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Part I
A crash course on orbital mechanics
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Basic facts

Getting to space is easy.
The hard part is staying there.
Gravitational acceleration at
the height of the ISS is still ≈ 8.7 m/s2.
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Basic facts

Getting to space is easy.
The hard part is staying there.

Velocity is very important.
In the one-body problem, there are only three kinds of
orbits: elliptic, parabolic, and hyperbolic.
Have your models straight: Earth is . . .

1 a perfect ball?
2 has atmosphere?
3 rotating?

Fcentripetal = Fgravitation ; v1 =
√

GM/r
Ekinetic = Egravitation ; v2 =

√
2 v1
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body second escape velocity
Earth 11.2 km/s ≈ 40 000 km/h
Moon 2.4 km/s
Sun 618 km/s
Milky Way ≈ 550 km/s
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Changing orbits

“Live demo”

Changing the phase
Changing the eccentricity
Changing the radius
Changing inclination
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The tyranny of the rocket equation

Konstantin Tsiolkovsky (* 1857, † 1935)

mtotal = mpayload · e∆v/ve�. exhaust
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Part II
One weird trick from chaos theory
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Lagrangian points
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Lagrangian points
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Weak stability boundaries
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Weak stability boundaries
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The rescue of the Hiten
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In nature
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