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G = 6.672 E-11 m/s2/kg

For all Conics:   r  =  rp(1+ e )/(1+ e cosθ )  =  p/(1+ e cosθ ) a = semimajor axis b = semiminor axis

rp =   p/(1+ e)      =   – µ (1– e)/2E       cosθ    =   ( p/r – 1)/e   c = semi focal separation  =  a – rp  =  ae

h =   r v cosφ    =  r v sin γ   =  rava   =   rp vp       =   (p µ )1/2 rp = periapsis   ra= apoapsis   e = eccentricity

p =   h2/µ        =   ( rp vp)2/µ    =    rp( 1+ e )   =   r (1+ e cosθ )  h = specific angular momentum

E =   v2/2 – µ/r =  – µ / 2a  =  – µ (1– e)/ 2 rp       a = -µ/ 2E E   = Eccentric anomaly  M = Mean anomaly   

e  =   (1+ 2Eh2 /µ 2)1/2 = (p / rp) –1 = (1– p/a)1/2 = (1-(b/a)2)1/2 E = specific energy     T = period

v2=   2( E+ µ/ r)   =  (2/ r -1/a)µ    vp2 =  (1+ e)µ / rp v  =velocity   ve= escape...  vc= circular...

For Circle:   vc2  =  µ/ r        For Parabola:   ve2    =  2 µ/ r      v∞=hyperbolic excess vel.   n = mean motion

For Ellipse:   ra  =  a (1+ e)     rp   =   a (1– e)    a2 = b2 + c2 CONICS        e        a          E       p
va2   =   (1– e)µ/ ra        va/ vp    =   rp/ ra          p   =   a(1– e2) circle 0    rp < 0      rp
e   =   ( ra– rp)/ 2a    =   ( vp– va)/( vp+ va)    =   1– va2/ (µ/ ra)  elipse 0< 1 > rp < 0  < 2 rp
rp =  ra(1- e )/(1+ e)  E = –µ(1+ e)/2 ra  a =–µ/2E  =1/(2/r-v2µ) parabola 1   ∞    0       2 rp
T  =  2 π (a3/µ )1/2   T1/T2 = (a1/a2)3/2/(µ1/µ2)1/2  n  =  (µ/a3)1/2 hyperbola >1 <-rp > 0  > 2 rp

For Hyperbola:    v∞  =  (v2– 2 µ/ r)1/2  =  (v2-ve2)1/2
cosθ∞  =  -1/e     y  = (a – rp) sin( π - θ ∞)   C3 = v2-ve2

tanθ   =  tanφ  /(1 - r/p )     tanφ  = e sinθ  /(1+ e cosθ ) 
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Time of Flight Equations:   tθ  =  Time to reachθ   from periapsis,        For Circle:    tθ = (T/2π)θ
Ellipse:     tanE   =    ( 1–e 2 )1/2sinθ /( e + cosθ  )      cosθ   =  ( e – cosE  )/( e cosE  – 1 )  

tθ   =  ( a3/µ )1/2 (E  – e sinE )     =   ( T/2π )(E  – e sinE )       tπ    =  T/2    =  π/n   =  π ( a3/µ )1/2

M   = 2π tθ /T = (E  – e sinE )   [ To find E  from M,  iterate E i  =  M + e sinE i-1 until E i ≈ E i-1. ]
Parabola:    D  =  p1/2 tan (θ /2)        tθ  = (1/µ)1/2( pD +D 3/3)/2  D  = parabolic eccentric anomaly

tθ    =  ((2 rp)3/µ)1/2 (U+U3/3)    where U = tan(θ /2)     
Hyperbola:     coshF  =  cosE  = ( e + cosθ  )/( 1 + e cosθ  )      F  = hyperbolic eccentric anomaly

    tθ      =  ( – a3/µ )1/2 (e sinhF - F )    asymtote:  cosθ∞ = -1/e   coshF =   (1 - r/a )/e   
      note: sinh(A) =  [eA- e-A]/2 ; cosh(A) = [eA+ e-A]/2 www.gdnordley.com


