THE MICROSCOPE

•

Vol. 62:4, pp 171–181 (2014)

C R I T I C A L FOCUS
Brian J. Ford

The Hidden Secrets of Snowflakes
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in Prague and climbed into
was in 1610 that Kepler
a tram. I alighted near the many of the pioneer researchers of snow
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museums and spent a few crystals are unknown to modern science.
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hours in research before I
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relate to the six-rayed structure of each snowflake. He
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earlier, when a distinguished philosopher had walked
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details wrong. The work is often described as
Kepler, renowned to us now as a pioneering astrono“Strenasue de nive sexangula,” but that should be two
mer. Kepler had been born near Stuttgart, Germany
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in 1571, and at the age of six his mother took him up a
Kepler speculated: “There must be a cause why
nearby hill to watch the great comet of 1577. Three
snow has the shape of a six-cornered starlet. It cannot
years later he wrote about the striking red color of the
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moon during a total lunar eclipse, although he was
found in the material, for fluids are formless and flow,
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packed together to make ice. He noted that the packby the quest for a mathematical explanation of the
ing would always be “the tightest possible, so that in
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He was transfixed by the power of the lens, and
no other arrangement could more pellets be forced
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Olaus Magnus of Sweden published this snowflake study in 1555.
The shapes are unreal, except for the one that shows a six-rayed
flake. He was a talented man and a great traveler. In 1539, he
produced the first map of Scandinavia to show the coast and
Iceland in a form we would recognize today.

René Descartes published these snowflakes in 1637 in Discours
de la Méthode, which offered the first accurate view of snow
crystals. Many of the multi-branched types are exaggerated, but
the six-rayed flakes are relatively true to life, and the paired flakes
that are joined by an axle (upper right) are accurately portrayed.

into the same container.” Kepler had been considering
the mathematics of the packing of spheres, for the English mathematician Thomas Harriot had written to
him around 1608 about the way cannon balls were
stacked aboard ship. Harriot was the navigator for
Sir Walter Raleigh’s pioneering voyages to the New
World in 1584–5 and had been asked by Raleigh to
investigate the most efficient way to pack cannon balls
for use against rivals. This was the model that Kepler
used. Curiously, Kepler did not describe the structure
of snow, nor did he picture them in his booklet.
The first portrayal of a six-rayed snowflake I have
located was published in 1555 by Olaus Magnus, the
exiled archbishop of Uppsala, Sweden, in his Historia
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de gentibus septentrionalibus (a history of the northern
tribes). The book contained a section titled “de variis
figuris nivium” — the various figures of snow — in
which, for the first time, the appearance of snowflakes was recorded. I say “recorded” with a wry smile
because most of the illustrations are pure invention:
His plate showed snowflakes looking like a tiny eye
or a miniature hand; one looks like a bell, another like
the crescent moon. But one is historic. Halfway across
the lower portion of the plate is an image of a perfect
tiny star. It is an unmistakable six-rayed snowflake
shown for the very first time in history. I revealed all
this in my book Images of Science (1993), and it has
since been widely reported. I still believe it is the earliest record of a “microscopic” subject in the history
of science.
FIRST GLIMPSE AT REALITY
It fell to the French philosopher René Descartes to
portray snowflakes with some semblance of realism
in 1637. Descartes read Kepler’s work and published a
plate illustrating a variety of snowflakes. It was included in his Discours de la Méthode — his discourse on
the method of reasoning to find scientific truth —
where he wrote: “These were little plates of ice, very
flat, very polished, very transparent, about the thickness of a sheet of rather thick paper [and] so perfectly
formed in hexagons, and of which the six sides were
so straight, and the six angles so equal, that it is impossible for men to make anything so exact.” The drawing shows some imaginary snowflakes with up to 18
branches, but most show six sides, as they do in the
real world. Two of them (labeled F in his figure) show
two crystals connected by an axle, and — unlikely as
they seem — crystals of this sort do occur in nature.
Wrote Descartes: “I only had difficulty to imagine what
could have formed and made so exactly symmetrical
these six teeth around each grain in the midst of free
air and during the agitation of a very strong wind,
until I finally considered that this wind had easily
been able to carry some of these grains to the bottom
or to the top of some cloud, and hold them there, because they were rather small; and that there they were
obliged to arrange themselves in such a way that each
was surrounded by six others in the same plane, following the ordinary order of nature.”
But Descartes skated round the essential question.
He wrote that the snowflakes “were obliged to arrange themselves in such a way that each was surrounded by six others in the same plane” and concluded that this was “following the ordinary order of
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nature.” This is a cop-out: There should be a reason
other than the “order of nature.” Kepler had speculated on some kind of atomic packing, but the idea
was not taken up by that arch-rationalist Descartes.
And so this crucial concept was ignored until 1660,
when Thomas Bartholin turned to the investigation
of snowflakes.
Bartholin’s account was published in a paper, De
nivus usu medico observationes varium (on various medical
uses of snow), addressed to his brother Erasmus. Here
we had images of snowflakes made from low-power
microscopy, which were recognizable, even though
they were drawn as cartoons.
He produced neat diagrams of atomic packing
which you would not guess were published as early
as 1660, for they look strangely modern. Bartholin used
these as evidence for the six-rayed structure of a snowflake, and his work had resonances through the research of a French priest René Just Haüy, known today as the father of crystallography. His first great
work was the Traité de minéralogie published in 1784. He
referred to the ideas of Kepler, whose ideas on close
packing of spheres became known as Kepler’s Conjecture. Although the idea of stacked spheres underpinning crystal structure was becoming popular, the proof
of the concept using computational mathematics was
not published until 2005 (Annals of Mathematics, 162,
pp 1065–1185).
HOOKE ORIGINALS?
Look into the standard accounts and you will find
the 29-year-old Robert Hooke praised as the first person to study snowflakes successfully with a microscope. Yet his famous drawings were not original —
Hooke flagrantly copied them from Bartholin’s earlier
work. I presented this conclusion to a startled audience at the 2009 Inter/Micro conference in Chicago and
again as my presidential lecture to the Cambridge
Society for the Application of Research in October 2009.
And the topic becomes more intriguing when we look
further in to Robert Hooke’s great work Micrographia
(1665). His Observation XIII, under the heading “of
small diamants,” deals with crystal structure. How
does Hooke rationalize the regular predictability of
crystals? Why, by considering their structure as
packed spheres, much as Kepler and Bartholin had
done before him. His diagram in Figure VII shows
tightly packed spheres (here he calls them bullets, or
globules) and relates that to crystal morphology. It is
a neat piece of discussion, marred only by Hooke’s decision not to give due credit to those whose work he

Thomas Bartholin, a Danish physician and mathematician,
produced fanciful engravings of snowflakes. He modeled snow
crystals in terms of assemblages of microscopic spheres as Kepler
had tried to do.

The pioneering scientist Robert Hooke complained about others
(notably Isaac Newton) plagiarizing his work. But in his snowflake
studies published in 1665, he clearly plagiarizes Bartholin’s
engravings. Hooke also discusses crystal structure, using Kepler’s
conjecture and Bartholin’s ideas but gives neither of them credit.
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Snowflakes were first divided into discrete morphological categories by Donato Rossetti of Turin, Italy, who published La figura
della neve in 1681. His diagrams are hardly true to life, but he did
much to popularize the notion that snowflakes had an intrinsic
beauty. Joseph Needham pointed out that this was the first
portrayal of the hexagonal plate crystals often seen in nature.

was repeating. A decade later in 1675, Dr. Friedrich
Martens, a German physician, classified snow crystals into 24 discrete types. Then a Tuscan mathematician and philosopher, Donato Rossetti, published his
La figura della neve (the figures of snow) in 1681. My late
colleague Joseph Needham of Cambridge University
pointed out that his images of hexagonal snow crystal plates were ground-breaking.
It was from the Netherlands that research into
snowflakes next emerged and, for the first time, we
were approaching the real appearance of a snowflake
in nature. A Dutch natural historian, Jan Floris Martinet, published his Katechismus der Natuur (1779) in four
volumes in Amsterdam. His work is largely forgotten
(you will not find Martinet in the standard reference
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sources) but his eye for detail is worth commemorating. So diligent was he that his book was reprinted for
over a century after his death — and among his legacies were some good studies of snowflakes. Yes, many
of his images of “sneeuw” are fanciful, but there is
here a hint of accuracy in many of them. His book was
translated into several languages including French,
German and Spanish — and then it appeared in a Japanese edition.
We tend to think that there was little contact between the Far East and the western world at that time,
but the Netherlands remained a focus of interest for
the Japanese, and Martinet’s Katechismus der Natuur was
a popular read amongst natural philosophers (the title
became Kakuchi mondo in Japanese). One leading Japanese artist was Shiba Kokan, who specialized in commissions that would emulate the Dutch masters, and
he became the first Japanese to include snowflakes in
his drawings. Another Japanese enthusiast was Doi
Toshitsura who later became Lord of the Koga Domain
in Shimousa Province and held high office with the
Shogun authorities. Around 1800, still in his mid-teens,
he began to study snow crystals and drew them neatly
with pen and ink. Then in 1833, there was a catastrophic collapse in the Japanese food supply from the
Tenpo Famine, caused by a severe winter. One of
Toshitsura’s entries in his research papers records the
fact: “On Jan. 29, 1833, there was a heavy snow and
the snow crystals could be very distinctly seen and
some exhibited shapes not seen in other years.” He
was based around Osaka at the time, which rarely
had very low temperatures. Snowflakes need a temperature of 25° F or colder to be observed under a microscope, which the winters in Osaka rarely reach. So
the catastrophe for the community seems to have
given Toshitsura the stimulus he needed to continue
his observations.
Years later, his research was privately published
by Doi himself under the title Sekka Zusetsu (1832).
It includes 86 observations made by Doi Toshitsura
along with 12 illustrations from Martinet’s Katechismus
der Natuur. Naturally, this limited-edition book had a
small circulation, but the illustrations were copied by
Suzuki Bokushi for his book Hokuetsu Seppu (which
means “snow stories from North Etsu Province”) published in 1837. This brought the drawings to a larger
audience, and the two books launched the study of
snowflakes in Japan. For all the acknowledged influence of Jan Martinet, Doi Toshitsura never gave the
impression that he had really studied snowflakes
for decades. His figures were distorted and more like
cartoons.
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Jan Floris Martinet was a Dutch theologian and physician, who
became devoted to the idea of educating the public. In 1777–1779,
he published the four volumes of his great Katechismus der
Natuur, which included these intricate portrayals of snowflakes.

HAND-CUT SNOW
While the Japanese philosophers were publishing their own visions of unreality, an English scientist
was about to give the world a glimpse of how snowflakes really appeared. He was William Scoresby, born
in Yorkshire, England, in 1789. From the age of 11,
when he first accompanied his whale-hunting father
into the arctic, he longed to be at sea. The young
Scoresby studied natural philosophy and chemistry
in Edinburgh, and used a portable microscope to observe fresh snowflakes. His results were published in
1820 as Snow crystals as observed and drawn by William
Scoresby, in an account of the Arctic regions with a history and
description of the northern whale-fishery. His figures are reasonably realistic, and he set out to give some order to
the variations of structure found in nature. Scoresby
went on to publish more than 60 papers with the Royal
Society of London and traveled round the world studying the earth’s magnetic field, energy and the social
relationships of science.
There is one Victorian book that almost captures
the realism of snow crystals, yet the illustrations were
produced in an extraordinary fashion. In 1864, Frances

Martinet’s book was translated into Japanese, and in Osaka this
privately printed volume Sekka Zusetsu was produced by Doi
Toshitsura. It included these cartoons of snowflakes (1832). Most of
these are fanciful, but his studies caught the attention of others and
were later reprinted. The book is on permanent public display in
the National Museum of Nature and Science in Tokyo.

Chickering of Portland, OR, released her remarkable
book, Cloud Crystals: A Snow-Flake Album, published in
New York by D. Appleton & Company. The images
were made by hand-cutting paper silhouettes, for
Chickering would observe flakes with a strong hand
lens and then quickly cut replicas. Her results are not
literal images, but they do convey some of the realities. She was identified in her book only as “A Lady”
since publishing was then regarded as a somewhat
indelicate indulgence for a woman. In the introduction she explained: “The present collection originated
in the accidental observation of the beauty of a snow
crystal upon a dark window sill … crystals are caught
upon dark fur or cloth, a strong magnifier placed over
them to assist the eye, and the figure immediately cut
from memory.” Others attempted to emulate Mrs.
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During the Victorian era, hand-cut paper silhouettes were a
popular form of portraiture, and Frances Chickering compiled an
artistic book of snowflakes made by cutting out the shapes she
observed with scissors. She was identified only as “A Lady” as the
author of her work, and the results were so spectacular that they
were reprinted as maroon tinted plates for the cognoscenti.

William Scoresby produced another attempt to categorize snowflakes in his book published in 1820. He shows many of the main
types of structure that we find and sets them out in order. Even
here, there is so much distortion of reality that the diagrams have
limited scientific merit.

We will never know who was the first scientist to photograph a
snowflake under the microscope, but Russian investigator A.A.
Sigson must have been the first to do the job systematically. Starting
in 1875, he gradually acquired a collection of artistic micrographs.
Many of them won awards and prizes, and they were published in
spectacular art nouveau collections as works of art.

Chickering, though nobody equaled her skill. So attractive were her images that a neighborhood printer,
J.F. Richardson, produced prints of her images. They
were printed in sets of seven using deep maroon ink, a
curious choice that worked surprisingly well.
It was the dawn of photography that eventually
gave us our first true image of snowflakes. A great
Russian investigator named A.A. Sigson had set out

to systematically photograph images of snowflakes
in 1872, and over the following 30 years slowly
amassed a collection of 300 micrographs. He published them as Snowflakes; micro-photographic images from
nature around 1895.
Sigson’s specimens were obliquely illuminated on
the microscope stage since his aim was to create esthetically attractive images. The result was the award
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Johann Flögel of Ahrensburg, Germany, took his first images of
snowflakes in 1879. His collections were forgotten at the time of his
death and turned up only when his former home was being
renovated in 1975. The negatives were taken as glass plates and
printed off onto paper. Damp storage conditions caused them to
fade; this image was digitally optimized for clearer viewing.

Gustav Hellmann, a German meteorologist, asked his technician
Richard Neuhauss to take micrographs of snowflakes in 1892.
Their images were inferior to those taken by Wilson “Snowflake”
Bentley in the U.S. Hellman later accused Bentley of fraud.

of many prizes, including a gold medal at the Exposition Universelle that took place in Paris from April 15
to Nov. 12, 1900. In Germany, micrographs of snowflakes were taken on Feb. 1, 1879 by Dr. Johann
Heinrich Flögel of Ahrensburg, Germany. They turned
up in a dirty cardboard box during the renovation of
Flögel’s house in 1975. The micrographs had been taken
at low magnifications (between 16X and 45X) using a
burning magnesium ribbon as the light source. Then
a collection of micrographs of snow under a microscope was published in Germany by Richard
Neuhauss as Schneekrystalle: Beobachtungen und Studien
(snow crystals: observations and studies) in 1894.
‘SNOWFLAKE’ BENTLEY
And then there came Wilson “Snowflake” Bentley.
You were wondering when he would arrive on the
scene, and here he is. So many people think first of this
phenomenal farmer that it becomes easy to overlook
those who came before. Everyone seems to say that
Bentley was the first person to photograph the crystals of snow through a microscope. The statement is
all over the web, and even in the resources who should
know better. If you check out the Smithsonian’s description, for instance, you will find Bentley authoritatively described as “the first person to photograph
a single, unique snowflake.” What nonsense; single,
unique snowflakes had likely been photographed by

Wilson Bentley (above) ran a farm in Jericho, VT, and began
collecting his matchless snowflake photographs in 1885. His
research was widely published and was ultimately collated in Snow
Crystals, a book he compiled with William J. Humphreys. It was
published in 1931, shortly before Bentley’s death.

hundreds of microscopists by this time and several
books devoted to snowflakes had been published in
several countries by the end of the 19th century.
Bentley’s claim to fame is not that he was the first
to image snowflakes through the microscope, nor that
he was the first to publish them or even the first to
177

Wilson “Snowflake” Bentley painstakingly retouched his glass
negatives so that the snowflakes stood out dramatically from the
background. Bentley is now claimed to have been the first to
photograph snowflakes and the first to publish a book on the
subject, none of which is true. He was, however, the greatest
snowflake micrographer of the 20th century.

Alfred Wegener, the pioneer of continental drift theory, included
micrographs of snowflakes in his publications on meteorology,
Thermodynamik der Atmosphäre (1911). He used this plate from
J.M. Pertner that owed much to “Snowflake” Bentley. It originally
appeared in Pertner’s book Schneekristalle, published in 1906.

write a book about snowflakes. It is that he was simply the best that the world had ever seen. Bentley was
born in 1865 and raised in Jericho VT, where he had
little formal schooling but went into agriculture. When
he was 15 his mother gave him a microscope, and it
was the intrinsic beauty of snowflakes that most attracted his attention. By the time he was 20, on Jan.
15, 1885, he attached a bellows camera to his microscope outside in the yard and began to collect photomicrographs. The quest for new images of what he
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called “these tiny miracles of beauty” became a lifelong preoccupation, and every winter he would take
more pictures until he had a library of some 5,300
glass plates. Some of his earliest images were first
published in a scientific paper, “Twenty Years Study
of Snow Crystals,” which appeared in 1901 in the
Monthly Weather Review published in Washington D.C.
But Bentley did not confine himself to scientific journals. In Harper’s Monthly Magazine (No. 104, December
1901) he wrote a popular article called the “Story of
Snow Crystals,” which read: “Quick, the first flakes
are coming, the couriers of the coming snowstorm.
Open the skylight, and directly under it place the carefully prepared blackboard, on whose ebony surface
the most minute form of frozen beauty may be welcome from cloud-land. The mysteries of the upper air
are about to reveal themselves, if our hands are deft
and our eyes quick enough.”
It was not just Bentley’s photographic skills that
mattered, so much as the way he treated the negatives. He painstakingly removed all the exposed emulsion around each image, so that the snowflake stood
out dramatically from its background. This is how he
captured the eye-catching beauty of the crystalline
structure, shining out from the page against a background of velvet black. George Henry Perkins, professor of natural history at the University of Vermont,
agreed to co-author a paper with Bentley arguing that
no two snowflakes were ever alike. The idea caught
the popular imagination and his ideas were published
in magazines including the National Geographic, Nature
and Scientific American, and it was Bentley who contributed the entry for “Snow” in the 14th edition of
Encyclopaedia Britannica. Eventually, Bentley decided to
publish a major book on all his snowflake research
and joined forces with William J. Humphreys of the
U.S. Weather Bureau, who wrote the text. Their great
work Snow Crystals was illustrated with more than
2,400 of Bentley’s photomicrographs. It came out late
in 1931, just before Bentley died. He had walked home
for six miles, marveling at the snowflakes in a blizzard, and on Dec. 23 he died of pneumonia.
Bentley became an inspiration to other investigators. A German microscopist named J.M. Pertner included some of Bentley’s images in his book on snow
crystals published in 1906, and Alfred Lothar Wegener
reproduced them in his influential book Thermodynamik
der Atmosphäre (1911) published when he was only 31.
Wegener was a German meteorologist, who was fascinated by ice and snow. He became an avid polar explorer and coined the concept of continental drift in
1912. This became a matter of great controversy, and
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Nakaya published this first useable chart of snowflake types in his
book, Snow Crystals: Natural and Artificial, published in 1954.
Unlike the earlier versions we have seen (published in 1681,
1777, 1820 and 1832), he set out to produce diagrams that agree
with what we observed under the microscope. Descartes’ “axle”
from 1637 can even been identified (lower left).

In 1936, Japanese scientist Nakaya Ukichiro became the first to
successfully create snowflakes in the laboratory. Snowflakes initiate
around a tiny nucleus (often a speck of mineral dust), and Nakaya
found that a rabbit hair would support crystal growth. He grew his
crystals in freezing air that was supersaturated with water vapor.

the scientific establishment of the U.S. rebelled against
it heartily. The president of the American Philosophical Society dismissed the theory as “utter, damned rot,”
which was remarkably frank language at the time. Indeed, American teaching did not begin to accept the
theory until the 1960s. It was the beauty of the arctic
snows that excited Wegener’s passion, which is why
he included snowflakes in his writings. In 1930, he
went on his fourth exploration of Greenland, and no
trace of him has ever been found. He died knowing
that hardly anyone believed he was right; how curious that the science of plate tectonics is now known
everywhere and has no detractors in sight.
JAPAN’S FAKE FLAKES
There was one further step to take: creating artificial snowflakes in the laboratory. For this crucial research we must return to Japan, a country where, as
we have seen, interest in the microscopical structure

of snow dates back to the 1700s. This was the life’s
work of Dr. Nakaya Ukichiro. He was born on July 4,
1900, close to the area where snowflakes were described in Hokuetsu Seppu, the book that had been published in 1837. He was inspired by this historic work
as a young scientist at the Imperial University of Tokyo. In 1928 he moved to London to study under
Dr. O.W. Richardson, and then settled in as professor
of physics at Hokkaido University in Sapporo, remaining attached to that university for the rest of his life.
Nakaya specialized in low-temperature research and
set out to try and create artificial snowflakes. The
greatest problem he faced was the lack of a suitable
substrate, and he soon found what he wanted: rabbit
hair. Placed in a sub-zero chamber with high-humidity air, Nakaya soon found that crystallization would
begin. In 1936, he created the world’s first artificial
snowflakes. During the Second World War he suffered
periods of ill health, but in 1952, he was invited by the
International Glaciological Society to tour the U.S. and
to attend the conference that established SIPRE (Snow,
Ice and Permafrost Research Establishment) of which
he remained a fellow from 1952 to 1954. He lived in
Winnetka, IL, a town just north of Chicago, and wrote
his masterwork Snow Crystals: Natural and Artificial for
Harvard University Press in 1954. There was growing popular interest in snowflakes at the time. In 1951,
Rosemary Clooney released Suzy Snowflake, a nov179

There was relatively little interest in snowflakes in the 1960s. The
author took these micrographs in the winter of 1964. One became
a holiday greeting card and was reported enthusiastically in the
press. This plate is taken from New Knowledge, which published
four of the images of varying complexity.

elty seasonal song produced by the Columbia Record
Company. The song became the soundtrack for a cartoon enjoyed by Chicago children every holiday season. On Dec. 28, 1953, Suzy Snowflake was the subject
of a poorly produced animated short film by Centaur
Productions, featuring in Garfield Goose and Friends
on WBBM-TV (CBS).
My interest in the beauty of snowflakes dates back
to my student days. One of my early snowflake studies was printed off for use as a Christmas card and
was reported in the Western Mail newspaper on Dec.
14, 1963. Color photography was costly back in the
day, so I used a ferric ammonium citrate toner to add
a blue tint to the prints and then rinsed them in a pale
yellow bath (I cannot remember what that was) to
give the resulting photograph the appearance of a color
print. A series was published in an article titled “The
Beauty in a Snowflake” in the New Knowledge encyclopedia, Vol. 5, 1965.
CHILLED MICROSCOPY
Today we have our own version of “Snowflake”
Bentley in Dr. Kenneth Libbrecht. If I told you his
profession, it may ring a bell. Libbrecht is the professor of physics at California Institute of Technology
(Caltech), and would be the head of the department
where the character Sheldon Cooper in the television
comedy “The Big Bang Theory” does his research. Fans
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of the show know that the head of Caltech’s physics
department in the TV program is the character
Dr. Eric Gablehauser (though Libbrecht tells me that
he has rarely watched the show and knows nothing
of its characters). Libbrecht takes his micrographs
with a chilled microscope fitted with a camera, which
(since cameras tend to resent the cold) is enclosed in
a warmer chamber. Many of his published images
have been taken by Patricia Rasmussen; both say they
were originally inspired by perusing Wilson Bentley’s
stunning photomicrographs. Libbrecht has certainly
made most of his subject-matter: his published books
include The Art of the Snowflake, Winter’s Secret Beauty,
Field Guide to Snowflakes, The Magic of Snowflakes and
the Little Book of Snowflakes. Of particular scientific
interest is his 40-page paper on the physics of snowflake formation in Report on Progress in Physics (Vol. 68,
pp 855–895, 2005). His research on the “Aerodynamic
Stability and the Growth of Triangular Snow
Crystals” appeared in The Microscope in 2009 (57:4, pp
157–163).
Both the U.S. Postal Service and Sweden’s post office have produced stamps featuring Libbrecht’s micrographs. In July 2009, he received the Émile Chamot
Award presented by the State Microscopical Society
of Illinois. His is a breathtaking career.
Many people observe snowflakes in the comfort
of a warm laboratory by making plastic replicas of
them. John Delly wrote one such technique in this journal (The Microscope, 38:2, p 223, 1990). James Benko and
Thom Hopen have also taken great pictures, and I have
some of Benko’s fine replicas under the microscope
by me as I write. The traditional method was to dissolve polyvinyl acetal resin in ethylene dichloride
to make about a 1% solution of the plastic. You can
also drop chilled liquid superglue onto snowflakes,
and even clear acrylic spray paint. But these are the
techniques for wimps. The true devotee will use a microscope outside in the cold. Among the investigators currently working on the micrography of snowflakes are Alexey Kljatov in Moscow, Don Komarechka
in Canada, Hermes Sarapuu in Estonia and Mark
Cassino at Kalamazoo, MI. From time to time, scanning electron microscopes (SEMs) have been used to
study snowflakes, but the results are synthetic and
look like hunks of plastic. A selection has been taken
at the Electron Microscopy Unit of the Beltsville Agricultural Research Center in Beltsville, MD. They’re
horrible.
Finally, can it be true that no two snowflakes are
identical? Yes it is true, and here is my proof. It is the
subtleties of constantly changing humidity, tempera-
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Our modern-day version of “Snowflake” Bentley is Kenneth
Libbrecht, professor of physics at CalTech University. He and
Patricia Rasmussen have produced an array of stunning snowflake micrographs. Libbrecht has authored a number of books on
snow, and his images have been used for postage stamps.
ture and air currents that dictate the crystallization
of water vapor into ice crystals in snowflakes. These
fluctuations dictate how the six rays form. Clearly,
the variations between one part of a minute snowflake and its other branches are minuscule — and yet
there are subtle differences between their fine structure. If no two branches on the same flake can be identical, no two flakes could ever be the perfect match. It
is the breathtaking beauty, the crystalline intricacy
and sublime subtlety of each feathery construction
that makes snowflakes so captivating.
And when were snowflakes first written about?
This dates back to 135 B.C., when the Chinese philosopher Han Ying pointed out that although flowers had
five petals (he must have been looking at dicotyledonous species), “blossoms of snow are always six
pointed.” More than 17 centuries later (and over four
centuries ago) Kepler was attracted by them on the
Charles Bridge. On that wintery day when I was in
Prague, I thought back to the centuries of research that
had taken place before our own efforts started to surface. I tightened my scarf and pulled up my collar as a
large snowflake settled onto my glasses. I didn’t have
the heart to crush it with a tissue, so I blew it away
carefully and watched it slowly settle, just as a myriad
people have done before.

Alexey Kljatov from Moscow has published some remarkable
snowflakes, and he reminds us that ingenuity matters more than
costly equipment by relying on a Helios 44M-5 lens from an old
Russian Zenit camera. Kljatov pays special attention to lighting and
succeeds in capturing a snowflake’s startling beauty.

Don Komarechka, a macro photographer based in Ontario,
Canada, uses a hand-held camera outside in freezing conditions
and takes up to 60 high-speed frames of the same flake at varying
focal settings. He then uses software to interpolate the sharpest
images from which he assembles his astonishing results.
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