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Unless otherwise stated you may neglect air-resistance and assume that the acceleration of free fall, g = 10ms-2 
    

(1) (a)  State Newton’s Universal law of Gravitation. 

    

 (b)  Derive the relationship between g, the acceleration due to gravity at the 

Earth’s surface and G, the Universal constant of gravitation. Explain clearly 

the meaning of any other symbols you use in you derivation. 

    

 (c)  A satellite is set in orbit at a distance of 250km above the Earth’s surface. 

What angular velocity must it have to maintain this orbit? 

Earth’s radius = 6.4x106m 

Earth’s mass = 6x1024kg 

G = 6.67x10-11Nm2kg-1 

    

   (Ans: (c) 1.167x10-3rads-1) 

    

    

    

(2)   Deduce a value for the mean density of the Earth. Explain the assumptions 

made in your calculation. 

Earth’s radius = 6.4x106m 

G = 6.67x10-11Nm2kg-1 

    

   (Ans: 5567kgm-3) 

    

    

    

(3) (a)  Explain what is meant by the gravitational constant G. 

    

 (b)  The moon orbits the Earth with a period of 27.3 days. If the mass of the 

moon is 7.7x1022kg and the radius of the orbit is 4x108m, find the force of 

attraction of the Earth on the moon. 

    

   (Ans: 2.186x1020N) 
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(4)   One of Kepler’s laws of planetary motion states that the square of the 

periodic time of rotation of a planet is proportional to the cube of the 

distance of the planet from the Sun. Assuming that the orbits of the planets 

are circular, show that this law follows from Newton’s law of gravitation. 

    

    

    

(5)   The rings of the planet Saturn consist of a vast number of small particles, 

each in a circular orbit about the planet. Two of the rings are shown in the 

diagram.  

 
 

The inner edge of the inner ring is 70000km from the centre of the planet 

and the outermost edge of the outer ring is 140000km from the centre. The 

speed of the outermost particles is 17kms-1. 

    

 (a)  Show that the speed, v, of a particle in an orbit of radius r around a planet of 

mass M is given by: 

� � ����  

 

where G is the universal gravitational constant 6.710-11Nm2kg-2. 

    

 (b)  Determine the mass of Saturn. 

    

 (c)  How long does it take for the outermost particles to complete an orbit? 

    

 (d)  Calculate the orbital speed of the particles nearest to Saturn? 

    

   (Ans: (b) 6.04x1026kg; (c) 14.4hrs; (d) 24kms-1) 

    

    

    

(6) (a)  What is meant by a parking orbit? What use may be made of a satellite in 

such an orbit? 

    

 (b)  Explain why the satellite cannot be in a parking orbit other than that above 

the equator. 
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 (c)  For a satellite in a parking orbit and with a period of 24hours, calculate: 

    

  (i) the distance of the satellite from the centre of the Earth, 

  (ii) the speed of the satellite in this orbit. 

Earth’s radius = 6.4x106m 

Earth’s mass = 6x1024kg 

    

   (Ans: (ci) 4.26x107m; (cii) 3100ms-1) 

    

    

    

(7) (a)  The diagram is a set of axes for a graph of the variation of g, the gravitational 

field strength, with height h above the surface of the Earth. 

Earth’s radius = 6x106m 

g = 10Nkg-1 

 

Copy the diagram and sketch the graph. 

    

 (b)  State how you would use your graph to estimate the change in potential 

energy when raising a spacecraft of mass 1200kg from the surface of the 

Earth to a height of 18x106m above the surface. 

    

 (c) (i) State what is meant by the absolute gravitational potential at a point in a 

gravitational field. 

    

  (ii) At what height above the surface of the Earth does the absolute gravitational 

potential have a magnitude half that at the surface of the Earth? 

    

   (Ans: (cii) 6x106m) 

    

    
 


