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Above figure illustrates a transfer between two coaxial elliptical 
orbits in which the transfer trajectory shares the apse line but is not 
necessarily tangent to either the initial or target orbit.

 The problem is to determine whether there exists such a trajectory  
joining points A and B, and if so to find the total           requirement.v
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 And      are given, 

as are the true 

anomalies 

 Applying the orbit 

equation to A and B on equation to A and B on 

orbit 3 yields:

 Solving these two equations for we get:

(1)
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 With these, the transfer orbit is determined and 
velocity may be found at any true anomaly.

 For a Hohmann transfer, in which                 and

equation (1) become: 

(2)

 When a       calculation is done at a point which is not 
on the apse line, care must be taken to include the 
change in direction as well as the magnitude of the 
velocity vector.

v
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 Figure shows a point where 
an impulsive maneuver 
changes the velocity vector 
from      on orbit 1 to     on 
orbit 2.

 It is important to observe that 
the   we seek is the v

(3)

the   we seek is the 
magnitude of the change in 
the velocity vector. Not the 
change in its magnitude 
(speed). That is:

v

 Only if are 
parallel, as in Hohmann 
transfers, is it true that

12 vvv 
Page 287 / 338



14- NON-HOHMANN TRANSFERS WITH A COMMON APSE LINE

 From the figure and the law 
of cosines, we find that,



(4)

(5)

 the direction of       shows the required 
alignment of the thruster that produces the 
impulse.

 The orientation of      relative to the local 
horizon is found by equation: 

v

v

 : the angle from the local horizon to 
the     vectorv
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 An impulsive maneuver results in a change of orbit 
and, therefore, a change in the specific energy

 If the expenditure of propellant        is negligible 
compared to the initial mass      of the vehicle then:

 Recall the formula for specific mechanical energy of 
an orbit, for the situation illustrated in previous 
figure:
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 Hence 

 From figure, it is apparent 
that:

 So that:

 (our assumption)
(6)

 It shows that, for a given      , the change 
in specific energy is larger the faster  the 
spacecraft is moving (unless, of course, 
the change in flight path angle is      )

 (NOTE 29,P276,{1})
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 A geocentric satellite in orbit 1 of below executes a delta-v 
maneuver at A which places it on orbit 2, for re-entry at D. 
calculate        at A and its direction relative to the local horizon.

EXAMPLE 14.1
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EXAMPLE 14.1EXAMPLE 14.1

 From the figure we see that

 Orbit 1:

The eccentricity isThe eccentricity is

The angular momentum is obtained from the orbit equation, 
noting that C is perigee:

 With the angular momentum and the eccentricity, we can use the 
orbit equation to find the radial coordinate of point A,
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EXAMPLE 14.1EXAMPLE 14.1

 And               Yields the transverse and radial 
components of velocity at A on orbit 1,

(a)

 From these we find the speed at A

 And the flight path angle,
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EXAMPLE 14.1EXAMPLE 14.1

 Orbit 2:

the radius and true anomaly of points A and D on orbit 2 are 
known. Applying the orbit equation at A, we get

(b)

 Likewise, at point D, which is perigee of orbit 2,

 Equating the expressions for       in (b) and (c), and solving for     

yields

(c)

 Whereupon either (b) or (c) may be used to find
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EXAMPLE 14.1EXAMPLE 14.1

 Now we can calculate the radial and perpendicular components 
of velocity on orbit 2 at point A:

(d)

 Hence, the speed and flight path angle at A on orbit 2 are

(d)

 The change in the flight path angle as a result of the impulsive 
maneuver is 
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EXAMPLE 14.1EXAMPLE 14.1

 With this we can use equation ? To finally obtain 

(e)

 Note that          is the magnitude of the change in velocity vector  

at A. that is not the same as the change in the magnitude of 
the velocity (i.e., the change in speed), which is 

(e)

 To find the orientation of          we use equation 
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EXAMPLE 14.1EXAMPLE 14.1

 This angle is illustrated in above. Prior to firing, the spacecraft 
would have to be rotated so that the centerline of the rocket 
motor coincides with the line of action of        with the nozzle 
aimed in the opposite direction.

 So that
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