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Johannes Kepler 15€1630
Astronoom mathematicus

G lalivays happens, when it
beginsto snow, that the first particles
of snow adopt the shape of small,
sixcornered stars.

Theremust be a particular cause;

for if it happened by chance,

why would they always fall with six
corners, and not with five,di S gSy
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He first became interested snow crystals
as a teenager ohis family farm. He tried
to draw what he saw through an

old microscope.

Thesnowflakes were too complér

record before they melted, so he attached
acamera toa compound microscope and,
after much experimentation,
photographed his first snowflake on
January 15, 1885

Hewould capture more than 5,000 images
of crystals in his lifetime. Each crystal was
caught on alackboard andransferred
rapidly toa microscope sliddzven

at subzerotemperatures, snowflakes

are ephemeralbecause thewgublime.
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Table 1,

Meteorological classification of snow crystals
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Table 1. (continued)
Names 1;,}2?9
— 1. Column with — a, Column with plates 16
plane crystals b. Column with dendrites 16
at both ends — c. Multiple capped column 16
CP Combination—| 2. Bullet with — a . Bullet with plates 17
of column ‘plane crystals | — b. Bullet with dendrites 17
nd plane — a. Stellar crystal with needles 18
rystals — 3. Plane crystal b. Stellar crystal with golumns 18
with spatial c . Stellar crystal with scrolls 18
extensions at at ends
ends — d. Plate with scrolls at ends 18
— 1. Side planes 19
$ Columnar 2. Scalehke side 19
crystal with — lanes
extended — 3. Combination of side 19
side planes planes, bullets and
columns
— a. Rimed needle crystal 20
— 1. Rimed crystal b.. Rimed columnar crystal 20
¢. Rimed plate or sector 21
— d. Rimed stellar crystal 21
. L. — @. Densely rimed plate or sector 22
R Rimed 2. Densely rimed b. Densely rimed stellar crystal 22
crystal crysta — ¢ . Stellar ¢rystal with rimed 22
(crystal with — spatial branches
cloud — a . Graupellike snow of hexagonal 23
droplets 3. Graupellike type
attached) SIOW b. Graupellike snow of lump type 23
-~ ¢ . Graupellike snow with 23
R g nonrimed extensions
— a . Hexagonal graupel 24
R I %"’ — 4. Graupel i b. Lump graupet pe 24
— ¢ . Conelike graupel 24
— 1. Ice particle 25
2. Rimed particle 25
I Irregular ~— 3. Broken piece — a. Broken branch 25
snow crystal from a crystal |— b. Rimed borken branch 25
n l— 4. Miscellaneous 25
- — 1. Minute column 26
%@ 2. Germ of skelton 26
form
G Germ of snow 3. Minute hexagonal 26
crystal (ice — plate
crystal) 4. Minute stellar 27
crystal
5. Minute assemblage 27
of plates
— 6. Irregular germ 27



Snow crystal classification system of Magono-Lee

Nla
Elementary needle

Cif
Hollow column

P2b
Stellar with
sectorlike ends

P6b
Plate with
spatial dendrites

o 8

CP3d
Plate with
scrolls at ends

R3c
Graupel-like with
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N1b
Bundle of
elementary needles

Clg
Solid thick plate

P2c
Dendrite with
plates at ends
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spatial plates

S1
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R4a
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Nle
Elementary sheath

Clh
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P2d
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Combination of Sector plate Three branches
long solid columns
Cla Plc P3c
Pyramid Broad branch Four branches
Clb P1d P4a
% Cup Stellar Broad branch
¢ with 12 branches
Cle P1 P4b
n % ¢ % Dendrite
VAS Cld PIf P5
l Hollow bullet Fernlike dendrite Malformed crystal
Ly
Cle P2a ' P6a 1
Stellar with Plate with

spatial branches
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CP3c
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CPl1b SRR Rle 3a
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Multiclz lcca ed i !3b
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CP2a RZa. R 14
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CP2b R2b ﬂ Gl
Bullet Denscly rimed Minute column
with dendrites stellar G2
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Stellar Stellar with rimed ) G3
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CP3b R3a * G4
Stellar Graupel-like SNOW Minute stellar
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of lump type




If you were waiting for someone to fix the classification,
well wait no more: we now have a new classification
scheme that includes all of these and more.

Thenew system has not one, but three types of sRow
crystal aggregate (snowflakes), which are given the
aeyoz2f a!é O0F2NJFIAINBIAFUS
aLISENKSIFR ONraulf oaevozf
ONEalUFIf o0&aevyozf dahd2dbtanched !l
crystals (P5e and P5f). In all, the new system has added
41 new types. In one big graphic, here is the new system



New 2013 KKHY Global Snow Classification

The architects of this new
classification scheme
publishedthis tablein
summer2013.

Therewere four authors (K.
Kikuchi, T. Kameda, K. Higucl
and A. Yamashita), making it
harder to name the system
after the originators, but
hopefully their names will
become known, just as
Magonol YR [ SSQa
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Stellar Dendrites

These are the most recognizable snow crystals, as you can see fra@axatmglesTheir
name comes from their steshaped appearance, along with their branches and
sidebrancheg"dendrite" means tredike). Stellar dendrites are also quite large and
common, so they are readily spotted on your sleeve, especially if you are wearing a da
fabric. The best specimens usually appear when the weather is quite-aiddut-15C.



A Columnar snow crystatsainbe quite common. They are small and easy to
miss, however, as they look like small bits of white hair on your sleeve
Especially long, slender columnar crystals are often called needle crystals.
"Hollow columns" have conical hollow regions in both ends, as shown in
the drawing and several of the exampl€olumnar snow crystals appear
when the temperature is around C



They are not common, but they are actugetty easy to find if you go looking for
them.
A capped column forms when it travels through different temperatures as it grows.

First a column forms (arouné C),and then plates grow on the ends of the columns
(around-15C).



s, Sl " .
“. Fernhke Stellar Dendrites

These crystals are like Stellar Dendrites (above), but larger and leafier, with many
sidebrancheshat resemble the branches of a fern. If you look carefully, you will see
that the sidebranchesnostly run parallel to their neighboring branches. You will also
see that these crystals are not perfectly symmetrical. Jidebranche®n one arm

are not the same as those on the other branches.

These are also the largest snow crystals, and specimens up to 5mm in diameter can k
found. Growth temperature around15 C



Thesetiny snow crystals look like sparking dust in the sunlight, which is where they ge
their name. They are the smallest snow crystals; many are no larger than the diamete
of a human hair. The basic ice crystal shape is thathefkagonal prism.

Theyare most often seen in bitter cold weather.



Triangular Crystals

It appears thaberodynamicaéffects help produce these unusual snow
crystals. They are typically small, shaped like truncated triangles. Sometime
branches sprout from the six corners, yielding an unusual symmetry



Rimed Snowflakes and Graupe

Snow crystals grow inside clouds made of water droplets. Often a snow
crystal will collide with some water droplets, which freeze onto the ice. These
droplets are calledime. A snow crystal might have no rime, a few rime
droplets, quite a few, and sometimes the crystals are completely covered witt
rime. Blobs of rime are callegtaupel or soft halil.



2, Twelvebranched Snowflakes

If two small sixbranched snow crystals collide in rad, they might stick together and
grow into a twelvebranched snowflake. You might think such ideal collisions would be
rare, but twelvebranchersare actually not too hard to find if you keep an eye out for

them
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Free molecule

Molecule inice

As we see it
in the ring

Fig. 3. Electrical forces between the hydrogens and lone-pairs (dashed blue) force the water into a
hexagonal ring A) and slightly widen the opening angle of the water molecule to 106.6° (a perfect
tetrahedron would have 109.5%) B). At the bottom of B), the molecule has rotated up towards us such

that the angle now appears to be about 120°.



Molecular structure controls the properties of ice e.g.
— 6-sided snowflakes due to hexagonal structure

— Lower density than water due to its open structure so ice floats

Crystaline structure Arows show |
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(2} In the sobd state, water ®) In the qusd state, there e c) n the gaseous state, there
exsts 35 ice, and there e some hycrogen bonds. are nO hydrogen bonds, and
hydrogen bonds Detween
all water moleCuies.



Fig. 4. How rings link together in the hexagonal plane. Not all rings have the same water molecule
orientations. Rings in the planes directly above and below line up perfectly, being linked at hydrogens
or lone-pairs either directly on top (shown here) of every other oxygen or directly below (not shown).



sNo

surhlu.

Fig. 5. Why six faces, 120° apart, occur. Crystal faces #1-6 (red dashed lines) cross each surface
ring at only one molecule (see arrow, face #2). If instead face #6' formed (green dashed line), in which
two molecules per ring contact the surface, then molecules A and B would soon join the face, causing

#6' to vanish and #5 and #6 to form.



Hexagonaalvaarom

A B ..... C " D
izt € .
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Fig. 1. Inside the surfaces of a simple hexagonal snow crystal (A). Dashed red lines in B) mark the
crystal surface. The tiny arrows in C) show the same hydrogen atom in both the top view (top) and
front view (bottom). Oxygen atoms are black, hydrogens are red, and lighter colors indicate further
away.















http:// www.edinformatics.com/interac
tive molecules/ice.htm

A http://www.nyu.edu/pages/mathmol/txtbk2/
md_wat.htm



http://www.edinformatics.com/interactive_molecules/ice.htm
http://www.edinformatics.com/interactive_molecules/ice.htm
http://www.edinformatics.com/interactive_molecules/ice.htm
http://www.nyu.edu/pages/mathmol/txtbk2/md_wat.htm
http://www.nyu.edu/pages/mathmol/txtbk2/md_wat.htm

Fig. 6. A tiny six-sided prism grows wide and thin. sprouts branches, and maintains a remarkable
degree of symmetry, allowing us to really notice its six-sided nature. Why do these things happen?




Kristalvorming

¢ Nucleation around a dust particle

.

F : 5
. Grows to hexagonal prism, since smooth facets grow

/ most slowly

Simple plate unstable as crystal grows larger ... corners
sprout arms

3 Crystal moves to different temperature ... plates
grow on arms

Crystal moves through many different temperaftures ...
each change causes new growth behavior on arms

Complex history 2> Complex crystal shape
Each arm experiences same history > Symmetry
No two paths similar 2 No two alike




TRANSITION IN TEMPERATURE
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Magono and Lee diagram showing the temperature and moisture profile conducive to specific crystal
type. Note the “sweet spot” for crystal formation in the temperature range between -10°C and -20°C.

Magono, C., and C. W. Lee. “Meteorological Classification of Natural Snow Crystals™. Journal of the
Faculty of Science, Hokkaido University, Ser. VIl ( Geophysics), Il, No 4 (November 1966), 321-35.
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A 1) Snow crystal formation changes rather dramatically with temperatutt@n plate-
like crystals appear at temperatures nearC, slender columns grow neaé C, large
thin plates grow nearl5 C, and one can find either plates or columns at lower

temperatures.

2) Snow crystals grow into simpler forms when the humidity is low and the crystals
grow slowly. More complex, branched forms appear when the humidity is high and the

crystals grow rapidly.



Higher Humidity —

Columns and Plates
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A Crystal growth mushave started growing at temperatures ne&rC,
forming acolumnarcrystal. Then the wind carried it to colder
temperatures, so thin plates grew on the ends of the columns.
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Theshape of each crystal is not determined by any plan or predetermin
design, but by differenprocessesghat govern its growth behavior.

Faceting One such process is faceting, which causes flat surfaces to ar
on the crystal, surfaces that reflect the underlying molecular symmetry.
Click on the link to read more about faceting.

Branching This process causes complex structures to grow out from the

SharpeningThis process pushes the crystal growth to thin, flat plates, o
slender, hollow columns.

The different growth processes guide snow crystal growth differently.
Faceting creates order, as embodied by the simple, perfect, hexagonal
prism. Branching brings chaos, as embodied by the randomly spaced
sidebranchesn a fernlike stellar dendrite. But with the right mix of order
and chaos, nature sometimes creates beautiful snow crystals that are
complex and symmetrical.


http://www.snowcrystals.com/faceting/faceting.html
http://www.snowcrystals.com/branching/branching.html
http://www.snowcrystals.com/sharpening/sharpening.html

Faceteringsnelleen langzamegroel




f Natural Facets
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especially well to rough spots on the surface, where there are lots of available chemic:

surface and stick, but some stick more readily than others. The water molecules stick
bonds. They stick less well to smooth areas with fewer bonds.

Facetsappear on snow crystals as they grow. Water molecules in the air strike the crys:

As a result, the smooth surfaces accumulate material more slowly than rough surfaces

rough parts soon fill in, leaving just the smooth, faceted surfaces.






