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Q1.

Answer the question with a cross in the box you think is correct X. If you change your
mind about an answer, put a line through the box 4 and then mark your new answer
with a cross [X.

(i) In a controlled chain reaction of uranium-235, which of these could cause a

uranium-235 nucleus to undergo fission?

[1 A an alpha particle

[l B a beta particle

[0 € a neutron

[l D aproton

(ii) The kinetic energy of one of the particles released in a fission reaction is 1.2 x 10-11 J.
The mass of the particle is 1.4 x 107%° kg.

Calculate the velocity of the particle.

velocity of the particle = ... m/s

(Total for question = 4 marks)

Q2.
A student investigates how the average speed of the trolley varies with starting height.
Figure 9 shows the trolley and runway.

_ trolley

_ runway
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Figure 9

(a) Describe how the student can determine the average speed of the trolley.

(b) Figure 10 shows his results.

starting height/m v/ms?
0.01 0.22
0.02 0.31
0.04 0.44
0.09 0.66
0.12 0.77
0.14 0.83
0.18 0.94
Figure 10

Figure 11 shows the student's graph.
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Figure 11
(i) The trolley has a mass of 650 g.

Calculate the average kinetic energy of the trolley which had a starting height of 0.075 m.

average Kinetic energy = ..o J

(ii) Determine the gradient of the graph when the height is 0.1 m.

gradient = ...

(iii) Describe how the speed of the trolley varies with the changes in height made by the student
between 0.04 m and 0.12 m.

(c) The student wants to change his experiment to investigate how different surfaces of the
runway affect the speed of the trolley down the slope.
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Devise an experiment that would allow him to investigate the effect of different surfaces on the
average speed of the trolley.

(Total for question = 13 marks)

Q3.
Electricity can be generated using a water turbine.
(i) Water gains kinetic energy by falling from the top of a dam.

Calculate the minimum height that 7.0 kg of water must fall to gain 1300 J of kinetic energy.

minimum height = ..., m

(ii) As water enters the turbine at the bottom of the dam, the kinetic energy of 8.0 kg of moving
water is 1100 J.

Calculate the speed of the moving water as it enters the turbine.

(Total for question = 6 marks)
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Q4.
Electricity can be generated using a water turbine.
(i) Water gains kinetic energy by falling from the top of a dam.

Calculate the minimum height that 7.0 kg of water must fall to gain 1300 J of kinetic energy.

minimum height = ... m

(ii) As water enters the turbine at the bottom of the dam, the kinetic energy of 8.0 kg of moving
water is 1100 J.

Calculate the speed of the moving water as it enters the turbine.

(Total for question = 6 marks)

Q5.
Moving air can be used to generate electricity using a wind turbine.

Figure 8 is a graph of kinetic energy against wind speed for a mass of moving air.
104
8_

kinetic energy of 6
moving airinkl

=

0

0 5 10 15 20 25
wind speed in m/s
Figure 8
Just before the air reaches a wind turbine it has a wind speed of 15 m/s.

When the air has gone through the turbine it has a wind speed of 13 m/s.

As the air moves through the turbine some of its kinetic energy is transferred to the turbine.
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Use the graph to determine the percentage of the kinetic energy transferred to the turbine from
the air.

percentage of kinetic energy transferred from the air = ... %

(Total for question = 3 marks)

Q6.
Moving air can be used to generate electricity using a wind turbine.

Figure 8 is a graph of kinetic energy against wind speed for a mass of moving air.
10+
8_

kinetic energy of 6
moving air in kJ

=]

0 5 10 15 20 25
wind speed in m/s
Figure 8
Just before the air reaches a wind turbine it has a wind speed of 15 m/s.
When the air has gone through the turbine it has a wind speed of 13 m/s.

As the air moves through the turbine some of its kinetic energy is transferred to the turbine.

Use the graph to determine the percentage of the kinetic energy transferred to the turbine from
the air.

percentage of kinetic energy transferred from the air =

(Total for question = 3 marks)


https://stemup.co.uk

Q7.

Figure 13 shows wind turbines, used to generate electricity for the National Grid.

(Source: @ MarcelClemens/Shutterstock)

Figure 13
The wind turns the turbine blades.
The wind is a renewable source of energy.

(i) State two other renewable sources of energy.

(2)
L e
PP
(if) For one turbine
e the energy input per second from the wind is 6.2 kJ
e the energy output per second to the National Grid is 2.2 kJ.
Calculate the efficiency of this turbine.
(2)

effiCieNCY = .o

(iii) Suggest a reason why it is impossible for the turbine to use all the kinetic energy of the
wind.

(1)

STEMUP.CO.UK
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(Total for question = 5 marks)

Q8.

Which of these is a non-renewable source of energy?

[1 A geothermal
[l B natural gas
I C tidal
1 D solar
(Total for question = 1 mark)
Q9.

Which of these is a non-renewable source of energy?

[l A geothermal
B natural gas
C tidal

D solar

(Total for question = 1 mark)
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Q10.

Explain why renewable sources provide an increasing fraction of the electricity supply for many
countries.

(Total for question = 2 marks)

Q11.

Explain why renewable sources provide an increasing fraction of the electricity supply for many
countries.

(Total for question = 2 marks)

Q1l12.

A student lifts a toy car from a bench and places the toy car at the top of a slope as shown in
Figure 2.
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Figure 2

When the toy car rolls down the slope, some energy is transferred to the surroundings as
thermal energy.

State how the student could calculate the amount of energy transferred to the surroundings.

(Total for question = 1 mark)

Q13.

A student lifts a toy car from a bench and places the toy car at the top of a slope as
shown in Figure 1.

Figure 1

When the toy car rolls down the slope, some energy is transferred to the
surroundings as thermal energy.

State how the student could calculate the amount of energy transferred to
the surroundings.
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(Total for question = 1 mark)

Q14.

Figure 5 shows a way of projecting a small trolley up a sloping track.

button
track ~
\ trolley \ %
|'I|l I'. ,l'l - h
[P '\E::;} -
Figure 5

When the button is pressed, a spring is released in P that projects the trolley up the track.
The trolley travels up the track, stops and then rolls back down.
The spring in P always exerts the same force when projecting the trolley.

A student investigates how the mass of the trolley affects the maximum vertical
height, h, reached by the trolley.

State the measurements the student should make to complete the investigation.

You should make use of the equipment shown in Figure 5 and any other
equipment that is needed.

(Total for question = 4 marks)
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Q15.

Figure 2 shows a way of projecting a small trolley up a sloping track.

buEton

track

trolley

!
/

Figure 2
When the button is pressed, a spring is released in P that projects the trolley up the track.
The trolley travels up the track, stops and then rolls back down.
The spring in P always exerts the same force when projecting the trolley.

A student investigates how the mass of the trolley affects the maximum vertical
height, h, reached by the trolley.

State the measurements the student should make to complete the investigation.

You should make use of the equipment shown in Figure 2 and any other
equipment that is needed.

(Total for question = 4 marks)
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Qle6.

A student lifts a toy car from a bench and places the toy car at the top of a slope as shown in
Figure 2.

Figure 2

The student needs to develop the experiment to determine the loss in potential energy and the
gain in kinetic energy as the toy car is rolling down the slope.

State the other measurements the student must make.

(Total for question = 2 marks)

Q17.

A student lifts a toy car from a bench and places the toy car at the top of a slope as
shown in Figure 1.

Figure 1
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The student needs to develop the experiment to determine the loss in potential
energy and the gain in kinetic energy as the toy car is rolling down the slope.

State the other measurements the student must make.

(Total for question = 2 marks)

Q18.

Before a car brakes it has kinetic energy.
The kinetic energy decreases as it brakes.

State what happens to the kinetic energy during braking.

(Total for question = 1 mark)

Q1l19.

Figure 7 shows a submarine being propelled forward underwater.
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Figure 7

The thrust and the resistive forces are represented in magnitude and direction by the arrows in

Figure 7.

Suggest two advantages of using nuclear-powered submarines compared to diesel-powered

submarines.

Q20.

Figure 6 is a graph of the student's results.

(Total for question = 2 marks)
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mass of trolley in kg

Figure 6
The student states that the energy transferred by the spring is the same each time it is used.

Use data from any two points on the graph in Figure 6 to support this statement.

(Total for question = 3 marks)
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Q21.

Figure 2 shows a way of projecting a small trolley up a sloping track.

button
A

track

trolley

i
.
!

Figure 2
When the button is pressed, a spring is released in P that projects the trolley up the track.
The trolley travels up the track, stops and then rolls back down.
The spring in P always exerts the same force when projecting the trolley.

A student investigates how the mass of the trolley affects the maximum vertical
height, h, reached by the trolley.

Figure 3 is a graph of the student's results.
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Figure 3
The student states that the energy transferred by the spring is the same each time it is used.

Use data from any two points on the graph in Figure 3 to support this statement.
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(Total for question = 3 marks)

Q22.

A student uses a solar powered battery charger to charge some batteries.

battery charger —___

o solar cell

(a) The diagram is an energy transfer diagram for a battery being charged.

Use words from the box to complete the energy transfer diagram.

light kinetic sound

electrical chemical

Energy transfer diagram

electrical

™ energyin the
energy wires energy in the
hattery

Y

(b) The diagram shows how much energy is usefully transferred by the battery charger.

STEMUP.CO.UK
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400 J of
energy
supplied

50 J of useful
energy in
hattery

Mot to scale

wasted
energy

(i) Calculate the amount of wasted energy.

(ii) Calculate the efficiency of the battery charger.

efficiency of the battery charger =

wasted energy = .....occevvvinnnnn.

(c) The following arrangement is used as a solar powered shower.
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__ plastic bag

=
\ / o | £
\ L containing
) 4 water
Lzt
E ____warm water
g from shower

support

The bag is left out in the sunlight during the day.

(i) Explain what colour the bag should be to heat the water to the highest temperature.

(ii) On a sunny day the bag is filled with cold water.

Explain why the temperature of the water increases and then stays constant.

(Total for Question = 10 marks)
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Q23.

Answer the question with a cross in the box you think is correct X. If you change your
mind about an answer, put a line through the box 4 and then mark your new answer
with a cross [X.

Which statement describes conservation of energy in a closed system?

A when there are energy transfers, the total energy reduces
B when there are energy transfers, the total energy does not change

when there are no energy transfers, the total energy reduces

O O O O
o)

D when there are no energy transfers, the total energy increases

(Total for question = 1 mark)

Mark Scheme

Q1.
Question | Answer Mark
Number:
(i) 0 C aneutron (1)

The only correct answer is C (neutron causes U-235 fission)
A is not correct — incorrect particle
B is not correct — incorrect particle
D is not correct — incorrect particle
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12x10 0 =15 x 14 x 102 x 2

rearrangement (1)

vV=2x12x101
1.4 x 102

evaluation (1)

(v=) 1.3 x 107 (m/s)

substitution in either order

ignore POT until evaluation

ve=1.71 x 10*

allow numbers that round to
1.3 x 107 (m/s)

1.3 to any other power of
ten scores 2 marks

award full marks for the
correct answer without
working

Question| Answer Additional guidance Mark
Number
(i) recall and substitution (1) accept rearrangement and (3)

Q2.
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Question Answer Additional guidance Mark
number
(a) An answer that combines the | allow
following points of
understanding to provide a
logical description:
* measurement of time stopwatch, light gates
between(or at) two
positions using
suitable timing minimum is 0.5 m
*  measurement of
suitable distance
along the runway average speed =
with metre rule (1) distance/time
* measurement of vertical OR
height to starting position | average speed = (speed at
(1) A — speed at B)/2
+ repeats AND averages
AND use of a correct
equation (1) (4)
Question | Answer Additional guidance Mark
number
(b)(i) Substitution of correct data| maximum of 1 mark if mass
from graph and mass in g used
conversion (1)
allow tolerance of £0.2 for
0.5 x 0.65 x (0.61)° speed
Answer (1)
0.12 (1) (2)
Question | Answer Additional guidance Mark
number
(b)(ii) + Tangent to the graph at either seen on graph or
h=0.1(1) suitable pairs of values of
*+ Answer in the region 3.5 to | Av and Ah
3.6
(2)
Question | Answer Mark
number
(b) (iii) | An answer that combines points of interpretation/evaluation
to provide a logical description:
+« for each change in height, as the height increases the
speed of the trolley increases
+ the greatest change in speed is between the change in (2)
height from 0.04 m to 0.9 m
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Question Answer Additional guidance Mark
number
(c) An answer that combines
the following points to
provide a logical description
of the
plan/method/experiment: constant height,
constant slope, constant
y ider_1tiﬁe5 control starting points and same
variables (1) length of surface
* uses at least 3 different
surfaces (1)
+ calculates average speed
for each surface and (3)
repeats (1)
Q3.

Question | Answer Additional Guidance Mark
Number
(i) recall (1) (3)
(APE) = mgh 1300 =7 x 10 x h AD11
work done = force x AD 21

substitution and
rearrangement (1)

h = 1300
7x10

evaluation (1)

19 (m)

distance

up to 19 (m)
(e.g. 18.57 (m) )

accept answers that round

award full marks for the
correct answer with no
working
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Question | Answer Additional guidance Mark
Number
(ii) recall (1) (2)
KE = ¥2am v? AD11
substitution and AD21
rearrangement (1)
v =v(2 x 1100=8) V2 = 2 x 1100
8
evaluation (1)
17 (m/s)
accept answers that round
up to 17 (m/s) (e.g. 16.58
(m/s) )
award full marks for the
correct answer with no
working
Q4.
Question | Answer Additional Guidance Mark
Number
(i) recall (1) (3)
(APE) = mgh 1300 =7x10xh AD11
work done = force x AD 21

substitution and
rearrangement (1)

h = 1300
7x10

evaluation (1)

19 (m)

distance

accept answers that round
up to 19 (m)
(e.g. 18.57 (m) )

award full marks for the
correct answer with no
working
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Question | Answer Additional guidance Mark
Number
(ii) recall (1) (2)
KE = ¥2am v? AD11
substitution and AD21
rearrangement (1)
v =v(2 x 1100=8) V2 = 2 x 1100
8
evaluation (1)
17 (m/s)
accept answers that round
up to 17 (m/s) (e.g. 16.58
(m/s) )
award full marks for the
correct answer with no
working
Q5.
Question | Answer Additional guidance Mark
Number
reading energies from graph | accept (3)
1 50t 5.4
- and ° AD21
5.2 and 3.9 (ki) 37to41
substitution (1)
e.g._1.3 x (100 0.18 to 0.32
5.2

Q6.

evaluation (1)

25(%)

18 to 32 (%)

award full marks for the
correct answer with no
working
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Question | Answer Additional guidance Mark
Number
reading energies from graph | accept (2)
1 50to 5.4
W and ° AD 21
5.2 and 3.9 (k1) 37to4.1
substitution (1)
e.g. 1.3 x (100 0.18 to 0.32
5.2
evaluation (1)
25(%) 18 to 32 (%)
award full marks for the
correct answer with no
working
Q7.

Answer Additional guidance | Mark
i Two from: (2)
AO1

tides (1)
sun/solar (1)
geothermal (1)
biomass (1)

falling water/hydro (1)
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Answer

Additional guidance

Mark

(ii)

recall and substitution (1)

(%) efficiency = 2.2 (x 100)

evaluation (1)

0.35(1)

6.2

allow numbers that
round to 0.35 e.g.
0.3548

accept 35(%) for full
marks

award full marks for
correct answer
without working.

(2)
AO2

Q8.

Answer

Additional guidance

Mark

(i)

One from:

air (has to be) moving on the
other side of the blades (1)

not all of the air hits the blade (1)

friction within the
turbine/generator (1)

some energy (always) transferred
to thermal (1)

it is fitted with a speed limiter (1)

(1)
AO3

Question
Number

Answer

Mark

natural gas is the only correct answer

B

A geothermal is not a non-renewable source of energy
C tidal is not a non-renewable source of energy
D

solar is not a non-renewable source of energy

(1)
AO 11
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QO.

Q10.

Q11.

Question | Answer Mark
Number
B natural gas is the only correct answer (1)
A geothermal is not a non-renewable source of energy AD11
C tidal is not a non-renewable source of energy
D solar is not a non-renewable source of energy
Question | Answer Additional guidance Mark
Number
an explanation linking: (2)
increased use of AD11

renewables/decrease use of
nonrenewables (1)

reason (1)

accept “them” as
renewable

accept

reason why renewables are
beneficial

accept

reason why
non-renewable(s) are not
beneficial
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Question | Answer Additional guidance Mark
Number
an explanation linking: (2)
increased use of w " AD11
g bles/decrease use of accept "them” as
renewables 5
Jbl (l)d renewable
nonrenewables
accept
reason why renewables are
beneficial
reason (1) accept
reason why
nan-renewable(s) are not
beneficial
Q12.

Question | Answer

Q13.

input — output

allow wrong way round
(eg output-input)

Additional guidance Mark
number
(original) GPE - KE (at bottom) (1) | allow (idea of) (1)
input — output
allow wrong way round
(eg output-input)
Question | Answer Additional guidance Mark
number
(original) GPE - KE (at hottom) (1) | allow (idea of) (1)

Q14.
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Question
Number

Answer

Additional
guidance

Mark

An answer that includes:
(measure) mass of the trolley (1)
(measure) (vertical) height / h (1)

repeat for a range of masses (1)

plus any one from:

method of identifying / measuring h
1)

OR

repeat firing with same mass (1)

weigh the trolley

NOT measure
height of ramp

e.g. use of reference
mark

accept “use ruler to
measure height/h”
for 2 marks

NOT "use ruler to
measure height of
ramp”

4)

Q15.
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Question | Answer Additional Mark
Number guidance
An answer that includes: ()
(measure) mass of the trolley (1) weigh the trolley
(measure) (vertical) height / h (1) NG_‘T measure
height of ramp
repeat for a range of masses (1)
plus any one from:
method of identifying / measuring h e.g. use of
(1) reference mark
OR
repeat firing with same mass (1) accept “use ruler to
measure height/h”
for 2 marks
NOT "use ruler to
measure height of
ramp”
Q16.

Question | Answer
number

Additional guidance

Mark

(vertical) height of slope (1)

mass (of the toy car) (1)

allow (in this context)
weight

if no other mark scored
allow 1 mark for quoting
either equation

(AYGPE =mgh

OR

KE = ¥2 mv?

(2)
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Q17.

Q1s.

Q1l19.

Question | Answer Additional guidance Mark
number
(vertical) height of slope (1) (2)
mass (of the toy car) (1) allow (in this context)
weight
if no other mark scored
allow 1 mark for quoting
either equation
(AYGPE =mgh
OR
KE = V2 mv?
Question| Answer Additional Guidance Mark
Number
one from must include destination | (1)

causes heating of the surroundings

1

transferred to thermal energy of
surroundings (1)

increases the kinetic energy of
molecules in the brake pads (1)

of final energy

increases thermal energy

of brake pads / wheels
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Question Answer Additional guidance Mark
Number

Any two advantages such as:

nuclear fuel accept reverse
arguments

« does not contribute to global does not produce carbon

warming dioxide / greenhouse

gases

» does not use up fossil fuels

= 0cclpies less space

« does not involve a supply of air (2)

= gives less reason to surface/refuel

= |asts longer _
ignore
cheaper, cleaner,
greener, pollutes the sea,
more efficient,
unqualified safety,
renewahle

Q20.
Question | Answer Additional guidance | Mark
Number
reference to APE = mg(A)h (1) can be seen in (3)

relevant values from graph and
one calculation to find energy (1)

repeated with 2™ set of values (1)

calculations

e.g. 0.6 x 10 x 0.230 =
1.4 (J))

e.g. 1.0 x (10) x 0.138
1.4 ()

must see calculations
for mp2 and 3

1 mark for 2
calculations of mh
with 'g’ omitted (MP3)

a
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Q21.

Question | Answer Additional guidance | Mark
Number
reference to APE = mg(A)h (1) can be seen in (3)
calculations
relevant vall.,lles frorr_1 graph and e.g. 0.6 x 10 x 0.230 =
one calculation to find energy (1) 14 )
repeated with 2"° set of values (1) | e.g. 1.0 x (10) x 0.138
= 1.4 (J)
must see calculations
for mp2 and 3
1 mark for 2
calculations of mh
with ‘g’ omitted (MP3)
Q22.
Answer Acceptable answers Mark
(a) [light- electrical » chemical These answers must be in the correct |(2)
energy energy order
energy
(1) (1)
(b)(i) 350 () 400 - 50 (J) (1)
(b)(ii) [Substitution (2)
50 + 400 (1)
or
50 x 100/400 (%)
Evaluation
13(%) (1) 12.5(%), 0.125, 0.13 or 1/8
Give full marks for correct answer, no
working
(c)(i) |An explanation linking the following (2)

points:



https://stemup.co.uk

black (1)
(because)

(good) absorber (of thermal radiation)

(1)

{absorbs / takes in} heat radiation

ignorereferences to:

attract
good emitter
light
dark / darker
(c)(ii) [an explanation linking any threeof the (3)
following points:
idea of energy input e.g. "sun heats
e (bag / water) absorbs {thermalfthe bag up"
energy / heat / radiation}
(1) idea of energy output
e (bag / water) {radiates /
emits} {thermal energy / heat
/ radiation} (1) idea of more heat lost (to
surroundings)at higher temperature
e more heat radiated at higher
temperature (1)
e input and output are balanced
(at steady temperature) (1)
"absorbing heat at same rate as
radiating heat" (3)
ignore(sun) light / rays
Q23.

Question Answer Mark
Number
B. when there are energy transfers, the total energy (1)
does not change AO1

A is not correct because the total energy does not reduce
C is not correct because the total energy does not reduce

D is not correct because the total energy does not increase
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