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Pertfurbation of orbits of Lharth-satellites by atmosphoerlc contact
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1. Kenlar Jtlon

T - AR mmmw

Lot 5(r,8) (satellit~) b~ a noint-mass movinz in the (r,0)

plan: and which is attract2d hy the origain I (centr: of the Larth)
)

with the force ur ©

£

Then the components of the velocity anag the acceleration of S aro

(1.1) rad “rad ~
V = 1T = _ Q'ﬁ a
norm 5 N orm 2rt 4+ re
v nnorm
"rad
£ < o _ o
The eguationsof motion are
° /)
AR [’ Q =~ o - "'Ef:;
£ .
r
(1.2) |

The secnond equation gives Keplor's sccond law (conscorvation of
angular momentum)

.

(1.3) rTO = M,

£

From (1.2) the following =nergy relation can ve derivod

Yy g 73

(W.M‘) (l""—%*—f’hgh) R s i

%

1.6, sum of

kinetic and potaentlal energy 1s a constant.,

g_circular motion
(1.5) r = R G = /T

where T is the semi-period.
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After a semi-period t=T7 the radius has decreased according TO

(2.9) AR _ e,
R

or
(2.10) AR = -2xaR%e PR,
Therefore the total number of revolutions is given By

R
(2.11) no= | PPt ar

)-»ht A R
I

The period decay is after a semi-period

(2.12) Ar = -30T,

or by applying Kepler's third law

. ” -~ /72 I )
(2.13) AT = -3auw) }/BFP)/JQKD(-\-#[S,LL/‘/LTC 2/3'1‘2/)) ,



e

3. Atmospheric perturbation, elliptic motion
In this case we consider the momentum and encrgy equation

(3 /}) a% (rgé) == - K(Fgé) Vepp
Se{B(PT+r 8%) ~ 1o avie AT

If the unperturbed motion is given by (1.8) we put for the per-
turbed motion

r 6 = M(1-%x)
<3'2) { L ) e 2el L

( ) { X = avVe P
3.3 , ,,m
Y = 27\a/u“q voe AT
In view of 5%-m é g%-m g%-él-it ffollows that
g . p ) 3
(3.4) dX = "‘y% r“Ve P36  and dy = 228 P2V3@ s
A M

Hence after a semi-period T we have

pa(1-e°)

© 1

2\2
X :'Ka(/]-ﬁz) f <q+gﬁwm XD
(14 e cos 8)° 1+ecos 6

ﬂﬁmmw eXD
(1+ € cos 9) 1+£;cos e

) a6

For orbits with a large excentricity the expressions (3.5) can
be estimated by noting that the integrand has its maximum at 6=0

(apogeum). Then

e
x w ae” PEUT-E _MMLg“Eml

(3.6)
-pa(1-¢)

AV = ae cra\re) "
pe(l-¢)
From (1.10) and (1.11) we may derive

1~ ¢ (1

(3.7) Aa = -andy and A¢ = - L ay-ax).

Hence the approach of the apogeum follows from
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