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Orbital Mechanics & the Escape 

Velocity

u The motion of a space craft is that of a body with a certain 

momentum in a gravitational field

u The spacecraft moves under the combines effects of its momentum 

and the gravitational attraction towards the centre of the earth

u For a circular orbit   V = wr (1)

F = mrw2 = centripetal acceleration (2)

And this is balanced by the gravitational 

attraction

F = mMG / r 2 (3)
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Orbital Velocity V

u Ὃ φȢφχρπ .ά ὯὫ Gravitational constant

u M = 5.97 ρπ kg                              Mass of the Earth

u ὶ= 6.371 ρπά

u Hence V = 7900 m/s

u For a non -circular (eccentric) orbit

u = ρ ‐ὧέί— (5)

u Ὤ άὶὠ angular momentum (6)

u ‐ ρ eccentricity (7)

u ὠ ρ ‐ὧέί— (8)



Orbit type

u For ʀ= 0 circular orbit

u For ʀ= 1 parabolic orbit

u For ʀ> 1 hyperbolic orbit (interplanetary fly -by)



Escape Velocity

u For  ʀ= 1 a parabolic orbit, the orbit ceases to be closed and the space 
vehicle will not return

u In this case at r0 using equation (7)

u ρ ρ but   Ὤ άὶὺ (9)

u ς therefore      ὠ (10)

u Ὃ φȢφχρπ .ά ὯὫ Gravitational constant

u M = 5.975 ρπ kg                               Mass of the Earth

u ὶ= 6.371 ρπά Mean earth radius

u ὠ Escape velocity (11)

u ὠ= 11,185 m/s                   (~ 25,000  mph)

u 7,900 m/s to achieve a circular orbit   (~18,000 mph)



Newtonõs 3rd Law & the Rocket 

Equation
u N3: òto every action there is an equal and opposite reactionó

u A rocket is a device that propels itself by emitting a jet of matter. 

u The momentum carried away results in a force acting to accelerate the rocket 
in a direction opposite to that of the jet

u Like a balloon expelling its gas and providing thrust

u A rocket is different to a gun because a bullet is given all its energy at the 
beginning of its flight. The energy of the bullet then decreases with time due to 
the losses against air friction.

u A cannon shell or a bullet is a projectile

u A rocket is a vehicle



Rocket Equation

u Thrust   Ὂ ὠ negative because the mass of the rocket 

decreases with time (14)

u The acceleration of the rocket under this force is given by Newtonõs 2nd

Law

u Ὂ ά (15)

u Therefore = ὠ (16)

u Ὠὠ ὠ (17)

u Integrate between limits of zero 

and V, for a change in mass M 0 to M

gives the result



Rocket Equation

u ᷿Ὠὠ ὠ᷿ (18)

u ὠ ὠὰέὫ (19)

u ὠ ὠὰέὫ (20)

u This is TsiolkovskõsRocket Equation

u The rocket equation shows that the

final speed depends upon only two

numbers

Å The final mass ratio

Å The exhaust velocity

It does not depend on the thrust; size of engine; time of burn



Exit  velocity depends on the fuel

u Gunpowder ὠ ςπππ

u Liquid fuel ὠ τυππ

u Mass ratio = (21)

u ςπὭάὴὰὭὩίωυϷέὪὸὬὩὭὲὭὸὭὥὰάὥίίὭίὪόὩὰ (22)



A rocket can travel faster than its 

exhaust speed

u A rocket can travel faster than its exhaust speed Ve

u This appears to be counter intuitive if we think of the exhaust as 

pushing against something. But this is not the case

u All the action and reaction takes place inside the rocket where an 

accelerating force is being developed against the walls of the 

combustion chamber and the inside of the nozzle

u A rocket will exceed its exhaust speed when

u ὰέὫ = 1 (25)

u ie = e = 2.718 (26)


