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Answer all the questions.

1 Forces P and Q act on a particle. P has magnitude 6 N and Q is perpendicular to P.  The resultant of the two 
forces has magnitude 10 N.

 (i) Find the magnitude of force Q. [2]

 (ii) Find the acute angle the resultant makes with force Q. [2]

2 Hooke’s law states that when a spring is extended by a length x the magnitude F of the force in the spring is 
given by F = kx, where k is the stiffness of the spring.

 (i) Write down the dimensions of force. [1]

 (ii) Find the dimensions of k. [2]

 A particle of mass m is attached to the end of a spring with stiffness k. The particle oscillates with amplitude d. 
The maximum speed v of the particle is given by  v cm k d= a b c , where c is a dimensionless constant.

 (iii) Find the values of a, b and c. [4]

3
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Fig. 3

 A and B are points, 11 m apart, on a line of greatest slope of a uniformly rough plane, as shown in Fig. 3. 
The plane is inclined at an angle of 30° to the horizontal. A parcel P of mass 0.4 kg slides down the plane 
from A to B. Its speed at A is 7 m s–1 and its speed at B is 3 m s–1.

 Use an energy method to find the coefficient of friction between P and the plane. [8]
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 Fig. 5 shows a stand made of a horizontal base EFGH, a vertical rod CD and a horizontal rod ADB. The rod 
ADB is parallel to the edge EF of the base.

 The stand is modelled as follows:

• EFGH is a uniform horizontal rectangular lamina of mass 20 kg; EF is 20 cm and FG is 40 cm,

• CD is a uniform vertical rod of mass 5 kg and length 100 cm; C is the midpoint of the base EFGH,

• ADB is a uniform horizontal rod of mass 2 kg and length 50 cm; D is the midpoint of AB.

 The centre of mass of the stand is at a point M.

 (i) (A) Explain why M lies on CD. [1]

  (B) Find the distance MC. [3]

 A small object of mass 8 kg is attached to the rod ADB at a distance of 10 cm from A. The centre of mass of 
the stand together with the object is at a point Q.

 (ii) Find the distance MQ. [6]

 The stand, with the object still attached, is now tilted about one of its four edges until it just topples. Given 
that the angle through which the stand is tilted is as small as possible,

 (iii) (A) determine which edge the stand is tilted about, [1]

  (B) find the angle through which the stand is tilted. [4]
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5 A disc R of mass 4 kg is at rest on a smooth horizontal table. A constant horizontal force of magnitude 12 N 
acts on the disc for 3 seconds.

 (i) Find the magnitude of the impulse on R. [1]

 (ii) Find the speed of R when the force stops acting. [2]

 The disc R collides directly with a disc Q of mass 7 kg moving with speed 3 m s–1 in the opposite direction 
to R. After the collision, R and Q both move in the same direction, and the speed of Q is twice the speed of R.

 (iii) Find the impulse on Q in the collision. [5]

 (iv) Find the coefficient of restitution between R and Q. [3]

6 A van of mass 2 tonnes is travelling uphill on a straight road. On one part of the road, the power developed 
by the van is modelled as constant at 30 kW for a period of 20 seconds. During this time the speed of the van 
increases from 10 m s–1 to 15 m s–1 and the work done against resistance to motion is modelled as 80 kJ.

 (i) Calculate the height gained by the van during this period. [6]

 (ii) State a limitation of the models used and how this could be improved. [2]

 A different part of the road is inclined at a constant angle to the horizontal. When the van develops a power 
of 18 kW and the resistance to motion is 190 N the van travels up the slope at a constant speed of 8 m s–1.

 (iii) Find the inclination of this part of the road. [7]
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