From Simple to Chaos
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Imagine taking a simple science toy, making one tiny change, and unlocking

total, untamed chaos. This is the story of the Double Pendulum.

The Single Pendulum: The Boring, Predictable One
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o Think of a standard playground swing. If you pull it back [ThHOWESI Wmtam'j

be the fastest!

and let it go, it swings back and forth in a perfect, steady

rhythm. In physics, this is a simple pendulum. The secret
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to its orderly behavior is linear math, which means that @ , @
O the movement acts like a straight line or a clean, feference helaht @ . 4
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Enter the Double Pendulum: The Wild Twin

What happens if you attach a second pendulum to the F=-mg8

bottom of the first one? The moment you let it go, all Because this math is so simple, the pendulum is

simplicity vanishes. fully deterministic. If you know where it starts,

Instead of a smooth swing, the two parts pull, fling, and you can perfectly predict where it will be in 10

|
. yank each other around in a wild manner. hays?
This operation is governed by nonlinear differential hEIghl h [rom rEference ground
equations. In non-linear math, graphs bend, loop, and
crash. Because no standard formula can predict its long- hm: C A
term path, scientists must rely on computer simulations
to map the paths step-by-step.
The Three Rules of Chaos B B R
The double pendulum is the perfect visual mascot for Chaos Theory. It goes completely 0 1 2 3 4
unpredictable because of three major physical rules: time/s

The "Human Hair" Rule (Sensitivity to Initial Conditions):

If you reset a double pendulum to a starting spot just one human hair
(0.001°) away from the first run, it will perform a completely different
dance within seconds. This is the Butterfly Effect.

The Energy Snowball (Nonlinear Feedback Loops):

Because the weights are connected, a tiny push on top snowballs as it
travels down the rod, sending the bottom weight into wild, unpredictable
flips.

Invisible Math (Deterministic Chaos):

The pendulum still follows strict gravitational rules. If you could measure
its start with infinite accuracy, it would be predictable. But because human
measurements are never perfect, that tiny missing data turns into total
unpredictability.

* Double pendulum light art

The Big Lesson
The double pendulum teaches us a mind-blowing lesson: incredibly complex, chaotic things can come from simple rules. By understanding
this swinging mechanism, scientists can better model other chaotic real-world systems that defy prediction—like forecasting the weather or

tracking how hurricanes form.



How 11-Year-Old Julia Pimentel Redefined the Square Root

For Jadlia Pimentel Ferreira, a student from Minas
Gerais, Brazil, Math wasn't just a set of rigid
rules. Frustrated by the tedious trial-and-error
traditionally required to calculate square roots,
she invented a mental shortcut using simple
addition.

Her teacher, Fred, noticed her unique method
@ and helped her formalize it into an academic
_ paper. Published in a prestigious Brazilian
Mathematics journal, the discovery made Jilia
the youngest author in the journal’'s history.
"Before this, Math felt like just following fixed
rules," Jidlia shared. "But now I feel that rules
can be discovered and created by myself."

The Method: The "Jilia Regression" _

Instead of guessing and multiplying to
find a square root, Jilia's method "walks"
to the answer. It relies on a beautiful
algebraic property: the next square
number is always the current square plus
the current base plus the next base.
(n+1)*=n*+n+(n+1)

10x10=100

100+10+ 11 =121

121+ M +H12 =144

Example: Finding v/ 144

(1) Establish a baseline
! 10x 16 = 160

Start with a known, close perfect square.

(2) Step up the ladder
166 + 10 + 11 = 121
Add the current total (100), the current base (10), and the next consecutive number (11) to find

the next square (121).

Repeat to target
121+ 11+ 12 = 144

Repeat the process: add the new total (121), the current base (11), and the next number (12).

Because 12 was the final number used to reach the target of 144, the square
root of 144 is 12. By turning complex multiplication into sequential addition,
Julia proved that even established Mathematical rules are open for creative
reinvention.
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When you realize all these tiles

are exactly the same &
At first glance, these tiles appear to
/ feature many different designs, But look
55 4 - % closer. every curved tile has the exact
| il - same pattern. By simply rotating and
| ¥ reorienting the tiles, countless unique
geometric motifs emerge.

This stunning example of mathematical
symmetry and artistic design was
photographed by Agneta Fondén
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Game Time
The "Fill the Blanks" Challenge

Place a "+" or a "-" in the empty boxes
between the numbers to make the equations
true.

Concatenation Rule:

If you leave a box empty, the numbers on
either side merge to form a multi-digit
number (e.g., if the box between 1 and 2 is
left blank, it becomes 12).

PUZZLE |
10203=15
PUZZLE 2

1020304

PUZZLE 3

1020305

PUZZLE 4
10203040506017=20

PUZZLE 5
10203040506070809=20
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“Mathematical problems, or puzzles,

are important to real mathematics (like

solving real-life problems), just as
fables, stories and anecdotes are
important to the young in
understanding real life”

— Terence Tao, Solving Mathematical

Problems: A Personal Perspective

Yan Chai Hospital Wong Wha San Secondary School

® Bk £ E B F 2



