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Answer all questions in the spaces provided. box

1 Two particles, A and B, are moving on a smooth horizontal surface when they collide and
coalesce to form a single particle.

The mass of A is 2 kg and before the collision it has velocity v m s™
The mass of Bis 3 kg and before the collision it has velocity w m s
During the collision the impulse on Bis (-5i - 4j) N s

After the collision the single particle moves with velocity (2i — 3j) m s™

1 (a) Find w
[3 marks]

Answer

1 (b) Find v
[3 marks]

Answer 6

0 2
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2 A force, F newtons, is the only force that acts on a body of mass 6 kg moving on a ox
straight line.
The points O, P and Q lie on this line, as shown below. Not to scale
0 P 0
® @ @
The force acts in the direction OQ
When the displacement of the body is x metres from O, F'is given by F = 5\/;
At P, x =4 and the body is moving towards Q with speed 4 m s™'
AtQ, x=9
2 (a) Find the work done by the force on the body as it moves from P to QO
[3 marks]
Answer
2 (b) Find the speed of the body at O giving your answer to three significant figures.
[3 marks]
Answer 6

Turn over »
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3 A particle moves with simple harmonic motion on a straight line. outeide the

When the particle is 0.2 metres from the equilibrium position, it has a speed of

\/ﬁ m s

When the particle is 0.4 metres from the equilibrium position, it has a speed of 3 m s™

3 (a) Find the amplitude of the motion.
[4 marks]

Answer

0 4
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3 (b)

Find the period of the motion.

[3 marks]

3 (c)

Answer

Calculate the maximum speed of the particle.

[1 mark]

Answer

Do not write
outside the
box
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4 (a)

A bead, of mass m kg moves on a smooth horizontal wire.

At time ¢ seconds the bead has velocity v m s
Whent=0, v=U

The velocity of the bead is always positive.

A resistance force of magnitude kv* newtons acts on the bead as it moves.

Show that
mU

y=—
m+ktU

[5 marks]

0 6
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4 (b)

Find, in terms of m , k and U the time that it takes for the velocity of the bead to reduce

to 90% of its initial value.

[3 marks]

Turn over for the next question

Answer

Do not write
outside the
box
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5 A simple pendulum consists of a light inextensible string and a small sphere. outside the

box
The length of the string is 2.45 metres.

The mass of the sphere is 40 grams.

One end of the string is attached to a fixed point O and the other end of the string is
attached to the sphere.

The sphere is released from rest with the string taut and at an angle of T radians

to the vertical.

At time ¢ seconds, the string makes an angle 6 radians with the vertical through O as
shown in the diagram.

0

5 (a) Show that, for small values of 6§, the motion of the simple pendulum can be modelled as
simple harmonic motion.

[4 marks]

0 8
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5 (b)

Find the period of the motion.

[2 marks]

5 (c)

Answer

Find the time that it takes for & to decrease from 2—’1 to

T

36

[4 marks]

Answer

Do not write
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6 A plane is inclined at an angle of 20° to the horizontal.

A ball is projected from a point O on the plane and hits the plane again at a point 4 which
is further up the plane.

The line OA is a line of greatest slope of the plane.

The initial velocity of the ball is 25 m s™' at an angle of 40° to the plane, as shown below.

6 (a) Find the maximum distance of the ball from the plane.
[4 marks]

Answer

170
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6 (b)

Find the acute angle between the velocity of the ball and the plane when the ball hits the

slope at A giving your answer to the nearest degree.

[7 marks]

Answer

11
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12

Do not write
7 A particle P is initially at the highest point O of a smooth upturned hemisphere outside the
of radius » metres and centre O
The plane face of the hemisphere is fixed to a horizontal table.

The particle is set into motion with an initial horizontal velocity of magnitude U m s™’

As the particle moves on the hemisphere, the angle between OQ and OP is 8 as shown
in the diagram.

7 (a) Given that the particle leaves the hemisphere when 8 =30°, find U in exact form in
terms of g and r
[8 marks]

12
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Answer
7 (b) State, with a reason, whether or not your answer to part (a) would change if the mass of
the particle was decreased.
[2 marks]
7 (c) State, with a reason, whether or not your answer to part (a) would change if the radius of
the hemisphere was decreased.
[2 marks]
12

Turn over »

13

I1B/G/Jun22/FM05



14

Do not write
outside the

8 Two smooth spheres P and O have the same radius and move on a horizontal surface box
and collide.

The mass of P is 3 kg and the mass of Q is 2 kg
Before the collision the speed of P is 5 m s™" and the speed of Qis 4 m s™

The diagram shows the directions of the velocities of the spheres before the collision.

--- line of centres

2
The coefficient of restitution between the spheres is g

Find the speeds of the spheres after the collision, giving your answer to three significant
figures.
[10 marks]

1 4
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Speed of P =

Speed of 0 =

Do not write
outside the
box
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The points O , 4 and B are on a horizontal line with O at the mid-point of AB
The length of AB is 4 metres.

The point C'is vertically above O

The diagram shows the positions of the points.

°C Not to scale
A 0 B
@ @ —— - °

Three identical light elastic strings have natural length 3 metres.

One end of each string is attached to the fixed points 4, B and C

The other end of each string is attached to a particle.

The particle is released from rest at the point O and moves downwards.

The particle reaches its maximum speed at a point below O . At this point the strings

attached to 4 and B both make an angle of 30° to the vertical and the tensions in each of
the three strings have the same magnitude.

Verify that subsequently the maximum distance between the point O and the particle is
5.9 metres, correct to two significant figures.
[9 marks]
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END OF QUESTIONS
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There are no questions printed on this page

DO NOT WRITE/ON THIS PAGE
ANSWER IN THE/SPACES PROVIDED
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Question Additional page, if required. box
number Write the question numbers in the left-hand margin.
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Question
number

Additional page, if required.

Write the question numbers in the left-hand margin.
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