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i1
The Proximate Event

Had it just been a month sinoer visit to the northeast to visihy

relatives? How might things be different hhaiot been able to

borrowmy u n cslca and travel the 70 miles from Concord, New
Hampshire to Jerich) Vermont.

Jericho, Vermont.

The home of Wil son fiSnowfl akeo

| was mesmerized. It was even better thhoped it would be.l,
of course, had the beautiful book displaying ove40Q, of the



snow crystals photographed by Snowflake Bentléyof course,
had read biographies and interaetiicleson Snowflake Bentley.

But therel was!

| walked about the farmhouse ofte®o me t o t he f a mo
and marveledt the size of the camera used to capture the crystals.

It was three hoursfgure funi and amazement.

Driving back to Concord, a thought struake i No 1
snowfl akes are alikeo. Snowf |
belief. Who else could make such a claim? He was the only one
capable of photographing snow crystals.

But Bentley had photographed onlgbout5,000 snowflakesin his
lifetime. It may be the case nonetbésewere identical thoughl
hadeven wondered about that. How could you tell?

But more than that was the nagging thought: in any snowstorm,
likely there are billions of snowflakes if not trillions. Are all of

thesedifferent? How would you know?

How wouldanybodyknow?



.
A Near Ideai Not So Far Away

AWl | y o0 dactqelwa ¥ ht ime ? o my 8-yedaroldwa s
nephew, William, paper and pehin hand, making the polite
request.l ignored the challenge, bbewas persistent. | relented.

Game aft erie-ggmeinyeo uo fgofitf i rst o ha
toll. On the contrary, igave mean idea.

AHow would anybody k stibhathingmea s
regarding all snowflakes being different. Of course, you could
never test that, but could you test anythoognparabl@ T h-e 0
TacT o e 0 gave mehn idea. Being fairly proficient in the
spreadsheet program Excél,had wonderedif | could model
snowflakes in a manner similar to the X &f@-TacToegame.

Of course, there was aobvious problem. Snowflakes were
hexagonal in nature, aridvas talking about creating something in
columns and rows.

But it was a start.

| had stared with the simplest grid that came to mind, one
resembling the titactoe board. A simple 3 x 3 grid:



How to populate it? The one thingwanted to make sure of,
though this grid was not the same as the hexagonal shape of a
snowflake, was having sarsymmetryi like the snowflake.How

could | do this?

Which cells do | need to fill, in order for all thr
other cells to be filledif | require there to be

symmetry? | suddenly didn my
point. | wanted somethingveneasier to try
myfisymmetryo pattern cho

square grid, instead.

By putting something
in Y2 the grid, and
transposing it fo
symmetry, | got the
following:

But why stop at
putting something in
% the gri® What

happens if | populate
Y, of the grid, and
then transpose it two
ways for symmetry?




Why stop at % the
grid? What happens
if | populate just an A
eighth of the grid, - *
and then transpose i
for symmetry across
the grid?

| could go on forever, | thought, but here was ~
starting point | could use, thhing back to my tiny JJij
grid. If the followingthree cells were filled in, all

the othercells could bdilled in:

With this pattern and symmetry, the rest of the grid is filled:

L T have symmetry

everywhere.

S
B

However, it do this, itds ha
| 6d have to say f#fAblack bl ack L
t he anal oy amfd fmicroalrey landavbite c
cells as A0oO. What might this
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Wit h j ust t hr e e wéare @ghtn gossibiliges. | s
Further, | ould list the rules with 1s and 0s. What happens if,
instead of twapencolumns, | use thrée
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Three columns yielded 64 distinct symmetric patterns. Likening
the results to ancient hieroglyphidsc oi ned t he phr
Synmetric Hierolgdd phhesdbactantd h
something!

Pretty as they were, this was not the answenyoquestionfiAre
al |l snowf | akes | wasrfolw maviegnr tiedight t h
direction.

How many possibilities are there? How many differences, that is?
It depends on the number of columns in my grid. If there is just
one column, there is just one cell. If there are two columns, then
there are three cells open to chang@ hree columni six cells.

What is the relationship between the number of coluamts the
total cells? The question is reduced, then, to:

NnGiven a certain number n, wh a
from 1 to n?o0

What the great mathematician Gauss did as a child gave rise to the
formula widely used today. He quickly reasonesiippose | want

to know the sum of the integers from 1 to 10. | could reverse the
series of numbers and add all sums together, and they will all be
equal. If I multiply the total number of integers by this sum, | will
have my desired figure.
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1 2 3 4 5 6 7 8 9 10 integers 10
+ 10 9 8 7 6 5 4 3 2 1 sum 11
11 11 11 11 11 12 11 11 11 11 total 110

But wat a minute: the sum of the integers from 1 to 10 i$ ot

110. My problem is | added the whole series to itselfis is why

the total is twice what it should be. Therefore, | need to divide the
total by 2.

The answer to my question:Gi v e n in aumbee i, theasum of
all positive iBtegers fr

di=1 2 + n+e NI
i=1

All of this work has been in answer to the question:

What is the totah u mb e r of di fferent i Ca
make with my grid?

“With each cell, there # columns contamn a
are 2 possibdities total of (i +1302
(black or white). cells

S

T D)
There gra 2= =2 2

possibilities.
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Now | knowi andl 6 m h al f @@ gpplyhg thiefbrmula to
a certain number of columns gives me the followingnber of
Adi fferent snowfl akeso:

Grid  Mumber TTirue Total 2-T
Colinn: Cells "Cartasian snowflakes"”
1 1 2
2 3 a8
3 & &4
4 10 1,024
5 15 32,768
& 21 2,097,152
7 28 268435456
5 36 63,719 476,736
9 45 35,184,372,088,83%
10 55 36,028,797,018,964,000
11 66 T3,786,976,2594 838 200,000
12 73 302,231,454,503 657,000,000,000
13 91 2,475, 880,078 570,760,000,000,000,000

Whatis that les t number ? | LIAGN! Havecanl y
this be? This small grid below contains more difféitunstrations
t han any number | 6ve ever enco
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OK'1 perhaps iis possible all snowflakes are different! After all,
with just 13 columns in a simp
with 2.5 octillion possibilities. magine how quickly this number
grows as the spreadsheet grows!

Myguestion was answeriad likelyilalh d e ¢
snowflakes are different!

It was a Saturday morninghen Dadhad asked me to mow the
lawni again. Why does this stuff hee to grow so fast?

My thought moved from a seed of grass growing to a tall blade
back to my snowflake, and | suddenly was troubled. Why?
Snowfl akes grow |ike this, to
course, but they grow. They start as something |sad
somehow grow into those beautiful shapes known as crystals.

So what?

My brief spreadsheet had everything appearing at once?

Is the relationship between grass and the snowflake valid? Does
my model of the snowfl ake tocap
know?

What exactlyis a snow crystal?

My focus had changed. The original question now answered, a

deeper one was now asked: A Wh
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A Good Analogy?

| had started with the simple task of seeing if it were possible all
snovf |l akes were different. No w
possible, 1itdés the most I|ikely

But in the course of modeling that result, a nagging thought crept
over me. Was | modeling what actually takes place in a
snowflake?

I didndét think so.

My fAmodel so0 eeetions ofa $preadgheed, anetlad
cell s woulthe séimepndedutemo wft| akes d
like this.

How do snowflakes grow?

Snow, | know, is just frozen water. But what is water? | know the

chemical designatio is HO, but what does this mean? Two
hydrogen atomsdve bonded with one oxygen atom:

0
H” ™H
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But does this help me? have no i1idea why
mo | e c atthchesl themselvdaso fisome st arting
the snowflake | see when it hits theognd.

How doesthe hexagonal shape appear? Is it always hexagonal?
Thinking back to my original
assumét hggsare all hexagonal 0.

What now?

As Dbefore with my spreadsheet
snowflake gowth? This is made harder than my model before

because | dondét know how the t
Let s make a guess. Let 6s st e
grow outwardi hexagonallyi from there. If | do this for one
Aiterationo, &ppenneds what woul d
I start with a Growth from a
& single cell "in the center cell
i dle”. moves outward.
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What happens if | continue 1in
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