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Interstellar Earth (and Space) Science:
Exploring Gravity, Time, and Habitable Worlds

Materials Needed:

e Computer with internet access

Notebook or digital document

¢ Pen or pencil

e Access to view clips from 'Interstellar' (optional, highly recommended)

Optional: Stretchy fabric (e.g., spandex), one heavy ball, several smaller marbles/balls

Introduction (15 mins)

Begin by discussing the movie 'Interstellar'. What was the main plot? What challenges did the
characters face related to space travel and finding a new home? What scientific ideas seemed most
interesting or confusing? Explain that today, we'll explore some of the real science concepts that
inspired the movie.

Activity 1: Gravity, Black Holes, and Spacetime Warps (25
mins)

Discussion: What is gravity? Review Newton's concept of gravity as a force of attraction between
objects with mass. How does it keep the Earth orbiting the Sun, and the Moon orbiting Earth?

Concept Deep Dive - Black Holes: Introduce black holes as regions in spacetime where gravity is so
strong that nothing—not even light—can escape. They form from the collapse of very massive stars.
Discuss Gargantua, the black hole in Interstellar.

Optional Demonstration - Modeling Spacetime: If you have the materials, stretch the fabric taut
(have helpers hold the corners or use a hoop). Place the heavy ball in the center - this represents a
massive object like a star or black hole. Observe how it curves the fabric (spacetime). Roll the smaller
marbles (representing planets or light) near the heavy ball. How does the curve affect their path? This
demonstrates how gravity is the curvature of spacetime caused by mass.

Connection to Interstellar: How did Gargantua's gravity affect the mission?

Activity 2: Time Dilation - Gravity's Effect on Time (20 mins)

Concept Introduction: Introduce Einstein's theory of General Relativity (simplified): Gravity doesn't
just pull on objects, it also affects time itself. Time actually passes slower in stronger gravitational fields.
This effect is called gravitational time dilation.

Interstellar Example: Discuss the 'Water Planet' (Miller's Planet). Why did time pass so much slower
for the crew members who landed on the planet compared to the astronaut who stayed in orbit around
Gargantua? (Because the planet was much deeper in Gargantua's powerful gravity well).
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Watch Clip (Optional): View the scene where they return from Miller's planet and find years have
passed for their crewmate.

Thought Question: Is time dilation real? (Yes! It's measurable, though usually tiny. GPS satellites need
to account for both gravitational time dilation and time dilation due to their speed relative to Earth).

Activity 3: Wormholes - Tunnels Through Spacetime? (15
mins)

Concept Introduction: Explain that wormholes are theoretical 'tunnels' or shortcuts through
spacetime, predicted by some interpretations of General Relativity. They could potentially connect
distant points in space or even different points in time.

Interstellar Example: How did the crew in Interstellar travel to another galaxy? (Through a wormhole
placed near Saturn).

Reality Check: Emphasize that wormholes are highly theoretical. We have no evidence they exist, nor
do we know if they would be stable or traversable if they did exist. It's a fascinating concept used often
in science fiction!

Quick Research: Use the internet to briefly search for 'Are wormholes real?' and discuss the findings.

Activity 4: The Search for Habitable Worlds (20 mins)

Discussion: Why did humanity need to leave Earth in Interstellar? What makes a planet 'habitable'?
Key Factors for Habitability: Brainstorm and list factors needed for life as we know it:

¢ Presence of liquid water

Suitable temperature range (related to distance from its star - the 'Goldilocks Zone')
Breathable atmosphere (for complex life)

Protection from harmful radiation (magnetic field, atmosphere)

Stable environment

e Energy source (usually a star)

Interstellar Planets: Discuss the planets visited: Miller's water planet (giant waves, extreme time
dilation), Mann's ice planet (frozen, toxic ammonia atmosphere), and Edmunds' desert planet
(potentially habitable). Evaluate each based on the habitability criteria.

Real-World Search: Briefly explore NASA's Exoplanet Exploration website (exoplanets.nasa.gov) to see
how many exoplanets have been discovered and how many might be in the habitable zone.

Conclusion & Assessment (15 mins)

Review: Quickly recap the main concepts discussed: Gravity, Black Holes, Time Dilation, Wormholes,
and Habitability.

Reflection Questions (Written or Oral):
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¢ Which scientific concept from Interstellar did you find most interesting, and why?

¢ Based on what we learned, how realistic do you think the portrayal of science was in the movie
(gravity, time dilation, habitable planets)? Give examples.

¢ Why is the search for habitable exoplanets important in real-world science?

Optional Extension: Research Kip Thorne, the Nobel Prize-winning physicist who was the science
consultant for Interstellar. What are his main areas of research?
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