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Introduction: The equation of motion for 

artificial satellites has the attraction of the Earth 

as the main term; the main perturbation on the 

satellites is the effect of the Earth’s oblateness. 

Thus we need to discuss this oblateness and how 

to deal with it. 

Many analytical treatments deal with that 

problem of a satellite motion under the 

oblateness effect ; Brouwer1(1959), 

Kozai2(1962), Kaula3 (1966), Deprit and Rom4 

(1970), Berger5 (1975), Kinoshita6 (1977), 

Chazov7(1988), Emelyanove8 (1991) studied 

this problem of different kind of approximation 

but up to the second order; where there is no 

perturbation in the shape of the orbit i.e. there is 

no secular perturbations in the semi major axis 

and on the eccentricity. Nasonova9 (1971),  

Tamarove10 (1985), M.K.Ammar et.al.11(2012) 

deal with the perturbation due to Earth’s 

oblateness up to the third order which gives the 

secular perturbation due to oblateness on both 

the semi major axis and the eccentricity. 

Also satellites are subjected to disturbing forces 

which are known as non-gravitational forces. 

These non-gravitational forces are, for example, 

atmospheric drag, solar radiation pressure, 
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electromagnetic radiations, and so on.  Aside 

from the effects of the Earth’s oblateness, the 

largest perturbative force on law earth orbit 

(LEO) satellites is caused by the atmospheric 

drag. Any satellite passes within an altitude of 

about 800 Km is subjected to a perturbative 

force caused by the motion of the satellite 

through the Earth’s atmosphere. 

The acceleration due to air drag causes 

undesirable changes in the shape of the orbit and 

a continuous loss of the kinetic energy of the 

satellite. Thus an elliptical orbit will change to 

become circular, while circular orbit will change 

to become more nearly circular and decay. 

The objective of this paper is not only to 

determine the perturbations due to oblateness 

and air drag in order to take them into account in 

the satellite maintenance operations, but also to 

use them versus each other to decrease the 

resultant perturbation on the satellite in some 

specific orbits during a specific time. 

Materials and Methods 

The effect of the perturbation due to air drag on 

the semi-major axis and the eccentricity of the 

satellite can be written as 12 
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Where 

a The satellite semi-major axis, 
e The satellite eccentricity, 
A The satellite’s average cross sectional 

area, 
m The satellite mass, 
n The mean motion, 
f The true anomaly, 
CD The aerodynamic drag coefficient , 
η The satellite altitude at any time, 
η0 The satellite altitude at the perigee, 
ρ The density of the air at altitude  η, 
ρ0 The density of the air at the standard  

altitude, 
H The scale height, 
Elimination of the short period terms from 

equations (1), (2) as follow 
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Finally the secular perturbation on the semi-
major axis and the eccentricity due to air drag up 
to the 6th order in eccentricity can be formulated 
in the form  

 

2 2 4 623
1

4 64 25

5

6

1 5
D D

A
a e tna e

m
eCρ  + +=


∆ + 


− ….(4)  

 

3 51 5 9

2 16 128D D e e e t
A

e na C
m

ρ  − −= 


∆ 


−     ......(5) 

Where Da∆  and De∆  are the secular 
perturbation in semi major axis and eccentricity 
due to air drag respectively.  The perturbations 
on the semi major axis and the eccentricity due 
to oblateness is of the form 12 
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Where   

µ  The Newtonian constant times mass of  Earth , 

R  The mean equatorial radius of the Earth 

ω  The argument of the perigee, 

Jk    The zonal harmonics, given by 
 

3
2 1.08263 10J −= × , 6

3 2.5322 10J −= − × , 6
4 1.6110 10 ,J −= − × 2 6

4 2 4 0.4389122 10D J J −= + = − ×  

  ji andα β  , i = 1,…20;  j = 1,…27 ; are functions of the eccentricity e and are given in Appendix A. 
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Therefore the resultant disturbing force due to 
air drag and due to oblateness on both the semi 
major axis and eccentricity are of the form 

3
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Where ∆ a and ∆ e are the resultant disturbing 
force due to air drag and due to oblateness on 
both the semi major axis and eccentricity 
respectively. 
Results : Equations (8) clearly represent the 
resultant disturbing force due to air drag and due 
to oblateness on both the semi major axis and 
eccentricity. It can be used in satellites 
maintenance operations, but it can be used to 
decrease these operations too. Decreasing the 
maintenance operations here mean that 
decreasing the resultant disturbing forces acting 
on the satellite. 
In order to do this we put equations (8) equals 
zero and solve them simultaneously in semi 

major axis and eccentricity for any particular 
satellite in a limited time so that we can get an 
orbit for this satellite where the resultant 
disturbing forces acting on it is zero i.e. solve 
the system using a satellite common physical 
date 

    
0
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e
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Table 1. Satellite physical data 

 
Putting the argument of perigee ω = 00 and 
calculating the orbital parameters of the desired 
orbit for 60 days we get 

Table 2. The orbital parameters where the perturbation due to air drag and that due to 
oblateness work against each other. 

Time 

(days) 

Inclination 

(Degree) 

Semi major axis 

(km) 

Perigee 

(Km) 
Eccentricity 

60 24 6992.689006 599.992562 0.002078 

 

 

Figure 1 The resultant perturbation in the semi major axis and eccentricity during 60 days. 

Conclusion 
In this paper, we studied the resultant disturbing 
force acting on low earth orbit satellites due to   
air drag and oblateness on both the semi major 

axis and eccentricity; we put a simple formula to 
determine them for any low earth orbit satellite, 
so that the maintenance operation for this very 
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important type of satellite can be determined in a 
very easy and accurate way. 
Also, we put a method to cancel the resultant 
perturbations due to air drag and oblateness on 
both the semi major axis and eccentricity for a 
valuable duration of time. This method is very 
important for two reasons 
1- This type of satellites has a very short life 
time, so any additional time to its life time will 
be great.  
2- The second reason is the additional lifetime is 
free of cost since it comes from using natural 
forces against each other.  
We apply our results in some particular satellite 
and we find the desired orbit for 60 days. i.e. we 
add 60 days to this satellite lifetime with no cost. 
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