2. Waste project

1) The trajectory is a very elliptical ellipse, perihelion of which is within the Sun. In
order to minimize the fuel consumption, the speed near the Earth’s orbit needs to be
as large as possible (we need to decelerate the ship to bring it to the elliptical orbit),
hence the full orbital energy of the ship F = —Gé\/‘; ™ needs to be as small as possible.
Here, M is the mass of the Sun, m — the mass of the space ship, and a — the longer
semiaxis. So, a needs to be as large as possible, which means that the perihelion
needs to lie at the surface of the Sun, in which case 2a = Rg + rg, where Rg is the
orbital radius of the Earth and rg — the radius of the Sun. The resulting trajectory
is depicted below.

2) If we neglect the radius of the Sun, the space ship needs to “fall” directly to the
Sun, which means that its initial orbital speed must be zero, hence its trajectory is
an ellips with longer semi-axis equal to Rg/2. According to the Kepler’s III law, the
period on such an orbit is 23/2 times shorter than the Earth’s orbital period T. The
travel time ¢ is half of the period, so that t = 275/2T ~ 64.6 days.

3) In the Sun’s frame of reference, the speed needs to be zero; hence, in the Earth’s
frame of reference, it is opposite to the orbital velocity of the Earth and by modulus
equal to vg = 29.8km/s.

4) The speed vg in the Sun’s frame of reference is found from the expression for the
total energy,
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This expressing can be rewritten by using equality Uo G—M as
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Numerically this yields vg &~ 2.8km/s; the speed in the Earth’s frame of reference
VE =V — Vs = 27.0 km/s.

5) Part of the initial kinetic energy in the Earth’s frame of reference goes to the change
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Here, Mg is the Earth’s mass and u is the launching speed. So,

u=1/v% 4+ 2gR ~ 29.2km/s.



