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For hyperbolics
(ie, a <0, e>1)

—v1|, Avp = |v2 — v 4
e Cylindrical, C: {¢q, ég, ¢z}, Cr = dég + 2zé2,
0 = acos (%), CR=R.(9)

e Spherical, S: {ér, 39, §5}, Sr =13, 0 = acos (

¢ = acos (27=), SR = R, () R-(0)
e Earth-Centered Inertial (ECI), Z
{iz, iy, 1z} = {First point of Ares, i X iz, True North pole}
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¢ Earth-Centered Earth-Fixed (ECEF), &£ a

{éz, &y, é.} = {Greenwich meridian, é; X é;, True North Pole} €

LST = GMST+Long. <= ~(t) = vya(t)+X ER=R.(vg(t)) i

e Topocentric (some combo of up, east, north), 7 Q
e Perifocal P : {ie, %p, ih} = {Ecc., Parameter, out-of-plane}

w

Motion confined to plane, so r = zic + y%p = rcos fie 4+ rsin fip
e Orbit, O : {ir, ig, 21}, Velocity, V : {o,, tn, 0}, SR = R.(8)
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PR=R.(w)R:()R=(Q) = [ic 1p in) i = acos(FRJ[3, 3])
z 1 PR[1
Q = atan BB, 1 w = atan zRIL 3] Reference Plane
- 7,3_R[3, 2] §R[2, 3] (Equatorial Ecliptic)
Quantity Circular Elliptical Parabolic Hyperbolic
Parametric equation 2 +y? =12 z2/a® +y%/b% =1 2 = 2py z2/a? —y?/b? =1
Eccentricity e=0 e=+vVa?2—-b%/a 0<e<1 e=1 e=+/a?+b%/a? e>1
Perifocal distance g=a g=a(l—e) q=p/2 g=a(l—e)
Mean angular motion n=+/u/|al3 =+/u/lal3 n=.,/u =+/p/]al3
Period T =2m/n T =2n/n T =00 T =00
Anomaly f=M=EFE tan (%) = }+e tan (%) tan (%) = %q tan (%) = % tanh <g)
Mean anomaly M = My + nt M:E—esmE M:qD+D3/6 M =esinhH — H
Radius (from focus) r=a = (1fecosE) r=q+ D?/2 =a(l — ecosh H)
Range rate rir =0 apsin E 7 = \/uD r7 = ey/|a|psinh H
Specific total orbit energy e<0 e<0 e=0 e>0
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Conversions e Linear acceleration of frame O’: (Aagp/)a
e Cartesian to Classical e Linear acceleration of point P in frame B: (Bap)s

1. vp=v- 7 ”i =02 — 2 e Coriolis acceleration: 2wg, 4 X Byp
2 h=rxuv e Euler acceleration: ag,4 X p
3. i = acos(h,/h), N = kExh o Centrifugal acceleration: wg,4 X w4 X p
4. Q = acos(N;/N) if Ny > 0 else 2 — acos(Nz/N)
5 e=(vxh)/u
6. p=nh?/p, a=p/(1—e?)
7. ow= acos("‘;}\\,]) if e; >0 else 27 — acos(‘:]]\y)
8. f =acos(%7) if vr > 0 else 27 — acos(<7)

Note: This should be updated to instead use ?R method for
extracting angles.

e Classical to Cartesian
1. p=a(l—e?, r=p/(1+ecosf), h = /mp
2. f=h/r2 ¢ = (hesinf)/p

3. Assemble state in Perifocal, and rotate to Inertial
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Kepler’s Laws

1. The orbit of a planet is an ellipse with the Sun at one of the two
foci.

2. A line segment joining a planet and the Sun sweeps out equal
areas during equal intervals of time.

3. The square of a planet’s orbital period is proportional to the
cube of the length of the semi-major axis of its orbit 72 =
4m2a3 /.

Figure 1: Two frames in motion. Source: Lecture 1, slide
17.

In relation to the frames depicted in Fig. 1, and beginning from the
following expression for the velocity of point P

(vp)a = (vor)a + (vP)B+wp/a X p
the acceleration of point P, (ap) 4, is found by application of the
Transport Theorem, presented here by example
d E

d
& rn) = —(Ere) fwen x Er

Transport Theorem: 7

and is

d d d d
(ap)a :%(A'UO’)A + &(B'UP)B +wpya x Bup + GYB/AX P W A X p

=(*ao)a+ (Bap)s+wpsa x Bvp+ag/ s x p+wp)a X ((va) +wp 4 X P)

= (A

ao)a+ (Pap)s +2wp 4 x Pvp +apgja x p+wsja X wgja X p=(ap)a ‘

with the following names for each term:



