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The Physics of Interstellar: Time Dilation,
Wormholes, and Black Holes

Get ready to explore the mind-bending science behind the movie Interstellar! We'll dive into some
fascinating physics concepts that make space travel so intriguing.

Materials Needed:

Access to selected clips from the movie Interstellar (specifically scenes involving Miller's
planet, the wormhole, and Gargantua)

Paper or notebook

Pencil or pen

Calculator (optional)

Internet access for further research (optional)

Introduction: Beyond the Stars

Interstellar took us on an incredible journey through space. But how much of it is based on real
science? Today, we'll explore three major physics ideas featured in the film: time behaving
strangely, shortcuts through space, and the monster in the dark, Gargantua!

Activity 1: Time Flies... or Slows Down? (Time Dilation)

Remember Miller's planet, where every hour spent was equal to seven years back on the Endurance
spacecraft? This wasn't just movie magic; it's based on Einstein's theory of relativity! Strong gravity
can actually slow down time.

Concept: Gravitational Time Dilation. Imagine spacetime as a fabric. A massive object, like the black
hole Gargantua near Miller's planet, creates a deep 'well' in this fabric. The deeper you are in this
well (closer to the massive object), the slower time passes relative to someone far away in weaker
gravity.

Think About It:

e Why was it so crucial for the crew to leave Miller's planet quickly?

¢ Although extreme, time dilation happens even on Earth! Time passes *slightly* slower for
someone at sea level compared to someone on a mountaintop (or in orbit like GPS satellites).
Why is the effect so much weaker on Earth compared to near Gargantua? (Hint: Mass and
Gravity)

Optional Activity: Watch the scene where they land on Miller's planet and the subsequent return to
the Endurance. Discuss the time difference they experience.

Activity 2: The Cosmic Shortcut (Wormholes)

How did the crew travel light-years away to another galaxy? They used a wormhole near Saturn!

Concept: Wormholes (or Einstein-Rosen bridges) are theoretical tunnels through spacetime. Imagine
spacetime is a sheet of paper. To get from one point to another far away, you could travel across the
paper, or you could fold the paper and punch a hole through both layers, creating a much shorter
path.

Think About It:
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e Are wormholes real? Scientists haven't found any yet! They are mathematically possible based
on Einstein's theories, but require exotic conditions (like negative mass or energy) to stay
open.

e How did the movie depict the wormhole journey? Did it look like a tunnel? (It was depicted as a
sphere visually, but the journey was through a 'tunnel').

¢ Why are wormholes such a popular idea in science fiction?

Activity 3: Gargantua - The Gentle Giant? (Black Holes)

Gargantua, the supermassive black hole, was central to the plot. It provided the gravity for Miller's
planet's time dilation and was key to the final plan.

Concept: Black Holes. A black hole is a region in space where gravity is so incredibly strong that
nothing, not even light, can escape once it crosses a boundary called the 'event horizon'. They form
when massive stars collapse.

Think About It:

¢ What is the event horizon? Why can't anything escape from inside it?

¢ Interstellar's depiction of Gargantua was highly praised for its scientific accuracy (based on
physicist Kip Thorne's calculations). What did it look like? (A black circle surrounded by a
glowing accretion disk of gas and dust).

¢ Could Cooper really survive falling into a black hole as depicted? (Likely not. Tidal forces -
'spaghettification' - would probably tear an object apart long before reaching the center,
though the movie used theoretical ideas about supermassive black holes being 'gentler').

Conclusion: Science Fiction as Inspiration

Interstellar uses real, though sometimes theoretical, physics concepts like time dilation, wormholes,
and black holes to tell a compelling story. While the movie takes liberties, it's rooted in fascinating
scientific ideas about how our universe might work. What other physics questions did the movie
make you think about?

Challenge: Research one of these topics (time dilation, wormholes, black holes) further online. Find
one interesting fact not covered here and write it down!
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