
The UK uses renewable energy resources to generate some of its electricity.

Figure 1 shows the proportion of electricity generated by different renewable energy resources in
the UK in 2020.

Figure 1
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(a) Calculate the percentage of electricity generated using hydroelectric power.
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Percentage = %
(2)

A remote village in the UK uses a hydroelectric generator to provide electricity.

(b) The mass of water that passes through the hydroelectric generator each day is
2 500 000 kg.

The change in vertical height of the water is 15.0 m.

gravitational field strength = 9.8 N/kg

Calculate the decrease in gravitational potential energy of the water.

Use the equation:

gravitational potential energy = mass x gravitational field strength x height

Decrease in gravitational potential energy = J

(2)
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1 The UK uses renewable energy resources to generate some of its electricity.

Figure 1 shows the proportion of electricity generated by different renewable energy resources in

the UK in 2020.

Figure 1

Hydroelectric

(a) Calculate the percentage of electricity generated using hydroelectric power.

Percentage = %

(2)

A remote village in the UK uses a hydroelectric generator to provide electricity.

(b) The mass of water that passes through the hydroelectric generator each day is

2.500 000 kg.

The change in vertical height of the water is 15.0 m.

gravitational field strength = 9.8 N/kg

Calculate the decrease in gravitational potential energy of the water.

Use the equation:

gravitational potential energy = mass ~ gravitational field strength x height

Decrease in gravitational potential energy = J

(2)

Page 1 of 72



Use the Physics Equations Sheet to answer parts (c) and (d).

(c) Write down the equation which links energy (E), power (P) and time (#).

(1)

(d) The hydroelectric generator transfers electrical power of 3000 W to the village.

Calculate the energy transferred to the village in 60 minutes.

Energy transferred = J

(3)

(e) The hydroelectric generator is turned by falling river water.

Figure 2 shows how the power output of the hydroelectric generator varied during one
year.

Figure 2
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Explain one reason why the power output varied.



(2)
(Total 10 marks)

A remote village in the UK uses a hydroelectric generator to provide electricity.

(a) Inone day, 2 500 000 kg of water passes through the hydroelectric generator.

The change in gravitational potential energy of the water is 367.5 MJ.

gravitational field strength = 9.8 N/kg

Calculate the mean change in vertical height of the water as it moves through the
hydroelectric generator.

Use the Physics Equations Sheet.

Mean change in vertical height = m

(4)
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(b) The generator transfers 3.0 kW of electrical power.

Calculate the time taken for the generator to transfer 2.16 x 10” J of energy.

Use the Physics Equations Sheet.

Give your answer in standard form.

(2)
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(b) The generator transfers 3.0 kW of electrical power.
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Give your answer in standard form.



Time taken (in standard form) = s

(5)

(c) The figure below shows how the power output of the generator varied during one year.
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A solar power system is installed in the remote village in addition to the hydroelectric
generator.

Explain why this improves the reliability of the electricity supply to the village.

Use information from the figure above.

Time taken (in standard form) = s

(5)
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Asolar power system is installed in the remote village in addition to the hydroelectric

generator.

Explain why this improves the reliability of the electricity supply to the village.

Use information from the figure above.



(2)
(Total 11 marks)

A student investigated how the current in a filament lamp varies with the potential difference
across the filament lamp.

The figure below shows the results.

1 Current rr iH
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(a) Describe a method the student could use to obtain these results.

You should include a circuit diagram.
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3.

(2)

(Total 11 marks)
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(6)

(b) Determine the resistance of the filament lamp when the potential difference across it is
+3.0 V.

Use the Physics Equations Sheet.

Use the figure above.

Resistance = Q

(3)

Page 6 of 72

(c) The current in the lamp is 0.21 A when the potential difference across the lamp is 6.0 V.

Calculate the energy transferred by the filament lamp in 30 minutes.

Use the Physics Equations Sheet.
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(c) The current in the lamp is 0.21 A when the potential difference across the lamp is 6.0 V.

Calculate the energy transferred by the filament lamp in 30 minutes.

Use the Physics Equations Sheet.



Energy transferred = J

(5)

(d) The power output of the lamp is 1.0 W when the potential difference across the lamp is
5.0 V.

A student predicts that the power output would be 4.0 W if the potential difference was
doubled.

Explain why the student is not correct.

(2)
(Total 16 marks)

A girl ran to the top of some stairs.

The figure shows the stairs.

(a) The girl measured the height of the stairs.

What measuring instrument should she have used?

(1)
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A girl ran to the top of some stairs.

The figure shows the stairs.

4

(a) The girl measured the height of the stairs.

What measuring instrument should she have used?

(1)



(b) The height of the stairs was 1.7 m.

The mass of the girl was 50 kg.

gravitational field strength = 9.8 N/kg

Calculate the change in gravitational potential energy of the girl.

Use the equation:

gravitational potential energy = mass x gravitational field strength x height

Gravitational potential energy =

(c) A boy ran up the same stairs and did 1800 J of work.

The time it took the boy to run up the stairs was 1.44 s.

Calculate the power of the boy.

Use the equation:

power = d

Power = Ww

(d) Which stop-clock was used to measure the time the boy took to run up the stairs?

Tick (Vv) one box.

Stop-clock A Stop-clock B Stop-clock C

iam

(2)

(2)
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(1)

(e) The boy had a speed of 2.0 m/s at the top of the stairs.

The mass of the boy was 70 kg.

Calculate the kinetic energy of the boy at the top of the stairs.

Use the equation:

kinetic energy = 0.5 x mass x (speed)?

Kinetic energy = J

(2)
(Total 8 marks)

A student determined the specific latent heat of vaporisation of water.

The figure shows some of the equipment used.

Power supply
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Water

Heater

(a) The student measured a mass of water and put it into the beaker.

What measuring instrument should the student have used to measure the mass of the
water?

Tick (Vv) one box.

balance

joulemeter

newtonmeter

thermometer

(1)
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(b) The power output of the heater stayed the same throughout the experiment.

What type of variable was the power output of the heater?

Tick (Vv) one box.

Categoric variable

Control variable

Dependent variable

Independent variable

(1)

(c) The student turned on the heater and heated the water until it reached boiling point.

The student continued to heat the water so that it boiled for several minutes.

The mass of the water remaining in the beaker was measured again.

Give one way the beaker of boiling water could be moved safely to measure its new mass.

(1)
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(cd) [the mass of water that turned into steam was 0.0090 kg.

The heater transferred 25 200 J of energy to the water to turn it into steam.

Calculate the specific latent heat of vaporisation of water given by the student s data.

Use the Physics Equations Sheet.

Choose the unit from the box.

J kg Jikg

Specific latent heat of vaporisation = Unit

(4)
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(e) What was a source of error in the student s experiment?

Tick (v) one box.

The transfer of thermal energy from the heater to the water

The transfer of thermal energy from the surroundings to the water

The transfer of thermal energy from the water to the heater

The transfer of thermal energy from the water to the surroundings

(1)
(Total 8 marks)

The figure below shows a girl doing an experiment to determine her power output by running to
the top of some stairs.
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(a) The mass of the girl was 60.0 kg.

The height of the stairs was 175 cm.

The girl ran to the top of the stairs in 1.40 s.

gravitational field strength = 9.8 N/kg

Calculate the power output of the girl.

Use the Physics Equations Sheet.

Power = Ww

(5)

(b) The total power output of the girl was greater than the answer to part (a).

Suggest two reasons why.

i

(2)
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(c) A boy took more than 1.40 s to run up the same stairs.

The power output of the boy was the same as the power output of the girl.

What conclusion can be made about the boy’s mass?

Tick (v) one box.

The boy's mass was greater than the girl's mass.

The boy's mass was lower than the girl's mass.

The boy's mass was the same as the girl's mass.

(1)
(Total 8 marks)

The figure below shows part of the National Grid linking a power station to consumers.

A

| NN : Consumers
| oa ae oe aaa ae | _ ——

[= = | ar pt

Power station Step-up Cc i—
transformer

(a) Name the parts of the figure above labelled A and B.

A

(2)

(b) Electricity is tansmitted through A at a very high potential difference.

What is the advantage of transmitting electricity at a very high potential difference?

Tick (/) one box.

A high potential difference is safer for
consumers.
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Less thermal energy is transferred to the
surroundings.

Power transmission is faster.

(1)
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(c) The power station generates electricity at a potential difference of 25 000 V.

The energy transferred by the power station in one second is 500 000 000 J.

Calculate the charge flow from the power station in one second.

Use the equation:

charge flow = nay= potential difference

Charge flow in one second = Cc

(2)

The electricity supply to a house has a potential difference of 230 V.

The table below shows the current in some appliances in the house.

Appliance Current in amps

Dishwasher 6.50

DVD player 0.10

Lamp 0.40

TV 0.20

(d) Calculate the total power of all the appliances in the table above.

Use the equation:

power = potential difference x current

Total power = W

(3)

Less thermal energy is transferred to the
surroundings.

Power transmission is faster.

(1)
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(e) Each appliance in the table above is switched on for 2 hours.

Which appliance will transfer the most energy?

Give a reason for your answer.

Appliance

Reason

(2)

(f) |The average energy transferred from the National Grid every second for each person in the
UK is 600 J.

There are 32 000 000 seconds in one year.

Calculate the average energy transferred each year from the National Grid for each person
in the UK.

a ie me a me a ee ee eee

Average energy transferred = J

(2)
(Total 12 marks)

8 The photograph below shows an electric car being recharged.

|4

Charging

Powercable —_
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(e) Each appliance in the table above is switched on for 2 hours.

Which appliance will transfer the most energy?

Give a reason for your answer.

Appliance

Reason

(2)

(f) |The average energy transferred from the National Grid every second for each person in the

UK is 600 J.

There are 32 000 000 seconds in one year.

Calculate the average energy transferred each year from the National Grid for each person

in the UK.

Average energy transferred = J

(2)

(Total 12 marks)

8 The photograph below shows an electric car being recharged.

Powercable —,
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(a) The charging station applies a direct potential difference across the battery of the car.

What does ‘direct potential difference’ mean?

(1)

(b) Which equation links energy transferred (E), power (P) and time (f?

Tick (v) one box.

energy transferred = power x time

energy transferred = power® x time

(1)

(c) The battery in the electric car can store 162 000 000 J of energy.

The charging station has a power output of 7200 W.

Calculate the time taken to fully recharge the battery from zero.

Time taken = s

(3)

rwsnw 49 If ZW
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(a) The charging station applies a direct potential difference across the battery of the car.

What does ‘direct potential difference’ mean?

a)

(b) Which equation links energy transferred (E), power (P) and time (f)?

Tick (v) onebox.

_ power
energytransferred = =

time |
energytransferred= ——

power

energy transferred = power x time

energy transferred = power? x time

(4)

(c) The battery in the electric car can store 162 000 000 J of energy.

The charging station has a power output of 7200 W.

Calculate the time taken to fully recharge the battery from zero.

Time taken = s

(3)

a igs
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(d) Which equation links current (/), potential difference (V) and resistance (A)?

Tick (/) one box.

l=VxR

l=V2x«R

Re=lxV

V=!/xR

(1)

(e) The potential difference across the battery is 480 V.

There is a current of 15 A in the circuit connecting the battery to the motor of the electric
Car.

Calculate the resistance of the motor.

Resistance = Q

(3)
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(d) Which equation links current (/), potential difference (V) and resistance (R)?

Tick (Vv) one box.

l=VxR

Il=V2xR

RelxV

VelxR

(1)

(e) The potential difference across the battery is 480 V.

There is a current of 15 Ain the circuit connecting the battery to the motor of the electric

car.

Calculate the resistance of the motor.

Resistance = 2

(3)

Toye eure
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(f)

(a)

Different charging systems use different electrical currents.

° Charging system A has a current of 13 A.

° Charging system B has a current of 26 A.

° The potential difference of both charging systems is 230 V.

How does the time taken to recharge a battery using charging system A compare with the
time taken using charging system B?

Tick (/) one box.

Time taken using system A is half the time of system B

Time taken using system A is the same as system B

Time taken using system A is double the time of system B

(1)
(Total 10 marks)
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During one year, 1.25 x 10'® J of energy was transferred from the National Grid.

number of seconds in 1 year = 3.16 x 10’

(f)
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During one year, 1.25 x 10'® J of energy was transferred from the National Grid.

number of seconds in 1 year = 3.16 x 10’

(a)

Different charging systems use different electrical currents.

. Charging system A has a current of 13 A.

. Charging systemB hasa current of 26 A.

. The potential difference of both charging systems is 230 V.

How does the time taken to recharge a battery using charging system A compare with the

time taken using charging system B?

Tick (v) one box.

Time taken using systemAis half the time of system B

Time taken using system A is the same as system B

Time taken using systemAis double the time of system B

(4)

(Total 10 marks)

During one year, 1.25 = 1018 J of energy was transferred from the National Grid.

number of seconds in 1 year = 3.16 x 10”
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Calculate the mean energy transferred from the National Grid each second.

Give your answer to 3 significant figures.

Energy each second (3 significant figures) = J

(2)

The figure below shows a house with a solar power system.

The solar cells generate electricity.

When the electricity generated by the solar cells is not needed, the energy is stored in a large
battery.

Large battery —_

(b) The charge flow through the cable between the solar cells and the battery in 24 hours was
27 000 coulombs.

Calculate the mean current in the cable.

Mean current = A

(4)
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(c) Atone time, the total power input to the solar cells was 7.8 kW.

The efficiency of the solar cells was 0.15

Calculate the useful power output of the solar cells.

Calculate the mean energy transferred from the National Grid each second.

Give your answer to 3 significant figures.

Energy each second (3 significant figures) = J

(2)
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(b) The charge flow through the cable between the solar cells and the battery in 24 hours was
27 000 coulombs.
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Mean current = A

(4)
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(c) Atone time, the total power input to the solar cells was 7.8 kW.

The efficiency of the solar cells was 0.15

Calculate the useful power output of the solar cells.

Calculate the mean energy transferred from the National Grid each second.

Give your answer to 3 significant figures.

Energy each second (3 significant figures) = J

(2)

The figure below shows a house with a solar power system.

The solar cells generate electricity.

When the electricity generated by the solar cells is not needed, the energy is stored in a large

battery.

(b) The charge flow through the cable between the solar cells and the battery in 24 hours was

27 000 coulombs.

Calculate the mean current in the cable.

Mean current = A

(4)
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(c) Atone time, the total power input to the solar cells was 7.8 kW.

The efficiency of the solar cells was 0.15

Calculate the useful power output of the solar cells.



10.

Useful power output = Ww

(3)

(d) _ Itis unlikely that all of the electricity that the UK needs can be generated by solar power
systems.

Explain why.

An electric kettle was switched on.

The graph below shows how the temperature of the water inside the kettle changed.
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(2)
(Total 11 marks)
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10.

Useful power output= CMW

(3)

(d) _ Itis unlikely that all of the electricity that the UK needs can be generated by solar power

systems.

Explain why.

(2)

(Total 11 marks)

An electric kettle was switched on.

The graph below shows how the temperature of the water inside the kettle changed.
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Temperature
in °C

(a) When the kettle was switched on the temperature of the water did not immediately start to
increase.
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Suggest one reason why.

(b) The energy transferred to the water in 100 seconds was 155 000 J.

specific heat capacity of water = 4200 J/kg °C

Determine the mass of water in the kettle.

Use the graph above.

Give your answer to 2 significant figures.
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Suggest one reason why.

(b) The energy transferred to the water in 100 seconds was 155 000 J.

specific heat capacity of water = 4200 J/kg °C

Determine the mass of water in the kettle.

Use the graph above.

Give your answer to 2 significant figures.
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(a) When the kettle was switched on the temperature of the water did not immediately start to

increase.

Suggest one reason why.

(1)
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(b) The energy transferred to the water in 100 seconds was 155 000 J.

specific heat capacity of water = 4200 J/kg °C

Determine the mass of water in the kettle.

Use the graph above.

Give your answer to 2 significant figures.



11.

(c)

Mass of water (2 significant figures) = kg
(5)

The straight section of the line in above graph can be used to calculate the useful power
output of the kettle.

Explain how.

An electric car has a motor that is powered by a battery.

A diesel car has an engine that is powered by diesel fuel.

(a) The table compares an electric car and a diesel car.

(3)
(Total 9 marks)

p Maximum M f Maxi
ower acceleration in = Range in km —

source nae source in kg output in kW

Battery 4.8 420 220 200

Diesel fuel 3.2 51 1120 120

Give two advantages of the diesel car compared with the electric car in the table.

1
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11.

Mass of water (2 significant figures) = kg

(5)

(c) The straight section of the line in above graph can be used to calculate the useful power

output of the kettle.

Explain how.

An electric car has a motor that is powered by abattery.

A diesel car has an engine that is powered by diesel fuel.

(a) The table compares an electric car and a diesel car.

(3)

(Total 9 marks)

P Maximum f i

‘ower acceleration in Mass of power Range in km Maximum power
source mis? source in kg output in kW

Battery 48 420 220 200

Diesel fuel 3.2 51 1120 120

Give two advantages of the diesel car compared with the electric car in the table.

1
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(2)

(b) The mass of the battery in the electric car is 420 kg

The total mass of the electric car is 1610 kg

Calculate the mass of the battery as a percentage of the total mass of the electric car.

Percentage of total mass = %

(2)

(c) Designers of electric car batteries want to increase the amount of energy that can be stored
in a battery.

Suggest two reasons why.

1

(2)

Page 24 of 72

The figure below shows an electric car being recharged.

(d) Write down the equation which links energy transferred, power and time.

(1)

(e) The charger has a power output of 7000 W

Calculate the time taken to transfer 420 000 J of energy to the car battery.

(2)

(b) The mass of the battery in the electric car is 420 kg

The total mass of the electric car is 1610 kg

Calculate the mass of the battery as a percentage of the total mass of the electric car.

Percentage of total mass = %

(2)

(c) Designers of electric car batteries want to increase the amount of energy that can be stored
in a battery.

Suggest two reasons why.

1

(2)
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The figure below shows an electric car being recharged.

(d) Write down the equation which links energy transferred, power and time.

(1)

(e) The charger has a power output of 7000 W

Calculate the time taken to transfer 420 000 J of energy to the car battery.



ia

Time =

Light bulbs are labelled with a power input.

(a) What does power input mean?

Tick (Vv) one box.

The charge transferred each second by the bulb.

The current through the bulb.

The energy transferred each second to the bulb.

The potential difference across the bulb.

(b) Write down the equation which links current, potential difference and power.

(c) Aight bulb has a power input of 40 W

The mains potential difference is 230 V

Calculate the current in the light bulb.

Current =

The following table shows information about three different light bulbs.

(3)
(Total 10 marks)

(1)

(1)
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(3)

Light bulb beset sein pos vewatts | Efficiency

p 6.0 5.4 0.90

Q 40 2.0 0.05

9.0 x 0.30

(d) Write down the equation which links efficiency, total power input and useful power output.

ia

Time =

Light bulbs are labelled with a power input.

(a) What does power input mean?

Tick (Vv) one box.

The charge transferred each second by the bulb.

The current through the bulb.

The energy transferred each second to the bulb.

The potential difference across the bulb.

(b) Write down the equation which links current, potential difference and power.

(c) Aight bulb has a power input of 40 W

The mains potential difference is 230 V

Calculate the current in the light bulb.

Current =

The following table shows information about three different light bulbs.

(3)
(Total 10 marks)

(1)

(1)
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(3)

Light bulb beset sein pos vewatts | Efficiency

p 6.0 5.4 0.90

Q 40 2.0 0.05

9.0 x 0.30

(d) Write down the equation which links efficiency, total power input and useful power output.

12.
Light bulbs are labelled with a power input.

(a) What does power input mean?

Tick (v) one box.

Time =

The charge transferred each second by the bulb.

The current through the bulb.

The energy transferred each second to the bulb.

The potential difference across the bulb.

(b) Write down the equation which links current, potential difference and power.

(3)

(Total 10 marks)

0)

(c) | Alight bulb has a power input of 40 W

The mains potential difference is 230 V

Calculate the current in the light bulb.

(4)

Page 25 of 72

Current =

The following table shows information about three different light bulbs.

Light bulb es sone Efficiency

P 6.0 54 0.90

Q 40 2.0 0.05

R 9.0 x 0.30

(3)

(d) Write down the equation which links efficiency, total power input and useful power output.



13.

(e)

(f)

Calculate the value of X in the table above.

(1)

X= Ww

(3)

In addition to power input, light bulbs should also be labelled with the rate at which they
emit visible light.

Suggest why.

(2)
(Total 11 marks)

A scientist investigated how the maximum muscle power of humans varies with age and gender.

The scientist asked volunteers to stand on a platform and to jump as high as they could.

Figure 1 shows a volunteer taking part in the experiment.

An electronic timer measured the time that the volunteer was in the air.

(a)

Figure 1

es

The muscle power in watts per kg is calculated using the following equation:

_ 9.8 x jump height
muscle power

One volunteer has a muscle power of 41 W/kg

He was in the air for 0.12 s

Calculate his jump height.

time
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(1)

(e) Calculate the value of X in the table above.

X= w

(3)

(f) In addition to power input, light bulbs should also be labelled with the rate at which they

emit visible light.

Suggest why.

(2)

(Total 11 marks)
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A scientist investigated how the maximum muscle power of humans varies with age and gender.

The scientist asked volunteers to stand ona platform and to jump as high as they could.

Figure 1 shows a volunteer taking part in the experiment.

Figure 1

ee tO

An electronic timer measured the time that the volunteer was in the air.

(a) The muscle power in watts per kg is calculated using the following equation:

9.8 x jump height
muscle power = ime

One volunteer has a muscle power of 41 Wikg

He was in the air for 0.12 s

Calculate his jump height.



Jump height = m

(3)

(b) Write down the equation which links kinetic energy, mass and speed.

(1)
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(c) One volunteer had a kinetic energy of 270 J and a speed of 3.0 m/s at the moment he left
the ground.

Calculate his mass.

Mass = kg

(3)

Jump height = m

(3)

(b) Write down the equation which links kinetic energy, mass and speed.

(1)
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(c) One volunteer had a kinetic energy of 270 J and a speed of 3.0 m/s at the moment he left
the ground.

Calculate his mass.

Mass = kg

(3)

Jump height = m

(3)

(b) Write down the equation which links kinetic energy, mass and speed.

0)
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(c) One volunteer had a kinetic energy of 270 J and a speed of 3.0 m/s at the moment he left

the ground.

Calculate his mass.

Mass = kg

(3)



Figure 2 shows the scientist's results.

Muscle
power
in Wikg

0

Figure 2

i

0 10 20 30 40 §0 60 70 60
Age of volunteer in years

Key
—— Male
——-— Female

(d) Compare the muscle power of males with the muscle power of females.

Use data from Figure 2 in your answer.
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Use data from Figure 2 in your answer.

Page 28 of 72



14.

(4)
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(e) The muscle power of each volunteer was measured five times.

The highest muscle power reading was recorded instead of calculating an average.

Suggest one reason why.

(1)
(Total 12 marks)

Figure 1 shows a person using an electric lawn mower.

Figure 1

(a) The lawn mower is connected to the mains electricity supply.

What is the frequency of the mains electricity supply in the UK?

Frequency = Unit

(2)

14.

(4)
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The lawn mower has a switch on each side of the handle.

Figure 2 shows the circuit diagram for the lawn mower.

Figure 2

Motor

TM)
Power
supply

(ee
Left-hand Right-hand

switch switch

(b) The motor in the lawn mower can only be turned on when the person using it holds the
handle of the lawn mower with both hands.

Explain why.

(2)

(c) The power input to the motor is 1.8 kW

The resistance of the motor is 32 0

Calculate the current in the motor.

Current = A

(3)

(d) The useful power output from the motor is 1.5 kW

Calciate the time it takec for the motor to trancfer 4509 000 .! of ticefii| anerny
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ee

Time =

Figure 1 shows a hot water tank made of copper.

Figure 1

__|
Hot water out ¢—

Tank

Insulation

Cold water in >

(a) Copper has a higher thermal conductivity than most metals.

seconds

(3)
(Total 10 marks)

_~ Electric immersion

How does the rate of energy transfer through copper compare with the rate of energy
transfer through most metals?

Tick one box.

Higher

Lower

The same

(1)

(b) The tank is insulated. When the water is hot, the immersion heater switches off.

Complete the sentences.

Compared to a tank with no insulation, the rate of energy transfer from the

water in an insulated tank is

This means that the water in the insulated tank stays

for longer.

(2)
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Figure 2 shows how temperature varies with time for water in a tank heated with an immersion
heater.

Figure 3 shows how temperature varies with time for water in a tank heated with a solar panel.

Figure 2
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(c) Give one advantage and one disadvantage of heating the water using solar panels rather
than an immersion heater.

Use only information from Figure 2 and Figure 3.

Advantage of solar panels

Disadvantage of solar panels
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(d) During one morning, a total of 4 070 000 J of energy is transferred from the electric
immersion heater.

4 030 000 J of energy are transferred to the water.

Calculate the proportion of the total energy transferred to the water.

Proportion of total energy =

(e) Write down the equation that links energy transferred, power and time.

(f) |The power output of the immersion heater is 5000 W.

Calculate the time taken for the immersion heater to transfer 4 070 000 J of energy.

Give the unit.

Time = Unit

(2)
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(2)

(1)

(4)
(Total 12 marks)
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16.
Figure 1 shows a lift inside a building.

Figure 1

(a) The motor in the lift does 120 000 J of work in 8.0 seconds.

Calculate the power output of the motor in the lift.

Use the equation:

Power output = work done

(2)
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Use the equation:

work done
Power output =

time

Power output = _
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Tick two reasons why.

Energy is transferred in heating the surroundings.

Friction causes energy to be transferred in non-useful ways.

The motor is connected to the mains electricity supply.

The motor is more than 100% efficient.

There are only four people in the lift.

(2)

(c) Figure 2 shows part of the circuit that operates the lift motor.

Power
supply

Motor

The lift can be operated using either of the two switches.

Explain why.

(2)

(d) Write down the equation that links gravitational field strength, gravitational potential energy,
height and mass.
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Tick two reasons why.

Energy is transferred in heating the surroundings.

Friction causes energy to be transferred in non-useful ways.

The motor is connected to the mains electricity supply.

The motor is more than 100% efficient.

There are only four people in the lift.

(c) Figure 2 shows part of the circuit that operates the lift motor.

Figure 2

Power

supply

We (w)
\4
Motor

The lift can be operated using either of the two switches.

Explain why.

(d) Write down the equation that links gravitational field strength, gravitational potential energy,

height and mass.

(2)

(2)
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17.

(1)

(e) The lift goes up 14 m. The total mass of the people in the lift is 280 kg.

gravitational field strength = 9.8 N/kg

Calculate the increase in gravitational potential energy of the people in the lift.

Give your answer to 2 significant figures.

Increase in gravitational potential energy = J

(3)
(Total 10 marks)

Figure 1 shows a cyclist riding along a straight, level road at a constant speed.

Figure 1

(a) Complete the sentences.

As the cyclist rides along the road, the energy store

in the cyclist's body decreases.

The speed of the cyclist is constant when the work done by the cyclist is

the work done against air resistance.

(2)

Page 37 of 72

Figure 2 shows how the speed changes as the power output of the cyclist changes.

Figure 2

I

101

17.

(1)

(e) The lift goes up 14 m. The total mass of the people in the lift is 280 kg.

gravitational field strength = 9.8 N/kg

Calculate the increase in gravitational potential energy of the people in the lift.

Give your answer to 2 significant figures.

Increase in gravitational potential energy = J

(3)
(Total 10 marks)

Figure 1 shows a cyclist riding along a straight, level road at a constant speed.

Figure 1

(a) Complete the sentences.

As the cyclist rides along the road, the energy store

in the cyclist's body decreases.

The speed of the cyclist is constant when the work done by the cyclist is

the work done against air resistance.

(2)

Page 37 of 72

Figure 2 shows how the speed changes as the power output of the cyclist changes.

Figure 2

I

101

17.

(1)

(e) The lift goes up 14 m. The total mass of the people in the lift is 280 kg.

gravitational field strength = 9.8 N/kg

Calculate the increase in gravitational potential energy of the people in the lift.

Give your answer to 2 significant figures.

Increase in gravitational potential energy = J

(3)

(Total 10 marks)

Figure 1 showsacyclist riding alonga straight, level road at a constant speed.

Figure 1

(a) Complete the sentences.

As the cyclist rides along the road, the energy store

in the cyclist’s body decreases.

The speed of the cyclist is constant when the work done by the cyclist is

the work done against air resistance.

(2)

Page 37 of 72
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(b) Write down the equation that links power, time and work done.

(c) Calculate the work done by the cyclist when his power output is 200 W for 1800 seconds.

Work done = J

(d) Calculate the percentage increase in speed of the cyclist when the power output changes
from 200 W to 300 W.

Percentage increase in speed =

(e) The maximum speed this cyclist can travel on a level road is 14 m/s.

How does cycling uphill affect the maximum speed of this cyclist?

Explain your answer.

(1)

(3)

(2)
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(e) The maximum speed this cyclist can travel on a level road is 14 m/s.

How does cycling uphill affect the maximum speed of this cyclist?

Explain your answer.



18.

(3)
(Total 11 marks)

A student investigated how current varies with potential difference for two different lamps.

Her results are shown in the figure below.

08

07;

06

0.5;

in amps ——x LampB

03;

02

01;

4 5 6 7 & 10
Potential difference in volts

(a) Complete the circuit diagram for the circuit that the student could have used to obtain the
results shown in the figure above.

+

(3)

(b) Which lamp will be brighter at any potential difference?

Explain your answer.

Use the figure above to aid your explanation

(2)

(c) Lamp B has the higher resistance at any potential difference.

Explain how the figure above shows this.
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(b) | Which lamp will be brighter at any potential difference?

Explain your answer.

Use the figure above to aid your explanation

(2)

(c) Lamp B has the higher resistance at any potential difference.

Explain how the figure above shows this.



19.

(2)

(d) Both lamps behave like ohmic conductors through a range of values of potential difference.

Use the figure above to determine the range for these lamps.

Explain your answer.

The image shows a solar thermal power station.

(3)
(Total 10 marks)
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Energy from the Sun is directed at the solar receiver by many mirrors.

(a)

(b)

(Cc)

(i) | Suggest one reason why a solar thermal power station is built in a hot desert.

(1)

(ii) | Complete the following sentence to describe how the mirrors direct energy from the
Sun towards the solar receiver.

Energy from the Sun is by the mirrors

towards the solar receiver.

(1)

(iii) Heated water is used to generate electricity in the solar thermal power station.
Choose the correct answer from the box to complete each sentence.

boiler motor transformer turbine

At the solar receiver, water is heated in a

which turns the water into steam. The steam turns a

which is connected to a generator.

The generator produces electricity. A is used

to change the voltage for transmission along power lines.

(3)

A solar storage power station is a new type of solar power station.
It is able to store energy from the Sun to generate electricity at night.

The solar storage power station can supply a town with a maximum electrical power of 140
000 kW for 15 hours.

Calculate the maximum energy, in kWh, stored by the solar storage power station.

Energy = kWh

(2)

A different method of generating electricity uses wind turbines.
A student researching a wind farm wrote the following.

Top Hill Wind Farm has 25 wind turbines.
Last week, one of the wind turbines generated
electricity for only 42 hours out of a possible 168 hours.
My conclusion is that all wind turbines operate for only
25% of the time.
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20.

(i) | Give two reasons why the student is not correct in reaching his conclusion.

:

(2)

(ii) | Give one reason why wind turbines do not generate electricity all the time.

(1)

(iii) Give one advantage of using wind turbines to generate electricity compared with
using fossil fuel power stations.

(1)
(Total 11 marks)

The image below shows a solar thermal power station that has been built in a hot desert.

The power station uses energy from the Sun to heat water to generate electricity.

Energy from the Sun is reflected towards a solar receiver using many mirrors.

Solar receiver

© Kim Steele/Photodisc/Thinkstock

(a) (i) | Which part of the electromagnetic spectrum provides most of the energy to heat the
enaametow fen ce flaw Shawna mmasscnw abatan®
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The image below showsasolar thermal power station that has been built in a hot desert.

The power station uses energy from the Sun to heat water to generate electricity.

Energy from the Sun is reflected towards a solar receiver using many mirrors.
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(1)

(ii) | Describe how heated water is used to generate electricity by this
solar thermal power station.
The process is the same as in a fossil fuel power station.

(3)
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(b) Anew type of solar power station, called a solar storage power station, is able to store
energy from the Sun by heating molten chemical salts.
The stored energy can be used to generate electricity at night.

(i) It is important that the molten chemical salts have a high specific heat capacity.
Suggest one reason why.

(1)

(ii) | The solar storage power station can store a maximum of 2 200 000 kWh of energy.
The solar storage power station can supply a town with a maximum electrical power
of 140 000 kW.

Calculate for how many hours the energy stored by the solar storage power station
can supply the town with electrical power.

Give your answer to 2 significant figures.

Time = hours

(3)

(iii) Table 1 gives information about the place where the solar storage power station has
been built.

Table 1
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The stored energy can be used to generate electricity at night.

(i) It is important that the molten chemical salts have a high specific heat capacity.
Suggest one reason why.

(1)

(ii) | The solar storage power station can store a maximum of 2 200 000 kWh of energy.
The solar storage power station can supply a town with a maximum electrical power
of 140 000 kW.

Calculate for how many hours the energy stored by the solar storage power station
can supply the town with electrical power.

Give your answer to 2 significant figures.

Time = hours

(3)

(iii) Table 1 gives information about the place where the solar storage power station has
been built.

Table 1

(b)

(i)

So aes eee Swe

Describe how heated water is used to generate electricity by this

solar thermal power station.

The process is the same as in a fossil fuel power station.

Anew type of solar power station, called a solar storage power station, is able to store

energy from the Sun by heating molten chemical salts.

The stored energy can be used to generate electricity at night.

(i)

(i)

(iii

It is important that the molten chemical salts have a high specific heat capacity.

Suggest one reason why.

The solar storage power station can store a maximum of 2 200 000 kWh of energy.

The solar storage power station can supply a town with a maximum electrical power

of 140 000 kW.

Calculate for how many hours the energy stored by the solar storage power station

can supply the town with electrical power.

Give your answer to 2 significant figures.

Time = hours

Table 1 gives information about the place where the solar storage power station has

been built.

(1)

(3)
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a)

(3)



square metre in kW

Spring 11.5 0.90

Summer 13.5 1.10

Autumn 12.0 0.95

Winter 10.5 0.71

The solar storage power station does not operate at the maximum possible electrical
output every day of the year.

Suggest why.

(c) Power stations do not work at maximum possible electrical output all the time. The ‘capacity
factor of a power station is calculated using the equation:

Capacity factor =
actual electrical output per year

maximum possible electrical output per year

Table 2 shows capacity factors for different types of power station.

Table 2

Type of power station Renewable energy Capacity factor
source

Coal No 0.41

Natural gas No 0.48

Nuclear No 0.66

Solar thermal Yes 0.33

Tidal Yes 0.26

Wind turbine Yes 0.30

(i) | Compare the capacity factors of the renewable power stations with those of the
non-renewable power stations in Table 2.
Explain the reason for the difference between the capacity factors.

(2)
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Season Mean numberof | OnPecunper
square metre in kW

Spring 11.5 0.90

Summer 13.5 1.10

Autumn 12.0 0.95

Winter 10.5 0.71

The solar storage power station does not operate at the maximum possible electrical

output every day of the year.

Suggest why.

(c) Power stations do not work at maximum possible electrical output all the time.The ‘capacity

factor’ of a power station is calculated using the equation:

Capacity factor =
actual electrical output per year

maximum possible electrical output per year

Table 2 shows capacity factors for different types of power station.

Table 2

Type of power station ey Capacity factor

Coal No 0.41

Natural gas No 0.48

Nuclear No 0.66

Solar thermal Yes 0.33

Tidal Yes 0.26

Wind turbine Yes 0.30

(i) | Compare the capacity factors of the renewable power stations with those of the

non-renewable power stations in Table 2.

Explain the reason for the difference between the capacity factors.

(2)
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21.

(ii) | The capacity factor of a solar storage power station is higher than for all other
renewable power stations.
Suggest one reason why.

(3)

(1)
(Total 14 marks)

A student finds some information about energy-saving light bulbs.

(a)

(b)

A 30W light bulb uses 600J of electrical energy in a certain period of time. In that time, it
produces 450 J of light energy. The rest of the energy is wasted.

(i) | Calculate the energy wasted by the light bulb in this period of time.

Wasted energy = J

(ii) | What happens to the energy wasted by the light bulb?

(iii) Calculate the efficiency of this light bulb.

Efficiency =

(iv) Calculate the period of time, in seconds, during which the 600 J is provided to the
30 W light bulb.

Time = Ss

A company that makes light bulbs provides information about some of their products.

The table shows some of this information.

Power in watts Lifetime in hours Cost of bulb in £

(1)

(1)

(2)

(2)
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21.

(3)

(ii) |The capacity factor of a solar storage power station is higher than for all other

renewable power stations.

Suggest one reason why.

(4)

(Total 14 marks)
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A student finds some information about energy-saving light bulbs.

(a) A 30W light bulb uses 600J of electrical energy in a certain period of time. In that time, it

produces 450 J of light energy. The rest of the energy is wasted.

(i) | Calculate the energy wasted by the light bulb in this period of time.

Wasted energy = J

(1)

(ii) |What happens to the energy wasted by the light bulb?

(1)

(iii) Calculate the efficiency of this light bulb.

Efficiency =

(2)

(iv) Calculate the period of time, in seconds, during which the 600 J is provided to the

30Wlight bulb.

Time = s

(2)

(b) Acompany that makes light bulbs provides information about some of their products.

The table shows some of this information.

Power in watts Lifetime in hours Cost of bulb in £



22.

Filament bulb 1250 2.00

LED bulb 12 50 000 16.00

(i) | Suggest why it is important to confirm this information independently.

(1)

(ii) | Ahomeowner is thinking about replacing his filament bulbs with LED bulbs.

A 12 WLED bulb gives the same light output as a 60 W filament bulb.

Suggest reasons why the homeowner is likely to choose LED bulbs.

Use the information given in the table.

(2)

(iii) State one factor, other than efficiency, that is important when considering the choice
of a bulb for lighting in the home.

Complete the sentence.

20m

The diagram shows a climber part way up a cliff.

(1)
(Total 10 marks)
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22.

Filament bulb 60 1250 2.00

LED bulb 12 50 000 16.00

(i) | Suggest why it is important to confirm this information independently.

(1)
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(ii) |A homeowner is thinking about replacing his filament bulbs with LED bulbs.

A 12 WLED bulb gives the same light output as a 60W filament bulb.

Suggest reasons why the homeowner is likely to choose LED bulbs.

Use the information given in the table.

(2)

(iii) State one factor, other than efficiency, that is important when considering the choice

of a bulb for lighting in the home.

a)

(Total 10 marks)

The diagram shows a climber part way upacliff.

(a)

20m

Complete the sentence.



23.

When the climber moves up the cliff, the climber

gains gravitational energy.

(1)

(b) The climber weighs 660 N.

(i) | Calculate the work the climber must do against gravity, to climb to the top of the cliff.

Work done = J

(2)

(ii) It takes the climber 800 seconds to climb to the top of the cliff.
During this time the energy transferred to the climber equals the work done by the
climber.

Calculate the power of the climber during the climb.

Power = WwW

(2)
(Total 5 marks)

A student used an electric heater to heat a metal block. The student measured the energy input
to the heater with a joulemeter.

Heater
Thermometer

o., ° -
iG

oo

Power supply Joulemeter Metal biock

Before starting the experiment, the student reset the joulemeter to zero. The student switched
the power supply on for exactly 10 minutes. During this time, the reading on the joulemeter
increased to 14 400.

(a) (i) Calculate the energy transferred each second from the power supply to the heater.

Show clearly how you work out your answer.

Energy transferred each second = Ji/s
sn
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When the climber moves up the cliff, the climber

gains gravitational energy.

a)
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(b) The climber weighs 660 N.

(i) | Calculate the work the climber must do against gravity, to climb to the top of the cliff.

Work done = J

(2)

(ii) _ It takes the climber 800 seconds to climb to the top of the cliff.

During this time the energy transferred to the climber equals the work done by the

climber.

Calculate the power of the climber during the climb.

Power = w

(2)

(Total 5 marks)

A student used an electric heater to heat a metal block. The student measured the energy input

to the heater with a joulemeter.

Power supply Joulemeter Metal block

Before starting the experiment, the student reset the joulemeter to zero. The student switched

the power supply on for exactly 10 minutes. During this time, the reading on the joulemeter

increased to 14 400.

(a) (i) | Calculate the energy transferred each second from the power supply to the heater.

Show clearly how you work out your answer.

Energy transferred each second = Jis



\«/

(ii) | What is the power of the heater?

(1)
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(b) The student measured the temperature of the metal block every minute. The data obtained
by the student is displayed in the graph.

50

40

30

Temperature
in °C | | ?

20

10

0 14 2 3 4 5 6 7F 8 QY 10
Time in minutes

(i) | What range of temperatures did the student measure?

From °C to °C

(1)

(ii) Before starting the experiment, the student had calculated that the temperature of the
block would go up by 36 °C.

The student's data shows a smaller increase.

Which one of the following statements gives the most likely reason for this?

Put a tick (Vv) in the box next to your answer.

The student does not read the thermometer accurately.

The block transfers energy to the surroundings.

The power supply is not connected correctly to the joulemeter.
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block would go up by 36 °C.

The student's data shows a smaller increase.
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(1)
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(b) The student measured the temperature of the metal block every minute. The data obtained

by the student is displayed in the graph.
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(i) | What range of temperatures did the student measure?

From °C to °C

(1)

(ii) | Before starting the experiment, the student had calculated that the temperature of the

block would go up by 36 °C.

The student's data shows a smaller increase.

Which one of the following statements gives the most likely reason for this?

Putatick (v’) in the box next to your answer.

The student does not read the thermometer accurately.

The block transfers energy to the surroundings.

The power supply is not connected correctly to the joulemeter.



24.

(1)
(Total 5 marks)

The diagram shows a helicopter being used to rescue a person from the sea.

(a) (i) | The mass of the rescued person is 72 kg.

Use the equation in the box to calculate the weight of the rescued person.

weight = mass x _ gravitational field strength

gravitational field strength = 10 N/kg

Show clearly how you work out your answer.

Weight = N

(2)

(ii) | An electric motor is used to lift the person up to the helicopter.
The motor lifts the person at a constant speed.

State the size of the force, T, in the cable.

Force T = N

(1)

(b) To lift the person up to the helicopter, the electric motor transformed 21 600 joules of
energy usefully.

(i) | Use a form of energy from the box to complete the following sentence.

gravitational potential heat sound

The electric motor transforms electrical energy to kinetic energy. The kinetic

energy is then transformed into useful energy.

(1)
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24.

(1)

(Total 5 marks)

The diagram shows a helicopter being used to rescue a person from the sea.

(a)

(b)

(i) | The mass of the rescued person is 72 kg.

Use the equation in the box to calculate the weight of the rescued person.

weight = mass x gravitationalfield strength

gravitational field strength = 10 N/kg

Show clearly how you work out your answer.

Weight = N

(ii) An electric motor is used to lift the person up to the helicopter.

The motor lifts the person at a constant speed.

State the size of the force, T, in the cable.

Force T = N

To lift the person up to the helicopter, the electric motor transformed 21 600 joules of

energy usefully.

(i) | Use a form of energy from the box to complete the following sentence.

gravitational potential heat sound

The electric motor transforms electrical energy to kinetic energy. The kinetic

energy is then transformed into useful energy.

(2)

(1)

(1)
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(ii) It takes 50 seconds for the electric motor to lift the person up to the helicopter.

Use the equation in the box to calculate the power of the electric motor.

energy transionmed

time

Show clearly how you work out your answer and give the unit.

Choose the unit from the list below.

coulomb (C) hertz (Hz) watt (W)

Power =

(3)
(Total 7 marks)

Page 51 of 72

Page 50 of 72

(ii) It takes 50 seconds for the electric motor to lift the person up to the helicopter.

Use the equation in the box to calculate the power of the electric motor.

energy transionmed

time

Show clearly how you work out your answer and give the unit.

Choose the unit from the list below.

coulomb (C) hertz (Hz) watt (W)

Power =

(3)
(Total 7 marks)

Page 51 of 72

(ii)
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It takes 50 seconds for the electric motor to lift the person up to the helicopter.

Use the equation in the box to calculate the power of the electric motor.

energy transionmed

time

Show clearly how you work out your answer and give the unit.

Choose the unit from the list below.

coulomb (C) hertz (Hz) watt (W)

Power =

(3)
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