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QL.

A helicopter is stationary above the ground.
A bag of sand is dropped from the helicopter.
(@) (i) The bag falls 6.3 m.

The mass of the bag is 19 kg.
Calculate the gravitational potential energy (GPE) change for the bag.
[GPE change = mass x gravitational field strength x height change]

GPEchange = .....ccccoii . J

(i) State the kinetic energy (KE) gained by the bag after falling 6.3 m.
You can ignore the effects of air resistance.

[0 =T 0 T=To PP J

(b) Closer to the ground, the effects of air resistance cannot be ignored.

The bag travels at a constant speed when the air resistance equals the weight of the bag.

The bag has a mass of 19 kg.
Calculate the value of the air resistance when the bag travels at constant speed.

AU TESISTANCE = oot N
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(c) The bag hits the ground and stops without bouncing.

The Sankey diagram shows energy transfers for the bag from just before the bag hits the ground to
when the bag stops.

D C

Use words from the box to complete the labels A, B and D. Label C has been done for you. Each word
may be used once, more than once or not at all.

thermal magnetic mechanically electrically
kinetic nuclear by heating by radiation
A: energy transferred mechanically from the bag's ........ccoooeoiiiiiciii e store
B: energy transferred mechanically to the bag's .........cceeeveiiiiiiiiii e store
C: energy transferred mechanically to the ground's thermal store
D: energy transferred ............ooiiiiiii e, to the surroundings

(Total for question = 8 marks)
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Q2.
(a) Diagram 1 shows a metal ball held at rest above the floor.

0.82m

Diagram 1

The metal ball has a mass of 0.52 kg and is held at a height of 0.82 m above the floor.
() State the formula linking gravitational potential energy (GPE), mass, g and height.

(i) Calculate the decrease in the metal ball's GPE store when the ball falls to the floor from this height.

decCrease iIN GPE SIOIE = ...t J

(i) State the amount of energy in the metal ball's kinetic store just before it hits the floor.
Ignore the effects of air resistance.

energy in KINEtiC StOre = .......ccoiivieiiiiiie e e J
(iv) Calculate the speed of the metal ball just before it hits the floor.
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(b) The metal ball is dropped from rest again from the same height above the floor, as shown in diagram
2.

The metal ball now falls through a cylinder containing oil rather than the air.

'y
cylinder
0.82m containing
oil
A
Diagram 2

The speed of the ball just before it hits the floor when moving in oil is less than the speed of the ball
just before it hits the floor when moving in air.
Explain, using ideas about energy, the difference in speeds.

(Total for question = 11 marks)



Edexcel IGCSE Double Award - Energy, Work and Power - Questions thealevelphysicstutor.com

Q3.

A model electric motor is used to lift a load through a vertical height.

__— power supply

electric motor -__ | & \

_ joulemeter
=

load -

e

(a) The load has a mass of 400 g and gains 3.2 J of energy in its gravitational store when lifted.

(i) State the formula linking gravitational potential energy, mass, gravitational field strength (g) and
height.

(i) Calculate the height the load is lifted.

(i) State the amount of useful work done on the load by the motor when the load is lifted through this
height.

WOTK QONE = o J
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(b) The load is lifted at a constant speed.

Diagram 1 shows the lifting force acting on the load as it is lifted.
Draw a labelled arrow on diagram 1 to show the other force acting on the load.
Ignore the effects of air resistance.

lifting force
A

load

Diagram 1

(c) Ajoulemeter measures the amount of energy transferred electrically to the motor as the motor lifts the
load.

The joulemeter displays a reading of 11.0 J when the load has gained 3.2 J of energy in its
gravitational store.
(i) Calculate the efficiency of the motor.

effiCIENCY = oo
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(i) Justify why 7.8 J of energy must be dissipated into the thermal store of the surroundings as the

load is lifted.

()

(iif) Diagram 2 is an incomplete Sankey diagram.

Complete the Sankey diagram to show the energy transferred by the motor.

()

input

energy

.

-

|

wasted output
energy

Diagram 2

(Total for question = 15 marks)
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Q4.

The photograph shows a toy called a marble run.

point A

pipe

: point B
3 marble

A student lifts a marble from the table to the top of the marble run at point A. They release the marble from
point A and it rolls through pipes to reach the bottom of the marble run at point B.

The marble leaves the marble run at point B and rolls across the table.
As the marble rolls, energy is transferred due to the different forces acting on the marble.

(a) Describe the energy transfers from before the student lifts the marble to when the marble reaches
point B of the marble run.

(b) The student wants to measure how much energy the marble loses as it moves from point A to point B.

(i) The student needs to measure the speed of the marble as it leaves the marble run at point B.
Describe a method the student could use to measure this speed.
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(i) The difference in height between point A and point B is 0.21 m.
The mass of the marble is 5.5 g.
The marble leaves the marble run at point B with a speed of 0.76 m/s.
Calculate the energy lost by the marble as it rolls from point A to point B.

energy loSt = ... J

(Total for question = 13 marks)
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Q5.

A bird tries to break open a nut by dropping it from a tree onto the ground.
The bird drops the nut from a height of 6.1 m.

Not to scale

(&) The nut has a mass of 0.0029 kg.

(i) State the formula linking gravitational potential energy (GPE), mass, gravitational field strength and
height.

(i) Show that the GPE of the nut is approximately 0.2 J when it is 6.1 m above the ground.

(i) State the kinetic energy (KE) of the nut just before it hits the ground.
Assume that the nut is dropped from rest and that there is no air resistance.
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(iv) Calculate the speed of the nut just before it hits the ground.
Assume that the nut is dropped from rest and that there is no air resistance.
15
[ kinetic energy = x mass x speed? |

(b) The energy required for the nut to break is approximately 0.3 J.
Suggest why, at a height of 6.1 m, the bird has to throw the nut rather than just dropping it from rest.

(Total for question = 8 marks)
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Q6.

A light bulb used in homes converts electrical energy into light energy.

The input power of the light bulb is 52 W.

The efficiency of the light bulb is 5.0%.

Calculate the amount of light energy output by the lamp in 9.0 hours of use.

light energy OULPUL = .......ooiiiiiiiiiieccee e J
(Total for question = 4 marks)
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Q7.

Some questions must be answered with a cross in a box <. 1 you change your mind about an
answer, put a line through the box B4 and then mark your hew answer with a cross <.

The Skylon Tower in Canada has external elevators. The elevators transport people from the bottom of
the tower to a viewing deck at the top of the tower.

viewing deck

elevators

(Source: @ Denis Pepin/Shutterstock)
(@) (i) An elevator moves upwards at a constant speed.

Which energy store of the elevator increases as the elevator moves upwards?

(1)
[1 A chemical
[] B gravitational
[1 ¢ kinetic
1 b magnetic
(i) The elevator is pulled upwards using a motor.
Thick steel cables connect the elevator to the motor.
How is energy transferred usefully from the motor to the elevator?
(1)
L] A by heating
1B by radiation
1 c electrically
[1 D mechanically
(b) The viewing deck at the top of the tower rotates and completes one full rotation every hour.
The mechanism that rotates the viewing deck is powered by a 2.2 kW motor.
(i) Which of these is the definition of the term power?
(1)

the amount of charge transferred
the amount of energy transferred
the rate of charge transferred
the rate of energy transferred

NN
oo w>
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(i) Which of these is the same power as 2.2 kW?

] A 0.0022w
[ B 0022w
L0 ¢ 220w

[ b 2200w

thealevelphysicstutor.com

(i) How many seconds does the viewing deck take to complete one full rotation?

24 s

60 s
3600 s
86 400 s

LOOU
oow>

(Total for question = 5 marks)
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Qs.

Answer the question with a cross in the box you think is correct . if you change your mind
about an answer, put a line through the box & and then mark your hew answer with a cross (<.

A student investigates four cars P, Q, R and S.

(a) How is energy transferred usefully from the engine of a car to its wheels?

[] A by heating
L1 B by radiation
LI c electrically
] b mechanically

(b) The engine of a car burns petrol, which transfers energy usefully from the

chemical store of the petrol to the kinetic store of the car.
The useful power output of car P's engine is 47 kW.
(i) Calculate the useful energy output of car P's engine during a 15 minute period.

useful energy OULPUL = ..........cceoiiieeiecieee et J

(i) State the formula linking efficiency, useful energy output and total energy output.

(iii) During the 15 minute period, 2.0 x 10° J of energy is transferred from the
chemical store of the petrol.
Calculate the efficiency of car P's engine.

efficiency = ...
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(c) The student extends her investigation by collecting data for cars P, Q, R and S.

She records the useful power output of their engines, their masses and their
maximum speeds.
The table shows her data.

Engine useful

Mass Maximum speed
Car power output in k in m/s
in kW =
P 47 721 41
Q 92 1143 51
R 194 915 62
S 198 1226 68

Using information from the table, discuss the relationships between useful power
output, mass and maximum speed.

(Total for question = 11 marks)
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Qo.
(&) The diagram shows a ball of dough, of mass 580 g, held at a height of 92 cm above the floor.
e dough
(T
L A
92cm

Calculate the increase in gravitational potential energy (GPE) stored in the ball of dough when it is
above the floor.
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(b) The ball of dough hits the floor and does not rebound.
Describe the energy transfers taking place from when the dough is dropped to after it has hit the floor.
You should refer to energy stores as well as transfers between energy stores at these stages.

e  Dbefore the dough is dropped
e  just before the dough hits the floor
e after the dough has hit the floor

(Total for question = 7 marks)
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Q1o0.

Diagram 1 shows a hydro-electric power station.

upper lake

transformer

SSl _- pylon
45m direction —

of water

lower lake

generator

Diagram 1
(a) Water falls from the upper lake and passes position X in the tunnel.

After falling to position X, 1.25 x 10°% kg of water has 3.2 x 10° J of energy in its kinetic
store.
Calculate the speed of the water at position X.

1

[kinetic energy = 2 x mass X speed?]

(b) Water with a mass of 1.25 x 10° kg falls through a height of 45 m from the upper lake
to the turbine.
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(i) Calculate the decrease in the gravitational potential energy (GPE) store of the water
between the upper lake and
the turbine.

decrease in GPE = ... J

(ii) State how much work has been done on the water by the Earth.

WOTK dONE = ..o J

(iii) State the method of energy transfer required for this work to be done.

(c) (i) State the formula linking total energy output, useful energy output and efficiency.
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(ii) Diagram 2 shows a Sankey diagram for the generator in the hydro-electric power
station.
The generator is designed to transfer energy electrically to the transformer.

320kJ 270kJ

energy energy
transferred transferred
mechanically electrically

by water by generator
50kJ
energy
transferred —_—~*

mechanically
by generator

Diagram 2

Which of these is the correct expression for calculating the efficiency of the process
shown in diagram 27

50
[ A — x100%
270

270
[ B — x100%
320

50

0 € — x100%
320
320

O D — x100%
270

(Total for question = 10 marks)
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Q11.

An athlete jumps vertically from the ground.

(a) The athlete has a mass of 85 kg, and leaves the ground with an upwards velocity of 4.5
m/s.

(i) State the formula linking kinetic energy, mass and speed.

(ii) Calculate the athlete's kinetic energy at a speed of 4.5 m/s.

KinetiC ENergy = ...ciiiiiiiiiiiiiii e J

(iii) At the maximum height of the jump, the athlete has a speed of 0 m/s.
State the increase in the amount of energy in the athlete's gravitational potential
energy store from the ground to the maximum height of the jump.

increase in gravitational potential energy = .......ccccooiiiiiiiiiiiiiiin i, J

(iv) State the formula linking gravitational potential energy, mass, gravitational field
strength and height.

(v) Calculate the maximum height of the athlete's jump.
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(b) (i) Sketch a velocity-time graph for the athlete's jump from the ground to the maximum
height of the jump. No numbers are required.

Assume there is no air resistance.

Velocity

0

v

0 Time
(ii) What feature of the velocity-time graph gives the acceleration due to gravity?

[1 A area under the line
[1 B gradient

[1 C x-axis

[0 b y-axis

(iii) Explain why the gravitational field strength on the Moon is different from the
gravitational field strength on the Earth.

(Total for question = 14 marks)
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Q12.

The circuit diagram shows a motor, power supply, switch and variable resistor connected in

series.
+ p— -
0 —

(W——CZ—

(a) The switch is open and the motor is not moving.

State how much energy is in the kinetic energy store of the motor.

Kinetic energy = ....coooiiiiiiiiiiiiee e J
(b) The switch is closed.

The motor takes 0.42 seconds to reach its maximum speed of rotation.

The mean current in the motor is 3.9 A.

The voltage across the motoris 7.1 V.

Show that the work done on the motor during the 0.42 seconds is about 12 ].

WOTK dONE = ..o J
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(c) Complete the Sankey diagram for the electric motor during the 0.42 seconds by giving
the missing information.

energy transferred to

motor kinetic energy store

of motor

from battery

12]

store
of surroundings

2]

(d) Use the Sankey diagram to calculate the efficiency of the process of bringing the motor
to its maximum speed of rotation.

effiCiency = ..o %

(Total for question = 9 marks)
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Q13.

Two students do an experiment to determine their power when running up a set of steps.

The diagram shows how they set up their experiment. Not all of the steps are shown in the
diagram.

24 steps

student B

This is the students' method.

student A stands with a stopwatch at the top of the steps

student A starts timing on the stopwatch and shouts “go” at the same time
student B begins to run up the steps when she hears student A shout
student A stops timing when student B reaches the top of the steps

The students repeat their method two more times.
(a) Give a reason why the times recorded may not be accurate.

(b) There are 24 steps in total and each step has a height of 19 cm.
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(i) Student B has a mass of 67 kg.
Show that student B gains about 3000 J of energy in her gravitational store when she
runs up the set of steps.

(ii) The table shows the times recorded for student B.

Timeins

4.28

4.95

4.65

Calculate the mean time from this data.
Give your answer to three significant figures.

IMNEAN LI = oottt enens S

(iii) Calculate the mean power of student B transferring energy to her gravitational
store as she runs up the steps.

INEATN POWET = iiiininiiiiiteieneeeeneterenetaeneseeaeneaaenenaeaennes \
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(c) The students extend their investigation by calculating the power for students of
different masses running up the steps.

The graph shows their results.

1000
% X
900 - 5
Power
2 800
in W
700 -
x
6[}{] | | | | |
50 60 70 80 a0 100
Mass in kg

The students conclude that the greater the mass of the person, the greater the power of
the person when running up the steps.
Comment on the students' conclusion.

(Total for question = 12 marks)
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Q14.

A student uses this apparatus to investigate how the efficiency of an electric motor varies
with its input voltage.

d.c.power  joylemeter

supply : »
electric motor
'—I*.'.n'l =
— | metre
rule

Ty =

1.0 kg mass é =

This is the student's method.

. connect the electric motor to a d.c. power supply and a joulemeter

. attach a 1.0 kg mass to the electric motor using a length of string

. set the voltage of the power supply to 10V and switch on the power supply

. switch off the power supply when the mass has been lifted through a distance of
50 cm

. record the input energy to the motor from the joulemeter

. calculate the energy transferred to the gravitational store of the mass

. calculate the efficiency of the motor

The student repeats this process, setting the power supply to a different voltage each time.

(a) State how the student could improve the reliability of her results.

(c) Show that the gravitational store of the 1.0 kg mass increases by 5.0 ] when it is lifted
through a distance of 50 cm.
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(d) The table shows the student's results.

Power suPpIy voltage Jnuleme‘ter reading Motor efficiency (%)

inV inlJ

3.0 99.4 5.0
35 255 19.6
4.0 16.5 30.3
5.0 135 37.0
6.0 12.6 39.7
8.0 12.8 39.1
10.0 12.7

(i) Calculate the motor efficiency when the power supply is set to a voltage of 10 V.

effiCIeNCY = .o %
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(ii) Plot a graph of the motor efficiency on the y-axis against the power supply voltage
on the x-axis.

3)

(iii) Draw a curve of best fit.

(2)
(iv) Using the graph, determine the minimum power supply voltage that will allow the
electric motor to operate at maximum efficiency.

(1)
power supply voltage = ....c.ooiviiiiiii e \Y
(Total for question = 14 marks)
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Q15.

The photograph shows a vertical drop ride at an amusement park.

passenger

car
vertical shaft
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(Source: Kenneth Sponsler/Shutterstock)
The car is pulled to the top of a vertical shaft and then released from rest.
The car then falls freely because of the force of gravity.
(a) Calculate the speed of the car when it has fallen 18 m.
3)

(b) (i) State the formula linking kinetic energy, mass and speed.
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(ii) The mass of the car and its passengers is 2.1 tonnes.
Calculate the kinetic energy of the car when it has fallen 18 m.
[1 tonne = 1000 kg]

Kinetic energy = ....cocoiiiiiiiiiiii e J

(c) The actual speed of the car when it has fallen 18 m is lower than the value calculated in

(a).

Describe the energy transfers occurring from immediately before the car was released
to when the car has fallen 18 m.
Refer to stores and transfers in your answer.

(Total for question = 10 marks)
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Qle.

The diagram shows a force pulling a block up a ramp.

force=120N
height lifted =0.82m

F Y
I
|
|
i
|
|
i
I
|
i
|

¥

(a) Show that the work done by the force is about 440 ]J.
Use the formula

work done = force X distance moved

(b) The block gains 12 J of energy in its gravitational store when it is lifted through a
height of 0.82 m.

Calculate the mass of the block.
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(c) A student states that most of the input energy is destroyed when the block is pulled up
the ramp.

Comment on the student's statement.

(Total for question = 6 marks)
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Q17.

The photograph shows a truck with a crane that is used to move large bags of building
materials.

stabilising leg il

{(Source: @ Alistair Petrie/Alamy Stock Photo)

(a) (i) State the formula linking work done, force and distance moved.

(ii) A bag of building materials has a weight of 8750 N.
Calculate the work done on the bag when it is lifted a vertical distance of 230 cm from
the ground until it is stationary again.
Give the unit.

WOTK dONe = .o unit ..o

(iii) The crane takes 7.0 s to lift the bag.
Calculate the mean power output of the crane when it is lifting the bag.

mean POWET OULPUL = ..o ree e e enereneeaenens W
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(b) The truck has a stabilising leg which is positioned on a wooden board.

wooden boa

(Source: © JARIRIYAWAT/Shutterstock)
(i) Give a reason why the wooden board is used.

1)
(ii) State the formula linking pressure, force and area.
1)
(iii) The wooden board is a square with side length 0.50 m.
The pressure the board exerts on the ground is 148 kPa.
Calculate the force exerted by the board on the ground.
1)
fOrCe = oo N

(Total for question = 12 marks)
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Q18.

A student uses this apparatus to investigate the force needed to pull a block along a ramp.

ground

(a) (i) State the formula linking work done, force and distance moved in the direction of the
force.

(ii) The student pulls the block 0.89 m along the ramp with a force of 26 N.
Show that the work done on the block by the 26 N force is about 23 ].

(iii) The block has a mass of 1.3 kg and moves vertically upwards 0.11 m.
Calculate the increase in the gravitational potential energy (GPE) store of the block
between the bottom and the top of the ramp.

increase in GPE = ... ..o J

(iv) Explain why the work done to move the block along the ramp is greater than the
increase in the GPE store of the block.
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(b) The student suggests it is better to use a less steep ramp to raise the block through the
same vertical height.

Discuss an advantage and a disadvantage of using a less steep ramp.

(Total for question = 12 marks)
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Q109.

The photograph shows a truck with a crane that is used to move large bags of building materials.

stabilising leg il

(Source: @ Alistair Petrie/Alamy Stock Photo)

(@) (i) State the formula linking work done, force and distance moved.

(i) A bag of building materials has a weight of 8750 N.
Calculate the work done on the bag when it is lifted a vertical distance of 230 cm from the ground
until it is stationary again.
Give the unit.

WOTK dONE = ..o (U] o] ST

(iii) The crane takes 7.0 s to lift the bag.
Calculate the mean power output of the crane when it is lifting the bag.

Mean POWEr OULPUL = .....oooiei i W
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(b) The truck has a stabilising leg which is positioned on a wooden board.

(Source: @ JARIRIYAWAT/Shutterstock)
(i) Give areason why the wooden board is used.

(1)
(i) State the formula linking pressure, force and area.
(1)
(iii) The wooden board is a square with side length 0.50 m.
The pressure the board exerts on the ground is 148 kPa.
Calculate the force exerted by the board on the ground.
(4)
fOrCE = o N

(Total for question = 12 marks)



