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1. Introduction

We have all dreamed of traveling to space at least once. When astronauts leave Earth, they usually return months or years later because
Earth’s gravity keeps pulling them back. If we try to throw an object by hand, it always falls back to the ground because of gravity, so
it’s impossible to escape with just human strength. Now imagine if you could throw something so fast that it could leave Earth and never
come back. In that case, gravity wouldn’t be able to pull it back. This is what escape velocity means — the minimum speed an object
needs to break free from a planet’s gravity. While it is possible in theory to reach this speed, humans cannot do it on their own. Rockets
also don’t reach escape velocity instantly; they speed up gradually. The engines push gases backward, which slowly adds energy,
allowing the rocket to eventually overcome Earth’s gravity.

Escape velocity is a balance of kinetic energy and gravitational potential energy. An object has kinetic energy because it is moving:
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It has gravitational potential energy because Earth’s gravity pulls on it:
GMm
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Where:
G=6.674 x 107" m*/(kg * s?)
M = mass of the planet m = mass of the object » = distance from the center of the planet
To escape, an object must have enough energy from its motion to balance out the pull of gravity:
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Solve for v

~ 2GM
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It can be noticed that the mass of the object m cancels out, that means escape velocity depends only on the mass of the planet and it’s
radius.
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2. Escape Velocity of Earth
Earth has:
M=5972x10* kg, r=6.371 x 10°m,

_ [2GM
- .;r.

2 x (6.674 x 10~11) x (5.972 x 1024)
vescape = : :
6.371 x 106

~1.12 x 104 m/s = 11,200 m/s.
So, the escape velocity from Earth is roughly 11.2 km/s, or about 40,284 km/h. That’s really fast, and it’s far beyond human throwing
ability.

3. Escape Velocity for Other Planets

Moon:
M=735x102kg, r=1.737 x 10°m, v = 2.38km/s

Jupiter
M=1.898 x 107 kg, r=6.991 x 10" m, v_= 60.2km/s

It can be noticed that larger mass or smaller radius increases escape velocity. That’s why leaving Jupiter is much harder than leaving
Earth.

4. Physics Behind Escape Velocity

Escape velocity is not about speed at a specific moment; it is about energy. If an object has enough kinetic energy to overcome the
gravitational potential energy, it will never return.

Kinetic energy:

_1 5
E, = Emb )
Potential energy:
GMm
ve (6)

When E, + U = 0, the object reaches infinity with zero speed left. If £, + U > 0, it escapes with extra speed. If less, it falls back.

5. Real-World Examples

* Rockets: Rockets do not usually reach escape velocity instantly. They gradually accelerate, adding energy over time. But the concept
still applies: the total kinetic + potential energy must reach the lowest speed of escape velocity.

 Space Exploration: Missions to Mars or outer planets calculate escape velocity at launch and orbital insertion to ensure spacecraft can
leave Earth and travel through space efficiently.

5.1 Additionals

* Escape velocity is independent of the object’s mass — a feather or a spaceship requires the same speed (ignoring air resistance).
* On planets with thick atmospheres, air drag adds complexity — rockets must do extra work.

« If the escape speed exceeds the speed of light, nothing can leave — a black hole! This leads to the Schwarzschild radius:

2GM
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Where ¢ = 3 x 10® m/s. This is the event horizon.

5.2 Energy Calculations
To calculate the energy needed to escape Earth for a 1,000 kg spaceship:

1, - % 1000 - (11200)2 ~ 6.27 x 1010
Ek= —IMVescape J (82

That’s 62.7 billion joules, roughly the energy released by 15 tons of TNT.

6. Conclusion

Escape velocity is more than a physics term. It’s the story of how something breaks free from the pull that holds it down. It’s the moment
when energy finally overcomes gravity, when motion wins over weight. From a small rock drifting through space to a rocket leaving
Earth, everything follows this same rule. It shows how mass and distance decide what can stay and what can go. Even black holes follow
it in their own mysterious way. When we understand escape velocity, we understand something deeper, that how the universe decides
between holding on and letting go. It makes us remember that every journey, whether of a planet or a person, begins with the courage
to escape what keeps us grounded.
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