SESTICIPA SNEHOVA VLOCKA
A SIX-POINTED SNOWFELAKE

Viclav Cilek

Snéhovd vlocka je pro matematika idedlni novoroéni dar.
Vypadd jako hvézda a pFichdzi z nebe.
Johannes Kepler

Jsou hvézdy rozumnéjsi nez lidé ?

Johannes Kepler (1571 - 1630) priSel do Prahy fadu let pfed
tim, nez na jeho kabat usedla nékde mezi Kamennym mostem
a domem v Jezuitskeé ulici v zimé roku 1610 Sesticipa snéhova
vlocka. Dalsi vlocka méla ponékud jiny tvar, ale rovnéz Sest
cipt, a to se opakovalo u kazdé dalsi vlocky. Sest cip, Sest
stran krychle, Sest ¢isel kostky. Byla tohle ndhoda, nebo se ¢islo
piihlasovalo v riznych méfitkdch a souvislostech jednou jako
nebeska harmonie obéhti dvou planet a podruhé jako studeny
bily bod na hvézdarové zimniku? Jaky princip vybral ¢islo Sest
ze vsech ostatnich moznych cisel? Bylo to velmi znepokojive.
Nebot i Jobovi pravil Hospodin: ,Pochopil jsi bohatstoi
snehu?” A dalsi zdhada: vlocka byla tiplné plocha v hmotném
sveté, kde se vSe snazilo zaujmout néjaky trojrozmérny tvar.
Kdyby z nebe padaly krychle, osmistény nebo Sestiboké hra-
noly, bylo by to pochopitelnéjsi, nez ony podivné malé hvéz-
di¢ky zrozené neznamou silou z chaosu beztvaré vodni pary.

Kepler piisel do Prahy v roce 1600 a bylo mu tehdy 28 let. Zil
zde az do cisafovy smrti, tedy celych 12 let, na rozdil od
Tychona Braheho, ktery v Praze pobyval jen dva roky. Oba
muzi byli nesouméfitelni. Tychontv program byl pozorovat
a méfit vse, co se na obloze hyba. Mél ostry zrak a rad se dival
na hvézdy. Vystupoval jako knize, byl zvykly hovofit s krali,
jeho dim byl plny hluku a sluzebnictva. Sedél na té nejvétsi
hromadé pozorovani, jakou kdy astronom shromazdil a nebyl
schopny ji utiidit. Kepler byl spis do sebe uzavfeny a tichy.
Nebavilo ho popijet po hospodach, rdd pracoval brzy rano. Pl
klidu a osamélosti. Jeho plat byl patnackrat nizsi nez Tychontiv
a dostaval jej se stejnou pravidelnosti jako hornici na Vorkuté.
Zpocatku jej posilal své Zené, ale i pozdéji, kdyZ se jeho rodina
usadila v Praze, mél co délat, aby uzivil dortstajici déti. Svoji
zenu prezil - je pohfbena u sv. ilji, ale hrob jsem nenasel.

Kepler $patné vidél, ale jeho mysl byla mimotadné ostra. Ne-
byl sikovny a se slozitymi Tychonovymi pfistroji neumél dobfe
zachazet. To, co jej zajimalo, nebyla astronomie ani matematika,
ale harmonia mundi - soubor nékolika jednoduchych matema-
tickych vztaht, pomoci kterych Biih fidi vesmir. Magie a mysti-
ka méla jen polo-intuitivné vyuzivat matematicka pravidla,
zafeni zpivajicich cisel, prostupujici stvofenym prostorem,
které chtél Kepler objevit. Brahe nemél na Keplera ¢as a také asi
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snowflake is an ideal New Year's gift for a mathematician. It

looks like a star and it comes from the sky.
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Johannes Kepler

Are the stars smarter than people?

Johannes Kepler (1571 - 1630) came to Prague many years ago.
During that time a six-pointed snowflake fell landed his coat.
This happened somewhere between the Stone Bridge and a house
in Jezuitska street in the winter of 1610. Another snowflake had
quite a different shape but also had six points as did all the other
snowflakes. Six points, like the six faces of a cube and the six fi-
gures on dice. Was this just an accident? Or does the number in
a different connection mean on the one hand celestial harmony
between the planets and on the other a cold white point on the
astronomer’s coat? What principle chose the number six out of all
other possible numbers? It was very confusing. Even the Lord
asked Job: Can you see the treasure of snow? And another my-
stery: The snowflake was completely flat in a material world in
which everything takes a three-dimension shape. If cubes, octahe-
drons or hexahedrons were falling from the sky, it would be more
comprehensible than those tiny flat stars created by an unknown
power from the chaos of amorphous water vapour.

Kepler came to Prague in 1600; he was 28 years old at the time.
He lived in Prague for twelve years, up until the time of the
Emperor’s death, in contrast to Tycho Brahe, who stayed in the
city for only two years. The two scientists were very different.
Tycho’s programme was to observe and to measure everything
that appeared and moved in the sky. He had keen sight and liked
to stargaze. He acted like a prince, socialised with kings and his
house was full of noise and servants. He was sitting at the very
peak of the biggest mountain of knowledge and observation that
an astronomer had ever accumulated, and he was not able to
summarize it. Kepler was much more reserved, and was rather
quiet and shy. He did not like to go to pubs, and liked to work
early in the morning. He liked calm and solitude. His reward was
fifteen times lower than Tycho’s and he received his salary with
the same regularity as the miners in Vorkuta. At first, he sent all
the money to his wife, but later, when he and his family had sett-
led down Prague, he had to work very hard to provide for his
growing children. His wife died earlier than Kepler himself - she
is buried at St. Jilji but I have not found her grave.

Kepler had poor sight, but his mind was extraordinarily sharp.
He was not adroit and he was not able to handle Tycho's instru-
ments. He was not particularly interested in astronomy nor in
mathematics, and was much more concerned with “harmonia
mundi” - the set of mathematical laws through which the Lord



citil prevahu zkuSeného praktika a muZe svéta nad precitlivé-
lym, do sebe uzavienym muzem, jehoz vizionafstvi bylo du-
kladné maskovéno exakini mysli. Podobné mél Kepler dojem,
ze Tycho détinsti a Ze kviili spolecenskym kontakttim odsouva
védu. Vzajemné rozpory smazala Braheho smrt. Na smrtelné
posteli, obklopen zaky a sluzebnictvem, prosil Keplera, aby
dale rozpracovéval jeho nauku.

Situace v Praze byla v té dobé jedine¢nd a to nejenom diky
osobé Rudolfa II., jemuz dobra ekonomicka situace kralovstvi
umozhovala podporovat védy a uméni. Predev$im rozdélena
cirkev nemohla uplatiiovat onu nazorovou hegemonii, ktera
vladla vétsiné Evropy. A dél tu byla tézba stifbra a rybnikéfstvi.
Doly v jachymovském reviru se dostdvaly do hloubek pod
300 m a to sebou pfinaselo problémy s vétranim a erpanim
vody. Slozité pfevody dilnich stroji schopnych vytahovat az
kubik vody se najednou uplatnily ve $kole mechaniky, mistrné
uplatnéné u Tychonovych astrolabt. Konstrukce rybni¢nych
soustav, ve kterych desitky kilometrti dlouhé kanaly, jako je
Opatovicky kandl na Pardubicku, spojujici na dvé stovky
nadrzi, nebo Zlata strouha v Treboni, kladla velké pozadavky
na presné zaméfeni vysek v plochém terénu, kde o spadu vody
rozhodovalo par centimetrt. Precizni zeméméficské techniky
se daly dobfe pouzit u hvézdoméficskych problému. Jak
odliny byl pfistup takového Giordana Bruna, ktery o par let
pfed tim na Prazském hradé tvrdil, Ze hvézdy jsou rozumnéjsi
nez lidé, Ze maji svobodnou viili a chodi si, kam chtéji.

Kde hmota, tam tvar - Ubi materia, ibi geometria

Od astronomie ke snéhové vlocee je daleko, ale od poznavani
skryté symetrie vesmiru vede k drobnému chladnému objektu,
ktery jesté nedavno byl nemyslici parou bez paméti, jasny na-
znak. V roce 1611 vydal Kepler u Godfreye Tampacha ve
Frankfurtu kratky latinsky spisek o 4x6 stranach nazvany
,Novoroéni dar aneb o Sesticipé snéhové vloéce”. Kniha je dnes
povazovéna za zakladni dilo védecké krystalografie a jeden
z prvnich pokusii o matematickou teorii vzniku organickych
a anorganickych tvart. Casto je pfipomindna Keplerova my-
Slenka nejtésnéjsiho mozného stésnani atomi. Nechci na tomto
misté opakovat Keplertiv myslenkovy postup od véelich plast-
vi aZ po zrna v granatovém jablku, ktery je popsédn v tolika
ucebnicich historie védy. To, co mne zajima, je historie imagi-
nace, zrcadla &isel otacejicich se v prostoru, osmistén duse
Zemé, vyzatujici utvarejici silu, jez ovliviuje kazdou mineralni
gastecku, ale ne rostliny, které prece maji individudlni duse.

Jenze tato velkolepa vize svéta jako matematického stroje,
nendhodného jako $vycarské hodinky, je néjak nelidska. Dante
nékde v Bozské komedii hovoii o koleckach hodin, které se po-
dobaji planetarni soustavé. Mysli to doslova — hodiny nejsou
stroj uréeny k méfeni ¢asu, hodiny jsou modelem svéta a to, ze
jdou tak rychle jako svét, ukazuje, Ze jsou dobrym modelem.
Takhle néjak si predstavuiji sny diktatorti o Cisté, hladce se otace-
jici spole¢nosti, kterou staci jen trochu olejovat a odstranovat ty

rules over the universe. Magic and mysticism applied mathemati-
cal laws only half-intuitively; Kepler wanted to reveal the shine of
singing numbers pervading the universe. Brahe did not have
much time for Kepler and as a more experienced practitioner he
may have felt superior to the oversensitive and reserved man
whose visionary qualities were well hidden by an exact mind. On
the other hand, Kepler thought Tycho had become childish and
was neglecting science for social contacts. Their antagonism dis-
appeared with Brahe’s death. On his death bed, surrounded by
his disciples and servants, he implored Kepler to continue his
work.

The circumstances in Prague were unique to those times. The
economic situation of the kingdom was favourable and this
enabled Rudolf II to encourage science as well as art. Above all,
the divided Church did not have the ideological monopoly with
which it ruled over the rest of Europe. And then, there was silver-
mining and pond-keeping. The mines in the Jachymov area
reached depths of 300 metres, creating problems with ventilation
and water-pumping. Complicated mining machines, which were
able to draw up to a cubic metre of water, were put into practice
at the mechanical school, in Tycho’s labs. The construction of
ponds, interconnected by a network of canals, such as the
Opatovice Canal which connects around two hundred ponds, or
the Golden Canal in Tfebor, demanded exact measurements of
the height of flat ground, since only a few centimetres were deci-
sive for water declivity. Such exact geodesic measurements then
found use in stellar measurements. This was very different to
Giordano Bruno’s approach. A few years earlier, speaking at
Prague Castle he said, “stars are cleverer than people, they have a
free will and they go wherever they want.”

Matter and Shape — Ubi materia, ibi geometria

At first sight, the relationship between astronomy and a snow-
flake is not obvious. But if we compare the hidden symetry of the
universe with a tiny cold object which has no memory and is
made from nothing more than water vapour, we can see a real
connection. In 1611, Kepler published a short paper, written in
Latin, of 4x6 pages called New Year's Present or About a Six-
pointed Snowflake, edited by Godfrey Tampach, and published in
Frankfurt. The book is considered a basic work in scientific crys-
tallography and the first attempt to develop a mathematical theo-
ry of organic and inorganic shapes. Kepler's thought about the
closest possible position of atoms is referred to quite often. I am
not going to repeat Kepler's progress from the thoughts of bee
honeycombs up to those of pomegranate grains which is descri-
bed in many books of the history of science. I am interested in the
history of imagination, a mirror of figures rotating in space, an
octahedron of the soul of the Globe emanating the creative power
which influences every mineral particle plants; they have indivi-
dual souls.

But this magnificient vision of the universe as a mathematical
machine as exact as a Swiss watch is not quite human. Dante in
his Divine Comedy talks about clock wheels which are similar to

( the planetary system. This comparison is quite right. The clock is

not a machine devised to measure time, the clock is a model of the



Smejdy, ktefi do ni nepatii. Tomu ovsem byl Kepler daleko, byt
tricetileta valka na obzoru. Brzy jiz prestane platit myslenka, ze
usporadani spolecnosti odraZi néjaky nebesky fad vyjadritelny
matematickym vztahem. Nové definovat vesmir, o coz se
pokusil Kopernik, Galileo i Kepler, znamenalo podivat se nové
i na spolecnost. Vlastné mi neni jasné, proc se tieba o Koperni-
kovi mluvi v déjinach astronomie a ne sociologie. Le¢ nazpét
k snéhové vlocce a tazajicimu se Keplerovi:

Pro¢ ma Sest cipii? Kdo vyrezal jeji jadro? Odkud pochdzi
Cislo Sest a proc téch Sest cipil je mozné opsat kruhem? Teplo je
vSude — i kdyz asi md néjakou prostorovou strukturu — tak pro¢
vlocky nejsou kulaté, ale ploché? Pozoroval s tidivem (cum
admiratione) jejich pad a mél pocit, Ze casto vlocku néco
zadrzuje ve vzduchu, pak se propadne a zase se chvili vzndsi.
A neustdle se ptal: proc Sest a ne pét nebo sedm? Myslenku, Ze
kazda vlocka ma dusi, ktera ji fika, jaky tvar ma odit, mu pfi-
pada absurdni. Musi tady byt néjaky univerzalni princip obsa-
zeny v Zemi, ktery ovlivni jadro vlocky a to uréi tvar ramen.
Kepler zna tii télesa, kterd umoznuji zcela vyplnit prostor —
kromé Sestihranu to je krychle a osmistén. Predstavuje si, ze
néjaka dulezita vlastnost Boha je krychlova nebo ve tvaru
osmisténu. A mné, jak si pfevracim v hlavé myslenku krychlo-
vého boha, nevyvstavaji pred oc¢ima jenom pokusy kubistti
dostat se k zdkladnimu tvaru svéta, ale samotna ¢erna Kaaba
v Mecce a tisice muslim, které kolem ni rotuji. Kaaba znamend
»cube, kuba” neboli krychle a také mé tento tvar odpovidajici
néjaké obzvlasté posvatné bozi vlastnosti, kterd se vtélila
v Zemi.

RiSe ducha se podobd pravidelnému geometrickému télesu
a clovek samotny je svymi funkcemi podobnyj krychli. V téle
Zemé existuje utvdrect sila, kterd je pfendsena parou. Tato
utvdrect sila nenese sebou jenom iicel, ale také zdobi. Jejim
zvykem je hrdt si s uplyjvajici chvili, coZ se dd ukdzat na mine-
ralogickyjch vzorcich rud, které nabyvaji mnoha riiznyjch tvarii.
V BoZi vécnosti je mnoho duchii, kteri jsou duchy prostorii a ne
duchy povrchii, takZe i tito duchové musi mit tvar geometric-
kijch téles, jakym je krychle. A ja si predstavuji, jak ve strasidel-
ném hradé Narodni galerie ve VeletrZnim palaci se nezjevuje
mlécny piizrak tieba prof. KniZdka, ale svitici krychle, ktera je
podle Keplera otcem vech téles. Krychle je tvarem rozddvint,
puisobeni ven, zatimco osmistén shromazduje dovnit, je sevre-
neéjst, dd se z krychle odvodit, ale md jen Sest vrcholii. Klenot-
nici tikaji, Ze nejkrdsnéjsi osmistén lze nalézt u diamantu.
Zeme, trojndsobné velké zvive ma dusi, ve které jsou obsaZena
riiznd télesa, Zemé do svého srdce uzavrela krychli i osmistén
a dalsi télesa. Je mozné, Ze utvareci sila v dusi zvitete Zemé
kolisd podle mnoZstvi par, jez prendseji jeji vlivy.

Pokusime-li shrnout ono imaginativni a mimo-védecké
v Keplerové spisu o vlocce, pak miizeme fici: Duse Zemé musi
byt vsude, kde je voda ¢i pdra. V riznych mistech je nejenom
nestejné mocna, ale také jeji utvareci sila — facultas formatrix —
miiZe zvyraziovat jina geometrické uspofadani. Zakladni a nej-
silnéjsi vSak zhstdva krychle a osmistén. I clovék je dusevné
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universe, it works as exactly as the universe. And I imagine dicta-
tors’ dreams about a perfectly functioning society which needs to
be oiled and to be protected from all disturbing elements.
However, this was not a Kepler's way of thinking, even though
the Thirty Years’ War was about to begin. The idea of a society
reflecting the universal order expressed by mathematical law
would soon be over. To define the universe in a new way, which
was the aim of Copernicus and Galileo as well as Kepler, meant to
look at society in a new way too. I do not really understand why
we talk about Copernicus only in connection with astronomy and
not with sociology. However, let’s return to the six-pointed
snowflake and Kepler’s questions:

Why does the snowflake have six points? Who has created its
kernel? Where does the number six come from? Why is it possible
to circumscribe all the six points? If energy is everywhere and
has a spatial structure, then why are the snowflakes flat and not
round? He observed their fall with admiration (cum admira-
tione); he felt that the snowflakes flew, then fell, then flew a little
while longer. And he did not stop asking: Why does it have six
points, not five or seven? The thought of a soul in every snow-
flake, which orders its shape, seemed absurd to Kepler. The pla-
net must have a universal principle which influences the kernel of
a snowflake and that predestines its shape. Kepler knew of three
solids which completely fill the space - the hexagon, the cube and
the octahedron. He had the idea a divine character in the shape of
a cube or an octahedron. And myself, when I think of the cubic
God, I recall the attempts of Cubists trying to break the world
down to its basic shape, and also the black Kaaba in Mecca and
thousands of Muslims circling around it. Kaaba means cube
(kuba) and it has a shape reflecting the special divine character
which incarnated itself into the Globe.

The empire of the soul is similar to a geometric solid, and
a human being in his or her function is similar to the cube. In the
body of the Globe, there is a creative power transmitted by water
vapour. This creative power is not only functional but also deco-
rative. Its habit is to play a game with flowing time for which we
have the evidence in mineralogical ore specimens which have
several different shapes. In the divine eternity, there are a lot of
souls which are the souls of space and not the souls of surface; so
even these souls must have the shape of solids such as the cube.
And I imagine that not as the milky ghost of prof. Knizék but as
shining cube which appears in the eerie showplace of the
National Gallery of Contemporary Art in Prague. The cube is
a shape of giving, with effects on the outside, whereas the octa-
hedron cumulates its energy in the inside: it is closer, it can be
derived from the cube, but it has only six points. Jewellers say
that the most beautiful octahedron can be found in a diamond.
The Globe, a huge animal, has a soul which includes several
solids; the Globe has a closed cube and an octahedron as well as
other solids at its heart. It seems possible that the creative power
in the soul of the Globe varies in its dependance on the quantity
of water vapour which transmits its influence.

Let us try to sum up all that is imaginative and suprascientific
in Kepler's snowflake paper. We can say: The soul of the Globe
must be everywhere where water and water vapour are present.
The soul is not equally powerful in different places and its
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néjak podobny krychli. Zemé je zvife a to dokonce trojnasobné,
které ma srdce a vyzafujici dusi. Nic z toho véak Johannes
Kepler netvrdi, pouze se pta a odpovéd mu neni jasnd —a iiplné
nakonec cely problém prehraje na chemika, ktery by s tim mel
védét rady lépe nez on sam.

Historie snéhové vlocky

Jiz nekdy v druhém stoleti si Citané vsimli, Ze snéhové
vlocky maji Sest cipt, zatimco kvétiny a stromy byvaji péticet-
né. Evropska literatura o vlockdch za¢ind konstatovanim
Alberta Magna (kolem roku 1260), Ze vlocky maji hvézdovity
tvar. Pak az v roce 1555 nakreslil Olaus Magnus, arcibiskup
uppsalsky, 23 snéhovych tvari, ale teprve Kepler rozeznal
Sesticetnou symetrii. Jesté pozdéji R. Descartes v Meteorologii
(1635) znovu zdtiraznil symetrii snéhu a mezi tvary riznych
snéhovych vloek prekvapivé nakreslil dosti vzdeny typ, ktery
se podoba $pulce od niti - ledovému sloupci na konci zakonce-
nému Sesticipymi vloékami o vétsim priméru, nez je pramer
sloupce. A pak jiZ nasleduje jedna prace za druhou - Erasmus
Bartholinus, Robert Hooke, Donatto Rossetti, William Scoresby
a dal3f publikuii detailni popisy snéznych krystali. Vyznam-
nym uméleckym ¢inem je vydani souboru 68 a pozdéji 97
snéhovych viocek v devorytech cyklu Sekka Yusetsu od Japon-
ce Tosicury Doia jiz v roce 1832.

Snih je Sestiboky, protoze odrazi vnitfni strukturu atomu, ve
které se molekuly vody spojuji do Sestitihelniki, jez maji dalsi
volné vazby oteviené do stran, kde vlocky snadnéji dorustaji do
plochych destiéek a nikoliv nahoru ¢i dolti. Asi 80% snéhovych
vlocek ma tvar onéch keplerovskych hvézdicek, ale tvar snéhu
zavisi hlavné na teploté vzduchu. Pii-3 az -5 °C nejlépe rostou
snéhové jehlicky, pii -5 do -8 “C rostou duté snéhoveé sloupce,
jesté za nizsich teplot nalezneme tenké snéhové desticky a dalsi
riizné tvary podle snizujici se teploty. Citlivost na teplotu je tak
velkd, Ze v hrani¢nich intervalech sta¢i rozdil jednoho stupné,
aby z nebe padaly jiné ttvary. Nejvétsi snéhové vlocky maji
pramér okolo 12 cm, zatimco obvykly primér je 2,4 mm pfi
plose 1,3 mm® a nizké véze 2,3 miligramu, ktera vysvétluje
pomalé padani snéhu. Véda na povrchni popisné trovni si se
snéhem umi poradit, jde-li ale na tiroven geometrie atomarnich
vazeb, pak se hmota jako takova stavé zahadou.

A co se tye toho ostatniho, tak je jedna véc ¢ist o Keplero-
vych nazorech, a druha predstavovat si, jak by takovy svét
prozatovany silami geometrickych téles vychdzejicimi z duse
Zemé ve skute¢nosti fungoval. Slova se méni v zavrat. Véfim
tomu, Ze zvite Zemé ma srdce a pusobi na nas, a nevim, co vic
bych k tomu mél dodat.

Bibliografické poznamky :

Anglici;‘r feklad Keplerova spisu vysel jako bilingva v Oxford University Press v roce
1966 v prekladu Colina Hardie. V némginé existuii tri preklady, posledni v roce 1958 od
H. Strunze a H. Borma pod nazvem Uber den hexagonalen Schnee (Berhard Bosse,
Regensburg). Cesky preklad, pokud vim, neexistuje. Latinskych vydani je nékolik -
v roce 1868 vysla Keplerova Opera omnia (ed. Frisch) a v roce 1941 Gesammelte Werke
(ed. Caspar'a Hammer). V textu této prdce jsou kurzivou citovany autentické
Keplerovy nazory, ne vak v doslovném znéni.
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« creative power — facultas formatrix — may prefer different geo-
I metrical compositions. However, the cube and the octahedron

remain the basic and most powerful solids. Also a human being is
mentally similar to the cube. The Globe is an animal, and even a
threefold animal, which has a heart and a shining soul. Johannes
Kepler does not mention anything of these thoughts; he just asks
the questions and the answer is not obvious to him and finally, he
leaves the whole problem to chemists who would be more com-
petent to deal with this problem than Kepler himself.

History of the snowflake

In the second century, Chinese noticed that snowflakes have
six points, whereas plants are five-pointed. European literature
on snowflakes begins with Albert Magnus (circa 1260) who says
in his work that snowflakes are star-shaped. lin 1555, Olaus
Magnus, the Archbishop of Uppsala, drew 23 snow shapes. But it
is only Kepler who revealed the six-pointed symmetry. Then-
René Descartes in Meteorology (1635) re-stressed the symmetry
of snow and he drew a rare type of a snowflake; it is similar to
a spool — a column of ice with six-pointed snowflakes of a larger
diameter than the column itself at each end. After that we have
several works in this field: Erasmus Bartholinus, Robert Hooke,
Donatto Rossetti, William Scoresby and some others published
detailed descriptions of snow crystals. Snowflakes found their
way into art as well. We have a set of 68 and later 97 snowflakes
in the woodcut cycle Sekka Yusetsu by Japanese artist Toshicura
Doi from 1832.

Snow is hexahedral. Its appearance reflects its own inner atom
structure in which molecules of water join together as hexagons
which have open structures, open to sides. Snowflakes grow to
flat plates and not up nor down. About 80% of snowflakes have
the shape of Kepler's stars but the shape of snow depends espe-
cially on the temperature of the air. Snow pins grow at the tem-
peratures of between -3 and -5 °C, hollow snow columns come
about between -5 and -8 “C and we can find thin snow plates and
other different shapes at lower temperatures. A difference of just
one grade can cause a change in the structure of snow. The
biggest snowflakes are 12 cm in diameter, whereas the average is
2.4 mm with a surface of 1.3 square mm which explaining the
slow fall of snow. Science on a descriptive level is able to get to
grips with the problem of snow. But at the level of the geometry
of atomic structures, its matter remains a mystery.

And as for the other things. On the one hand, we can read
about Kepler’s laws. On the other hand, we can imagine how it
works in reality — a world founded on the powers of geometrical
solids originating in the soul of the Globe. The words are beco-
ming more complicated and we begin to feel dizzy. I do believe
that the Globe animal has a heart and that this influences us. I do
not know what else I should say.
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