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1. A particle of mass m is at a point A on a rough plane.

The plane is inclined at an angle α to the horizontal, where sinα =
7

25
.

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

3
.

The points A and B lie on a line of greatest slope of the plane, with B above A, and AB = d, as shown
in the diagram.

(a) Show that the work done against friction as the particle moves from A to B is

8

25
mgd

[3]

(b) The particle is projected up the line of greatest slope from A towards B with speed
√
gd.

Use the work-energy principle to determine whether the particle reaches B. If it does not, find how
far it travels from A before coming instantaneously to rest. [4]
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2. A plane is inclined to the horizontal at an angle α, where tanα =
5

12
.

A point B lies on the plane such that AB = 39 m.

A particle P is projected with speed 21 m s−1 from A, up a line of greatest slope of the plane.

In an initial model, the plane is modelled as being smooth and air resistance is modelled as being negligible.

Using this model and the principle of conservation of mechanical energy,

(a) find the speed of P when it reaches B. [4]

In a refined model, the plane is now modelled as being rough, with the coefficient of friction between P

and the plane being
1

3
.

Air resistance is still modelled as being negligible.

Using this refined model and the work-energy principle,

(b) determine whether P reaches B. If it does not, find the distance travelled by P up the plane from A
before it comes instantaneously to rest. [8]
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3. A sledge of mass 40 kg is pulled up a rough slope inclined at 10◦ to the horizontal.

The coefficient of friction between the sledge and the slope is 0.25.

The sledge is at rest when a rope starts to pull it.

The tension in the rope is 220N and the rope makes an angle of 15◦ above the slope.

After the sledge has moved 5 metres up the slope, the rope breaks.

(a) Use an energy method to find the maximum speed of the sledge. [4]

(b) Use an energy method to find the total distance the sledge moves up the slope before coming to rest.
[2]

(c) A student claims that in reality the sledge is unlikely to move more than 6.8 metres up the slope in
total. Comment on the validity of this claim. [2]
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4. Two blocks, A and B, of masses 3 kg and 5 kg respectively are attached to the ends of a light inextensible
string.

Initially A is held on a fixed plane. The plane is inclined to horizontal ground at an angle θ, where

tan θ =
5

12
.

The string passes over a small smooth light pulley P that is fixed at the top of the plane. The part of the
string from A to P is parallel to a line of greatest slope of the plane.

The section of the plane from the initial position of A to a point C, 3.5m up the plane, is rough. The
section from C to P is smooth.

Block B hangs freely below P at a distance of 3m above the ground, as shown in the diagram. The
coefficient of friction between A and the rough part of the plane is µ. Block A is released from rest with
the string taut.

By modelling the blocks as particles,

(a) find the potential energy lost by the whole system as a result of B falling 3m. [3]

Given that the speed of B at the instant it hits the ground is 4.8m s−1 and ignoring air resistance,

(b) use the work-energy principle to find the value of µ. [6]

After B hits the ground, A continues to move up the plane, passes C and does not reach the pulley in the
subsequent motion.

Block A comes to instantaneous rest after moving a total distance of (3.5 + d)m from its point of release.

Ignoring air resistance,

(c) use the work-energy principle to find the value of d. [4]
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5. A crate, of mass 10 kg, is pulled up a rough plane inclined at 15◦ to the horizontal.

The crate is attached to a light string. The string lies in the vertical plane of greatest slope and is inclined
at 20◦ above the plane.

The tension in the string is 80 newtons.

As the crate moves a distance of x metres up the plane, its speed increases from 1.5m s−1 to 4.5m s−1.

The coefficient of friction between the crate and the plane is 0.3.

(a) By using an energy method, find x. [6]

(b) Describe how the model could be refined to obtain a more realistic value of x and use an energy
argument to explain whether this would increase or decrease the value of x. [2]
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6. A rough loading ramp is fixed to horizontal ground. Point A is the lower end of the ramp and point B
lies on the ramp above A, as shown in the diagram above.

The point vertically below B is 2.4m horizontally from A, and B is 1.8m above the ground.

A crate of mass 2.5 kg is projected up the ramp from A with speed U m s−1 and first comes to instanta-
neous rest at B.

The coefficient of friction between the crate and the ramp is
1

4
.

The crate is modelled as a particle.

(a) Find the work done against friction as the crate moves from A to B. [3]

(b) Use the work-energy principle to find the value of U . [4]

After coming to instantaneous rest at B, the crate slides back down the ramp.

(c) Use the work-energy principle to find the speed of the crate at the instant it returns to A. [3]
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7. A parcel of mass m is held on a rough straight roof which is inclined at an angle α to the horizontal,

where sinα =
3

5
. The parcel is released from rest at a point on the roof that is 0.6m vertically above the

eaves, as shown in the diagram above. The eaves are 0.9m above the ground. The coefficient of friction
between the parcel and the roof is 0.25.

The parcel is modelled as a particle which, after leaving the roof, is assumed to move freely under gravity.

(a) Find, in terms of m and g, the magnitude of the normal reaction on the parcel as it slides down the
roof. [2]

(b) Use the work-energy principle to find the speed of the parcel as it hits the ground. [5]
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8. A rough plane is inclined to the horizontal at an angle θ, where tan θ =
5

12
.

A particle P of mass m is at rest at a point O on the plane.

The coefficient of friction between P and the plane is
1

4
.

The particle is projected up the plane with speed 4
√
ag.

The particle moves up a line of greatest slope of the plane, comes to instantaneous rest, and then slides
back down to O.

(a) Show that the magnitude of the frictional force acting on P is

3mg

13 [3]

Air resistance is assumed to be negligible.

Using the work-energy principle,

(b) find the speed of P when it returns to O. [5]
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9. One end of a rope is attached to a block A of mass 8 kg. The other end of the rope is attached to a second
block B of mass 2 kg. Block A is held at rest on a fixed rough ramp inclined at 45◦ to the horizontal.
The lower end of the ramp is C. The rope is taut and passes over a small smooth pulley P which is fixed
at the top of the ramp. The part of the rope from A to P is parallel to a line of greatest slope of the
ramp. Block A is initially dm from C, as shown in the diagram.

Block B is more than dm below P . The blocks are released from rest and A moves down the ramp
towards C.

The coefficient of friction between A and the ramp is
1

4
.

The blocks are modelled as particles, the rope is modelled as light and inextensible, and air resistance can
be ignored.

(a) Determine, in terms of g and d, the work done against friction as A moves dm down the ramp. [3]

(b) Given that the speed of A immediately before it reaches C is 2.1m s−1, use the work-energy principle
to determine the value of d. [5]

(c) Suggest one improvement, apart from including air resistance, that could be made to the model to
make it more realistic. [1]
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10. A small block of mass 0.5 kg is sliding down a rough slope which is inclined at 30◦ to the horizontal. At
the instant that its speed is 5m s−1 directly down the slope, it is struck by a mallet. Immediately after
the impact its speed is 12m s−1 directly up the slope.

(a) Find the magnitude of the impulse exerted by the mallet on the block. [2]

After the impact, the block moves up the slope until it comes to instantaneous rest. It then slides back
down the slope and passes through the point where it was struck with speed 4m s−1. Assume that,
whenever the block is moving, the resistance to its motion has constant magnitude RN.

(b) Use an energy method to determine the value of R. [5]
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