
Classical Orbits Equation Sheet Handout

Center of Mass

M = m1 +m2 (1)

R⃗cm =
1

M
(m1r⃗1 +m2r⃗2) (2)

Reduced Mass

µ =
m1m2

m1 +m2

(3)

r⃗ = r⃗2 − r⃗1 (4)
(5)

Lagranian Mechanics

L = KE − PE (6)
d

dt

∂

∂q̇
L =

∂

∂q
L (7)

Equations of Motion in Polar Coordinates:

r̈ =
1

µ
f(r) +

ℓ2

µ2r3
(8)

ϕ̇ =
ℓ

µr2
(9)

Angular Momentum in Polar Coordinates:

ℓ = µr2ϕ̇ (10)

Orbit Equation:

r =
α

1 + ϵ cos(ϕ− δ)
(11)

α =
ℓ2

µk
(12)

ϵ =

√
1 +

2Eℓ2

k2µ
(13)

Effective Potential:
Ueff = U(r) +

ℓ2

2µr2
(14)
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