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Answer all questions.

Answer each question in the space provided for that question.

1 An eagle has caught a salmon of mass 3 kg to take to its nest. When the eagle is

flying with speed 8m s�1, it drops the salmon. The salmon falls a vertical distance of

13 metres back into the sea.

The salmon is to be modelled as a particle. The salmon’s weight is the only force that

acts on it as it falls to the sea.

(a) Calculate the kinetic energy of the salmon when it is dropped by the eagle.

[2 marks]

(b) Calculate the potential energy lost by the salmon as it falls to the sea.

[2 marks]

(c) (i) Find the kinetic energy of the salmon when it reaches the sea.

[2 marks]

(ii) Hence find the speed of the salmon when it reaches the sea.

[2 marks]
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Answer space for question 1
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2 A particle has mass 6 kg. A single force ð24e�2ti� 12t3jÞ newtons acts on the

particle at time t seconds. No other forces act on the particle.

(a) Find the acceleration of the particle at time t.
[2 marks]

(b) At time t ¼ 0 , the velocity of the particle is ð�7i� 4jÞms�1 .

Find the velocity of the particle at time t.
[4 marks]

(c) Find the speed of the particle when t ¼ 0:5 .
[4 marks]
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Answer space for question 2
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3 Four tools are attached to a board.

The board is to be modelled as a uniform lamina and the four tools as four particles.

The diagram shows the lamina, the four particles A, B, C and D, and the x and y axes.

The lamina has mass 5 kg and its centre of mass is at the point ð7, 6Þ.

Particle A has mass 4 kg and is at the point ð11, 2Þ.
Particle B has mass 3 kg and is at the point ð3, 6Þ.
Particle C has mass 7 kg and is at the point ð5, 9Þ.
Particle D has mass 1 kg and is at the point ð1, 4Þ.

Find the coordinates of the centre of mass of the system of board and tools.

[5 marks]
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Answer space for question 3
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4 A particle, of mass 0.8 kg, is attached to one end of a light inextensible string. The

other end of the string is attached to the fixed point O. The particle is set in motion,

so that it moves in a horizontal circle at constant speed, with the string at an angle of

35� to the vertical. The centre of this circle is vertically below O, as shown in the

diagram.

The particle moves in a horizontal circle and completes 20 revolutions each minute.

(a) Find the angular speed of the particle in radians per second.

[2 marks]

(b) Find the tension in the string.

[3 marks]

(c) Find the radius of the horizontal circle.

[4 marks]
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Answer space for question 4
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5 A light inextensible string, of length a, has one end attached to a fixed point O. A

particle, of mass m, is attached to the other end of the string. The particle is moving

in a vertical circle with centre O. The point Q is the highest point of the particle’s

path. When the particle is at P, vertically below O, the string is taut and the particle is

moving with speed 7
ffiffiffiffiffi

ag
p

, as shown in the diagram.

(a) Find, in terms of g and a, the speed of the particle at the point Q.

[4 marks]

(b) Find, in terms of g and m, the tension in the string when the particle is at Q.

[3 marks]
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Answer space for question 5
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6 A puck, of mass mkg, is moving in a straight line across smooth horizontal ice. At

time t seconds, the puck has speed vms�1. As the puck moves, it experiences an air

resistance force of magnitude 0:3mv
1
3 newtons, until it comes to rest. No other

horizontal forces act on the puck.

When t ¼ 0 , the speed of the puck is 8m s�1 .

Model the puck as a particle.

(a) Show that

v ¼ ð4� 0:2tÞ
3
2

[6 marks]

(b) Find the value of t when the puck comes to rest.

[2 marks]

(c) Find the distance travelled by the puck as its speed decreases from 8m s�1 to zero.

[5 marks]
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Answer space for question 6
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7 A uniform ladder AB, of length 6 metres and mass 22 kg, rests with its foot, A, on
rough horizontal ground. The ladder rests against the top of a smooth vertical wall at

the point C, where the length AC is 5 metres. The vertical plane containing the ladder

is perpendicular to the wall, and the angle between the ladder and the ground is 60�.
A man, of mass 88 kg, is standing on the ladder.

The man may be modelled as a particle at the point D, where the length of AD is

4 metres.

The ladder is on the point of slipping.

(a) Draw a diagram to show the forces acting on the ladder.

[2 marks]

(b) Find the coefficient of friction between the ladder and the horizontal ground.

[6 marks]
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Answer space for question 7
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8 An elastic string has natural length 1.5 metres and modulus of elasticity 120 newtons.

One end of the string is attached to a fixed point, A, on a rough plane inclined at 20�
to the horizontal. The other end of the elastic string is attached to a particle of mass

4 kg. The coefficient of friction between the particle and the plane is 0.8 .

The three points, A, B and C, lie on a line of greatest slope.

The point C is x metres from A, as shown in the diagram. The particle is released

from rest at C and moves up the plane.

(a) Show that, as the particle moves up the plane, the frictional force acting on the

particle is 29.5N, correct to three significant figures.

[3 marks]

(b) The particle comes to rest for an instant at B, which is 2 metres from A.

The particle then starts to move back towards A.

(i) Find x.
[8 marks]

(ii) Find the acceleration of the particle as it starts to move back towards A.
[4 marks]

Answer space for question 8
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Answer space for question 8
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