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1 A craneis used to raise a block of mass 600kg vertically upwards at a constant speed through a height

of 15m. There is a resistance to the motion of the block, which the crane does 10000J of work to
overcome.

(a) Find the total work done by the crane. [2]

(b) Given that the average power exerted by the crane is 12.5kW, find the total time for which the
block is in motion. [2]
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2 A minibus of mass 4000 kg is travelling along a straight horizontal road. The resistance to motion is

900 N.

(a) Find the driving force when the acceleration of the minibus is 0.5 m s72. [2]

(b) Find the power required for the minibus to maintain a constant speed of 25 ms™". [2]
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1 A lorry of mass 16 000 kg is travelling along a straight horizontal road. The engine of the lorry is
working at constant power. The work done by the driving force in 10 is 750 000]J.

(a) Find the power of the lorry’s engine. [1]

(b) There is a constant resistance force acting on the lorry of magnitude 2400 N.

Find the acceleration of the lorry at an instant when its speed is 25 ms™. [3]
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An aeroplane is flying at a constant speed.

(a) The aeroplane is flying horizontally. The aeroplane’s engines are producing a constant power of
5500kW, and the aeroplane experiences a constant horizontal resistance force of 25kN.

Find the speed of the aeroplane. [2]

(b) The aeroplane then ascends 300 m in 50s, while maintaining the same speed. The resistance force
is no longer constant, and the work done against the resistance force in ascending the 300 m is
270000kJ. The mass of the aeroplane is 60 000kg.

Find the average power of the aeroplane’s engines. [4]
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4 A car of mass 1200kg is travelling along a straight horizontal road AB. There is a constant resistance

force of magnitude 500 N. When the car passes point A, it has a speed of 15ms~! and an acceleration
of 0.8 ms~2.

(a) Find the power of the car’s engine at the point A. [3]

The car continues to work with this power as it travels from A to B. The car takes 53 seconds to travel
from A to B and the speed of the car at B is 32ms ™.

(b) Show that the distance AB is 1362.6m. [3]
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2 A cyclistis travelling along a straight horizontal road. She is working at a constant rate of 150 W. At
an instant when her speed is 4 m s , her acceleration is 0.25 m s72. The resistance to motion is 20 N.

(a) Find the total mass of the cyclist and her bicycle. [3]

The cyclist comes to a straight hill inclined at an angle 8 above the horizontal. She ascends the hill at
constant speed 3ms~'. She continues to work at the same rate as before and the resistance force is

unchanged.
(b) Find the value of 6. [2]
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A car of mass 1600kg travels up a slope inclined at an angle of sin™ 10.08 to the horizontal. There is a
constant resistance of magnitude 240N acting on the car.

(a) Itis given that the car travels at a constant speed of 32ms ™.

Find the power of the engine of the car. [3]

(b) Find the acceleration of the car when its speed is 24 m s~ ! and the engine is working at 95% of the
power found in (a). [3]
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4  An athlete of mass 84 kg is running along a straight road.

(a) Initially the road is horizontal and he runs at a constant speed of 3ms~!. The athlete produces a
constant power of 60 W.

Find the resistive force which acts on the athlete. [1]

(b) The athlete then runs up a 150m section of the road which is inclined at 0.8° to the horizontal.
The speed of the athlete at the start of this section of road is 3ms~' and he now produces a

constant driving force of 24 N. The total resistive force which acts on the athlete along this
section of road has constant magnitude 13 N.

Use an energy method to find the speed of the athlete at the end of the 150 m section of road. [6]
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3 A crate of mass 600kg is being pulled up a line of greatest slope of a rough plane at a constant speed of
2ms”! by a rope attached to a winch. The plane is inclined at an angle of 30° to the horizontal and the

rope is parallel to the plane. The winch is working at a constant rate of 8 kW.

Find the coefficient of friction between the crate and the plane. [5]
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4 A car has mass 1400kg. When the speed of the car is vims ™' the magnitude of the resistance to motion
is kv>N where  is a constant.
(a) The car moves at a constant speed of 24ms ™" up a hill inclined at an angle of « to the horizontal
where sina = 0.12 . At this speed the magnitude of the resistance to motion is 480 N.
(i) Find the value of £. [1]
(ii) Find the power of the car’s engine. [3]
(b) The car now moves at a constant speed on a straight level road.
Given that its engine is working at 54 kW, find this speed. [3]
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5 A car of mass 1600kg travels at constant speed 20ms~! up a straight road inclined at an angle of
sin~! 0.12 to the horizontal.

(a) Find the change in potential energy of the car in 30s. [3]

(b) Given that the total work done by the engine of the car in this time is 1960 kJ, find the constant
force resisting the motion. [3]

© UCLES 2021 9709/41/0/N/21

www.pastpaperpenguin.com



7

(¢) Calculate, in kW, the power developed by the engine of the car. [2]

(d) Given that this power is suddenly decreased by 15%, find the instantaneous deceleration of the
car. [3]
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4  The total mass of a cyclist and her bicycle is 70kg. The cyclist is riding with constant power of 180 W
up a straight hill inclined at an angle « to the horizontal, where sin@ = 0.05. At an instant when the
cyclist’s speed is 6ms™', her acceleration is —0.2ms™2. There is a constant resistance to motion of
magnitude FN.

(a) Find the value of F. [4]
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(b) Find the steady speed that the cyclist could maintain up the hill when working at this power. [2]
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A cyclist is travelling along a straight horizontal road. The total mass of the cyclist and her bicycle is

80kg. There is a constant resistance force of magnitude 32N to the cyclist’s motion. At an instant when

she is travelling at 7ms ™", her acceleration is 0.1 ms 2.

(a) Find the power output of the cyclist. [3]

(b) Find the steady speed that the cyclist can maintain if her power output and the resistance force are
both unchanged. (2]
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The cyclist later descends a straight hill of length 32.2m, inclined at an angle of sin”(%) to the

horizontal. Her power output is now 120 W, and the resistance force now has variable magnitude such
that the work done against this force in descending the hill is 1128 J. The time taken to descend the hill
s 4s.

(¢) Given that the speed of the cyclist at the top of the hill is 7.5m s~!, find her speed at the bottom of
the hill. [6]
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S5  Two racing cars A and B are at rest alongside each other at a point O on a straight horizontal test
track. The mass of A is 1200kg. The engine of A produces a constant driving force of 4500 N. When

A arrives at a point P its speed is 25ms~'. The distance OP is dm. The work done against the

resistance force experienced by A between O and P is 750001].

(a) Show that d = 100. (3]
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Car B starts off at the same instant as car A. The two cars arrive at P simultaneously and with the
same speed. The engine of B produces a driving force of 3200N and the car experiences a constant
resistance to motion of 1200 N.

(b) Find the mass of B. [3]

(¢) Find the steady speed which B can maintain when its engine is working at the same rate as it is
at P. [3]
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6 A car of mass 1300kg is moving on a straight road.

(a) On ahorizontal section of the road, the car has a constant speed of 30 m s~! and there is a constant
force of 650N resisting the motion.

(i) Calculate, in kW, the power developed by the engine of the car. [2]

(ii) Given that this power is suddenly increased by 9kW, find the instantaneous acceleration of
the car. [3]
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(b) On a section of the road inclined at sin"1 0.08 to the horizontal, the resistance to the motion of
the car is (1000 + 20v) N when the speed of the car is vms~'. The car travels downwards along
this section of the road at constant speed with the engine working at 11.5kW.

Find this constant speed. (4]
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5 A car of mass 1250 kg is moving on a straight road.

(a) On ahorizontal section of the road, the car has a constant speed of 32 m s~! and there is a constant
force of 750 N resisting the motion.

(i) Calculate, in kW, the power developed by the engine of the car. [2]

(ii) Given that this power is suddenly decreased by 8 kW, find the instantaneous deceleration of
the car. [3]
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(b) On a section of the road inclined at sin"1 0.096 to the horizontal, the resistance to the motion of
the car is (1000 + 8v) N when the speed of the car is vms~!. The car travels up this section of
the road at constant speed with the engine working at 60 kW.

Find this constant speed. [5]
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