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Galileo's place in the history of science has been badly distorted by hero
worship.

It was first from his letter to Kepler of 1597, written after reading the
preface to the Mysterium Cosmographicum which the 26-year old teacher in
Graz presented to the professor in Padua, that we learn that “many years
ago” Galileo “became a convert to the opinions of Copernicus”. Only after
13 more years and the Dutch invention of the telescope, mastered by
Galileo, did he make public his views in the Sidereus Nuncius, supporting
them by his discovery of the Jupiter's satellites, named Medicea Sidera. A gifted writer and a
brilliant polemicist, Galileo excels in advertising his discoveries - and in making enemies. All
that, including the glamorous process against him, was instrumental in changing the prevalent
philosophy in the “century of geniuses”.

Galileo, repelled by Kepler's mysticism (and by his Latin), never read his work. He did not
accept Kepler's ellipses (Astronomia Nova, 1609) even though Cesi wrote him about them in
1612. They reminded Galileo the deformations of the mannerism paintings of his time which he
abhorred. The famous Dialog of 1632 never mentions Kepler's laws (or Brahe's observations).
The true scientific impact of Galileo comes from his often neglected, 45 years long, “early
period” (before The Starry Messenger) - in his evolving ideas on motion with Archimedes as
spiritual guide (like Virgil was to Dante): from the balance and the lever, through the pendulum
and the inclined plane, towards the law of inertia and the principles of mechanics, eventually

published in his Mathematical Discourses Concerning Two New Sciences (Elzevir, Leyden,
Holland, 1638).

The art of advertising one's scientific achievements, of which Galileo was an early master, is a
trademark of successful modern science. Dedicated believers and mystics of science, such as
Kepler, are less popular. Yet, an alleged rigorous rationalist like Wolfgang Pauli [12] found in
his later troubled life a kinship to Kepler's “archetypal ideas”.

1. Introduction: ‘““On the shoulders of giants”

Should the phrase' “standing on the shoulders of giants”, used by Newton in his 1676 letter to
Hook (and featuring in the title of Hawking's book?), be given a true meaning in the context of
Newton's great achievements, it must refer first and foremost to Kepler and Galileo. There is a
striking disparity in their public images. In his Introduction to [2] Gingerich, Harvard's

1 Attributed by John of Salisbury in 1159 to Bernard of Chartres of 12th century
2 On the Shoulders of Giants, The Great Works of Physics and Astronomy, edited, with commentary.



astronomer and historian of science, recalls the motivation of [8]*: While Galileo and Kepler
were the two giants on whose shoulders Newton had stood, why was the name of the first
familiar to every schoolboy, but the second known to only a small number of intellectuals? At
closer reading popularity appears, as usual, intertwined with legend. Galileo's legend is related
to the glamorous process of 1633 which is often presented as typifying the clash between
modern science and the Catholic Church - a crude simplification, to say the least. By contrast,
we are jumping over this popular story altogether, paying more attention instead to some of the
great achievements of the two men and to their contrasting approach to science. Readers
interested in the ideological struggle(s) of Galileo will find a careful analysis in the
corresponding articles of [1], and, may be most thoroughly, in the recent Russian language
monography [3].

2. The Renaissance man of Tuscany and the Swabian mystic

After the “classic work dealing with Galileo's life and scientific achievements” [4], 1 enjoyed
reading the more recent and lighthearted “magnificent biography” (in the words of Peter
Machamer [10]) [6] and will try to share some of its flavor:

“Although Galileo was born in Pisa (in 1564), the hometown of his recalcitrant mother, he prided himself on
being a noble of Florence through his father, Vincenzo Galilei, a musician and musical theorist”. (p. 2 of
[6]). Or, the eloquent characteristic from the Preface: “Galileo enjoyed such epithets as “divine
mathematician” and “Tuscan Archimedes,” and he spent the first half of his career, from 1589 to 1610, as a
professor of mathematics. ... For all that, he was no more (or less!) a mathematician than he was a musician,
artist, writer, philosopher, or gadgeteer. His last disciple and first biographer, Vincenzo Viviani, boasted
that his master could compete with the best lutanists in Tuscany, advise painters and poets on matters of
artistic taste, and recite vast stretches of Petrarch, Dante, and Ariosto by heart. But his great strength,
Galileo said when negotiating for a post at the Medici court in 1610, was philosophy, on which he had spent
more years of study than he had months on mathematics... Galileo the patrician humanist ... underwent a
sort of epiphany under the impetus of the telescopic discoveries he made at the age of 45. He had published
very little, and nothing of importance, up to that time. He had many good ideas, but held them back...When
he had armed himself with the telescope, however, he declared all he knew and more. To the surprise of his
colleagues and against their advice, he attacked philosophers, theologians, and mathematicians, taunted the
Jesuits, jousted with everyone who contested his priority or his opinions. He became a knight errant, quixotic
and fearless, like one of the paladins in his favorite poem, Ariosto’s Orlando furioso. This change in
behavior, which won him a continually lengthening list of enemies, made his disastrous collision with a pope
who for many years had been his friend and admirer intelligible and even inevitable” .

Kepler's biographies are much fewer (than Galileo's) and are mostly based on [2]. From the
introduction to the Dover edition of [2]: “Caspar was eminently qualified to write the standard
biography. Like Kepler himself, Caspar was born in southern Germany, had been trained in both theology
and mathematics at Tiibingen” .

At the age of 25, Kepler (born in Weil der Stadt, "gate to the Black Forest", in 1571) drew
unflattering portraits of his parents and ancestors comparing them with their horoscopes ([2]
Sect. 1.3). He remembered, though, how his mother showed him the great comet of 1577.
Matriculated at the University of Tiibingen in 1587, he was influenced by Maestlin, his
astronomy professor, who knew Copernican astronomy well (his "1543 De revolutionibus is
probably the most thoroughly annotated copy extant" [5]). Leaving, against his will, the hope to
become a clergyman in Tiibingen, Kepler found his true calling as a "theologiancosmologist".
On the eve of publishing his first book, the Mysterium cosmographicum of 1596, the first
unabashedly Copernican treatise since De revolutionibus itself, he wrote to his teacher
(Maestlin): “I wanted to become a theologian, for a long time I was restless. Now, however,
behold how through my effort God is being celebrated in astronomy.” [5]. This work was for

3. Whose central piece, The Watershed, is the first notable English language biography of Kepler



him the beginning of a big project that included “Astronomia nova, Harmonices Mundi, and Epitome
of Copernican Astronomy” where his three famous laws are formulated. To quote [S5]: “Kepler’s
scientific thought was characterized by his profound sense of order and harmony, which was intimately
linked with his theological view of God the Creator. He saw in the visible universe the symbolic image of the
Trinity. Repeatedly, he stated that geometry and quantity are coeternal with God and that mankind shares in
them because man is created in the image of God’. Kepler wrote prolifically, but his intensely
personal cosmology was not very appealing to the rationalists of the generations that followed.
A much greater audience awaited a more gifted polemicist, Galileo, who became the persuasive
purveyor of the new cosmology. “Kepler was an astronomer’s astronomer”. It was the astronomers
who recognized the immense superiority of the “Tabulag Rudolphinae”.

The nature of Kepler's religious views and their unifying role in his work were analysed by
Holton [7]: From his earliest writing to his last, Kepler maintained the direction and intensity of
his religio-philosophical interest... Next to the Lutheran God, revealed to him directly in the
words of the Bible, there stands the Pythagorean God, embodied in the immediacy of the
observable nature and in the mathematical harmonies of the solar system whose design Kepler
himself had traced — God "whom in the contemplation of the universe I can grasp, as it were,
with my very hands." (letter to Baron Strahlendorf, October 1613). Or, in an early letter to his
teacher: "the belief in the creation of the world be fortified through this external support, that
the thought of the creator be recognized in its nature ... Then man will at last measure the power
of his mind on the true scale, and will realize that God who founded everything in the world
according to the norm of quantity, also has endowed man with a mind which can comprehend
these norms. For as the eye for the color, the ear for the musical sound, so is the mind of man
created for the perception not of any arbitrary entities, but rather of quantities; the mind
comprehends a thing the more correctly the closer the thing approaches toward a pure quantity
as its origin." (letter to Maestlin, April 1597). Kepler saw the universe as a physical machine, as
mathematical harmony, and as central theological order. And this was the setting in which
conception of the universe led to specific results of crucial importance.

3. Early period. First exchange. The 8-minutes error and the ellipses

The long neglected Galileo's early period (the first 45 years (!) of his life) is important both for
displaying his dept to teachers, predecessors (such as Borro, [6], Sect. 2.3, Benedetti, [9], 140-
165) and colleagues and for revealing the difficulties he had to overcome on his road to the law
of inertia. To quote Hooper [1]: Classical mechanics is still taught by referring new students to
the core set of problems that had to be solved by the original investigators like Descartes,
Gassendi, Huygens, Wallis, Wren, Hooke, and Newton, all following Galileo's original line of
attack. These problems include the analysis of motion on an inclined plane, the motion of a
pendulum, the action of a lever, the force of a spring or pull in a rope, the result of collisions
between impacting and moving bodies, and so on. The difficulty with the law of inertia stems
from the fact that it is never valid on earth because of gravity which was only understood later,
in the work of Newton. Galileo analyzed projectile motion into two component motions, the
first horizontal and uniform, the other vertical and accelerated. Galileo discussed the motions of
bodies upon the moving Earth and of planets around the Sun. He asked questions that led his
fellows and successors directly toward inertial mechanics and gave them some of the essential
tools to build it.

Galieo was teaching (in Pisa and then in Padua) Ptolemy, preferring privately Copernicus as
witnessed by a long letter of 1597 to his elder Pisan friend Mazzoni ([6], The Copernican
confession). A few months later Galileo received from the hands of a personal messenger a
copy of young Kepler's Mysterium cosmographicum. Like many people who receive
unexpected books, Galileo thanked the author immediately so as not to have to comment in
detail. He had had time only to read the preface, he said, from which he gathered that



congratulations were in order, not to the writer, but to the reader, for “having acquired such a
lover of truth as an ally in the search for truth.” Kepler had found some choice things, which
Galileo promised to study, “and that the more willingly since I adopted Copernicus’ opinion
many years ago, and deduced from it the causes of many natural effects doubtless inexplicable
on the ordinary hypothesis. I’ve written out many reasons for it and many responses to reasons
against it, which I have not dared to publish as I’ve been deterred by the fate of our master
Copernicus. For although he has gained immortal fame among a few, he has been ridiculed and
derided by countless others (for such is the number of fools). I would venture to disclose my
thoughts if there were more like you; but as there are not, I will forbear.” Kepler tried to stiffen
the backbone of his shy ally. “I was very pleased to receive yours of 4 August, firstly because of
friendship begun with an Italian and secondly because of our agreement about Copernican
cosmology.” Mathematicians everywhere (Kepler continued) side with Copernicus and
calculate according to his principles. If we all speak out together, people ignorant of
mathematics will have to take our word for it. “If I'm right, not many good mathematicians in
Europe will wish to differ from us; tanta vis est veritas, such is the power of truth. If Italy is not
a suitable place for publication, and if you encounter other difficulties, perhaps Germany will
grant us this freedom . . . Have faith, Galileo, and go forth.” To this pep talk, and an appended
request to make a certain astronomical observation in the common cause, Galileo did not
respond at all.

A teacher at the Lutheran school in Graz (asked to teach Virgil, rhetoric and arithmetic) young
Kepler made his mark by issuing a calendar and prognostication for 1595, which contained
predictions of bitter cold, peasant uprisings, and invasions by the Turks. (All were fulfilled, to
the great enhancement of his local reputation.) Meanwhile, just over a year after his arrival in
Graz, Kepler’s fertile imagination hit upon what he believed to be the secret key to the universe.
There were six known planets at the time and there are exactly five regular polyhedrons
(Platonic solids: the tetrahedron, cube and octahedron, dodecahedron and icosahedron). Kepler
devised a scheme (that worked fairly well [5]) in which each planet moves on a circle inscribed
or superscribed around corresponding Platonic solids. Although the principal idea of the
Mysterium cosmographicum was erroneous, Kepler established himself as the first, and until
Descartes the only, scientist to demand physical explanations for celestial phenomena. Seldom
in history has so wrong a book been so seminal in the future course of science.

Providence kept helping Kepler as if against his will: By the fall of 1598 Catholic rulers in Graz
started chasing away protestants. Being not welcome at his Alma mater (in Tiibingen) he had to
go to Prague where, upon the death of his host, the great Danish astronomer Tycho Brahe
(1546-1601), he became imperial mathematician in the court of Rudolph II. Luckily, he had
been assigned (by Tycho) to study the orbit of Mars, the planet with greatest eccentricity, which
helped him liberate astronomy from the two-thousand-year-old dogma of circular motion.
Remarkably, explaining the precise observations of Tycho was more important to Kepler than
apriory aesthetic ideas: “Divine Providence granted us such a diligent observer in Tycho
Brahe,” he wrote, “that his observations convicted this Ptolemaic calculation of an error of 8’; it
is only right that we should accept God’s gift with a grateful mind.. . . Because these 8" could
not be ignored, they along have led to a total reformation of astronomy.” The first two laws
were thus mastered essentially already in Astronomia nova (1609) but the precise formulation
of all three planetary laws only appears in book V of his Epitome astronomiae Copernicanae
(1621). The puzzling fact that Galileo never took seriously Kepler's ellipses is explained in [11]
by his aesthetic views: for Galileo the ellipsis is a deformed circle reminding him the deformed
human faces in the then becoming fashionable mannerism paintings (an opinion also supported
in Koyré's Attitude esthétique et pensée scientifique, [9], pp. 275-288).

4. The Starry Messenger. Theories of tide



During his Paduan tenure Galileo befriended the enlightened Copernican and influential
Venetian Sarpi®. In the summer of 1609 a claim came to Italy of Dutch spectacle makers to a
gadget that made distant objects appear near. One came into Sarpi’s hands in July 1609. Having
examined it, he could advise the Senate not to buy it from a traveling salesman who had offered
it, together with its “secret,” for 1,000 scudi. By then, August 1609, the secret was out. Sarpi’s
knowledge of optics gave him confidence that the gadget could easily be bettered, and his
knowledge of men assured him that Galileo was the one for the job. As Sarpi wrote to a friend,
The Dutch gadget became the Italian telescope through the efforts of “the mathematician
[Galileo] and others here [in Venice] not ignorant of these arts.”[6]. In December 1609 Galileo
raised his best telescope, then of 20x, to the sky, an exercise for which he was fully prepared
(with his firsthand knowledge of perspective among other things). Sometime before 7 January
1610, when Galileo described his lunar discoveries to Antonio de’ Medici, he noticed through
his 20x telescope that Jupiter had lined up along the ecliptic with three little stars. Galileo
immediately recognized a life chance for a real discovery. Even if a friend first saw the event,
as the jealous successor of the Florentine in Padua had it [6], Galileo alone was able to identify
Jupiter's starlets as elements of a miniature solar system. That took immense skill and
application; or “the carefulness and industry of a Florentine.” One can follow this care and
industry day by day in Galileo’s drawings of the changing configurations of Jupiter and the
starlets. Galileo’s account of his discoveries, rushed into print early in March 1610 under the
title Sidereus nuncius, included the fanciful designation of Jupiter’s moons as Medici stars.
Galileo's discoveries were met with skepticism and mistrust, especially in his native Italy; so in
April 1610, he sent his book to Kepler in Prague, requesting an opinion. Kepler's response was
enthusiastic and generous. Even before having observed Jupiter's moons himself, he starts his
message - Dissertatio with: "Whom does knowledge of such important things allow to be
silent?" ([2] Sect. I1I. 14, p. 192).

A few remarks are in order. - Galileo never mentioned his human debt to friends and colleagues
in Venice and Padua (neglecting to consider the importance of the testimony of trustworthy
Venetians, able to certify that the discoveries announced were not optical illusions): he was
preoccupied with flattering his former pupil Cosimo II de' Medici while negotiating best
possible conditions for his tenure at the Tuscan court. -- He wrote the Starry message in Latin,
as befitted to a scientific discovery, Galileo's most important contribution to the field of
astronomy. (By contrast, his famous Dialogue Concerning the Two Chief World Systems of
1632, a masterpiece of Italian prose, is a speculative polemical exposé of 16th century
Copernican physics that ignores newer observations and theoretical development by Tycho
Brache and Kepler).

It is interesting to compare the different approaches of Galileo and Kepler to similar problems.
When Kepler has to face optical observation he studies the theory - in Astronomiae pars optica
(1604), ... Dioptrice (1611), founding on the way the geometric optics. Galileo is playing
instead with two lenses and soon produces an improved telescope. Kepler is spending years
searching for "the third law of planetary motion" - the precise relation between the cubes of
large semiaxes and tthe squares of the corresponding periods. Galileo collects similar data for
Jupiter's satellites but does not look for a relation between them thus missing the opportunity to
be the first to discover the third law. For him "mathematics" is the Archimedian geometry: he
has no taste for analytic and algebraic computaions.

Perhaps the most instructive example of a clash between Galileo's smooth "rational thinking"
and Kepler's "mysticism" is provided by their different approaches to the theory of tides. In

4 Paolo Sarpi (1552-1623) was an Italian historian, scientist, statesman, active on behalf of the Venetian Republic
during the period of its successful defiance of the papal interdict (1605-1607).



1616 Galileo published (in Italian) his Discorso on the topic. In his view, it provided The
decisive proof that the Earth moves [13], p. 224 (the idea having come to him in a flash on one
of his frequent trips from Padua to Venice in a large barge whose bottom contained a certain
amount of water). Kepler had the right intuition that the tides are caused by the moon's
attraction - a view confirmed and further elaborated by Newton and Laplace of the next
generations. To quote [6], Sect. 7.2, p. 260: “Galileo’s prevailing misjudgments as a natural
philosopher come into view here. Neglecting physical cause, he advanced his pendulum analogy, which was
no more than a metaphor, as an explanation. What is it that binds the earth and moon so strongly together
that they act as a single pendulum bob? Galileo liked the analogy all the more for this weakness. In the
paradoxical way he loved, it gave the moon a role in the drama of the tides “without [its] having anything to
do with oceans and with waters.” It also allowed him to sidestep the hidden connection between the lunar
motions and the diurnal tides, and to rap Kepler, who, “though he had at his fingertips the motions
attributed to the earth . . . has nevertheless leant his assent to the moon’s dominion over the waters”. In
fact, Kepler has anticipated the law of universal gravitation. He stated that gravity was a mutual
tendency between material bodies toward contact, so the earth draws a stone much more than
the stone draws the earth. Heavy bodies are attracted by the earth not because it is the center of
the universe, but simply because it contains a lot of material, all of which attracts the heavy
body. Kepler realized that the tides were caused by the waters of the oceans being attracted by
the moon's gravitational pull. He wrote (in the Introduction to Astronomia Nova): "If the earth
ceased to attract the waters of the sea, the seas would rise and flow into the moon..." and went
on to add: "If the attractive force of the moon reaches down to the earth, it follows that the
attractive force of the earth, all the more, extends to the moon and even farther..." (We
recommend the well documented emotional expossition of Sects. 6.8-10, pp. 334-343, of
Koestler's book [8] where these quotations are put into context.) One should be also able to
understand why for Galileo the mutual attraction at a distance of celestial bodies sounds like a
magic. Even Newton has expressed his dissatisfaction in his philosophical queries (if not in the
Principia). Only with the advent of general relativity one begins to understand gravitation as a
local field theory: a dynamical change of space-time geometry by moving bodies.

Quite apart from the theory of tides, this is a good place to illustrate why does one need the
insight of both Kepler and Galileo for the Newton synthesis. It seems almost incredible, with
hindsight, that Kepler could have understood the gravitational force so well, and yet it did not
apparently occur to him that it might play a central role in determining the orbital motions of
the planets! The essential reason he failed to make the connection was that he had no intuition
for the inertial movement: he believed the planets needed a constant pushing force, in the
direction of motion, to keep them going in their orbits. This was an ancient belief that Galileo
demolished in his discussions of projectiles in Discourses on the Two New Sciences (1638). But
albeit the Discourses resurrected some work of his "early period" it was only published after
Kepler's death (1630). Galileo's insight about projectiles was then extended to the planets by
Newton.

5. Final years. Kepler's wine barrels and Galileo's Tuscan wine

When the deposed emperor Rudolph died in January 1612 Kepler went to Linz as provincial
mathematician, a post created specially for him. Although his most creative period was laying
behind him, his fourteen-year sojourn in Linz eventually saw the production of his Harmonice
mundi and Epitome astronomiae Copernicanae and the preparation of the Tabulae
Rudolphinae. One bright spot in his Linz career was his second marriage, to Susanna
Reuttinger, a twenty-four-year-old orphan, on 30 October 1613. In an extraordinary letter to an
unidentified nobleman, Kepler details his slate of eleven candidates for marriage and explains
how God had led him back to number five who had evidently been considered beneath him by
his family and friends. The marriage was successful, far happier than the first; but of their seven



children, five died in infancy or childhood. Likewise, only two of the five children of his first
marriage survived to adulthood.

That Kepler, engulfed in a sea of personal troubles, published no astronomical works from 1612
through 1616 is not surprising. Yet he did produce the Stereometria doliorum vinariorum
(1615), which is generally regarded as one of the significant works in the prehistory of the
calculus. Desiring to outfit his new household with the produce of a particularly good wine
harvest, Kepler installed some casks in his house. When he discovered that the wine merchant
measured only the diagonal length of the barrels, ignoring their shape, Kepler set about
computing their actual volumes. Captivated by the task, he extended it to other shapes,
including the torus.

In his own eyes Kepler was a speculative physicist and cosmologist; to his imperial employers
he was a mathematician charged with completing Tycho’s planetary tables. He spent most of
his working years with this task hanging as a burden as well as a challenge; ultimately it
provided the chief vehicle for the recognition of his astronomical accomplishments. In excusing
the long delay in publication, which finally took place in 1627, he mentioned in the preface not
only the difficulties of obtaining his salary and of the wartime conditions but also “the novelty
of my discoveries and the unexpected transfer of the whole of astronomy from fictitious circles
to natural causes, which were most profound to investigate, difficult to explain, and difficult to
calculate, since mine was the first attempt.” Kepler realized that the improved accuracy of his
tables enabled him to predict a pair of remarkable transits of Mercury and of Venus across the
disk of the sun. These he announced in a small pamphlet, De raris mirisque anni 1631
phenomenis (1629). Although he did not live to see his predictions fulfilled, the Mercury transit
was observed by Pierre Gassendi in Paris on 7 November 1631.

The 58-year old Kepler died in Regensburg on November 15, 1630 while traveling to collect his
salary. He was buried in the Protestant cemetery; the churchyard was completely demolished
during the thirty years war. Jacob Bartsch, who had married Kepler’s daughter Susanna in
March 1630, became a faithful protector of the bereaved and penniless family. He recorded the
epitaph that Kepler himself has composed: I used to measure the heavens, now I shall measure
the shadows of the earth.

The final period of Galileo's life, starting with his Dialogue Concerning the Two Chief World
Systems, falls after Kepler's death. Picking himself up from his humiliating posture before the
cardinals and the gospels, Galileo received permission to stay within the palace of the
archbishop of Siena, Ascanio Piccolomini, in anticipation of a return back home to Arcetri after
an absence of over a year. The six months that Galileo spent in Siena at Piccolomini’s house
and table revived his spirits’. He started a new work on mechanics “full of many curious and
useful ideas” - resurging his youthful thoughts. Galileo was enjoying premium wine at the
archbishop’s table (not trying to determine the volume of the casks) as can be surmised from the
letters of his loving daughter Maria Celeste®: “I pray that you continue [in good health] by
governing yourself well particularly with regard to the drinking that is so hurtful to you ...".
Thus Galileo, like Kepler, completes and publishes his ripest work Mathematical Discourses
Concerning Two New Sciences, which crowns his oeuvre, during the last years of his life. It is a
no small feat for the embittered blind old man who has just lost his favorite child. The book
resumes the discussions of the three participants of the condemned Dialogue. They no longer
mention Copernicus but do praise "our Academician" (i.e. Galileo himself) giving an occasion

5 The fine story that when rising from his knees before the inquisition Galileo muttered, “still it moves,” is associated
with the Piccolomini. A portrait, representing the scene of Galileo’s recantation, perhaps by Murillo displays the
slogan, eppur si muove ([6], p. 327)

6 Galileo's elder daughter Virginia (Suor Maria Celeste, 1600-1634) was confined by him together with her sister to
the convent of San Matteo in Arcerti and is buried with her father at Santa Croce - [14]



to the witty Descartes (who never masters Galileo's law of free falling bodies - see [3], Part II)
to ironize: “[Galileo’s] way of writing in dialogues with three persons who do nothing but
praise and exalt his inventions in turn certainly makes the most of his wares”.
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Taka uye Kemnep u Tammneil ca »XMBeIM TO-CKOPO B KBCHOTO
CPeZHOBEKOBME, KOraTO Beue € HacThblMIa enoxara Ha Penecanca. Tosa e
MHOT'O3Ha4YMTeNeH (aKkT, Thi KaTo TAXHOTO HAYYHO TBOPUECTBO OTpa3siBa U
ChABbpKa KakTO HAKOM Ipenpa3chAblM M 3a0Iyaiud OT Tepuoja Ha
CPEIHOBEKOBHMETO, TaKa U eMOJIEeMaTUYHHUTE aCIEKTH Ha PEHECAaHCOBOTO MHcieHe. VIMEeHHO B
Ta3u CBETJIMHA JIMYHOCTUTE Ha ["amuneit u Keriep ca mocta 00CTOIHO CHIIOCTaBEHU B JISKITUATA
Ha akaj. MBan Tomopos.

Ot gpyra cTpaHa CIIOMEHATOTO B 3arJIaBUETO MOHATUE “MOJEPHOCT (WU “MOJIEPHHU3BM’) C€
CBbp3Ba C HAILIETO ChbBPEMHE M O3HA4aBa TBOPYECKU CTHJI B M3KYCTBaTa U HAYKUTE, KOWTO
3HAQYUTEJIHO C€ OTIMYaBa OT TO3M Ha NPEIXOJHUTE €NOXU. MOIEPHU3MBT Ha HAILETO ChbBPEMUE
Cce OTIMYaBa C JUMHAMU3BM, YHHBEPCAIU3bM, KOHTAKTHOCT MEXKIY YUYEHHTE M IIUpOKaTa
OO0IECTBEHOCT, MyOJIMYHOCT (HO Hape] € TOBa CEKPETHOCT), COLMalIHA, MKOHOMHYECKa MU
MOJUTUYECKA HACOYEHOCT U MHOTO JPYTH.

OcHoOBHaTa 1eJ HAa HACTOAILETO €C€ € Ja U3SICHUM B KakbB BHJ HIKOM OT BB3TJIEAUTE U
nocTwkeHusTa Ha ['amuneit u Kemnep ca nmpemMuHanu ¥ ca OWIM pa3BUTH B YCJIOBHUSITA HA
HaIllETO MOJIEPHUCTUYHO ChBpeMHue. A ThH Karo 3a ['anmieil ce 3Hae omle OT YYWIIMIIHATA
CKaMeiiKa, TYK € OTJEJICHO MaJKO [TOBEYE€ BHUMAHUE Ha JINYHOCTTA M TBOPUYECTBOTO Ha Kemep.

Ot l'asmjieeBUs MPUHIMII HA OTHOCUTETHOCTTA Mpe3 KJIACHYeCKATA MeXaHHKa Ha
Hioton (1643-1727) no CTO n OTO na Ajinmaiin (1879-1955)

[IepBon3Tounnk Ha AiliHmaiHoBata CTO (1905) € OCHOBHHMAT 3aKOH Ha MEXaHHMKaTa Ha
I"anuneit — HIoToH, N3BECTEH KaTO 3aKOH 3a HHEepLuATa. AMHIIaliH 00aue 10MbIBa TO3H 3aKOH C
HSKOM TBBPJAE CBILUECTBEHU IPEACTaBH KAaTO OTHOCUTEIHOCT Ha €IHOBPEMEHHOCTTa W Ha
IIPOCTPAHCTBEHOTO PA3CTOSHUE, a CHUIO TaKa ¢ MOCTYJaTa 3a MOCTOSHCTBOTO HA CBETIMHHATA
CKOpOCT BBB BakyyM. Taka Hapenr c¢ (QyHIaMeHTalHaTa MJes 3a 3aBUCHUMOCT Ha
NPOCTPAHCTBEHUTE U BPEMEBUTE UHTEPBAIM OT CKOpocTTa Ha ABmxkeHueTo B CTO 3a mpbeB nbT
Ce MOsBsABA 3aBUCMMOCTTAa Ha MHEPTHATA Maca Ha TeJjlaTa OT TSAXHATa CHEPIUs.

Ot ucropryecka U METOIOJIOTHYHA TJIe/IHa Touka nmoctposiBaneTo Ha CTO e nmpefmiecTBaHO OT
ped MHCIIEHH €KCIEPHUMEHTH — HAIlbJIHO B JyXa Ha ['anuieeBUTE MUCIEHU E€KCIIEPUMEHTHU C
najgamu tena. Tasu MeTonosorus mpoab/kaBa KoraTo AWHINAWH CU MOCTaBs 3ajadara jJa
00001 ['anmuiieeBUss MPUHIUN HA OTHOCUTEIIHOCTTA 1O TaKbB HAYMH, Y€ Ja CE BKIIOYU U
yCKOpeHOTO ABmkeHne. OcBeH ToBa AMHINANH 3ajara B OCHOBaTa Ha CBOsiTa 0000IIeHa TeopHs
MPUHIMIIA 32 €KBUBAJCHTHOCT HAa MHEpPTHATa M Tekkara maca. Ch3gazeHara 1Mo TO3W HAYMH



ob1a Teopust Ha oTHocuTenHocTTa (1916) onmmcBa MPOCTPaHCTBOTO, BPEMETO M I'paBUTALIUATA.
B®3 ocHOBa Ha Ta3u Teopus ca U3yuEHH €MOXaIHO BaXKHU IIPOOJIEMH, CBBP3aHU ChC CTPOEXKA U
eBosronuATa Ha Beenenara.

lannneii — ynuBepcaiu3bM U eMIIHPU3BM HA M3CJIEIBAHETO, MOJEPHOCT HA HAy4YeH

CTHJI 1 COIIMAJIHO IMOBECACHUE
“Fanuneti e nati-geauxusm om cvzoamenume Ha mooepHama Hayka”’ — bepTpan Pocen (Bvsxodvm na naykama)

B crarusta 3a memooa na meopemuunama ¢huzuxa (1933) AliHmaiH naBa JJaKOHWYHA, HO
MoYepTaHO OTpHUIIATETHA OIIEHKAa Ha Ch3epIaTeTHHs METOJ] B HaykaTa (OYEBHJIHO, UMaWKu
npea BuI Mertoaa Ha Apuctoren). Toil mume: “usgooume, nonyuenu c uwucmo noeudecKku
cpedcmea, npu cpagHasane ¢ OeUCmeumenHocmma, ce okazeam cvecem npasvu. Ianuneu e
OCB3HABA MOBA U 20 € BHYULABA] HA YUeHume. 3amosa moti e bawja Ha cb8peMeHHama uzuka
u haxmuuecku Ha ecmecmeosnanuemo uzoouo” [1].

AWHIAaH HEIBYCMMCIICHO M3THKBa, ue [anmmiieil AeMCTBUTENHO MPUCHCTBA B ChbBPEMHETO Ha
XX Bek. Jloka3aTencTBO 3a TOBa € KaKTO YHUBEPCATTHOCTTAa Ha HETOBUTE M3CJIEABAHUS Taka U
OTPOMHUST Opol CH3JaJICHW OT HEro ypeaW 3a EKCIEpUMEHTHpaHEe, a CBIIO0 OCTPOYMHO
MOCTaBEHUTE MHUCIICEHH €KCIIEPUMEHTH. A caraTa Ha KOH(QUIMKTHUTE MY OTHOIIICHUS C IIbPKBaTa
caMo TMOBHIIIaBa CTOMHOCTTA Ha TE3W HETOBH MOCTIDKCHHUS.

C mstara cu tuyHOCT [anuiei u3passBa MOJEPHOCTTA HAa CBOETO BpeMme. ToBa € IpeAcTaBeHo
MHOTO KapTHHHO B mimecata Ha bepront bpext “Kusomvm wna [anunew” (1938). B
MIOCTaHOBKATa Ha MOCKOBCKUS Teamvp na Tacanka npe3 1970-te ronunu o6pa3zsT Ha ["anumeit
€ BBIUTBTEH OT npouyTust 6apa Bnagumup Bucorku kaTo eauH JUHAMHYEH, IIYMEH, IbP3bK U
0e3KOMIIPOMHCEH YOBEK Ha HayKaTa, M3LsJI0 OTAaJIeueH OT 00pa3a Ha CBETell.

OTweTHUK B HAyKaTa
“Humo 6eonocmma, Humo Hepazoupanemo Ha CbB8PeMeHHuyume, mecHeujo HAO yeus My JHCUBOM U HAO
pabomama my, He ca Mo2u 0a cromsam ne2ogusi Oyx” — Anbept AlHinaiu [2]

Hemckust yuen Noxan Kemep (1571-1630), kaTo 4e nu mo NpHIIsABKAa Ha chadaTa, OocTaBa
MHOT'O IBJTO BpEME B CSIHKATa Ha CBOSA MMEHHUT ChbBpEMEHHUK ['anmnen. /[Bamara y4eHHu ca ce
MO3HABAJIM, HO TEXHHUTE OTHOIIEHHUS SPKO WIIOCTPUPAT TPYJAHATA CHBMECTUMOCT MEXKIY
MOJICPHUCTUYHUS TIO CBOs xapakTtep ["anuneit u (mo qymure Ha AWHIIANH [2]) “ycamomenus, om
HUK020 He noonomoenam u e pasopar’” Kerep. Karo 4ye nu Toil He € B €JHA JIOJKA C HUTO €THO
ChbBPEMHE — HUTO ChC CBOETO, HUTO C HAIIETO.

[TpuunHKTE 32 TOBA Ca MHOTO M T€ HE Ca CaMO B HETOBHUS IOPJ M HE3aBUCHM XapakTep, HO U B
CKJIOHHOCTTa MYy KbM MHCTHIM3BM, KBbM IIMTaropeicTBOTO B MaTeMaTHKaTa U KbM
penuruo3HuTe 0o0pasH, CBbpP3aHM C XapMOHHMATa Ha CBeTa, cBeTara Tpoumma u ap. Taka
HalpUMep B ChUMHEHHUETO cU Xapmonus na ceema Kemnep nuie: “I'eomempusma e camusim 602

(3awomo uma au Hewo, Koemo 0a e 6 6oz u 0a He e 602?) u My CayxHcu Kamo novpeoodpas (K.M.; T.e. apXETHUII)
npu comeopenuemo na ceema. 3aedno ¢ 6oxcust 00pa3 2eoMempusma NPOHUKEA 8 XOPAma U ce b3npuemda

om mAx He cadmMo ¢ nomouima Ha ouume”.

I'opHuAT 1UTaT € NpHuBeleH B 3a0€NeKUTETHOTO ChUMHEHHE ‘‘Bausnue na npedcmagume 3a
apxemun 6vpxy popmupanemo na npupodonayunume meopuu y Kenaep” [3] (1952) Ha n3BECTHHSA
¢u3uk Teopetuk Bondraur Ilaymu (1900-1958) — oTkpuBarensT Ha mpuHLKINA Ha 3a0paHara
(HobenoBa narpana 1945), na CPT TeopemaTa 3a CUMETpUATA Ha €IE€MEHTApHUTE YacCTHLU U
MHoro Apyru [4]. 3BectHO e, ue Kerutep e 6un xymup Ha I[laynu. Bb3HHKBa BBIIPOCHT: KaKBO
obmo e Moxen Aa wma [laymu, TPOCIOBYTHAT PAlMOHATHCT W CKENTHK, C MHCTUYHO-
penuruo3zno Hactpoenust Kerutep? U oire mo-TpyaeH BBIIPOC: MO KaKbB HAYMH CHMBOJIMKATa Ha
CBeTaTa TpOMLIA U Ha ceemogHama xapmoHus € jnoBena Keriep A0 OTKpUBaHETO Ha TPHUTE
3aKOHa 3a JIBIKEHHMETO Ha ruiaHetuTe B CapHuUeBaTa cucrema? OTroBopute Ha T€3U (U JPYTH)



BBIIPOCH Ca JIaJICHH B IIUTUPAHOTO ChunHeHue Ha [laymu. A mpenu ToBa Ipyr U3BeCTEeH (PU3UK
TeopeTuk, ApnHona 3omepdens, nuiie B cBos cratusg oT 1925 roauna: “Kenaep e 6un sapvk
NPUBLPIICEHUK HA MUCIMUKAMA HA YUCIAMA, HA CEEMIAMA MUCMUKA o Kpacueus uspas na Xepman Batin”.
N mocne 3omepdenn mnoscHsaBa: “Mucmuxama na Kennep, pasoupa ce, He e 6 cmucvia Ha
acmpono2uynume, MemaQuIULHUme U CRUPUMUCTKUME VEICUeHUs HA HAWEMO 8peme, a e 30 NPUPOOHUME
saxonu u 3a maxuama obocnoexa’ [5].

Kemuiep u apxeTunsT
N3cnenBanero Ha [laynu BepXy posiATa Ha MO3HABATEIHUS MPOIEC, Taka KAKTO IO € CXBallall
Kemunep, ce chabpxka B nutupanus rope HeroB Tpynd [3]. Tasu nmyOnukanus Bb3HHMKBA NpHU
TSACHOTO ChTpyAHHUecTBO Ha [laynu ¢ m3BecTHus mBeinapcku ncuxuarbp Kapn ['ycraB FOHr
(1875-1961), cw3naren Ha T.Hap. ObIOOUUHHA NCUXONIO2Us, B KOATO IIEHTpaJHA pOJIs Urpae
uzesTa 3a apxeruna [4].

[Tonsituero apxemun (OT TPBUKU “nwvpeoobdpas”, “npaobpa3’) ce TMOSBSIBA B CHUYMHEHUS HA
xpuctusHekus ¢unocod u 6orocnos Asryctun (354-430), HO He e sicHo manu Kemep ro e
ycBom oT Hero. Cnopen [laynu apxeTunmsT € “noodpescoawy onepamop, anpuopHo yciosue Ha
nosHanuemo, nosxasamenern uncmunxm’”. KOHr neuHupa apxerumna KaTo “cvovporcanue Ha
KOJIeKMUBHOMO HeCb3HAB8aHO™, KOETO ce € (OpMHUpANO B MPOABIKEHUE HAa XWIAJOJCTUS TPH
€BOJIIOLMSATA Ha KUBOTUHCKHUTE BHUIOBE M 4oBeKka. ToBa € “akayzanna, Ho cmuciena 8pwv3ka”
MEXIy MaTepuallHi U TCHUXUYHU CHOUTHSA, BpPB3KAa MEXIY CETHBHOTO BB3IPHATHE Ha
BBHIIHUTE O0EKTH U BBTPEIIHUTE NpaoOpasu [4].

Camust Keruep pasriexaa apxeTura Kato “yen Ha nosnasamennus npoyec” . [laynu mocousa,
ye Kemep ce e yoenun BbB BepHOocTTa Ha KonepHHKOBaTa XEIMOIIEHTPUYHA CHCTEMAa HE OT
pe3ynTaTa Ha OTACIHUTE ACTPOHOMUYHHM HAOIIOACHHA, a OT ‘‘cbomeemcmeuemo’ Ha Ta3H
KapTUHAa C apxeTuna, YUHTO CHMBOJI € XapMOHHMATa Ha cBerata Tpouua. VIMeHHO
CHOTBETCTBHETO C apXeTWIla Ch3JaBa OHOBA ‘‘uyecmeo na padocm u wacmue’, Koeto Keruiep
Hapuya “xapmonus’ W KOETO MPEIU3BUKBA ThP>KECTBYBAIIOTO BB3KIMIIAHUE “egpukal”.

3a HAKOM AKTyaJHH apXeTHNOBE B HAIIETO ChbBpeMHE MHCa B €JIHO MHOTO 3aIbJI00YEHO
U3Cle[iBaHE M3BECTHUAT pycku MmaremMatuk M3paun Moiiceesuu I'endana (1913-2009).
Crarusata My “/[ga apxemuna 6 ncuxonoeusma Ha 4oeeka” € TyONWKyBaHa B CIIMCaHHE
Nonlinear Science Today (1991), a ckopo cien ToBa mpeBOABT U € MyOJIMKyBaH B HAIETO
du3uKo-MareMaTuiecko crucanue [6] [*Moxkem camo na chkaisBame 3a 3arydara Ha TOBa
TOJIKOBA ChIbpXKaTeNHO crnucaHue. OmacsiBaM ce, Y€ ChIlaTa yd4acT MOXKE Ja CIOJETH U
cnucanueTo Ha Cpio3a Ha gusunute B bbirapus CBerbT Ha usmkara).

Cratusta Ha ['endann ananu3upa CbIbpKAHUETO U NEPCIIEKTUBUTE HA JBa ABJIOOKO BrpasieHU
B TOJICh3HAHUETO HA YOBEKAa apXeTHNa — pa3yMHOCTTa W MbApocTTa. Cien Karo M3siCHSABA
TEXHUS CMUCBHJ, aBTOPBT M3Jara Te3ara CH, 4e B MaTeMaTHKaTa ca HaJWLE W JABaTa apXeTuIa.
CrpIBaiiki Ha Ta3u MOCTAaHOBKA TOW IMpaBH 3a7bJIOOYEH aHAIW3 HAa ChCTABHUTE €JIEMEHTU Ha
JBaTa apXxeTurna W TpaBU 3a0CNIeKUTETHU IO CBOsS OOXBaT MPOTHO3U, OTHACAIIM C€ JI0
€BOJIIOLIMATA Ha YOBEIIKOTO OOIIECTBO U HA CaMHUs YOBEK, JI0 MPOOJIEMHUTE Ha TII00aH3aIHsITa,
HEOOXOJUMOCTTa OT aJCKBaTE€H €3MK B IsUIaTa CHBPEMEHHA KYyJITypa W KOHKPETHO B
MaTeMaTHKaTa, 3a CTPYKTYPHHSI TIOJIXOJ] U CUHEPTHUATA B KUBUTE CUCTEMH.

Taka KeruiepoBoTo cXBallaHe 3a €BpUCTHYHATA POJIS HA apXEeTUIIOBETE HaMHpa KOHKpETHa
peanu3anys B HAIIETO ChbBPEMHUE, KOETO MOBeYe OT BCAKOTa ce HyXkJae OT BApHA MPOTHO3a U
JMar{o3a.

Kemnuiep u kBazukpucraiaure
Kemiep ne e Oun moxepHuct. Muaue He Ou cu “eybun epememo” ¢ W3ydyaBaHETO Ha
IIECTOBI'BJIHM CHEXXMHKU U Ha IMYENHU MUTH [7], a BEpOATHO OU MPOIBIDKMI OT 3aKOHHUTE Ha



CrnpHueBaTa cucTeMa KbM 3aKOHA 3a IpaBUTanusATa. BB BCEKkH cilydail TOW CUTYPHO € 3Haell,
ye HUTO [anumiel, HUTO MO-KbcHO HIOTOH OM M30CTaBMII CBOUTE aCTPOHOMMYHHU HU3CIICIBAHMS
3a Ja ThPCU MPUYHMHATA IIBETOBETE J1a MMAT MO MET JUCTEHIA WIH Kak OT “OooxcecmeeHama
nponopyus” Ha Oubonaunm (1180-1240) Bb3HuKBarT IlmaroHoBuTE Tena AOAEKaeAbp H
uKkocaeabp. BojieH oT cBouTE U3CIeABaHUs Ha CUMETpuUsiTa B ipupojara, Kemep (B Mysterium
Cosmographicum, 1596 roguna) onuTBa ¢ noMoirra Ha [lmaToHOBUTE Tena J1a HaAMepH 3aKOHA
3a pa3CcTosiHUATAa Ha IUlaHeTuTe OT CHBHIETO). A MO-KbCHO U3CI€ABA MAaTeMAaTHYECKH
(Harmonices Mundi, 1619 ronuna) 3amavata 3a IUTBTHO NapKeTupaHe (MOKpUBAaHE Ha
MOBBPXHOCTH C Pa3IMYHU MHOTOBI'BIHH IJIOYKH O€3 Pa3HUHU U 3aCTHIIBAHMS).

N3munaBat moBede OT ueTupu cronetuss u mpe3 1943 romuHa B pasrapa Ha BoMHarTa
HaMHUpPAIIUAT C€ B EMUTPaLlUs Ch3JaTell Ha BhIHOBaTa MexaHnuka EpsuH Illpsoaunrep usHacs B
Jb05IMH Kypc JeKIUHU BbpXY (pU3MUYecKUTe acleKTH Ha KUBOTa. Toll mocoyBa, 4e Ha Hai-HUCKO
CTPYKTYpPHO HHUBO O€3’KU3HEHHUST KaMEHEH KbC € arperaT OT KpPUCTAIU C TMEPUOJUYHO
MOBTAPSIIY C€ €HU U CBIIU CTPYKTYpHU eneMeHTH. OT apyra cTpaHa B OpraHU4HATa MOJIEKYJIa
BCsIKa pyIia aTOMU UIpae MHIMBHyaIHa PO, pa3jIudyHa OT pojsATa Ha Ipyrure aroMu. TakbB
arperar OT aTOMHM C YHUKajgHa M HenepuoauuHa mnoxapeneHoct Illpsoaunrep Hapuua
anepuoAuyeH Kpuctan (IMo-KbCHO HapeueH kBazukpucrtan). HeroBarta ujes e, 4e TeHBT WU
Ja’ke 1s1a XpPOMO30MHA HUILIKA MPEACTABIsABA alEPUOAUYHO TBHPIO TsUIO [8].

ToBa cMmeno mpearnoyioKEHUe HU HAIOMHS M3CleqBaHuATa Ha Kemuep BbpXy CUMETpHsTa Ha
[InaronoBuTe Tenma m BBPXYy mpoOiema 3a mapketupaneto. CnenBaiiku uneute Ha Kermep
[proauarep 0000IIaBa CXBAIIaHETO 3a KPUCTAJIa KAaTO MEPHOAMYHO IMOBTOPEHHE HA €/IHA
CTPYKTYpHa €IMHHUIIA JI0 UJEATa 3a daneueH nopsaovk. JJokaTo KpUCTAIBT UMa TPaHCIAI[MOHHA
CUMETpPHUS, KBA3UKPUCTATBT HAMA TPAHCIAMOHHA CUMETPHs, HO IbK MMa OCH Ha pOTAIllMOHHA
cuMmeTpus oT 5-tu (a ¢bmo OoT 8-H, 10-u u 12-u) NopsAABK, KOUTO JHUICBAT B Kpuctanure [9].
ToBa pa3kpu MHTpHUryBalaTa MepcreKkThBa Ja ce pazdepe Kak B MpHUpojaTa € OChIIECTBEH
MPEeXOoabT OT HEKHMBA KbM KUBa MaTepus. Tyk BakHa poJii MOXKE Ja U3UTpae CTPOCKBT Ha
BUpycuTe. M3BECTHO €, Y€ B 3aBUCUMOCT OT BBHIIHUTE YCJIOBUS BHPYCHT MOXE Ja
MIpEICTaBIIsIBA KPUCTAT WM KBa3UKPUCTAJI, J1a UMa MOBE/ICHNE Ha HEXKUBA W JKMBA MaTePUS.

Janu moaepHoCTTa Ha 21-M Bek HiAMa J1a HU U3BeAe oT KeruiepoBUTe CHEXXMHKHM 10 OTTOBOpA
Ha (PyHIAMEHTAHUS BBIIPOC KaK Ce€ € 3apOJuIl )KUBOTHT BbB Bcenenara? To3u oTroBop Moxke
na ce Kpue, 1o uaesrta Ha [laynu, B KeriepoBust apxeTurt 3a “oeredannama cumempus” MEXIY
pa3zyma M IpHupojaTa.

3ak/rouenune

Konkoro mo-3aapiibodueHo u3ydaBame TBOpUYECKOTO TNpuchcTBUe Ha Kemnep u Tanmuneit B
HAIIETO ChBpPEMHE, TOJKOBA MOBEYE ce yOexkmaBaMe KOJIKO MmpaB € Omi Xerea KoraTo € Kaszai,
Yye IBM)KEHHETO B HayKaTa Halpe € BpbLIaHe Ha3aJl KbM OCHOBUTE.
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