WILSON “SNOWFLAKE” BENTLEY: A LIFE STORY
From Primary and Secondary Documents
Objectives: Students will learn the difference between primary and secondary
sources, and the values and challenges of working with both. They will learn about
the life and work of pioneering snowflake photographer Wilson A. Bentley by
analyzing, reading, and evaluating primary and secondary sources.
Time: 55 minutes (Adjust Time As Needed)

- introduction, (suggested: 15 minutes)

- small groups, (suggested: 20 minutes)

- large group discussion, (suggested: 20 minutes)
SKkills: Reading, Critical Thinking, Document Based Questions and Answers
Content Area: Social Studies, Science
Materials: (contained below)

- Wilson A. Bentley letter and transcript

- Wilson A. Bentley article

- Obituary of Wilson A. Bentley

- Group worksheets

Grade Level: Grades 4 - 6

Historical Overview:

For over forty years, Wilson “Snowflake” Bentley (1865-
1931) photographed thousands of individual snowflakes and
perfected the innovative photomicrographic technique. His
photographs and publications provide valuable scientific records
of snow crystals and their many types. Five hundred of his

snowflake photos now reside in the Smithsonian Institution

Archives, donated by Bentley in 1903 to protect against “all
possibility of loss and destruction, through fire or accident.”
Wilson A. Bentley was born in 1865 in Jericho, Vermont. Taught by his
mother, he lived and worked on the family farm. Growing up in the “snowbelt,”
where the annual snow fall is about 120 inches, Bentley developed an interest in

snow crystals after he received a microscope for his fifteenth birthday. Four years
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later, in 1885, then equipped with both his microscope and a camera, Bentley made
the first successful photograph of a snowflake.

Bentley pioneered "photomicrography,” the photographing of very small
objects, especially of snowflakes. Snowflakes or snow crystals are difficult to
photograph because they melt so quickly, but Bentley developed the equipment and
technique that allowed him to take thousands of photographs of individual
snowflakes. He connected his camera to a microscope in order to create photos that
showed intricate details of each snow crystal and stood in the winter cold for hours
at a time. Patiently, he caught falling flakes and carefully handled them with a
feather to place them under the lens. The apparatus was set up outside so that the
delicate specimens would not melt, and a minute and a half exposure captured the
snowflakes.

From that first photograph in 1885, Bentley photographed
more than 5000 snow crystals until his death in 1931. Within his
massive collection, he noticed every single snowflake was unique,
and in the year of his death he, along with William ]. Humphreys, a
physicist with the U.S. Weather Bureau, published Snow Crystals, a
volume containing 2,300 of his photographs for all to study and

enjoy. Throughout his life he also published sixty articles in various

scientific and popular journals. While most of his articles discussed
snow crystals, he also photographed and wrote about frost, dew, and other
atmospheric phenomena.

In 1903, he donated a collection of 500 of his snowflake photographs to the
Smithsonian Institution to ensure their safety. In his correspondence with third
Smithsonian Institution Secretary Samuel Pierpont Langley, Bentley offered
positives and slides of his photos, writing that he was "deeply grateful for your [the
Smithsonian’s] kindly help in thus placing my collection of snow photographs
beyond all possibility of loss and destruction, through fire or accident." At that time
he also sent a copy of a previous publication on the snow crystal photographs.
Later, he sent a lecture he had given at the Brooklyn Institute of Arts and Sciences in
1905, intending that it would be edited and published by the Smithsonian, though it

never was. Each item sent to the Smithsonian was stamped and numbered to help
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keep track of the images. His photographs remain in the Smithsonian Institution
Archives to this day, safeguarded from any misfortune.

Bentley remained in Jericho, Vermont throughout his life. Ever dedicated to
his work, he died there in 1931 after having caught pneumonia walking through a

blizzard.

Primary and Secondary Sources:

A primary source is any original source of information that provides a
direct or first-person connection to a historical event. Examples may include:
documents such as letters, diaries, birth certificates, receipts, and notebooks;
photographs and drawings; objects, such as clothing or furnishings; oral history
interviews, and home movies. Primary sources were created by a person who
witnessed an event first-hand.

Secondary sources are summaries, second-hand accounts, and analyses of
events. They were created by someone who did not witness the event, but may have
read or heard about it. Examples may include: books or articles written on a topic,
artworks depicting an event, letters or diaries recounting a version of events told to
the author by another source.

One source can contain both primary and secondary information. For
example, a diary entry that contains a version of events the author read in the
newspaper (secondary) and the author’s feelings about the event (primary).
Whether a source is primary or secondary can depend on the question you ask. If
you are looking for information on how an event occurred, the diary entry written
from a newspaper article would be a secondary source (the newspaper article may
be a primary source). But if you are asking how the author learned about an event,
the diary entry written from a newspaper article would be a primary source.

Primary sources provide valuable information that we cannot find
elsewhere. They speak to us in a first-person voice and bring history alive. They
provide an individual’s view of historic events and times, and they tell stories about
how people lived and coped in the past. These letters, diaries, and photographs
create engaging stories for students to learn about and relate to. By comparing

conflicting primary sources, students learn to carefully examine actual documents,
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as well as the words they contain, evaluate evidence and point of view, and develop

critical thinking skills about the past and also about their world today.

X
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Instructions for Teachers:

Explain the differences between a primary and secondary source to your
students. Ask them to think of examples of both primary and secondary sources.
Ask why they think primary sources are a valuable way to study history.

Read the historical context section to your students to introduce them to
Wilson A. Bentley and his work.

Divide students into small groups. Print copies of the original documents
and worksheets for each student in each group. Give each group one of the sources:
the Wilson A. Bentley letter, the Wilson A. Bentley article, or the obituary of Wilson
A. Bentley, alternating from group to group.

Before sending the groups to look at and read their respective original
documents, describe the historical context of Solomon Brown'’s letters and life in
Civil War Washington.

First have students examine the original documents carefully in their
individual groups. Students should use the original documents and complete an
analysis of the documents before they turn to the transcripts, which can be used for
reading.

After students have looked at, read, and analyzed their sources and
answered their questions in the small groups, bring the class back together for a
large discussion. Have each group share a summary of their sources and the

answers they found. Ask these questions to begin a discussion:

in other sources?

- What do these documents tell you about Wilson A. Bentley’s life?
% - Does one source help you to evaluate or better understand the information

XK

- When you combine these sources, is the whole greater than the sum of its
parts?
Please note that all Smithsonian Institution primary and secondary source materials

can be used and reproduced for educational purposes without further permission.
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Instructions for Students:

In your assigned groups, carefully examine, read, and analyze your source

documents or images carefully. Answer the questions listed on your worksheet,

using evidence from the documents or images to support your answers.



Wilson A. Bentley Letter

Names:

Questions:
1. Who wrote this letter?

% 2. When and where was this letter written?

w

What is this letter about?

4. Why was this letter written?

5. Who was the intended audience?

6. What was the point of view of the letter writer?

7. What does this letter tell you about Wilson Bentley’s work?

8. What does this letter tell you about Wilson Bentley’s personality?

9. How does the grammar/spelling and word use differ from today’s writing style?

10. Is this letter a primary or secondary source, or both?
11. Are any/all parts of it a primary source, explain why or why not?

x : 12. How could you check the accuracy of the information in the letter?



Wilson A. Bentley Article

Names:

Questions:
% 1. Who wrote this article?

2. When and where was this article written/published?

3. What s this article about?
4. Why was this article written?

5. Who was the intended audience?

6. What was the point of view of the article writer?
7. What does this article tell you about Wilson Bentley’s work?
8. What does this article tell you about Wilson Bentley’s personality?
% 9. What does the article tell you about the public’s view of Wilson Bentley?
10. Is this article a primary or secondary source, or both?
11. Are any/all parts of the article a primary source, explain why or why not?

% 12. How could you check the accuracy of the information in the article?

% :



Obituary of Wilson A. Bentley

Names:

Questions:
1. Who wrote this obituary?

2. When and where was this obituary written/published?

3. What is this obituary about?

4. Why was this obituary written?

5. Who was the intended audience?

6. What was the point of view of the obituary writer?

7. What does this letter tell you about Wilson Bentley’s work?

8. What does this letter tell you about Wilson Bentley’s personality?

9. What does this obituary tell you about the public’s view of Wilson A. Bentley?

10. Is this obituary a primary or secondary source, or both?

11. Are any/all parts of the article a primary source, explain why or why not?

12. How could you check the accuracy of the information in the article?
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Letter Wilson A. Bentley to Samuel P. Langley, December 15, 1904:
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Wilson A. Bentley to Samuel P. Langley, December 15, 1904, page 1, Smithsonian Institution
Archives.
http://siarchives.si.edu /history/exhibits/documents/bentley.htm
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Jericho VT Dec. 15, 04
Prof S. P. Langley
Secretary Smithsonian Institution

Washington D.C.

Dear Sir,

I have collected photographs of snow crystals during the past 20 years, & now have
a collection numbering over 1100 no two alike. It has been almost a life work with me, & conducted
entirely at my own expense. In addition to the photos of the snow crystals, | have secured some 150
more photographs of frost & ice crystallization, of great beauty & interest. My collection of both
frost & snow crystal photographs are each in their class — [Start Page 2] far superior in both
number & beauty & I might add interest, to that of any other collection in the world, & picture quite
completely the crystalline forms of water. The great majority of these negatives are in my
possession, & no copies of them, except on paper; (& some lantern slides, at various Institutions,)
are preserved anywhere in fire proof buildings. I have felt strongly for some years, that some
institution, & especially the Smithsonian Institution, should, possess indestructible permanent
copies on glass, of at least the choice photographs of my collection. The danger from fire, &
lightning, or accident here at my home is not to be ignored, & has caused me much anxiety. It seems
to me that such a collection as mine should be placed beyond the possibility [Start Page 3] of
destruction by fire or accident. This is my excuse for troubling you in the matter, & I write to ask if
there is not some fund available from the Smithsonian Institution, or elsewhere, that can be drawn
upon to defray the expense of making copies of these on glass, to be stored, & kept for study, at the
Smithsonian Institution. I have been to so much expense making my collection; far more than I
could well afford; that I do not feel as though I could even do the photographic work, developing,
exchanging etc, free gratis, but I would willingly do it at very low wages, indeed. The expense of
making the negatives would depend upon whether the copy desired was to be a positive, (first
copy), or a negative, (second copy), & in the case of the [Start Page 4] positive, I think the expense
would not exceed 15 cts each, & if the negatives but 25 cts each, or possibly 30 cts. If but 500 of my
best examples were copied in this manner, it would be a great relief to me, [ would cast but about
$80.00 for the positives, & about $150.00 for the negatives, (if the latter were desired, instead of the
former.) Should you, through your great influence, bring about the desire I have so long cherished, I

shall be deeply grateful, & I should you wish to publish a monograph, or article regarding the snow

14
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or frost crystals, in the quarterly issue of the Smithsonian publications, I will gladly write, or furnish

data for it. (I think you mentioned desiring such an article, in a letter to Prof. [Cleveland] Abbe.)

Yours sincerely,

W. A. Bentley

15
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“Photographing Snowflakes” article by Wilson A. Bentley:

: PHOJ’DGRA PHI/VG
¢ SNOWFLAHRES

Fy WA Bentloy

VERY snowflake has an infinity of
lbeauty which is enhanced by the
knowledge that the investigator will, in
all probability, never find another exactly
like it. Consequently, phi:-mgm[-hing
these transient forms of Nature gives to
the worker something of the spirit of a
discopverer. Besides combining her great-
est skill and artistry in the production of
snowflakes, Nature generously fashions
the most beautiiul specimens onm a very
thin plane so that they are specially
adapted for photomicrographical study.
The photo-
graphing of
snowflakes, al-
though quite
delicate waork,
can hardly he
called difheunlt,
although some
hardships at-
tend it, because
the work must
all be done in a
temperature be-
low freezing,
and under con-
d;:cmm i:lt much
physical expo-
sure. The tem-
perature at
which photog-
raphy 1s pos-
sible depends
somewhat upon the thickness of the crys-
tals: this varies greatly from time to
time, and depends uwpon whether the tem-
perature is rising from an intense degree
of cold or falling from a point above
freezing. If rising after a cold snap, pho-
tographing can often be continued until
actual thawing commences,

Of course, location is everything in lhzs
work, and no one except those hving in
aﬁ:iic climates or in regions having long
and severe winters, can accomplish very
much. Generally speaking, the western
quadrants of widespread storms or bliz-
zards furnizh the most beautiful and per-
fect forms. At such times the wind is
usnally westerly or northerly, with the

A Variety of Straage Forms of Saew Crystals: The Specimens
the Center Are of the Most Interest o o ity

barometer stam!m;: at 29.6 to 29.9 in. and
slowing rising. The percentage of perfect
crystals u likely to bhe larger when the
smowiall is not too thick and heavy, with
the crystals medium to small in size
rather than large. The character of the
smowfall often undergoes quite abrupt
changes as a storm progresses,

The apparatus required for snowflake
photography consists of a compound
microscope, fitted with a joint that per-
mits the instrument to be turned down
horizontally, at right angles to its base,
o that it can
be coupled to a
camera bellows
by means of a
light-tight con-
nection. The
mlcruﬂ:npc ob-
jectives are
used alone,
without the
éyepiece, It is
best to have
several differ-
cnt nbjel:mes.
14, 3, and 3-in.
l:um'bmatums,
which give
magnifications
of from 8 to 60
diameters (64
to 3,600 times).
will serve well.

Ordinary daylight, coming through a
window, is used for illuminating the erys-
tal :I'u-r it has been: placed on a micro-
scope slide, a tiny bedm of Ilght entering
through the small aperture i the sub-
stage of the instrument. The apparatus
is placed indoors, near by and facing a
window. The room, the apparatus, and
its accessories shoull always be away from
any source of artificial heat, and at a tem-
perature approximately that of the out-
side air. The mecessary accessories are
an observation microscope, a pair of thick
mittens, microscope slides, a sharp-
pointed wooden splint, a feather, and a
turkey wing or similar duster; also, an
extra focusmg back for the camera, con-

0

on Acoount of Their Rarity
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Bentley, Wilson A. “Photographing Snowflakes.” Popular Mechanics, Volume 37, N umber 2,
February 1922, page 309.
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taining clear glass instead of the usual
ground glass, with a magnilying lens at-
tached ; this is used for final focusing. A
blackboard, about 1 ft. square, with stiff
wire or metal handles at the ends, so
that the hands will not touch and warm
it, is used to collect the specimens. As
it is necessary to gover the end of the
microscope objective with a strip of black
card, that takes the place of the usual

- j I _ -

Bloting Out i Sy Copn Imags oo the Fhose-
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camera shutter which controls the dura-
tion of exposure, it is necessary to At
two vertical rods at each side oi the
microscope tube to hold the card.

The snowllakes are canght on the
blackboard as they fall, and examined by
the naked eye or with the assistance of
a hand magnifying glass. The feather
duster is used to Erush the board clean
every few sccomds, until two or maore
promising specimens alight upon it
when It is immediately removed in-
doors. From this point onward the
photographer must work fast. The
promising specimens are placed for a
moment's observation under the observa-
tion microscope. The removal of the
snowflake from the hoard to the micro-

slide is accomplished with the
sharp-pointed splint, which is pressed
gently against the face of the erystal until

the latter adheres to it, so that it can be
l:;v:lu.-tl up and Fl.n.eed on the glass slide,

sually several erystals are placed to-
gether on a single slide, a momentary
glance being given to each, and care taken
while doing this not to breathe on the
erystals. The ntmost haste must be used,
for a smow crystal is often exceedingly
tiny, and frequently not thicker than
heavy paper. Furthermore, once these
bits of pure beauty are isolated, evapora-
tion (not melting) soon wears them
away, so that, even in zero weather, they
last but a very few minutes. When a de-
sirable specimen is obtained, it is pressed
flat against the glass with the edge of the
feather and the slide inserted in the stage
of the microscope om the camera stand,
centered, roughly focused with the
camera ground glass, then sharply fo-
cused with the clear-glass screen and
magnifier, focusing on some tiny air tube
near the center of the erystal. The plate
holder is then inserted into the camera,
the objective covered with the black card
and the slide removed from the plate
holder. The objective is then uncovered,
and when the exposure, which may vary
from B seconds to 100 or more, is deemed
lul’ﬁ:iﬂﬂ, the trpcﬁlilrll is  reversed,
Naturally enough, no rule for the length
of exposure can be given, except that the
greater the magnification, the longer the
exposure should be,

e frail, feathery flakes are the most
difficult to photograph, and it is always
best to place five or six other crystals
around the specimen, as this greatly re-
tards the evaporation of the central one.

When working from the rear of the
camera, and the bellows extension is such
as to make it impossible to reach the
focusing screw on the microscope, an ar-
rangement similar to that shown in the
page illastration can be used. This con-
sists of a cord that runs over a wheel on
each side of the camera and around the
focusing screw, No lens is required in
the camera, the miernscope furnishing the
optical equipment for projecting the
images onto the sensitized plates.

Having recorded the fleeting substance
of the snowflakes on the Rﬁnlumphic
negative and brought out the image by
development, the photographer discovers
that the hody of the snmow crystal is so
transparent, that it does not contrast
enough with ite background to make n
print in which the form will stand out in
relief. There is no purely photographic
method for producing the white images
against a dark background, and yet it is
necessary to do so if the images are to be

Bentley, Wilson A. “Photographing Snowflakes.” Popular Mechanics, Volume 37, Number 2,
February 1922, page 310.
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Bentley, Wilson A. “Photographing Snowflakes.” Popular Mechanics, Volume 37, Number 2,

February 1922, page 311.
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appreciated by most people, whose ideal
ui‘ anow is that of immaculate whiteness.
The only eifective method of accomplish-
ing this result is what is known among
photographers as “blocking out.”

The negative is supporied on an ordi-
nary retoucher's desk, which may be
merely a picce of glass, arranged to hold
the negative so that the image is illom-
inated by transmitted light. Then, with
an etching knife or other fine, sharp-
pointed tool, the operator proceeds 1o
serape away the emulsion around the out-
line of the crystal 1o leave it sianding

Smithsonian Institution Archives
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alone against a background of elear
glass, ‘Iﬁi requires conslderable patience,
amd often considerable time as well. In
order to avoid irreparably spoiling the
original negative, it is best not to alter
it in any way, but to moke a copy nega-
tive on which the actunl blocking out is
done. i‘l"’"“‘ Mzallh'e has l:l'p;n thus
repare rints or lantern slides are
m in lhr nsual manner. Blocking out
the negatives is done indoors, instead of
outdoors as shown by the photograph,
which was thus taken to get suflicient
light to allow the exposure to be made.

Alarm Clock Turns on Electric Lights
The use of artificial light in pouliry

houses has become quite popular, as, by
inereasing the number of hours of light,
the hens have
more time for
feeding, and
Iar more eggs.
Where elee-
tric lights are
used im the morning,
say from 4:00 a, m. un-
1l daylight, the alarm-
clock rime switch illus-
trated  will ound
very useful,

A prece of hight, flex-
ible chain, passing over
a small pulley, has one
end fastened to the han-
ille of the light-control-
ling knife switch, while
n weight is attached to
the opposite emd. A
nail is run through a
link of the chain, about
level with the alarm-wind key of the
clock., One end of this nail is !liplp:l'lﬂl
on o small block immediately behind
the clock and the other rests on the
alarm key of the clock, after it has been
wound. This arrangement holds the
chain and weight, and provides for enough
slack chain to leave the switch open.
When the alarm goes off at the time set,
the alarm key turns and allows the nail
to slide off; the weight drops down and
closes the switch,

Cleaning Plowshares

Ta keep plowshares and moldboards, as
well as cultivator shovels, from rasting
during the time they are laid up, it is best
to give them a liberal coating of some
thick grease. If the grease hardens on

the surface so that its removal is difficult
when the implement is to be used, a small
amount of gasoline or kerosene may he
roured over the share, and ignited just

fore the plow is to be u The heat,
together with the solvent action of the
gasoline, will soften the grease, and if
the plow is started in the ground while
the grease is still warm, the coating will
peel off easily and completely. A handful
of dry hay or grass ignited under the
plowshare will answer in the absence of
gasoline. Either of these methods is bet-
ter than seraping the grease off.

A Simple Farm Hoist

A simple hoist that will find many uses
about the farm, for raising bags of grain
and other bulky
wrighl:l to tlui
b~ [ ] upper floor o
_,-""F;r a barn or other

¥ building, is
shown in the
1 drawing.
Awooden
beam, of soit-
able thickness
and length, is
hinged to the
floor at a con-
L venient  point
inside the door
ar other open-
ing. The upper
end of the
beam iz provided with a single-sheave
pulley, over which the rope passes to the
winding drum: this can be easily impro-
vised. A wooden block can be made and
inserted underncath the projecting beam
to that the arm is held in an inelined
position, as shown. The packages are
raised clear of the building and, when they
reach the pulley, swing inward as the arm
rises to a vertical position.
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Frank Thone Obituary of Wilson A. Bentley:

Qe ScieNcE News LETTRR for Febrwary 6, 1932

ALETEOROLLGE

Every Snowflake a Unique Jewel

In Over Forty Years of Photographing “the Faery Daughters
Of King Boreas”, Wilson Bentley Never Found Two Alike

By FRANK THONE

P IN THE mountains of Vermont,

where the winters are long and the
snow falls Frequently, there died 2 few
weeks agn, 4 guier, retiring rman who
was the world’s foremose snow ardist.
His name was Wilson Bentley, He
was pot one of the numecrous tribe of
Michelangelos of melting marble, whose
snow sculptutes get inro the newsceels
and rotogravure sections.  His was a
far mote difficult are, for it dealt with
single Aakes rather than grear lomps of
matted snow: yer chough it dealt with
single flakes it was a mote pormanent
art than the efforts of these gravers of
the earth's most impermanent plastic.

For Wilson Bentley made photo-
graphs of snowflaloes: he was Pottraitear
to Their Highnesses, the faery dangh-
ters of 0ld King Porcas. For moce than
forcy gars, he let the winds of the
warld britg beaury 1o his humble door-
step oa @ small farm near the village
called Jericho; he eaprured ir in its most
fragile form and held it for 3 moment
while the chilled kiss of the cloud-
hidden sun has geaven its lineaments in
the invisible silver grains of photo-
graphic places, For forty years he ac-
vumulated his portraits of princesses in
frosty filigree, freasuring them as a less
wise man mighl: treasure the jewe]s tlle'y
teseqnble of fine silver picces whose
smiths might learn lessans from their
incredibly exquisite pawrerns.  For at
least o pare of the forty years he had
recogninen from o few: scientists who
would tead the riddles of che weather,
artists wha Iove beangy and will follow
her even oo Jercho. But the world
heeded him aot, oor knew his work.

So far as that poes, even his foends
of dhe ouside world who soughe him
in his home in the hills, and once or
twice coaxed him ooe for o few days of
discomfort in the big citics—even his
friends “fram gutside” knew very linle
abour hitn, He was nor a scientist in a

reat Jaboratory, for Il his magic with

sively and plainly, as ir is siill possible
to do in a New England village com-
munity without lesing caste.  But so
alst have some of the world's richesc
lived: men likc John Bocroughs, and his
pwn fellow New Englander, Thoecau,
and the barefoored linle man, centuries
[ whom his ncigh.bnrs called "1 Pov-
erelle™ when they <ame in admiring
crowds 1o hear him talle

A Hoard of Beauty

His friends of the owmside world
for years felt considerable concern over
the fare of his greae collection of plares
and photographs. Hundreds upon hun-

.dreds they fpiled ap in his lile hause,
&

& haoard beanty almast lost ta the
world.  They felt like overprivileged
guests, when they were allowed o see
with only a few paies of appreciative
epes whar they knew thousands would
be glad tq behold. Some of them cast
about in their minds for ways and
meaes,

To Prof. W. J. Humphreys, ghysicist
of the U. 8. Weather Bureau, it seemed
that the medium ar once the happiest
and et praciicable would be a badk,
collecting all of these pictares into a

series of fine photogeaphic plates.  ‘This
would permic the world ar laege o see
in irs ewn housces the treasures that bad
hitherta been visible only at the cost of
a pilgrimage to Jericho, and ir would ac
the same time place this ereasury of
loweliness safely beyond the irceparable
loss that a single firc or other disaster
mighl: have cansed had it visited Mr
Beniley's home and destroyed his col
lcctianwof lates and prints,

But such an underuking would be
expensive.  There would be no profie
it such a book, for it would have o sell
at & rather high price w a compara-
tvely limiced number of people. A fund
would have 1o be pmvic}:fm defray a
lat of prclirnin.arlj.' CHpEnsEs. A gener-
ous donot eame farward with the fund,
and the American Meworalogieal So-
ciety became its trustees, sponsoring the
book.  Houts and daps of tedious Tabor
would he rc‘;ltjuileu:lJ o acrange the two-
thousand-odd photographs in their most
cifeceive order and 10 wrire a few pagres
of carefully built explanatory rexc. E’Df
Humphiteys undentook this Tahor him-
self. A publisher would have w be
Found. The MeGraw-Hill firm accopred
the book gladly, though they kiew they
would be doing well o break even on
it Rpanciolly.  ‘The whole way was not
easy, but such was the chaem of Wilton
Bendey's pictures that ewe who
had anyrhing to Jo with the task shoul

¢ miceoscope and bis cunning with the
camerz. MNobody knew whar he did for
a living. He said he was a poor man,
and it ig erwe he lived most wnobiro-

4+ CAPTURING IMMORTAL BEAUTY OUT OF GRAY BKIES ... "
The late Wilsen Bentiey end his apperasur for photographing smowfleber, -

Thone, Frank. “Every Snowflake a Unique Jewel.” The Science News-Ietter, Volume 21, Number 565,
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dered his share willingly for the sake of

the end they all suughl:,

Cnly Wilson Bentley himself hesi-
tated, with characreristic self-effacement
and equally characeeristc New England

caurtion.

"Surely nobody's going 10 wane a
great big book like the one pou are
talking abaet™ he said 0 Prof. Hom-
Fhrcys. "Hado't we better ger out a
iitle ane firse, and see how ic'll go ¥

But Prof. Humphreys had his way,
and the book came our, and Wilson
Beaeley had che great satisfaction, tn his
last days, of seeing his wotk in pettia-
ment form,  In it the eminenc screndist,
who was proud o have his name set
down a5 co-author with thar of plain,
untitled Wilson A. Bentley, tells some-
thing of the rechnique used in caprar-

ing the breath-taking beay

through dhe many pages of picrres,

Soow Surgeon

"Breath-taking is the right phrasa,
o, for when you look at a spowflake
thraugh rhe microscope you must hold
your beeeth.  The warmih of the slight-
est puff from human lungs mels it ar
once; even the radiation from ope’s
body will destray it in a shott time.

S0 the Arst eequisite for a snowflake
photographer must be a willingness and
an ability to wark in the cold. A pic-
wre of Wilson Bentley at his micro-
scope-cainera shows him in a thick ower-
ooat and with his hands encased in sub-
stantia]l woallen mittens. How he was
able, in this necessary armor against the

eold, to perform swife anm

nanipulaoons that would pur severely
to rask a newral or optical surgeon is

this craft.
haps that is ene of the things that come
with practice —and Wilion Bentley had

one of the mypsieries

forry years and more of thar,

The rtask of mansferring the evanes.
cent hezury of the saowfukes to the
mate pecanent record of the phato-
graphic plate is well totd by Prof.

Humphreys himscif:

"Fitst you catch your snow crystal
Thiz is conveniently dene by holding 2

Thone, Frank. “Every Snowflake a Unique Jewel.” The Science News-letter, Volume 21, Number 565,

6 February 1932, page 91.

smooth black hoard, a foot or so square,
a moment o twa, or 33 lng as occes-
sary, in the falling smow, ‘The ratch
is then eaken mnder shelier, to keep it
from being blown of the board ar oth-
erwise dismrbed, where the ‘[’iﬁhl is pood
and rhe tempeearees thae cmtdoors,
After 2 hasry inspection with a snimable
magaifying glass a promising crysral, if
an¢ is found, is rransferred carcfully
and with most delicare touch 10 a suit-
able plass plare—a microscope slide—
with & small wooden splint, and there
pressed down flat or brouglt into other
proper position and made slighily to ad-
here ta the glass by the gende stroke of
1 small wing feather, After this it
should be more minuely examined wich
a microscape to derermine whether or
not it is worthy of photographic preser-
vation, IFf it scems to be worthless there
is tothing o do, of course, bur seaee all
aver again. When, however, a photo-
graph of a cyswl is w0 be obtiined it
obviously is necessary to cake it with a
photomicrograph camera, that 15, 2 mi-
croseope fittad with 2 camera bellows
and plate holder where the efepiece
normally is placed, or Father removed,
The camers is mened wward the sky
{clouds arrually) either diroctly or
through a window; then, or previously
it more convenient, the crysral, adher.
ing ta the glass slide, is propetly cen-
tered in frone of a low-power, 14 0 3-
inch micoscope objective, and rthe fo-
cusing 0 adfusied as o give 3 picture
of the desired size. The place holdet
is then put in position, lens covered,slide
of plate holder drawn, lens wncovered
for time of exposute, lens covered again,
and slide pur back.”

It all sounds very simple. But just
try and do it!

But the hindling of the snowflakes
themselves is only a parr, though per-
haps the most difficult part, of the task
of snowflake phorography. There is
yet anather delicare operation that must
be petformed beforc the image can be
rransirif:nmd from the developed plae
[{4] LT I paper,

Es the o:?;narplj:tes cotnie put of the

21

datk-room, there is not much contrasc
betwoen the pictare of the flake and the
background, for the exposure IS neces-
sarily miade against a gray sky. To ob-
tain this cantrasc, Mr. Beatley made a
duplicate of each plate, and then eare-
fully peecled all the background emul-
sion away with a very shatp knife, leav-
ing only the dear glass around the im-
age. Then when he made his print he
got the image standing auwt in all i
lacy delicacy against 4 dead-black back-
Fround.

The hair-fine lines on & snowfeke
picture, that make it like a jewel, like
a wrought silver broadh, like a patiern
af lowely lace, arc nor eeally dark marks
on its surface or in its substance. The
whale of a snowllake is just a crysealline
bir of ice, quite withour color. Bur
though 1 spowflake is onc crpstal, its
wiity is @ manifold uniry; it is a many-
in-one. It is made up of unired smaller
crpsgals that bave grown in harmony
from a small original nucleas ae the
center.  All of these smaller crysaals ler
light serzighe thtough in certan direc-
tigns, and nirn it sharply aside in other
directions. Where the light is nrned
away From our eyes it matutally seems
o leave a dark bne, Thus che matk-
ings on a snowflake

Fascinating aod Bafling

It is fascinating —-and bafling—o go
through the collection of snowflake pic-
tures, serking duplicates.  There are
none.  In his forry winrers of snow
s‘cudy and Phn‘tugraPhy, Wilsan E:uth
never saw two snow crystals exactly
alike, Instcad, he found the most be-
wildering vatiety.

While he was acranging the pictures,
Prof. Humphreys was not always the
seientse.  (Xten he was rhe imagin,aﬂvc
small boy, seeing bitds end buttedfies
and Aowers, and cven milk-bosrles and
the heads of hippopoami, He points
out somg of them in the book, BDIP:'ISG—
Iy leaves most of these fascinating lirdle
voyages of discovery for the beholder
to make far himself,

Bur even as the setibny scientise, Prof,
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Humphbreys has dings 1o point car tiar
are of ‘nterest w everybody.  For in-
stance, rhac che shap-: and substance of
2 snowflake is detetmined lazgely by the
height of the cloud from which it falls,
The higher the elaad, the coldee and
driet ehe air, the mors slowly the copseal
forms and che "flainer™ its outlineg. The
amall, even-sided, livle-branched flakes
are the childrom af the di?}.}" hcighu
where Dhaloes circle round the mooo.
The feathery, Iacy, starey fakcs, with
endlzss inericate hranches, are Farmed in
damper air a1 lower winperatares, and
at less lofoy altiwdes,  'The inrermedi-
ate forms come from mpderace heights,
mcdium  emnperaruess,  cviddle-of-the
way conditions all moend,

Older than Greeks

A pocfect symmetiy is tarery found
in any souw orpstal, even when by
growel s oot been violently distughed,
To the eys, most of Wilson Bendey's
crystals appeas Hawlessly evern inoall
proporions.  But if cne applies a rig-
orous megsurement tost ooc finds slight
nnevenacsses. Foo instance, it 05 hard 1o
dnd onc pateon on which one can set
dawn 2 pair of fompasses and trace a
citcle ahat will juse eouch all six of s
pwints, or on which anc can Jay down 2
rieler that will lie absoluely  perallel
with any of s sides,

Tar this hairs-brezdth swervang from
absolwe mmeclanical accoracy, hat saeis-
fiss the cye with symmetry amd yet cs-
capes 2 deadly sarmeness, the anciene
Greek arclipecis ate much proised. Bot
it appears thet this fdea o design s
much alder than the (reeks.

Hoedetipe Mogs Lriter, Roirueryg 8,

e
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EAST

“'m"'[wmg Gmam EER
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E:J;;:;;lﬁline Type Challenge
To Automobile Makers

ECAUSE iL confosms to naral
laws, nat subject o the ingenuity
of man, the stresmlined  sucomobile
with i¢s engine in the rear, is challeng-
ing manufacturers of the world's #4,-
00O fuolor vehicles to adapt it as
the design of smart appearance which
will give maxinwn tiding comion and
praatest cconomy ab high speed. This
inion is preseated i a reporl to the
Socicty of Automorive En LF"ﬂ':\':rs by Sie
Dermistoun Bumey. ooted eat Jesignez,
Puinting aut that the streamlined car
would emduce air resistance by half, as
compared with present-lay designs, Sir
Dennislann cxplained how the distribue-
tion of weight in an tutomebile and
e location of its center of graviby ure
of prime wnportance Lo safety and com-
fort, ln crder to give maximum ad-
heston. ta the roal when brakes ae ap-
plied equal strain must he placed upon
vach of the four wheels, and s may
be achieved, he sald, only when the eo-
ine is situated at 4 poinl one-lhird of
the length of the wheelbase in front of
the resr axle
Ar oedinary driving speeds, Sie Den-
migkoun stated, the unpleasantness of an
oneven coxd s mosr keenly felr By ar-
ranging the weights along the leogth
of the car according ta a Formula based
bysical lawes, he conlinued, f is pos-
Lle greally to reduce rhe magnirude of
rmpa[rs and shocks which must be laken
thJ |.J:f [l C Sprlngs U'r the modern cat.
dodrgee. Nigen Ledler, Febigragy f, 1832
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THE GREAT WARRIDR

UNIVERSITY This map of the sowthern sbies during F«bmar} should replace the one
puchlished lost week xmngr 71 with the article "Refarming the Stars” In

Srowd Streeb ot Mantgemery Ave,, Phila,, Pa. thet map there wad @ duplivation of tee plenes Fupiter and an incorrect
|']! showing of the plamct Maers, the result of en ovl deparinent mistake, Fa-

setlinr Orinp, most megguiffcenr of the constéflafions, ucesdior the cenber of
the pourhern stage.
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Additional Resources:

Texts:

Bentley, Wilson A. Snowflakes in Photographs. Reprint. Dover Pubications, 2000.

Martin, Jacqueline Briggs, and Azarian, Mary, illustrator. Snowflake Bentley. Sandpiper, 2009.

Reliable websites with documents online:

SI Stories, Smithsonian Institution Archives,
http://siarchives.si.edu/history/exhibits/documents/index.htm

Smithsonian Institution Archives History Pages,
http://siarchives.si.edu/histor

Smithsonian Institution Archives Home Page,
http://siarchives.si.edu

Historic Pictures of the Smithsonian, Smithsonian Institution Archives,
http://siarchives.si.edu /history/exhibits /historic-pictures-smithsonian

Smithsonian Institution Education site,
http://www.smithsonianeducation.org/educators

Jericho Historical Society Snowflake Bentley Site, http://snowflakebentley.com/

SBentley Snow Crystal Collection of the Buffalo Museum of Science,
http://bentley.sciencebuff.org/index.htm

Snow Crystals.com - An online guide to snowflakes, snow crystals, and other ice phenomenon,
created by Kenneth Libbrecht, Professor of Physics at Caltech (California Institute of Technology)

Snow Crystals, Our Friends - an online guide by James Provencio, Katie Ohsann, Stephen Barta, and
Dave Gosselin, from the University of Arizona
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