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Answer ALL questions.  Write your answers in the spaces provided.

1. A particle of mass 0.5 kg is attached to one end of a light elastic string.  The other end of 
the string is attached to a fixed point O on a smooth horizontal surface.  The string has 
natural length 2 m and modulus of elasticity 8 N.  The particle moves on the surface in a 
horizontal circle about O with constant angular speed 1.5 rad s−1.

 Find the radius of the circle.
(5)
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Question 1 continued
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2.
D

C

A

B

5a

6a

3a

P

Q

a

R
3a

a

Figure 1

 Figure 1 shows a shaded template, T, formed by removing an isosceles right‑angled 
triangle PQR from a uniform rectangular lamina ABCD.  The rectangle has side AB of 
length 6a and side AD of length 5a.  The triangle has equal sides PQ and PR of length 
3a.  Side PQ of the triangle is parallel to side AB of the rectangle and the distance 
between AB and PQ is a.  Side PR of the triangle is parallel to side AD of the rectangle 
and the distance between PR and AD is a.

 (a) Show that distance of the centre of mass of T from AB is 44
17

a.
(5)

 The template T is freely pivoted at A.  A horizontal force is applied to T at B so that T 
rests in equilibrium with AB vertical.  The line of action of the force lies in the vertical 
plane containing T.

 Given that the weight of T is 85 N,

 (b) find the magnitude of the force exerted on T by the pivot at A.
(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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3. A particle, P, of mass 2 kg is attached to one end of a light elastic spring of natural length 
0.8 m and modulus of elasticity 49 N.  The other end of the spring is attached to a fixed 
point A.  Particle P hangs freely in equilibrium, with P vertically below A.  

 The particle is now pulled vertically down to the point B, where AB = 1.4 m, and released 
from rest.

 (a) Show that P moves with simple harmonic motion about its equilibrium position.
(5)

 (b) Find the length of time, in each complete oscillation, for which P is more than 1.2 m 
vertically below A.

(4)
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Question 3 continued
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4.

x30O

5

y

Figure 2

 A solid right circular cone has height 30 m and base radius 5 m.  The cone is modelled as 
the solid generated when the shaded region in Figure 2 is rotated through 360° about the 
x‑axis.  The cone is non‑uniform so that the mass per unit volume of the cone at the point 

(x, y) is x
100

 kg m−3, where 0  x  30.

 (a) Show that the mass of the cone is 
225π
4

kg.
(3)

 (b) Find the distance of the centre of mass of the cone from its vertex.
(4)
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Question 4 continued
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5. For a particle above the surface of the Earth, at a distance x from the centre of the 
Earth, the magnitude of the gravitational force acting on the particle due to the Earth is 
inversely proportional to x2.

 At the surface of the Earth, the acceleration due to gravity is g.

 The Earth can be modelled as a fixed sphere of radius R.

 A particle P of mass m is at a point that is at a distance (x − R) above the surface of the Earth.

 (a) Show that the magnitude of the Earth’s gravitational force acting on P is mgR
x

2

2
(3)

 A rocket is fired vertically upwards with speed U from a point on the surface of the 
Earth.  When the rocket is at a height 2R above the surface of the Earth, the speed of the 

 rocket is gR .  The rocket is modelled as a particle of constant mass m and the Earth 
 is modelled as a fixed sphere of radius R.  All forces acting on the rocket, other than the 

Earth’s gravitational force, can be ignored.

 (b) Find an expression for U in terms of g and R.
(5)

 (c) Suggest one way in which the model could be refined to make it more realistic.
(1)
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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. A particle, P, is moving along the positive x‑axis in the direction of x increasing.  When 
the displacement of P from the origin, O, is x metres, the velocity of P is v m s−1, where 

v = 9 − 
3
x

 ,    x  1

 At time t = 0 seconds, x = 1

 At time t = T seconds, x = 3

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

 (b) Show that  T = 
2
9

 + 
1
27

 ln 4
(6)
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Question 6 continued
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7.

R

2O x

y

7

Figure 3

 Figure 3 shows the shaded region, R, bounded by the curve with equation y
x

=
− −( )

1

16 4 2
, 

the  x‑axis and the lines with equations x = 2 and x = 7

 A uniform solid of revolution, S, is formed by rotating R through 360° about the x‑axis.

 (a) Show that the x coordinate of the centre of mass of S is 8 6
21

ln
ln (9)

 The solid S is placed with its smaller plane face on an inclined plane that is at an angle α° 
to the horizontal.  The inclined plane is sufficiently rough to prevent S from sliding.

 Given that S does not topple,

 (b) find the greatest possible value of α.
(3)
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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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(Total for Question 7 is 12 marks)
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8.
P

θ

O

a

Figure 4

 Figure 4 shows a smooth solid hemisphere with radius a and centre O, fixed with its 
circular plane face on a horizontal surface.  A particle, P, of mass m is slightly disturbed 
from rest at the highest point on the surface of the hemisphere.

 When OP has turned through an angle θ, the particle is still on the surface of the 
hemisphere, and the normal reaction between P and the hemisphere has magnitude R. 

 (a) Show that  R = mg(3 cos θ − 2).
(6)

 (b) Deduce the value of cos θ when P loses contact with the hemisphere, giving a reason 
for your answer.

(2)

 (c) Find the direction of motion of P at the instant when it hits the horizontal surface.
(6)
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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)
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