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1. A particle A of mass 3m and a particle B of mass m are moving along the same straight 
line on a smooth horizontal surface. The particles are moving in opposite directions 
towards each other when they collide directly. 

 Immediately before the collision, the speed of A is ku and the speed of B is u.
 Immediately after the collision, the speed of A is v and the speed of B is 2v.

 The magnitude of the impulse received by B in the collision is 
3

2
mu.

 (a) Find v in terms of u only.
(3)

 (b) Find the two possible values of k.
(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.

α

150 kg

600 kg

Figure 1

 A van of mass 600 kg is moving up a straight road which is inclined at an angle α to the 

 horizontal, where  sin α = 
1

15
 . The van is towing a trailer of mass 150 kg. The van is 

 attached to the trailer by a towbar which is parallel to the direction of motion of the van 
and the trailer, as shown in Figure 1.

 The resistance to the motion of the van from non-gravitational forces is modelled as a 
constant force of magnitude 200 N.

 The resistance to the motion of the trailer from non-gravitational forces is modelled as a 
constant force of magnitude 100 N.  

 The towbar is modelled as a light rod. 

 The engine of the van is working at a constant rate of 12 kW.

 Find the tension in the towbar at the instant when the speed of the van is 9 m s–1

(8)
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Question 2 continued
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Question 2 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

www.mymathscloud.com

www.mymathscloud.com

www.m
ym

ath
sc

lou
d.c

om



*P72092RA0932* Turn over     

9

 

 

Question 2 continued
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3.
2.8 m s–1

3 N s

α
P

Figure 2

 A particle P of mass 0.5 kg is moving in a straight line with speed 2.8 m s–1 when it 
receives an impulse of magnitude 3 N s.

 The angle between the direction of motion of P immediately before receiving the 

 impulse and the line of action of the impulse is α, where  tan α = 
4

3
 , as shown 

 in Figure 2.

 Find the speed of P immediately after receiving the impulse.
(5)
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Question 3 continued
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Diagram

v 1,1 Fromherewe can alsoget
that v 6 u If youthink

0.5kg
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triangle tan be constructed

tomakeour lifeeasierwewillassumetheinitialvelocityis
horizontalandwe will calculate everythingelserelativelyto that
since we arenotgiven oraskedfordirectionthisisnot a problem

A Formulaforcosinerule MI
i c a b Labcose AIA

Substitute

B
α v2 622.82216112.8cosT1 α

solveforv MI
V 36 7.84 33.6CosCT I 2additionformula CostaGl
v 2 36 7.8433.6 so cosa ignitsina cosacore sinasine
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4.

30° 30°

60°BA

2u
4m3m

3u

Figure 3

 Two smooth uniform spheres, A and B, have equal radii.  The mass of A is 3m and the 
mass of B is 4m.  The spheres are moving on a smooth horizontal plane when they 
collide obliquely.  Immediately before they collide, A is moving with speed 3u at 30° 
to the line of centres of the spheres and B is moving with speed 2u at 30° to the line of 
centres of the spheres.  The direction of motion of B is turned through an angle of 90° 
by the collision, as shown in Figure 3.

 (i) Find the size of the angle through which the direction of motion of A is turned as a 
result of the collision.

 (ii) Find, in terms of m and u, the magnitude of the impulse received by B in 
the collision.

(9)
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Question 4 continued
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Formula Malla MBUB MAVA MBVB
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E 4 Ecott cototan trigonometry
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tant IF I
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Question 4 continued
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Question 4 continued
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5. Two particles, P and Q, are moving in opposite directions along the same straight line 
on a smooth horizontal surface when they collide directly. 

 The mass of P is 3m and the mass of Q is 4m.  
 Immediately before the collision the speed of P is 2u and the speed of Q is u. 
 The coefficient of restitution between P and Q is e.

 (a) Show that the speed of Q immediately after the collision is u e
7
9 2+( )

(6)

 After the collision with P, particle Q collides directly with a fixed vertical wall and 
rebounds.  The wall is perpendicular to the direction of motion of Q.  

 The coefficient of restitution between Q and the wall is 1
2

 (b) Find the complete range of possible values of e for which there is a second collision 
between P and Q.

(4)
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Question 5 continued
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We can use the conservationoflinearmomentum to get an equation My
conservationoflinearmomentum means the total momentumbeforethe
collisionis thesame asthe totalmomentumafter
Formula MAYA MBUB MAVA MBVB

initialvelocity finalvelocity
Substitute

3m241 4Mtul 3mup 4mva cancelm's
Gu 4u 3up 4Va
243up 40g 91 AI

We can use Newton's Law of Restitution to get anotherequation MI
Newton's Law of Restitution states that when twoobjectscollide theirspeedsafter
thecollision dependon speedsbeforethecollisionand thematerialfromwhichthey'remade
Mu

coefficientof
restitution initial's'peeYItalspeed

substitute

elzu
ear an

M
zu 3up 4UQ

3euVaUp1 31 9eu sup 3vat Iseeliminationmethod
9eu 24 7VQ
u get2 70g factorout u
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Question 5 continued
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Question 5 continued
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6.

θ

2 kg
4 kg

A

P

B

3 m

Figure 4

 Two blocks, A and B, of masses 2 kg and 4 kg respectively are attached to the ends of a 
light inextensible string.

 Initially A is held on a fixed rough plane. The plane is inclined to horizontal ground at 

 an angle θ, where  tan θ = 
3

4

 The string passes over a small smooth light pulley P that is fixed at the top of the plane.
 The part of the string from A to P is parallel to a line of greatest slope of the plane.

 Block A is held on the plane with the distance AP greater than 3 m.
 Block B hangs freely below P at a distance of 3 m above the ground, as shown in 

Figure 4.

 The coefficient of friction between A and the plane is μ

 Block A is released from rest with the string taut.

 By modelling the blocks as particles,

 (a) find the potential energy lost by the whole system as a result of B falling 3 m.
(3)

 Given that the speed of B at the instant it hits the ground is 4.5 m s–1 and ignoring 
air resistance,

 (b) use the work-energy principle to find the value of μ
(6)

 After B hits the ground, A continues to move up the plane but does not reach the pulley 
in the subsequent motion.  

 Block A comes to instantaneous rest after moving a total distance of (3 + d ) m from its 
point of release.

 Ignoring air resistance,

 (c) use the work-energy principle to find the value of d
(4)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

www.mymathscloud.com

www.mymathscloud.com

www.m
ym

ath
sc

lou
d.c

om



*P72092RA02132* Turn over     

21

 

 

Question 6 continued
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Question 6 continued
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Question 6 continued
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7. A spring of natural length a has one end attached to a fixed point A. The other end of 
the spring is attached to a package P of mass m.

 The package P is held at rest at the point B, which is vertically below A such that 
AB = 3a.

 After being released from rest at B, the package P first comes to instantaneous rest at A.
 Air resistance is modelled as being negligible.

 By modelling the spring as being light and modelling P as a particle,

 (a) show that the modulus of elasticity of the spring is 2mg
(5)

 (b) (i) Show that P attains its maximum speed when the extension of the spring is 
1

2
a

  (ii) Use the principle of conservation of mechanical energy to find the maximum 
speed, giving your answer in terms of a and g.

(6)

 In reality, the spring is not light.

 (c) State one way in which this would affect your energy equation in part (b).
(1)
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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.
B

R S

T

Figure 5

 Figure 5 represents the plan view of part of a smooth horizontal floor, where RS and ST 
are smooth fixed vertical walls. The vector RS

→
 is in the direction of i and the vector ST

→
 

is in the direction of (2i + j).

 A small ball B is projected across the floor towards RS.  Immediately before the impact 
with RS, the velocity of B is (6i – 8j) m s–1.  The ball bounces off RS and then hits ST.

 The ball is modelled as a particle.

 Given that the coefficient of restitution between B and RS is e,

 (a) find the full range of possible values of e.
(3)

 It is now given that e = 
1

4
 and that the coefficient of restitution between B and ST is 

1

2

 (b) Find, in terms of i and j, the velocity of B immediately after its impact with ST.  
(7)
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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 10 marks)

TOTAL FOR PAPER IS 75 MARKS

www.mymathscloud.com

www.mymathscloud.com

www.m
ym

ath
sc

lou
d.c

om




