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AQA A-Level Further Maths 2022 Paper 3  
Mechanics  
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1 A rigid, uniform rod, , of length  m has mass  kg. A particle of 

	 mass  kg is placed  m from , and a particle of mass  kg is placed 

	 at  to form a composite body.


	 Find the distance of the centre of mass of the composite body from .


 m	 	  m	 	  m	 	 m


	 	 	 	 	 	 	 	 	 	 	 [1 mark] 

2 The graph below shows how a force, , varies with time over a one 

	 second period. 

 

Find the magnitude of the impulse of  during this second.


	  Ns	 	  Ns	 	 	  Ns	 	 	Ns


	 	 	 	 	 	 	 	 	 	 	 [1 mark] 
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3 A goods train of mass  tonnes is travelling on a straight horizontal 

	 track.


	 It has a maximum speed of  ms-1 when its engine is working at  

	 kW.


	 Find the magnitude of the resistive force acting on the train when it is 

	 travelling at its maximum speed.


	 	 	 	 	 	 	 	 	 	 	 [3 marks] 

150

19 950
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4 A particle moves on a horizontal plane in which the unit vectors  and  

	 are perpendicular. At time , the particles position vector is 


	 	 	 	 


	 a) Prove that the particle is moving in a circle, centre the origin and 

	 	 state its radius.


	 	 	 	 	 	 	 	 	 	 	 [2 marks]


	 b) Show that the acceleration can be written as  for some  

	 	 you should find.

	 	 	 	 	 	 	 	 	 	 	 [3 marks] 

i j
t

r = 5 cos(2t)i − 5 sin(2t)j

a = kr k
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5 A particle of mass  kg is placed on a smooth plane inclined at  to 

	 the horizontal.


	 It is released from rest at a point  and moves in a straight line down 

	 the plane. It moves past the point  which is  m down the plane from 

	 . It subsequently passes the point  which is further down the plane. 

	 When at  the speed of the particle is  ms-1.


	 Find the distance .


	 	 	 	 	 	 	 	 	 	 	 [6 marks] 

3 30∘

A
B 6

A C
C 110

BC
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6 A small smooth ball of mass of  kg is moving in the  plane and 

	 collides with a smooth fixed vertical wall containing the axis.


	 The velocity of the ball just before impact is  and just 


	 after it is .


	 a) Find the speed of the ball before and after impact.

	 	 	 	 	 	 	 	 	 	 	 [2 marks] 

b) Find the loss of kinetic energy as a result of the impact.

	 	 	 	 	 	 	 	 	 	 	 [2 marks] 

1.5 XY
y−

u = − 5i − 2j
v =

5
4

i − 2j
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c) Find the angle of deflection of the ball.

	 	 	 	 	 	 	 	 	 	 	 [3 marks] 

d) Show that the coefficient of restitution between the ball and the 


	 	 wall is .


	 	 	 	 	 	 	 	 	 	 	 [2 marks] 

1
4
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7 A particle of mass  kg is attached to one end of a light elastic string of 

	 natural length  metres. and modulus of elasticity  N. The other 

	 end of the wall is fixed to a point  on a ceiling beam.


	 a) The particle hangs in equilibrium at the point , below . Find 

	 	 the extension in the string at this point.

	 	 	 	 	 	 	 	 	 	 	 [2 marks] 

2
0.5 50

O

P O
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b) The particle is then pulled down to a point  which is  m 

	 	 below .

	 	 

	 	 The particle is then released. By considering energy, find the 

	 	 velocity of the particle when it passes back through the 

	 	 equilibrium point.


	 	 	 	 	 	 	 	 	 	 	 [4 marks] 

Q 1.5
O
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8 Sophie is investigating how the speed, , of waves on a string depends 

	 on the mass, , of the string, the length, , of the string and the 

	 tension, , in the string.


	 She conjectures a relationship of the form


	 	 	 	 	 	 ,


	 where  is a dimensionless constant.


	 Determine the values of ,  and .


	 	 	 	 	 	 	 	 	 	 	 [5 marks] 

v
m l

t

v = kmαlβtγ

k

α β γ
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9 The region bounded by the line , the axis, the axis 

	 and the line  is shown below.


	 This region is rotated around the axis to form the frustum of a 

	 uniform solid cone.


	 a) Show that the volume of the frustum is  units cubed.

	 	 	 	 	 	 	 	 	 

	 	 	 	 	 	 	 	 	 	 	 [2 marks] 

y = x + 2r y− x−
x = 3r

x−

39πr3
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b) Find the distance of the centre of mass of the frustum from .


	 	 	 	 	 	 	 	 	 	 	 [3 marks] 

O
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c) This frustum is now placed on a rough plane inclined at an angle 

	 	  to the horizontal as shown.


	 


	 	 If the plane is sufficiently rough to prevent sliding, find the 

	 	 maximum value of  for the frustum to remain in equilibrium 

	 	 without toppling.

	 	 	 	 	 	 	 	 	 	 	 [3 marks] 

θ

θ
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d) A cylinder (made of the same material as the frustum) is now 

	 	 placed on top of the smaller face of the frustum. The cylinder has 

	 	 radius  and height .


	 	 This composite body is now placed on a plane inclined at an 

	 	 angle  to the horizontal such that the larger face of the frustum 

	 	 is in contact with the plane. 


	 	 Suppose again that the surface is sufficiently rough so as to 

	 	 prevent sliding. Find the maximum value of inclination of the 

	 	 plane for the composite body to not topple.


	 	 	 	 	 	 	 	 	 	 	 [5 marks] 

2r 5r

α
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e) Explain why the surfaces that are sufficiently rough to prevent 

	 	 sliding in (c) and (d) are not necessarily the same surface.


	 	 	 	 	 	 	 	 	 	 	 [1 mark]



