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KEPLER'S HARMONICE MUNDI: DEAD END ROAD OR 
• FINAL THEORY? 

WERNER DIEDERICH 

I. Introductory remarks 

Keple r opens the final book V of his work Harmonice Mundi (1619, 
he reafter 'HM) with the passage - I omit parts of Kepler's very long, 
Latin style sentences - : 

The discovery which I foretold twenty two years ago, when I firs t 
discovered the five solid figures between the celestial spheres [Kepler 
here refe rs to his early wo rk Mysterium Cosmographicum(1 596)J• ... the 
discove ry for the sake of which I applied the best part of my life to 

astrono mical studies, I visited Tycho Brahe, and I chose Prague as my 
seat; that discove ry at last, with God the Best and Greatest, who had 
inspired my thought and had aroused this mighty ambi tion, also 
prolo nging my I ife and the vigor of my talents ... on the comple tio n of 
my previous work in the province of astronomy to a sufficient extent, 
at last, I say, I have brought that discovery into light, and have most 
truly grasped beyond what J could ever have hoped: That the who le 
nature of ha rmony, to its fuU exte nt, with all its parts, ... is to be 
discovered among the celestial motio ns. ... during this inte rmediate 
period, in which the extremely laborious restoratio n of the mo tio ns 
held me in suspense, my appetite w&s particularly inte nsified and my 
purpose stimulated by the reading of the Harmony of Pto lemy ... The re 
I fou nd unexpectedly, and to my great wonde r, that almost the whole 
of his third book was given up to the same study of the celestial 
ha rmo ny, one thousand five hundred years before. Yet at that perio d 
much was still lacking in astrono my ... Now, eighteen months after the 

. • A previous version of this paper was given at UPH in March 2000. 
1 hereafter 'M C; cf. n. H. There was a second edition in 1621, with interesting 

comments hy the author. 
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first light, three months after the true day, bur a very few days after the 
pure Sun of that most wonderfu l study began to shine, nothing 
restrains me; it Lc; my pleasure to yield to the inspired frenzy ... If you 
forgive me, I shall rejoice; if you are enraged with me, I shall bear it. 
See, I cast the die, and I write the book. Whether it is to be read by the 
people of the present or of the future makes no difference: let it await 
its reader fo r a hundred years, if God Himself has stood ready for sbc 
thousand years for one to study him. 1 

The "inspired frenzy" re fers to the detection o f the "harmo n ic law", later 
known as Kepler's third law of planetary motio n : whereby the planets' 

p e rio ds, T, are linked to their mean dista nces from the sun, r, by the 
p ro p o rtio na lity 

The first law had stated that each planet moves around in an e ll ipse 
with the sun in o ne of its foci, while the second, the so-called area law, 

links the varying speeds o f a pla ne t to its varying distances from the sun . 
These two laws were already stated ten years earlier in the Astronomia 
Nova (1609).$ They differ cons ide rably in characte r from the third law: 

they are applicable to the planets individually, while the third Law relate!> 
the p lanets to each othe r: they all have the same ratio T I .,J . 

The three laws named afte r Kepler were late r cons idered as his 
lasting contributio n to astrono my. What goes with them in Kepler's own 

pe rspective, however, was pretty much forgo tte n after Ke ple r's death 
(1630): This is esp. true fo r what the third law meant to Ke ple r h imself: 

he regarded it as the fmally found cornersto n e of the harmonic syste m 
of the wo rld, while in histo rica l "reality" it beca me the d ecisive starting 

p oint for the first modern universal theo ry, Newton ian g ravitation . 
The reby Kepler's constant T ! 13 turned out to be a universal constant, 
which can essentially be identified as the consta nt of gravitation.~ 

What Keple r had in mind, how eve r, was not gene ra l laws, hut the 
design of a concrete system: the finite cosmos o f the Sun and its 

1 AITON et al. (trans!.), 389-391; my emphas is. 

l Cf. the somewhat fuller statement o f Keple r's laws in my The Stru ctu re of the 
Copernican Revo lution', this journal 77 Qan. 2001), pp. 7-24 ( he reafte r re ferred to as 
· CK ), sec. I.. 

4 Fo r the (poor) receptio n o f HM cf. STEPHENSON 1941. ch . X, 'Conclusions'. 

~ cf. CR, sec. n. 
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planets. He looked fo r this design in terms of symmetry principles, 
harmonic relationships etc., not general laws in the modern sense. But, 
be ing a well-trained mathematician and scrupulous empiricist, he h it 
upon most rema rkable results in the modern sense of physical science. 
In his search for divine design, his lasting results were more o r less only 
by-products. This clash between a historiography of scientific progress 
and Kepler's own perspective of a final "theory", o r rather system, is 
what I am going to investigate somewhat fu rther - thereby hopefully 
illuminating also more generally the conditions of his creativity. 

U. Kepler at work 

Most people know Kepler only as an astronomer. But he worked in 
many fields. He had entered the University of Tlibingen and chosen as a 
subject theology in o rder to become a Lutheran ministe r. And in a way 
he remained a theologian aU of his life. During the general studies - that 
he, like aU students, had to go through - he got acquainted with 
Copernican astronomy, taught to him, in private lessons, by his teacher 
MAF.STI.IN, one of the few Copernicans of late 16th century. Young Kepler 
was very attracted to Copernicus' heliocentrism for theological and 
philosophica l reasons; evidently he liked the Platonistic flavor o f 
he l iocentricity .6 

But Keple r went much fu rther than Copernicus with his Platonism. 
Sho rtly after he had accepted a job as "mathematician" in Austria -
actually his main task was teaching astrology, casting ho roscopes, and 
writing astro logical calendars - he w rote his firs t book, the already 
mentioned Mysterium Cosmographicum (1596),' in which he not only 
proposed Copernicus' he liocentric system, but reasoned fo r it in a very 
special way: like Plato in Timaeus Kepler offered an explanation of the 
cosmos by attributing certain geometrica l ideas to the Creato r. By this 
he answered to three questions, which he explicitly stated: 

1. Why are there just 6 planets? 

2. Why do the "spheres" of the planets have just 

~> Kepler, like Copernicus before him, almost worsh ipped the Sun. 
7 • Mysterium Cosmographicwn' is only part of the title, which reads, in 

D UNCAN's translation: Forenmner of the Cosmological t:ssays, which contains THB 
SHCRHT OF mt: UNIVERSH. (Cf. <Jlso the next note.) Kepler thus indicated that he 
pl:,~nned to continue this kind of work. 
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the pro portions, which they actually have (according 
to Copernicus)? 

3. Why do the planets have just the periods they 
actually have?' 

What is especially remarkable of this set o f questions, is that they ask 
for (what we would call) contingent explanations of contingent facts, i. e . 
fo r something that is no t likely to re fe r to natural laws. The first two 
questions - o r the respective questions for aU planets, including the o nes 
still to be detected - were late r answered "histo rically", namely by 
"te lling a story" how the planetary system might have come into being in 
accordance with Newton's theory of gravitatio n (Laplace & Kant in the 
18th century). - The third question is somewhat different in cha racter 
since there was already a certain rule to be expla ined: that the p lanets are 
the slower the more distant from the cente r they are. Keple r tried ha rd -
and, in 1596, in vain - to find the exact re lationship between distances r 

from the Sun and periods T. Evidently: 

(1) T - r 

would make the planets' velocities depend too little on their distances 
fro m the cente r; in fact (1) would mean that they all have the same 
velocity, contrary to Kepler's intuition that the Sun propels the planets 
around and consequently would be less efficient fo r the plane ts further 
away. Also (1) was grossly mistaken empirically. - The next try would 
naturally be 

(2) r - r 
But this would make T depend too much on r, given the Copernican 

data . It was only much later that Kepler hit upon what might be regarded 
as the next step to be taken: 

(3) 

or 

T - ,Y2 

T - ~ I 

8 In a less prosaic form Kepler mentions these issues already in the rest of the 
lengthy title of his work (cf. the previous note), which runs, again in Duncan's 
translation: On the Marvelous Proportion of the Celestial Spheres, and on the true 
and particular causes of the number, size, and periodic motions of the heavens, 
hs tablished by means of the five regular Geometric solids. 
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i. e . the famous harmonic law of Harmonice Mundi, which Kepler was so 
enthusiastic about, as quoted at the beginning.9 

That Ke p le r did not find the third law ea rlie r is no thing one should 
bla me him for. He did no t - and, histo rically could no t - ask his third 
question in the manner I just did: namely the question what the specific 
mathematical fo rm of 

T = j ( r) 

is. He rathe r worked through the list of planets one by one and 
correlated , fo r pairs of neighboring planets, the increments or 
decrements of Twith the decrements or increments of r. 10 These ad hoc 
calculations, however, did no t lead to any satisfactory result. On the 
o ther hand Keple r managed to find a definite solution to his first two 
questions (within the boundaries set by the astronomica l data he had). 
The solutio n he found is the famous m odel (as we would say) of nested 
Platonic solids ' which answered both questions at the same time: Since 
the polyhedra span the spaces between the planetary sphe res, there 
have to he just six planets as postulated by Cope rnicus (as opposed to 
Pto le my according to whom there are seven planets, including Sun and 
Moon, excluding Earth). And the distances of the planets from the 
cente r are approximate ly those calculated by Copernicus. Kepler never 
gave up this early idea of his, o nly modified it, i.e. laid out m o re 
sophisticated models built on the basis of his first one . He repeated this 
Platonic doctrine no t only in his cosmo logical wo rks: Harmonice Mundi 
(1619) and the second edition of Mysterium Cosmographicum (1621), 
but also in the Epitome astronomiae Copernicanae (1618-21), a 
Cope rnica n astrono mical text-book, so to speak. 

To summa rize Ke pler's ma in efforts of the MC: the number and the 
distances of the plane ts - static features of the cosmos, that is - were 
explained by (divine) design, while with respect to the third , dynamical, 
question young Kepler essentially had to quit. - But he neve r gave up. 

q n y the way, w he n Kepler eventua lly fou nd (3) he w.tS by no means su re that (3) 
wo uld be exaclly tn1 e; it seems he had become sceptical whether the re rea lly is a n 
exact depe nde ncy. Cf. STF.PHF.NSON [94], ch. I, p . 7. 

1° Cf. Ste phe nson [941, ch. V, fo r a recons tructio n of Ke ple r's rathe r tric ky 
calculatio ns . 

11 Cf. CHOMWF.LL 1971 for geo metrical and h istorica l details, fo r Keple r esp. ch . 4. -
In M C Ke pler re po rts how as trological speculatio ns lead him to the po lyhe dral 
hypo thesis (Pre face, tram;!. Duncan 62 ff) ; cf. Ste phenson [94], ch. Y. 
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By the end of the 16th century he tried to improve his system , both 
theoretically and empirically. Theoretically he developed, but did not 
publish , his first system of celestial harmonies. 12 And empirically he did 
all he could to gain access to the far more exact data, which Tycho BRAHE 
had accumulated in Denmark with the best available pre-telescopic 
instruments. Whe n Brahe moved to Prague and became "imperial 
mathematician" to the Emperor Rudolph II , Kepler successfully applied 
for the p osition of Brahe's assistant, and when Brahe sho rtly afterwards 
suddenly died - fortunately, if I may say so - Kepler took the positio n o f 
the imperial mathematician himself. Set o n the task , by the late Brahe, to 
"conquer" the strangely be having Mars, Kepler began what he seems to 
have regarded as an imme nse "detour" (cf. the citatio ns from the 
beginning of boo k V of Harmonice Mundi above): a detour, i. e. with 
respect to what one would like to call Keple r's harmonic research 
program. In Later astronomers' eyes, however, this "detour" was the real 
thing: Kepler's lasting contribution to astronomy, culminating in his 
Astronomia Nova of 1609. 

• 

While Kepler was working on the Astronomia Nova he got a copy o f 
Ptolemy's Harmonics and was surprised how similar was his striving fo r 
a harmonic system o f the world to that of Ptolemy 1500 years earlier - cf. 
the quotation from the beginning of book V of Harmonice Mundi. 

But Ke pler's system of harmonies was bound to be more complex 
than Ptolemy's, simply fo r the reason that, g iven the eccentricities of the 
e llipses, there were more data to fit into the harmo nic schema, and, of 
course, also fo r to reason that Kepler's data - based on Tycho's 
observatio ns - were fa r more exact than those of the Ptolemaic traditio n 
and those of Copernicus as well. (Also there was a complication with 
respect to astro logical aspects, which Kepler wanted to include in his 
system.)u 

Kepler's way out was supported by music itself, so to speak: jus t 
shortly before and in Kepler's time musical harmo nic theory had b een 
considerably expanded by incorporating p olyphony." For Kepler the 
historical coincidence of improved astrono mical and musical find ings 
was no t by chance but by divine providence. God's ideas underlying 

11 Stephenson [94), ch. Vl, has reconstructed this from Kepler's correspondence. 
13 cf. CRill, p. 17. 

•• One of the theoreticians of music whom Kepler studied was Vincenzo Galilei, 
father of the physicist Galileo; cf. FIELD [88), 117 . 

• 
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Creatio n had to wait to be detected by humankind until both 
developme nts had matured to a decisive point - and Kepler thanked 
God for being granted the privilege to find out the harmonica! myste ries 
of Creation. That he, Kepler, fina lly hit upon the "harmonic tau/', could 
be expla ined, in Kepler's eyes, only by the highest source, i. e. by divine 
revelation. 

Pe rsona lly, the ten years between Astronomia Nova and Harmonice 
Mundi were extremely difficult for Ke pler. In the eyes of his employer, 
the Empe ro r, the Astronomia Nova was only a preliminary step towards 
mo re practical goals: to establish exact astronomical tables for calendars, 
navigation, etc. Afte r very laborious years Kepler finally came up to 
these expectations by the publication of the Rudotphine Tables. But not 
only this project kept him from his harmonica! studies. Galilee's 'new 
stars', discovered with the just (re) invented te lescope, frightened 
Kepler as possibly destroying his basic Platonic model of the cosmos. It 
came as a re lief that the 'new stars' turned out to be merely satelli tes to 
jupite r and thus did not seve rely d isturb his system.'~ 

Worse for Kepler than these and other scientific distractions from 
his harmonica! projects was his economical and family situation. 
Difficulties accumulated when in 1618 not only the 30-Yea rs-War broke 
out but Keple r's mother was definitely threatened to be convicted fo r 
witchcraft . Only repeated personal and legal interventions by Keple r 
prevented his mother from being severely punished. 

III. Kepler's creative 'dreatn of a final theory ' 

Keple r's work is a decisive part of the so-called Copernican 
Revolution; in fact, it is, in my eyes, the turning point of the "Copernican 
Revolution". (In this paper I am not questioning whether the 
developme nt which we are used to call this way rea lly is a revolution. 16

) 

This crucial role of Keple r's work depends on his peculiar perspective 
on astrono mical and cosmo logical matte rs, which is ne ither that o f 
Pto lemy o r Cope rnicus , nor that of Newton, although it comprises 

•~ ~epler's response to Galileo's Sidereus N11nceus (1610) WdS pub lished already 
in the same year in his Dissertatio cmn Nuncio Sidereo, Prague; cf. Field (88], 77-80. -
In HM Kepler uses so-called rhomhic polyhedra to account for Jupiter's satellites; cf. 

foe. c it . llO. 
'6 For this issue, as well as for some of the fo llowing remarks, cf. CR. 
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e lements of all three of them: As we have seen , Kepler aims at ro ughly 
the same as Ptolemy, namely at a system of the wo rld which is 
mathematically correct, physically sound, astrologically illuminating, 
and harmonically satisfying. Of course, Keple r superseded Pto lemy in 
various respects, no tably with regard to heliocentricity and po lypho ny, 
as well as in integrating the four fields just mentio ned into o ne cohere nt 
system. In this way Kepler may be regarded as the o ne who finally 
fulfilled Pto le my's "research programme". 

Is there a methodological moral to be drawn fo r conditions for 
scientific creativity? Sho uld researchers be allowed their own perso nal , 
even idiosyncratic perspective? What is it that turns scientists o n, makes 
them creative? There is no general answer to these questio ns, I s uppose . 
In Kepler's case I am quite sure that the strange co-ordinates o f his world 
view, including his theology and his astrological inclinations, were a 
conditio sine qua non fo r his scientific creativity. But fo r sure, having 
extra-scientific ideas like Kepler did, is by no mea ns sufficient fo r 
creative scientific wo rk. A case in question is Ke pler's contempora ry 
Robert FLuno. This English physician had deve lo ped a fantastic harmo nic 
system o f his own - pure superstition, I would say. Fludd was pre tty 
influential at his time, and Kepler made considerable effo rts to c riticize 
Fludd, esp . on methodological grounds. 17 In more modern te rms, I 
would say, the main methodological diffe rence between the two is that 
Kepler, in spite of his Platonism, was a good empiricist, active ly putting 
to test his conjectures where possible . (This could he exemplified 
especially well in his astrological work; but that is a complicated sto ry in 
itself.) 

In the preface to the English translatio n of Harmonice Mundi A . M. 
Duncan and J. V. Fie ld write: "The Harmonice Mundi may fall sho rt of its 
autho r's pretensio ns. Yet it presents a remarkable pictu re o f the 
universe, composed according to the same methodo logy that pro duced 

· the three laws o f planetary mo tion; namely, a methodo logy in which 
hypo theses are built upon and confirmed by observa tio ns. "18 While this 
statement is not plainly false, it presents, in my eyes, a far too meager 
characterizatio n o f Keple r's methodology in Harmonice Mundi, exactly 
because its "hypotheses" do not merely relate to observations, but also, 
like a janus head, to principles of mathematical beauty and divine 

17 Cf. Kepler's appendix to HM, book V. 
18 AITON et al., p. ix. 
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benevole nce. The two autho rs pro posed a so mewhat fulle r account just 
one page earlier: "Yet today his !Keple r's] world harmony is seen to 
possess an essential e leme nt o f truth .... Keple r's use of fo rmal causes is 
in line with the mod e rn phys icists' use of symme try principles ... " This 
is m o re to the point and w orthy o f further investigation . Is there, 
indeed , a methodo logical rationale in Keple r's work, which has some 
bearing o n today's p hilosophy of science? 

Mo re sp ecifically, I would like to ask: is the peculiar fo rm of theory 
chosen by Kepler in his Harmonice Mundi still interesting for today's 
scientists? Give n the fact that through the centuries s ince the publication 
of Harmonice Mundi its readers probably fe lt mo re and mo re alie nated , 
th is mig ht seem a ho pe less ly misguided question . Yet I think the re a re 
certa in parallels to 20th century p hysics - namely with respect to the 
(a lleged) finality of Kepler's theory. 

This te rm has recently received specia l pro minen ce by Steven 

WEINBERG's Dreams of a Final Theory 0993). As We inberg po ints out, 
the "final theory" that he, like o the r physicists, is after, will lea ve nothing 
to explain. The possibility of such a theory may seem a miracle to the 
adherents of the wide-spread philosophical image of explanation 
according to which facts may be e xplaine d hy laws, these in turn by laws 
o f a higher level, and so on , i.e. the open-ende d chain of explanatio ns 
will leave us w ith neve r-ending why-questions. Why is We inbe rg so 
confide nt that p hysics will come to a n e nd? His hope lies in certain traits 
of adva nced quantum mechan ics. Some phys icists/philosophe rs like C.f. 
voN Wr.Izs.ACKER connect the Cope nhagen inte rpre tatio n o f quantum 
mecha nics with a transcende nta l progra m in the sense of I. KANT : the 
basic principles of science arc of an epistemological nature. 19 Finally 
(going backwa rds in time) Ke ple r claims to have traced cosmo logy hack 
to the ve ry principles of d ivine creation, compa rable in cha racte r to 
PLATO's Timaeus (which Keple r, like many befo re h im, rega rded as an 
ins pire d comme ntary on Genesis).ll Of course, these are o nly paralle l 
grosso modo. I want to stress, however, that Keple r - as Plato befo re 
him and Kant and some mo de rn philosophers of phys ics a fte r h im -
doesn 't just put fo rward a p riori speculatio ns but ins ists on the 
empirical soundness of his constructio ns. 

JQ cf. e.g. von Weiz.c;acker 166]. 
"d. Field [88] , ch. I, t::~p . p . 1, n. 1. 
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Many researchers try to create the ultimate work in their respective 
field. Kepler is no exception in this respect. What may be exceptionable 
in his case is the fact that he seems to have been not so much inte rested 
in personal fame as in the fulfillment of a divine plan: God's revelation in 
Nature as understandable by sensible human beings. Several disciplines 
had to join in order to reach this goal: musical harmony had to be 
pe rfected , and the art of astronomy as well. Both happened, almost 
incidentally, around 1600. Kepler was chosen by divine provide nce to 
bring about the one perfection, that of astronomy, and combine it with 
the o ther one to form a coherent whole : the system of HM. 

This seems to be the way, roughly, how Kepler felt about his ro le in 
the history of human knowledge. If Kepler had not been deeply 
convinced that there actually exists a harmonic structure of the cosmos, 
he hardly could have fought so intensely, and for no less than twe nty 
years (1599-1619), to fulfill what he considered to be his calling. The 
obstacles, empirically and mathematically, were immense. If he had not 
had a vision, if he had merely followed a modern methodo logy o f 
hypothetical deductivism, he could not have created the system he 
(I found". 

From a historical perspective, however, things look quite diffe re nt. 
By coincidence, one would say, astronomical sophistication had just 
reached the appropriate level in Kepler's time: the data were accurate 
enough to conform to the complex structure of musical harmonies in 
the age of polyphony, and they were crude enough not to exhibit 
serious discrepancies .n Good luck for Kepler that telescopic astrono my 
was only just beginning, and probably a conditio sine qua non that 
further planets had not yet been detected.u 

University of Hamburg 

21 cf. Stephenson [94), ch. 1, p. 8. • 

u Uranus was detected only in 1781. Dut, <.:uriously enough, there are some hints 
that Galileo, without knowing, had in fact detected Neptune; d . SWF.HDLOW [981, p. 258. 
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