The Vis-Viva Equation
The potentia energy for asatellite of massmin aplanetary gravitationa fieldis

Epotential = _Gl\r/lm = _@ (1)
where M isthe mass of the planet and ¢ =GM. Thekinetic energy is

Exinetic = %sz )
where V isthe speed of the satellite, i.e, V2 =7 [’ or V = |'| (3)

By the law of conservation of total energy, the sum of the kinetic and potential energies
does not change as the satellite moves about its orbit:
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Epotential * Ekinetic = EmVZ —HT = Constant (4

What thismeansisthat if r; and \j are the position and speed of the satellite at one point of
the orbit, and if rp and Vb are the position and speed at a second point of the orbit, then
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Canceling out the common factor of m,
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This equation istrue for any two points we choose along the orbit. If welet the position
and speed at point 1 ber and V (instead of r; and V), and if we choose point 2 to be
perigee, then equation (6) becomes
ly2_H_1y2 H @)

2 r 2 perlgee

I'perigee
But we know aready that
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Mperigee = &(1—€) and Vperigee = \/gqlre 8,9

Substituting equations (8) and (9) into equation (7),
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Factoring out the common i/ a(1-€) on the right hand side of (10)
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Solving for v2 wefind that
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Equation (12) is called the Vis-Viva Equation.
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