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In February 1635, the philosopher and scientist René Descartes was in
Amsterdam for a couple of snowy days, and his descriptions of the snowflakes he saw
have never been bettered: “...what astonished me most was that some flakes had six
little teeth around them, like clockmakers’ wheels... There followed after this little
crystal columns, decorated at each end with a *six-petalled rose a little larger than
their base.”

Descartes’s brief descriptions go to the heart of both what’s so obvious and so
subtle about snowflakes. Every kid knows that snowflakes are six-sided. But
scientists still haven’t solved the problem of how all snowflakes can be six-sided and
yet take so many different shapes. If snowflakes are all made in roughly the same
way, how is it that some are like “clockmakers’ wheels” and others “crystal columns,”
miniature six-sided pillars?

What's amazing about Descartes’s description is that it’s apparently only the
second time anyone in Europe acknowledged, in print, that all snowflakes are six-
sided. The credit for first mention goes to Johannes Kepler, an astronomer known
mostly for his work on the shapes of planetary orbits, who in 16811 wrote a little book
called The Six-Cornered Snowflake. If you go back a half-century before that, it's
apparent that the *flexagonal shape of snowflakes was not common knowledge in
Europe. A drawing in a 1555 book by the Archbishop of Uppsala shows twenty-
three versions of snowflakes, only one of which is six-sided. The variety of the other
shapes—eyes, hands, bells, arrows and half-moons—makes it clear that the author
had no idea which shape was correct. In contrast, the Chinése had described the
true shape of snowflakes at least as early as the second century A.D.

At first glance it seems ridiculous that four hundred years ago no one in
Europe knew, or at least publicly acknowledged, that all snowflakes are six-gided.
You usually d(l)n’t have to spend more than a few moments in falling snow before you
can find individual six-sided flakes on the windshield of your car or the sleeve of
your coat. On the other hand, it’s always easier to see something if you already

know it exists—would we notice those perfect little hexagons so readily if we hadn’t
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been taught from kindergarten that they're there?

Recognizing that snowflakes are six-sided is only the beginning—even Kepler
realized that the really interesting question is why. What force could produce
millions of flakes out of frozen water that, whether flat plates or columns or stars, all
have six sides? He figured that snowflakes must be assembled from smaller sub-
units, and that six-sidedness had something to do with packing them together
efficiently. He was interested in the fact that hexagons appeared in other situations
where efficient packing was paramount, as in the individual cells in a bee’s
honeycomb. But he couldn’t explain why snowflakes are six-sided.

It wasn’t until this century that at least part of Kepler’s question could be
answered. The architecture of snowflakes depends first on the water molecule itself.
Water is, of course, two atoms of hydrogen and one of oxygen: H:0. At room
temperature, when water is liquid, the HaO molecules are vibrating and sliding past
each other, colliding and rebounding, leaving virtually no space between them. But
if the temperature drops low enough, this normal interactive movement of water
molecules can be overcome by electrical forces acting among them, and they then all
snap into fixed positions relative to each other. That’s freezing.

When freezing immobilizes the water molecules, it forces them to move apart
and take only rigid arms-length positions with respect to each other. X-rays of such
ice crystals reveal a remarkable repeating pattern of hexagons: six water molecules
at each corner, in turn bonded to other water molecules beside, above and below.
Kepler was closer than he realized: at the micro level, a mass of ice crystals looks
like 2 vast honeyecomb in a bee’s nest.

This repeating hexagonal pattern holds the key to the formation of snowflakes.
Under the right circumstances in the atmosphere, a crystal will start to grow
(usually on a dust particle), adding water molecules to its edges, always preserving
the underlying hexagonal organization. By the time it’s big enough to see, you have
a snowflake.

The greatest snowflake scientist of the twentieth century is the late Ukichiro
Nakaya, La'nuclear physicist whose life was changed when he was appointed to be
head of physics at Hokkaido University, Japan in 1932. The university didn’t have

the facilities to do nuclear physics, but there was lots of snow there. Nakaya took a
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pragmatic approach and changed his field of study., He was the first scientist to
produce snowflakes in the lab. He strung rabbit hairs like miniature *zikotheslines
in cold chambers filled with water vapour. Rabbit hairs are lined with little knots
that provide the same opportunity for starting the growth of snowflakes as do dust
particles in the air: snow crystals can settle on them and begin to add new crystals
from the surrounding air,

Nakaya showed for the first timé why snowflakes can be anything from
delicate six-fingered stars to six-sided shields, or even the pillars with hexagonal
caps on both ends that Descartes mentioned. Their shapes reflect their histories—
as Nakaya wrote: “a snowflake is a letter to us from the sky.”

Temperature and humidity are the key—as they change, the way snow
crystals grow changes as well. If a snowflake is forming in fairly dry air at -15
degrees Celsius, it will be plate-shaped, but at 10 degrees less than that it will form
as a solid column. The feathery six-armed Christmas card snowflakes develop only
in very wet air at around -14 degrees Celsius. You can imagine how complicated it
can be if a snowflake starts at one temperature and humidity, then is carried by
winds up, then down, first moving quickly, then slowly (differences in speed affect
the growth of the crystal), then finally falling to earth, encountering yet more
changes in temperature and humidity. With each change the growing flake will
alter its ongoing pattern, while preserving what’s already there. As Nakaya

suggested, you could read the history of that flake by its shape.

*six-petalled : 7S 2DIERD B 5
=kiklexa;:;,ronal L RHED
*lotheslines : 1T LFU &

1. The author mentions the 1555 book by the Archbishop of Uppsala (parag'raph
3) to show thht the six-sided shape of snowflakes was
4 . not common knowledge at that time.
‘17, a source of artistic inspiration.
25, first described by the Chinese.
=, well understood by the author of the book.
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2. One idea of paragraph 4 is that
4 . people should not be afraid to say what they really think.
. we are most unlikely fo remember things that we learn at a young age.
I rs

2, people should take time to notice the simple things in life.

=. we often don’t notice things that we haven’t learned about beforehand.

\ 3. The passage suggests that Johannes Kepler
4. was the second European to describe the six-sided shape of snowflakes.
T, compared the shape of snowflakes to the shape of planetary orbits.
. /. did not understand why snowflakes have six sides.

=-. contributed to the scientific study of water molecules.

4. The underlined word “paramount” (paragraph 5) is closest in meaning to
4. certain.
o, essential.
7>, possible.

=, unusual.

3. When water molecules freeze, they
4. give off an electric force.
¥7. move apart from one another.
/3, break into several parts.

=. slide close together.

6. The underlined word “pragmatic” (paragraph 9) is closest in meaning to
4. basic.
2 clear.
/N, practical.

—. strange.
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7. Ukichire Nakaya used rabbit hairs to make snowflakes because
4. crystals can grow on them.
17, there were no dust particles in the lab.
7). the hairs do not freeze.

=. the hairs attract dust particles.

8. The last paragraph of the passage indicates that snowflakes become like a solid
column at around
4. -10 degrees Celsius.
7, -15 degrees Celsius.
2y, —20 degrees Celsius.

=, —25 degrees Celsius.

9. One of Ukichiro Nakaya’s most important achievements was to explain why
4 . ice crystals form a repeating pattern of hexagons.
2. snowflakes have such a variety of shapes.
/%, ice crystals settle on dust particles in the air.

=. snowflakes in Hokkaido look different from snowflakes in other places.

10. The most appropriate title for this passage is
4. The Physics of Ice Formation.
7, How Many Shapes Do Snowflakes Have?
7%, The Mystery of Snowflakes.
=~. Ukichiro Nakaya: Nuclear Physicist.
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1. Do you think thereisa ( 1 ) of the two countries agreeing on the new peace

treaty?

4 . perspective W, progress /3, prospect Z. prosperity

2. What you said may be disappointing for others to hear; { 2 ) it is true.

4. contrary 7, despite 7y, instead .. nonetheless

3. Because of a mechanical breakdown, our arrival at Cardiff Central Station will

be late. We (3 ) for the delay.

1. apologize 7, blame 7y, pardon =. regret

4. Ona { 4 ) oflto 10, how satisfied are you with our service?

4. degree 17, grade N, rate =. scale

5. The number you dialed isnot { 5 }. Please check the number and try again.

1. of service 7, to order 7%, in service =, in order
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Situation! One Sunday afterncon Eric Reynolds runs into a friend from work on the

ERIC:
JIM
ERIC:
JIM
ERIC:
JIM
ERIC:
JIM !
ERIC:
JIM

ERIC:
JIM
ERIC:
JIM
ERIC:
JIM
ERIC:
JIM
ERIC:
JIM
ERIC:
JIM :
ERIC:
JIM
ERIC:

sidewalk near Central Park.

Hey, Jim. Where are you going?

Oh, hi, Eric. ( 1 ) I'm going to my aikido class.

What'’s aikido?

It’s a Japanese martial art based on “ki”. Ki is a kind of energy flow.
(2 ) Isitsimilar to karate or kung-fu?

No, it’s different—more spiritual.

Oh, really. How long have you been doing it?

About a year. You should try it. It’s really good for your health.

No, thanks. I haven't got much energy left for hard exercise like that.
Oh, it’s not that hard. Anyone can do it. I've got a good teacher. He’s
gentle but he can literally throw you around without making physical contact.
(3 )

It's true. I've seen it with my own eyes.

Could be dangerous.

Yeah, you have to learn how to land. ( 4 )

Not really. I used to play volleyball, though.

Oh, did you? In college?

Yeah, I was on a college volleyball team. I was a spiker.

Spiker is a great position.

Oh, it was lots of fun, My wife was on the team, too.

So that’s ( 5 )

Yep,

Lucky for both of you.

Yes, I guess so.

Oh, look at the time! I'm late. Catch you later.

See you. Have fun!

- DZ%S -



(1)

(2)

(3)

(4)

4, How did it go?

AN

. How are you doing?

What's the matter?

. What'll it be?

4. You must be crazy.

Y

. I'love Japanese art.

Of course.

. Sounds mysterious,

4. T don’t believe it.

N,

. That must hurt.

He’s smart.

. That’s life.

4 . Do you have time now?

FAN

. Do you play sports these days?

Why don’t you come with me?

. Do you practice aikido?

41 . where you married Diana.

AN

why Diana left you.

. how you met Diana.

. what Diana wanted you to do.
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One evening, as 1 walked aleng a country road, I heard strange music. I
followed the sound. ( 1 )} my surprise, I found a group of tiny men dressed in
green jackets and red caps trimmed with white feathers. They had planted an oak
tree and were dancing gaily { 2 ) 1t They seemed very happy. A silver
crescent hung low in the sky. Dark pines ( 3 ) like soldiers guarding the
entrance to this magic space. Suddenly one of them spied me sitting on the hill and
said, “He will { 4 ) a fine boy to do our work.” As they rushed toward me I
cried, “Mother! Father! Saveme ( 5 ) these little fellows.” At that moment, I
felt my mother shake me and heard her tell me to get up. She laughed as I told her

about my experience in Dreamland.

(1) 4. As [Z /. To =, With
(2) 4. around 7, into /). outside =. without
(3) 4. bent o, fell 7y, found =, stood
(4) 4. bring ., look 7, make =. see
(5) 4. among 7. from /N to =, with
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1. The tales of Pooch Bear and his animal friends are treasures for children of

( ).
4. all ages o, all day 7y, all the age =, all the time
2. If you are ( ) another flight, an attendant at the gate will give you the

departure gate number for that flight.

4 . continuing at I, continuing 7y, connecting —. connecting to
3. The ( ) French words on the English language has been great.

4 . consequence from o7, consequence of

/%, influence of =. influence toward
4 . Unfortunately, her fame as a painter did not come ( } her death.

4. following to 17, later than /3, unless before =, until after
5. A frightening nightmare ( } a child to wake up and cry.

4. can cause 2, may give /), may grow =, can let
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