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Lecture 30

Variational Equations using the Disturbing Function

Recall the variational equatioms
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Effect of J o on a Satellite Onbit of the Earth #710.6
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which we can write as
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If we use the gradient of the disturbing function R for the disturbing acceleration
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Lagrange Matrix L

Therefore, the variational equation using the matrix L is
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The Lagrange Matrix is skew-symmetric, i.e., L = —L™* . Because of the skew-symmetry,

there are only 15 elements to calculate and only 6 of these are different from zero.

Lagrange’s Planetary Equations
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Effect of the J, Term on Satellite Orbits

Gravitational potential function of the earth

Virg) = "GN <r6q>kPk(cosqb)
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where the angle ¢ is the colatitude with cos¢ =1, -1, and

i, = [cosQcos(w+ f) —sinQsin(w + f)cosi|i,

T
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+ [sin Q cos(w + f) + cos 2 sin(w + f) cosi] i, Problem 3-21

+sin(w + f)sinii,

Hence cos ¢ = sin(w + f)sini so that

Gm‘]ngq 3 ) . 2. 3
R= _T(l + ecos f)?[3sin”(w + f)sini — 1] + O[(r,,/7)"]
L 1 27
R = o RdM where dM =ndt and 7r%df =hdt
T Jo
1 [%7 Jyr?
= — ﬁR7’2df = ng@ — 3sin?4)
27 0 h 4@3(1 — 62)5

Averaged Variational Equations

@_ 1 om @_,
dt — nabsini Oi dt
di de
" a ="
@ i R b oA D 20R ¥ R
dt  nabsini i = nade e dt  nada nate Oe
For the Earth Problem 10-12
d—Q_ 3 Teq)? : Teq\*” 2\—2 :
i —§J2 <?) ncosi = —9.96 <7> (1 —e”)"“cosi degrees/day
dw o 3 Teq 2 2 . - Teq 3.5 2\—2 2 .
i ZJ2<?> n(5cos“i—1) =5.0 <7> (1—e“)"*(bcos“i—1) degrees/day

Coefficients of the earth’s gravitational potential (x10°)

Jy = 1,082.28 4+ 0.03 Js=—02+0.1
Jy = —2.340.2 Js=1.0+08
Jy, = —2.1240.05
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