A2 Mechanics Practice Paper E
60 Marks

60
Minutes

1. The driver of a car accelerating uniformly from rest sees an obstruction. She brakes immediately bringing
the car to rest with constant deceleration at a distance of 6 m from its starting point. The car travels in a straight
line and is in motion for 3 seconds.
a. Sketch the (t, v) graph for the car’s motion.

(2)

b. Calculate the maximum speed of the car during its motion.

(3)

c. Hence, given that the acceleration of the car is 2.4 m s-2, calculate its deceleration.

(4)
(Total: 9 marks)

2.

A particle A of mass 4 kg moves on the inclined faced of a smooth wedge. This face is inclined at 30° to the
horizontal. The wedge is fixed on horizontal ground. Particle A is connected to a particle B, of mass 3 kg, by
a light inextensible string. The string passes over a small light smooth pulley which is fixed at the top of the
plane. The section of the string from A to the pulley lies in a line of greatest slope of the wedge. The particle
B hangs freely below the pulley, as shown in the diagram above. The system is released from rest with the
string taut. For the motion before A reaches the pulley and before B hits the ground, find
a. The tension in the string,

(6)

b. The magnitude of the resultant force exerted by the string on the pulley.

(3)

c. The string in this question is described as being ‘light’.
i. Write down what you understand by this description.
ii. State how you have used the fact that the string is light in your answer to part (a).

(2)
(Total: 11 marks)

Please turn over
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3.

Three horizontal forces act at the point O. One force has magnitude 7 N and acts along the positive x-axis.
The second force has magnitude 9 N and acts along the positive y-axis. The third force has magnitude 5 N
and acts at an angle of 30° below the negative x-axis (see diagram).
(2)

a. Find the magnitudes of the components of the 5 N force along the two axes.

b. Calculate the magnitude of the resultant of the three forces. Calculate also the angle the resultant makes
with the positive x-axis.
(6)
(Total: 8 marks)
4. A point P on a piece of machinery is moving in a vertical straight line. The displacement of P above
ground level at time t seconds is y metres. The displacement-time graph for the motion during the time
interval 0 ≤ 𝑡𝑡 ≤ 4 is shown in the figure below.

a. Using the graph, determine for the time interval 0 ≤ 𝑡𝑡 ≤ 4
i. The greatest displacement of P above its position when 𝑡𝑡 = 0,
ii. The greatest distance of P from its position when 𝑡𝑡 = 0,

iii. The time interval in which P is moving downwards,
iv. The times when P is instantaneously at rest.

(6)

b. The displacement of P in the time interval 0 ≤ 𝑡𝑡 ≤ 3 is given by 𝑦𝑦 = −4𝑡𝑡 2 + 8𝑡𝑡 + 12.
i. Use calculus to find expressions in terms of t for the velocity and for the acceleration of P in the
interval 0 ≤ 𝑡𝑡 ≤ 3.
(3)
ii. At what times does P have a speed of 4 ms-1 in the interval 0 ≤ 𝑡𝑡 ≤ 3?
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(2)

c. In the time interval 3 ≤ 𝑡𝑡 ≤ 4, P has a constant acceleration of 32 ms-2. There is no sudden change in
velocity when 𝑡𝑡 = 3.
Find an expression in terms of t for the displacement of P in the interval 3 ≤ 𝑡𝑡 ≤ 4.

(5)

(Total: 16 marks)

5. A beam AB has length 15 m. The beam rests horizontally in equilibrium on two smooth supports at the
points P and Q, where AP = 2 m and QB = 3 m. When a child of mass 50 kg stands on the beam at A, the beam
remains in equilibrium and is on the point of tilting about P. When the same child of mass 50 kg stands on the
beam at B, the beam remains in equilibrium and is on the point of tilting about Q. The child is modelled as a
particle and the beam is modelled as a non-uniform rod.
a.

(i) Find the mass of the beam.
(8)

(ii) Find the distance of the centre of mass of the beam from A.
When the child stands at the point X on the beam, it remains horizontal and in equilibrium. Given that the
reactions at the two supports are equal in magnitude,

(6)

b. Find AX.

(Total: 14 marks)
6.

A smooth bead B is threaded on a light inextensible string. The ends of the string are attached to two fixed
points A and C on the same horizontal level. The bead is held in equilibrium by a horizontal force of magnitude
6 N acting parallel to AC. The bead B is vertically below C and ∠BAC = α, as shown in the figure below.
3
Given that tan 𝛼𝛼 = 4, find the tension in the string.
(Total: 2 marks)

Total Marks: 60
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Mark Scheme
1a
1b
1c

2a

2b

2c

3a
3b

4a(i)
4a(ii)
4a(iii)
4a(iv)
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4b(i)
4b(ii)
4c(i)

5ai M(P), 50g x 2 = Mg x (𝑥𝑥 – 2)
M(Q), 50g x 3 = Mg x (12 - 𝑥𝑥)
M = 25 kg
𝑥𝑥 = 6𝑚𝑚

5b R + R = 25g + 50g
M(A), 2R + 12R = 25g x 6 + 50g x AX
AX = 7.5 m
6

Resolving Horizontally,
𝑇𝑇 cos 𝛼𝛼 = 6
𝑇𝑇 = 7.5𝑁𝑁
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