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1. A particle P is moving in a straight line with simple harmonic motion of period 4 s. 
The centre of the motion is the point O

 At time t = 0, P passes through O

 At time t = 0.5 s, P is moving with speed 2 m s−1

 (a) Show that the amplitude of the motion is  4 2
π

m

(4)

 (b) Find the maximum speed of P
(2)
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Question 1 continued
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2. In this question solutions relying on calculator technology are not acceptable.

 A particle P of mass 2 kg is moving along the positive x-axis. 

 At time t seconds, where  t  0 ,  P is x metres from the origin O and is moving away from 
 
O with speed  v m s−1  where  v = 

1

2 1x +( )

 (a) Find the magnitude of the resultant force acting on P when its speed is  
1

3
m s−1

(6) 

 When  t = 0 ,  P is at O

 (b) Find the value of t when P is 7.5 m from O
(5)
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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.
P (m)

E

3

5
l

Figure 1

 A particle P of mass m is attached to one end of a light elastic spring of natural length l 
and modulus of elasticity kmg, where k is a constant. The other end of the spring is fixed 
to horizontal ground. 

 The particle P rests in equilibrium, with the spring vertical, at the point E.

 The point E is at a height  
3

5
l  above the ground, as shown in Figure 1.

 (a) Show that  k = 
5

2

(2)

 The particle P is now moved a distance  
1

4
l  vertically downwards from E and released  

 
from rest.  Air resistance is modelled as being negligible.

 (b) Show that P moves with simple harmonic motion.
(4)

 (c) Find the speed of P as it passes through E.
(4)

 (d) Find the time from the instant P is released to the first instant it passes through E.
(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. A light elastic string has natural length 2a and modulus of elasticity 2mg.

 One end of the elastic string is attached to a fixed point O. A particle P of mass  
1

2
m is 

 
attached to the other end of the elastic string. 

 The point A is vertically below O with OA = 4a.

 Particle P is held at A and released from rest. The speed of P at the instant when it has 
moved a distance a upwards is 3ag

 Air resistance to the motion of P is modelled as having magnitude kmg, where k is a 
constant. 

 Using the model and the work-energy principle,

 (a) show that  k = 
1

4

(7)

 Particle P is now held at O and released from rest. As P moves downwards, it reaches its 
maximum speed as it passes through the point B.

 (b) Find the distance OB.
(4)
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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

l

l

R (m)

P (m)
6

5
l

Figure 2

 A small smooth ring R of mass m is threaded on to a thin smooth fixed vertical pole. One 
end of a light inextensible string of length 2l is attached to a point A on the pole. The other 
end of the string is attached to R. A particle P of mass m is attached to the midpoint of the 
string. The particle P moves with constant angular speed in a horizontal circle, with both  
 
halves of the string taut, and  AR = 

6

5

l
 , as shown in Figure 2.

 It may be assumed that in this motion the string does not wrap itself around the pole and 
that at any instant, the triangle APR lies in a vertical plane.

 (a) Show that the tension in the lower half of the string is  
5

3

mg

(3) 

 (b) Find, in terms of l and g, the time for P to complete one revolution.
(8)
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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.
P

u

v

θ

α

O

P

Figure 3

 A light rod of length a is free to rotate in a vertical plane about a horizontal axis through 
one end O. A particle P of mass m is attached to the other end of the rod. The particle 
P is held at rest with the rod making an angle α with the upward vertical through O,  
 
where  tan α = 

3

4

 The particle P is then projected with speed u in a direction which is perpendicular to the 
rod. At the instant when the rod makes an angle θ with the upward vertical through O, the 
speed of P is v, as shown in Figure 3. 

 Air resistance is assumed to be negligible.

 (a) Show that  ( )2 2 2 4 5cos
5
agv u θ= + −

(4) 

 It is given that  u ag
2

6

5
=   and P moves in complete vertical circles.

 When  θ = β ,  the force exerted on P by the rod is zero. 

 (b) Find the value of  cos β
(6) 
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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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7. [You may assume that the volume of a cone of height h and base radius r is  
1

3
 π r2 h .]

 A uniform solid right circular cone C, with vertex V, has base radius r and height h.

 (a) Show that the centre of mass of C is  
3

4
h  from V

(4) 

 A solid F, shown below in Figure 4, is formed by removing the solid right circular  
 
cone C ʹ from C, where cone C ʹ has height  

1

3
h  and vertex V

r

2

3
h

Figure 4

 (b) Show that the distance of the centre of mass of F from its larger plane face  
 
is  

3

13
h

(5)

 The solid F rests in equilibrium with its curved surface in contact with a horizontal plane.

 (c) Show that  13r2  17h2

(5)
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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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Question 7 continued
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