Energy Transfers and Sankey Diagrams
Mark Scheme
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a)

b)

d)

To determine the efficiency of a device, we use Sankey diagrams to compare the amount of useful
energy output against the energy dissipated to the surroundings.

The diagram shows the energy transferred in a lamp in one second.
Which type of wasted energy is produced by the lamp?

C —is the only correct answer. 1 mark
Total: 1 mark

A student throws a stone from the edge of a cliff. Its path is shown in the diagram below.
Which row of the table is correct?

A —is the only correct answer. 1 mark
Total: 1 mark

A cyclist is stationary at the top of a high slope, point A. She rolls down the hill without pedalling.
At the bottom of the hill, point B, she applies the brakes and comes to a complete stop.

Which sequence correctly shows the main energy transfers that occur between point A and point B?

B —is the only correct answer. 1 mark

Total: 1 mark

A battery powered drone hovers in the air.

The Sankey diagram below shows the energy transfer from the battery.

Which statement is correct about the energy changes?

C —is the only correct answer. 1 mark

Total: 1 mark

(Total for Question 1 is 4 marks)
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2. An electric motor is used to lift a heavy load of bricks.

The motor is supplied with 500 Joules of electrical energy.

As the motor lifts the bricks, 300 Joules of energy is usefully transferred to the gravitational potential

energy store of the bricks. The rest of the energy is wasted as heat and sound.

a) Calculate the amount of energy that is wasted.

200 (J)

1 mark

Total: 1 mark

b) Complete the Sankey diagram below to represent the energy transfers for the electric motor.

Use the scale of each small square on the grid represents 25 Joules of energy.

In your diagram you must label the arrows for the useful energy and the wasted energy.

300
500J

200 J Wasted energy

Useful
energy

Award 1 mark for the width of the useful energy arrow being 12 small squares. 1 mark
Award 1 mark for the width of wasted energy arrow being 8 small squares. 1 mark
Award 1 mark for the arrows correctly labelled 1 mark

Total: 3 marks

c) Calculate the efficiency of the electric motor.

Useful Output Ener
Efficiency = 2/ P 9Y « 100
Total Input Energy

(300 = 500) x 100

1 mark

=60 %

1 mark

Total: 2 marks

(Total for Question 2 is 6 marks)
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3. An electric winch is used to pull a car out of some mud.

Electric nch

The diagram shows the energy transfers for the winch over a period of 10 seconds.

Useful energy
Input energy (Kinetic)
(Electrical) 12,000
25kJ
Wasted energy
(Heat and sound)
a) Calculate the energy wasted by the winch.
25000 — 12000 1 mark
= 13000 J 1 mark
Total: 2 marks
b) Calculate the efficiency of the winch.
(12000 =+ 25000) x 100 1 mark
=48 % 1 mark
Total: 2 marks
c) Suggest what happens to the wasted energy from this system.
A suggestion to include the following:
The energy is dissipated / spreads out. 1 mark
Allow: transferred as heat/sound.
to the surroundings. 1 mark

Allow: warms up the surroundings' / 'increases the thermal energy store of the
surroundings' / 'into the air.

Total: 2 marks

(Total for Question 3 is 6 marks)
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4. A student investigates the motion of a pendulum in a large clock.

A spring in the clock keeps the pendulum swinging without stopping.

Describe the energy changes that happen within the clock as the pendulum swings from side to side.
Marking guidance

Level Marks Descriptor

Isolated statements about energy stores or transfers are made.

Points are stated simply but lack detail and logical sequence.

A partially complete description.

Level 2 3-4 | The continuous energy transfers of the swinging pendulum are described, but

the explanation of friction or the role of the spring is missing or unclear.

A clear, detailed, and logically linked description.

Level 3 5-6 | The continuous energy transfers of the swinging pendulum are correctly

described, alongside a clear explanation of the role of friction and the spring.

Level 1 1-2

Indicative content:

The pendulum's swing:

e at the highest point, the gravitational potential energy (store) is at a
maximum.

e as the pendulum falls, gravitational potential energy is transferred to kinetic
energy.

e at the lowest point, the kinetic energy (store) is at a maximum (and
gravitational potential energy is minimum).

e as the pendulum rises, kinetic energy is transferred to gravitational potential
energy.

e Allow: gravitational potential energy decreases and kinetic energy increases
and vice versa.

Friction and dissipation:
e asthe pendulum swings, work is done against air resistance / friction (at the

pivot).

e this causes energy to be dissipated / transferred to the thermal energy store
of the surroundings
e Allow: heat" for thermal energy.

The role of the spring:
e the spring stores elastic potential energy.
o elastic potential energy from the spring is transferred to the pendulum.

e this compensates for the energy dissipated to the surroundings / replaces the
wasted energy.

¢ allowing the pendulum to continue swinging (without stopping).

Allow: transferred to the kinetic energy store of the pendulum.

Total: 6 marks

(Total for Question 4 is 6 marks)
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5. A passenger ferry uses a diesel electric propulsion system.

A diesel engine burns fuel to turn a generator.

The generator produces electricity for electric motors, which rotate the ship's propellers.

The figure below shows the propulsion system of the ferry.

Generator

Diesel engine

a) The diesel fuel contains stored energy.
State the name of the energy store found in the fuel.

chemical (potential).

1 mark

Total: 1 mark

b) Draw one straight line from each part of the ferry's propulsion system to its useful energy transfer.

Useful energy transfer

Train part Electrical to kinetic
Generator Chemical to kinetic

Motor + Chemical to electrical
Diesel engine Kinetic to electical
+ Kinetic to chemical

Award 1 mark for each correct line drawn.

3 marks

Total: 3 marks

c) Give one example of a non-useful or wasted energy transfer in the ferry's electric motor.

Any one of the following:

Heat or sound.

1 mark

Total: 1 mark
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The diagram below represents the energy transfers in the generator over a period of 1 minute.

Useful energy

Energy = 153 MJ

supplied
=180 MJ

Wasted energy
d) Calculate the amount of energy wasted by the generator in this 1 minute period.

27 1 mark
Total: 1 mark

e) Calculate the efficiency of the generator.
Give your answer as a percentage.

(153 = 180) x 100 1 mark

=85 1 mark

Total: 2 marks

f) Calculate the input power of the generator.

Time=160s 1 mark
Input power = (180 000 000 = 60) 1 mark
Input power = 3 000 000 1 mark
W or Watts 1 mark

Total: 4 marks

The electric motors on the ferry can get very hot.
The outer casing of the motors is painted black and shaped with metal fins.

g) Explain how these two features help to keep the motor cool.
An explanation to include the following:

Black (surfaces) are good emitters of infrared or IR (radiation). 1 mark

Allow: black is a good radiator of heat.

fins increase the surface area 1 mark
which increases the rate of energy transfer (to the surroundings) or metal is a
good (thermal) conductor. 1 mark

Allow: dissipates thermal energy faster.

Total: 3 marks

(Total for Question 5 is 15 marks)
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6. A specialized electric motor is used to pull a heavy shutter door open.
During a single lift, 300 J of electrical energy is supplied to the motor.

Due to friction and electrical resistance, 60 J of energy is wasted as heat and sound.

Draw a Sankey diagram on the grid below to represent this energy transfer.

240 )
Useful
energy

300

60 J Wasted energy

Award 1 mark for the width of the useful energy arrow being 16 small squares. 1 mark
Award 1 mark for the width of wasted energy arrow being 4 small squares. 1 mark
Award 1 mark for the correct total energy in. 1 mark
Award 1 mark for the arrows correctly labelled 1 mark

Total: 4 marks

(Total for Question 6 is 4 marks)
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7. A modern electric kettle has an efficiency of 80%.

During a short burst of heating, the kettle uses 2000 J of electrical energy.
The useful energy is transferred to the thermal store of the water.

The remaining energy is wasted, heating the plastic body of the kettle and the surrounding air.

Draw a Sankey diagram on the grid below to represent this energy transfer.

1600 J
Useful
energy

2000J

400} Wasted energy

Award 1 mark for the width of the useful energy arrow being 16 small squares. 1 mark
Award 1 mark for the width of wasted energy arrow being 4 small squares. 1 mark
Award 1 mark for the correct total energy in. 1 mark
Award 1 mark for the arrows correctly labelled 1 mark

Total: 4 marks

(Total for Question 7 is 4 marks)
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