
 An ornamental garden includes a small pond, which contains a pumped system that causes 
water to go up a pipe and then to run down a heap of rocks.

Fig. 3.1 shows a section through this water feature.

0.8 m
rocks

pumped water rises
through pipe

water inlet
to pump

water runs
down rocks

pump

Fig. 3.1

The density of water is 1000 kg / m3. A volume of 1 litre is equal to 0.001 m3.

 (a) Calculate the mass of 1 litre of water.

mass =  ................................................  [2]

 (b) Calculate the work done raising 1 litre of water through a height of 0.8 m.

work =  ................................................  [2]
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(c) The pump lifts 90 litres of water per minute.

Calculate the minimum power of the pump.

power =  ................................................  [2]

 (d) The pump is switched off.

Immediately after the pump is switched off, what is the value of the water pressure at 
the bottom of the 0.8 m pipe, due to the water in the pipe?

pressure =  ................................................  [2]

[Total: 8]
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 Some builders decide to measure their personal power ratings using apparatus they already have 
on site. Fig. 2.1 shows the arrangement they use.

pulley

rope

load

pulley

Fig. 2.1

 (a) In the table below, list the three quantities they must measure in order to calculate one man’s 
power, and the instrument they would use for each measurement.

quantity to be measured instrument used for measurement

1.

2.

3.

[3]

 (b) One workman is measured as having a power of 528 W. His weight is 800 N.

He can develop the same power climbing a ladder, whose rungs are 30 cm apart.

How many rungs can he climb in 5 s?

number of rungs =  ...........................................................[3]
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 (c) The human body is only about 15% efficient when climbing ladders.

Calculate the actual energy used from the body of the workman in (b) when he climbs 20 
rungs.

energy used =  ...........................................................[2]

[Total: 8]
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 Fig. 2.1 shows a conveyor belt transporting a package to a raised platform. The belt is driven by a 
motor. 

package

motor

conveyor belt

Fig. 2.1

 (a) State three types of energy, other than gravitational potential energy, into which the electrical 
energy supplied to the motor is converted. 

1.  ...............................................................................................................................................

2.  ...............................................................................................................................................

3.  ...........................................................................................................................................[2]

 (b) The mass of the package is 36 kg. Calculate the increase in the gravitational potential energy 
(p.e.) of the package when it is raised through a vertical height of 2.4 m. 

increase in p.e. =  ...........................................................[2]

 (c) The package is raised through the vertical height of 2.4 m in 4.4 s. Calculate the power needed 
to raise the package.

power =  .......................................................... [2]

 (d) Assume that the power available to raise packages is constant. A package of mass greater 
than 36 kg is raised through the same height. Suggest and explain the effect of this increase 
in mass on the operation of the belt.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...............................................................................................................................................[3]

[Total: 9]
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 (a) State an example of the conversion of chemical energy to another form of energy.

example  ...........................................................................................................................

energy conversion  ....................................................................................................... [1]

 (b) The electrical output of a solar panel powers a pump. The pump operates a water 
fountain. The output of the solar panel is 17  V and the current supplied to the pump is 
0.27 A.

(i) Calculate the electrical power generated by the solar panel.

power =  .................................................  [2]

(ii) The pump converts electrical energy to kinetic energy of water with an efficiency 
of 35%.

Calculate the kinetic energy of the water delivered by the pump in 1 second.

kinetic energy =  .................................................  [2]

  (iii) The pump propels 0.00014 m3 of water per second. This water rises vertically as a 
jet. The density of water is 1000 kg / m3.

Calculate

 1. the mass of water propelled by the pump in 1 second,

mass =  .................................................  [2]

 2. the maximum height of the jet of water.

maximum height =  .................................................  [2]

[Total: 9]
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 Fig. 3.1 shows a water turbine that is generating electricity in a small tidal energy scheme.

barrage

3.0 m

water level in tidal basin

sea-water level at high tide

turbine connected to
electricity generator

Fig. 3.1

At high tide, 1.0 m3 of sea-water of density 1030 kg / m3 flows through the turbine every 
second.

 (a) Calculate the loss of gravitational potential energy when 1.0 m3 of sea-water falls 
through a vertical distance of 3.0 m.

loss of gravitational potential energy =  .................................................  [3]

 (b) Assume that your answer to (a) is the energy lost per second by the sea-water passing 
through the turbine at high tide. The generator delivers a current of 26 A at 400 V.

Calculate the efficiency of the scheme.

efficiency =  ..............................................% [3]

5

www.smartexamresources.com 11

www.sm
art

ex
am

res
ou

rce
s.c

om



 

 (c) At low tide, the sea-water level is lower than the water level in the tidal basin.

(i) State the direction of the flow of water through the turbine at low tide.

 ..................................................................................................................................

(ii) Suggest an essential feature of the turbine and generator for electricity to be 
generated at low tide.

 ..................................................................................................................................

 ..................................................................................................................................

 ..................................................................................................................................
[2]

[Total: 8]
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 Fig. 3.1 shows 

the descent of a sky-diver from a stationary balloon.

2000 m

500 m

parachute

sky-diver

Fig. 3.1 (not to scale)

The sky-diver steps from the balloon at a height of 2000 m and accelerates downwards. 

His speed is 52 m / s at a height of 500 m. 

He then opens his parachute. From 400 m to ground level, he falls at constant speed.

 (a) The total mass of the sky-diver and his equipment is 92 kg.

(i) Calculate, for the sky-diver,

1. the loss of gravitational potential energy in the fall from 2000 m to 500 m,

loss of gravitational potential energy =  .................................................. [2]

2. the kinetic energy at the height of 500 m.

kinetic energy =  .................................................. [2]
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(ii) The kinetic energy at 500 m is not equal to the loss of gravitational potential energy. 
Explain why there is a difference in the values.

 ..................................................................................................................................

 ..................................................................................................................................

 .............................................................................................................................. [1]

 (b) State 

(i) what happens to the air resistance acting on the sky-diver during the fall from 
2000 m to 500 m,

 .............................................................................................................................. [1]

(ii) the value of the air resistance during the fall from 400 m to ground.

air resistance =  .................................................. [1]

[Total: 7] 
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