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 It is extremely improbable that anyone  
has as yet found, or, indeed, ever will find,  

the one preeminently beautiful and 
symmetrical snow crystal that nature has 

probably fashioned when in  
her most artistic mood. 

– Wilson Bentley, 
The Vermonter, 1922 

     
Snowflake photography has much in common 
with other forms of nature photography; it 
requires an artistic eye, some suitable optical 
gear, and a compelling desire to just go out 
there and take some pictures. The activity 
presents its own unique challenges as well, in 
that snow crystals are small, somewhat fragile, 
prone to evaporation and melting, and – as if 
that weren’t enough – they need to be handled 
outside in the cold. As a semi-professional 
snowflake photographer for many years, I have 
managed to pick up a few tricks and techniques 

regarding lighting, handling, equipment, and 
other considerations that matter out in the 
field. Moreover, I have studied the subject 
fairly extensively and have tried to learn from 
other prominent snowflake photographers as 
well. When you take a deep dive into the 
subject, there are a substantial number of 
rather subtle issues involved in capturing 
quality images of these tiny slivers of ice. In this 
chapter, I attempt to document what I have 
learned about snowflake photography, in the 
hope that others can continue developing this 
fascinating craft. 
 In my experience, three factors are of 
primary importance in snowflake photography: 
finding suitable subjects, using quality 
equipment, and developing a solid technique, 
especially regarding lighting. If any one of these 
factors is sufficiently lacking, the quality of the 
resulting photographs will suffer. Patience is a 
virtue as well, along with an artistic eye and a 
willingness to try different approaches. And, as 
with all types of nature photography, success 
sometimes requires just being in the right place 
at the right time. 
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Facing page: Freshly fallen snow crystals 
perched on a branch of eastern hemlock in 
Vermont. Photo by Martha Macy. 
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11.1 Finding Snowflakes 
Perhaps the most common difficulty one 
encounters in snowflake photography is simply 
a dearth of quality subjects. One cannot 
control what the clouds are producing, and not 
every snowfall brings superb crystals. As I 
described in Chapter 10, the most common 
bits of frozen precipitation are best classified as 
“irregular” or “rimed” (see Figure 10.3), and 
these are undoubtedly the least photogenic of 
all snow-crystal types. Crystals from more-
desirable categories can be quite difficult to 
find, and they are usually mixed in with a 
sizable number of irregular specimens. The 
first step in snowflake photography, therefore, 
is learning how to find nice specimens. 

To begin, proper snowflake photography 
can only be done with freshly fallen crystals. 
Once the flakes hit the ground, they will stick 
together and soon metamorphose into clumps 
of crystals with much changed morphologies. 
The character of ground snow is of 
considerable interest to skiers and people 
studying avalanches, but that takes us outside 
the scope of this book. Moreover, hoarfrost 
crystals can also be amazingly beautiful, and 
they too make worthy photographic subjects. 
But if you want to photograph snow crystals in 
all their glory, you have to catch them before 
they hit the ground. 
 The optimal strategy for photographing 
snowflakes will depend on what kinds of 
crystals are falling. When it begins to snow, my 
first step is to leave the camera behind and just 
go outside to have a look. My preferred tools 
at this point are a sheet of dark-blue foam-core 
cardboard and a small magnifier like the one 
shown in Figure 11.1. The foam-core provides 
a smooth matte surface that makes it easier to 
spot nice crystals, and the magnifier is handy 
for evaluating the quality of the crystals. 
 It is not unusual to observe a lot of small, 
grainy, gloppy, rimed, and generally 
undesirable crystals at this point; my generic 
name for this is “granular” snow, because the 
crystals look like small icy grains of sand. As 
described in Chapter 10, this type of snow 

offers little appeal for snowflake photography. 
If there is nothing falling from the clouds but 
granular snow, then one’s best option is 
probably just to go back inside and try again 
later. Wishing there was something better to 
photograph is not especially helpful. 
 I find it important, however, not to give up 
too quickly. Even when there is a lot of 
granular snow all around, there might be some 
interesting crystals in the mix. Moreover, some 
of the rare and quite captivating crystal types 
are usually quite small, and I like to photograph 
those almost as much as the canonical stellar 
variety. Capturing the full menagerie of snow 
crystal types is a worthwhile and often 
fascinating activity in its own right. 

One useful trick I have learned is to hold 
the foam-core out under a bright light, perhaps 
a streetlight or a yard light that is essentially a 
single point of bright illumination from a 
distance. By moving the foam-core around 
under such sharp lighting, even small faceted 
ice surfaces will sparkle clearly, making them 
easier to spot when surrounded by unfaceted 
granular snow. As a general rule of thumb, if I 
can see some sparkle on the board, then there 
is a reasonable chance that some interesting 
crystals are present. 

If the snow has been falling for a while, and 
it happens to be dark outside, another trick is 
to just look out a window and view the 
reflection of a bright streetlight off a nearby 
snowbank. Pure granular snow, especially 

Figure 11.1: An inexpensive fold-up magnifier, 
or loupe, is a convenient tool for appraising the 
overall quality of falling snow crystals. A 
magnification of 4X or 5X is about right, as this 
provides a reasonable amount of detail with a 
fairly wide field of view.  



444 
 

heavily rimed snow, has little or no sparkle, and 
this gives a snowbank a flat, white appearance. 
A snowbank that shows some sparkle, on the 
other hand, suggests that there are some nice, 
faceted crystals falling. 

It is also important to keep watch on the 
crystals throughout a snowfall, even when it 
appears that there will be little of interest to see. 
The character of the falling crystals can change 
dramatically with time, and you can miss some 
great pictures if you are not sufficiently 
diligent. There have been times when, as I was 
outside photographing, some exceptional 
crystals appeared only briefly, for perhaps 10-
20 minutes. Granular snow does not usually 
change to great snow that quickly, so I typically 
check the crystals every 30 minutes or so. I 
have witnessed many snowfalls that started out 
as granular glop, then improved somewhat, 
then improved more, and then delivered some 
excellent photographic subjects for an hour or 
two, only to go back to granular snow as the 
snowfall waned. Like all other aspects of 
weather, snow crystal production can be highly 
variable and quite unpredictable. 

I should also point out that snowflake 
photography is often best done at night. Partly 
that is simply because the nights are long in the 
winter, especially at high latitudes. As one 
ventures farther north in the dead of winter, 
working in the dark becomes a matter of 
statistical necessity, as the daylight hours are so 
short. Also, the temperature is typically lower 
at night, and lower temperatures are desirable 
at most locations. So a dedicated snowflake 
photographer can expect to spend long hours 
outside, alone, in the cold and dark. I suppose 
the hobby is not for everyone, but it does 
satisfy one’s hermit-like tendencies. 
 
Weather & Climate 
In principle, one could use the morphology 
diagram to predict what kinds of snow crystals 
fall in different weather conditions, and this 
works to some extent. For example, like most 
snowflake photographers, I am always keen to 
find large stellar crystals, and these occur 

almost exclusively when the temperature is 
near -15 C. More precisely, because the 
temperature is usually slightly higher on the 
ground than up in the clouds, around -13 C is 
close to an ideal ground temperature for 
finding good specimens. However, the weather 
is not as predictable as that sounds; in reality, 
well-formed stellar crystals might be found 
anywhere from -10 C to -20 C. But the 
probability falls off substantially outside that 
temperature range. 
 Warmer snowfalls often bring a great 
variety of snow-crystal types, including 
columnar crystals near -5 C, or perhaps capped 
columns and other exotic forms, as described 
in Chapter 10. These crystals tend to be on the 
small side, however, and they are nearly always 
accompanied by lots of granular snow. As I 
describe below, working a warmer snowfall is 
best done with high magnification and a 
different collection strategy compared with 
stellar crystals. But small can be beautiful, and 
I have captured many excellent photographs of 
unusual snow crystals in relatively warm (above 
-10 C) conditions. 
 While temperature is the most important 
parameter for predicting snow-crystal types, 
many other factors will influence quality. For 
example, wind can be quite detrimental, as the 
crystals can get beaten up by mid-air collisions. 
A heavy snowfall is not ideal for the same 
reason. From my experience, the best 
specimens can usually be found during calm, 
cold, light snowfalls, providing just a steady 
dusting of crystals drifting slowly downward. 
 Another meteorological phenomenon I 
have come to appreciate is low-hanging clouds. 
When the clouds are high in the sky, a 
kilometer or more above the ground, that 
usually yields what I call “travel-worn” 
snowflakes. The problem is that the crystals 
stop growing once they leave the clouds, and 
they can experience quite a bit of sublimation 
as they slowly descend. This rounds the faceted 
corners and yields somewhat shabby-looking 
crystals. When I see snow falling from 
especially high clouds, I know that finding 
extraordinary specimens will be unlikely. 
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 I should stress, however, that 
while it can be relatively easy to 
predict low-quality snow crystals 
from the weather conditions, 
predicting high-quality crystals is 
almost impossible. I have 
experienced some snowfalls that 
checked off all the boxes for great 
crystals, yet brought nothing but 
granular snow. Moreover, often 
granular snow gives way to 
beautiful stellar crystals, or vice 
versa, with no obvious change in 
weather conditions. It is certainly 
true that hollow columns and 
needles generally form only 
around -5 C, and large stellar plates 
are restricted to around -15 C; but 
there is not much one can reliably say beyond 
that. The atmosphere is not a precisely 
controlled laboratory environment, so it is 
impossible to predict exactly what kinds of 
crystals will appear, at least not with any real 
accuracy. For the snowflake photographer, this 
means that waiting and watching are simply 
part of the process. 
 That being said, I have been especially 
attentive when it comes to finding the best 
conditions for observing large stellar crystals, 
as these are such a delight to photograph. As a 
concrete example, Figure 11.2 shows a photo I 
took during a “perfect storm” that lasted about 
eight hours and gave me some of my best 
snowflake photographs. Looking back on the 
day, I noted several beneficial characteristics of 
the weather: 
1) The temperature had hovered around -13 C 

all day, which is the ideal temperature for 
finding stellar crystals. 

2) It snowed lightly all day, so the crystals did 
not much interfere with one another in the 
clouds, or on my collection board.  

3) There was essentially no wind all day. 
4) The clouds were hanging low in the sky, 

barely above ground level, so the crystals 
continued growing during most of their 
descent, yielding sharply faceted crystals. 

5) The clouds were thin and patchy, so the 
varying conditions resulted in a good deal of 
morphological diversity in the falling 
crystals. 

Even at a good location, one might encounter 
a high-quality snowfall like this maybe a few 
times during a winter season. As I mentioned 
above, some degree of patience is essential in 
snowflake photography. 
 
Location Matters 
Quality snowflakes can appear anywhere, as 
long as the temperature and other weather 
conditions are favorable. Location is a factor 
only because the probability of experiencing 
such conditions varies from place to place. 
Being a snowflake photographer who happens 
to live in Southern California, I have tried to 
find locations that maximize the probability of 
finding high-quality snow crystals, especially 
large stellar dendrites, and I have studied this 
problem quite a bit over the years. 
 Temperature is the most important factor, 
as I mentioned above. One of my favorite 
locations is the small town of Cochrane, 
Ontario, where the average January 
temperature is -18 C and the average daily high 
is -12 C. This means that the probability of 
finding stellar crystals is reasonably high on 

Figure 11.2: The scene during a near-perfect storm for snow-
crystal photography, taken by the author in Cochrane, Ontario. 
On rare occasions, the meteorological conditions seem to 
conspire to create the most beautiful snow crystal forms. 
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average, notably in the daytime when being 
outside is most pleasant. The average January 
precipitation is a respectable 3.5 cm (water 
equivalent), and this arrives in frequent, light 
snowfalls. Wind speeds are generally low as 
well (7 mph), and overall I have found 
Cochrane to be an excellent location for 
photographing snowflakes. Many time zones 
away, the town of Kiruna, Sweden has 
comparable average conditions, and I have 
found some excellent crystals there also. 
 One noteworthy characteristic of both 
Cochrane and Kiruna is that residential roads 
in January are almost always covered with 
packed snow, as illustrated in Figure 11.3. This 
is a good sign for snowflake photography, as it 
tends to indicate consistent low temperatures 
(as the snow does not melt) and plenty of 
falling snow. 
 My hometown of Fargo, North Dakota, 
provides a good example where a low average 
temperature is not the only parameter to 
consider. The average January temperature in 
Fargo is -13 C, which sounds good; but the 
average precipitation is only 0.7 cm, and the 
brisk winds can be quite incessant. Snowfalls 
are somewhat infrequent, and much of the 
winter precipitation comes during intense 

blizzards. Although Fargo has a favorable 
average temperature, it is not an ideal 
location for snowflake photography. 

Ukichiro Nakaya lived in Sapporo, 
Japan, where the January average is a balmy 
-4 C, although conditions are better in 
nearby Asahikawa at -8 C. The January 
precipitation tops an impressive 10 cm 
water equivalent, with typically calm winds, 
so there is certainly no shortage of snow. 
Central Hokkaido is also well-known as an 
excellent location for snowflake 
photography, as evidenced by Nakaya, 
Katsuhiro Kikuchi, Yoshinori Furukawa, 
and others from that region. 

Another good case-study is Barrie, 
Ontario, which is home to noted snowflake 
photographer Don Komarechka. The 
average January temperature in Barrie is -8 
C, and the average low is -12 C, so overall I 

would rate this location as being a bit on the 
warm side. Nevertheless, Don has taken some 
of the world’s best snowflake photographs in 
Barrie, so the site is obviously working for him. 
It helps that it snows a lot, bringing 4 cm on 
average in January, and the average wind is not 
too bad (9 mph). 

Moscow is worthy of consideration also, as 
this location is the home of Alexey Kljatov, 
another renowned snowflake photographer. 
Here the average January temperature is -8 C 
with an average snowfall of 4 cm, and Moscow 
can boast a remarkably low average wind speed 
(3 mph).  
 Wilson Bentley, the founding father of 
snowflake photography, made his home in 
Jericho, Vermont, where the January average is 
-7 C, although this number was a bit lower in 
the 1880s. The precipitation and wind speeds 
are also both suitable, and Vermont remains a 
prime location for snowflake photography. 
 The climate data indicate that Barrie, 
Moscow, and Jericho are all quite similar in 
average January conditions, so certainly that 
says something regarding the availability of 
quality snow crystals. Personally, I would rate 
Cochrane a bit higher, with its colder average 
temperatures, but the statistics are thin all 

Figure 11.3: Roads packed with accumulated snow 
often indicate a good location for snow-crystal 
photography. In Kiruna, Sweden, shown here, some 
exercise-conscious residents use sleds for their grocery 
shopping, using the snow-packed roads to good 
advantage. Photo by the author. 
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around; even the best locations 
deliver exceptionally well-formed 
crystals only rarely. Note also that the 
population density drops off rapidly 
with the average winter temperature. 
I suspect that slightly warmer 
conditions yield more snowflake 
photographers simply because so few 
people live in colder regions. Details 
notwithstanding, snowflake 
photography is a craft best practiced 
near the cold edges of human 
civilization. 
 Other than average weather 
conditions, there does not seem to be 
anything special about any of these 
locations; there is no “magic” behind 
producing quality snowflakes, other 
than the fact that favorable weather 
conditions are more likely in some 
places than others. I have never been 
especially fond of mountain 
locations, mainly because of generally 
high winds, and high temperatures 
are problematic in most highly 
populated areas. 

If you happen to live in a place that 
experiences sufficiently cold winters with 
plenty of snow, then you will likely find some 
excellent snow crystals if you look for them. 
The best way to find out is simply to go outside 
with a simple magnifier to have a look for 
yourself, preferably sampling multiple 
snowfalls at multiple times, as not every storm 
brings exceptionally photogenic crystals. If you 
like what you see, and you are willing to spend 
some time outside in the cold, then you might 
well enjoy snowflake photography. 
 
Handling Snowflakes 
When I am photographing snowflakes, the 
handling technique I use depends on whether 
the interesting crystals are larger or smaller 
than about 2 millimeters. With larger 
specimens, I let the crystals fall onto a foam-
core collection board, with the result looking 
something like what is shown in Figure 11.4. 

Especially photogenic specimens are rare, so a 
large foam-core collection board gives one a lot 
of crystals to look over, and the eye is 
remarkably adept at noticing especially nice 
crystals in a field of mostly granular snow. In 
Figure 11.4, I would say that over one percent 
of the crystals are reasonably well formed, and 
that is considered a pretty good yield. The 
overall average yield is much lower than one 
percent, as many snowfalls bring nothing but 
granular glop. With maybe a thousand 
snowflakes on the board (which is just a 
modest 32x32 array of crystals), one can scan 
around and find the best of the bunch in a 
minute or so, thus delivering a one-in-a-
thousand snow crystal to photograph. With a 
quick brush of one’s sleeve, the board is cleared 
for another round. Scanning over a board like 
this every few minutes, before long one can 
capture some exceptionally photogenic, one-
in-a-million specimens. 
 

Figure 11.4: A collection of freshly fallen snowflakes on a 
dark-blue foam-core collection board. The glow in the upper 
right comes from a bright lamp shining down on the crystals, 
producing strong reflections from smooth faceted surfaces. 
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 When I spot what looks like a promising 
candidate on my collection board, I next pick 
it up using a small paintbrush and transfer it 
from the board to a glass microscope slide. 
This works surprisingly well, as the fine bristles 
will lift a typical stellar snow crystal with hardly 
any damage, at least most of the time. Best is 
to gently roll the bristles under the crystal, 
lifting it in the process. Of course, some 
breakage in handling is to be expected, and 
Figure 11.5 shows one example. A worse 
problem, in my experience, is carefully lifting a 
highly promising specimen onto the brush and 
then poof, a slight gust of wind sends it flying 
off, gone forever. 
 A glass microscope slide is certainly not the 
only destination for placing a snow crystal, and 
one might want to frame a photo in any 
number of ways. Regardless of how you want 
to proceed, a large foam-core surface and a 
small paintbrush can be used to scan through a 
large number of snowflakes quickly, thus 
allowing one to choose the nicest specimens. If 
you want to photograph rare crystals, including 
large, well-formed stellar crystals, then it is 
essential to scan over as much falling snow as 
possible. 
 Another secret to photographing exquisite 
crystals is to move fast. A good snowfall will 
not last forever, so it pays to capture as many 
crystals as possible while the clouds are being 
generous. Scan the collection board, find a 
subject, pick it up, place in on a slide, put it 
under the microscope, adjust the lighting, and 
take the shot … repeat. On a good day, I can 
do a crystal every minute or two this way, thus 
achieving a fairly large throughput. I have 
never met a photographer who managed to get 

terrific pictures with every single shot; taking 
lots of pictures is essential for yielding a much 
smaller number of outstanding photos. 
 Another good reason to hurry is to avoid 
sublimation. Figure 11.6 shows a nice example 
of a small stellar crystal that slowly evaporated 
away as it sat in the bright lights of my 
microscope. Figure 11.7 shows a further 
example of a snow crystal that melted as it was 
being photographed. Melting is mostly a 

Figure 11.5: A fine paintbrush works quite well for 
picking up and placing snow crystals, but damage 
is not uncommon. I broke this snow crystal when 
I tried to pick it up and move it onto a glass slide, 
losing a plate-like branch in the process.  

Figure 11.6: (Below) This snow crystal 
experienced quite a lot of sublimation during 
the two minutes that elapsed between the first 
photo and the last. You can see how the finer 
structural features on the crystal extremities 
are the usually first to disappear during 
sublimation. 
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problem only when the temperature is close to 
0 C, and sublimation is not a huge issue at 
temperatures near -15 C. Nevertheless, speed 
is a virtue when photographing snowflakes. 
  Although I am partial to a foam-core 
collection board and glass slides, this is by no 
means the only approach to snow-crystal 
photography. Many practitioners prefer to let 
the crystals fall onto some kind of dark-
colored, wooly fabric for direct point-and-
shoot photography, as illustrated in Figure 
11.8. Nice looking specimens are often 
supported by a single cloth fiber, and the tangle 

of neighboring fibers provide an interesting 
backdrop for the photo. No collection board is 
needed when the crystals fall directly onto a 
piece of fabric, but searching through large 
numbers of specimens will be somewhat 
slower using this technique.   

As I describe further below, my foam-core 
and glass-slide approach appeals to my science 
side, as it gives exceptional clarity and 
resolution, revealing find details in the crystals. 
But Alexey Kljatov’s point-and-shoot 
technique is wonderfully pleasing from the 
artistic side, yielding a more natural view of 
these tiny slivers of ice. There are many 
different ways to photograph snow crystals! 
 
Granular Gems 
Although photographing large, well-formed 
stellar snow crystals can yield some spectacular 
results, I have obtained many excellent pictures 

while focusing on small specimens, 
typically around 1-2 mm in size or even 
smaller. Many of the exotic snow-crystal 
varieties described in Chapter 10 are 
invariably quite small, and these tiny gems 
are worth pursuing. However, recording 
the full menagerie of snow-crystal types 
requires different techniques to find and 
photograph falling snow in this regime.  
 One big change when working with 
small crystals is that it is no longer possible 

Figure 11.7: This series of photos shows a snow 
crystal melting, with just 27 seconds elapsed 
between the first and last image. The 
temperature was just below 0 C during this 
series, illustrating how challenging it can be to 
photograph snow crystals at such warm 
temperatures.  

Figure 11.8: (Left) A snow crystal 
supported by the fibers of a dark fabric, 
photographed by Alexey Kljatov in 
Moscow. Note how the out-of-focus fibers 
provide a pleasing background that adds a 
sense of depth and scale to the photo. 
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to scan over a collection board to pick out 
promising specimens with the naked eye, at 
least not effectively. The crystals usually must 
be placed under a microscope just to see what 
you have. Although this sounds like something 
of a painstaking process, it is actually quite 
simple and enjoyable, and it can yield some 
remarkably interesting photos even when the 
clouds seem to be delivering little more than 
granular snow. 
 The technique I like best is to lay out a set 
of glass microscope slides to catch the falling 
snow, and then just pick one up and look it 
over under my photo-microscope. If a crystal 
looks worthy of a photograph, I focus, adjust 
the lighting, and take the shot. If I find nothing 
worthwhile on the slide, I clean it off, set it 
back out to catch more snow, and pick up 
another slide to scan. Cycling through a half-
dozen slides usually works quite well, allowing 
each slide to accumulate a new dusting of snow 
while one is looking through the others. I 
support the slides on a pair of knife-edge 
“rails” (made from tape) to keep them elevated. 
This keeps the bottoms of the slides clean and 
free of snow. 
 If the clouds are being unkind, nearly all the 
falling snow may consist of gloppy, granular, or 
rimed crystals, so at those times there is little 
one can do but try again later. Small hexagonal 
plates can usually be found even in quite 
retched conditions, but there are only so many 
photos one can take of those forms, as they all 
look pretty much the same. Surprisingly often, 
however, if one has some patience, there are 
interesting crystals waiting to be found in the 
mix, at least from time to time. Most of the 
photos of the smaller exotic crystals described 
near the end of Chapter 10 were taken by 
scanning over hundreds of glass slides when 
there were no large stellar plates to be had. 
 
11.2 Optics and Lenses 
There are many equipment options available 
for photographing snowflakes, depending on 
the image quality you seek and how much 
money you are willing to spend. At the low end, 

a smartphone with a $10 clip-on macro lens 
can yield some reasonably nice snowflake 
photos; not super-sharp, but good enough to 
capture the overall shape of stellar crystals, 
including some surface detail. Many people 
have been experimenting with this simplest 
form of snowflake photography, and a quick 
web search will yield many examples. This is a 
fine approach for getting started, just to see 
what kinds of crystals nature has to offer in 
your part of the world. 
 A next step up, if you already own some 
camera equipment, is to use a “reversed lens” 
at the end of an extension tube to make a 
relatively inexpensive macro lens. This 
technique is discussed in considerable detail on 
various photo blogs and websites, so again a 
web search will provide much more 
information than I care to write down here. By 
my estimation, a reversed-lens macro system 
can achieve an optical resolution of perhaps 
10-20 microns, or even better if done with care 
using a high-quality lens. This is sufficient to 
take some excellent snowflake photos, and no 
one has demonstrated this better than Alexey 
Kljatov, who has captured many stunning 
snow-crystal photographs using a reversed-
lens system. With quality crystals, an artistic 
eye, and some patience and effort, this 
technique can yield outstanding photos 
without spending a lot of money on fancy 
optical gear. 
 Given the scientific nature of this book, my 
main focus here will be on achieving 
exceptionally high optical resolution, with the 
overarching goal of revealing the finest details 
in snow-crystal structure, especially with 
smaller specimens. Obtaining resolutions of 2-
5 microns is not an inexpensive undertaking, 
but the exceptional photos that result take one 
to a whole new level in snowflake 
photography. This kind of professional-grade 
hobby is clearly not for everyone, but such is 
the nature of this book. 
 To begin, it has been my experience that 
the choice of camera sensor is not especially 
important in snowflake photography. There 
are many high-quality, reasonably priced 
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camera bodies on the market with sensors in 
the 20- to 30-megapixel range, and most would 
work well in this application. Sensors with 
larger physical dimensions tend to be better 
than smaller sensors, other things being equal, 
and the lens requirements are somewhat 
relaxed with a larger sensor as well; but this 
detail is probably not terribly important. As 
long as you have a reasonably modern digital 
camera, the imaging sensor will likely not be 
the limiting factor in obtaining quality 
photographs. 
 It is necessary to have at least two pixels for 
each real resolution element, so the optimal 
camera field-of-view is one that is matched to 
the optical resolution of the lens (described 
below). For example, if one wants to achieve a 
2-µm optical resolution, the camera field-of-
view should have about 1 µm/pixel. Put 
another way, a two-micron feature on the 
object snow crystal should image onto two 
sensor pixels, regardless of the actual physical 
size of the sensor pixels. Oversampling the 
image just wastes camera real estate, while 
undersampling will compromise the optical 
resolution. A 20-megapixel sensor imaged to 
produce 1 µm/pixel will give about a 4x5 
millimeter field of view, and already this is 
larger than most snow crystals. If the physical 
size of the sensor pixels is 5 µm, which is 
typical for many cameras, this means that the 
lens should provide 5X magnification.   

This exercise shows that a 100-megapixel 
sensor would not yield substantially better 
snowflake photos than a 20-megapixel sensor. 
A larger field-of-view is of little use, as very few 
snowflakes would fill it, and more pixels per 
micron would not help either, because the 
optical resolution of the lens is what usually 
limits the photo, as is described below. 
Occasionally one encounters a really huge 
crystal, and a field of view larger than 4x5 mm 
would be handy. But those situations are rare, 
and it is straightforward to just take two or 
more photos and stitch them together digitally 
in post-processing. When you consider the full 
parameter space, the camera is usually not the 

limiting factor for achieving high-quality 
snowflake photos. 
 While the choice of camera is not so 
important, the choice of lens is quite critical, 
especially when the goal is to obtain the highest 
possible resolution. Because resolution is of 
central importance in this chapter, I will use 
resolution as a starting point in the discussion 
of lens options. The usual definition of optical 
resolution (a.k.a. resolving power) is about 
what you would expect – the distance between 
two point-like objects that can just barely be 
resolved in an image. In practice, this means 
that a resolution of 2 µm will allow you to 
clearly distinguish features that are separated 
by at least 4 µm. Features that are 2 µm apart 
would be “barely resolved”, which usually 
means they are almost completely blurred 
together, so not easily distinguished. Of course, 
one can provide a proper mathematical 
definition of resolution, but this rule-of-thumb 
is adequate for the present discussion. 

In the case of snow crystals, the smallest 
structural features are about one micron in size, 
and this is a real physical limit imposed by 
surface tension and the Gibbs-Thomson effect 
(see Chapter 2). Any significant surface 
structure (like a rib, ridge, or sharp edge) that is 
substantially smaller than one micron would 
have such a high vapor pressure that it would 
soon sublimate away unless under extreme 
environmental conditions. Thus, unlike with 
most solid objects, one does not observe ever 
more detail in snow crystal structure by 
observing with ever higher resolution. There 
just isn’t much to see beyond a resolution of 
about 1 µm. This is why electron microscope 
images do not generally reveal more structural 
details than optical images, as discussed in 
Chapter 6.  

In my personal experience photographing 
snow crystals, I have found that using a lens 
with 2-micron resolution yields noticeably 
better photos than a lens with 4-micron 
resolution; the edges are crisper and overall the 
image has a sharper appearance. This can be 
seen fairly easily in side-by-side comparisons of 
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a single snow crystal. Put into more-typical 
photographic language, I would say that a 4-
micron-resolution lens yields a noticeably 
“softer” snowflake image than a 2-micron-
resolution lens. This may sound obvious, but 
using a 1-micron-resolution lens generally does 
not yield substantially higher-quality images 
than a 2-micron-resolution lens, at least not 
when looking at snowflakes. Depth-of-focus is 
one reason for this (discussed below), but the 
main reason is simply that there are few 
additional structures to be seen in snow crystals 
at super-high resolution. The take-away 
message is that one gains little by going beyond 
using a 2-micron-resolution lens when 
photographing snow crystals. That has been 
my experience anyway. 
 
Macro and Micro Lenses 
In terms of overall resolution, snowflake 
photography falls roughly between the usual 
regimes of macro photography and full-blown 
microscopy. Macro lens tend to yield 
resolutions in the 5- to 20-micron range, and a 
few exceptional lenses can do a bit better. 
Unfortunately, the optical resolution of most 
macro lenses is not listed in their specification 
sheets, even though high resolution is pretty 
much the main reason one purchases a macro 
lens. I have limited experience with the broad 
range of macro lenses that are available, but my 
experience has been that a 5-micron-resolution 
lens is quite good, and photography reviewers 
will speak of its bitingly sharp images. And it 
will cost around $1000. A 10-micron lens will 
likely cost less, but it will be reviewed as only 
okay, yielding somewhat “softer” images in 
high-resolution tests, lacking in their finer 
details.  

For example, I have done some testing 
with the Canon MP-E 65mm lens, which is 
something of a high-resolution macro stalwart, 
well reviewed by many macro photographers. 
When set to its highest-resolution setting (5X), 
I measured an overall resolution of about 4 
microns using this lens (discussed below). I 
imagine others have made similar 

measurements, but I have not found much 
resolution data online, neither from the 
manufacturer or lens reviewers. The world of 
macro photography is generally not a very 
quantitative place, and that can make it difficult 
to know what you are buying. It is hard to 
know what to make of adjectives like “soft” or 
“bitingly sharp”. 
 In contrast, microscope objectives 
invariably list resolving power (resolution), 
numerical aperture, working distance, and 
depth of focus as part of their specs. These 
numbers can still be deceptive, as they refer 
only to on-axis viewing, and inexpensive 
microscope objectives can have dreadful 
optical quality even with supposedly good 
specs. However, for most reputable 
manufacturers (Zeiss, Olympus, Mitutoyo, 
etc.), the specifications provide a fairly reliable 
assessment of the quality of their objectives. In 
this respect, it is generally easier to purchase a 
quality microscope objective of known 
performance than a high-resolution macro 
lens, and microscope objectives are usually 
somewhat cheaper as well. 
 While most people equate microscope 
objectives with full-blown (and expensive) 
microscopes, Figure 11.9 shows how a simple 
microscope objective can be turned into a DIY 
photo-microscope. This configuration is 
identical to the usual reversed-lens setup, just 
replacing the reversed lens with a higher quality 
microscope objective.  

The biggest drawback with this layout is 
scattered light, which sends unwanted light 
onto the camera sensor. Fortunately, this 
problem can often be ameliorated by carefully 
covering the inside of the extension tube with 
highly absorbing black flocking paper. A field 
stop in the object plane is also useful, as this 
prevents otherwise unused light from entering 
the objective and rattling around inside the 
extension tube.  
 The simple optics and fixed extension tube 
in Figure 11.9 means that focusing involves 
either moving the camera or moving the 
subject, usually with some kind of mechanical 
translation stage. This focusing method is the 
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norm for both microscope objectives and high-
resolution macro lenses. Moving lens elements 
within a lens (using a focusing ring) is generally 
not practical at high resolution, nor is in-lens 
auto-focus. 
 Personally, I tend to favor microscope 
objectives over macro lenses for several 
reasons: 
1) There is a larger selection of microscope 

objectives available, at generally higher 
quality (in my opinion). 

2) Microscope objectives have clear 
specifications that include their optical 
resolution, unlike macro lenses. 

3) Microscope objectives are typically 
somewhat cheaper than macro lenses, for a 
given resolution. 

4) Microscope objectives are far more 
compact than macro lenses, making the 
much easier to incorporate into snow-
crystal growth chambers. 

5) Microscope objectives are easily adaptable 
for use with different camera bodies.  

 
The Diffraction Limit 
In the microscopy world, optics are nearly 
always diffraction limited, meaning that the 
wavelength of light is ultimately what limits the 
image resolution. This is not true with normal 
photography, but the diffraction limit will play 
a role in macro photography at the highest 
resolutions. As a general rule, if the overall 
image resolution is smaller than about 10𝜆𝜆, 
where 𝜆𝜆 ≈ 0.5 µm is the wavelength of visible 
light, then the diffraction limit will begin to be 
an important consideration. Because I am 
mainly concerned with high-resolution imaging 
in this book, I will assume that diffraction is 
one of the main factors limiting the overall 
optical resolution. 

Because a 2-µm optical resolution is 
substantially larger than 𝜆𝜆, the diffraction limit 
takes on a relatively simple mathematical form. 
Using the terms defined in Figure 11.10, and 
assuming an index-of-refraction of unity for 
imaging in air, we can assume a small-angle 
approximation with sin𝜃𝜃 ≈ tan𝜃𝜃 ≈ 𝜃𝜃, where 𝜃𝜃 

is measured in radians. For 𝜃𝜃 = 0.15, sin𝜃𝜃 =
0.149 and tan 𝜃𝜃 = 0.151, so this is an excellent 
assumption. 

Microscope objectives are typically 
specified by a numerical aperture, 𝑁𝑁𝐴𝐴, and in 
our small-angle approximation this is given by 
 

𝑁𝑁𝐴𝐴 ≈ 𝜃𝜃 (11.1) 
 
In photography, a lens is specified by its f-
number, 𝑓𝑓#, which can adjusted by changing the 

Figure 11.9: A basic DIY photo-microscope 
consists of little more than a microscope 
objective, an extension tube, and a camera 
body. Viewing is done through the camera, for 
example displaying the image on a TV monitor 
via the live-feed camera output. The field of 
view of the camera can be set by choosing an 
appropriate length for the extension tube, 
which is the same as with reversed-lens setups. 
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aperture of the lens, and this is given by (in the 
small-angle approximation) 
 

𝑓𝑓# ≈
1
𝜃𝜃
≈

1
𝑁𝑁𝐴𝐴

(11.2) 

 
Photographers and microscopists tend to use 
different nomenclatures, but the underlying 
optical physics is the same.  
 In the diffraction limit, the optical 
resolution is given by  
 

𝑅𝑅𝑥𝑥𝑥𝑥 ≈
𝜆𝜆

2𝑁𝑁𝐴𝐴
(11.3) 

 
and I will typically assume 𝜆𝜆 ≈ 0.5 µm. 
 Additionally, there is a corresponding 
resolution perpendicular to the image plane, 
𝑅𝑅𝑧𝑧, which is given by 
 

𝑅𝑅𝑧𝑧 ≈
𝜆𝜆

2𝑁𝑁𝐴𝐴2
(11.4) 

 
This is usually called the depth-of-focus or 
depth-of-field; parts of the object that are 
within ±𝑅𝑅𝑧𝑧 of the focus position will be 
essentially in-focus, while parts outside this 
range will be considerably out-of-focus. 

 For example, if we want an optical 
resolution of 𝑅𝑅𝑥𝑥𝑥𝑥 = 2 µm, then we need a 
microscope objective with a numerical 
aperture of at least 𝑁𝑁𝐴𝐴 ≈ 0.125, and this means 
the depth-of-focus will be a scant 𝑅𝑅𝑧𝑧 ≈ 16 µm. 
This latter number can be problematic, because 
most snow crystals are thicker than 16 µm, 
even plate-like crystals. This is an inescapable 
problem in snowflake photography – one 
cannot have both high resolution and a large 
depth-of-focus simultaneously. In normal 
photography, one closes down the aperture to 
increase the depth-of-focus, but that no longer 
works when the resolution is diffraction 
limited. 
 As another example, the Canon MP-E 
65mm macro lens has an f/2.8 aperture, and 
the above equations give a corresponding 
numerical aperture of 𝑁𝑁𝐴𝐴 = 0.36 with a 
theoretical resolution of 𝑅𝑅𝑥𝑥𝑥𝑥 ≈ 0.7 µm, which 
would be awesome. However, this lens is not 
diffraction limited when used at is maximum 
resolution, and the measured resolution (see 
below) is about 4 µm. This is typical for most 
traditional camera lenses, even high-quality 
macro lenses. Any good microscope objective 
will be diffraction limited, or close to it, so the 
above equations are quite useful for evaluating 
the performance of quality objectives. 
Inexpensive objectives may have serious 
deficiencies, but quality objectives should 
always meet spec, at least on-axis. With camera 
lenses, however, it is often not possible to 
know the optical resolution unless you measure 
it yourself.  

One straightforward way to estimate the 
optical resolution of a lens is to image a 
calibrated resolution target, as demonstrated in 
Figure 11.11 for several example lenses. In all 
cases, the camera sensor was not a limiting 
factor in determining the quality of the images. 
Although making an absolute measurement of 
𝑅𝑅𝑥𝑥𝑥𝑥 is difficult, comparisons between lenses 
are straightforward. By my reckoning, these 
images reveal that the 5X Mitutoyo objective 
seems to meet its spec of having a 2-µm 

Figure 11.10: This sketch defines the focal 
length 𝒇𝒇, the lens aperture 𝑫𝑫, and the half-
angle 𝜽𝜽 for a simple microscope objective. 
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resolution, and from this I obtained the 
measurements shown in Figure 11.12.  

The microscope objectives mostly met 
spec, except for the Compact 3X, where the 
specified 𝑅𝑅𝑥𝑥𝑥𝑥 = 2.5 µm simply does not agree 
with the measured resolution of about 4 µm. 
However, the specified numerical aperture 
(0.07) gives a theoretical resolution of 𝑅𝑅𝑥𝑥𝑥𝑥 ≈
3.6 µm, which agrees reasonably well with the 
measurement. As far as I can tell, this is a 
specification error by Mitutoyo, which would 
be unusual for this company. The Canon lens 
has no resolution specification, and the 4-µm 
number is the best I could get using this lens. 
The Canon resolution-target images at 5X with 
f/2.8 and f/4.0 were similar, and the resolution 
rapidly deteriorated at lower magnification or 
higher f-numbers, as one would expect. 

Another useful method for examining 
resolution is to sprinkle 10-µm beads onto a 
glass substrate, as shown in Figure 11.13. In 
this example, the Mitutoyo 5X objective was 
not properly infinity-corrected, which resulted 
in a slightly non-flat image plane. Thus the 
center beads are in focus while the corner 
beads are a bit out-of-focus. With a slight focus 
adjustment, the corner beads can be brought 
into focus while the center beads are then 
slightly blurry. The array of small beads makes 
it easy to evaluate the focus and resolution 
across the entire field of view, which is useful 
for optimizing an optical system. 
 
Focus Stacking 
As I mentioned above, snowflake photography 
always involves a trade-off between resolution 
and depth-of-focus. When the resolution is 
high, the depth-of-focus is low, so only a thin 
plane is brought into sharp focus on the sensor. 
If the snow crystal is tilted with respect to that 
plane, or if the crystal is not thin and flat, then 
not all parts of the crystal can be brought into 
focus at the same time. This is a fundamental 
feature of diffusion-limited optics, so there is 
no way to avoid this trade-off. 
 Focus stacking, however, is an effective 
work-around that allows one to photograph 

Figure 11.11: Images of a calibrated resolution 
target using three Mitutoyo Plan APO 
Objectives (10X, 5X, and 2X), a Mitutoyo 3X 
Compact Objective (3X), and the Canon MP-
E 65mm 1-5X Macro Lens set at 5X/f2.8 (f4.0 
is similar). The Mitutoyo 2X Compact 
Objective (not shown here) yields a resolution-
target image that is quite similar to the 3X 
objective. The spacing between the bars is 7.8, 
7.0, 6.2, 5.6, 4.9, and 4.4 µm. 
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complex snow crystals at high resolution over 
their entire structure. The basic idea is to take 
several pictures at different focus settings, with 
each photo bringing a different part of the 
crystal into focus. The images can then be 
combined digitally in post-processing to stitch 
together the in-focus pieces of each of the 
individual photos, thus creating a single image 
that appears to be in focus throughout. Several 
software packages are available to do the image 
reconstruction (for example, Helicon Focus), 
and much information about focus stacking 
can be found online. There are even hardware 
systems (such as from StackShot) that will 
automatically move the camera focus in 
programmable steps using a translation stage to 
acquire the desired series of images. 

   Nearly all skilled 
snowflake photographers 
use focus stacking to some 
extent, as this is a 
straightforward technique 
for effectively increasing the 
depth-of-focus while 
maintaining a high optical 
resolution. Large stellar 
snow crystals are 
intrinsically thin and flat, so 
photographing these 
crystals face-on usually 
requires minimal focus 
stacking even at high 
resolution. It is hard to 

avoid some tilt of the crystal relative to the 
image plane, however, so I often take 2-3 
pictures while adjusting the focus to make sure 
all the branch tips are nicely in focus. This kind 
of minimal focus stacking is easy to apply and 
nearly always yields good results. 
 It is often desirable to tilt a flat crystal over 
quite a large angle to obtain specular light 
reflections (see the section on Specular 
Reflection illumination below), and in this case 
a great deal of focus stacking is needed at high 
resolution. Don Komarechka is the undisputed 
focus-stacking champion in snow-crystal 
photography, often combining 30-50 
individual shots to obtain a single in-focus 
image, as I describe below [2013Kom]. 

Figure 11.13: (Left) A photograph of a 
glass substrate sprinkled with 10-µm 
glass beads, imaged with a Mitutoyo 
Plan APO 5X objective. The total field 
of view is about 5x4 millimeters, and the 
inset images show magnified snippets 
of the main image taken from the center 
and the four corners. The focus was set 
to best image the center beads, which 
resulted in somewhat out-of-focus 
beads in the corners. Combining 
several images using focus stacking 
yielded a sharp focus across the entire 
image. 

Figure 11.12: Measurements and specifications of several microscope 
objectives and the Canon MP-E macro lens. For the Compact 3X 
objective, my measurements suggest that the specified numerical 
aperture is accurate, but the specified resolution (shown in 
parentheses) is incorrect. 
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 Like any photographic tool, focus stacking 
can be employed or not, depending on what is 
being photographed and what kinds of optical 
effects are desired. If one opts for a lower 
overall optical resolution, then perhaps a single 
image is sufficient. Moreover, having the 
extremities of a crystal appearing slightly out of 
focus often gives an image a pleasing sense of 
depth, and this type of optical illusion is often 
used by photographers (a version of bokeh). 
But if super-high resolution is desired over an 
entire crystal, then some focus stacking, and 
perhaps a lot of focus stacking, is usually 
required. Focus stacking is a nice trick that is 
both easy and inexpensive to use, so it has 
become a valuable addition to any snow-crystal 
photographer’s toolkit.  
 
Point-and-Shoot versus 
Stable Mounting 
In most circumstances, photomicroscopy is 
not performed in a point-and-shoot fashion 
using hand-held optics. Microscopes tend to be 
rigid structures where the camera, the optics, 
and the object being viewed are all solidly 
mounted. The reason is that photomicroscopy 
subjects are so tiny that it is nearly impossible 
to hold everything steady enough by hand to 
get good pictures. On the other hand, macro 
photography is often a point-and-shoot affair, 
as a hand-held camera+lens gives the 
photographer plenty of freedom to move 
around an object to get just the right angle for 
an artistic shot. Snowflake photography is 
somewhere between these two, as a resolution 
of 5-10 microns is quite low by microscopy 
standards, but is quite high for macro 
photography. Given this intermediate position, 
some snowflake photographers use the point-
and-shoot method while other go with rigidly 
mounted hardware. Both can be made to work, 
but there are trade-offs for each. 
 For low-resolution imaging at 10-20 
microns, point-and-shoot is relatively easy, 
inexpensive, and effective. Not as easy as 
normal photography, but doable. You let the 
snowflakes fall where they may, and then 

simply photograph them as you would 
anything else. It requires a steady hand, because 
the crystals are small, and a bright flash is useful 
to freeze any remaining camera motion. The 
point-and-shoot method is especially 
convenient in that there is no additional 
investment in mounting hardware. Even at 
relatively low resolutions, focusing is not 
accomplished by rotating a lens ring, but 
simply by moving the camera+lens in and out.  
 For high-resolution imaging, point-and-
shoot becomes substantially more challenging, 
and the savings gained by not having to buy a 
lot of mounting hardware tends to be lost in 
the need for high-performance camera 
equipment and a great deal of image 
processing. A bright flash becomes an absolute 
necessary at high resolution, as it is practically 
impossible to hold a camera steady enough by 
hand unless you use a super-fast shutter speed. 
In addition, you probably want to take a lot of 
photos quickly, because the camera is moving 
around somewhat and changing the focus, and 
this means that both your camera and flash 
need to be capable of taking several pictures 
per second for best results. Don Komarechka 
has described his point-and-shoot methods in 
[2013Kom], and it involves some pretty high-
end camera gear. 
 Because I like to achieve the highest 
possible resolution with relatively simple 
camera gear, I prefer to use a stable mounting 
platform, essentially like a traditional 
microscope. I usually make my own mounting 
setup using the basic single-lens optical layout 
shown in Figure 11.9, using a variety of 
hardware options described briefly in Chapter 
6. There are many options for mounting 
hardware, but a tripod is one of the worst, as 
tripods are generally too unwieldy and unstable 
for microscopy.  
 Focusing is the most expensive part of a 
rigid mounting system, as focusing requires a 
mount that is both stable and movable. One 
option is to use a linear positioning stage (see 
Chapter 6), and I am partial to those available 
a Thorlabs. A focusing ring works also, as 
shown in Figure 11.14. Another option is to 
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mount the camera on a motorized stage like 
those from StackShot. The StackShot option is 
somewhat expensive, but it provides the 
additional benefit of automated focus stacking, 
which quickly becomes an indispensable tool if 
you choose to build it into your system. 
 One of the biggest advantages of a rigid 
mounting system is ease of use. You drop a 
snowflake onto a glass slide (for example), 
place it under the microscope objective, and it 
just sits there solid as a rock. You can move it 
around in the field of view, adjust the focus, 
adjust the lighting, and take the shot when 

everything looks good. No flash is needed, and 
slow shutter speeds are not a problem. Focus 
stacking is easy as well, because the crystal does 
not move laterally when you tweak the focus, 
at least not if you use a quality linear 
positioning stage. I clearly prefer the up-front 
costs of stable mounting hardware over the 
constant trials and tribulations of point-and-
shoot photography out in the cold, but that is 
a matter of personal taste. Overall, rigid 
mounting tends to win over point-and-shoot at 
the highest resolutions. 
 
11.3 Illumination Matters 
One thing that clearly separates snow-crystal 
photography from other types of photography 
is that ice is transparent, like glass. With opaque 
materials, one can simply shine some light on 
an object and expect to get a reasonably good 
picture. Of course, lighting is important for 
taking excellent photos in any situation, but the 
type of illumination one uses can be 
particularly critical in producing high-quality 
snow-crystal photographs.  
 To understand why the type of illumination 
matters so much in snow-crystal photography, 
it is necessary to examine how transparent 
objects scatter and refract light. For example, a 
bank of snow looks white because it is made 
from a large number of transparent ice crystals. 
When light shines on these crystals, some light 
reflects off every air/ice interface. Only a few 
percent reflects from each surface, while the 
rest is transmitted, and very little light is 
absorbed in the process. But after 
encountering thousands of air/ice surfaces in 
the snow, the light is mostly scattered this way 
and that until it makes its way back out of the 
snowbank. The net result is that light striking 
the snow is scattered in all directions with little 
absorption, and this is exactly what being 
“white” means. Any pile of transparent grains 
appears white, as shown in Figure 11.15. And 
paper is white because it is made from tiny, 
transparent cellulose fibers. This answers that 
amusing question: when a snowbank melts, 
where does all the white go? 

Figure 11.14: One possible rigid mounting 
system for snowflake photography, using the 
basic optical layout shown in Figure 11.9. Here 
the microscope objective is mounted on a 
threaded ring that moves the objective up and 
down by rotating the ring. A right-angle 
eyepiece is used to view the image through the 
DSLR camera. The base plate, vertical bar, 
clamps, and other mounting components are 
commercially available from Thorlabs and 
Edmund Optics. 
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 A pane of glass looks transparent because 
it contains only two smooth, planar surfaces. 
When you look at the pane from certain angles, 
you can see the light reflecting like a weak 
mirror. But otherwise light transmits through 
the glass and it looks transparent. If you scratch 
up the surfaces with sandpaper, however, then 
the light scatters in all directions and the 
surface takes on a whitish appearance. It is not 
bright white because some light incident on the 
front surface of the scratched pane makes it 
out the back surface. With a pile of ground 
glass, the light mostly keeps scattering around 
until it comes back out the front; the 
probability that it makes it through to the back 
of the pile is extremely low. 
 In addition to reflecting light from it 
surfaces, transparent objects also bend light via 
refraction. This is how lenses work, and a lens-
shaped piece of clear ice would behave 
similarly. The fact that ice is clear – 
transmitting, reflecting, scattering, and 
refracting light – brings an added dimension of 
lighting effects to snow-crystal photography. 
Even interference effects can be important in 
some circumstances, as I discuss below. 

In some circumstances, a snowflake can be 
thought of as a complex lens that refracts light 
through various angles as it is transmitted 
through the clear ice. In other circumstances, 
the snowflake can be thought of as a small 
sliver of scratched-up glass that scatters light 
from its highly structured surface. And a 
heavily rimed snowflake begins to look like a 
small pile of crushed glass, because its surface 
is covered with a dense layer of frozen droplets.  

 One aspect of light transmission that is 
completely negligible in snowflakes is color 
dispersion. A beam of light transmitted 
through a glass prism will be dispersed into a 
rainbow of colors, and this would happen with 
ice as well. But it would have to be a very large 
block of ice for this to be even remotely 
noticeable. One does not normally observe 
color dispersion from glass bowls, pitchers, 
cups, or other glass objects. Likewise, color 
dispersion in tiny snow crystals is completely 
negligible. 
 Perhaps the easiest way to understand the 
different ways illumination affects snowflake 
photography is by example. People have been 
experimenting with different types of lighting 
for many years, and it is straightforward to 
categorize different photographs by the type of 
lighting used. The sections that follow focus on 
these lighting categories. 
 
Side Illumination 
What I am calling “side illumination” could 
also be called using “ambient light” 
illumination. The basic idea is illustrated in 
Figure 11.16, and this is essentially the type of 
lighting you get when you simply photograph a 
snowflake resting on an opaque surface with a 
point-and-shoot camera. Light shines down on 
the crystal from all around, and some of that 
light enters the camera lens and is focused onto 
the sensor.  
 If you supply your own lighting, then there 
are an infinite number of possible variations of 
the side lighting method shown in Figure 
11.16. For example, one might shine a bright 

Figure 11.15: (Left) This 
photo shows piles of 
crushed glass (left), sugar 
crystals (center), and salt 
grains (right). In all cases, 
the individual particles are 
transparent. The piles look 
white because light 
scatters off the countless 
small surfaces. 
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light in from one side only. Or one might shine 
blue light in from one direction and red light in 
from another. The creative possibilities for 
using colored light in side illumination have 
received little attention, so I believe there are 
some interesting opportunities for branching 
out into new photographic directions here. 
 One aspect of side illumination that I want 
to focus on is that only scattered light can 
contribute to a snowflake photograph 
taken using this method. Refraction is 
irrelevant because the transmitted light 
strikes the opaque substrate and is 
absorbed. What this means is that side 
illumination tends to accentuate the 
crystal edges and surface structures.  
 Another aspect is that a flat ice plate 
that lies perpendicular to the viewing 
angle will not reflect any light directly 
into the camera lens. When a flat plate is 
viewed face on, the direct reflection of 
side illumination will come out the other 
side of the crystal and be lost. Because no 
light shines down on the crystal from the 
position of the lens, no directly reflected 

light from the plate surface can enter the 
camera. This means that flat plates appear 
somewhat invisible, like a pane of glass, when 
using side illumination. 
 Alexey Kljatov is a master of side-
illumination snowflake photography, and 
several examples from Alexey illustrate many 
features of this illumination method. A number 
of common features can be seen in Alexey’s 
photos, including: 
1) Thin, plate-like regions scatter little light, 

making them appear almost invisible in 
some photos (Side Illumination #1 (SL#1)).  

2) Rimed structures appear bright white, like a 
pile of crushed glass (SL#2).  

3) Crystal edges are generally quite bright, as 
they strongly scatter light into the camera 
(SL#1, SL#3). 

4) Surfaces with a lot of structural detail tend 
to have an overall whitish appearance, like a 
small flake of etched glass. 

 

Figure 11.16: Side illumination. In this 
straightforward method, light shines in from 
the side to illuminate the snow crystal, and 
scattered light enters the lens and is focused 
onto the camera sensor. 

Side Illumination#1, by Alexey Kljatov. 
(Below) In this photo, the flat, plate-like parts 
of the crystal scatter no light and are basically 
invisible, like small panes of glass. A small 
dimple marks the center of this crystal, 
surrounded by a well-formed hexagonal rib. 
The outer edges of the crystal scatter light 
strongly, giving them a bright white 
appearance. The crystal is supported by a few 
fibers from the underlying piece of cloth. 
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Side Illumination#2, by Alexey Kljatov. 
The outer branches of this stellar crystal are 
heavily rimed, and the rime particles scatter light 
strongly, giving these areas a bright-white 
appearance. Only the star-shaped central region 
is flat enough to appear transparent. 
 

Side Illumination#3, by Alexey Kljatov. 
Some thin-plate snow crystals scatter so little light 
that they can become difficult to see using side 
illumination. The fact that one branch of this 
crystal is substantially smaller than the others is 
not immediately apparent. 
 

Side Illumination#4, by Alexey Kljatov. 
In many stellar dendrites, the axis of each branch 
is thick and structured, so these show up brightly 
using side illumination. Some of the outer, thin-
plate regions of these crystals, however, can only 
be seen by virtue of their bright edges. 

Side Illumination#5, by Alexey Kljatov. 
People sometimes report seeing snow crystals with 
“holes” in their centers. This is an optical illusion 
that comes from side illumination. The central 
region of this crystal is so thin and flat that 
becomes almost invisible. 
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Side Illumination#6, by Alexey Kljatov. 
In this remarkable photo, Alexey dropped a bit 
of snow onto a plastic surface and then used 
this snow as support to balance a stellar crystal 
on its edge. Note the combination of white-
light side illumination with colored back 
illumination. 
 

Although I have always been enamored 
with Alexey’s beautiful photos, I have been 
generally dissatisfied with my own efforts using 
side illumination. In many photos (e.g. SI#7, 
SI#8, SI#9), the crystal edges scatter strongly 
and appear bright white, while flat regions 
scatter no light at all. This often results in quite 

a high-contrast image that tends to wash out 
the finer structural details within crystal. The 
camera’s auto-exposure software tends to 
accentuate this problem as well. In my own 
experience, I have found that taking high-
quality photos with side illumination is a rather 
difficult skill to master, and it does not work 

well with all types of snow crystals. 
While plate-like crystals are 

especially problematic to photograph 
using side illumination, columnar and 
capped columnar crystals tend to yield 
impressive results quite reliably. While 
thin plates are nearly invisible except 
for their garishly bright edges, thicker 
crystals provide more varied light 
scattering that nicely reveals many 
internal structural details, as can be 
seen in SI#11, SI#12, and SI#13. 

 

Side Illumination#7, by the author. 
Side illumination often yields a somewhat 
garish, high-contrast image because the edges 
appear so much brighter than flat regions of 
the crystal. The high contrast tends to obscure 
some of the subtler aspects of the crystal 
structure. 
 

Side Illumination#8, by the author. 
(Left) Both the central region and the 
outer sectored plates are quite thin and 
transparent in this somewhat imperfect 
stellar dendrite. 
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Side Illumination#10, by Alexey Kljatov. 
Side illumination yields especially pleasing photos 
of thick crystals like this capped column. The body 
of the crystal scatters a good amount of light, and 
the out-of-focus regions give the picture an overall 
sense of depth. 
 

Side Illumination#12, Don Komarechka. 
(Below) Side illumination gives thick crystals 
an appealing “watery” appearance. Even 
with a complex crystal like this one, it really 
looks like the highly structured block of clear 
ice that it is. 
 

Side Illumination#9, by the author. 
While side illumination with white light gives 
snow crystals a generally white appearance, 
the edges tend to dominate the photo, again 
giving a high-contrast look. 
 

Side Illumination#11, Don Komarechka. 
(Below) With higher optical resolution and side 
illumination from a ring flash, this photo has an 
overall different appearance compared with SI#10, 
even though the crystals have fairly similar 
structures. Both these crystals were supported by 
fibers from woolen fabric, but Don often removes 
the background fibers in post-processing. 
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Specular Reflection 
Figure 11.17 illustrates another variation of 
side illumination, in which a plate-like snow 
crystal is tilted slightly compared with the 
face-on arrangement shown in Figure 
11.16. Because of this tilt, flat basal surfaces 
will produce a mirror-like (specular) 
reflection of some of the side-illumination 
light into the camera lens. When this 
reflection is especially strong, the face of 
the crystal has a much brighter appearance 
compared to the side-illumination 
examples described above. Like a glass 
pane, a thin ice plate is effectively invisible 
under normal side illumination, but the 
specular reflection can be seen if the angle 
is right. 

This added specular reflection solves, or 
greatly reduces, the main problem associated 
with using side-illumination for plate-like 
crystals, namely that bright edges dominate the 
photo while flat plates are nearly invisible. In 

Specular Reflection #1 (SR#1), for example, 
the main body of this stellar crystal is quite 
bright, so the image is not dominated by high-
contrast edges. Moreover, this gives the crystal 
an overall white appearance, which satisfies 
many viewers’ desire that snowflakes should 
look white. What is somewhat lost in the 
process, however, is the glassy look that gives 
one the (correct) impression that a snow crystal 
is not intrinsically white, but is rather made 
from a sliver of transparent ice. Reducing the 
intensity of the specular reflection can alter this 
effect, as illustrated in SR#2 and SR#3. 

Specular-reflection illumination is 
especially popular for point-and-shoot 
snowflake photographers working at moderate 
(10-20 micron) resolution, as illustrated in 
SR#4, SR#5, and SR#6. Finer structural 
details are diminished at the lower resolution, 
but there are endless opportunities for 
artistically placed crystals on colorful, textured 
backgrounds. 

Figure 11.17: Specular Reflection. In this 
variation of side illumination, a plate-like snow 
crystal is tilted so the flat face of the crystal 
reflects light into the camera lens. With this 
arrangement, thin plates appear much brighter 
than with the face-on side illumination method 
shown in Figure 11.16.  

Specular Reflection#1, by Pam Eveleigh. 
In this image, the mostly-flat face of a stellar 
dendrite produces a bright reflection into the 
camera lens and onto the imaging sensor. Using 
white-light illumination, this mirror-like 
reflection gives the crystal an overall bright white 
appearance. Structural detail is somewhat 
obscured by the bright reflection, however, and 
the photo does not give the viewer the 
impression that the crystal is made of clear ice. 
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Specular Reflection#2, by Alexey Kljatov. 
In this photo, Alexey found an exceptionally 
beautiful stellar crystal and used a pleasing balance 
of normal side illumination and specular 
reflection. The result is a somewhat bright-white 
crystal that still exhibits structural detail clearly 
and gives the impression of clear ice. Some of the 
branch tips are slightly out of focus, adding a 
sense of depth to the photo, while the cloth 
background provides some textural context.  
 

(Left) Specular Reflection#5, 
by Delena-Jane Lane. 
 

Specular Reflection#3, by Olga Sytina. 
Here we see a strong specular reflection on the 
main 12-branched crystal, together with 
several crystals on the right under normal side 
illumination. (Olga is Alexey Kljatov’s mother, 
so superb snow-crystal photography seems to 
run in this family.) 
 

Specular 
Reflection#6, 
by  
Elizabeth 
Akers. 
 

(Above) Specular Reflection#4, 
by Jackie Novak. 
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Perhaps the biggest 
drawback associated with 
specular-reflection 
illumination is that a tilted 
flat-plate crystal (see 
Figure 11.17) does not lie 
in the image plane of the 
camera+lens. When one is 
working at high resolution 
(5-10 microns), the 
smaller depth-of-focus 
from Equation 11.4 means that it 
is impossible for the entire crystal 
to be in focus at once. At 
exceptionally high resolution (<5 
microns), only a small portion of 
a tilted, plate-like crystal can be in 
focus in a single photo, as 
illustrated in Figure 11.18. 
 Don Komarechka has been a pioneering 
proponent of high-resolution snow-crystal 
photography using specular-reflection 
illumination, managing the depth-of-focus 
problem by using an unprecedented amount of 
focus stacking. Don typically captures 30-50 
images in quick succession using a hand-held 
camera with a high-speed ring flash, and he 
then combines all the images together into a 
single composite image in post-processing 
[2013Kom].  
 Don’s technique is perhaps the most 
demanding in terms of hardware capabilities, 
software, computing power, and overall effort. 
Shooting 30-50 images in burst mode at six 
frames per second or faster [2013Kom] 

requires a high-end camera, a rapid-refresh ring 
flash, and a high-resolution lens, none of which 
is cheap. Moreover, a fairly powerful computer 
running first-rate software is needed for focus 
stacking so many images, and Don estimates 
that he spends up to four hours processing a 
single composite image [2013Kom]. This 
amount of expense and effort is not for 
everyone, but Don has captured some world-
class snow-crystal photographs using this 
innovative technique, as illustrated in SR#7 
and the following several images. 

Figure 11.18: Don Komarechka took these images using the 
Canon MP-E 65mm macro lens at 5X, giving an optical 
resolution of 𝑹𝑹𝒙𝒙𝒙𝒙 ≈ 𝟒𝟒 µm and a depth-of-focus of 𝑹𝑹𝒛𝒛 ≈ 𝟓𝟓𝟓𝟓 µm (see 
Figures 11.11 and 11.12). With these parameters and specular-
reflection illumination, only a small sliver of the tilted snow 
crystal is in focus in a single shot (left image). Don manages this 
problem by focus stacking 30-50 images into a single composite 
photo (right image) [2013Kom]. 
 

Specular Reflection#7, by Don Komarechka. 
(Right) Don employs extensive focus stacking to 
capture high-resolution images using specular-
reflection illumination of tilted snow crystals. This 
small-size reproduction does not do the photo 
justice, but many similar images can be viewed at 
high resolution on Don’s Flickr page. Don clearly 
has a strong preference for the Bentley-esque style of 
a jet-black background, so he often digitally removes 
background cloth fibers that support the crystals, so 
they seem to float through the night [2013Kom]. 
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 While experimenting with specular-
reflection illumination, Don discovered the 
colorful appearance of internal bubbles and 
thin hollows in plate-like snow crystals, as 
illustrated in SR#10 and SR#11. The colors 
arise from light interference effects when 

specular reflections from the top and bottom 
faceted surfaces of a hollow regions interfere 
with one another (see Chapter 6). Similar 
colorful interference effects can be seen in 
photographs of thin-film soap bubbles, and 
Figure 11.19 shows a calculation of the 
interference color as a function of the soap film 
thickness.   

The details of the calculation depend on 
several factors relating to the physics of optical 
interference, such as the spectrum of the 
incident light source and the RGB sensitivity of 
the camera sensor. These details 

Specular Reflect#8, by Don Komarechka. 
The tilt angle of a crystal can be adjusted to 
vary the brightness of the specular reflection. 
In this example, the overall reflection intensity 
is lower than in SR#7, giving the crystal a 
somewhat glassier look. 
 

Specular Reflect#9, by Don Komarechka. 
Tilting a thick crystal introduces several 
additional reflections, as internal features 
reflect off the rear faceted ice surfaces. These 
reflections, plus the view of the thick sides of 
the plate, give the image a pleasing sense of 
depth and 3D structure. 
 

Specular Reflection#10, by Don Komarechka. 
(Left) The bright red color in this image results from 
the interference of two specular reflections from 
ice/air interfaces, at the top and bottom of broad, 
~1-micron thick hollow regions within the body of 
the thick plate. The uniformity of the color indicates 
that these two internal ice/air surfaces are both flat 
basal facets. 
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notwithstanding, Don’s images suggest that the 
most colorful hollow regions and voids are 
roughly 0.5-1.5 microns in thickness. The 
structure and stability of such remarkably thin 
hollows and bubbles is described briefly in 
Chapter 4, but their formation is not well 
understood at present. 
 

Front Illumination 
Figure 11.20 shows a different type of specular-
reflection illumination that avoids having to tilt 
plate-like snow crystals. With this geometry, 
the flake lies flat with respect to the image 
plane, so an entire thin-plate crystal can be 
brought into focus in a single photo. This 
avoids the need for extensive focus stacking, 
which is perhaps the biggest difficulty 
associated with specular-reflection illumination 
of stellar-plate snow crystals. From a scientific 
perspective, this technique has the additional 
advantage that a face-on view provides a more 
accurate depiction of the hexagonal geometry 
of plate-like crystals. With a tilted crystal, such 
as that shown in SR#11, the overall hexagonal 
shape in the image depends on viewing angle, 
so the measured angles between prism facets is 
no longer 120 degrees. A face-on view would 

Specular Reflect#11, by Don Komarechka. 
In this crystal, the colors vary with the 
thickness of the hollow regions, and the colors 
disappear toward the edges of the crystal, 
where the thickness increases beyond several 
microns. 
 

Figure 11.19: The calculated interference colors 
for white light reflecting off a thin soap film, as 
a function of the thickness of the film in 
nanometers. Factoring in the index of 
refraction, the thickness of an internal air 
cavity in ice is roughly 1.3 times larger than the 
soap-film thickness with the same interference 
color. The calculation will change somewhat 
depending on the camera color response and 
the spectrum of the light source. Image from 
soapbubble.fandom.com/wiki/Color_and_Fil
m_Thickness.  
 

Figure 11.20: (Left) Front Illumination. This variation of 
specular-reflection illumination uses a pellicle beamsplitter 
to direct light onto a plate-like crystal. In contrast to Figure 
11.17, the face-on crystal lies nicely in the image plane, 
avoiding depth-of-focus issues.  
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make it possible to measure these and other 
angles accurately. 
 A pellicle beamsplitter is shown in Figure 
11.20 because it is generally ill-advised to image 
through a glass-plate or cube beamsplitter. 
Because the pellicle is only a few microns in 
thickness, it introduces minimal image 
distortion compared to other beamsplitter 
options. Front illumination like this would be 
difficult to achieve using a hand-held setup, so 
it probably necessary to use a rigid mounting 
system for the various components. 
 This method of front illumination appears 
to have some significant advantages over tilted-
crystal specular-reflection illumination, and it 
should be fairly straightforward to implement. 
However, I have no example images to show 
here because, to my knowledge, this technique 
has never been tried in snow-crystal 
photography.   
 
Back Illumination 
Back illumination is perhaps the easiest-to-use 
and most adaptable method for photographing 
snow crystals. As illustrated in Figure 11.21, a 
specimen is placed on a clear substrate and 
photographed using light that is transmitted 
through the clear ice. Unlike all the previous 
illumination methods, refraction of the light by 
the ice now plays a major role in defining the 
overall appearance of the image, while specular 
reflection is unimportant. 
 The example images in BI#1, #2, #3, and 
#4 illustrate some of the many lighting effects 
that can be obtained using back illumination. 
In BI#1, I used plain, uniform white light 
impinging on the crystal from a broad range of 
angles. This is like covering a flashlight with 
waxed paper and placing it directly behind the 
crystal. As can be seen in the image, the 
uniform lighting tends to wash out the 
structural details in the crystal, producing a 
rather bland image.  

Better results using the same crystal are 
shown in BI#2, where different colors of light 
were incident on the crystal from different 
angles. All places in the object plane received 

the same amount of light (because the 
illumination only varied by angle, not by 
position), so the image background shows a 
uniform color that is basically an average of all 
the incident light. Meanwhile the snow crystal 
acted like a complex lens that refracted the light 
through different angles. The refraction 
depended on the shape of the ice, so the 
resulting image shows a variety of subtle red 
and blue highlights that reveal more structural 
details and give the image a pleasing sense of 
depth in comparison to BI#1. 

BI#3 is similar to BI#2, but with greater 
variation in the illumination as a function of 
angle, resulting in stronger shading and higher 
contrast overall. Note how the inward-
propagating rings (see Chapters 4 and 9) on the 
 

Figure 11.21: Back Illumination. With this 
method, a snow crystal is photographed using 
light transmitted through the clear ice. It 
requires placing the crystal on a transparent 
substrate, typically a glass microscope slide, 
and it is best implemented using a rigid 
mounting system. Many illumination effects 
can be achieved by modifying the direction, 
intensity, and color of the illumination. 
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Back Illumination#3, by the author. 
Similar to BE#2, but with no illumination (dark) 
from one side. The stronger variation in 
illumination with angle further accentuates 
structural details in this crystal. 
 

Back Illumination#1, by the author. 
Plain white light was used to illuminate this 
crystal from behind, using the Rheinberg filter 
illustrated in the small inset image (Rheinberg 
illumination is described below). The uniformity 
of the illumination tends to wash out structural 
details, and it yields a drab, white-on-white 
image. 
 

Back Illumination#2, by the author. 
The same crystal as BI#1, but now using blue 
light shining in from one side and red light 
shining in from the other side. Here the angle-
dependent illumination brings out structural 
details and adds a sense of depth to the 
photograph. 
 

Back Illumination#4, by the author. 
Here a (slightly offset) “rainbow” filter sent 
different colors of incident light in from different 
angles. Blue dominated, but with many colorful 
highlights on different parts of the crystal. 
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plate-like outer branches are barely visible in 
BI#1, quite clear in BI#2, and highly visible in 
BI#3. Generally, sharp edges and edge-like 
features stand out more with side illumination, 
while gentler structural features are more 
visible using back illumination. 
 BI#4 used a “rainbow” filter that shined 
many different colors in from different angles 
around the crystal, yielding a somewhat 
psychedelic effect. I would not use this as my 
go-to illumination method every day, but I 
personally like to photograph snowflakes using 
a full range of lighting techniques, just for 
variety. 
 There are many advantages and 
disadvantages associated with back 
illumination. For example, the crystals must be 
resting on a transparent background, and this 
means that a rigid mounting system is normally 
better than using point-and-shoot. Many 
colorful effects can be obtained with back 
illumination, but one loses the “natural” look 
that comes with side illumination. Colorful 
snowflakes get one out of the black-and-white 
habit, but colorful back-illuminated crystals 
tend to look like they are made of plastic. It all 
comes down to taste.  
 I usually photograph using a rigidly 
mounted back-illumination system (described 
below), in part because of its numerous 
technical advantages. Foremost is the ability to 
use the highest possible optical resolution, as 
rigid mounting largely eliminates image shake, 
and a face-on view requires little focus stacking 
when shooting stellar plates. Together, these 
make for easier shooting and much simpler 
post-processing in comparison to side 
illumination. This also allows me to push the 
resolution down to 2 µm using the Mitutoyo 
APO Plan 5X objective (see Figure 11.12). 
 
Dark-Field Illumination 
Figure 11.22 shows a special variation of back 
illumination that can be used to good effect in 
snow crystal photography. Here the light rays 
impinge upon the subject from below, but only 
from the sides. There are no light rays arriving 

from directly below the lens. These side rays 
proceed undeflected if no snow crystal is 
present, and in that case no light enters the 
camera lens. Thus, the background is dark. But 
a snow crystal placed in the field will deflect 
some of these rays into the lens, thereby 
yielding a bright snow crystal on a dark 
background, as seen in DFI#1. 
 Side illumination from above the crystal 
(Figure 11.16 and SI#1) looks somewhat 
similar to side illumination from below the 
crystal (Figure 11.22 and DFI#1), but the 
underlying optics is quite different. In SI#1, 
reflected light produces the image, while in 
DFI#1 refracted light produces the image. 
Both effects depend on the surface structure of 
the crystal, and both produce bright edges and 
dark facets, so the final images look similar. 
 

Figure 11.22: Dark-field Illumination. This 
variation of back illumination uses only light 
that does not enter the lens in the absence of a 
snow crystal. If not deflected, the light rays 
shown in the sketch all pass outside the lens. A 
snow crystal will refract some of those rays, 
however, sending them into the lens. The 
result is a bright snow crystal on a dark 
background, as shown in DFI#1. 
 



472 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
  

Dark-field Illumination#2, by the author. 
I took this photo using dark-field illumination with 
a twist of color by using different colored rays 
coming in from different directions. The added 
color makes the crystal look somewhat unnatural, 
but it adds variety to one’s collection of snowflake 
photos. Setting the image saturation down to zero 
yields a black-and-white dark-field image.  
 

Dark-field Illumination#3, by the author. 
By using Rheinberg illumination (see below), it 
is straightforward to add a variety of pleasing 
colorful effects when using dark-field 
illumination, simply by sliding a color filter 
around to see what looks good with a given 
crystal.  
 

Dark-field Illumination#1, by the author. The left image above shows a photo taken using normal 
back illumination, while the right image shows the same crystal using dark-field illumination. Surface 
features and edges refract light through large angles, so these features appear especially bright in the 
dark-field image. Flat facets do not deflect the incoming light, so these regions appear dark. Note the 
central dark “hole” in the lower image, similar to that seen using side illumination.  
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Rheinberg Illumination 
Rheinberg illumination is not so much a 
separate illumination category, but rather a 
highly flexible method for achieving 
uniform-background back illumination. The 
overall optical layout is illustrated in Figure 
11.23, and the key new addition is a field lens 
(near the image field) that images a color 
filter onto the optical pupil inside the 
microscope objective. (Information about 
what an optical pupil is, and what it’s 
properties are, can be found online.) Adding 
this field lens complicates the optics, and it 

Dark-field Illumination#4, by the author. 
The color blue is generally associated with cold, so a 
splash of blue often adds an icy look to a snow-
crystal photograph. SI#10 also incorporates a bluish 
hue. 
 

Dark-field Illumination#5, by the author. 
Capped columns and other thick crystals look 
especially nice with both dark-field illumination 
and side illumination. There are no flat-plate 
regions, so the images avoid that high-contrast, 
edge-heavy look seen with plate-like crystals 
under the same lighting. Here I used a splash of 
red light from one side to liven up the 
photograph. 
 

Figure 11.23: This diagram shows the optical 
layout used for Rheinberg illumination. In 
addition to the usual camera+lens, the lower 
field lens images a color filter onto the optical 
pupil at the microscope objective. This layout 
yields a uniform background even with a 
highly pattered color filter. 
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requires a rigidly mounted optical system. 
What one gains from this additional 
complexity is the ability to rapidly experiment 
with all different types of back illumination, 
simply by using different color filters. This 
capability is especially useful because different 
types of snow crystals tend to photograph 
better under different types of lighting. With 
Rheinberg illumination, switching the lighting 
around can be done simply by swapping in 
different color filters. 
 Figure 11.24 shows a variety of different 
color filters I have used with my Rheinberg 
illumination setup (see below). Looking at the 
fourth filter in this set, the rays in Figure 11.23 
illustrate how the red side of the filter produces 
a set of nearly parallel red light rays impinging 
onto the snow crystal from the left, while the 
blue side of the filter produces rays impinging 
from the right. Both sets of rays fill the entire 
image plane uniformly, and these rays combine 
to yield an overall red+blue background color. 
The end result is angle-dependent back 
illumination, uniform across the image plane, 
with the colors of the different rays determined 
by the pattern on the filter. By imaging the filter 
onto the optical pupil, the overall background 

color is uniform regardless of the pattern in the 
filter. 

Note that moving the red/blue filter left or 
right changes the red/blue balance, thus 
changing the background and the highlights in 
subtle ways. Moreover, any color filter can be 
inserted into the optical system and moved 
around with easy, while viewing the crystal. 
This makes it quick and easy to choose 
different optical effects, perhaps trying 
multiple filters on a single crystal. Dark-field 
illumination can be produced by using a filter 
with a central dark spot, for example seventh 
filter in Figure 11.24. Although Rheinberg 
illumination seems overly complicated, in 
practice it is easy to set up and easy to use, 
yielding a large diversity of unique lighting 
effects. 

Figure 11.24: Nine different color filters I have 
found useful with Rheinberg illumination. The 
second is a rainbow dark-field filter used for 
BI#4, and the fourth is a general-purpose red-
blue filter I used for BI#2 and BI#3 (the 
difference being the placement of the filter 
relative to the optic axis. 
 

Rheinberg Illumination#1, by the author. 
Red highlights give this snow crystal a 
distinctive look. Many similar lighting effect 
can be obtained using Rheinberg illumination 
simply by swapping in different color filters 
and observing the results. 
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Rheinberg Illumination#2, by the author. The left image above shows the original, out-of-the 
camera image of a large stellar snow crystal (after minimal post-processing to remove dust specks 
from the background, level adjustments, etc.). The image shows some colored highlights and a 
uniform background color, which is typical for Rheinberg illumination. The image on the right was 
derived from the first mostly by adding a color gradient and goosing up the saturation a bit in post-
processing. Adding gradients is a straightforward image-processing trick when the original 
background is uniform, but it can be quite difficult to remove an existing background gradient. The 
automatic uniformity of the background thus adds another layer of flexibility to the Rheinberg 
technique, as it allows easy experimentation with different types of superimposed color gradients in 
post-processing to create pleasing visual effects. Often just a bit of extra zing can turn a good photo 
into an eye-popping snow-crystal portrait. 
 

Rheinberg Illumination#3, by the author. 
The left image above shows a relatively simple stellar crystal using normal back illumination. The 
colorful image on the right shows the same crystal using a rainbow color filter. 
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The SnowMaster 9000 
For many years I have traveled to various 
cold locations to photograph snowflakes 
using the apparatus shown in Figure 11.25, 
constructed in 2003, which I call the 
SnowMaster 9000. The overall optical layout 
is basically that depicted in Figure 11.23, 
using Rheinberg illumination. This 
hardware has become a real workhorse for 
me, and I have already used it to take over 
10,000 snowflake photos. 
 Starting at the top in Figure 11.25, the 
camera is an older Canon EOS single-lens 
reflex (SLR) model with a 20-Mpixel full-
frame (36x24 mm) sensor. The image is 
viewed through a right-angle eyepiece that 
is better seen in Figure 11.14. It appears that 
SLR cameras are slowly being replaced by 
mirrorless systems with viewing screens, so 
this camera with its eyepiece is showing its 
age.  
 I put the camera in a styrofoam lined 
box and included a low-power heater to 
keep the camera temperature above 
freezing, as the camera specifications 
showed it rated only down to 0 C. I have 
since learned that this spec is highly 
conservative, and most digital cameras have 
no trouble working at temperatures down 
to -20 C, although the battery capacity tends 
to be reduced (temporarily) when the 
temperature is low. 
 Below the camera is a length of extension 
tube from Thorlabs, attached to the camera 
using an appropriate adaptor. Below this is a 
home-built turret complete with the Mitutoyo 
Plan APO 2X, 5X, and 10X objectives (see 
Figure 11.12). In hindsight, the turret was 
largely unnecessary, and I used the 5X 
objective about 90 percent of the time. On the 
other hand, the “monster” fernlike stellar 
dendrite described in Chapter 10 was so big 
that it required four separate photos at 2X, so 
I was happy to have the ability to switch 
objectives quickly that day. But I wouldn’t 
recommend building your own turret, as I did, 

because that turned out to be something of a 
challenging mechanical-engineering task. 

Directly below the microscope objectives 
there is an array of LEDs I used for 
experimenting with side illumination, although 
I was never very happy with the results I 
obtained using this light source. I mostly 
abandoned the LEDs in favor of Rheinberg 
illumination, which allowed for a much greater 
variety of illumination effects by changing 
color filters, as described above. 

The LEDs point down toward a spot on 
the center of the image plane, where a snow 
crystal rests on a microscope slide. The slide 
rests on a 90-degree angle plate that is attached 
to a linear translation stage, both from 
Thorlabs. The micrometer on the stage is 

Figure 11.25: The SnowMaster 9000 apparatus, which 
has the basic optical layout shown in Figure 11.23. The 
hardware is mounted inside a hard-shell case for easy 
transport. 
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attached to a flexible cable that 
includes a large plastic handle at its 
end, used to adjust the focus. This 
thin plastic tube makes is fairly easy to 
change the focus using ungloved 
hands in the cold. 

The field lens sits directly below 
the snow crystal, mounted to the 
bottom surface of the angle plate. The 
field lens is just a basic one-inch-
diameter achromatic lens, as there is 
no need to focus the color filter onto 
the pupil with great precision. The 
incandescent light source is contained 
in the glowing box in the photo, 
although this was later replaced with 
an LED bulb to reduce the amount of 
heat generated. 

Because this system provides 
plenty of light, I usually set my camera 
to ISO 100, as this reduced noise in 
the image relative to higher ISO settings. The 
shutter speed was quite slow, of order 1/100th 
second, which is plenty fast when using a rigid 
mounting system. 

Although this hardware setup may look 
imposing, it is actually quite simple, as 
illustrated in Figure 11.23. If you remove the 
unnecessary heated camera box, get rid of the 
hard-shell case by putting the setup in an 
unheated garage or shed, and forego the turret, 
then what remains is not particularly difficult 
to build. One can assemble a similar system 
indoors (see Figure 11.14) for testing and 
debugging before moving it outside into the 
cold. You will not find microscope objectives 
or translation stages at your local camera store, 
but these tools are not difficult to work with, 
and they are no more expensive than 
traditional macro photography gear. 
 Figure 11.26 shows the author working 
with the SnowMaster 9000 under typical winter 
conditions. Once the system is set up, the 
workflow is straightforward: search for suitable 
crystals on the foam-core collection board by 
eye, pick up a promising specimen using a fine 
paintbrush, set it carefully onto a glass 
microscope slide, place the slide on the 

observing plate, adjust the focus, adjust the 
color filter, and take the shot. Take several 
shots for focus stacking as needed. If the 
crystal looks especially nice, try a few additional 
color filters for different visual effects. Then 
clean the slide and repeat. Fun! 

Figure 11.26: The author photographing snowflakes using 
the SnowMaster 9000 in Cochran, Ontario. Note the blue 
foam-core collection board mounted at a convenient height 
using a tripod, the small paintbrush in one hand and a glass 
slide in the other. Alas, bare fingers are needed for dexterity, 
so only fingerless gloves can be used.  
 

Rheinberg Illumination#4, by the author. 
Filter #6 in Figure 11.24 gives results similar to 
plain back illumination, but with color. 
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