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Comment on “Relative Motion of a
Body about an Orbiting Satellite”
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N Ref. 1, DeWitt developed a system of linearized equa-

tions for the relative motion of a body ejected from a
satellite in a circular orbit with small impulse. He used
these equations to study the motion of a body ejected in
various directions. The linearization procedure requires
that the coordinates of the body relative to the satellite, i.e.,
£ m, ¢, be < 1. If the body is ejected with any tangential
component (7o # 0), no matter how small, £ and » will grow
to be of order-of-magnitude unity given sufficient time. For
example, as the central angle between the satellite and the
ejected body approaches /2, £ and 5 will both approach
unity and as this angle approaches m, £ will approach 2.
Therefore, the validity of the solutions is restricted in time
as dictated by the secular terms in Eqgs. (8) of Ref. 1 when
70 5= 0.

Equations of relative motion have been derived in which
the restrictions in DeWitt’s analysis are relaxed. Burri?
has derived such a system of equations in a curvilinear
coordinate frame referred to as the “h-s plane.” Here, s
is the arc length measured from the satellite along its orbit
in the direction of motion and A is the altitude above the
satellite orbit. The out-of-plane coordinate z is equivalent
to R¢. Interms of & and s, £ and n are given by

£= 1+ h/R)ecos(s/E) — 1 1
and
n = (1 + A/R) sin (s/R) 2)

The equations of relative motion in the A-s plane can be
derived by perturbing Kepler's equations in cylindrical co-
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ordinates. Thus,
h— (1 + h/R)[n*R + 2ns + R7%$?] =
—uR™2(1 + h/R)[(1 + h/R)* + (2/R)*]7%* (3)
51 + h/R) + 20k + 2Rk = 0 4
and
§ = —uR=l(L+ BB+ G/RTE ()

where n and u are those of Ref. 1. Linearization of Egs.
(3-5) requires that h/r and z/R < 1 and § < nR which is
always true for small ejection rates. There is no restric-
tion on the magnitude of s. The linearized equations are

h = 4ms + 12n%h (6)
§ = —drh (7)

and
5= —4r% 8)

where B = 1, n = 2r, and p = 47

Equations (6-8) are of a form identical to that of Egs.
(7) of Ref. 1. This is expected because for small %, n =~
s/R, and £ = h/R as can be shown from Eqgs. (2) and (3).
The range of validity of the remainder of DeWitt’s analysis
can be extended if ¢ and % are replaced by hA/R and s/R,
respectively. If the true Cartesian coordinates, £ and 7,
are desired they can be calculated from Egs. (1) and (2).

It is noted that the error in the solution for the secular
variable, s, increases with time due to the linearization.
However, the characteristics of the motion are preserved in
the h-s plane.
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