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Sonic Speed Science: The Physics of a
Hedgehog Hero

Materials Needed:

e Computer with internet access (for research, videos of Sonic gameplay)
Paper or notebook

Pencil or pen

Calculator

Optional: Sonic the Hedgehog game or gameplay footage

Optional: Stopwatch

Lesson Adventure!

Introduction: Gotta Go Fast... But How Fast? (10 minutes)

Welcome, future physicist! Ever watched Sonic the Hedgehog blaze across the screen and wondered,
'Just how fast is he really going?' Or why he can smash through robots with such ease? Today, we're not
just playing games; we're diving into the science behind Sonic's speed and power! We'll explore
some cool physics concepts: Speed, Velocity, and Momentum, all through the lens of our favorite blue
hedgehog.

Part 1: Understanding the Speed Force (Physics Basics) (15 minutes)
Let's get a handle on a few key ideas:

e Speed: This is how fast something is moving. We calculate it by dividing the distance traveled by
the time it took. Formula: Speed = Distance / Time. For example, if Sonic runs 100 meters in 2
seconds, his speed is 100m / 2s = 50 meters per second (m/s)!

¢ Velocity: This is like speed, but with a direction! So, it's not just "50 m/s," but "50 m/s East" or
"50 m/s towards Dr. Eggman's base!" For our calculations today, we'll often focus on the
magnitude (the speed part), but it's good to know the difference.

¢ Momentum: This is the "oomph" factor, or the quantity of motion an object has. It depends on
two things: how much "stuff" is in the object (its mass) and how fast it's moving (its velocity).
Formula: Momentum = Mass x Velocity. The more mass or more velocity, the more momentum!
This is why a giant bowling ball rolling slowly can have a lot of momentum, and so can a small,
fast-moving object like Sonic!

Part 2: Activity - Sonic's Speed Challenge! (20 minutes)
Let's put these concepts to the test! We're going to try and calculate Sonic's speed.

1. Choose Your Course: Think of a classic Sonic level (e.g., Green Hill Zone Act 1). If you can,
watch a quick playthrough online.

2. Estimate the Distance: This is tricky! Game levels aren't measured in meters. Let's make an
educated guess. For example, if an average screen length shows about 20 meters of ground, and
Sonic crosses 10 screens in a segment, that's 200 meters. Or, you can find fan estimates online!
Document your assumed distance.

3. Time Sonic: Using a stopwatch (or the timer on your phone), time how long it takes Sonic to
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cover a specific section of a level in a gameplay video. Try to pick a segment where he's mostly
running.

4. Calculate Speed: Use the formula: Speed = Distance / Time. What speed did you get in
meters per second (m/s)?

5. Bonus Conversion: Try converting Sonic's speed to kilometers per hour (km/h) or miles per hour
(mph). (Hint: 1 m/s = 3.6 km/h; 1 m/s = 2.237 mph). How does this compare to the speed of a
cheetah (around 112 km/h or 70 mph) or a race car?

Discussion Point: Is Sonic's calculated speed what you expected? How does his speed contribute to his
gameplay abilities (like reaching high platforms or outrunning dangers)?

Part 3: Activity - Momentum Mania! (15 minutes)
Now let's figure out Sonic's "oomph" - his momentum!

1. What's Sonic's Mass?: This is another fun estimation! Sonic is a hedgehog, but he's not a
normal one. Game wikis or fan discussions sometimes list a "canon" or assumed weight/mass. A
common fan theory is around 35 kilograms (kg). Let's use that, or you can research and pick
another value (make sure to note it!).

2. Calculate Momentum: Using the speed (velocity) you calculated in Part 2 and your chosen mass
for Sonic, calculate his momentum using: Momentum = Mass x Velocity. The unit for momentum
will be kilogram-meters per second (kg-m/s).

Discussion Point: What does this number tell you? How does Sonic use momentum in his spin dash or
when bouncing off enemies? Imagine an enemy with twice the mass of Sonic but moving at half his
speed. Who would have more momentum?

Part 4: Creative Extension - Physics Power-Up! (15-20 minutes)
Choose ONE of the following activities:

¢ Design a New Badnik: Dr. Eggman needs new Badniks! Design one whose main defense or
attack relies on a principle of physics we discussed (or another one you know, like gravity or
friction). Sketch it and explain how its physics-based ability works and how Sonic might use his
understanding of physics to defeat it.

¢ The Physics of Your Favorite Sonic Move: Pick your favorite Sonic move (e.g., Spin Dash,
Homing Attack, Light Speed Dash). Describe how speed, velocity, or momentum (or other physics
like acceleration, forces) play a role in making that move effective. Could it be improved using
physics?

¢ Re-Design a Level with Physics in Mind: Imagine you're a level designer. How would you re-
design a small section of a Sonic level to specifically challenge the player's understanding or use
of speed and momentum? (e.g., jumps that require precise momentum, speed boosters with
specific effects).

Conclusion: Beyond the Game (5 minutes)

Great job, Super Sonic Scientist! You've explored how fundamental physics concepts like speed,
velocity, and momentum can be seen even in the world of Sonic the Hedgehog. While game designers
often bend the rules of physics for fun, understanding these basics can give us a new appreciation for
game mechanics and the real world around us - from how cars move to how athletes perform!

Keep an eye out for physics in action, both in games and in real life! You'll be surprised how often these
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concepts pop up.
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