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THE names of Giordano Bruno, Johann Kepler, and Galileo Galilei would un- 
doubtedly be remembered today even if Copernicus had not published his De 
revolutionibus. Yet it happens that those three men are remembered as the foremost 
Copernicans of the century following the publication of that astonishingly germinal 
book. Both these facts deserve a few minutes of our attention on this occasion, when 
we meet to pay homage to Copernicus rather than to celebrate his followers. 

If anyone doubts that Bruno, Kepler, and Galileo would have made their marks 
in the intellectual history of the western world without drawing on the work of 
Copernicus, that is because their chief works seem to center on the new astronomy, 
and we do not ordinarily pay much attention to their other works. In the case of 
Bruno, Miss Frances Yates has made it more than clear that his role in transmitting 
and developing certain mystic traditions that have been nearly as important as 
science itself in shaping our intellectual past assured him a permanent place in the 
history of ideas. As to Kepler, I shall mention as examples of his non-Copernican 
contributions only his classic work on optics, published in 1604, and his discussion of 
the measurement of volumes of solids of revolution published in 1615. And with 
regard to Galileo, it is clear that his studies of motion, mechanics and the strength of 
materials far transcend in scientific importance anything he had to say about astronomy. 

That the same three men are in fact best known to us at present as vigorous 
supporters of Copernicus will, I think, be questioned by no one. But there is one 
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curious aspect of this which tends to escape notice, and it is one on which I intend to  

dwell. It is that each of these three men altered the system of Copernicus in his own 
way. Copernicanism in Bruno has in fact very little to do with De revolutionibus; 
that great astronomical work merely afforded to Bruno a vital link in his vast and 
eclectic philosophy, with parts of which Copernicus himself would never have 
agreed. Copernicanism in Bruno is vanishingly small, while the Copernicanism of 
Bruno is its infinite extension. The case is very different with Kepler. Virtually 
everything in De revolutionibus is also dealt with by Kepler, but nearly everything 
essential to it becomes modified; and where Kepler extended the original work, his 
extensions were more physical than metaphysical, as they had been with Bruno. 
Finally, Galileo's Copernicanism differs from that of De revolutionibus, as do Bruno's 
and Kepler's; but Galileo's presentation, far from being an extension of the work of 
Copernicus, imposed a drastic restriction on it, putting it in a form that Copernicus 
had long ago realized to be untenable, and had abandoned. 

And so, in capsule form and therefore somewhat distorted, I shall say that Bruno 
gives us an extended Copernicanism, Kepler a modified Copernicanism, and Galileo 
a restricted Copernicanism. That the story is not even as clear and straightforward 
as that is well known to most of you, and will become evident as we proceed. For the 
points of contact and the points of departure between the ideas of all four thinkers are 
myriad. 

What has been said thus far is intended to throw light on a situation remarked 
by Professor Thomas Kuhn in his book, The Copernican Revolution. Speaking, I 
believe, for most historians of ideas today, he said of De revolutionibus that it 

must be a constant puzzle and paradox; for measured in terms of its consequences, it is a 
relatively staid, sobcr, and unrevolutionary work. Most of the essential elements by which 
we know the Copernican revolution--easy and accurate computations of planetary positions, 
the abolition of epicycles and eccentrics, the dissolution of the [solid] spheres, [consideration 
of] the sun as a star, the infinite expansion of the universe--these, and many others, are not 
found anywhere in Copernicus' work. 1 

I f  I may be permitted to use a word that Professor Kuhn later made famous, 
what seemed to him a paradox of the Copernican revolution may now be seen 
alternatively as a paradigm of true scientific revolutions. It seems to be the rule, 
rather than the exception, that the most enduring and wide-ranging alterations in 
patterns of scientific thought have been based on relatively staid, sober and un- 
revolutionary works, devoid of attacks or polemics and concerned with harmonizing 
known facts. Darwin's Origin of Species was such a work, and so was Einstein's 
Zur Elektrodynamik berve~4ter K#rper; yet both ushered in vast alterations of scientific 
thought. And as with the work of Copernicus, the excited attention they attracted 
was dependent largely on certain embellishments added to them by zealous followers 
or bitter opponents. Thus Bruno's romantic classification of our Sun as a star, and 

1 T. Kuhn, The Copernican Revolution, p. 134, Cambridge, Mass., 1957. 
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his mystical assertion that the Universe is infinite, with infinitely many inhabited 
worlds in it, were later to be matched by the horrifying description of man as a 
direct descendant of the ape, and the despairing idea that all human values were put 
in doubt by relativity--declarations not to be found in Darwin's book or Einstein's 
paper, but regarded as necessary implications thereof by other men. 

The attraction of Kuhn's paradox arises not from the sobriety of De revolutionibus, 
but from our indiscriminate uses of the word "revolutionary". Experience teaches us 
that the durability of revolutions affecting social institutions is measured by the 
power of slogans to continue to excite emotion, rather than by their degree of ration- 
ality. Experience should likewise teach us that the durability of a scientific revolution 
is little affected by any attendant romance or despair; rather it is measured by the 
very sobriety of the work that led to the revolution. Had Copernicus made his system 
depend on, or even imply, an infinite universe, it would not have appealed to either 
Kepler or Galileo, and might well have provoked their opposition. 

As it was, the principal opposition expected by Copernicus was identified in his 
letter of dedication: "It  may happen that certain exegetes, ignorant of mathematics, 
may feel privileged to pronounce judgement on my work by reasons of this or that 
scriptural passage twisted to their purpose. Should any such persons venture to 
criticize my meaning, I take no account of them; I consider their judgment rash, and 
I despise it. ''2 Copernicus expected theological attacks, but was confident that 
mathematicians would approve his work. It is ironical that the first theologian to 
attack it, Martin Luther, did so more on grounds of common sense than of scripture, 
while the first vigorous attack incorporating biblical grounds came from the rival 
astronomer and mathematician, Tycho Brahe. 

The first articulate literary and philosophical enthusiast for Copernicanism, on 
the other hand, seems to have been the theologically trained ex-Dominican Giordano 
Bruno, with whom the wide philosophical and theological implications of the new 
astronomy--or I should say, its supposed implications--took the center of the stage 
(Fig. 63 on p. 191). The only truly Copernican elements in Bruno, as I see them, were 
less those of heliocentrism than those of the uniformity of nature and the relativity of 
motion; and, of course, the same demand for freedom in philosophizing untram- 
meled by irrelevant criticism that I have already cited from Copernicus' preface. The 
uniformity of nature, so essential to Bruno, appeared in De revolutionibus only 
incidentally, in some rather brief comments reconciling physics with the rotation of 
the Earth and accounting for the spherical shape of the heavenly bodies and the earth. 
Relativity of motion was utilized by Copernicus only in the sense of optical relativity, 
a necessary datum of all astronomers, with the addition of the famed lines of Virgil 
concerning ship and shore in order to emphasize the situation of an observer on a 
moving earth. 

N. Copernicus, Dedication to De revolutionibus orbium coelestium (1543). Cf. Kuhn, p. 142, for a 
slightly different translation. 
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The wide-ranging and eclectic philosopher Bruno promptly extended those 
restricted principles of Copernicus into absolutes, so to speak. In saying "promptly", 
I ought to state when and how, in my opinion, Bruno first became acquainted with 
and an enthusiast for the Copernican theory. Born at Nola, near Naples, in 1548, Bruno 
entered the Dominican order at an early age, but after a time he found himself assailed 
by doubts and in conflict with the authorities. From 1576 on, he was a wanderer, at 
first in Italy and then in Switzerland and France. He first gained fame for his phe- 
nomenal memory, and for a system of memory-training that interested the King of 
France. Bruno's first book, published at Paris in 1582, dealt with memory in a frame- 
work of magic, and on his arrival in England in 1583 he continued with a second work 
on the same subject. There is no suggestion that Copernicanism had yet attracted 
him. But in the next year he advocated the Copernican system strongly, at Oxford 
and in London, and from that time on, it entered deeply into his main philosophical 
works. The way in which it appears there, as well as this timing, suggests that 
Bruno's first, and perhaps his only, acquaintance with the doctrine of Copernicus 
came through a certain British Copernican work. 

It is well known that Copernicus had in no way suggested the idea of an infinite 
Universe, which was to become Bruno's theme. For the purposes of the Copernican 
astronomy, it was sufficient to postulate that the sphere of the fixed stars was remote 
enough to mask any parallactic effect of the Earth's annual motion. Indeed, neither 
Kepler, who admired Bruno and regarded him as a Copernican, nor Galileo, whose 
writings suggest that he was not unacquainted with Bruno's, ever for a moment 
accepted his notion of an infinite Universe. It is clear, then, that Bruno's conception 
was not a normal and standard extrapolation from anything that Copernicus himself 
had written. 

Now, it is also well known, as a result of researches by Francis Johnson and 
Sanford Larkey in the early 1930s, that the English Copernican Thomas Digges had 
published in 1576 a posthumous revised edition of his father's Prognostication 
Everlasting, and that in this edition, there appeared a translation of the opening parts 
of De revolutionibus together with a modified Copernican diagram and a clear and 
unequivocal statement asserting the infinite expanse of the fixed stars. Whether 
Thomas, or Leonard, Digges was originally responsible for taking this momentous 
step is not certain, but the reasoning behind it is quite evident. If the diurnal motion 
of the fixed stars is removed, and replaced by a rotation of the observer on Earth, then 
there is no longer any reason to confine those stars in a spherical shell, no matter how 
large; and in scientific thought, a restriction that is not necessary is quite meaning- 
less. Hence the fixed stars, being without motion, could expand to infinity without 
doing violence to conventional physics, though this did contradict conventional 
astronomy. 

It was Digges' work that I believe came into Bruno's hands in 1583, 7 years after 
it was published, and shortly after his arrival in England. The infinite Universe that- 
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Bruno associated with Copernicanism immediately became the keystone of his arch 
of eclectic philosophy in which nothing was excluded; for Bruno wrote: 

There is no kind of philosophy that has been ordered by tempered feeling which does not 
contain something good of its own that is not contained in the others... I praise you if just 
as you are not as ordinary in philosophy as Aristotle, you are also not as injurious to others 
and as ambitious as he, for he deprecates the opinions of others, together with their methods 
of philosophizing . . . .  The Epicureans said many good things, though they never rose above 
material considerations. Heraclitus knew much that was excellent, though he never went 
beyond the spirit. Anaxagoras did not fail to profit from nature, for he not only went into 
this but beyond it, and perhaps above it, to know that intellect which is called God by 
Socrates, Plato, Trismegistus, and our theologians2 

In Bruno's vast tolerance I perceive a reaction against the unprecedented frag- 
mentation that characterized the times in which he lived. It was not only religion 
that had been split apart about the time he was born, but, as compared with the 
Middle Ages, chaos seemed to reign in the politics, the literature, the art, music, and 
philosophy of the late Renaissance. The universities no longer enjoyed a monopoly 
on learning, and Latin was losing its unifying hold on learned men. The spectacle of 
division among his fellows could not but disturb Bruno's sensitive soul. Now, to 
Bruno, the concept of infinity implied a kind of superlative unity, and it was that 
doctrine that he preached from the time of his sojourn in England to the end of his 
life. 

It was the British Copernicanism of Digges, I believe, that finally crystalized in 
Bruno's mind that mass of paradoxical and visionary ideas that his vast memory had 
been accumulating from philosophers, mathematicians and mystics during his years 
of wandering and debate. I do not mean that Bruno turned to Copernicanism as a 
lone beacon of unification in a fragmented age, but I do think that he saw the new 
astronomy as a parable for philosophers, one in which a single unifying principle 
had brought order into the welter of unrelated orbs of the Ptolemaic astronomy. In 
a sense, that unification was the principal virtue that Copernicus himself had seen 
in his system. 

Treating the solar system as a parable or metaphor, Bruno declared that every 
fixed star was a sun like our Sun; and since there was no reason to suppose a limit 
to their number, he deduced that they must be infinite in number and extent. An 
infinity of inhabited worlds circulated around his newly discovered infinity of suns. 
All motion was relative, not only optically but physically, and some of Bruno's 
illustrative examples of this reappear in Galileo's physics. On the analogy of infinite 
worlds, ever expanding outward, Bruno envisioned ever-smaller worlds of ever- 
moving atoms. The whole was then animated, in that part of Bruno's philosophy that 
deals with the world-soul and with the monad; his psychic atoms draw energy from 
that single universal center which unites not only all mankind, but all things, infinite 

a G. Bruno, De Ia causa, principio, et uno ; Opere, ed. A. Wagner, vol. 1, pp. 258, 260 (Leipzig, 
1830). 
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in number. Bruno did not manage to present acceptably that subtle linkage that does 
indeed exist between the concepts of infinity and of unity, but his mathematical gifts 
were later to command the sympathy and respect of such a peerless mathematician as 
Leibnitz. 

All this, however, did his cause little good at the time, even in England. Most 
men failed to see the logical linkage between infinity and unity, and instead saw the 
psychological connection between infinity and chaos, of which they had had enough. 
The general response was epitomized in those celebrated lines of John Donne, in 
which the "new philosophy" called all in doubt and shattered all coherence. This new 
philosophy can hardly have been anything but that of Bruno, who had crumbled the 
world into atomies before Gassendi did, and whose relativity had denied a fixed 
place even to the Sun itself. This was not really Copernicanism; but in Bruno's 
mind it was, and it came to be linked with Copernicus in the literary world through 
Bruno's writings. Along the lines of this reconstruction, we can make some sense of 
the romantic nineteenth-century notion that Bruno was a martyr to Copernicanism. 
For Bruno's final program was to reunite philosophy and science in a single world 
religion, a program that went up in smoke with his frail body in the last year of the 
sixteenth century. In its place, a very different scheme of things was to develop in 
the seventeenth century, and one which was no less linked with Copernicanism, as 
we shall presently see. But here, in his own words, is an eloquent summary of Bruno's 
vision of infinite unity, inspired by British Copernicanism and utterly remote from 
the staid, sober, unrevolutionary De revolutionibus: 

Therefore the universe is one, infinite, and immovable. It is one, I say, in absolute 
possibility; one in act; one in form or soul; Ihe one, greatest and best, which can never be 
comprehended, and is therefore infinite and boundless, and likewise infinite and unbounded, 
and consequently immovable. It does not move in position, because there is nothing outside 
it whither it is carried, inasmuch as it is all . . . .  It is not matter, because it has no shape and 
cannot be shaped, not being bounded or capable of bounds. It is not form, because it does 
not give form to anything else, inasmuch as it is all, and one, and the universe. Being one and 
the same, it does not have this being and that being, and hence does not have this part and 
that part; and since it does not have parts, it is not compounded. This is [to have] bounds of 
a sort that are not bounds, and form that is not form, and matter that is not matter, and soul 
that is not soul, because it is all, indifferently; and therefore it is one, the universe is one. 4 

For such ideas, Bruno was burned at the stake; and though they do not include 
anything we should recognize as Copernicanism, I believe they might never have 
emerged in Bruno's mind had it not been for his acquaintance with Copernicus 
through the work of Digges. 

Four years before Bruno's death, Johann Kepler published a book that has a 
certain affinity with the mysticism of Bruno, whom Kepler greatly admired. It was 
called the Mysterium cosmographicum, or rather, the prelude to the cosmographical 
mystery that Kepler was determined to penetrate (Fig. 64 on p. 191). This book 

* G. Bruno, op. cit., p. 280. 
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was as remote from anything dreamt of by Copernicus as was the infinite unity 
of Bruno. Kepler sought in it to determine by purely mathematical considerations 
the reason for the number of the planets and for their placements with respect to the 
Sun. The project was not crowned with success, but it set the keynote of all Kepler's 
work in astronomy, which was later to achieve the most overwhelming success. That 
keynote was not the unity of the Universe, as with Bruno, but rather with the harmony 
of the Universe, which is quite a different thing. There is in a sense no harmony in 
unity, but only monotony, even though musicians of the time counted unison as a 
form of concord. Where Bruno denied that the Universe had parts, Kepler numbered 
its parts, put them in order, and harmonized them geometrically. And as Copernicus 
had taken the first step toward unity when he reduced a great many seemingly 
diverse planetary motions to a single pattern, so he had also, by that same reduction, 
taken the first step toward harmony. The difference was not in what Copernicus had 
done, but in how that was seen by Bruno and by Kepler. It is perhaps unnecessary to 
add that it was seen still differently by Galileo. 

The literalness with which Kepler took the notion of harmony as applied to the 
heavens leaves no doubt whatever about the source of his original inspiration; it was 
the classical Pythagorean "music of the spheres". But during the next few years, 
Kepler's Copernican convictions found another quite different basis. This resulted 
from his acquaintance with Tycho Brahe, and centered on the use of the extremely 
accurate observations of the Danish astronomer. The undoubted reliability of those 
data led Kepler to concern himself with the precise computation of orbits, though not 
forsaking their Pythagorean mysteries; and in his great Astronomia Nova of 1609 
there is little trace of his earlier preoccupation with mathematical oddities as the 
source and cause of the distribution of the heavenly bodies. In their place is the 
systematic and painstaking pursuit of structural realities through careful and 
laborious computation from empirical data. This procedure seems to me to have been 
more truly in line with the true example of Copernicus; and, as with Copernicus, a 
bold new theory emerged from Kepler's meticulous respect for observational facts. 
With Copernicus, what had thus emerged was the heliostatic idea, breaking with 
ancient tradition. With Kepler, what emerged was an equally sharp break with 
tradition and convention in the discarding of circular orbits for elliptical paths, and of 
uniform for non-uniform motions. Not only that, but the concept of "center" itself 
was altered. 

Should the new Keplerian astronomy of 1609 be called Copernican, or not? 
Kepler himself had no doubt whatever that it should, and that in itself is suprising 
when we consider the custom of the period, and the general habit of all discoverers. 
Tycho Brahe was inordinately proud of the system which he outlined, but never 
worked out in full detail, and he fought vigorously against any challenge to his 
priority with respect to it. To our eyes, it is merely a derivative of the Copernican 
system, achieved by the arbitrary choice of the Earth as the resting body in a set of 
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relatively moving objects. To the extent that Tycho's system could have been 
completely worked out, in any intelligible sense of those words, it would have been 
no more than Copernicanism with a change of coordinates. Kepler himself showed 
this geometrically a number of times, in loyal defence of Tycho against his foes. Yet 
Tycho insisted that the system be regarded as truly original with him, and it still 
bears his name, even though there is now strong evidence that it had had a forerunner 
in ancient Greece. In contrast, Kepler's astronomy was truly novel in two important 
respects never anticipated by anyone--his elliptical orbits, and the irregular speeds 
therein. Kepler, however, did not even suggest, let alone insist upon, a renaming of 
the system, and he continued to declare himself a Copernican even after drastically 
remodeling the Copernican system in essential, and not merely in trivial respects. 

There were excellent reasons for Kepler's continuing to speak of his system as 
Copernican. One reason was the single-minded concern of both astronomers with the 
goodness of fit of observational data to the heliostatic assumption, so that Kepler's 
achievement seemed to him a carrying out of the same program with only an increase 
in accuracy. Another area of kinship lay in a certain attitude toward the sun itself, 
expressed by Copernicus in these words: 

In the middle of all sits the sun enthroned. In this most beautiful temple, could we 
place that luminary in any better position from which it could illuminate the whole at once ? 
It is rightly called the Lamp, the mind, the ruler of the universe; Hermes Trismegistus calls 
the sun the visible god, and Sophocles has Elektra call it the all-seeing. So the sun sits as on a 
royal throne ruling his children, the planets, which circle round him. ~ 

Just what this isolated literary passage signifies, standing alone in the vast tech- 
nical bulk of De revolutionibus, may reasonably be questioned. Most historians today 
pretend that it shows the innermost workings of the mentality of Copernicus. I 
cannot prove that Copernicus was not led to his astronomical system by contem- 
plating the Platonic philosophy, the mysticism of the legendary Hermes, and the 
casual opinion of a character in Greek drama. I think it more likely that Copernicus 
became an enthusiast for Hermes Trismegistus only after he had arrived at his helio- 
centric astronomy, and that he was led to it not by respect for mystical opinion, but 
by a wish to improve the certainty of the calendar. In either case, though, this sort 
of Sun-worship is most certainly identifiable as an element of Copernicanism in the 
work of Kepler, who wrote: "Called king of the planets for his motion, heart of the 
world for his power, its eye for his beau ty . . ,  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. TM 

This very element of Sun-worship in Copernicanism had been instrumental in 
Kepler's consuming desire to establish a physics of the heavens. Asserted on the 

5 N. Copernicus, De revolutionibus, Bk. I, ch. 10. Cited by Kuhn, p. 179. 
6 j .  Kepler in a fragment cited by E. A. Burtt, Metaphysical Foundations of Modern Science, 

p. 59, Anchor Book ed., N.Y., 1954. Cf. J. Kepler, Prodromus (1596), ch. 20. 
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title-page of his Astronomia Nova and exemplified in that, as in all his later Coperni- 
can works, this objective had been foreshadowed in his first book, which concerned 
itself with physical causes as well as mathematical reasoning. For it did not seem to 
Kepler, any more than to Galileo, that a vacant mathematical point, a mere nothing, 
could, by virtue of its being the center of the Universe, exert control over physical 
bodies of any kind, and especially over the vast celestial bodies with which astronomy 
is concerned. 

Copernicanism in Kepler was guided on the one hand by a real concern for 
physics, and on the other hand by an equally real demand for mathematical precision 
in dealing with the architecture of the Universe. Yet both these guiding principles 
differ somewhat from their counterparts in the work of Copernicus himself. The 
founder of the new system was content that it be free from physical incongruities. 
Thus it was only in the introductory sections of De revolutionibus that questions 
which may properly be called physical were brought up at all, and they were ex- 
amined only to the extent necessary to reconcile the assumed motions with the 
traditional concepts taken from Aristotelian physics. Likewise, it was not so much 
the demand for mathematical precision as the desire for mathematical elegance that 
is reflected in the work of Copernicus. 

Lest my intention here be misunderstood, I shall amplify these remarks in this 
way. It seems to me that the willingness of Copernicus to displace the real Sun 
somewhat from the center of every planetary orbit reflects his acceptance of the 
traditional role of the astronomer, in which the mathematics of description was his 
primary task, and all physical questions were left to the philosopher. It was Kepler 
rather than Copernicus who first refused to recognize as legitimate any such separa- 
tion of tasks. And if Kepler did not succeed in unifying astronomy and physics, he 
did succeed in finding the first unifying laws that were destined in time to make 
possible the completion of the program he envisioned--a program considerably more 
ambitious than that which Copernicus had had in mind, though in no way incon- 
sistent with it. In this regard, Bruno and Kepler both wished to expand the Coperni- 
can theory. Each went beyond the scope and intent of the original scheme, Bruno in 
the direction of metaphysics, and Kepler in the direction of physics. 

When I say that Kepler did not succeed in unifying astronomy and physics, I 
refer to the fact that this is something that he consciously attempted, and to the fact 
that we have since been compelled to reject the physical part of his theory. I do not 
think it is a good practice to say that an early scientist "failed" to do things done later 
if he never tried to do them; it is sufficient to say that he did not do those things. 
Thus it would be inappropriate, in my view, to say that Copernicus failed to intro- 
duce non-circular paths, or that Galileo failed to explain what held the planets in their 
orbits, since those are things they did not attempt at all. Kepler did attempt to de- 
termine the physical forces at work in the heavens, and in this he failed. But what a 
glorious failure it was! Had he merely applied his own photometric law to the Sun's 
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force in turning the planets, he would have had the inverse-square law of Newton in 
his grasp. And even the general idea of a mutual gravitation of bodies was applied by 
him in an attempted explanation of the tides. 

The roots of Kepler's failure to unify astronomy and physics were themselves 
Copernican in character. For just as Copernicus was content to show how certain 
physical questions might be handled within an accepted framework, so Kepler's 
attempt to enlarge that program was doomed to failure only because the old physics 
was inadequate to meet the needs of the new astronomy. Parallel instances have 
occurred in later science; and generally speaking, the alteration of the basis of one 
science in order to accommodate the requirements of another is justified only after 
a serious attempt has been conscientiously made to preserve both, and that task 
has found to be impracticable. The credit for such an attempt belongs to Kepler. 

The actual emergence of a new physics capable of accommodating the new 
astronomy, however, begins with Galileo, and it seems to have been largely coinci- 
dental rather than deliberate (Figs. 65 and 66 on p. 192). The way of writing history 
of science as a history of ideas, rather than as an account of the men who contributed 
to their development, has concealed the accidental character of this historical fact. 
Because Galileo laid the basis of the required new physics, and because Galileo 
also took part in the battle for the Copernican astronomy, it is supposed by most 
historians that the original inspiration for Galilean physics was that he felt the need 
to reconcile observed terrestrial phenomena with a moving Earth. The assumption 
has no basis in documents known to me, and it is in sharp disagreement with a great 
many such documents. If we are to rely on the record, it is clear that Galileo's first, 
and for a long time his only, interest in the Copernican astronomy was that it pro- 
vided him with a supposed mechanical explanation of the tides. That does not repre- 
sent a need to reconcile terrestrial phenomena with a moving earth; on the contrary, 
it appeals to a moving Earth to explain an observed terrestrial phenomenon. Perhaps 
this sounds like pretty much the same thing, but it is not so at all. What historians 
mean is that the new astronomy could not be accepted until a terrestrial physics 
appeared in which it could be explained why a body falling from a tower did not 
strike the ground somewhat to the west of its base. That is quite true. But it is not 
true, as they suppose, that Galileo became interested in motion through any attempt 
to provide an explanation for such facts. He did eventually provide the explanation, 
but that was a by-product of long investigations that had had a totally different 
origin. And Galileo's theory of the tides was formulated about 1595, which was 
many years before he offered any explanation for the vertical paths of bodies falling 
to a moving Earth. 

Galileo's preference for the Copernican system first became of record in two 
letters written in 1597, and his first published mention of it did not occur until 1610. 
Had he died in 1609, and had his notes and correspondence been preserved only 
through that year to the extent that they do survive today, we should find among 
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them virtually all of his terrestrial physics, including the laws of falling bodies, the 
ideas of conservation of motion and composition of motions, and the derivation of 
the parabolic trajectory. But we should find no significant mention of Copernicus or 
of the Copernican system beyond the two letters of 1597, and an oblique reference in 
a syllabus prepared for his students around 1600. Galileo was in fact already engaged 
in the composition of a book on terrestrial physics in mid-1609, when he first heard 
of the invention of the telescope. What made him a convinced and enthusiastic 
Copernican were his own telescopic observations early in 1610. Had it not been for 
the telescope, it is doubtful that Galileo would ever have become closely identified 
historically with Copernicanism. In any event, it is pretty certain that Galileo's 
fundamental physics neither resulted from, nor led him to, Copernicanism; nor did 
he add significantly to his knowledge of terrestrial physics after 1610. And yet it was 
precisely because of Galileo's terrestrial physics that he became an effective propa- 
gandist for the new astronomy. 

This may sound paradoxical, but there is nothing inherently implausible about it; 
it merely offends our sense of causal linkages in history. Terrestrial physics and celes- 
tial physics are now so closely linked that we can hardly think of them as ever having 
been separate; yet their separation had been the whole basis of Aristotle's natural 
philosophy, which no one had successfully challenged in 2000 years. It was really 
Kepler who first set forth a serious challenge, as mentioned earlier, and he introduced 
physics into astronomy against the warnings of his teacher, and despite a very old 
tradition among astronomers. Thus there was nothing remarkable about Galileo's 
having given years of research to terrestrial physics without a thought--or at any 
rate without a written note--concerning a possible application of it to the heavens. 

Indeed, Galileo never did attempt to explain the motions of the planets physically, 
even in his pro-Copernican works. His interest in the physics of the heavens had to 
do not with the planets, but with lunar mountains and sun spots. And if we look 
closely at the Letter to Christina and the Dialogue, we shall find that those works are 
not so much pro-Copernican as they are anti-anti-Copernican. There is a good 
reason for this. The Letter to Christina was written in 1615, and its purpose was to 
prevent the official banning of the Copernican theory by the Church. Hence it was 
designed mainly to counter theological opposition, rather than to support the new 
astronomy. This battle was lost in 1616, when an official edict forbade the supporting 
of Copernican ideas in print, and even prevented refutation of scriptural arguments 
against Copernicus. But it did not specifically forbid the refutation of any astrono- 
mical, mathematical or physical arguments, and hence the Dialogue was necessarily 
composed mainly along those lines. 

Galileo's Copernicanism in the Dialogue, as mentioned earlier, is not an extended 
version as with Bruno, nor is it the correctly modified version of Kepler; it is modi- 
fied, but very incorrectly, in a direction that Copernicus had already rejected. For 
Galileo, in presenting the new system to his readers, placed the Sun at the center of 
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all the orbits, which he represented as perfectly circular. This may mean that Galileo 
was an incredibly poor and ill-informed astronomer, since no set of astronomical 
tables ever compiled would agree with such an arrangement. But it seems more 
likely that he presented it in this way to simplify the essential ideas for his readers, 
his book being especially designed for laymen. Nor was such a presentation tempera- 
mentally unsuited to Galileo, whose watchword in science was simplicity in nature, 
just as Bruno's had been unity, and Kepler's was harmony. As to the working out of 
actual details, Galileo appears to have cared about this only when some practical end 
was in view, as with his tables of the satellites of Jupiter, which were intended to be 
used for the determination of longitude at sea, or his tables of trajectories for mortar 
shots or for other low-speed projectiles. The ultimate value of theories, as Galileo 
saw it, was expressed thus in the Dialogue : 

There is not a single effect in nature, not even the least that exists, such that the most 
ingenious theorists can ever arrive at a complete understanding of it . . . .  Anyone who had 
experienced just once the perfect understanding of one single thing, and had truly tasted how 
knowledge is accomplished, would recognize that of the infinity of other truths he under- 
stands nothing. 7 

Of the three great Copernicans during the hundred years that ran from the death 
of Copernicus to the death of Galileo, I think it is fair to say that only Kepler pursued 
faithfully the exact goals of Copernicus, and Kepler brought the system to perfec- 
tion. Those goals were astronomical and mathematical, not metaphysical or physical; 
and to the extent that Kepler tried to add such embellishments, they were not 
successful. Bruno pursued the supposed implication of an infinite universe, which 
found favor in the eighteenth and nineteenth centuries but is no longer a part of 
science. Galileo contributed the beginnings of the physics that ultimately fitted with 
the new system, but the actual integration of the two had to await Newton's universal 
gravitation. 

Although neither Bruno nor Galileo pursued the principal goal of Copernicanism 
beyond the point which its author himself had reached, it was their work, rather than 
Kepler's, that played the decisive role in establishing the place of science in Western 
culture. For it was not Copernicus or Kepler, but Bruno and Galileo, who made the 
Copernican theory revolutionary, in the sense in which Professor Kuhn remarked 
that De revolutionibus itself was unrevolutionary. It is on this point that I shall frame 
my concluding remarks, and for that purpose I shall return briefly to Bruno. 

Following his Copernican interlude in England, Bruno returned to France, and 
thence via Germany to Prague, where he tried to interest the Emperor in a program 
of religious toleration and benevolent government. From 1588 to 1591 he published 
works in which can be discerned a profound belief that he had found the one true 
philosophy under which all the warring elements on earth could find peace and 

7 Galileo, Dialogue concerning the two chief world systems . . . .  trans.  S. Drake,  p. 101, Berkeley, 
1953. 
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unity. Then, despite personal dangers that are now obvious to us, the ex-Dominican 
returned to Italy. The immediate pretext was an invitation by a Venetian nobleman 
to teach him his philosophy. This turned out to be a trap, and Bruno was soon 
turned over to the Inquisition; but I am not at all certain that this event was un- 
foreseen by Bruno. From what is left of the proceedings against him, it seems to me 
quite possible that when Bruno returned to Italy he believed himself able, if only he 
could present his grand scheme to the Pope himself, to inaugurate a reform of 
religion and philosophy that would restore the lost unity of the Church and of all 
medieval life, at a much higher plane. 

The results were personally disastrous for Bruno. After a rather surprising 
surrender of his person by the Venetians to the Roman Inquisition, and a long 
incarceration at Rome during which he refused to admit the power of that tribunal 
to determine whether or not his doctrines were heretical, he was refused the right to 
have them passed on to the Pope as he demanded, and early in 1600 he was sen- 
tenced to death at the stake. One of the Cardinals Inquisitors was Robert Bellarmine, 
who heard his calm and brave reply, "Perhaps you feel more fear in pronouncing this 
sentence than I do on hearing it." These words were bound to stir the consciences of 
the men who refused the accused the right of final appeal, and perhaps they affected 
Bellarmine's later dealings with Galileo. 

Copernicanism as such was not an issue in Bruno's trial, except perhaps in his 
own mind; but science was, if I read the record aright. Bruno's plan was to restore the 
integral unity of science, philosophy and religion, as that had always existed in times 
past. The conditions necessary to accomplish this under Bruno's proposed alterations 
in science and philosophy, inspired by his Copernicanism, were unacceptable to the 
inquisitioners, and Bruno's program was utterly rejected without its even being 
submitted to the highest authority. 

Galileo's program a few years later was utterly different. Far from proposing to 
integrate science and religion, Galileo saw them as separate specialities, to be con- 
ducted by separate groups of experts, working by different methods. Scientists would 
declare the facts of nature, and theologians would then explain how these accorded 
with the truths of religion. The new astronomy could be understood only by experts, 
whom the Church should consult rather than govern. This theme, found not only in 
the Letter to Christina, but in the important preface to the Dialogue (Fig. 67) for 
which Galileo managed to get the official imprimatur, was in the end also rejected by 
the Church, though it appears that while Cardinal Bellarmine was still alive he 
favored its adoption. Only late in the nineteenth century did something very like it 
become official Catholic policy under the bull De providentia dei, after the debates 
over Darwinism. 

Our modern disputes over the relations of philosophy and science have their roots 
in the widely different Copernicanisms of Bruno and Galileo. Meanwhile, science 
itself has grown--as did the Copernicanism of Kepler--by patiently modifying what 
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is received from the past to fit more closely the more numerous and more accurate 
observations of the present. Like Kepler's motto, the motto of science has been: 
"My witnesses are time and light, and those who hear those witnesses, as will the 
erudite and upright. TM 

8 j .  Kepler, Gesammelte Werke, ed. M. Caspar, vol. xIv, p. 445 (Munich, 1949). (Letter written 
to Edmund Bruce at Padua.) 
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FIG. 63. Giordano Bruno (1548-1600). En- 
graving, seventeenth century. (Courtesy of 

the Burndy Library.) 
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FIo. 64. Portrait of Kepler from a con- 
temporary engraving by Jacob von Heyden. 

(Courtesy of the Burndy Library.) 
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1‘1~. 65, Portrait of Galileo b! the I’lemish painter Justus Sustermanr 

URici in I~lorencc. (Courtesy of the Burndy IAmy.) 

]:I(;. 66. .In eightecnth-centuq engraving of Galileo from the painting I 
1635, (Courtesy of the Burnd~- Library.) 

FIG. 67. Frontispiece of Galileo’s Diula,o~s, second edition. (Photograph by 

;, which hangs in the 

34’ Justus Sustermans, 

Chdes Eamcs.) 


