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The value of the semi-latus-rectum | is obtained taking into account that the orbital angular momentum is the same

in both orbits. That is

2 2 254 2

L

I= : 2:mngT g zng;T:rO =
GMTm Vo gRTm Vo

The eccentricity value is

2ELS

2
g2 =140
G2MZ m?

where E is the new satellite mechanical energy

E :im(vg +Av2)—Gm=lmAv2 +Ep :lmsz —lmvg
oy 2 2 2

2

that is

1, Av? 1 (2
E:2mVO[2—1]:2mVO(ﬂ —1)

Vo
Combining both, one gets

This is an elliptical trajectory because ¢ = f <1.
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2.2
The initial and final orbits cross at P, where the satellite engine fired instantaneously (see Figure 4). At this point
r(H:a):rO = = |la=—
1-pcosa 2
2.3

From the trajectory expression one immediately obtains that
the maximum and minimum values of r correspond to #=0 and

6 = rr respectively (see Figure 4). Hence, they are given by

r -
l+¢&

|
= r.. =
max min
l-¢

that is

f'o f'o
Mmax = 1—,3 and Tmin = 1+ﬂ

Figure 4

For g =1/4, one gets

Foa =5.63-10" m; ., =3.38-10' m

The distancesr,,,, andr,,, can also be obtained from mechanical energy and angular momentum conservation,

taking into account that r and v are orthogonal at apogee and at perigee

2
R
E :imvg(ﬂ2 —1):lmv2 il
2 2
2
Ly = MmaRT _ mvr
Vo

What remains of them, after eliminating v, is a second-degree equation whose solutions are r,,, and ry;, -

24

By the Third Kepler Law, the period T in the new orbit satisfies that

2
T2 _To

a® r}

where a, the semi-major axis of the ellipse, is given by

a= rmax + I’min _ r0
2 1- 2
Therefore
5)-3/2
T=Toll-p
15173/2
For g=1/4 T=T, I =26.4h
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3.1

Only if the satellite follows an open trajectory it can escape from the Earth gravity attraction. Then, the orbit
eccentricity has to be equal or larger than one. The minimum boost corresponds to a parabolic trajectory, with =1

e=p = Pesc =1

This can also be obtained by using that the total satellite energy has to be zero to reach infinity (E, = 0) without
residual velocity (E, = 0)

1 2(p2
EZEmVO(ﬂeSC_l):O = Besc =1

This also arises from T =0 or from r,,, = .

3.2

Due to & = fegc =1, the polar parabola equation is

r= I
1-cosé@

where the semi-latus-rectum continues to be | =ry . The minimum Earth - satellite distance corresponds to 8 = z , where

, fo

Fmin = ?

This also arises from energy conservation (for E = 0) and from the equality between the angular momenta (L,) at the
initial point P and at maximum approximation, where r and v are orthogonal.

41
If the satellite escapes to infinity with residual velocity v, , by energy conservation
E= % mvg (ﬂz —1): % mv? = Asymptote
v, =vo (,82 _1)1/2
4.2

As €= > fesc =1 the satellite trajectory will be a hyperbola.

The satellite angular momentum is the same at P than at the point
where its residual velocity is v, (Figure 5), thus

mvgyry =mv_b

So

1)‘1/2 ASymptote/

Figure 5
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The angle between each asymptote and the hyperbola axis is that appearing in its polar equation in the limitr — oo .

This is the angle for which the equation denominator vanishes

1-BC0SOpm =0 = Opgym = cosl[;j

According to Figure 5

z
¢ :E+‘9asym =

¢ = %+ cos‘l[;j

For ﬁ=gﬁesc =§, one gets ¢ =138 =2.41rad|
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