Forces and Friction — Exam Questions

QL.

Unless otherwise stated, whenever a numerical value of g is required, take g = 9.8 m s and give your
answer to either 2 significant figures or 3 significant figures.
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Figure 1

A wooden crate of mass 20 kg is pulled in a straight line along a rough horizontal floor using a handle
attached to the crate.
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The handle is inclined at an angle a to the floor, as shown in Figure 1, where 4
The tension in the handle is 40 N.

The coefficient of friction between the crate and the floor is 0.14

The crate is modelled as a particle and the handle is modelled as a light rod.

Using the model,

(a) find the acceleration of the crate.

The crate is now pushed along the same floor using the handle. The handle is again inclined at the same
angle a to the floor, and the thrust in the handle is 40 N as shown in Figure 2 below.
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Figure 2

(b) Explain briefly why the acceleration of the crate would now be less than the acceleration of the crate
found in part (a).

(Total for question = 8 marks)



Q2.

Figure 1

A small box of mass 15 kg rests on a rough horizontal plane. The coefficient of friction between the box and

the plane is 0.2 . A force of magnitude P newtons is applied to the box at 50° to the horizontal, as shown in
Figure 1. The box is on the point of sliding along the plane.

Find the value of P, giving your answer to 2 significant figures.
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(Total 9 marks)



Q3.

Figure 2

A small package of mass 1.1 kg is held in equilibrium on a rough plane by a horizontal force. The plane is
inclined at an angle a to the horizontal, where tan a = i. The force acts in a vertical plane containing a line
of greatest slope of the plane and has magnitude P newtons, as shown in Figure 2.

The coefficient of friction between the package and the plane is 0.5 and the package is modelled as a
particle. The package is in equilibrium and on the point of slipping down the plane.

(i) Find the magnitude of the normal reaction between the package and the plane.

(i) Find the value of P.

(11)
(Total 11 marks)



Q4.
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Figure 3
A package of mass 4 kg lies on a rough plane inclined at 30° to the horizontal. The package is held in
equilibrium by a force of magnitude 45 N acting at an angle of 50° to the plane, as shown in Figure 3. The
force is acting in a vertical plane through a line of greatest slope of the plane. The package is in equilibrium
on the point of moving up the plane. The package is modelled as a patrticle. Find

(a) the magnitude of the normal reaction of the plane on the package,

(b) the coefficient of friction between the plane and the package.

(Total 11 marks)



Q5.
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Figure 1

A patrticle of Wejight 120 N is placed on a fixed rough plane which is inclined at an angle a to the horizontal,
where tan a = 4

1
The coefficient of friction between the particle and the plane is 2.

The particle is held at rest in equilibrium by a horizontal force of magnitude 30 N, which acts in the vertical
plane containing the line of greatest slope of the plane through the particle, as shown in Figure 1.

(a) Show that the normal reaction between the particle and the plane has magnitude 114 N
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Figure 2

The horizontal force is removed and replaced by a force of magnitude P newtons acting up the slope along
the line of greatest slope of the plane through the particle, as shown in Figure 2. The particle remains in

equilibrium.
(b) Find the greatest possible value of P.

(c) Find the magnitude and direction of the frictional force acting on the particle when P = 30.

(Total 15 marks)



