Physics Date: coeveieninnennnnns
Gravitational Fields - 2

1.

(In this question, take the mass of the Earth as 5.98 x 10% kg)

(a) (i) State the relationship between the gravitational potential energy. Ep. and the
gravitational potential, V, for a body of mass m placed in a gravitational field.

(1 mark)

(a) (i) What is the effect, if any, on the values of E}, and V if the mass m is doubled?
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Figure 3 shows two of the orbits, A and B, that could be occupied by a satellite in
circular orbit around the Earth, E.
The gravitational potential due to the Earth of each of these orbits is:

orbit A - 120MJkg™!
orbit B ~36.0MJkg .

(b) (i) Calculate the radius, from the centre of the Earth, of orbit A.

ANSWEL = covveeeireeeesssiaennenns 1M
(2 marks)
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(b) (ii) Show that the radius of orbit B is approximately 1.1 x 10* km.

(1 mark)

(b) (iti) Calculate the centripetal acceleration of a satellite in orbit B.
ANSWEL = i ms~
(2 marks)

(b) (iv) Show that the gravitational potential energy of a 330 kg satellite decreases by
about 8 GJ when it moves from orbit A to orbit B.

(1 mark)
(c) Explain why it is not possible to use the equation AE, = mgAh when determining the

change in the gravitational potential energy of a satellite as it moves between these
orbits.
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2.
(a) State Newton's law of gravitation.

(2 marks)

(b) In 1798 Cavendish investigated Newton's law by measuring the gravitational force
between two unequal uniform lead spheres. The radius of the larger sphere was 100 mm

and that of the smaller sphere was 25 mm.

(b)(i) The mass of the smaller sphere was (.74kg. Show that the mass of the larger sphere
was about 47kg.

density of lead = 11.3 x 10° kgm™

(2 marks)

(b) (ii) Calculate the gravitational force between the spheres when their surfaces were in
contact.

ANSWEL = cevvereveeesreereeesesessensessnenns N
(2 marks)
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(c) Modifications, such as increasing the size of each sphere to produce a greater force
between them, were considered in order to improve the accuracy of Cavendish’s
experiment. Describe and explain the effect on the calculations in part (b) of doubling
the radius of both spheres.

(4 marks)

3.
(In this question, take the mass of the Earth as 5.98 x 10 kg)
The Hubble space telescope was launched in 1990 into a circular orbit near to the Earth.
It travels around the Earth once every 97 minutes.
(a) Calculate the angular speed of the Hubble telescope, stating an appropriate unit.

(3 marks)
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{(b) (i) Calculate the radius of the orbit of the Hubble telescope.

ANSWET =  vvevveeceeeecneeernneesnnens 111
(3 marks)

(b) (ii) The mass of the Hubble telescope is 1.1 x 10* kg. Calculate the magnitude of the
centripetal force that acts on it.

ANSWET =  ooeeeeeeeieceeeseeeseeeene 1N
(2 marks)
4,
(a) Define the gravitational potential at a point in a gravitational field.
(2 marks)

(h) Figure 5, which is not drawn to scale, shows the region between the Earth (E) and the
Moon (M).

Figure 5
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(b)(i) The gravitational potential at the Earth’s surface is -62.6 MJ kg~!. Point X shown in
Figure 5 is on the line of centres between the Earth and the Moon At X the resultant
gravitational field is zero, and the gravitational potential is —1.3MJkg™.

Calculate the minimum amount of energy that would be required to move a Moon probe
of mass 1.2 x 10*kg from the surface of the Earth to point X. Express your answer to
an appropriate number of significant figures.

ANSWET = oo cseecseseeneseens J
(3 marks)
(b) (ii) Explain why, once the probe is beyond X, no further energy would have to be supplied
in order for it to reach the surface of the Moon.

(1 mark)
(b) (iii) In the vicinity of the Earth’s orbit the gravitational potential due to the Sun’s mass
is —885MJ kg~!. With reference to the variation in gravitational potential with distance,
explain why the gravitational potential due to the Sun’s mass need not be considered
when carrying out the calculation in part (b){1).

2 marks)
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(c) The amount of energy required to move a manned spacecraft from the Earth to the
Moon 1s much greater than that required to return it to the Earth. By reference to the
forces involved, to gravitational field strength and gravitational potential, and to the
point X, explain why this is so.

The quality of your written communication will be assessed in your answer.

(6 marks)
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