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  

1.						      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 the positive x-axis. 
At time t seconds, t  0, P is x metres from the origin O and is moving away from 
O with velocity  v m s–1 ,  where 

2

6

4
v

x
�

�

	 (a)	 Find the deceleration of P when  x = 3
(4)

	 When  t = 0,  x = 3

	 When  t = T,  x = 6

	 (b)	 Find the value of T.
(5)
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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.

C A

3a

3a

B

θ�

Figure 1

	 Figure 1 shows a uniform rod AB of mass M and length 3a. 
The rod is smoothly hinged at A to a fixed point so that the rod can rotate in a 
vertical plane.

	 A small smooth ring is fixed at point C, a distance 3a from A, on the same horizontal 
level as A and in the same vertical plane as AB. 

	 One end of a light elastic string is attached to A. The string passes through the ring at C 
and the other end of the string is attached to B.

	 The rod rests in equilibrium with angle  BCA = θ ° , where  0 < θ < 45

	 (a)	 Show that the tension in the string is  � �cos 2 °

2sin °

Mg θ
θ

(3)

	 Given that the string has natural length 3a and modulus of elasticity  2
5

Mg,

	 (b)	 show that tan (2θ °) = 
5

4

(4)
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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 7 marks)
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3.

A

B

PC

0.36 m 0.39 m

0.2 m

Figure 2

	 Two fixed points, A and B, are such that  AB = 0.56 m  and A is vertically above B.  
The point C on AB is such that  AC = 0.36 m  and  CB = 0.2 m. 
A light inextensible string of length 0.64 m has one end attached to A and the other end 
attached to B.

	 A particle of mass  0.1 kg  is attached to the string at the point P, where  AP = 0.39 m. 
The particle moves with constant angular speed in a horizontal circle with centre C, as 
shown in Figure 2. 
The angular speed of the particle is  ω rad s–1

	 Given that both parts of the string are taut,

	 (a)	 find the tension in PB when  ω = 3 5
(7)

	 (b)	 Find the greatest value of  ω  for which PB is slack, making your method clear. 
(4)
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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 11 marks)
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4.

x

y

O 2

4

Figure 3

	 The shaded region shown in Figure 3 is bounded by the positive x-axis, the positive 
y-axis and the curve with equation  (x + 3)2 + y2 = 25

	 The unit of length on both of the axes is 1 m.

	 The shaded region is rotated through 2π radians about the x-axis to form a solid of 
revolution which is used to model a uniform solid S.

	 The volume of S is 52
3
π m3

	 (a)	 Show, using algebraic integration, that the centre of mass of S is 9
13

m from O.

(6)

A B

4 m

Figure 4

	 A solid T, which is the same size and shape as S, is removed from a uniform solid 
hemisphere of radius 4 m. The plane face of T is the plane face of the hemisphere. 

	 The solid remaining is in the shape of a bowl, shown in Figure 4, where A and B are 
points on the circular rim of the bowl and AB is a diameter of the rim. 

	 The centre of mass of the bowl is d metres from the midpoint of AB.

	 (b)	 Show that d = 
39

19

(4)

	 The bowl is now suspended from A and hangs freely in equilibrium with AB at θ ° to the 
downward vertical.

	 (c)	 Find the value of  θ
(2)
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Question 4 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________



*P79480A01628*

D
O

 N
O

T W
RITE IN

 TH
IS A

REA
 		

D
O

 N
O

T W
RITE IN

 TH
IS A

REA
						





D

O
 N

O
T W

RITE IN
 TH

IS A
REA D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 		
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

						





D
O

 N
O

T 
W

RI
TE

 IN
 T

H
IS

 A
RE

A

16

  

Question 4 continued
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Question 4 continued
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5.	 A particle P of mass m is attached to one end of a light elastic spring of natural length a 
and modulus of elasticity  λ 
The other end of the spring is attached to a fixed point A on a ceiling. 

	 The points B, C and D are such that

•	 B lies vertically below A and  AB = 
1

2
a

•	 C lies vertically below A and  AC = a

•	 D lies vertically below A and  AD = 3a

	 The particle P is pulled vertically downwards until it is at D and released from rest.

	 Given that P comes to instantaneous rest at B,

	 (a)	 show that  λ = 
4

3
mg

(4)

	 (b)	 Find, in terms of a and g, the speed of P at the instant it reaches C.
(4)

	 The maximum speed of P occurs when P is at the point E.

	 (c)	 Show that  AE = 
7

4
a

(3)

	 (d)	 Show that P moves with simple harmonic motion about E.
(3)
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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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(Total for Question 5 is 14 marks)
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6.

BP

Q

R

S

O1.5 m

60�

Figure 5

	 Figure 5 shows a smooth track PQR which is part of a circle.  
The track is fixed in a vertical plane. 

	 The circle has centre O and radius  OP = 1.5 m.

	 The highest point of the track is P and PO is horizontal.

	 The lowest point of the track Q is on horizontal ground.

	 A small ball B, of mass 0.2 kg , is released from rest at P and moves on the track until it 
leaves the track at R, where angle QOR = 60°

	 The ball is modelled as a particle.

	 (a)	 Find the magnitude of the normal reaction between the ball and the track when the 
ball is at Q.

(5)

	 After leaving the track, the ball moves freely under gravity and first lands on the ground 
at the point S.

	 (b)	 Find the distance QS.
(8)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________



*P79480A02328* Turn over      

23

  

D
O

 N
O

T W
RITE IN

 TH
IS A

REA
 		

D
O

 N
O

T W
RITE IN

 TH
IS A

REA
						





D

O
 N

O
T W

RITE IN
 TH

IS A
REA D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 		
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

						





D
O

 N
O

T 
W

RI
TE

 IN
 T

H
IS

 A
RE

A

Question 6 continued
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Question 6 continued
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Question 6 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 6 is 13 marks)
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7.	 A particle Q moves in a straight line with simple harmonic motion about centre O.

	 The maximum speed of Q is 12 m s–1

	 When Q is 2 m from O, the speed of Q is 4 5 m s–1

	 (a)	 Find the amplitude of the motion.
(4)

	 The maximum magnitude of the acceleration of Q is A m s–2

	 (b)	 Find the value of A.
(1)

	 (c)	 Find the length of time, in any one complete oscillation, for which the magnitude of 

		  the acceleration of Q is less than 1
2

A.
(4)
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Question 7 continued
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Question 7 continued
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(Total for Question 7 is 9 marks)
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