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“Why, and to What Extent, May a False 
Hypothesis Yield the Truth?”1

Stefano Gattei

The whole importance of the refutation of received opinion, 
or of the best scientific opinion or idea or proposal, is just 
this: refutation opens the road to innovation. Nothing is more 
potent heuristic than refutation. Nothing is more conducive 
to progress than criticism of the current situation; nothing is 
more likely to herald the new than discontent with the old. 
Criticism is liberation, the positive power of negative thinking.

Joseph Agassi

Abstract Some of Kepler’s works seem very different in character. His youthful 
Mysterium cosmographicum (1596) argues for heliocentrism on the basis of meta-
physical, astronomical, astrological, numerological and architectonic principles. By 
contrast, Astronomia nova (1609) is far more tightly argued on the basis of only a 
few dynamical principles. In the eyes of many, such a contrast embodies a transition 
from Renaissance to early modern science. I suggest that Karl Popper’s fallibilist and 
piecemeal approach, and especially his theory of errors, might prove extremely help-
ful in resolving such alleged tension. By abandoning the perspective of the inductivist 
philosophy of science, which is forced by its own standards to portray Kepler as a 
“sleepwalker”, I focus on the method he followed: he never hesitated to discuss his 
own intellectual journey, offering a rational reconstruction of the series of false starts, 
blind alleys and failures he encountered. The critical dialogue he managed to establish 
in private correspondence with fellow astronomers he later transplanted into his printed 
works, whose structure closely resembles that of a dialogue, however implicit.

Whereas Galileo is often depicted as the “father of modern science”, his contem-
porary Johannes Kepler is generally regarded as a transition figure between the 
Middle Ages and the Renaissance. This is particularly due to Kepler’s overall a 
priori approach to science, which apparently conflicts with Galileo’s – alleged – a 
posteriori procedures (as exemplified, for instance, in the pages of the Sidereus 
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nuncius, 1610): while the former belonged to the Platonic–Pythagorean tradition, 
the latter managed to free himself from that heavy burden and became (through 
the clash with Roberto Bellarmino) the chief representative of the new scientific 
mentality.

Several studies have shown the extent to which this oversimplification is 
 mistaken.2 However, soaked in the preceding tradition, Kepler was a highly 
sophisticated and self-critical astronomer: he never got tired of submitting his 
bold hypotheses to ingenious and critical tests, examining their consequences in 
the light of the best available evidence and seeking others’ help in the search for 
truth (i.e., in his effort to grasp God’s design). It was this critical and self-critical 
attitude that enabled him to make his great contributions to science. As Karl 
Popper noticed,

It was not so much the accumulation of observations by Tycho as the critical rejection of 
many conjectures by Kepler, Descartes, and others, culminating in Newton’s mechanics 
and its subsequent critical examination, which ultimately persuaded everybody that a great 
step had been made towards the truth. (Popper 1983, p. 59)

Kepler firmly believed in criticism as the very engine of the growth of knowledge. 
He was persuaded that being rational equals to following the best argument in a 
critical discussion. He realized how much progress can be achieved by submitting 
even our best hypotheses to searching critical argument – how important mistakes 
are, if only we realize that we can learn from them.

Interpretations of Kepler’s Narrative: From Stream-
of-Consciousness to Purely Rhetorical Argumentation

In the 1937 edition of Astronomia nova as volume 3 of Johannes Kepler’s Gesammelte 
Werke, Max Caspar, the twentieth century’s leading Kepler scholar, declared:

Regardless of all its wrong paths and detours, the internal structure of the work, which 
unveils itself upon deeper consideration, is dictated by strict logic, and is accomplished 
clearly in a dramatic step-by-step process. (Kepler 1937–2002, Vol. 3, p. 439)

While editing the book, Caspar knew and described the surviving manuscripts. 
He compared them with the published text and realized the extent to which they 
 differed. However, Caspar did not regard such variance as a relevant and worth-
 pursuing issue. On the contrary, it became the very reason for ignoring the 
 manuscripts and portraying Kepler’s published text as a sort of rough report of the 
path he followed:

Kepler himself does not present finished results but rather the story of the discovery of his 
results, and in fact on the broadest basis, it would not do to draw the work out even further 
by taking up drafts. (Kepler 1937–2002, Vol. 3, p. 446)

If Caspar failed to recognize the distinction between the Astronomia nova as 
history and as argument, Arthur Koestler did no better. Drawing upon Caspar’s 
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biography of Kepler, in The Sleepwalkers he depicted Kepler’s narrative as a 
 valuable example of the irrationality of scientific discovery:

Fortunately, [Kepler] did not cover up his tracks, as Copernicus, Galileo and Newton did, 
who confront us with the result of their labours, and keep us guessing how they arrived at 
it. Kepler was incapable of exposing his ideas methodically, text-book fashion; he had to 
describe them in the order they came to him, including all the errors, detours, and the traps 
into which he had fallen. The New Astronomy is written in an unacademic, bubbling 
baroque style, personal, intimate, and often exasperating. But it is a unique revelation of 
the ways in which the creative mind works. (Koestler 1959, p. 314)3

Alexandre Koyré, too, one of the leading historians of science of the past century, 
ultimately understood the narrative of Astronomia nova as a reflection of the nature 
of Kepler’s mind:

[…] Kepler does not restrict himself to setting forth the results, as did Copernicus and 
Newton: he relates at the time, intentionally as he did in the Mysterium cosmographicum, 
the development of his thought, his efforts, and his setbacks[;] Kepler’s mind was so 
 constituted that he was unable to find the way to truth without first having explored all the 
paths leading into error […]. (Koyré 1973, pp. 165–166)4

The structure of Astronomia nova has thus come to be treated largely as an innate 
production of Kepler’s mind rather than a purposeful device. Seminal articles 
on Kepler’s methodology – such as the pioneering works by Curtis Wilson and 
Eric Aiton in the late 1960s5 – although occasionally referring to letters, came to 
rely heavily on the text of Astronomia nova as a true account of Kepler’s work; 
when correspondence is incorporated at all, it is to elucidate the methodology of 
Astronomia nova.

The breakthrough for contemporary historiography of Kepler’s work came with 
the publication of Bruce Stephenson’s Kepler’s Physical Astronomy, in 1987. As 
opposed to other scholars – with the exception of Koyré – who focussed on those 
aspects of Kepler’s work that are considered significant today (namely, the ellipse 
and the area laws), Stephenson understood physical astronomy to be the central 
feature of Kepler’s work. He described the development in the Mysterium cosmo-
graphicum (1596) through the Epitomes astronomiae copernicanae (1618–1621) 
and showed how the ellipse and the area laws are of significance only to the extent 
that they are supported by Kepler’s physical ideas. In his groundbreaking work, 
Stephenson also noted that

This profoundly original work has been portrayed as a straightforward account of converging 
approximations, and has been portrayed as an account of gropings in the dark. Because of 
the book’s almost confessional style, recounting failures and false trails along with 
 successes, it has in most cases been accepted as a straightforward record of Kepler’s work. 
It is none of these things. The book was written and […] rewritten carefully, to persuade a 
very select audience of trained astronomers that all the planetary theory they knew was 
wrong, and that Kepler’s new theory was right. The whole of the Astronomia nova is one 
sustained argument […]. (Stephenson 1987, pp. 2–3)

On the one hand, Stephenson’s claim that Astronomia nova “was written and 
 rewritten” was supported by William Donahue, whose analyses revealed that Kepler 
had worked over at least one chapter of Astronomia nova so many times prior to 
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publication that it scarcely hung together, and that ultimately Kepler resorted to 
 calculating positions with his final finished theory and passing them off as the results 
of an earlier, observational procedure (Donahue 1988). As the author of the first 
English translation (1992) of Astronomia nova noticed,

the selection of data and arguments, and sometimes the data themselves, were determined 
by the conclusions. That is, although Kepler often seems to have been chronicling his 
researches, the New Astronomy is actually a carefully constructed argument that skilfully 
interweaves elements of history and (it should be added) of fiction. Taken as a history, it is 
often demonstrably false, but Kepler never intended it as history. […] Caveat lector! 
(Donahue 1992, p. 3)

On the other hand, Stephenson’s claim that the published text of Astronomia nova 
is, in Darwin’s words, “one sustained argument” was taken up by James Voelkel 
in his extraordinary study of the composition of Kepler’s magnum opus. Fully 
supporting Donahue’s view, Voelkel claimed that Astronomia nova is “a narrative 
odyssey through Kepler’s development of his astronomical theory” (Voelkel 2001, 
p. 1).6 Furthermore, strengthening Donahue’s line of interpretation, Voelkel argued 
that “the account Kepler offers his readers is not a true history of the course of his 
research – something Kepler never claimed – but is rather a didactic or rhetorical 
pseudohistory” (ibid.). Most interestingly, through a pioneering comparison of 
the surviving manuscripts and correspondence (especially the letters written to 
Kepler), Voelkel provided what he takes to be the reason behind Kepler’s choice 
of this form of composition, by relating him to the contemporary astronomical 
community:

the unique conceptual and stylistic features of the Astronomia nova are intimately related: 
Kepler purposely chose this form of exposition precisely because of the response he knew 
to expect from the astronomical community to the revolutionary changes in astronomical 
methodology he was proposing. (Voelkel 2001, p. 2)

In what follows, I wish to slightly qualify Voelkel’s analysis by considering Kepler’s 
narrative not simply as a rhetorical tool he effectively used to convince – or rather 
try to convince – contemporary astronomers, but also as a way to engage them into 
critical discussion by recognizing the powerful heuristic provided by criticism.

A Clue into Kepler’s Method

By the end of 1610, with the publication of Galileo’s Sidereus nuncius, the 
Copernican hypothesis had crossed the threshold of respectability. Even Christopher 
Clavius, the scholarly and prudent astronomer of the Collegio Romano, went so far 
as to commend Galileo’s discoveries in no uncertain terms. Yet, the battle was by 
no means won. A mere looking-glass could not dispel a theory about the structure 
of the world: the Aristotelians felt that Galileo would have to focus the eye of his 
mind on the real problems before he could persuade them to alter their convictions 
about the nature of the universe. In his book Contro il moto della Terra (Against 
the Motion of the Earth, 1610–1611), for instance, the witty and acute Florentine 
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Lodovico delle Colombe repeated Tycho Brahe’s objections: though lacking 
 originality, however, those objections were representative of the persistent doubts 
about the Copernican system among the educated Florentines, and Galileo took 
pains to refute them at length in the Second Day of his Dialogue on the Two Great 
World Systems (1632).

With the dialogue, Galileo was determined to convince his opponents of the 
truth of the heliocentric hypothesis by exposing their errors. A few years earlier, 
I suggest, Kepler implicitly adopted a similar approach: in fact, his works might 
be seen as having a dialogical structure. Just as Galileo, he was very confident in 
his achievements and aimed at convincing his opponents – but, unlike the Italian 
scientist, he genuinely wanted to record his own intellectual journey so as to show 
fellow astronomers the path he followed, the series of false starts, blind alleys and 
failures he encountered on his road to eventual success. Most importantly, he not 
only wanted to convince them by exposing their errors, but also to critically engage 
his readers by showing his own errors. This is particularly evident when – as we 
shall see in the case of Strena seu De nive sexangula (1611) – he does not have an 
answer to his questions, or a positive thesis to offer.

Along with Bruce Stephenson, I claim that Kepler’s works contain a long, 
 sustained argument, carefully constructed and tightly knit. Their purpose is double: 
on the one hand, Kepler wished to convince his readers of the validity and strength 
of his conclusions; on the other, he wanted to prevent their criticism by highlighting 
that he had already contemplated of a particular objection, and followed it until it 
revealed as a mistake. Furthermore, Kepler believed in the didactic power of errors 
and wished his contemporary astronomers to learn about and from his own – as he 
himself had done.

Let us read Kepler’s own declared intentions in the opening of Astronomia nova:

The scope of this work is not chiefly to explain the celestial motions, for this is done in the 
book on Spherics and on the theories of the planets. Nor yet is it to teach the reader, to lead 
him from self-evident beginning to conclusions, as Ptolemy did as much as he could. There 
is a third way, which I hold in common with the orators […]; that is, a historical presentation 
of my discoveries. Here is a question not only of leading the reader to an understanding of 
the subject matter in the easiest way, but also, chiefly, of the arguments, meanderings, or 
even chance occurrences by which I, the author, first came upon that understanding. Thus, 
in telling of Christopher Columbus, Magellan, and of the Portuguese, we do not simply 
ignore the errors by which the first opened up America, the second the China Sea, and the 
last the Coast of Africa; rather, we would not wish them omitted, which would indeed be to 
deprive ourselves of an enormous pleasure in reading. So, likewise, I would not have it 
ascribed to me as a fault that, with the same concern for the reader, I have followed this same 
course in the present work. (Kepler [1609] 1992, pp. 78–79, 1937–2002, Vol. 3, p. 36)

Astronomia nova stands in sharp contrast with standard astronomical works, such 
as Ptolemy’s Almagest (second century bc) or Copernicus’ De revolutionibus 
orbium coelestium (1543), in which the exposition of planetary theories proceeds 
systematically, with very few clues as to their source or development. Although a 
full account of his work “would be boring and pointless to recount” (Kepler [1609] 
1992, p. 187, 1937–2002, Vol. 3, p. 111), Kepler was convinced of the relevance of 
a historical, or a roughly historical presentation of his ideas.
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For sure, his might not be a literally historical account of his enquiry, but a  qualified 
one, tailored according to what he thought was important and to the  feedback he 
received from the people he corresponded with (who acted as peer reviewers ante 
litteram, so to say). Indeed, he writes: “I shall describe only so much of that labour 
of 4 years (1601–1605) as will pertain to our methodical enquiry” (ibid.).

This fact, however, does not make his account fictional: for although he has 
spared us many thorny byways, he also leads us through much of his erroneous 
reasoning. Possibly, then, Kepler is mingling some history with the theoretical 
and didactic content of the book. What is remarkable, however, is his sense that 
 mistakes are important, and that we approach the truth by first being wrong.

The Polyhedral Hypothesis

Kepler’s idea of a physical astronomy, of a defence of Copernicus based on 
 physical principles, long preceded the publication of Astronomia nova. For the 
ideas expressed in his 1609 masterpiece existed as early as his student disputations 
in defence of Copernicus while in Tübingen. Kepler subsequently worked out the 
principles of his planet-moving force in Mysterium cosmographicum (1596) and 
had an eye on these very principles from the start of his research with Tycho Brahe 
through the discovery of the elliptical orbit of Mars.

Kepler encountered resistance to his ideas all along the way – a resistance that 
took the form of both theological objections to his student disputations and the 
material on the reconciliation of heliocentrism and Holy Scripture he had wished 
to include in Mysterium cosmographicum, and astronomers’ objections to his 
 introduction of physical considerations into planetary theory.

As it is clear from their correspondence, he faced resistance also from his former 
teacher in Tübingen, Michael Mästlin, who had introduced him to Copernicanism. 
Kepler had conceived his polyhedral hypothesis for the structure of the universe 
on 19 July 1595, while lecturing on the progression of conjunctions of Jupiter and 
Saturn. He noticed that the ratio of the circle circumscribing an equilateral triangle 
to the circle inscribed in it was approximately the same as the ratio of Saturn’s orbit 
to Jupiter’s. He quickly ran through various arrangements of planar figures, and the 
following day he hit upon the idea of using the Platonic solids instead. As he wrote 
in Mysterium cosmographicum:

I give you the proposition, conceived in words just as it came to me and at that very 
moment: “The Earth is the circle which is the measure of all. Construct a dodecahedron 
round it. The circle surrounding that will be Mars. Round Mars construct a tetrahedron. The 
circle surrounding that will be Jupiter. Round Jupiter construct a cube. The circle surround-
ing that will be Saturn. Now construct a icosahedron inside the Earth. The circle inscribed 
within that will be Venus. Inside Venus inscribe an octahedron. The circle inscribed within 
that will be Mercury” (Kepler [1596] 1981, p. 69, 1937–2002, Vol. 1, p. 13).

In a series of three letters to Mästlin, Kepler described the material that was to 
appear in the book. He realized the novelty of his conjecture and was extremely 
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cautious, assaying the response of his former teacher bit by bit. In his first 
letter – dated 2 August 1595 – he did not describe his new system, but asked a number 
of questions directed toward the uncertainty in the distances of the planets as derived 
from observations.7 In his next letter to his old master, on 14 September 1595, after 
he had determined that the polyhedral hypothesis did not disagree significantly 
with observations, Kepler did give the details of the system. However, he offered 
his former teacher only a very brief – one single sentence long – description on the 
order of the solids, and then moved to discussing the cause of the motions.8 Only in 
the third and most complete letter, written on 3 October 1595, did Kepler introduce 
Mästlin to the material that was to appear in Mysterium cosmographicum. Whereas 
Kepler’s first letter to Mästlin had been a cautious query that gave away little, the 
second contained only the briefest mention of the polyhedra. It is only in his third 
letter that Kepler began to elaborate his vision toward the complexity that eventually 
appeared in Mysterium cosmographicum.9

Physical astronomy was deeply rooted in Kepler’s conviction that Copernicanism 
was a physically true representation of the world, and this belief was itself a mani-
festation of Kepler’s faith in the accessibility of the plan of God’s creation to human 
intellect.10 Mysterium cosmographicum was thus conceived as the first of a series 
of books11 devoted to a piecemeal proof of the reality of Copernican heliocentrism 
(for Kepler had no particular devotion to the details of Copernican planetary theory) 
by means of arguments based on physical and metaphysical cause – arguments then 
alien to the traditional scope of astronomy.

Kepler did not want his work to be confused with technical astronomy, which 
was then classified as a branch of mathematics, whose aim is not to describe 
 reality.12 By making clear his intention to introduce physical issues into his discus-
sion of what might be otherwise have been seen as a mathematical work, Kepler 
defined his work as cosmography – and yet, as is clear from references scattered 
throughout the book, he hoped to convince astronomers, as well as natural philo-
sophers, to accept his arguments.

Over half a century after Copernicus’ De revolutionibus orbium coelestium, 
Mysterium cosmographicum was the first theoretical work published in continental 
Europe that originally developed some of the basic issues of the new Copernican 
astronomy. Leading Kepler in his solitary intellectual adventure is the firm belief 
that he could explain a priori the rational order of the world. Kepler would pursue 
this belief throughout his life, devoting to it all his works, from his youthful master-
piece to his mature works, such as Harmonices mundi libri V (1619) and Tabulae 
Rudolphinae (1627).

The project for the renovation of astronomy undertaken by the Melanchton 
circle at the University of Wittenberg – that published the Tabulae Prutenicae in 
1551 – was completely different from Kepler’s own version. As Erasmus Reinhold, 
one of the members of this movement,13 noted: “the heavenly motion is uniform and 
circular, or it is a compound of uniform and circular motions”.14 The Wittenberg 
astronomers merely supplemented the traditional geocentric picture of the universe 
with new data and new and more accurate measurements: they read Copernicus as 
providing only new computational devices, completely disregarding the first book 
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of his work, devoted to the new picture of the world. From this reading emerged 
a reductive picture, from which any cosmological implication was excluded: no 
reference to heliocentrism or the motion of Earth; no link with natural philosophy; 
no solution of the conflict between Copernican cosmology and the Holy Scripture, 
that remained extremely sharp also in the Protestant world.

Kepler’s Mysterium cosmographicum marked a sharp divide with this tradition. 
As Kepler openly declares,

Nor do I hesitate to affirm that everything which Copernicus inferred a posteriori and 
derived from observations, on the basis of geometrical axioms, could be derived to the 
satisfaction of Aristotle, if he were alive […], a priori without any evasions. (Kepler [1596] 
1981, pp. 77, 79 1937–2002, Vol. 1, p. 16, and Vol. 8, p. 33)

The absolute originality of Kepler’s project moved from these premises. The 
number of planets, distance of orbits, motion of individual planets, ratio of dis-
tances and revolution periods – everything fitted together, also suiting a kind of a 
priori explanation never attempted before. The exact and real constitution of the 
universe is not to be sought in the world, in the light of physical or natural proofs, 
but rather by moving from the very idea of unity and simplicity that was in God’s 
mind and presided over the creation. Only those who undertake the difficult path of 
going back to the origin of the world can try to grasp God’s design in its entirety 
and discover the trace He followed in designing the book of nature.

Unfortunately, with Mysterium cosmographicum Kepler failed in many cases 
to breach the division in his readers’ minds between cosmography and astronomi-
cal theory. As it is clear from their correspondence, Johannes Prätorius, Helisaeus 
Röslin, Georg Limnaeus and Nicholaus Reimers Ursus had nothing at all to 
say about Kepler’s motive power argument, and perhaps did not even perceive 
it. Prätorius rejected the book outright from an astronomical standpoint. Röslin 
firmly believed in the truth of a geo-heliocentric system different from either 
Tycho’s or Ursus’, and consequently rejected Kepler’s Copernican hypothesis, 
also doubting that the polyhedral hypothesis could in any way prove the truth of 
the heliocentric system. Those who did recognize that Kepler was attempting in 
part to make physical inroads into astronomical theory itself with his motive power 
hypothesis warned him off. Tycho raised technical objections to Kepler’s treat-
ment of the equant and questioned the very premises of Kepler’s work, highlight-
ing the discrepancies between the values of the eccentricity of the orbits used by 
Kepler and those he himself recorded over a period of 30 years. Finally, Mästlin, 
Kepler’s former teacher, clearly warned him to abandon this line of argument on 
philosophical grounds.

Those who read Mysterium cosmographicum as a cosmographical work and 
were intrigued by it by no means, accepted it as a physical proof of heliocentrism. 
Tycho, Prätorius, Röslin and Ursus did not waver in their geocentrism. The only 
reader who agreed that Copernicus could be proven on physical grounds and 
favoured Kepler’s work was Galileo. He largely disagreed with the metaphysics 
underlying Kepler’s project, but his initial response was very positive, and his open 
support for Copernicus was vague enough that Kepler perceived it as a support for 
himself.15
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Kepler knew that the struggle was not astronomical but physical, metaphysical 
and theological. Mysterium cosmographicum had been his first effort to open this 
front. In his subsequent efforts – most notably Astronomia nova – he would refine 
his physical arguments. It is likely that criticism of the metaphysical, a priori 
approach in Mysterium cosmographicum eventually played its part in the consider-
ably more refined argument of Astronomia nova.

The New Astronomy: Mathematical Physics

Astronomia nova (1609) is as much about astronomical methodology as planetary 
theory. Kepler’s proof of heliocentrism depended on the validity of physical 
astronomy. However, establishing the validity of physical astronomy itself entailed 
a redefinition of astronomy. Although astronomy was subject to physical consid-
erations, astronomical theory was still widely regarded as a purely mathematical 
pursuit. By describing in detail the considerations that led to his orbit for Mars, 
Kepler hoped to discredit traditional mathematical astronomy decisively and 
establish the absolute necessity of physical astronomy.

“The Tychonics” – as Kepler nicknamed Christian Severin Longomontanus 
(Tycho’s former assistant) and Franz Gansneb Tengnagel van Kamp (Tycho’s 
son-in-law) – tried their best, for different reasons, to hamper Kepler’s work in 
his capacity of the new imperial mathematician after Tycho’s death. His response 
was to seek a mode of exposition that would make his findings public, while at the 
same time strengthening their chances of persuading the readers of the plausibility 
and necessity of the revolutionary ideas Kepler was advancing. His solution was 
to draw a rational reconstruction of the history of his discoveries, one that would 
depict him as compelled to follow the path that he had, and at the same time reveal 
the technical challenges he faced.

On the one hand, the intense correspondence with the Tychonics explains 
Kepler’s decision to present his new astronomy based on physical causes in terms 
of a commentary on the motion of a single planet, Mars: for Kepler had limited 
access to the data under Tycho himself and then “under” his heirs, and was then 
required to present his findings to justify his employment as imperial mathemati-
cian. On the other, the book’s narrative was partly determined by the necessity to 
shield himself against the Tychonics’ accusations that his idiosyncratic approach 
to astronomical theory was a disrespectful affront to the memory of Tycho Brahe. 
Kepler’s audience shared many of the Tychonics’ suspicions, and therefore the 
narrative was also directed at the astronomical community at large.

In this respect, as Voelkel has argued, the correspondence is illuminating. More 
interesting, though, are the letters he exchanged with other astronomers. Kepler’s 
first statement that the orbit of Mars is an ellipse is embedded in the midst of a 
long letter – a full 40 pages in the modern edition of Kepler’s works – to David 
Fabricius, an East Frisian preacher whom he found a sympathetic and like-minded 
soul. Both their voluminous exchange and the surviving drafts of the book show 
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that while composing Astronomia nova, Kepler is likely to have gone through 
their correspondence to isolate troublesome issues. There are numerous marginal 
notes in the letters that refer to composition of Astronomia nova, one of which, 
for example, reads: “N. B. raise [this matter] in the Commentaries [that is, in 
Astronomia nova]”.16 At the very least, Kepler recognized the usefulness of the 
correspondence as a stimulus to thought. And, he often worked through problems 
while writing.

Generally speaking, Kepler took account of where in their correspondence 
Fabricius expressed his confusion or requested clarification and tailored the presen-
tation of his results in Astronomia nova to avoid the same confusion in his readers. 
In other words, Fabricius acted as a representative member of the astronomical 
community, expressing what demonstrations would be necessary to convince him 
of the truth of Kepler’s findings.

Kepler needed him to bounce the ball back, and revised his book accordingly. 
He found in Fabricius a kind of test case for the acceptability of his new astronomy, 
one who played a decisive role in determining the content and expository style of 
Astronomia nova. The discovery of how difficult it was to make Fabricius under-
stand his work, together with Fabricius’ success at recasting Kepler’s work into 
compounds of circular motion, reinforced Kepler’s resolution to intertwine physics 
and astronomy so that they could not be separated.17

The Six-Cornered Snowflake

Kepler’s dialectical method is evident also at work in some of his “minor” writings, 
such as a little book on the hexagonal symmetry of snowflakes. At the height of 
his career, shortly after the publication of Astronomia nova, Kepler turned his gaze 
from the immensity of the heavens to the minutiae of earthly phenomena, from the 
celestial to the (seemingly) trifling. In his Strena seu De nive sexangula, published 
in 1611 (the very year in which the happiest period of his life, the one he spent in 
Prague, came to a sad end and he was forced to leave the town), Kepler recognized 
that the apparently perfect hexagonal form of a few snowflakes that fell on his coat 
one day while crossing the Charles bridge in Prague presented a challenge to the 
new mathematical science that was struggling to birth in his own mind: why six? 
What was the physical cause of the six? What principle selected six from the other 
possible numbers?18

At a superficial glance, Kepler’s little book displays in compact form the 
 antithesis between the medieval outlook and the new mathematical method. Yet, 
the objective scientific aim is dominant. For beneath its humour and allusive style, 
and apparently casual repetitiveness, it displays a scientific judgement of the 
 highest calibre. Kepler recognized a genuine problem, discussed several alterna-
tive  solutions, rejected them all and passed the problem to the chemists for them to 
solve in the future.
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Kepler recognized that snowflakes are composed of several individual units 
brought together, as he thought, by irregular drifting and that each individual always 
possesses six corners and not five or seven. In this he differed from Descartes, who 
held roughly the inverse view, that is, that the hexagonal unit was evolved by a 
 partial melting or an agglomeration of irregular particles. Kepler realized that the 
 six-sidedness could not be inherent either in water vapour or in the coldness of the air, 
but discussed whether it was imposed by an external factor and arose perhaps because 
the hexagon was a particularly suitable or efficient form.

This led him to a consideration of ways of filling space with repetitive figures and 
to the idea that natural structures such as bees’ honeycombs and pomegranates achieve 
their shape from necessity. He discusses, for the first time, cubical and hexagonal 
close packing of equal spheres, pointing out that, in the cubical arrangement, each 
sphere is touched by six others and, in the hexagonal arrangement, by twelve others. 
Hexagonal close-packing was found to give the tightest packing and to produce rhom-
boidal aggregates. Kepler suggested that a pomegranate needs to store the maximum 
number of seeds in the smallest possible space, so that hexagonal close-packing is not 
only the most efficient method, but is also a material necessity.

But Kepler also saw that such arrangements were not necessarily applicable 
to flat snow crystals and, having argued convincingly that such a form is highly 
unlikely to result from the reduction of a regular three-dimensional aggregate of 
snow, even if these were composed of regularly packed rows of globules, he went 
on to discuss space-filling in two, rather than three, dimensions. He thought that the 
flatness of the snow crystals might be explained in terms of the cold vapour meeting 
the warm vapour at a plane interface, but then asked why it should be six-cornered. 
Regular hexagons can fill two-dimensional space without gaps but so can equilat-
eral triangles and squares. In any case, it is possible to fill space completely with 
hexagons only if they are of the same size and, as Kepler points out, snowflakes 
are not uniform in size.

In short, after considering a number of possible explanations for preference of 
the hexagons, Kepler remains unconvinced by any of them and finally, ponders on 
the possibility that it may rise from a formative faculty (facultas formatrix) in the 
body of the Earth and be formed as a part of the Creator’s design because of its 
aptness and beauty. But, even so, he admits that Nature produces other shapes in 
other crystals and so is finally unable to arrive at a satisfactory explanation for the 
hexagonality of snowflakes. He concludes by “knocking at the door” of chemistry 
and leaves the problem to future generations of scientists.19

Although Kepler was unable to offer a satisfactory explanation of the six-sidedness 
of snowflakes, his discussion of space-filling and symmetry laid the early founda-
tions of crystallography.20 For Kepler discusses in print, for the first time, the ordered 
symmetrical shapes that arise from the packing together of similar bodies, which may 
themselves lack symmetry. Man has long been aware of the superstructures that can 
be built from the stacking of repeated geometrical units (think of Egyptian pyramids, 
or to cannonballs stacks), but the relationship of these models to the minute geometry 
of matter was not recognized until Kepler.
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Critical Dialogue and the Search for Truth

The scientific revolution was not primarily a matter of new facts, but of new ways 
of looking at old facts22. But looking through the new glasses Kepler asked his 
 fellow astronomers to wear was not an easy task – just as it proved to be extremely 
hard to see, through the recently invented telescope, what Galileo claimed to see. 
Not only did Kepler advance new, bold hypotheses to describe and explain the 
structure and functioning of the universe, but he also wanted to renovate astronomy 
by merging mathematical with physical issues. Therefore, he needed to supplement 
strong scientific arguments by appealing to other tools. He chose to tell the story 
of his own intellectual path. As a scientist, he was an honest seeker after the truth, 
and demanded his readers to engage in a critical dialogue, thus collaborating with 
him in the common effort to approach the truth.

This interpretation resolves a broader tension in our view of Kepler’s intellectual 
achievement. Throughout his life, Kepler’s astronomical work was devoted to show-
ing that the Copernican heliocentric system of the world was true. Yet, some of his 
works seem very different in character. The youthful Mysterium cosmographicum 
(1596) argued for heliocentrism on the basis of metaphysical, astronomical, astro-
logical, numerological and architectonic principles. By contrast, Astronomia nova 
(1609) was far more tightly argued on the basis of only a few dynamical principles. 
In the eyes of many, such a contrast embodies the transition from Renaissance to 
early modern science.

However, Kepler did not subsequently abandon the broader approach of his early 
works: similar metaphysical arguments reappeared in Harmonices mundi libri V 
(1619), and he reissued the Mysterium cosmographicum in a second edition in 1621, 
in which he qualified only some of his youthful arguments. Given the persistence 
of these ideas, it is clear Kepler did not undergo some sort of conversion  experience 
and became a “modern” scientist all of a sudden. Furthermore, and perhaps most 
importantly, the metaphysics underlying all his works remained the same: he always 
looked for the reality behind the appearances, trusting that hypothetical reality 
would explain appearances.

I suggest that Karl Popper’s fallibilist and piecemeal approach, and especially 
his theory of errors might prove extremely helpful in resolving such alleged 
tension, thus providing a unifying picture that properly puts Kepler within the 
context of the wider astronomical community of his time and helps us assess his 
contribution.

The conceptual and stylistic features of the Astronomia nova – as well as of 
other “minor” works of his Prague period, such as Strena seu De nive sexangula 
– are intimately related and were purposely chosen because of the response he 
knew to expect from the astronomical community to the revolutionary changes in 
astronomy he was proposing. Far from being a stream-of-consciousness or merely 
rhetorical kind of narrative, Kepler’s rational reconstruction is the reflection of 
his experience while writing his books – of his own errors as well as of the objec-
tions he received from his correspondents. Like all seekers after the truth, Kepler 



“Why, and to What Extent, May a False Hypothesis Yield the Truth?” 59

made many mistakes – but he learned from them, as few others have done.21 His is 
a marvellous example of the power and fruitfulness of the method by conjectures 
and refutations.
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Notes

 1. “Causa, cur falsa hypothesis verum prodat et quatenus”: it is the title of chapter 21 of Kepler’s 
Astronomia nova.

 2. Suffice it to mention the recent Bucciantini (2003).
 3. The source of Koestler’s characterization of Kepler as a sleepwalker might well be Brod 

([1920] 1928, p. 14), in which he is described as a man moving “past the sharp places of life 
with the certainty of a sleepwalker”.

 4. Interestingly, Koyré displays a thoroughly a priori approach to historiography, and yet he falls 
into the inductivist error: see Segre (1991, Chap. 2) and Segre (1994).

 5. See Wilson (1968) and Aiton (1969). The same approach to the correspondence is to be found 
in Whiteside (1974).

 6. In this paper, I follow Voelkel’s analysis but draw a different conclusion from it.
 7. Letter to Michael Mästlin, 2 August 1595, in Kepler (1937–2002, Vol. 13, pp. 27–32).
 8. Letter to Michael Mästlin, 14 September 1595, in Kepler (1937–2002, Vol. 13, p. 32).
 9. Letter to Michael Mästlin, 3 October 1595, in Kepler (1937–2002, Vol. 13, pp. 34–36).
10. Kepler had always wanted to be a theologian. Astronomy as a purely mathematical discipline 

was not compelling for him. Only as a greater natural philosophical pursuit, in which he 
could ascertain the traces of the Creator, did it come to captivate him. As he explained to 
Mästlin shortly before the publication of Mysterium cosmographicum: “I am in haste to pub-
lish, dearest teacher, but not for my benefit […] I am devoting my effort so that these things 
can be published as quickly as possible for the Glory of God, who wants to be recognized 
from the Book of Nature. […] Just as I pledged myself to God, so my intention remains. 
I wanted to be a theologian, and for a while I was anguished. But now, see how God is also 
glorified in astronomy, through my efforts” (letter to Michael Mästlin, 3 October 1595, in 
Kepler (1937–2002, Vol. 13, p. 40). For Kepler, the Copernican system was the ultimate 
manifestation of God’s design of, and presence in, the world. All his astronomical work was 
thus to a large extent concerned with establishing the truth of heliocentrism. From the very 
beginning, as a student in Tübingen, Kepler was only marginally interested in the details of 
Copernican planetary theory, those very details that most contemporary astronomers found 
particularly compelling. It was heliocentric cosmology that captured his attention, especially 
the way in which the heliocentric system could be understood as a manifestation of God’s 
providential design. Because of this fundamental religious stimulus, the heliocentric system 
could be of interest only if it were the physically true representation of how the universe was 
put together.

11. Indeed, the whole title reads The Forerunner of Cosmographical Essays, Containing the 
Cosmographical Secret: On the Marvellous Proportion of the Celestial Spheres, and on 
the True and Particular Causes of the Number, Size and Periodic Motions of the Heavens, 
Demonstrated by Means of the Five Regular Geometric Bodies.

12. Indeed, Galileo regarded himself as a philosopher, not as a mathematician. Just as Galileo, 
Kepler aimed at providing mathematics with a physical content: he was trying to physicalize 
mathematics, so to say, not the other way round.

13. Other members included Kaspar Peucer and Johannes Prätorius, one of Kepler’s correspondents.
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14. Quoted in Westman (1975, pp. 175–176), my translation. See also Gingerich (2002, 
pp. 168–278).

15. See Voelkel (2001, Chap. 4, especially pp. 69–77).
16. Letter to David Fabricius, 11 October 1605, in Kepler (1937–2002, Vol. 15, p. 248).
17. As he explained to Fabricius: “I will deeply interweave and entwine Copernicus into the 

amended astronomy, and so also into physics, such that either each will perish at the same time 
or both will survive” (letter to David Fabricius, 10 November 1608, in Kepler (1937–2002, 
Vol. 16, p. 197).

18. Kepler had asked himself the very same questions some 15 years before: considering the 
 heliocentric system as the product of God’s intelligent design, he asked himself some funda-
mental questions about this design – why were there six and only six planets, and why were 
they arranged at their particular distances from the Sun? The answer that came to him, that 
God had constructed the universe using the five Platonic solids as archetypes, was for him a 
compelling physical proof of the truth of heliocentrism, which he presented to the world in his 
Mysterium cosmographicum (1596).

19. See Kepler ([1611] 1966, p. 45; Kepler 1937–2002, Vol. 4, p. 280).
20. Indeed, the German physicist Max von Laue, who in 1911 succeeded in diffracting X-rays 

using a crystal grating (and received a Nobel prize for that in 1914), called attention to the 
earliest observation of the connection between crystallographic regularity and atomism, thus 
acknowledging our debt across the centuries to Kepler and to his little book on the hexagonal 
symmetry of snow crystals: see von Laue (1952, p. 1).

21. See Popper (1999).
22. As William Shea remarked, “The world must not only be seen through the telescope, it must 

be looked at through a new set of intellectual categories” (Shea 1977, p. 121)
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