
QUESTION ONE
A binary star consists of two stars of masses M1 and M2 separated by a distance D and both rotate about their 
stationary centre of mass.
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(i) Express the distance, r, of the star of mass M1 from the centre of mass in terms of M1, M2 and D.

(ii) By equating the gravitational force between the stars with the magnitude of the centripetal force on 
one of them, show that the orbital period of the binary system, T, is related to the distance between the 
stars, D, by the relationship:
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QUESTION TWO  (6 marks)

Universal Gravitational Constant = 6.67 × 10–11 N m2 kg–2

(a)	 The fastest rate of rotation of a planet is that for which the gravitational force on matter at 
the equator just provides the centripetal force necessary for that matter to move with circular 
motion. 

	 Show that the period of rotation in this case is given by

T
G

=
3π

ρ

	 where the planet is assumed to be a uniform sphere of density ρ (which has units of kg m–3). 

	 The volume of a sphere is
 

4

3
3πr .

 

 

 

 

 

 

 

 

 

 

(b) 	 The mean density of the Earth is 5500 kg m–3. Is Earth close to disintegration?
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(c)	 The reading on a bathroom scale is less at the equator than at the poles. Suggest two reasons 
for this.
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Question  THREE:  Armageddon  (8 marks)

Universal gravitational constant = 6.67 × 10–11 N m2 kg–2

The volume of a sphere = 
4
3

3πr

The movie “Armageddon” is based on an asteroid “the size of Texas”, which is about to collide 
with the Earth. To protect the Earth, NASA proposes to land a drilling team on the asteroid, who 
will drill a hole to the centre and detonate a nuclear warhead there. This blast is supposed to split 
the asteroid into two equal pieces that will each move far enough sideways to safely miss the Earth. 
However, there is not much time and the explosion will take place only four hours before impact.

(a) 	 NASA scientists expect that the blast will not affect the motion of the centre of mass. 

	 Explain.

(b)	 Using the information and diagram below, work out if the Earth will be saved. Ignore any 
gravitational attraction between the two lumps, and list any other assumptions you make 
during your calculation.

		  Width of Texas  					      =  1.45 × 106 m
		  Average density of the asteroid		   =  3 000 kg m–3

		  Energy released by the nuclear warhead	  =  5 × 1018 J
			   (this is equivalent to 105 Hiroshima bombs)

Asteroid

4 hour line

Earth

Will the two lumps 
miss the Earth?
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(c)	 In reality the two pieces will gravitationally attract each other. 

	 Assuming the asteroid splits into two equal-sized spherical lumps, calculate the acceleration 
caused by the gravitational force of each sphere on the other. State the significance of the 
result.

(8)
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QUESTION FOUR:  GRAVITY  (8 ���k�)

Some text books show the change in gravitational field strength (g) as one moves outwards from the 
centre of the Earth, by using a graph, such as the one following, where R is the radius of the Earth.
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(a)  Explain, using physical principles, why the gravitational field strength (g) is zero at the centre 
of the Earth.

(b) An object within a hollow sphere experiences no gravitational force from the mass of that 
sphere. 

 Use this result, and Newton’s law of gravitation, to show that g increases linearly as one 
moves from the centre of the Earth outwards to the surface.

 
Note: volume of sphere = =

4

3
3π and density

mass

volume
r  .



(c) Explain why g decreases as shown, when one moves outwards from the Earth’s surface. 

(d)  In fact, the variation in g is more accurately shown in this graph.
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 What does this graph tell us about the Earth’s interior structure? 

(8)
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 The5  graph shows the variation of the gravitational field strength with distance from the 
centre of the Earth.  R0 is the radius of the Earth.

gravitational 
field strength

R0 distance

 (a) Describe how gravitational field strength varies with distance from the centre of the 
Earth

  • for distances between 0 and R0
  • for distances greater than R0

(3)
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 (b) A scientist suggests the following:

   “If a tunnel were made through the centre of the Earth, an object dropped at 
one end would accelerate downwards until it reached the centre.  It would then 
decrease in speed until it reached the other end of the tunnel with a speed of 
zero.  The object would then return the other way, undergoing simple harmonic 
motion.”

  Using the graph between 0 and R0, determine whether simple harmonic motion would 
occur.

(4)
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 (c) The scientist also suggests that the period of oscillation for a body dropped through 
the tunnel would be the same as the orbital period for a body orbiting just above the 
surface of the Earth.  Its radius of orbit is assumed to be R0.

  (i) Derive an expression for the period of oscillation of the body dropped through the 
tunnel.

(4)
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  (ii) Derive an expression for the orbital period for a body that is orbiting the Earth 
with radius R0.
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(Total for Question 5 = 14 marks)
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