Basic Keplerian Orbital Dynamics - Review Sheet
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For all Conics: r = rp(1+e)/(1+ecosf) = p/(1+ e cosH )

rp = p/(1+e) =-u(1-e)l2E = (1+e)ulvp cost =(p/r-1)e
h =rvcosp =rvsiny =rqvqg = rpvp =(pu)t’2

p =h2/u=(rpvp)2/u = rp(1+e)=r (1+ecosh) = a(1-e?)
E = v2/2-wr =-w2a =-u(1-e)/ 21, a=-ul 2E =1/(2/r-v2p)
e = (1+2EN2/u2)12 = (p/rp) -1 = (1-p/a)1’2 = (1-(b/a)2)1/2
v2= 2(E+wr) = 2/ r-1a)u vp2= (1+e)u/rp

For Circle: v¢2 = w'r For Parabola: ve2 =2Wr

For Ellipse: ry = (1-e) e =(rgrp)(ra+trp)
I =ra(1-e)/(1+e) E=—u(1+e)2ry a=(rat+rp)/2

vp2 =2 (E+u/ rp)
e=(ra—rp)/2a =(Vp— Va)/(Vp+ Va) =1—Va2/ (W ra)

T = 2r (a3/u )12 T1/T2 = (a1/a2)32/(u/up)12 n = (wad)1/2
= tang /(1-r/p) )

a(l+e) rp=a

Va2 = (1—e)Wra Va/ Vp=rp/ra

tan@ tang = e sinf /(1+ e cosO

Voo = (V2_ 2w/ r)1/2 = (V2'V82)1/2
y =(@—rp)sin(m-0x) C3=v2-ve?

For Hyperbola:

C0SO = -1/e

Time of Flight Equations:
Ellipse: tanE = (1-e2)'/2sin6/(e +cosh )
to = (aS/u)1V/2(E —esinE) = (T/2n)(E —esinE)

M =2nty/T=(E —esinE) [Tofind E from M, iterate Ei = M+ e sinE .1 until Ej =
to = (1/W)V2( pD +D 3/3)/2

Parabola: D = pl/2tan (0/2)
te = ((2rp)3/W)12 (U+U3/3) where U =tan(6/2)

Hyperbola: coshF = cosE =(e +cosf )/(1+ecosf )
ty = (—ad/u)12(esinhF-F)
note: sinh(A) = [eA- e A]/2 ; cosh(A) = [eA+ e A]/2

ellipse parabola

ty = Time to reach6 from periapsis,

asymtote: cos@oo =-1/€ coshF =
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kvny constant, y = MG

where M = central mass &
G =6.672 E-11 m3/s2/kg

= true
anomaly

a =semimajor axis b = semiminor axis

¢ =semifocal separation = a—rp = ae

fp =periapsis rq =apoapsis e = eccentricity
h = specific angular momentum

E = Eccentric anomaly M = Mean anomaly

E =specificenergy T = period

v =velocity ve=escape... vg=circular...

voo=hyperbolic excess vel. n = mean motion
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parabola 1 oo 0 2rp
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For Circle: tg=(T/2m)0

cosf = (e—coskE )/(ecoskE —1)
tr=T/2 =1n =m(ad/u)!’2

Ei1.]

D = parabolic eccentric anomaly

F = hyperbolic eccentric anomaly

(1-r/a)e
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