
Two-body problem

~r = ~rO +~rrel ~v = ~vO + ~Ω×~rrel +~vrel ~a = ~aO + ~̇Ω×~rrel + ~Ω×
(
~Ω× ~rrel

)
+ 2~Ω×~vrel +~arel

~̈r = − µ
r3
~r ~r = ~r2 − ~r1

~h = ~r × ~̇r h = v⊥r = r2θ̇

r =
h2

µ

1

1 + e cos θ

dA

dt
=
h

2

v2

2
− µ

r
= ε = − µ2

2h2
(1− e2) µ = G(m1 +m2)

vr =
µ

h
e sin θ v⊥ =

h

r
=
µ

h
(1 + e cos θ) tan γ =

vr
v⊥

r = R + z

Elliptical orbits (0 ≤ e < 1)

2a = ra + rp 2ae = ra − rp h2 = µa
(
1− e2

)
ε = − µ

2a
T 2 =

4π2

µ
a3

b = a
√

1− e2 =
√
rpra r̄θ = a

√
1− e2 = b r̄t = a

(
1 +

e2

2

)

tan
E

2
=

√
1− e
1 + e

tan
θ

2
Me = E − e sinE Me =

µ2

h3

(
1− e2

)3/2
t =

2π

T
t

Parabolic orbits (e = 1)
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Hyperbolic orbits (e > 1)
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Newton-Raphson method

xi+1 = xi − f(xi)

f ′(xi)



Classical orbital elements

r =
√
~r · ~r v =

√
~v · ~v vr = ~v · r̂ ~h = ~r × ~v h =

√
~h · ~h cos i = hz/h

~N = K̂ × ~h (Nx = −hy, Ny = hx) cos Ω = Nx/N (if Ny < 0 then Ω = 2π − cos−1)

~e =
1

µ

[(
v2 − µ

r

)
~r − rvr~v

]
e =
√
~e · ~e cosω = ~N · ~e/Ne (if ez < 0 then ω = 2π−cos−1)

cos θ = ~e · ~r/er (if vr < 0 then θ = 2π − cos−1)

Oblateness of the Earth

a = 6, 378, 137.0 m f−1 = 298.257 J2 = 1.0826× 10−3
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Geocentric equatorial frame: ~r = r cos δ
(
cosαÎ + sinαĴ

)
+ r sin δK̂, where α and δ

are the right ascension and declination.

Topocentric horizon frame: ~ρ = ρ cos a (sinAı̂+ cosÂ) + ρ sin ak̂, where a and A are
the altitude and azimuth.

Topocentric equatorial frame: θ and φ are the sidereal time (θ = θG + Λ) and geodetic
latitude, and α and δ are the topocentric right ascension and declination.
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)
+cosφK̂ k̂ = cosφ

(
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Orbital maneuvers: Hohmann transfer, bi-elliptic is more efficient if rC > 16rA.
Phasing maneuver (satellite paradox).
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Orbit determination from the topocentric horizon frame

~Ω = ωEK̂ ~̇R = ~Ω× ~R

δ̇ =
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Plane change maneuvers
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Relative motion/Tidal acceleration
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Clohessy-Wiltshire

δẍ− 3n2δx− 2nδẏ = 0

δÿ + 2nδẋ = 0

δz̈ + n2δz = 0




