769, pp. 174, 177.
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setting up of arithmetic and algebra as the basic
mathematical sciences?®, in opposition to the ‘universal
geometry’ of Descartes, Hobbes, and Barrow. Either
1s to be used, however, where it furnishes the easiest
and simplest method of demonstrationt. Newton was
led to this shift mainly by methodological considera-
tions, his invention of the fluxional calculus furnishing
him with a tool whose operations could not be fully
represented geometrically. At the sam