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Math Models Snowflakes

This dendritic snowflake was created using a computer model developed by Janko Gravner at UC Davis and David
Griffeath at the University of Wisconsin-Madison. Credit: Janko Gravner and David Griffeath

Three-dimensional snowflakes can now be grown in a computer using a program developed by mathematicians at UC
Davis and the University of Wisconsin-Madison.
No two snowflakes are truly alike, but they can be very similar to each other, said Janko Gravner, a mathematics
professor at UC Davis. Why they are not more different from each other is a mystery, Gravner said. Being able to model
the process might answer some of these questions.

lntricate, incredibly variable and beautiful, snowflakes have been puzzling mathematicians since at least 1611, when
Johannes Kepler predicted that the six-pointed structure would reflect an underlying crystal structure.

Snowflakes grow from water vapor around some kind of nucleus, such as a bit of dust. The surface of the growing
crystal is a complex, semi-liquid layer where water molecules from the surrounding vapor can attach or detach. Water
molecules are more likely to attach at concavities in the crystal shape.

The modelbuilt by Gravner and David Griffeath of the University of Wisconsin-Madison takes these factors, as well as
temperature, atmospheric pressure and water vapor density, into account. By running the model under different
conditions, the researchers were able to recreate a wide range of natural snowflake shapes.

Rather than trying to model every water molecule, it divides the space into three-dimensional chunks one micrometer
across. The program takes about 24 hours to produce one "snowfake" on a modern desktop computer.

As in the real world, needles are the most common pattern of computer-generated snowflake. The classic six-pointed
"dendritic" or feathery snowflake is relatively rare, both in the computer simulation and in E!U.tg,.

Gravner and Griffeath also managed to generate some novelsnoMlakes, such as a "butterflake" that looks like three
butterflies stuck together along the body. Gravner said there seemed to be no reason these shapes could not appear in
nature, but they would be very fragile and unstable.

One surprise qas that three-dimensional structure is often important, with complex structures often growing between
two plates -- a feature that is difficult to see when observing actual snowflakes, but has been observed in c-areful studies
of real snowflakes with electron microscopes.

A paper describing the model has been submitted for publication.

lmages and movies of snowflake growth models: http://psoup.math.wisc.edu/Snowfakes.htm

Souree: University of California - Davis
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Math Models Snowflakes ln Extraordinary Detail

ScienceDaily (Jan. 18, 2008) -Three-dimensional snowflakes can now be grown
in a computer using a program developed by
mathematicians at UC Davis and the University of
Wisconsin-Madison.
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No two snowflakes are truly alike, but
they can be very similar to each other,
said Janko Gravner, a mathematics
professor at UC Davis. Why they are
not more different from each other is a
mystery, Gravner said. Being able to
model the process might answer some
of these questions,

lntricate, incredibly variable and
beautiful, snowflakes have been
puzzling mathematicians since at least
1611, when Johannes Kepler predicted
that the six-pointed structure would
reflect an underlying crystal structure.

Snowflakes grow from water vapor
around some kind of nucleus, such as
a bit of dust. The surface of the

growing crystal is a complex, semi-liquid layer where water
molecules from the surrounding vapor can attach or detach. Water
molecules are more likely to attach at concavities in the crystal
shape.

The model built by Gravner and David Griffeath of the University
of Wisconsin-Madison takes these factors, as well as temperature,
atmospheric pressure and water vapor density, into account. By
running the model under different conditions, the researchers were
able to recreate a wide range of natural snowflake shapes.

Rather than trying to model every water molecule, it divides the
space into three-dimensional chunks one micrometer across. The
program takes about 24 hours to produce one "snowfake" on a
modern desktop computer.

As in the real world, needles are the most common pattern of
computer-generated snowflake. The classic six-pointed "dendritic"
or feathery snowflake is relatively rare, both in the computer
simulation and in nature.

Gravner and Griffeath also managed to generate some novel
snowflakes, such as a "butterflake" that looks like three butterflies

Computer-generated snowfl ake. (Credit: Graphic
courtesy of Janko Gravner and David Griffeath)
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stuck together along the body. Gravner said there seemed to be
no reason these shapes could not appear in nature, but they
would be very fragile and unstable.

One surprise was that three-dimensional structure is often
important, with complex structures often growing between two
plates - a feature that is difficult to see when observing actual
snowflakes, but has been observed in careful studies of real
snowfl akes with electron microscopes.

Adapted from materials provided by University of California -
Davis.
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Snowflakes or B-f) snowfakes?
Posted by Roland Piquepaille @ 10:37 am
Categories: Science & Nature
Tags: 3D, Researcher, Image, Computer, Molecule, Productivity, Roland Piquepaille

Snowflakes have been puzzling mathematicians for about four centuries. Still, scientists have
never been able to fully explain snowflake shapes, For example, is this true that their
six-pointed structure reflect an underlying crystal structure? Now, two U.S. mathematicians
have developed software that simulates 3-D snowflakes. And they discovered that even 'no
two snowflakes are truly alike,'they're very similar to each other. In fact, the real mystery is
why they are not more different from each other. But read more to discover beautiful images...

You can see above four examples of snowfakes created by two mathematics professors, David
Grlffeath of the University of Wisconsin-Madison and Janko Gravner, at UC Davis, but who got
his PH.D. in Wisconsin. (Credit: Janko Gravner and David Griffeath) Here are two links to
Janko Gravner's profile and to David Griffeath's Primordial Soup Kitchen website. Both
researchers are focused on self-organization of random cellular automata.

Snowflakes are fragile and hard to look at because 'of the warmth in an observer's breath.' But
how do they grow up in the first place? "Snowflakes grow from water vapor around some kind
of nucleus, such as a bit of dust. The surface of the growing crystal is a complex, semi-liquid
layer where water molecules from the surrounding vapor can attach or detach. Water
molecules are more likely to attach at concavities in the crystal shape."

Simulating the growth of snowflakes on a computer is a good exercise, but how is it possible
to know if the simulations are really generating snowflakes patterns? "The model built by
Gravner and Griffeath of the University of Wisconsin-Madison takes the [above] factors, as
well as temperature, atmospheric pressure and water vapor density, into account. By running
the model under different conditions, the researchers were able to recreate a wide range of
natural snowflake shapes. Rather than trying to model every water molecule, it divides the
space into three-dimensional chunks one micrometer across. The program takes about 24
hours to produce one 'snowfake'on a modern desktop computer."

A full day on a desktop computer? Don't these researchers have access to clusters.

Anyway, if you're interested by snowflakes and crystal growth, you should read "What a
Flake," published by Science News in December 2006. Here is how the author, Peter Weiss,
described how cellular automata were used to simulate snowflakes. "The software
entrepreneur and scientific maverick Stephen Wolfram recently reasserted claims made by him



and others in the 1980s that simple computer algorithms, called cellular automata, can create
realistic snowflake shapes. A cellular automaton generates a pattern by coloring each location
on a grid according to a rule that takes into account the colors of neighboring locations, For
snowflake simulations, such computer programs operate on a honeycomb because ice crystals,
considered at the molecular level, are made up of water molecules arranged in hexagons."

But Griffeath and Gravner thought that "snowflake patterns from such rudimentary cellular
automata as being realistic." So they "have now used yet another variation on cellular
automata, known as a coupled-lattice ffidp, to model snowflakes. The approach avoids the
breakdowns that plague models based on partial differential equations, Griffeath says."

You can find images, movies and scientific papers on the Snowfakes. The images above have
been extracted from a technical paper called "Modeling Snow Crystal Growth III:
three-dimensional snowfakes" (PDF format, 40 pages, 9.59 MB). Be sure to read it because it
contains many other beautiful images of "snowfakes.'

Sources: UC Davis News, January 16, 2008; Peter Weiss, Science News, Volume 770, Number
26/27, December 23, 2006, Page 408; and various websites

You'll find related stories by following the links below.

o Mathematics
o Nature
o Science. Software

Roland Piquepaille lives in Paris, France, and he spent most of his career in software,
mainly for high performance computing and visualization companies. For disclosures
on Roland's industry affiliations, click here.
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Making snovvflakes or
They fall uncounted and
uncountable from the sky in

"snowfakes"? POSTED 31 JANUARY 2OO8

seemingly infinite variety: Each an
itty-bitty water crystal built around a
tiny nucleus of dust. The shape of
the snowflake may range from
blocky crystal to feathery star, all
dominated by the 60-degree bond
that water molecules make as they
freeze. Now we hear that a
computer model can simulate the
shape of snovrrflakes. Built on a
renewed understanding of how
snowflakes form, the new work
shows that Mother Nature still has a
few trick cards up her frosty sleeve

(above) A sandwich plate snowflake - er, snowfake, generated by computer. lmage:
G ravner-Griffeath Snowfakes

The Why Files talked about the nitty-gritty of snowflakes with David Griffeath,
professor of mathematics at University of Wisconsin-Madison, who worked on
snowflake simulation with Janko Gravner, a mathematician at the University of
California at Davis.

Click the still to make the snowfake (2.8 mb). Movie: @1Qgiftg![

The Why Files: There's a long history of studying
snowflakes...
David Griffeath: We are trying to emulate nature, but
there are questions remaining about how nature makes
snowflakes, too. The question of snowflakes has been
extremely intriguing to some in the high pantheon of
science for almost 400 years, including Johannes Kepler,
who first described the orbital motion of planets. They
noticed that snowflakes had this very complex structure,
but also a very elementary geometry and symmetry.
What was causing that? Back then, the short answer
was "God," and that remains very popular to this day.
maker, the intelligent designer, is taking time out to

design these little guys...
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Every snowflake tells own story
Nature can crank out millions a day - computer, just 1

By James Janega I TRIBUNE REPORTER
February 1,2(nB

On winter mornings like this one, most people have seen enough
snow.

But there are some who can't gel enough of it, from physicists who
study it to mathematicians plyingits sublimely symmetrical growth, to
Soldier Field maintenance men aiming snowmaking machines at sled
hills on days when snow clouds loom.

You could forgive folks around here for being more tired of snow. A
season of nickel-and-dime storms has dumped 26.7 inches of snow
on the region, at least a half-foot more than usual.
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Make A Snowflake
Create Your Own Snovyflake Online & Send To A
Friend - Try lt Today!
w.BetterHomesandcardens.mm

plates. Snow needles form alabout22 degrees.

Warmer air makes small dendrites again. Plates form in drier air. Damp air provides feathered
tendrlls.

Start with dust

Each snowflake starts as a mote of atmospheric dust. A few molecules of water glom on,
freeze, then sweep up more vapor as they float through the air. Something like a million
microscopic droplets hook on in every direction, creating a six-fold symmetry rooted in

And that was before the storm
Thursday.

"l'll be ready for spring, l'll just say
that," said National Weather Service
meteorologist Stephen Rodriguez, a
recent transplant to Chicago from
Kansas.

Still, to some people - scientists, say,
or those with indoor parking -
snovyflakes are beautiful and
mysterious, their secrets elusive. lt
took untiljust this winter, for instance,
to even write a computer program that
could accuralely make a picture of a
snowflake. For such a seemingly
simple shape, experts say, snowflakes
are confoundingly complex.

Scientists have studied snow crystals
for nearly 400 years but don't yet fully
understand why they form as they do.
The most penetrating insights into
snowflakes conclude only that they do
occur, and when certain kinds might
appear.

For those inclined to look, the past
week's roller-coasler temperatures
have been a kind of laboratory for
snowflake shapes.

The biggest, preftiest snowflakes -
with wide branching fingers called
dendrites and sectored hexagonal
plates - appear when it is humid and
the temperature is about 5 degrees.

Lower temperatures, say 20 degrees
below zero, create shapes like
minuscule columns and compact
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molecules. Like Velcro, the branching flakes clump together and fall in dusters.

The basic snowflake shape everyone pictures is the stellar dendrite, with six senated arms
that look like a kindergartner cut them from folded paper.

But observations show there are 34 more shapes, each distinct enough to earn a pla6e on a
widespread chart that serves as a periodic table for snowflakes.

They include solid columns and simple prisms, sheaths, scrolls on plates, triangular forms,
hollow columns, orps, capped columns, bullet rosettes, radiating plates, 12-branched stars,
simple needles, needle clusters, arrowhead twins, hollow plates, a mishmash of inegular
shapes and tiny nuggets called graupel.

No two are alike, scientists say, because no two are formed in precisely the same
atmospheric conditions.

As for the difference between real flakes and snow-machine ice crystals, machines blow out
tiny frozen water droplets - not snow at all.

The book on snowflakes

Ken Libbrecht, physics chairman at the Califomia lnstitute of Tecfinology, has devoted much
of nine years and four books to snow. He has created snowflakes in cfiilled boxes, described
their appearance and published more than 8,00O pictures of them, more or less as a hobby.
No one else will fund it.

His real job (meaning funded) is studying gravitational disturbances from supemovae and
amustic waves in the Sun. He has built magnetic traps for cesium atoms and pondered
aspects of physics weightier than the formation of snow crystals.

But Martha Stewart mentioned him on her television show in 2006 for writing his "Field Guide
to Snowflakes." Book profits underwrite his research on how ice crystals form, and he isn't
tired of doing it yet.

"The more you study it, the more you get completely amazed by water," Libbrecht said. "Even
though humans have watched ice grow since before recorded history, we still don't
understand how. lfs staring you right in the face, and we don't understand how it works."

Libbrecht is self-deprecating and careful, a mental repository for man's knowledge of snow
crystals. ln 2005, he wrote a paper on what has and hasn't been leamed, something like a
State of the Union address for snowflakes. lt cites 140 researchers on 1 1 7 papers dating to
the 1600s.

Snorvflake research

Among them are Johannes Kepler, who in 161 'l conectly traced the motion of the planets then
dashed off a treatise about snowflakes.

And Rene Descartes, who jofted down several kinds of snowflakes he'd seen in 1637 : the
same year he bridged algebra and geometry with an "x- and y-axis" coordinate system, and
uttered the famous words "l think, therefore I am."

Later interest in crystals for metallurgy made snow a hot topic in the 1980s. Libbrechts lab
work and photos in the late-l990s goaded others into still more research.

With Libbrechfs pictures as a guide, mathematicians Janko Gravner and David Grifieath got
aftention this winter by revealing they had a computer model that took basic weather inputs
and made convincing snowflake images from them. (The best previous models made things
that looked like sea urctins or fem fronds.) The program took them three years to perfect, and
each image takes a full day to make.

lf forced to choose a favorite, Gravner, of the University of Califomia-DaMs, points to Figure 4
in their formal paper.

Researcher's favorite Traffic

It looks like six feathers with nanow plates branching ofi midway to
describes it as a mathematician might. lt is a dendritic snowflake with
The dendrites extend out along well-defined ridges. lt embodies to him
tension as it chooses between forming wide plates or tiny wispy
shows the interplay between chaos and oder," he said.

"l'd think they were about the most beauliful thing I've ever seen,"
telephone inteMew from his office at the University of

Yes, they are compelling because they are so little understood,
they're beautiful as both art and science.

And yes, at this time of year, they're also nearly unavoidable.

With that, Griffeath said, he had to go home and shovel.
School card
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l4oranx Kennep, KorAa B cBoeM uJyrnhBoM

ABeHaAqaruKoHe'{Hyro cHexhHKy. Ao crx nop
aBeHaauaTHKoHer.{Haf cHexIHKa cqnTaeTct
6onuuofi peAKocrbro, TaK Ao KoHLla M HegcHo,
r4e u nptt KaKhx ycnoBngx oHa o6pasyercr.
Cvnraercn, qro cHexuHor c 4, 5 u B rpaunur,r
ue 6ureaer. a Bor c rpeMn yBHAeru uoxuo,

B 1665 ro4y Po6epr l-yr paccmarpuean
cHexuHKl4 yxe noA Ml4KpocKonoM, ocTaBrB
HaM cBor4 3apilcoBKr4. Ilepesre Sororpa$rn
cHexHoro Kpt4cranra noA Mr4KpocKonoM 6srntj
caenaHbr e 1885 roAy aMepuKaHcKl4M
@epuepou Yhncoxorl Eenrnn.
CQororpa$npoBaB 3a cooro xrl3Hb cBbtue nrrn Tbtceq cHexHbtx Kpt4crarnoB, oH
npl4ueJl K BblBoAy, qTo.cpeAh Hl4x HeT Hh oAHoro oAl4HaKoBoro. B 1931 roAy Bbluna
ero 3HaMeHr4Tae KHura "CuexHure xprcrannul". B 1932 ro4y Qraeux-nAepu.lxK
Vrcrxupo Harcahn, npo@eccop Ynueepoarera e Xorxaigo, eannnca Bbtpau{uBaHheM
HCKyCCTBeH H btx CHeXHbtX Kpl4CTannOB,'rTO nO3BOI t4no COCTaBUTb nepBylo
KnaccxQhKaquto cHexuHoK r,t BbtqBnrb 3aBt4c14Mocrb BerhquHbt r,r Qopruur erux
o6pasoeaxufi or reMneparypbr H BnaxHocrn Bo34yxa. B ropoge Kdra,
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onucann yxe uu TunoB KpucTanaoB.

Cnexusrn pacryr h3 nepeHacbru4eHHoro BoArHoro napa, npur{eM qeHTpaMr,r Kpl4crannHBaqr4r cnyxar nbrnr,iHKr,r, B3BeueHHble B
arMocoepe, r{acruqbt BynKaHr4qecKoro nenna, r4oHbr ra3a u r.4. floeepxHocrb pacryu.lero Kpxcranna - gro nonyxu+rcnit crofi, rc

KoropoMy MoneKynbr BoAbr Moryr KaK npucoe4uHrrbcg/ TaK h cHoBa orAenflTbcr or Hero. C 6onuuei BeponrHocrbro gTyr

MoneKylrbr 3aHnMaor Mecra Ha BorHfrbrx yqacrKax Kpr4crannr4qecrofi Qopuut, A nbAAHKu pa3MepoM Bcero B .qecsryrc Aono
MunnuMerpa yxe o6na4aor reKcaroHanuuoi per.uerrcofi, llprvnHa - B crpoeHxr MoneKynbt eo4ur H2O, Koropyro MoxHo
npeAcTaBhTb B BrAe TerpasApa (nrapaur4ur c rpeyronbHsrM ocHoBaHreu). B qeHrpe - aroM KhcflopoAa, B AByx BepuJxHax - no
aroMy BoAopoAa, BepHee, oro gApa BoAopoAa, nporoHbr, aneKTpoHbr Koropbrx sa4eftcrsoeausr e o6paaoeaHhh rcoeanexrHofi
cB93t4 C r(]4CflOpOAOM. ,{ee OCraeUluecfl BepuJl4Hbr 3aHilMaloT napbr BaneHTHbrx 3neKTpoHoB KHCnOpOAa, KOTOpbre He yqacTByror B
o6pa3oBaHr,u4 BHyrpl4MoneKyngpHbrx car'zeh, orqero hx Ha3brBator_ Heno4eneHHbruu. llpu B3a14MoAeficreru nporona o4nofi
MoneKynbr c napofi HenoAeneHHbrx aneKrpoHoB Kr4cnopo.qa gpyroi,r MoneKynbr Bo3HxKaer BoAopoAHafl cBr3b, MeHee npoqHas,
qeM BHyrpr4MofieKyn9pHafl cBfl3b, Ho TeM He MeHee AocTaToqHo Mor4Hafl Anc yAepxaHufl coceAHr4x MoneKyn noA cTporo
onpeAeneHHbtM14 yrnaMr4.

MoAenb, nocrpoeHHar TpaBHepoM r l-puQ$rrou, yqHrbrBaer MHoxecrBo roaQ$rquexroB 14 napaMerpoB - arMoc$epHoe
AaBfleHile, reMneparypy/ KoHqeHrpaqxo napoB u npoq, Bapaupyn orvr KoaQ$uqueurur (ro ecrb MeHfls HaqaflbHbre ycnoBr4e
o6pa3oBaHHe cuexrnor). rccneAoBarenu cytenla Bocnpoh3Becru AocraroqHo o6unpHbrfi peA ecrecrBennurx $opru cHexrHoK.
Buecro toro, vro6ut MoAenilpoBarb noBe.qeHr4e Kaxgofi MoneKynbr BoAbr, nporpaMMa npocro Aenxr npocrpaHcrBo Ha KnerKr4
nonepeqHuKoM B oAl4H Mr,iKpoMerp. MoAenrpoBaHue oAHofi cHexhHKn 3aHhMaer xa o6urqnou HacronbHoM KoMnbtorepe
npn6nusurenbHo cyrKr4,

Kar il e peanbHoM Mupe, KoMnbtorepHbre cHexhHKr4 c rau6oruuefi eeponruocrbo orpalqhBanu Arnd. A KnaccuqecKafl
uecrlrKoHeqHaq "ApeBoBr4Auafl" nnu nephfiar cHexxHKa poxAanacb orHocxrerbHo peAKo (rarxe, KaK B nphpoAuurx ycnoer,rex).
Boo6qe, B pr4cyHKax cHexr4HoK Bcrpeqaorcs nracrhHKl4, nhpaMHAbr, cton6vrn, hrnbr, crpeflbr, npocrbre u croxHbre
3ee3Aoq.Kvr.... l-paexep u Fptt$Srn cyuenn rarxe nonyqxrb HeKoropbre Heo6brqHbre HoBbte Qopr'rsr cHexHHoK, BpoAe
"buttedlake" (onrrs r,rrp-a cnoe) - ro ecrb noxoxue Ha rpex cKneeHHbrx Me4ay co6ofi.6a6oqerc. B npr,rpoAe no4o6u.ure Qoprusr ue
norBnsnrct ue-ea ceoeft hcKliloql4Teflbuofi xpynrocrH h HeycrofiqhBocrlr. Hexoropoil Heoxh.qaHHocrbro cran ror $arr, vro
KOMnbpTepHbre cHexnHKr4 cy-Menu o6pecrH l,1 gpKo BbrpaxeHHoe TpeTbe H3MepeHIe - noflBl4rr4cb cTpyKTypbr, pacryu{he MexAy
AByMfl nnacT/|{aMu.3ry oco6euuocTb cpeAh peanbHbrx cHexuHoK Ha6npAaTb AocTaToLrHo croxHo, oAHaKo npr oco6o AoToluHbtx
hccne4oBaHvtrx c y'-{acr,4eM 3neKTpoHHbrx M14KpocKonoB oHa rarxe 6erna yxe orMeqeHa,

Fpaeuep ufpn$$uu - gro, KoHeqHo, He eAnHcrBeHHbre yqeHbre, r4HTepecypulxecfl B Haue BpeMF cHexuHKaMr. Kexxer
4u66pexr-G(Sgg!!_tl!!.fgg!!) ua Kann$opxrficrcoro rexHonorhqecxoro uxcrrryra (California Institute of Technology, QgllggE,
llacaAeHa) TaKxe re8uIl cBoo paoory onhcaHhlo MoneKynflpHbrx npoqeccoB, cnocobcTByroull4x QopM14poBaHnlo cHexHbrx
KpHCTannoB H npr,rBoAflr{14x K pa3nr4lr14flM B QOpMe CHexHHOK. uH Hayqxncfl Bbrpaqr,lBaTb peaflbHbre cHexHHKl4 3aAaHHoro Trna.

hcroqHrlrlr:

- arXiv.org - math-ph
Portal Blog

Marccuu 6opucoe
Bepcur AIr neqaTh EI 18.O1.2O08 l8rOO

KoMMeHrapl,ln:41 Ao6asrru rour,rerrapnil r

Ctartr no reme :

- UC Davis News & Information

Ccunrn:

El' MareuarlKt,t Hayqrflncb
GO3AaBaTb OTneqaTK[ narbueB

OTneqarKh narbqeB Kpr,rMuHanhcrbr yxe
AaBHO npUBHKnU HCnOnb3OBaTb B t4HTepeCaX
cneplcrBufl, oAHaKo, KaK Hh cTpaHHo, yqeHbrM
Ao cilx nop 6urn uenourreu roHxperuuril
MexaHu3M $opr.rrpoeaxrr np[xornhabrx
fl anrrnqpHbrx nrurfi . Tenepu aMepr4KaHcKhe
MaTeMaTt4Kt4 CMOrnn BOCn pOh3BeCTh 3Tl4
crpyKTypbr c noMou{blo KoMnboTepHbrx
cvMYflAqAU.

Marccuu 6opucoB
13.10.2004

EF Mareuarlrrla Haurnrr uoByro
xgearbHyK, Oopuy

Cranarrrrur pacrfr 3a clier npocaqueaHhg
BOAbt CKBO3b rpeuilHbt, Uenh il nopbr B
cBoAax neqepbr. l4x Qopr.rur uorfr 6urru
BecbMa npfi xoTnHBblMl4, oAHaKo, KaK
BbtgcHf,eTcr, B ocHoBe KaxAoro TaKoro
o6pa:oearrr nexr4T oAHa H Ta xe
yHxKanbHag MareMarutrecKar $opuy,na,
onpeAennpqar ero rgearuryrc $opuy,

Maxcuu 6opucoB
18.12.2004

Ef "OrneqarKr EarbqeB" B He6e
Haurnr caoe o6uqcxeHr.re

Fpynna $nsnroa ony6nurcoaara crarbtor rAe
Aaercc o6rrgcHeHue [3BecrHoro c
no3anpouJroro aera $euoueHa, roropufi a
6yreanunou cMbtcre cnoBa HaxoAr4Tcg nepe4
HauJhMr4 Tna3aM[, HO AO CUX nop He
noEAaBancr yAoBreTBopilTenbHoMy
o6rscueunrc. Peqs rfler o nonrpu3aUru
cBera B AHeBHoM ue6e u o rex Qrrypax, wo
uoxuo sa6nrcAarb B norrph3aqroHHbrx
oqKax.

Marcnu 6opncoe
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Snokrystaller antar mange former - og alle er ulike. N& har man klart 6lage dem matematisk i
datamodeller ogsd:. ( Foto: DOUG LINDLEY, AP )

Slik skapes unike snokrystaller
Snofnuggets intrikate qg vakre symmetri har en egen evne til & pirre nysgferrigheten.
Hvorda"n"blir snokrystaliene til? "
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Klikk for storre bilde

SNOKRYSTALLENE

Se de datasimulerte snokrystallene her: psoup.math.wisc. edu/Snowfakes.htm

Lag din egen snofnuggfossil

Er du fsrst i gang med et mikroskop for I se pi snokrystallene, kan du ogs8' bevare dem ved
hjelp av litt superlim.

Du treng^er objektglass, dekkglqss og superlim av den tyntflytende typen. N6r du har kommet
deg ut, md glassene $oles ned sd de har samme temperatur som luften.

S& kan du samle snokrystaller pA et stykke papp, oglete etter et vakkert eksemplar. Du
plukker det opp med en malerpensel og legger det pd ett av objektglassene.

Si slipper du en dr8pe^ superlim pt snokrystallen, og legger dekkglasset over. Her mi du
v@re ganske forsiktig sa krystallen ikke skades. Putt dette i fryseren i en uke eller to, til limet
stivner.

Kilde: Tryggvi Emilsson/ Kenneth G. Libbrecht

Stud6r snokrystallene selv

Hvorfor ildre ta frem forstorrelsesglasset for & studere snofnuggene selv? Litt optikk kan
hjelpe mye, og det holder med et billig
forstorrelsesglass.

De vakryeste snofnuggene finnes ikke i alle snoby[Jer, men med litt t6lmodighet vil ett av dem
lande p& armen din. 

**

Litt mer avansertp snofnuggkikkere vil^ kanskje prove seg med et mikroskop. Du kan Ia
snsflakene lande pa et pqppstykke, og n{r du ser en interessant krystall, kan du lofte den opp
med en liten malerpensel og legge det pd objektglasset.

Det lsnner seg S lage en liten papirplattform & Iegge glasset p3, s5 krystatten ikke smelter i
varmen fra lysperen i mikroskopet.

Dersom snokrystallene er sm8, kan du la dem falle direkte p& objektglasset.
Kilde: Kenneth G. Libbrecht

Forskning. no

Denne artikkelen er produsert i samarbeid med Nordens stsrste nettsted om forskning. Les
mye mer om snokrystaller her: forskninq.no
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lavet ned fra himm?len. Titter duhermere pe det du skLffer vekk, kan detlende at du
glemmer hele jobben.

Datamodell.

Hvert enkelt snofnugg berer nemlig p& en sammensatt ffsikk som styrer iskrystallenes vekst
og uWikling under fors$ellige v@rforhold.

N3 har to amerikanske forskere laget en datamodell som leverer realistiske, tredimensjonale
snokrystaller, som de kaller "snowfakes".

- Det finnes ikke to snofnugg som e^r helt like, men de kan vrere veldig like, sierJanko
Gravner, professor i matematikk pd University of California Davis.

Forskning. no

Denne artikkelen er produsert i samarbeid med Nordens storste nettsted om
forskning. Les mye mer om snskrystaller her: fgIEB4!Eg@,

Naturen raskest.

Sammen med David Griffeath p5 U-niversity of Wisconsin-Madison har han_laget en
datamodell som bruker 24 tirier p3 5 lage "6n krystall, mens det kan skje p6 1"0 minutter der
ute i luften.

Snsflak vokser fra vanndamp rundt en eller annen slags partikkel i luften, for eksempel et lite
stovkorn.

Vannmolekylene i iskrystaller plasse-rer seg i et bestemt msnster, nemlig i sekskantede
prismer. Eri blyant er et eksenipel p& et veldig langt sekskantet prisme. "

Dette er grunnen til at alle snokrystaller har seks armer, og at vinkelen mellom to armer alltid
er 60 grader.

Vandrende vannmolelcyler.

N8r den fsrste lille vanndr6pen har krystallisert seg et sted, kanskje 20 kilometer oppe i
luften, kan den vokse og bli stgrre ved at vannmolekyler i luften rundt treffer overflaten og
fester seg.

Men vannmolekylene fester seg ikke akkurat der de treffer overflaten p3 krystallen. De
vandrer nemlig rundt til de fipner en plass de liker. Kanter og kroker gir for eksempel flere
bindinger til kiystallen enn p& en plari overflate. Slik blir det-en orden-i krystallens^overflate,
og det dannes en sekskant.



Symmetri

. Ved hoy luftfuktighet dannes s4okrystaller med meget kompli.ss4e arrnef. Ved lav
lufttuktighet voksdr krystallen s_6 salite at vannmolel{rlene o$s5 t5r tid til 6 feste seg midt pA
flatene. Dette gir prismelignende sngkrystaller uten anner.

De fleste snokrystallene er imidlertid ikke helt symmetriske.

Snofnuggsymme^trien kan }ikevel vere forbloffende. Hvorfor blir armene s& like? Tidlige
teorier gikk ut pd at de seks armene snakket med hverandre, men det har vitenskapen gStt
bort fra.

Snokrystallene er sm&. NAr et snsflak daler ned, kan det passere gjennor4luftlag med
forskjellig luftfulctighet og temperatur, men fordi det er lite, vil armene pA krystallen hele
tiden fole de samme forholdene, og vokse likt.

Soyler og n6ler.

Det klassiske snoflaket er flatt og stjernqformet, men det finnes ogs& mange snokrystaller som
er formet som lange soyler eller tynne ndler.

Dette henger sammen med at sidene p& den sekskantede snokrystallen har litt andre
ege:rskaper en_n toppen og bunnen. Vannmolekylene har forskjeillig evne til & feste seg p& de
to flatene, og dette forandrer seg med temperaturen.

Unike.

Snsen som daler, passerer gjennom ulike luftlag, og det er denne ferden som gjor at hver og
en av dem er fgrskjellige. Ingen av dem har vrert gj-ennom den samme reisen fia de ble danfiet
til de lander pA arriren?in.

Formen p5 snokrystalle! gjenspeiler alle mi[oforandringene den har vert g$ennom, og kan
faktisk fortelle mye om forholdene oppe i atmosferen.

Det finnes s3 mange forskjellige snokrystaller at det er utarbeidet et eget
klassifiseringssystem. I dag inneholder dette systemet B0 fors$ellige klasser av snokrystaller.

Gavner og Griffeath sammenlignet snofnuggene de genererte i datamaskinen med en samling
av 8000 fotografier av snokryslaller tatt av fusikeren Ken Libbrecht p6 California Institute of
Technology.

Datamodellen klarer fl reprodusere alle de BO klassene av snokrystaller, og selve
vekstprosessen i datamaskinen ligner snsflak som d5rrkes i Libbrechts laboratorium .

Nyttig studie.

Krystallvekst er en milliardindustri, og her er mye av dynamikken fplles med veksten av
snokrystaller. Mange metallegeringer krystalliserer pd lignende miter, og forskerne tror
simuleringsmetodene kan benyttes her.

- Faktisk er krystallene i sukkerpakken og bordsaltet ditt $emme blitt optimalisert gjennom
Iignende forskhing, sier Nilsen.

Innen nan-oteknologien er mange opptatt av hvordan kjemiske og biologiske prosesser kan
danne sm& st-ruktuIer av seg sdlv. il}-M har for eksemp-el allered6 benyftet denne typen
teknologi til & lage raskere 59 mer effektive databriklier.

Litt paradoksalt gr det kanskje at alle disse strukturene er unike i naturen, mens forskerne
som jobber med 5 bruke dem i industrien, helst vil lage produkter som er helt like.

Del p& Facebook Skriv utTips en venn Abonner p& Aftenposten

Ssk etter artikler, eller sok p& nettet med ffil
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Lille snofnugg
05.feb 2008 05:00
Avi Krlstin Straffisheim Grmll, Journallst

Snoflakets intrikate og vakre symmetri har en egen evne til A pirre
nysgjerrigheten. Hvordan blir snokrystallene til? Fortsatt forstir vi dem
ikke helt.

Svetten renner, ryggen verker, og du lar snsskuffa ploye ned i det hvite og

katde som har lavet ned fra himmelen. Titter du nErmere pi det du skuffer
vekk, kan det hende at du glemmer bort hele jobben.

Vi dekorerer vinteren med dem, som neon[ys eller papirfigurer, fordi vi
synes de er fine. Snokrystaltene har fascinert menneskene i uminnelige
tider, og i ftere hundre ir har forskere forsokt i forktare hvorfor de btir som

de btir.

Datamodell

Hvert enkett lite snqftak barer nemlig pi en sammensatt fysikk som styrer
iskrystatlenes vekt og utvikting i forskjettige varforhotd.

Ni har to amerikanske forskere laget en datamodelL som leverer reatistiske
tredimensjonale snokrysta[er, som de ka[[er "snowfakes".

*erffiffiffiffi
Et ssflak vok*r frem - i s datamodell.

Snoftakmodetlene har en lang historie. Bak dem ligger en undring over
naturens monster, og en soken etter enkte prinsipper som kan skape dem.

- Det finnes ikke to snsftak som er hett tike, men de kan vare vetdig [ike,
sier Janko Gravner, professor i matematikk ved University of Catifornia
Davis.

Sammen med David Griffeath ved University of Msconsin-Madison har han

laget en datamodett som bruker 24 timer pi i tage 6n krysta[l, mens det kan
skje pa 10 minutter der ute i tufta.

- Det de har gjort er utrotig vakkert, sier Ota Nilsen ved Kjemisk institutt ved
Universitetet i Osto. Han er opptatt av snokrystatter, men pi hobbybasis,
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Ni[sen pipeker at de amerikanske
forskerne har brukt en kjent
fremgangsmite, men at detatjniveet er
overtegent.

Tallet er seks

Snsflak voker fra vanndamp rundt en
elter annen stags partikkel i luften, for
ekempel et lite stovkorn.

Vannmolekytene i iskrystalter plasserer
seg i et bestemt monster, nemtig i
sekskantede prismer.

En btyant er et ekempet pa et vetdig
[angt sekkantet prisme.

Dette er grunnen til at a[te snskrystaUer
har seks armer, og at vinketen metlom to
armer at[tid er 60 grader. Nilsen er derfor
ikke spesiett imponert over formen pi
mange av snskrystatlene vi dekorerer
vinteren med.

Studer snokrystallene selv

Hvorfor ikke ta frem
f orstorretsesgtasset for i
studere snsflakene seM Litt
optikk kan hjetpe mye, og det
hotder med et bittig
forstorrelsesgtass.

De vakreste snsftakene finnes
ikke i atte snobyger, men med
titt Gtmodighet vit ett av dem
lande pA armen din.

Litt mer avanserte
snoftakkikkere vi[ kanskje prove
seg med et mikroskop. Du kan [a
snuftakene lande pi et
pappstykke, og nAr du ser en
interessant krystatl, kan du lofte
den opp med en Liten

matepensel og tegge det pi
objektgtasset.

Denne srokrystatltr er dyrket frfl i
labonbriet til Kenneth G, LibbKht
ved Caltsh.

Se snoflaket vokse

Ved i fotge denne tenken kan du
selv se sngftaket over voke
frem i taboratoriet.

Kitdei (sneth G. Libbr€ht

som han sier setv. Egenttig jobber han med tynne filmer, og hvordan bygge
materiater opp atomlag for atomlag.

- ls som system viser nesten atle vekstmekanismer i ett og samme materiate.
Dette gir en stor frihet og variasjon. Snokrystaltene er fantastisk forskjeltige,
sier han.

ffiffi.m"
:.rlrirt:i: :,::: {lB r4ffi & ik{{rya4J
forkning.no har mottatt L erlct
for GldDdign i samarbeid med

ffi
[ffl:x"["fl]#Ji:fr"

- Disney bruker nesten bare ittetattige Det lonner seg i lage en liten
snokrystatter. Pi Kart Johans gate i Osto papirptattform i legge gtasset

og Gardermoen ftyptass finnei du bare pi, sA krystatten ikke smelter i
femarmede snokrystatter. Pi Tveita har varmen fra tyspara i
dekorasjonene fem armer pi forsiden, og mikroskopet'

itte armer pi baksiden. Hett utrotig! ri", Duoo, snokrystattene er smi,han' 
kan du ta dem falte direkte pi

Vandrende vannmolekyler objektgtasset.

Nir den fgrste [i[te vanndripen har Kitde: Kenneth G Libbrecht

krystaltisert seg et sted kanskje 20
kitometer oppe i lufta, kan den vokse og bti stsrre ved at vannmotekyter i
tufta rundt treffer overftaten og fester seg.

Vannmolekylene fester seg imidtertid ikke akkurat der de treffer overflaten
pi krystatten. De vandrer nemlig rundt tit de finner en ptass de Liker. Kanter
og kroker gir for eksempe[ ftere bindinger tit krystatten enn pi en plan
overflate. Stik btir det en orden i krystatlens overftate, og det dannes en
sekskant.

Men hvordan oppstir stjerneformen? En krystatt som vokser, bruker opp
vannmotekytene i de nErmeste omgivelsene. Hjornene pe krystatten stikker
atttid tengst ut og far da bedre titgang pi vannmotekyter enn resten av
krystatlen. Hjomene voker derfor raskere, og danner etter hvert krystaltens
arTner.

Armene har ogsi hjorner, som i sin tur vil voke
raskere enn ftatene, og dermed dannes
forgreninger pi krystatlarmene nAr forholdene
tigger tit rette for det.

Symmetri

Ved hoy tuftfuktighet dannes snokrystatter med
meget komptiserte armer. Ved lav luftfuktighet
vokser krystatlen si sakte, at vannmolekylene
ogsi fir tid tit i feste seg midt pi flatene.
Dette gir prismetignende snskrystatler uten
armer.

Nir vi lager dekorasjoner med snokrystatlform, er de som regel symmetriske.
De fleste snokrystatlene er imidtertid ikke hett symmetriske.

- Det er de symmetriske krystaltene yi
samter pA, fordi det er de vi synes er
pene, sier Nitsen.

Snoftaksymmetrien kan likevel vare
forbtoffende. Hvorfor btir armene si [ike?
Tidtige teorier gikk ut pi at de seks

armene snakket med hverandre, men
dette har vitenskapen gitt bort fra.

Snskrystat[ene er smi. Nir et snsftak daler ned, kan det passere gjennom
tufttag med forskjettig tuftfuktighet og temperatur, men fordi det er [ite, vi[
armene pi krystatten hete tiden fste de samme forhotdene, og vokse [ikt.



Soyler og niler

Det klassiske snoftaket er flatt og stjerneformet, men det finnes ogsi mange
snakrystatler som er formet som tange soyter etter tynne niter.

Dette henger sammen med at sidene pi den sekskantede snokrystatten har
litt andre egenskaper enn toppen og bunnen. Vannmolekytene har forskjetlig
evne tit e feste seg pi de to ftatene, og dette forandrer seg med
temperaturen.

Her kan du !e hvilke typer snoflak em danffi ved foFkietlig tmpentur og luftfukighet. (Foto: Kenndh
G. Litirtrht)

Fra 0 ti[ minus 4, og fra minus 10 til omtrent minus 25 grader celsius, er det
lettere for yannmotekytene a feste seg pi sideftatene enn pa toppen og
bunnen. Under stike forhold dannes det attsi plater.

Ved andre temperaturer foretrekker vannmotekylene topp- og bunnflatene,
og det dannes soyleformede snokrystatter.

Unike

Snsen som dater vi[ passere gjennom utike
luftlag, og det er denne ferden som gJor at hver
og en av dem er forskjettige.

lngen av dem har vErt gjernom den samme
reisen fra de bte dannet til de lander pe armen
din.

Formen pi snskrystatten $enspeiter atle
mitjoforandringene den har vart gjennom, og
kan faktisk fortetle mye om forholdene oppe i
atmosfaren.

I forbindelse med Polariret, har den
amerikanske romfartsorganisasjonen Nasa satt i
gang G[oba[ Snowflake Network.

Den som onsker det kan registrere formen pi snsftakene som fatter i
naromredet, og sende informasjonen inn tit Nasa via nettet. lnformasjonen
kan bidra tit i spore snovaret globalt.

Dsne inndellngs i 80 fock ettige typer $okrystaller, er h6tet f6 E. R. Lachapeths FGtd Guide to Snd
cryrtats fa 1 969,

Det finnes sa mange forskjettige snokrystalter, at det er utarbeidet et eget

Nar vi tfikea pe wkrystatts, sr vi
dem *ieme for 6 srmretdske,
srmefmede. Her er et par nAbr,
m faktlsk s fl il de vanligste typene
snskryst.tler. (Foto: Kerneti G,
Libbrtrtt)
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ktassifiseringssystem. I dag innehotder dette systemet 80 forskjettige
snokrystaltktasser.

Forenkling

I en enkelt snokrystall kan det vare opp tit en mittiard mi[iarder
vannmolekyter. Det er mer enn hva modettene kan ktare i dag.

- Det er for mange tit at vi kan spore hvert av dem, sa vi har gjort en
tilnarming og de[t rommet opp i mikroskopiske klumper pi noen fi
mikometer, sier Gravner.

- For en matematiker er sngf[akene en Lag en snoflakfossil
vetdig interessant utfordring, siden de
ikke [an modeueres ved i riig" t*"'t lglf-:-t]-c-"111* *
enkelt vannmotelqyt, og den tradisjonette 'iL'9tl:f, l:|. ":" 

p"

titnerminsen innen rysikken h;;;;;i;-t;'' :n'k'v'Yl!:nu,-9n 
du ogsi

sler nan. bevare dem ved hjetp av titt
supertim.

Gavner og Griffeath sammentiqnet
snortakene de genererre r oatJmiimnen 91,:::if,.^:bj*]gt*t
med en samlins av 8 000 rotogi"ii"ii"' fq99::r supertim av den

snokrystatter tatt av rysit<eren tien- :Ii!ftvt:i9: tvpen' Nir du har

Libbrecht ved catifornia tnstituil'of kommet deg.ut, mi gtassene

Technotogy. lqotes ned sa de har samme
temperatur som luften.

Datamodetten ktarer 6 reprodusere a[[e de
80 forskjettige klassene av snokrysta[er,
og selve vekstprosessen i datamaskinen
ligner snoftak som dyrkes i Libbrechts
[aboratorium.

Likevel skjonner ikke forskerne seg helt
pi sammenhengen meltom varforhotdene
ute i virketigheten, og parameterne de
har lagt inn i sin egen datamodell.

- Dette overrasker meg ikke. Verden
utenfor modeUen inneholder ogsi
forurensninger som kan bidra stort tit
vektmekanismene, sier Nilsen.

Skjonnheten og nytten

Selv om det er tett i forsti hvordan
snokrystatlenes vesen i seg setv kan sette i gang utforskingstrangen hos en
forsker, kan det ogsi komme noe nyttig ut av denne forskningen.

Krystattvekt er en mittiardindustri, og her er mye av dynamikken fettes med
vekten av snskrystatter. ilange metatt-tegeringer krysta[[iserer pi tignende
mater, og forskeme tror simuteringsmetodene kan benyttes her.

- Faktisk har krystatlene i sukkerpakka og bordsattet ditt hjemme btitt
optimalisert gjennom tignende forskning, sier Nilsen.

lnnen nanoteknotogien er det mange som er opptatt av hvordan kjemiske og
biotogiske prosesser kan danne smi strukturer av seg setv. IBM har for
ekempet atterede benyttet denne typen teknotogi tit A tage raskere og mer
effektive databrikker.

Litt paradokatt er det kanskje at atle disse strukturene er unike i naturen,
mens forskerne som jobber med i bruke dem i industrien, hetst vit tage
produkter som er hett tike.

Det smre datag$ererte snoftaket, i to foEkjettlge fremstlttinge.. (Foto: Janko Grawer og David
Griffeath)

Ti[ tross for nytteverdien, er det nok fsrst og fremst forskerens fascinasjon
som driver denne typen grunnforskning.

- Snsftakene er setvfotgetig fascinerende objekter, siden en stor variasjon i
form resutterer fra re[ativt enkle undertiggende prinsipper, Slike
forbindelser har atttid opptatt matematikere, sier Gavner.

- Jeg er interessert i snokrystalter mest fordi de er pene. Jeg har den samme
fascinasjonen for tivlgse materiater som gror, som andre har for btomster

SA kan du samte snokrystatler pi
et stykke papp, og lete etter et
vakkert eksempLar. Du ptukker
det opp med en malerpensel og
tegger det pa ett av
objektgtassene.

Si stipper du en dripe supertim
pi snokrystalten, og [egger
dekkgtasset over. Her mi du
vare ganske foBiktig sa
krystatten ikke skades. Putt
dette i fryseren i en uke etler
to, tit limet stivner.

Kitde: Tryggvi Emitsgn/Kenneth G. Libbrecht
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