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Issue 55 Pokemon vs. Mathmon: and differences in similar things.
Growing by the Numbers

Share your problems, solutions, models, stories, and art:
https://aimathcircles.org/Bluebird

—Anonymous
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Join LIVE Bluebird Math Circle to work on these

activities together with friends and family. e . -
Thursday, October 12, 12:30-1:30 PM MDT online. T AT . .,_ /
Sign up at https://aimathcircles.org/Bluebird CORNER

By Math With Bad Drawings

Inspiration: Tsimshian Pokemon

Chase Gray is an artist reimagining Pokemon characters in a Northern BC Indigenous art
style. Chase is Musqueam and Tsimshian, and merges pop art with traditional Tsimshian
motifs to recreate the adorable pocket monsters. If you are familiar with Pokemon, you
will recognize this trio as Charmander, Bulbasaur, and Squirtle—and you'll know that they
change dramatically as they grow. Let's design some changing math monsters of our own
and help them grow and evolve, too.

Family Circle: Pokemon vs. Mathmon
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growing up. For example, an egg grows into a tadpole and then a i
frog. This is the inspiration behind Pokemon, the fantasy creatures 5?,@
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that grow through different forms. We will use sequences of Bulbasaur Ivysaur Venusaur
" pictures (like comics!) to model growing. B
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Recall or look up the Pokemon missing from our table on the right. H & si;?; A;

WET R T L TR0 If you didn't know about frogs, you couldn't possibly 7? Charmeleon Charizard
predict the form of creature the tadpole grows into. If you don't know Pokemon, there
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is no way for you to figure out what creatures are missing from our table, short of }‘:’,\) }«9{\4[ ?
looking them up. Let's make up mathematical monsters, Mathmon, that are ' by .
predictable. Squirtle Wartortle ?7?

Tear off a strip of paper and fold it into four cells. Make up and sketch a sequence: your own Mathmon creature growing. Fold
down the fourth cell to hide it. Ask people to predict it. You win if they describe or sketch something close enough to your idea.

You can choose to make more detailed art or abstract doodles like the popular artist from our Math Coyote Corner. It might take
some experiments to figure out what makes changes in your Mathmon predictable to people. There are many ways to show
growing sequences: use size, number, shape, and so on. Can your Mathmon grow beyond its fourth form? Does it have Form 100?
An infinite form?
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Here are some growing patterns people draw or make with small objects. The inventors have already tested these patterns, and
we promise that their growing is predictable. "Growing" here is a metaphor, because patterns are not literally creatures. These
patterns are mathematical models of infinite sequences. Figure out how each pattern works and predict Step 4. Can you predict
Step 100? Make up your own predictable growing pattern. Invite others to figure out how it works, and predict steps.

If a pattern is growing by the numbers, you can capture the numbers in a sequence. The numbers of
black chips in the pattern above are 3, 8, 15,... Without the visual clues from the visual pattern, predicting the next number can
be quite challenging. We can try to spell out the number rule that makes the pattern grow. That's challenging too, but once we do
that hard work? A calculator or computer will help us find any step in the pattern in moments!

For example, the number sequence for the legs of the cat Mathmon from page one is 4, 6, 8,... What's the rule? Adding 2 legs to
the previous step to find the next step. This so-called recursive rule is great if we only need a few steps. But if we want to count up
to Step 100 or Step 1000, that's too much counting by twos! We can cleverly notice that we can multiply instead. By Step 100, we
added 2 legs 99 times, so Step 100 has 4+2*99 legs. In general, Step N has 4+2*(N-1) legs. That's a closed formula, as in, case
closed. Find recursive rules and closed formulas for the growing pattern you made earlier and for our examples above. If this is
too hard, skip to the next task for clues.

Of course, we could have added any number of legs to our cat Mathmon. To see how this could have worked, we'll use a table. A
table is like a family of infinite sequences, showing a bunch of mathematical relationships. Tables are popular in many professions
because they help people see patterns better. The tables below show variations for our Mathmon, our black chip pattern, and
another table you might recognize. Fill in the missing parts. Make a variation table like this for your own number sequences.

DL +1 leg +2legs +3 legs +4 legs B2 Cilze

Step #
Step # Step # Step 1

Step 1 4 4 Step 1 4 2 1 Step 2
Step 2 7 8 Step 2 ] 7 6 Step 3
Step 3 10 12 Step 3 16 14 13 Step 4
Step 4 . 13 16 Step 4 25 2 23 22 Step 5
Step 5 16 20 Step 5 36 2 34 33 Sten

Step 7
Step 6 ? 19 24 Step 6 49 ? 46 Step 8

. .. - .e e . .- - .. Stepg
Step 100 4+1*99 4+2"99 ? 4+4*99 Step 100 (100+1p | (100+1)*1 ? ? Step 10
Step N 4+1%(N-1) 4+1*(N-2) 4+3*(N-1) ? Step N ? ? ? ? Step N

Ask Bluebird

QUESTION—If infinity isn't a number, zero shouldn't be! It's an absence of the number, right?>—from Anonymous
BLUEBIRD SAYS—Many generations of ancient mathematicians would agree with you. Zero, as we know it, was
invented rather late in the history of mathematics, after people had already developed powers, logarithms, proofs,
and so on. If you really want to, you could make up some other symbol to hold empty places in your sequences. For
example, you could write 1/11=0.090909...=*.*9*9*9_ . or use a black chip (some ancients did!). Modern people
have figured out clever and convenient ways to include zero with the numbers: add zero, multiply by zero, use it as a
root of an equation, etc. Play with modern or ancient math systems to see different ways people model empty spots
in their number sequences.
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parts on and on while they live. They only stop growing if they run out of space or food.
That's called indeterminate growth. Many snakes and fish, rape vines, tomato stalks, and
human hair have indeterminate growth.
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Image: 440-year-old grape vine in Slovenia; photo by Dudvail

Teacher guide: https://aimathcircles.org/wp-content/uploads/2023/10/Bluebird-MC-Issue-55-Teacher-Guide.pdf
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