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QL.

In 2015 the Messenger spacecraft crashed into the surface of the planet Mercury after four years in orbit
observing the surface of Mercury.

Messenger's orbit was highly elliptical, varying between 200 km and 15 000 km above the surface of Mercury.
Messenger completed one full orbit every 12 hours.

mass of Messenger spacecraft = 565 kg
mass of planet Mercury = 3.30 x 10% kg
radius of planet Mercury = 2430 km

It has been suggested that the same orbital period of about 12 hours could have been achieved if Messenger
was in a circular orbit 7690 km above the surface of Mercury.

(i) Determine whether this suggestion is correct.

(i) The elliptical orbit chosen had advantages over this circular orbit.

Explain one advantage.

(Total for question = 6 marks)
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Q2.

The first satellite weather picture was taken in 1960. Today more than 200 weather satellites are in use. Some of
these satellites are in a geostationary orbit around the Earth, so that they remain at the same point above the
Earth's surface all the time.

(@) (i) Show that the magnitude of the gravitational field strength g at a point outside of the Earth is given by
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where r is the distance of the point from the centre of the Earth and M is the mass of the Earth.

(i) Use this expression together with an expression for the centripetal acceleration to show that the radius of
a satellite's orbit is given by
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where T is the time for one orbit of the satellite.

(i) Hence calculate a value for the radius of the geostationary orbit.
M = 6.0 x 10** kg

(b) State why all geostationary satellites are in an orbit above the Earth's equator.
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(Total for question =9 marks)

Q3.

In 2014 the Rosetta spacecraft reached the comet Churyumov-Gerasimenko.
Rosetta went into orbit around the comet.

The following table gives some data for the comet.

Mass / kg 1.0 x 10%
Density / kg m™ 470

The comet is irregular in shape but can be modelled as a spherical object.

(@) Show that a sphere with this mass and density has a radius of about 1700 m.

Gravitational field strength = ...
(c) A probe was sent from the Rosetta spacecraft to land on the comet.

The probe bounced off the surface of the comet and took 1 hour and 50 minutes to return to the surface again.

Calculate the height above the surface of the comet that the probe would have reached. Assume that the
acceleration of the probe is constant with the magnitude calculated in (b).
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(d) Explain, using gravitational field theory, how the actual height reached would compare with the value
calculated in part (c).

You may assume there are no resistive forces such as air resistance.

(Total for question = 10 marks)
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