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15- APSE LINE ROTATION

The above figure shows 
two intersecting orbits 
which have a common 
focus, but their apse 
lines are not collinear.

 A Hohmann transfer 
between them is clearly between them is clearly 
impossible

 The opportunity for 
transfer from one orbit 
to the other by a single 
impulsive maneuver 
occurs at points I  and j

 As can be seen from the figure, the rotation     of the apse line is,

(1)
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15- APSE LINE ROTATION

we will consider two 
cases of apse line 
rotation.

1- the first case is that in 
which the apse line 
rotation     is given as 
well as e and h for both 
orbits.orbits.

2- the second case is that in 
which the impulsive 
maneuver takes place at 
a given true anomaly    

on orbit 1. 

 In the first case the problem is to find the true anomaly of I and J to 
both orbits, and in the second case the problem is to determine the 
angle of rotation    and the eccentricity of the new orbit.
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15- APSE LINE ROTATION

 Now we will consider the first case.

 The radius of the point I is given by either of the 
following:

(2a)

 where:

(2b)
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15- APSE LINE ROTATION

 Equation (2a) has two roots, corresponding to two 
points I and J:

(3a)

where: where:

(3b)

 Having found       we obtain       from equation (1):

 Now we can also compute      for impulsive 
maneuver.
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15- APSE LINE ROTATION

 An earth satellite is in an 8000km radius orbit (orbit 1 of  below 
figure) calculate the delta-v and the true anomaly       required to 
obtain a 7000km by 21000km radius orbit (orbit 2) whose apse 
line is rotated        counterclockwise. Indicate the orientation 

to the local horizon.

EXAMPLE 15.1
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15- APSE LINE ROTATION
EXAMPLE 15.1EXAMPLE 15.1

 The eccentricities of the two orbits are

 The orbit equation yields the angular momenta

(a)

 The orbit equation yields the angular momenta

 Using these orbital parameters and the fact that ,we 
calculate the terms in equation (2b)
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EXAMPLE 15.1EXAMPLE 15.1

 Then equation (3) yields

 Thus, the true anomaly of point I, the point of interest, is

 With the true anomaly available, we can evaluate the radial 
coordinate of the maneuver point,

(c)
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15- APSE LINE ROTATION
EXAMPLE 15.1EXAMPLE 15.1

 The velocity components and flight path angle for orbit 1 at point 
I are

 The speed of the satellite in orbit 1 is, therefore

 Likewise, for orbit 2,
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EXAMPLE 15.1EXAMPLE 15.1

 Equation ? Is used to find 

 The angle     which the vector males with the local horizon is 

given by following equation
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15- APSE LINE ROTATION

 The second case of apse line rotation is that in which 
the impulsive maneuver takes place at a given true 
anomaly      on orbit 1. 

 The problem is to determine the angle of rotation 

and the eccentricity     of the new orbit. 
 The impulsive maneuver creates a change in the 

(4)

 The impulsive maneuver creates a change in the 
radial and transverse velocity components at point I 
of orbit 1.

 From the angular momentum formula, we obtain the 
angular momentum of orbit 2.
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15- APSE LINE ROTATION

 The formula for radial velocity 

applied to orbit 2 at point I, where:

(5)

 Substituting equation (4) into this expression and 

solving for            leads to:
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15- APSE LINE ROTATION

 From the orbit equation, we have at point I

(6)

 Equating these two expressions for r, substituting 

equation (4) and solving for           , yields:
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 Finally we obtain:
(6)

 Equation (7a) can be simplified a bit by the next 
replacements:

(5)

(7a)

replacements:

 So that:

(7b)

 Equations (7) show how the apse line rotation,

is completely determined by the 
components of       imparted at the true anomaly
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15- APSE LINE ROTATION

 After solving equation 7 (a or b), we will:

Rotate orbit 2 is 
completely specified

(7) (6) , (5)

(4)

 If the impulsive maneuver takes place at the periapse
of orbit 1, so that  and if it is also true 
that     , then equation (7c) yields.

 (NOTE30,P283,{1})
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15- APSE LINE ROTATION

 An earth satellite in orbit 1 of bellow figure undergoes the 
indicated delta-v maneuver at its perigee. Determine the rotation    
of its apse line.

EXAMPLE 15.2
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