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1.	 A particle P is moving along the x-axis. 
At time t seconds the displacement of P from the origin O is x metres, where 

	 x = 0.6 cos 
4
πkt� ��� �

� �
 and k is a positive constant.

	 (a)	 Prove that P is moving with simple harmonic motion by showing that

ẍ = –k 2 x
(3)

	 (b)	 State the amplitude of the motion of P
(1)

	 (c)	 Find, in terms of k, the maximum speed of P
(1)

	 The period of the motion is 4 seconds.

	 (d)	 Find k in terms of  π
(2)

	 The points A and B lie on the x-axis, on opposite sides of O, with OA = OB = 0.2 m

	 (e)	 Find the time taken by P to move directly from A to B
(4)
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Question 1 continued
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Question 1 continued
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Question 1 continued
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2.

O
P

4a 5a

A

Figure 1

	 A particle P of mass m is attached to one end of a light inextensible string of length 5a 
The other end of the string is attached to a fixed point A above a smooth horizontal table. 
The particle moves in a horizontal circle on the table with the string taut. 
The centre O of the circle is vertically below A with OA = 4a, as shown in Figure 1.

	 The particle moves with constant angular speed  ω  and remains in contact with 
the table.

	 (a)	 Find, in terms of m and g, the magnitude of the normal reaction between P and the 

		  table when  ω = 
1

4

g
a

(6)

	 The angular speed  ω  is gradually increased and the particle remains in contact with 
the table.

	 (b)	 Show that  ω < 
1

2

g
a

(2)
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Question 2 continued
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Question 2 continued
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Question 2 continued
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(Total for Question 2 is 8 marks)
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  

3.		  In this question you must show all stages of your working. 
	 Solutions relying entirely on calculator technology are not acceptable.

	 A particle P is moving along a straight line. 
At time t seconds (t  0), P is a distance x metres from a fixed point O on the line and 

	 is moving away from O with speed 2
8
3
x
x�

 m s–1

	 (a)	 Find the magnitude of the acceleration of P when  x = 3
(5)

	 Given that x = 1 when t = 2

	 (b)	 find the exact value of t when x = 3
(5)
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Question 3 continued
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Question 3 continued
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Question 3 continued
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(Total for Question 3 is 10 marks)
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4.

O

Q

9a

6a

3a

Figure 2

	 A uniform solid right circular cylinder has radius 3a and height 9a 

	 A uniform solid hemisphere of radius 3a is attached to the cylinder so that the plane 
face of the hemisphere coincides with one of the plane faces of the cylinder.

	 A solid right circular cone, of radius 3a and height 6a, whose plane face is the other 
plane face of the cylinder, is now removed from the cylinder to form the uniform solid S 
The point O is the centre of the circular base of S, as shown in Figure 2.

	 (a)	 Show that the distance from O to the centre of mass of S is  77
12

a

(5)

	 The solid S is placed with its circular base on a rough horizontal surface.  
The point Q, shown in Figure 2, lies on the circumference of the top of the cylinder.

	 A horizontal force of magnitude H is applied to S at Q  
The force acts towards the axis of symmetry of S 
The horizontal surface is sufficiently rough to prevent S from sliding.

	 The solid S is on the point of tipping.

	 Given that the weight of S is W 

	 (b)	 find H in terms of W
(2)
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Question 4 continued
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Question 4 continued
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Question 4 continued
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5.

A
B

C

3l

3l

2θ

Figure 3

	 A uniform rod AB has mass M and length 3l 
The rod is free to move in a vertical plane about a fixed smooth horizontal axis 
through B

	 One end of a light elastic string, of natural length 2l and modulus of elasticity 5
8

Mg , is 
attached to the rod at A 

	 The other end of the string is attached to the fixed point C, which is at a distance 3l 
vertically above B, as shown in Figure 3.

	 The rod is resting in equilibrium with angle  ABC = 2θ,  where  0 < θ < 1
2
π

	 By taking moments about the horizontal axis through B, show that the extension of the 

	 string is 16
7

l

(7)
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Question 5 continued
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Question 5 continued
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Question 5 continued
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6.

O x

A

B
y

CD
R

–2 2

2

4

6

4

Figure 4

In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

	 A uniform lamina ABCD is in the shape of the region R

	 The region R is bounded by the curve with equation  y = 1
4

 (x2 + 8), the line with 

	 equation  x = 4, the x-axis and the line with equation  x = –2, as shown shaded in 
Figure 4.

	 The area of R is 18

	 (a)	 Show that the x coordinate of the centre of mass of the lamina is 3
2

(4)

	 (b)	 Show that the y coordinate of the centre of mass of the lamina is 17
10

(4)

	 The lamina is freely suspended from B and hangs in equilibrium with BC at an angle θ 
to the downward vertical through B

	 (c)	 Find the exact value of  tan θ
(2)
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Question 6 continued
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Question 6 continued
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Question 6 continued
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(Total for Question 6 is 10 marks)
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7.	 One end of a light elastic spring is attached to a fixed point A 
A particle of mass M is attached to the other end of the spring.

	 The spring has natural length 3a and modulus of elasticity 18
5

Mg

	 The particle is held at rest at the point B, where B is a distance 5a vertically below A 
The particle is released from rest. 
Air resistance is assumed to be negligible.

	 Use the principle of conservation of mechanical energy to 

	 (a)	 find, in terms of a and g, the speed of the particle at the instant when it is a 
distance 3a vertically below A

(4)

	 (b)	 find, in terms of a, the distance of the particle below A when it first comes to 
instantaneous rest.

(4)
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Question 7 continued
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Question 7 continued
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Question 7 continued
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8.

C
P

A4a

2a θ

O

B

2 ag

Figure 5

	 A particle P of mass m is attached to one end of a light inextensible string of length 4a 
The other end of the string is attached to a fixed point O 
The particle is held at the point A, where  OA = 4a, and OA is horizontal, as shown in 
Figure 5.

	 The particle is projected vertically downwards with speed  2 ag

	 When the string makes an angle θ 0
2
πθ� �

� �
� �
� �  with the downward vertical through O 

	 and the string is still taut, the tension in the string is T 

	 Air resistance is assumed to be negligible. 

	 (a)	 Show that  T = mg (1 + 3 cos θ )
(6)

	 (b)	 Find, in terms of a and g, the speed of P at the lowest point of its path.
(2)

	 There is a fixed small horizontal peg at the point B, which is a distance 2a vertically 
below O. The peg is smooth and is perpendicular to the vertical plane of the motion of P 
and the string.

	 The string comes into contact with the peg and P continues to move clockwise in the 
same vertical plane. The point C is such that  CB = 2a and CB is horizontal, as shown in 
Figure 5.

	 When the particle passes through C, the string is still taut.

	 (c)	 Find, in terms of a and g, the exact speed of the particle at the instant when it passes 
through C

(3)

	 (d)	 Find, in terms of m and g, the tension in the string at the instant when P reaches O
(3)
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Question 8 continued
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Question 8 continued
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Question 8 continued
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Question 8 continued
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Question 8 continued
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Question 8 continued
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(Total for Question 8 is 14 marks)

TOTAL FOR PAPER IS 75 MARKS


