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Delta-V (DV)

• Earth surface à LEO: 9.4 km/s

• LEO àMoon surface: 5.7 km/s

• LEO àMars surface: >6.4 km/s



Tsiolkovsky rocket equation
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Konstantin Tsiolkovski 1857-1935

Rocket engine Fuel Specific 

Impulse (s)

Thrust (N) Thrust to 

weight ratio

Saturn 5 first stage (F-1) LOX/RP1 263 6.7E6 88

Saturn 5 2nd/3rd stage (J-

2)

LOX/LH2 421 4.4E6 59

SpaceX Merlin 1D LOX/RP1 282 0.9E6 165

SpaceX Raptor 2 LOX/CH4 327 2.3E6 138

Busek BHT-6000 Xenon 2600 0.29 0.002











Yuri Gagarin: 12 april 1961









Who was the first human that walked on the Moon?

•Louis Armstrong

•Neil Armstrong

•Lance Armstrong























Alexey Leonov - 1965





Soyuz 11 - 1971

























Sergei Zalyotin & Alexander Kalery





















Sub-orbital vs Orbital

• Suborbital:

• To reach 100 km, a 

typical speed of 1 km/s 

is needed

• Orbital:

• To reach orbit, a 

minimum speed of 

7.75 km/s is needed

























Artemis programme

Artemis I, November 16, 2022: first uncrewed launch
Artemis II, April 1, 2026: first crewed Orion flight test around the Moon.
Artemis III, 2027: crewed Earth orbital mission with Moonlander(s) docking

Artemis IV, 2028: first crewed landing.
Artemis V, 2028: second crewed landing.



















Starship

2020

















At 0.10$/kWh,

He-3 value is 3M$/kg

(VanCleve et al.)



















Moon Mars

Proximity

Delta-V required

from LEO

5.7 km/s 6.4 km/s

Oxygen production Energy intensive 

metaloxide processing

CO2 and H20 in atmosphere and

polar caps

Nitrogen production Bring from Earth In atmosphere

Water production In dark craters In atmosphere and polar caps

Day/Night cycle 14 days 1 day
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