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8.3 Going to the Sun
A spacecraft of mass m is first brought into an orbit around the earth. The earth (together with the
spacecraft) orbits the sun in a near circular orbit with radius R (R is the mean distance between the
earth and the sun; it is about 150 million km).

a) What is the speed of the earth in its orbit around the sun?

We want the spacecraft to fall into the sun. One way to do this is to fire the rocket in a direction
opposite to the earth’s orbital motion to reduce the spacecraft’s speed to zero (relative to the sun).

b) What is the total impulse that would have to be given by the rocket to the spacecraft to
accomplish this? You may ignore the effect of the earth’s gravitation as well as the orbital speed
of the spacecraft around the earth as the latter is much smaller (how much smaller?) than the
speed of the earth around the sun. Thus, you may assume that the spacecraft, before the rocket
is fired, has the same speed in its orbit around the sun as the earth.

We will now show that there is a more economical way of doing this (i.e., a much smaller rocket can
do the job). By means of a brief rocket burn the spacecraft is first put into an elliptical orbit around
the sun; the boost is provided tangentially to the earth’s circular orbit around the sun (see figure).
The aphelion of the new orbit is at a distance r from the sun. At aphelion the spacecraft is given
a backward impulse to reduce its speed to zero (relative to the sun) so that it will subsequently fall
into the sun.

c) Calculate the impulse required at the first rocket burn (the boost).
d) What is the speed of the spacecraft at aphelion?
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e) Calculate the impulse required at the second rocket burn (at aphelion).

f) Compare the impulse under b) with the sum of the impulses under ¢) and e), and convince
yourself that the latter procedure is more economical.

g) Make a specific quantitative comparison for r = 20R.
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8.8 Doppler Effect I — page 462, problem 29
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Problem 8.3
(a) The speed of the earth in a circular orbit, with a radius R = 1.5 x 10'! m, about
the sun, with a mass M = 1.99 x 10% kg, is given by Equation (12) on page 216 as

|GM
Vo= N 2.98 x 10* m/s

(b) The impulse is given by the change in momentum. The final momentum is zero;

therefore the impulse is given by
Iy = Ap = muy

(C) As discussed in Problem 1, mechanical energy and angular momentum are con-
served after the rocket is finished firing. Consider the initial and final points, which are
respectively the perihelion and aphelion of the elliptical orbit. Conservation of angular
momentum gives

R
mui R = muyr = Vg = P U1

where R is the distance from the sun to the perihelion and wv; is the velocity there and r

is the distance from the sun to the aphelion and v, is the velocity there. Conservation of
GMm 1 (R \*
+-m ( : v1>
r

mechanical energy gives
L
2

GMm n 1 GMm .
— —muy = — —muy = —
R 21 r 22 r
Solving the above for v; gives
2GM (1 - 5) 5
R (1 - (%) > T
The impulse is given by the change in momentum.

2

I = Ap = mvy — mug = I 1+§—1

(d) Using the result above following from angular momentum conservation, the final

2 R

==

velocity is
R
— UO .
r 1+ r

Vg = V7 -



(e) The impulse is given by the change in momentum. The final momentum is zero

therefore the impulse is given by
2 R
_[2 Ap muvy = IO R —
oy
(f) The sum of each impulse is

R

]_]1+IQ Ap muvy — m’l}o—I()( R 1>+IQ R'i

- X

2 R
= I (1 2 -1

Therefore the difference is
/ R

Iy—1=1,- (2— 2(1—1——)) >0
r

since r > R.
(g) For r = 20 - R the above equation gives

Iy — I ~055-1,

The quantity [ is defined above as
Iy =

muy =~ 2.98 x 10* -
Therefore, in terms of the mass of the spacecraft, m, the difference in the impulses is

Io— 1 ~16x10*-
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