Some Astrodynamic Equations

1. Equations Applicableto All Orbits
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a) Orbit Equation:  r(v) = K - p
1 + ecosv 1 + ecosv
h? . ,
? =P =Ty (Orbit parameter, or semi-latus rectum)
. & V!
b) Energy Equation: - T = En
’

—

c¢) Angular Momentum: % = 7 x V = copist
|h| = ¢ =rV, =rVcosd = h = const

d) Velocity Components:
Radial component: ¥, = 7 = Vsin¢

Transverse component: Vy = rv = Vcosd
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e) Eccentricity: e? =1 + Zh”En
u?
; v, 7oV esinv
f) Flight path angle (¢): tandp = - = =
A h 1 +ecosv
2. Parabolic Orbits(E, =0,e=1)
h2
a) Orbit equation: r(v) = —* - P - P
1 +cosv 1 + cosv 2 cog?Y
cos” —
2
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b) Energy Equation: V? - By, - V=V, = 2p
r r
c) Flight path angle:  tand = —Y = tan Y - b=
1 +cosv 2 2



Par abolic Orbits (cont)
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cos¢p = (—p]
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d) Other relations
h2
. _ B _p
P 1+cosvl _, 2p 2
3. Elliptic Orbits (En <0, e< 1)
_,2 2
a) Orbit Equation: r(v) = M, h
1 +ecosv V)
2
b) Energy Equation: LA . En
2 r 2a

¢) Angular momentum: &

d) Flight Path Angle:

= =a(l-e?)
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h = Jpay(1-e?)

Jpay(l-e?) = r,V, =r,V, =rVcosd

12
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tan = esinv cosd = a(l-e*)
1 + ecosv ( r)
rl 2-—
a
€) Period of Elliptic Orbit
3
T =2n,|% n = 2 (Mean angular rate)
p K T
p
nta® = p (Kepler's 3 law)
f) Peri- and apo- center relations:
”pza(l‘e) r -r v -r
e=_94 P __a p
r,=a(l+e) r o+r 2a



4. Hyperbolic Orbits (En >0, e > 1)
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8 Orbit equation: r(v) = —* - 4 =1
1 +ecosv 1 +ecosvVv

2
b) Energy Equation: ~— - ® = _ g,
2 r 2a

At r=o, V =

o

(Hyperbolic excess velocity)

o]

c) Turning Angle: Si“g -1

e
Many relations are the same as the eliptic relations with (@) in the lliptic equations replaced
with (-a)



