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Johannes Kepler 1571 –1630  

Astronoom mathematicus 

“It always happens, when it  
begins to snow, that the first particles  
of snow adopt the shape of small,  
six-cornered stars.  
 
There must be a particular cause;  
for if it happened by chance,  
why would they always fall with six 
corners, and not with five, or seven?” 



He first became interested in snow crystals 
as a teenager on his family farm. He tried 
to draw what he saw through an 
old microscope.  

The snowflakes were too complex to 
record before they melted, so he attached 
a camera to a compound microscope and, 
after much experimentation, 
photographed his first snowflake on 
January 15, 1885. 

He would capture more than 5,000 images 
of crystals in his lifetime. Each crystal was 
caught on a blackboard and transferred 
rapidly to a microscope slide. Even 
at subzero temperatures, snowflakes 
are ephemeral because they sublime. 

 





 

1931 



Kristallografie 
 

Indeling  
Habitus 



Goldschmidt: 17 bladzijden! 

 



 





 



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.  

The new system has not one, but three types of snow-
crystal aggregate (snowflakes), which are given the 
symbol “A” (for aggregate). There is also four types of 
spearhead crystal (symbol “CP8”), five types of seagull 
crystal (symbol “CP9”), and both the 18- and 24-branched 
crystals (P5e and P5f). In all, the new system has added 
41 new types. In one big graphic, here is the new system:  



The architects of this new 
classification scheme 
published this table in 
summer 2013.  
 
There were four authors (K. 
Kikuchi, T. Kameda, K. Higuchi, 
and A. Yamashita), making it 
harder to name the system 
after the originators, but 
hopefully their names will 
become known, just as 
Magono and Lee’s have.  



 



Hetzelfde kristal: Licht- en Scanning Electronenmicroscoop (SEM) 
 



 



 





 



Stellar Dendrites 

 
These are the most recognizable snow crystals, as you can see from the examples. Their 
name comes from their star-shaped appearance, along with their branches and 
sidebranches ("dendrite" means tree-like). Stellar dendrites are also quite large and 
common, so they are readily spotted on your sleeve, especially if you are wearing a dark 
fabric. The best specimens usually appear when the weather is quite cold -- about -15 C.   



Columns and Needles 

• Columnar snow crystals can be 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 examples. Columnar snow crystals appear 
when the temperature is around -6 C  



Capped Columns 

They are not common, but they are actually pretty 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 (around -6 C), and then plates grow on the ends of the columns 
(around -15 C).  



Fernlike Stellar Dendrites 

These crystals are like Stellar Dendrites (above), but larger and leafier, with many 
sidebranches that resemble the branches of a fern. If you look carefully, you will see 
that the sidebranches mostly run parallel to their neighboring branches. You will also 
see that these crystals are not perfectly symmetrical. The sidebranches on 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 be 
found. Growth temperature around -15 C 



Diamond Dust Crystals 

These tiny snow crystals look like sparking dust in the sunlight, which is where they get 
their name. They are the smallest snow crystals; many are no larger than the diameter 
of a human hair. The basic ice crystal shape is that of a hexagonal prism. 
 
They are most often seen in bitter cold weather.  
 



Triangular Crystals 

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



Rimed Snowflakes and Graupel 

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 called rime. A snow crystal might have no rime, a few rime 
droplets, quite a few, and sometimes the crystals are completely covered with 
rime. Blobs of rime are called graupel, or soft hail. 



Twelve-branched Snowflakes 

If two small six-branched snow crystals collide in mid-air, they might stick together and 
grow into a twelve-branched snowflake. You might think such ideal collisions would be 
rare, but twelve-branchers are actually not too hard to find if you keep an eye out for 
them 
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http://www.edinformatics.com/interac
tive_molecules/ice.htm 

 
• http://www.nyu.edu/pages/mathmol/txtbk2/

md_wat.htm 
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Kristalvorming 



 



 



 



Nakaya 
Diagram 

• 1) Snow crystal formation changes rather dramatically with temperature -- thin plate-
like crystals appear at temperatures near -2 C , slender columns grow near -6 C , large 
thin plates grow near -15 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. 



• Crystal growth must have started growing at temperatures near -6 C , 
forming a columnar crystal. Then the wind carried it to colder 
temperatures, so thin plates grew on the ends of the columns.  
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 The shape of each crystal is not determined by any plan or predetermined 
design, but by different processes that govern its growth behavior.  
 
Faceting. One such process is faceting, which causes flat surfaces to appear 
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 ice.  

 
Sharpening. This process pushes the crystal growth to thin, flat plates, or 
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 
sidebranches in a fernlike stellar dendrite. But with the right mix of order 
and chaos, nature sometimes creates beautiful snow crystals that are both 
complex and symmetrical. 

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


Facetering snelle en langzame groei 

 



The Origin of Natural Facets 

Facets appear on snow crystals as they grow. Water molecules in the air strike the crystal 
surface and stick, but some stick more readily than others. The water molecules stick 
especially well to rough spots on the surface, where there are lots of available chemical 
bonds. They stick less well to smooth areas with fewer bonds.  
 
As a result, the smooth surfaces accumulate material more slowly than rough surfaces. The 
rough parts soon fill in, leaving just the smooth, faceted surfaces. 



 



Branching instability 

 

Higher humidity means faster growth, and the branching instability is enhanced when growth is 
rapid. For the fastest growing crystals (fernlike stellar dendrites), the branching becomes 
essentially chaotic in nature, with sidebranches appearing somewhat randomly along the main 
branches.  

http://www.snowcrystals.com/guide/guide.html
http://www.snowcrystals.com/branching/branching.html


• The Origin of Branching 
 
The six corners of a snow crystal grow a bit faster because they stick out farther into the humid air, 
causing branches to sprout. As the crystal grows larger, the same effect causes sidebranches to 
sprout from the faceted corners of each branch. This process is responsible for the complex shapes 
of snow crystals. 
 
Branching is an example of a growth instability. The corners of a hexagonal plate stick out a bit, so 
they grow a bit faster, causing them to stick out even farther, causing them to grow even faster.  
 
As a general rule, faceting dominates when snow crystals are small, or when they grow slowly. 
Larger, faster growing crystals become branched 

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


Why thin plates or slender columns, 
depending on temperature? 

 

• The sharpening instability plays a role in this, 
but this instability is itself not well 
understood. In the final analysis, the growth 
morphologies depend on the detailed 
molecular structure and dynamics of the 
different ice surfaces, and surface physics is 
complicated. 

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


Flakes: Thin and Flat 

But why around 6oC 
only needles and 
columns? 

Snowflake  side view 



Sharpening Instability 

Part of the answer to this question lies in an edge-sharpening growth 
instability. the growth of a faceted surface depends on the width of the facet. 
When last molecular terrace is less than 100 molecules wide (roughly), it 
becomes especially easy for molecules to attach to the top of the terrace. 



Experimental work going on 

• Column 



 





 



 



Crystal growth and humidity 

 



In this case of the dry moat, Wegener suggested that an ice crystal within a cloud of droplets would grow at the expense of the 
droplets, and this process would lead to large crystals that later precipitate. In the 1930s, Tor Bergeron expanded upon Wegener’s 
mechanism, showing how the process would lead to rain. This rain-production mechanism is thought to produce most of the rain 
in midlatitudes.  



• Further observations of the dry moats has other applications to snow crystal growth in clouds. For example, the shape of 
the moat tells us how the water vapor gets distributed around a growing crystal. The distribution of vapor, in turn, influences 
the crystal shape and growth rate. Notice in the image below how the ends of the column-shaped crystal lie closer to the 
droplets. Indeed, the ends have grown into the droplet region. This means that the faster-growing points of a crystal can 
grow into regions of higher humidity. By growing into regions of higher humidity, they can grow even faster. This effect 
largely explains why the familiar snow-crystal star is the fastest-growing natural snow crystal. In second place lies the long, 
thin columns and needles 







• ice\1aMonoMovie.mp4 
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a1   440Hz 

e2  660 Hz; 52 mm 



Voetstappen in  de sneeuw 

- 15o                -10o                   - 5o               0o C 

 

Smeltkurve sneeuw 
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Reflections from Ice Crystals 

The 22-degree halo is a result of reflections from faceted ice crystals. If 
the crystals look like simple hexagonal prisms, then not all reflection 
angles are equally likely. The math is not simple, but it turns out that 
the most likely reflection angle is 22 degrees.  
 
The quality of the halo depends on the quality of the ice crystals. 
Nicely faceted crystals give good halos, while more gloppy crystals give 
lousy halos.  
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Thuis aan de slag: Muziek en kristallen 

Masaru Emoto 



Thuis aan de slag 

 



Superglue replica’s 

 



Maak zelf kristalreplica’s 

• 1) Go outside with some glass microscope slides, cover slips, and superglue (not the gel kind; it should be thin and 
watery).  Cover the slides and cover slips until they become as cold as the surrounding air.   
2) Let snow crystals fall onto a cardboard collection board, and scan around with a magnifier to find an attractive 
specimen.  Carefully pick the crystal up using a small artist's paintbrush and place it on one of the slides. 
3) Place a drop of cold superglue on the crystal, and drop a cover slip on top.  Be careful not to melt or otherwise 
damage the snow crystal in the process. 
4) Leave the slide outside or in your freezer for a week or two until the glue hardens. 
 

• Dissolve one gram of Formvar (polyvinyl acetal resin) in 100 milliliters of ethylene dichloride to make about a 1 
percent solution of the plastic.  According to Mason [3], best results are obtained when the Formvar solution is 
dehydrated by shaking it up with calcium chloride or phosphorus pentoxide to remove the dissolved water, which 
otherwise will come out when the solution is chilled and form spurious ice crystals.   Also, it is particularly 
important to use a solution of the right strength.  If it is too viscous, it will not fill small crevices on the crystals; if it 
is too thin, the solution will not form a thick enough layer.   Good replicas of natural snow crystals may be 
obtained with a 1-3 percent solution.  For crystals less than 0.1 mm in diameter, a 0.1 percent solution can be 
used. Once you have the solution, use it much like the superglue described above. 

  
• Acrylic Replicas   Another method uses clear acrylic spray paint, which is readily available in hardware stores. The 

spray is especially effective for replicating windowpane frost and similar ice structures. The (cold) spray must be 
applied lightly, since the solvent in the spray can dissolve the ice if too much liquid is present.  The best procedure 
is to pre-coat the glass slide with the plastic film, place snow crystals on it, and then spray the surface again until 
the surface is moist.   The image at right is from Walter Tape [4], and was obtained by spraying over a crystal that 
was placed on a glass slide 
 



No Two 
Snowflakes  

the Same 


