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Copernicus’s leading champions in the early seventeenth century were con-
cerned not only to establish the centrality of the Sun, but also to give it a
role in the movements of the planets. Johannes Kepler’s ideas on a rotating
Sun as planetary mover and his insistence on the creation of a physical
astronomy are well known. Less well understood, and commonly misun-
derstood, is the development of Galileo’s ideas on the causes of the celestial
motions, in which the rotating Sun also played a significant part. One
assumption has been that, having abandoned impetus and the search for
causes in his creation of a fruitful kinematics for terrestrial bodies, Galileo
likewise abandoned the search for causes in the heavens. Noel Swerdlow in
a recent work, for example, holds that Galileo did not “search for the phys-
ical principles governing the motions of the heavens as Kepler and later
Newton did”.1 If what is meant by “physical principles” is what we now
think of as forces or mathematical “laws”, this is certainly true. Stillman
Drake contended that “Galileo did not speculate about celestial physics as
did Kepler”.2 If what is meant by “celestial physics” is the absence in
Galileo’s writings of speculation concerning a means by which the Sun
moves the planets, this too is true. 

It has been held by some, however, that Galileo’s concept of “circular
inertia”, in the absence of resistance on the surface of the earth, was carried

1 Swerdlow, N. M., “Galileo’s discoveries with the telescope and their evidence for the
Copernican theory”, in Machamer, P. (ed.), The Cambridge companion to Galileo, University
of Cambridge Press, Cambridge, 1998), 244-270, p. 244.

2 Drake. S., Galileo (Past Masters Series) Hill and Wang, New York, 1980, 42.



over to the heavens, so that no mover was required to move the planets.3

Evidence for this position may also thought to have been found in Galileo’s
discussion of a Platonic cosmogony in the early part of the First Day of his
Dialogue concerning the two chief world systems—Ptolemaic and Coperni-
can and in his Two new sciences of 1638, where no mover of the planets in
their orbits seems to have been required.4 It is the thesis of this paper that
in his search for proof of the heliocentric system Galileo did indeed specu-
late about a cause for motions of the planets. Fully aware of a long-stand-
ing tradition concerning the Sun’s power to confer motion, Galileo’s tele-
scopic investigations of the Sun and the discovery and systematic observa-
tions of sunspots and their movements led him to conclude that the Sun
rotates and thereby moves the planets. 

The concept of the Sun as a source of motion in a general sense originat-
ed in Antiquity. Plato’s Timaeus developed the pre-Socratic idea of a natural
tendency of spheres, including the stars and “planets”, including the Sun, to
rotate.5 Subsequent Neoplatonic literature divinized the Sun, frequently cited
it, although itself unmoved, as governor and regulator of the cosmos, and a
source of light, heat, nourishment, and motion.6 Copernicus wrote that “the
Sun as if seated on a royal throne governs his household of Stars as they cir-
cle around him”.7 The Sun as a source of motion is found in pseudo-Diony-
sius the Areopagite, as well as in Marsilio Ficino, Patrizi, Telesio, Rheticus,
Bruno, Gilbert, and Campanella, among others.8 Early in his career as a
Copernican, Kepler held the Sun to be immobile, yet a source of motion. 
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With the failure to observe parallaxes for the nova of 1572, the comet of
1577, and subsequent novae, the existence of celestial spheres was called
into question. Since they naturally rotated and carried the planets, the dis-
solution of the celestial spheres required that other means be sought to
account for the motions of the planets.9 Some, including Giordano Bruno,
and Kepler initially, drew on ancient traditions of internal movers of the
celestial bodies. Noting that, in the absence of celestial spheres, Coperni-
cus’s third motion of the Earth was unnecessary, Bruno began to speculate
on alternative causes of the Earth’s rotation.10 In his La cena de le ceneri of
1584 he put forward the concept of the Sun’s rotation and the rotations of
the planets as caused by internal movers.11 After studying cosmological the-
ories in Germany, he proposed in his De immenso of 1591 that the twin-
kling of the stars was the result of their rotation and, since our Sun is a star,
it too rotates, its light moving the planets and causing the rotation of the
Earth.12 He further explained that the light of the Sun is emitted by period-
ic solar contractions, like those of the heart, a conception likewise with Pla-
tonic roots.13 Although the impact of his cosmological treatises on the
astronomical community remains to be determined, it is certain not only
that Bruno’s novel and anti-Aristotelian views were widely known, but also
that his statements on solar rotation found echoes in Kepler and Galileo.

Edmund Bruce, a Scot travelling in Italy, in a letter to Kepler on 5
November 1603, put forward some ideas based on Bruno’s cosmology. He
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maintained that the Sun, at the center of the planetary orbits, turns on its
axis and thereby drives the planets around in their orbits, the more distant
more slowly than those closer to the Sun. The light of the stars, he went on,
is due to their motion, not their matter. Several years later, on 5 April 1610,
Kepler commented that he had forgotten this letter, but marveled that it
truly summarizes his celestial physics as found in his Astronomia nova.14

Neither Kepler nor Galileo accepted Bruno’s ideas on the infinity of the uni-
verse. While no works by Bruno were to be found in Galileo’s library, when
Galileo arrived in Padua, he frequently used the library of Cosimo Pinelli,
who was very much interested in Bruno’s philosophy.15 Kepler, unlike
Galileo, referred to Bruno in his work and correspondence and chided
Galileo for failing to mention Bruno in his work.16

Kepler and Galileo had first become aware of each other, and began a
correspondence after Galileo received two copies of Kepler’s Mysterium
cosmographicum in 1597. Galileo’s response on 4 August of that year indi-
cated his interest in the work and expressed his own Copernican senti-
ments.17 Before the development of his more mature celestial mechanics,
Kepler’s Mysterium included a possible role for the Sun in moving the plan-
ets.18 Galileo’s interest in Kepler’s first book, beyond its preface, which is
all he had read before he quickly wrote a letter of thanks to Kepler, is
reflected in the “Platonic” cosmogonies proposed in his Dialogue and the
Two new sciences. Galileo does not refere to Kepler in these passages, but
his debt to Kepler is seen in a manuscript in which he used data on plane-
tary distances and speeds provided in chapter 21of Kepler’s book. Galileo
refers to his cosmogonical passages as based on Plato, but nowhere in the
Timaeus is a description like Galileo’s or Kepler’s to be found.19 That may
also have been behind the ambiguous reference by Edmund Bruce, then in
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Padua, in a letter to Kepler, dated 21 August 1603, alleging that Galileo was
lecturing on Kepler’s ideas without acknowledgment.20

According to Bruno, the pulsation of the Sun is analogous to the systole
of the heart, which thereby provides vital spirit to the body’s organs, and is
the means by which the Sun emits light. That concept is also found in
Kepler’s De stella nova of 1606.21 Galileo was familiar with that work –he
owned a copy– and he used Kepler’s argument in it in reply to objections to
Copernicus’s stretching of the stellar sphere.22 Kepler, however, would sub-
stitute means other than Bruno’s idea of the Sun’s light as the planetary
mover. In his Astronomia nova of 1609, he also dispensed with his earlier
views concerning a solar soul or planetary souls. Still subscribing to the
Aristotelian principle that everything that moves must have a mover, Kepler
used the term inertia, by which he meant a tendency of bodies to remain at
rest or come to rest in the absence of a mover or moving force. His celestial
dynamics, therefore, proposed his rotating Sun with quasi-magnetic emis-
sions acting like levers to move the planets non-uniformly in elliptical
orbits. Galileo may not have read the entire work, although he had a copy,
but the front of the book has a summary of each chapter, including chapter
34, where the hypothesis of a rotating Sun is set out.23

Galileo’s publication of his Sidereus nuncius in 1610 elicited a prompt
response from Kepler in a letter to Galileo, to be published later that year as
Dissertatio cum Nuncio Sidereo, which we may be sure was carefully
perused by Galileo. There it could be read that “in the center of the world is
the Sun, heart of the universe, font of light, source of heat, origin of life and
cosmic motion.”24 Furthermore, in another part of that work Kepler remind-
ed Galileo that in his Astronomia nova he had written that “the font of the
motion of the five planets to be in the Sun itself. It is very probable therefore
that the font of the earth’s motion is the same as the font of the motions of
the rest of the five planets; namely, the Sun.”25 In a letter to Galileo in Janu-
ary 1611, Kepler once again called Galileo’s attention to his affirmation in
the Astronomia nova that the Sun’s rotation moved the Earth.26

Shortly after the publication of his Sidereus nuncius, Galileo turned his
telescope to the Sun, possibly in the hope of finding evidence in support of
Copernicus and perhaps stimulated by Kepler’s and Bruno’s speculations
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and the tradition concerning the Sun’s power. Early in April 1612, in the
introduction to the first edition of his Discourse on bodies in water, after
reviewing his telescopic discoveries, he announced his observation of cer-
tain dark spots seen on the solar body. By their changing positions on the
Sun these spots suggested several options: the Sun may be rotating, or per-
haps other celestial bodies like Mercury or Venus are revolving about it, or
both alternatives are true. “The truth of these matters cannot be underval-
ued or dismissed”.27

In the second edition of the Discourse, published in the autumn of 1612,
Galileo states that

at last, my repeated observations have made me certain that those spots are
substances contiguous with the surface of the solar body, and that many are
produced and then dissolved continuously, some lasting for very brief intervals
of time, and others for longer times, and they are carried around by the rota-
tion of the Sun on itself, completing its period in approximately one month, an
occurrence in itself most great and important for its consequences.28

Galileo also pointed out that the solar rotation was in the same direction as
the revolutions of the planets.

To what extent was Galileo aware of Bruno’s ideas on the rotating Sun?
There is no reference to Bruno at all in anything Galileo published or in his
manuscripts. Although they shared a belief in the revolution of the planets
about the Sun, Bruno’s ideas deviated in significant respects from those of
Galileo and Copernicus. Bruno sought in Copernicus support for the meta-
physical and religious beliefs on which his philosophy was based.29

Although Bruno’s condemnation does not seem to have been based on his
Copernicanism, his Copernican beliefs were doubtlessly seen as heretical in
a “broad sense”. He was asked at his trial to abjure his belief in the motion
of the Earth.30 Although there can be no doubt that Galileo knew of
Bruno’s ideas, he must have felt that referring to Bruno in the climate of the
day would not have been helpful for the promotion of Copernicanism or for
his own safety.31
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What had been speculation on the part of Bruno and Kepler about the
role of the Sun in moving the planets, Galileo felt had been established by
his discovery of the sunspots as a phenomenon of the solar surface. He
wrote Benedetto Castelli in December 1613 that he had “revealed and nec-
essarily demonstrated that the globe of the sun is turned on its [own] axis,
making an entire revolution in about one lunar month in the same direction
in which all the other celestial rotations take place”.32 He went on to say
that if the Sun were halted by Joshua as in the Biblical account, the rotation
of the earth would cease. In a subsequent letter to Dini in March 1615,
Galileo reiterated these points, and also added answers to objections from
Scripture referring to a mobile Sun.33

In his famous letter to the Grand Duchess Christina, likely written in
1615, Galileo made the same points with some elaborations as he had in his
letters to Castelli and Dini. 

I think that although the solar body does not move from the same place, it
turns on itself, completing an entire rotation in about one month, as I feel I
have conclusively demonstrated in my Sunspot Letters; this motion is sensi-
bly seen to be inclined southward in the upper part of the globe, and thus to
tilt norward in the lower part, precisely in the same manner as the revolutions
of all planetary orbs... insofar as it is the greatest minister of nature and, in a
way, the heart and soul of the world, it transmits to the surrounding bodies
not only light but also (by turning on itself} motion; thus, just as all motion
of an animals limbs would cease if the motion of its heart were to cease, in
the same way if the sun’s rotation stopped then all planetary revolutions
would also stop.34

Stillman Drake insists that Galileo’s arguments in the letters to Castelli,
Dini, and the Grand Duchess, unlike Kepler’s, were “purely logical” and
“meant to show his adversaries on their own grounds they would be oblig-
ed to abandon literal interpretation” of the Bible.35 Perhaps Drake, by
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stressing Galileo’s Biblical hermeneutics, wished to indicate that at this
point Galileo was not yet entirely convinced of the Sun as planetary mover,
since he would not publish his opinion for many years. Galileo, however,
certainly appears to be convinced of a physical relationship between the
solar rotation and the revolution of the Earth and the other planets. Galileo
also felt it important that observations of the sunspots showed that the Sun
rotated uniformly in a lunar month; such a period would make it possible
to explain the motion of the Moon around the Earth.36 Moreover, in his let-
ter to the Grand Duchess, Galileo chose not to limit his argument to the
point made before his citation of his sunspot “evidence” about the weak-
ness of a literal interpretation of the Bible. 

Galileo did not publish on the idea of the Sun as planetary mover until
additional evidence for it came to him shortly before the publication of his
Dialogue. Francesco Sizzi’s discovery of the variation in the course of a year
in the inclination of the Sun’s axis of rotation to the ecliptic came to
Galileo’s attention. Christopher Scheiner had also written about the phe-
nomenon in his Rosa Ursina of 1630.37 In the Dialogue Galileo elaborates
on the role of the rotating Sun as planetary mover without raising any of
the issues in Biblical interpretation in his letters written during the second
decade of the century.38

Galileo’s supposed lack of interest in celestial dynamics is also contra-
dicted by his discussion in the Fourth Day of his Dialogue on the tides as
demonstrating the double motion of the Earth. His comments on the role of
the Moon in the spring and neap tides, in particular, illustrates his interest
in and concern with celestial dynamics. Galileo here speaks of a “force
[virtù] which moves the earth and moon around the sun”.39 He goes on to
say that the Earth and the Moon would move more rapidly when closer to
the Sun than when farther. “From this it may be clear that the annual move-
ment of the earth along the ecliptic is not uniform, and that its irregularity
derives from the Moon and has its periods and restorations monthly”.

Galileo’s description of the motions of the Earth and Moon is certainly not
how Kepler describes the non-uniform terrestrial motion, but what is of inter-
est here is that up to that point only Kepler (and his very few followers) had
been thinking of a solar power and non-uniform planetary motion. Did
Galileo independently conceive of non-uniform motion of the earth in igno-
rance of Kepler’s position or, rejecting Kepler’s quasi-magnetic forces, did he
see in the pendulum, which he cited by analogy, a mechanical and more rea-
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sonable explanation for an increase in planetary speed with proximity to the
sun, an idea which might be of service for his theory of the tides? In any case,
Galileo could have read in Kepler’s works the astronomer’s conjecture about
the Sun’s power as the cause of each planet’s variation in speed as a function
of its changing distance from the Sun in the course of its orbit. Kepler had
gone beyond the observations of the ancients that each planet’s speed in its
homocentric orbit is slower the farther it is from the Sun. 

Why didn’t Galileo address, as Kepler had, in his speculations, the means
by which the Sun moves the planets? One may be convinced, as were Kepler
and Galileo, that two distinct processes or sets of observations are related in
some manner, and yet be unable to demonstrate convincingly that one is a
consequence of the other. With regard to the relationship between a rotating
Sun and planetary motion, Kepler was willing to speculate, while Galileo was
not. The medieval theory of the emission of species, whose function was to
excite or engender activity across an intervening space in a body with which
they come in contact was initially used by Kepler to account for the role of
the Sun in planetary motion. Kepler later, in his Epitome of Copernican
astronomy (1618-1621), abandoned what he had called “immaterial species”
for a corporeal force.40 Neither concept would have suited Galileo, who did
not speculate on the means by which the solar virtù accomplished the revolu-
tions of the planets, as did Kepler. Kepler justified his speculations thus:

For since I have mingled celestial physics with astronomy in this work, no
one should be surprised at a certain amount of conjecture. This is the nature
of physics, of medicine, and of all the sciences which make use of other
axioms besides the most certain evidence of the eyes.41

This was not for Galileo: “I think that in disputes about natural phenome-
na one must begin... with sensory experience and necessary demonstra-
tions”.42 He has Salviati expound on this in the Dialogue.

I did not say that the earth has neither an external nor an internal principle
of moving circularly; I say that I do not know which of the two it has. My
not knowing this does not have the power to remove it... that which makes
the earth move is a thing similar to whatever moves Mars and Jupiter...

He just does not know the “motive power.”43 In the Two new sciences, in
response to the same problem, Salviati urges his listeners to move away
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from “fantasies” involving causal hypotheses, and just investigate motion,
whether in the heavens or on the earth, regardless of cause.44

Nevertheless, Galileo, almost echoing Kepler on the proper goals of
astronomy, distinguishes between the “mathematical astronomers” who
assume “eccentrics, deferents, equants, epicycles and the like... in order to
facilitate their calculations” and the “philosophical astronomers who, going
beyond the demand that they somehow save the appearances, seek to inves-
tigate the true constitution of the universe—-the most important and most
admirable problem that there is.”45 When Galileo wrote this in 1612, it had
been Kepler above all who had advocated and practiced this new concep-
tion of the dual role of the astronomer. But we do not wish here to imply
that it was from Kepler that Galileo took this at the time still novel goal for
astronomy. For Galileo, now a committed and out-of-the-closet advocate of
the centrality of the Sun, such a conclusion would have been a natural con-
sequence of his Copernicanism.

390 WILBUR APPLEBAUM Y RENZO BALDASSO

44 Galileo, Two new sciences, 159.
45 Letters on sunspots, in Drake, S., Discoveries and opinions, [Note 3], 96-97; Galileo,

Opere V, 102.


