Basic Keplerian Orbital Dynamics - Review Sheet by Gerald David Nordley
gnordley@gdnordley.com rev.5 ©2011

ellipse parabola hyperbola
(170t 2 sheets) o
flight path ol
angles

TRAJECTORIES

semi- Line of
major | & f'=2nd

axis g focus

semilatus
rectum

p P
R
hyperbolic asymtote

hyperbolic .
; eﬁﬁ;niéc ¢ -a Gravity constant, = MG
™~ 0 = true where M = central mass &
Periapsis f+r=ratrp =2d anomaly G =6.672 E-11 m/s2/kg

For all Conics: r = rp(1+e)/(1+ecost) = p/(1+ecosf) a =semimajoraxis b =semiminor axis

rpr= p/(1+e) = —u(1-e)2E cosf@ = (plr—1)e ¢ =semifocal separation = a—rp = ae

h = rvcosp =rvsiny =rqvqg = rpvp = (pu)i2 rp = periapsis rq= apoapsis e = eccentricity
p = h2/u = (rpvp)2/w = rp(1+e) = r(1+ecosf) h =specific angular momentum

E= v22-wr=-u/2a =-u(1-e)/2rp a=-ul/2E E = Eccentric anomaly M = Mean anomaly
e = (1+2Eh2/u?)12=(p/rp) -1 = (1-p/a)12=(1-(b/a)2)1/2 E = specific energy T = period

v2= 2(E+Ww'r) = (2/r-1/a)u vp2= (1+e)u/rp v =velocity ve= escape... Ve= circular...
For Circle: v¢2 = w/'r For Parabola: ve2 = 2 Ww'r veo=hyperbolic excess vel. n = mean motion

For Ellipse: ra = a(1+e) rp = a(l-e) a2=b2+c2  CONICS e a E bp

Va2 = (1—e)Wra Vvalvp = rp/ra p = a(l—e? circle 0 rp <O p
e = (ra—rp)/2a = (vp—Va)(Vptva) = 1-va2/ (u/ra) elipse 0<1 >rp <0 <2rp
rp= ra(1-e)/(1+e) E=—-u(1+e)/2ry a=—w2E =1/(2/r-v2y) parabola 1 ed 0 21p

T = 2n(ad/u )12 T4/T2 = (a1/a2)32/(wi/uz)1’2 n = (wad)1/2  hyperbola >1 <-r, >0 >2rp
tan@ = tang /(1 -r/p) tang =e sind /(1+ e cosb)

For Hyperbola: veo = (v2—2 u/ r)1/2 = (V2-Ve2)1/2

C0Sbo = -1/ 'y =(a—rp)sin(m-0«) C3= v2-vg2 Voo
Time of Flight Equations: tp = Time to reach6 from periapsis, For Circle: tp=(T/2m)60
Ellipse: tanE = (1-e?2)12sin6/(e+cosf ) cos® = (e—coskE )/(ecoskE —1)

to = (a3/u)12(E —esinE) = (T/2n)(E —esinE) ty =T2 =1wn =mn(ad/u)l?2

M =2nty/T=(E —esinE) [Tofind E from M, iterate E;i = M+ e sinEj.q until Ej= Ej-1.]
Parabola: D = p1/2tan (6/2) to = (1/W)12(pD +D3/3)/2 D = parabolic eccentric anomaly
te = ((2rp)3/w)1/2 (U+U3/3) where U =tan(60/2)
Hyperbola: coshF = cosE =(e+cosf )/(1+ecosf ) F =hyperbolic eccentric anomaly
tg = (—ad/u)1’2(esinhF-F) asymtote: cosfeo =-1/e coshF= (1-r/a)le
note: sinh(A) = [eA-eA]/2 ; cosh(A) = [eA+ eA]/2 www.gdnordley.com



