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3
2 A car of mass 850kg is travelling along a road that is straight but not level.

On one section of the road the car travels at constant speed and gains a vertical height of 60 m in
20 seconds. Non-gravitational resistances to its motion (e.g. air resistance) are negligible.

(i) Show that the éverage power produced by the car is about 25 kW. [2]

On a horizontal section of the road, the car develops a constant power of exactly 25 kW and there
is a constant resistance of 800N to its motion.

(ii) Calculate the maximum possible steady speed of the car. (3]

(iiif) Find the driving force and acceleration of the car when its speed is 1I0ms ™', [3]

When travelling along the horizontal section of road, the car accelerates from 15ms~! to 20ms ™!
in 6.90 seconds with the same constant power and constant resistance.

(iv) By considering work and energy, find how far the car travels while it is accelerating. 6]

When the car is travelling at 20ms ™! up a constant slope inclined at arcsin (0.05) to the horizontal,
the driving force is removed. Subsequently, the resistance to the motion of the car remains constant
at 8O0 N. '

(v) What is the speed of the car when it has travelled a further 105 m up the slope? [5]
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4  Ablock of mass 20 kg is pulled by a light, horizontal string over a rough, horizontal plane. During
6 seconds, the work done against resistances is 510 J and the speed of the block increases from
5ms 'to8ms .

(i) Calculate the power of the pulling force. [4]

The block is now put on a rough plane that is at an angle a to the horizontal, where sin o = % The
frictional resistance to sliding is 11gN. A light string parallel to the plane is connected to the block.
The string passes over a smooth pulley and is connected to a freely hanging sphere of mass mkg,
as shown in Fig. 4.

11gN

Fig. 4

In parts (ji}) and (iii), the sphere is pulled downwards and then released when travelling at a speed
of 4ms ™! vertically downwards. The block never reaches the pulley.

(i) Suppose that m = § and that after the sphere is released the block moves x m up the plane
before coming to rest.

(A) Find an expression in terms of x for the change in gravitational potential energy of the

system, stating whether this is a gain or a loss. [4]
(B) Find an expression in terms of x for the work done against friction. (1]
(C) Making use of your answers to parts (A) and (B), find the value of x. (3]

(iii) Suppose instead that m = 15. Calculate the speed of the sphere when it has fallen a distance
0.5 m from its point of release. [4]
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A car of mass 900 kg is travelling at a steady speed of 16 ms™! up a hill inclined at arcsin 0.1
to the horizontal. The power required to do this is 20 kW.

Calculate the resistance to the motion of the car. [4]

A small box of mass 11 kg is placed on a uniform rough slope inclined at arccos}—g to the
horizontal. The coefficient of friction between the box and the slope is p.

(i) Show that if the box stays at rest then u = TSQ (3]

For the remainder of this question, the box moves on a part of the slope where u = 0.2.

The box is projected up the slope from a point P with an initial speed of vms™'. It travels a
distance of 1.5 m along the slope before coming instantaneously to rest. During this motion,
the work done against air resistance is 6 joules per metre.

(ii) Calculate the value of v. [5]

As the box slides back down the slope, it passes through its point of projection P and later
reaches its initial speed at a point Q. During this motion, once again the work done against air
resistance is 6 joules per metre.

(iii) Calculate the distance PQ. [6]
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