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1.

1O

R

x

y

Figure 1

 The shaded region R is bounded by the x-axis, the line with equation x = 1, the curve 
with equation y x� �1  and the y-axis, as shown in Figure 1. The unit of length on 
both of the axes is 1 m.

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

 Show, using the model and algebraic integration, that

 (a) the volume of S is 
17
6
�

 m3

(3)

 (b) the centre of mass of S is 49
85

m  from O.
(5)
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Question 1 continued
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2.

A

α

B

F

Figure 2

 A light elastic string AB has natural length l and modulus of elasticity 2mg.

 The end A of the elastic string is attached to a fixed point. The other end B is attached 
to a particle of mass m. The particle is held in equilibrium, with the elastic string taut 
and horizontal, by a force of magnitude F. The line of action of the force and the elastic 
string lie in the same vertical plane. The direction of the force makes an angle α, where

 tan α =
3
4

, with the upward vertical, as shown in Figure 2.

 Find, in terms of l, the length AB.
(6)
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Question 2 continued
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(Total for Question 2 is 6 marks)
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3.

A

D C

B

7a
4

4a

4a
O

 D

C
7a
4

4a

4a

6a

O

A

B

                                      Figure 3                                                         Figure 4

 A square ABCD of side 4a is made from thin uniform cardboard. The centre of the

 square is O. A circle with centre O and radius 7
4
a  is then removed from the square to 

form a template T, shown shaded in Figure 3.

 A right conical shell, with no base, has radius 7
4
a  and perpendicular height 6a.

 The shell is made of the same thin uniform cardboard as T.

 The shell is attached to T so that the circumference of the end of the shell coincides with 
the circumference of the circle centre O, to form the hat H, shown in Figure 4.

 [The surface area of a right conical shell of radius r and slant height l is ]

 (a) Show that the exact distance of the centre of mass of H from O is

(8)

 A fixed rough plane is inclined to the horizontal at an angle α. The hat H is placed on 
the plane, with ABCD in contact with the plane, and AB parallel to a line of greatest 
slope of the plane. The plane is sufficiently rough to prevent the hat from sliding down 
the plane.

 Given that the hat is on the point of toppling,

 (b) find the exact value of tan α, giving your answer in simplest form.  
(2)
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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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4.  In this question you must show all stages in your working.

 Solutions relying entirely on calculator technology are not acceptable.

 A particle P is moving along the x-axis.

 At time t seconds, where 0 2
3

� �t  , P is x metres from the origin O and is moving

 with velocity v m s−1  in the positive x direction where

v x� �( )2 1
3
2

 When t = 0, P passes through O.

 (a) Find the value of x when the acceleration of P is 243 m s−2

(4)

 (b) Find v in terms of t.
(6)
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Question 4 continued
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5.

O

B

A

a
3a

a

P(m)

Figure 5

 A particle P of mass m is attached to one end of a light inextensible string of length 
a 3. The other end of the string is attached to a fixed point A. The particle P is also 
attached to one end of a second light inextensible string of length a. The other end of 
this string is attached to a fixed point B, where B is vertically below A, with AB = a.

 The particle P moves in a horizontal circle with centre O, where O is vertically below B.

 The particle P moves with constant angular speed ω, with both strings taut, as shown in 
Figure 5.

 (a) Show that the upper string makes an angle of 30o with the downward vertical and 
the lower string makes an angle of 60o with the downward vertical.

(2)

 (b) Show that the tension in the upper string is .
(8)

 (c) Show that 
(4)
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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.

B

R (m)

A

O

Figure 6

 A small smooth ring R of mass m is threaded on to a smooth wire in the shape of a circle 
with centre O and radius l. The wire is fixed in a vertical plane. The ring R is attached to 
one end of a light elastic string of natural length l and modulus of elasticity mg. The other 
end of the elastic string is attached to A, the lowest point of the wire. The point B is on the 
wire and OB is horizontal.

 The ring R is at rest at the highest point of the wire, as shown in Figure 6.

 The ring R is slightly disturbed from rest and slides along the wire.

 At the instant when R reaches the point B, the speed of R is v and the magnitude of the 
force exerted on R by the wire is N.

 (a) Show that

v gl2 2 2=

(7)

 (b) Show that
N mg� �� �1

2
5 2 2

(7)
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Question 6 continued
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7.

BA O

4l

l5
3

Figure 7

 Two points A and B lie on a smooth horizontal table where AB = 4l.

 A particle P of mass m is attached to one end of a light elastic spring of natural  
length l and modulus of elasticity 2mg. The other end of the spring is attached to A. 
The particle P is also attached to one end of another light elastic spring of natural 
length l and modulus of elasticity mg. The other end of the spring is attached to B.

 The particle P rests in equilibrium on the table at the point O, where AO = 5
3

l, as shown 
in Figure 7.

 The particle P is moved a distance 1
2

l  along the table, from O towards A, and released 
from rest.

 (a) Show that P moves with simple harmonic motion of period T, where

T = 2
3

� l
g

(6)

 (b) Find, in terms of l and g, the speed of P as it passes through O.
(1)

 (c) Find, in terms of g, the maximum acceleration of P.
(1)

 (d) Find the exact time, in terms of l and g, from the instant when P is released from

  rest to the instant when P is first moving with speed 3
4
gl

(5)
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Question 7 continued
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Question 7 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 7 is 13 marks)
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