M1. (a) water heated by radiation (from the Sun)
accept IR / energy for radiation

water used to heat buildings / provide hot water

allow for 1 mark heat from the Sun heats water if no other
marks given

references to photovoltaic cells / electricity scores 0 marks

(b) 2 (minutes)
168 < 10°
1.4 x10° = !
gains 1 mark
calculation of time of 120 (seconds) scores 2 marks

c) () 150 (kWh)

(i)  £60(.00) or 6000 (p)
an answer of £6000 gains 1 mark
allow 1 mark for 150 x 0.4(0) 150 x 40
allow ecf from (c)(i)

(iii) 25 (years)
an answer of 6000 / 240
or
6000 / their (c)(ii) x 4
gains 2 marks
an answer of 6000 / 60
or
6000 / their (c)(ii) gains 1 mark, ignore any other multiplier of
(c)(ii)
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(iv) any one from:

. will get £240 per year
accept value consistent with calculated value in (c)(iii)

. amount of light is constant throughout the year
. price per unit stays the same
. condition of cells does not deteriorate
1
(d) any one from:
. angle of tilt of cells
. cloud cover
. season / shade by trees
. amount of dirt
1

[13]
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M2. (a) (i) kinetic
accept KE
do not accept movement

(i) 0.75
60 000
80 000

allow 1 mark for correct substitution ie
or75 %

an answer 0.75 % or 0.75 with a unit gains 1 mark only
an answer 75 with or without a unit gains 1 mark only

(b) any one from:

. large areas of land are flooded
uses large areas of land / takes up large areas of land is
insufficient

. people's homes may be destroyed

. habitat (of animals and plants) lost / damaged

construct is neutral
very noisy is neutral

(c) (i) system of cables and transformers
both required for the mark
accept power lines / wires for cables
ignore reference to pylons
inclusions of power stations / consumers negates answer

(i) less energy loss / wasted (in the cables)
accept heat for energy
do not accept no energy loss
do not accept electricity for energy
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as the cables are shorter

[7]
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M3. (@) 9

allow 2 marks for power = 1400 (kW)
if a subsequent calculation is shown award 1 mark only

or

allow 1 mark for correct substitution and transformation
5600

power= 4

allow 1 mark for using a clearly incorrect value for power to
read a corresponding correct value from the graph

system of cables and transformers
both required for the mark
ignore reference to pylons
inclusion of power stations / consumers negates the mark
wire(s) is insufficient

(uses step-up transformer to) increase pd / voltage

accept (transfers energy / electricity at) high voltage
or
(uses step-up transformer to) reduce current

accept (transfers energy / electricity at) low current
ignore correct references to step-down transformers

(c) build a power station that uses a non-renewable fuel or biofuel

or

accept a named fuel
eg coal or wood

buy (lots of) petrol / diesel generators

stockpile supplies of the fuel

or

accept fuel does not rely on the weather

fuel provides a reliable source of energy

accept as an alternative answer idea of linking with the
National Grid (1)
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and taking power from that when demand exceeds supply
(1)

or

when other methods fail

or

when it is needed

answers in terms of using other forms of renewables is
insufficient

[7]
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M4. (a) answers must be in terms of nuclear fuels

concentrated source of energy
idea of a small mass of fuel able to generate a lot of

electricity
1
that is able to generate continuously
accept it is reliable
or can control / increase / decrease electricity generation
idea of available all of the time / not dependent on the
weather
ignore reference to pollutant gases
1
the energy from (nuclear) fission
1
is used to heat water to steam to turn turbine linked to a generator
1
(b)  carbon dioxide is not released (into the atmosphere)
1
but is (caught and) stored (in huge natural containers)
1

(6]
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MS5.

(@ () replaced faster than it is used
accept replaced as quick as it is used

accept it will never run out
do not accept can be used again

(i) any two from:
two sources required for the mark

. wind
. waves
. tidese fall of water

do not accept water / oceans
accept hydroelectric

. biofuel
accept a named biofuel eg wood

. geothermal

(b) (i) anytwo from:

. increases from 20° to 30°

. reaches maximum value at 30°
. then decreases from 30°

. same pattern for each month

accept peaks at 30° for both marks
accept goes up then down for 1 mark
ignore it’s always the lowest at 50°

(i) 648
an answer of 129.6 gains 2 marksallow 1 mark for using 720

value only from table
allow 2 marks for answers 639, 612, 576, 618(.75)
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allow 1 mark for answers 127.8, 122.4, 115.2, 123.75

3
(c) (i) (sometimes) electricity demand may be greater than supply (of
electricity from the system)
accept cloudy weather, night time affects supply
or
can sell (excess) electricity (to the National Grid)
1
(i) decreases the current
accept increases the voltage
1
reducing energy loss (along cables)
accept less heat / thermal energy lost / produced
1
[10]
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(@) (i) produces carbon dioxide / nitrogen oxides
accept greenhouse gases
ignore pollutant gases

that (may) contribute to global warming
accept causes global warming
damages ozone layer negates this mark

accept alternative answers in terms of: sulfur dioxide /
nitrogen oxides causing acid rain

(i) carbon capture / storage
answer must relate to part (a)(i)
collecting carbon dioxide is insufficient

or
plant more trees
or

remove sulfur (before burning fuel)

(b) (i) (power station can be used) to meet surges in demand
accept starts generating in a short time
can be switched on quickly is insufficient

(i)  can store energy for later use
accept renewable (energy resource)
accept does not produce CO,/ SO,/ pollutant gases

(c) (i) turbines do not generate at a constant rate

accept wind (speed) fluctuates
accept wind is (an) unreliable (energy source)
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(i)  any one from:

. energy efficient lighting (developed / used)
use less lighting is insufficient

. increased energy cost (so people more likely to turn off)
accept electricity for energy

. more people becoming environmentally aware

[7]
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M7.

(a) any one from:
. energy / source is constant

. energy / source does not rely on uncontrollable factors
accept a specific example, eg the weather

. can generate all of the time
will not run out is insufficient

(b)  (dismantle and) remove radioactive waste / materials / fuel
accept nuclear for radioactive
knock down / shut down is insufficient

(c) any two from:

. reduce use of fossil fuelled power stations

accept specific fossil fuel
accept use less fossil fuel

. use more nuclear power
accept build new nuclear power stations

. use (more) renewable energy sources

accept a named renewable energy source
do not accept natural for renewable

. make power stations more efficient

. (use) carbon capture (technology)
do not accept use less non-renewable (energy) sources

(d)  (by increasing the voltage) the current is reduced

this reduces the energy / power loss (from the cable)
accept reduces amount of waste energy
accept heat for energy
do not accept stops energy loss
Page 13

PhysicsAndMathsTutor.com



and this increases the efficiency (of transmission)

[7]
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Q1.Solar panels are often seen on the roofs of houses.

(@) Describe the action and purpose of a solar panel.

(b)  Photovoltaic cells transfer light energy to electrical energy.

In the UK, some householders have fitted modules containing photovoltaic cells on
the roofs of their houses.

Four modules are shown in the diagram.

The electricity company pays the householder for the energy transferred.

The maximum power available from the photovoltaic cells shown in the diagram is
1.4 x10°W.

How long, in minutes, does it take to transfer 168 kJ of energy?

PhysicsAndMathsTutor.com
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®3)

(c)  When the modules are fitted on a roof, the householder gets an extra electricity
meter to measure the amount of energy transferred by the photovoltaic cells.

(i)  The diagram shows two readings of this electricity meter taken three months
apart.
The readings are in kilowatt-hours (kWh).

21 November 0|0]|0|41|4

21 February 0j0[|1]9]|4

Calculate the energy transferred by the photovoltaic cells during this time
period.

Energy transferred = ... kWh
(1)
(i)  The electricity company pays 40p for each kWh of energy transferred.
Calculate the money the electricity company would pay the householder.
Money paid = ......cccccovviiiirii e
2
(i) The cost of the four modules is £6000.
Calculate the payback time in years for the modules.
Payback time = ..........cccciiiiiii e, years
3
Page 3
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(iv) State an assumption you have made in your calculation in part (iii).

@
(d) Inthe northern hemisphere, the modules should always face south for the
maximum transfer of energy.
State one other factor that would affect the amount of energy transferred during
daylight hours.
@

(Total 13 marks)
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Q2. The diagram shows a small-scale, micro-hydroelectricity generator which uses the
energy of falling river water to generate electricity. The water causes a device, called an
Archimedean screw, to rotate.

The Archimedean screw is linked to the generator by a gearbox.

Generator

Gearbox

Archimedean
screw

(@) Each second, the micro-hydroelectricity generator transforms 80 000 joules of
gravitational potential energy into 60 000 joules of electrical energy.

(i) Fill in the missing word to complete the energy transformation diagram.

Gravitational potential | | ...l energy Electrical energy
energy of the falling water [ ™| of the Archimedean screw |~ ~ generated
(1)
(i)  Use the equation in the box to calculate the efficiency of the
micro-hydroelectricity generator.
) useful energy transferred by the device
efficiency = - .
total energy supplied to the device
Show clearly how you work out your answer.
EfficienCy = .o
2
Page 5
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(b)  The power output from a conventional large-scale hydroelectric power station is 100
000 times more than the power output from a micro-hydroelectric system.

Give one disadvantage of a conventional large-scale hydroelectric power station
compared to the micro-hydroelectric system.

@)

(c) The electricity generated by a micro-hydroelectric system is transferred via a
transformer directly to local homes. The electricity generated by a conventional
large-scale hydroelectric power station is transferred to the National Grid, which
distributes the electricity to homes anywhere in the country.

(i)  What is the National Grid?

@)

(i)  Explain why transferring the electricity directly to local homes is more efficient
than using the National Grid to distribute the electricity.

(2
(Total 7 marks)
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Q3.The world’s biggest offshore wind farm, built off the Kent coast, started generating electricity

in September 2010.

(@) The graph shows how wind speed affects the power output from one of the wind

turbines.
3000
2500 f
ri
2000
Power
output in
kilowatts 1500
F,
1000
'J
7
500 7
"7
0
0 5 10 15 20 25 30
Wind speed in metres per second
In one 4-hour period, the wind turbine transfers 5600 kilowatt-hours of electrical
energy.
Use the data in the graph to calculate the average wind speed during this 4-hour
period.
Show clearly how you work out your answer.
Average wind speed = .......ccccceeeiiiiiiieeeee e m/s
3

(b)  The wind turbines are linked to the National Grid by underwater cables.

(i)  What is the National Grid?
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@)

(i) How is the National Grid designed to reduce energy losses during
transmission?

@
(c) Read this extract from a newspaper.
Explain one way in which the islanders could try to ensure that a similar power crisis
does not happen in the future.
2

(Total 7 marks)
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Q4.(a) Nuclear fuels and the wind are two of the energy sources used to generate electricity
in the UK.

Explain the advantages of using energy from nuclear fuels to generate electricity
rather than using energy from the wind.

Include in your answer a brief description of the process used to generate electricity
from nuclear fuels.

@)
(b) Inthe UK, most electricity is generated in power stations that emit carbon dioxide
into the atmosphere. The impact of these power stations on the environment could
be reduced by the increased use of 'carbon capture' technology.
Describe how 'carbon capture' would prevent the build-up of carbon dioxide in the
atmosphere.
(2

(Total 6 marks)
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Q5.(a) Solarenergy is a renewable energy source used to generate electricity.

(i)  What is meant by an energy source being renewable?

1)
(i)  Name two other renewable energy sources used to generate electricity.
T et e e et — e e e e e e ——e e e e ———e e e e e —e e e e e e e e aneae e e
2 e e e e e et e e et —e e e e e et aeae e e taaeaaaaaeaeaa

1)

(b) A householder uses panels of solar cells to generate electricity for his home.
The solar cells are tilted to receive the maximum energy input from the Sun.

The data in the table gives the average energy input each second (in J/s), to a 1 m?
area of solar cells for different angles of tilt and different months of the year.

Angle of tilt

Month
20° 30° 40° 50°
February 460 500 480 440
April 600 620 610 600
June 710 720 680 640
August 640 660 640 580
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October 480 520 500 460

December 400 440 420 410

(i)  Use the data in the table to describe how the average energy input to the solar
cells depends on the angle of tilt.

2
(i)  The total area of the solar cell panels used by the householder is 5 m2,
The efficiency of the solar cells is 0.18.
Calculate the average maximum electrical energy available from the solar cell
panels each second in June.
Show clearly how you work out your answer.
Maximum €nergy = .......ccoevveeeveieiiiiee e ee e joules/second
3

(c) The diagram shows part of the National Grid.
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(i)  Even though the householder uses solar cells to generate electricity for his
home, the home stays connected to the National Grid.

Give one reason why the householder should stay connected to the National
Grid.

@)

(i)  The step-up transformer increases the efficiency of the National Grid.

Explain how.

2
(Total 10 marks)
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Q6.(a) Inthe UK, over 70% of the electricity is generated in power stations that burn fossil fuels.

(i)  Explain one effect that burning fossil fuels has on the environment.

2
(i) Give one way the effect on the environment described in part (a)(i) could be
reduced.
Assume the amount of fossil fuels burnt stays the same.
(1)
(b) Electricity can also be generated in a pumped storage hydroelectric power station.
An advantage of pumped storage hydroelectric power stations is the short start-up
time they have.
()  What is the importance of the short start-up time?
(1)
(i) Give one other advantage of a pumped storage hydroelectric power station.
1)

(c) Read the extract below from a newspaper article.
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(i) Inthe UK, the proportion of electricity generated using wind turbines is due to
increase a lot. Some opponents of wind turbines think this increase will cause
big fluctuations in the electricity supply.

Suggest one reason why this may be true.

(1)
(i) Between 2002 and 2008 the amount of electricity used for lighting in homes in
the UK decreased.
Suggest one reason why.
(1)

(Total 7 marks)
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Q7.About half of the UK’s electricity is generated in coal-burning power stations and nuclear
power stations.

(@) Coal-burning power stations and nuclear power stations provide a reliable way of
generating electricity.

What is meant by a reliable way of generating electricity?

(b)  Over the next few years, most of the older nuclear power stations in the UK will be
closed down, and the process of decommissioning will start.

What does it mean to decommission a nuclear power station?

(c) Climate change has been strongly linked to the emission of carbon dioxide. Many

governments around the world are committed to reducing carbon dioxide emissions.

Generating electricity can increase carbon dioxide emissions.

The companies generating electricity could reduce carbon dioxide emissions.

Give two ways the companies could do this.

(d)  Electricity is distributed from power stations to consumers along the National Grid.

The voltage across the overhead cables of the National Grid needs to be much
higher than the output voltage from the power station generators.

Page 15
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Explain why.

(3)
(Total 7 marks)
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M1.

(@) It will have a constant speed.

(b) distance travelled = speed x time

(c) a=18-9
6
a=15

allow 1.5 with no working shown for 2 marks

(d) resultant force = mass x acceleration

(e) F=(1120+80)x 1.5

F =1800 (N)
allow 1800 with no working shown for 2 marks

accept their 10.3 x 1200 correctly calculated for 2 marks

(f) 182-9°=2x15xs

s=18°-9°/2x15
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s =81 (m)

allow 81 (m) with no working shown for 3 marks

accept answer using their 10.3 (if not 1.5) correctly
calculated for 3 marks

(g) Level 2 (3—4 marks):
A detailed and coherent explanation is provided. The response makes logical links
between clearly identified, relevant points that include references to the numerical
factor.

Level 1 (1-2 marks):
Simple statements are made. The response may fail to make logical links between
the points raised.

0 marks:
No relevant content.

Indicative content

. doubling speed increase the kinetic energy
. kinetic energy increases by a factor of 4
. work done (by brakes) to stop the car increases
. work done increases by a factor of 4
. work done is force x distance and braking force is constant
. so if work done increases by 4 then the braking distance must increase by 4
4
[14]
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M2.

(@ () kinetic (energy)
allow gravitational potential (energy) / gpe
movement is insufficient

(i)  dissipates into the surroundings
allow warms up the surroundings / air / motor
accept lost to the surroundings
accept lost as heat
ignore reference to sound
it is lost is insufficient

(b)  energy (required) increases with load
accept positive correlation
do not accept (directly) proportional

further amplification eg increases slowly at first (or up to 4 / 5 N), then increases
rapidly
simply quoting figures is insufficient

an answer that only describes the shape of the line gains no
marks

€ () E=Pxt

2880
accept £28.80 for all 3 marks
an answer £2880 gains 2 marks
allow 1 mark for obtaining 48 h or converting to kW
allow 2 marks for correct substitution
ie 4 x48 x 15
note: this substitution may be shown as two steps
an answer 2 880 000 gains 2 marks
an answer £4.80 / 480 gains 2 marks

an answer of 192 (ie calculation of energy without
subsequent calculation of cost) gains 1 mark)
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(i)  any sensible suggestion eg
conserves fossil fuels
less (fossil) fuels burned

less pollutant gas (produced)
accept a named pollutant gas

less greenhouse gas (produced)
saves energy is insufficient

[8]
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Q1.The figure below shows the horizontal forces acting on a car.

800 M 200 N

(@) Which one of the statements describes the motion of the car?

Tick one box.

It will be slowing down.

It will be stationary.

It will have a constant speed.

It will be speeding up.

1)

(b) During part of the journey the car is driven at a constant speed for five minutes.

Which one of the equations links distance travelled, speed and time?

Tick one box.

distance travelled = speed + time

distance travelled = speed x time

distance travelled = speed - time

distance travelled = speed + time

@)
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(c) During a different part of the journey the car accelerates from9m/sto 18m/sin 6
S.

Use the following equation to calculate the acceleration of the car.

change in velociy
acceleration=  time taken

)

(d) Which equation links acceleration, mass and resultant force?

Tick one box.

resultant force = mass + acceleration

resultant force = mass x acceleration

resultant force = mass — acceleration

resultant force = mass + acceleration

1)

(e) The mass of the car is 1120 kg. The mass of the driver is 80 kg.

Calculate the resultant force acting on the car and driver while accelerating.

)
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(f)  Calculate the distance travelled while the car is accelerating.

Use the correct equation from the Physics Equation Sheet.

®)

(g) A cardriver sees a fallen tree lying across the road ahead and makes an
emergency stop.

The braking distance of the car depends on the speed of the car.

For the same braking force, explain what happens to the braking distance if the
speed doubles.

You should refer to kinetic energy in your answer.

(4)
(Total 14 marks)

Page 4
PhysicsAndMathsTutor.com



Q2. A student uses an electric motor to lift a load.

Motor

Pulley

-~ String

Load

In the motor, the electrical energy is transferred into other types of energy. Some of this
energy is useful and the rest of the energy is wasted.

(@) (i) Name the useful energy output from the electric motor.

1)

(i)  What eventually happens to the wasted energy?

1)

(b)  The graph shows the input energy the motor needs to lift different loads by one
metre.
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20
Fi
I
15 a
F.
Input energy /
needed to lift
lboadby 10
one metre ’
in joules ;
5 .
o b=
0 2 4 6 8 10

Load in newtons

What can you conclude from the graph about the relationship between the load lifted
and the input energy needed?

)

(c) A shop uses escalators to lift customers to
different floor levels. The escalators use
electric motors. When the shop is not busy
some escalators are turned off. A sign tells the
customers that the escalators are turned off to
save energy.
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(i) Each escalator has one motor with an average power of 4000 W. The motor is
turned on for an average of 8 hours each day, 6 days each week. Electricity
costs 15 pence per kilowatt-hour.

Calculate the cost of the electricity used in an average week to run one
escalator.

Show clearly how you work out your answer.

®)

(i)  Give one environmental advantage to turning off electrical appliances when
they are not being used.

(1)
(Total 8 marks)
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M1.

(@) g.p.e. = mass x gravitational field strength x height
accept E, = mgh

(b) E,=50x9.8x20
9800 (J)

allow 9800 (J) with no working shown for 2 marks
answer may also be correctly calculated using W = Fs
ie allow W =490 x 20 for 1 mark

or answer of 9800 (J) using this method for 2 marks

(c) 7840 (J)
allow ecf from ‘11.2’

(d) 7840 =1 x 50 x Vv

e 7840
~ 172 % B0

allow

2 7840

o T840
(12 =80) for this point

17.7(0875) (m / s)

18 (m/s)
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allow ecf from ‘11.3’ correctly calculated for 3 marks
allow 18 (m / s) with no working for 2 marks
answer may also be correctly calculated using v° — u* = 2as

(e) extension = 35 (m) and conversion of 24.5 kJ to 24500 J

24 500 = Y, x k x 35

40

allow 40 with no working shown for 3 marks

an answer of ‘16.2’ gains 2 marks
[11]

M2. (a) any evidence of: momentum = mass x velocity (words, symbols or numbers)
appropriate re-arrangement mass as 0.05kg
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M3.

each gains 1 mark

but 800

(b) (i)

(ii)

gains 4 marks

any reference to friction with air/air resistance
gains 1 mark

but idea that friction with air/air resistance is high (at high speed)
gains 2 marks

any evidence of: k.e. < v?or k.e. = 2 mv?

final k.e.

initial k.e.

either initial or final k.e. correctly calculated (i.e. 16000; 10240)

each gains 1 mark

but (0.8)
gains 3 marks

but 64%(credit 0.64)
gains 4 marks (also credit e.c.f)

[10]

(@) product of mass and velocity
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(b) (i)  4kg or4000g

(i) M= 8kgm/s or Ns
for 3 marks

elseM =8
for 2 marks

elseM—mvor4 x2
for 1 mark

(i) 8 kgm/s (watch e.c.f.)

(iv) v=400
for 3 marks

else v = 8/0.02
for 2 marks

else M —mv, v—M/mor 8 =0.02v
for 1 mark

(v) ke=8
for 3 marks

else ke = 1/2 (4 x 2?)
for 2 marks

else ke = 1/2 (mv?)
for 1 mark

(vi) transferred to heat and sound
or does work against wood/pushing wood aside/deforming bullet

[13

M4. (a) 13500 (J)
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allow 1 mark for correct substitution, ie 90 x 10 x 15 provided
no subsequent step shown

their (a)
(b) 17orV 43

correctly calculated and answer given to 2 or 3 significant figures
accept 17.3

allow 2 marks for an answer with 4 or more significant
figures, ie 17.32

or

allow 2 marks for correct substitution, ie 13 500/ their (a) = 2
x 90 x v*

or
allow 1 mark for a statement or figures showing KE = GPE

(c)  work is done

(against) friction (between the miner and slide)
accept ‘air resistance’ or ‘drag’ for friction

(due to the) slide not (being perfectly) smooth
accept miners clothing is rough

or

causing (kinetic) energy to be transferred as heat/internal energy of surroundings
accept lost/transformed for transferred
accept air for internal energy of surroundings

[8]
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Q1.The figure below shows a student before and after a bungee jump.

The bungee cord has an unstretched length of 20.0 m.

The mass of the student is 50.0 kg.
The gravitational field strength is 9.8 N / kg.

(@) Write down the equation which links gravitational field strength, gravitational
potential energy, height and mass.

(1)
(b) Calculate the change in gravitational potential energy from the position where the
student jumps to the point 20.0 m below.
Change in gravitational potential energy = .........cccccceeeeennie J
@)
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(c) 80% of this change in gravitational potential energy has been transferred to the
student’s kinetic energy store.

How much has the student’s kinetic energy store increased after falling 20.0 m?

Kinetic energy gained = ... J

(d) Calculate the speed of the student after falling 20.0 m.

Give your answer to two significant figures.

(e) Atthe lowest point in the jump, the energy stored by the stretched bungee cord is
24.5 kJ.

The bungee cord behaves like a spring.
Calculate the spring constant of the bungee cord.

Use the correct equation from the Physics Equation Sheet.
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(Total 11 marks)
Q2. When a gun is fired, a very large force acts on the bullet for a very short time.
The change in momentum of the bullet is given by the following relationship:

force (N) x time(s) = change in momentum (kg m/s)

(@) An average force of 4000 newton acts for 0.01 seconds on a bullet of mass 50g.

Calculate the speed of the bullet. (Show your working.)

ANSWET ..o, m/s
(4)
(b)  The bullet is fired horizontally. In the short time it takes for the bullet to reach its
target, its horizontal speed has fallen to 80% of its initial speed.
(i Explain why the speed of the bullet decreases so quickly.
2
(i)  Calculate the percentage of its original kinetic energy the bullet still has when
it reaches its target.
(Show your working.)
4

(Total 10 marks)
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Q3. (@)  When an object is moving it is said to have momentum.
Define momentum.

@)

(b)  The diagram below shows one way of measuring the velocity of a bullet.

A bullet is fired into a block of wood suspended by a long thread.

The bullet stops in the wooden block.

The impact of the bullet makes the block swing.

The velocity of the wooden block can be calculated from the distance it swings.

In one such experiment the block of wood and bullet had a velocity of 2 m/s
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immediately after impact. The mass of the bullet was 20 g and the mass of the
wooden block 3.980 kg.

(i) Calculate the combined mass of the block of wood and bullet.

..................................................................... Mass ...
1)
(i)  Calculate the momentum of the block of wood and bullet immediately after
impact.
................................................................... Momentum .........cccevvvvvveeneene.
3)
(i)  State the momentum of the bullet immediately before impact.
(1)
(iv) Calculate the velocity of the bullet before impact.
.................................................................. Velocity ...........................m/s
©)

(v)  Calculate the kinetic energy of the block of wood and bullet immediately
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after impact.

.............................................................. Kinetic energy .......ccccccvveinn J
3
(vi)  The kinetic energy of the bullet before the impact was 1600 joules. This is
much greater than the kinetic energy of the bullet and block just after the
impact.
What has happened to the rest of the energy?
@

(Total 13 marks)
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Q4.

The miners working in a salt mine use smooth wooden slides to move quickly from

one level to another.

(@)

(b)

A miner of mass 90 kg travels down the slide.

Calculate the change in gravitational potential energy of the miner when he moves
15 m vertically downwards.

gravitational field strength = 10 N/kg

Show clearly how you work out your answer.

Change in gravitational potential energy = ... J
2
Calculate the maximum possible speed that the miner could reach at the bottom of
the slide.
Show clearly how you work out your answer.
Give your answer to an appropriate number of significant figures.
Maximum possible speed = ........cccooeiiiiii i m/s
®)
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(c) The speed of the miner at the bottom of the slide is much less than the calculated
maximum possible speed.

Explain why.

3)
(Total 8 marks)
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M1.

@ (@ temperature (increase) and time switched on are directly _proportional

accept the idea of equal increases in time giving equal
increases in temperature

answers such as:

. as time increases, temperature increases
. positive correlation

. linear relationship

. temperature and time are proportional
score 1 mark

(i) any one from:
“it” refers to the metal block

. energy transfer (from the block) to the surroundings
accept lost for transfer
accept air for surroundings

. (some) energy used to warm the heater / thermometer (itself)
accept takes time for heater to warm up

. (metal) block is not insulated

(i) 15000

allow 1 mark for correct substitution, ie 50 x 300 provided no
subsequent step shown

(b) lead
reason only scores if lead is chosen

needs least energy to raise temperature by 1°C

accept needs less energy to heat it (by the same amount)
lowest specific heat capacity is insufficient

[7]
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M2.

(a)

(i)

(ii)

0.2 or1/5

accept 20% for both marks

allow 1 mark for correct substitution answer of 0.2%
or 20 gains 1 mark
ignore units

wasted

accept transformed to heat / other forms
accept transferred to the air / surroundings sound = neutral

any one from:

can fly at night

accept can fly when it is cloudy
accept as a back-up

can stay in the air for longer
can fly in the winter

can fly faster
increases power is neutral

any one from:

produces no (pollutant) gases

or no greenhouse gases

accept named gas

accept no air pollution

do not accept no pollution

accept less global warming

accept harmful for pollutant

accept produces no carbon

do not accept environmentally friendly

produces no / less noise
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. less demand for fuels
accept any other sensible environmental advantage

(i)  accept any sensible suggestion eg, map the Earth’s surface / weather
forecasting / spying / monitoring changes to the Earth’s atmosphere, etc

do not accept ideas in terms of transporting
accept use as a satellite

(6]
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M3.

(@) electrical

chemical

light

(b) 25% or 0.25

allow 1 mark for correct substitution, ie 50 + 200 provided no
subsequent step shownoranswers of 25 with a unit or 0.25
with a unit gain 1 mark

answers of 25 without a unit or 0.25% gain 1 mark

(c) the information board can be used anywhere it is needed

Page 5
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M4. (a) generator

accept dynamo
accept alternator

(b) (i) 1400
ignore units

(i) 0.3 0r30%
any incorrect unit penalise 1 mark

allow 1 mark for the correct use of 600
or 0.3% or 30

2
(c) 1 mark for each correct link
if more than 3 lines are drawn, mark only
3 lines starting with those that are incorrect
3

(d)y () 110
no tolerance

no tolerance

(i)  wind speed may be too low to operate the generator
accept wind may not always blow
accept power depends on wind speed
accept does not generate if wind speed is too high
accept does not generate if wind speed is above 12 (m/s)
accept does not generate if wind speed is below 1.6 (m/s)
accept it is unreliable
do not accept answers referring to cost only

[10]
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M5. (a) heat/thermal

or/and
sound
do not accept noise
other forms of energy eg light negates answer
1
(b) 04
or
40 %
2000
allow 1 mark for 5000
or
equivalent fraction
an answer 0.4 % gains 1 mark
answers 0.4 or 40 given with any unit gains 1 mark
40 without % gains 1 mark
2

[3]
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Q1.(a) A student used the apparatus drawn below to investigate the heating effect of an
electric heater.

(i) Before starting the experiment, the student drew Graph A.

Graph A shows how the student expected the temperature of the metal block
to change after the heater was switched on.

Describe the pattern shown in Graph A.

)

(i)  The student measured the room temperature. He then switched the heater on
and measured the temperature of the metal block every 50 seconds.

The student calculated the increase in temperature of the metal block and
plotted Graph B.
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After 300 seconds, Graph B shows the increase in temperature of the metal
block is lower than the increase in temperature expected from Graph A.

Suggest one reason why.

(i) The power of the electric heater is 50 watts.

Calculate the energy transferred to the heater from the electricity supply in

300 seconds.

(b)  The student uses the same heater to heat blocks of different metals. Each time the

heater is switched on for 300 seconds.

Each block of metal has the same mass but a different specific heat capacity.

Metal Specific heat capacity in J/kg°C
Aluminium 900
Iron 450

PhysicsAndMathsTutor.com
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Lead

130

Which one of the metals will heat up the most?

Draw a ring around the correct answer.

aluminium

iron

lead

Give, in terms of the amount of energy needed to heat the metal blocks, a reason for

your answer.

PhysicsAndMathsTutor.com
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Q2.

The picture shows a solar-powered aircraft. The aircraft has no pilot.

Photo by NASA.

(@) On asummer day, 175 000 joules of energy are supplied to the aircraft’s solar cells
every second. The useful energy transferred by the solar cells is 35 000 joules every
second.

(i) Use the equation in the box to calculate the efficiency of the solar cells.

useful energy transferred by the device

efficiency = : :
total energy supplied to the device

Show clearly how you work out your answer.

@)

(i)  What happens to the energy that is not usefully transferred by the solar cells?

@)
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(b)  The aircraft propellers are driven by electric motors. As well as the solar cells, there
are fuel cells that provide additional power to the electric motors.

(i)  Suggest one advantage of the aircraft having fuel cells as well as the solar
cells.

1)
(i)  Give one environmental advantage of using electric motors to drive the
aircraft propellers rather than motors that burn a fuel.
(1)
(i)  Eventually, the designers want to produce an unmanned aircraft that can fly
at twice the height of a passenger jet for up to six months.
Suggest one possible use for an aircraft such as this.
(1)

(Total 6 marks)
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Q3.The picture shows a temporary road traffic information board.

The batteries power the LEDs used in the information board.
The solar cells keep the batteries charged.

(@)

(b)

Use words from the box to complete each of the following sentences.

chemical electrical light sound

The solar cells transfer light energy to ...,
energy.

The batteries transfer ..........ccoocooiiiiiiicicceeeeeee energy to electrical
energy.

The LEDs transfer electrical energy {0 .........oveevieeiieiiiiiiiiiiiiieiieeeeeeeee,
energy.

®)

When the total energy input to the solar cells is 200 joules, the useful energy output
from the solar cells to the batteries is 50 joules.

Calculate the efficiency of the solar cells.

)
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(c)  Which one of the following statements gives the reason for using solar cells to
charge the batteries?

Tick (") one box.

Solar cells will charge the batteries day and night.

The information board can be used anywhere it is needed.

A small number of solar cells produce a lot of electricity.

(1)
(Total 6 marks)
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(@) In Britain most power stations burn fuel to produce heat. The diagram shows
the stages by which the heat is transferred into electrical energy.
Complete the diagram by filling in the missing word.

Water heated Steam turns Turbine turns a coil in a Electricity is
— . — —
to produce a turbine produced
steam || | e
1)

(b)  Afuel burning power station uses 2000 joules of fuel energy to generate 600 joules
of electrical energy. The rest of the fuel energy is wasted as heat.

For every 600 joules of electrical energy generated, how much fuel energy is
wasted as heat?

(i)

(i)  Calculate the efficiency of the power station.
Show clearly how you work out your answer.

(c) List A gives three energy resources used to generate electricity. List B gives
environmental problems that may be caused by using different energy resources.
Draw a straight line from each energy resource in List A to the environmental

problem it may cause in List B. Draw three lines only.
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List A List B

Energy resource Environmental problem that may be caused
. Destroys the habitat of wading birds in river estuaries
Wind 3
Produces a lot of noise
Tides

Produces the gas sulphur dioxide

Falling water
(hydroelectricity) Floods land used for farming or forestry

®)

(d) A small wind generator is used to charge a battery. The graph shows the power
output of the generator at different wind speeds.

I.Sn +—4 1
140+
130
1204H
1o4-H
T ,.’

Power 207 N SR
output &0 ,

in watts '
&l

50 #
so - HHH AT
w T
204 HHH
oA

0

0

]

4 o 8 12 14
Wind speed in m/s

(i)  What is the maximum power produced by the generator?

@)

(i)  The generator is designed to stop if the wind speed is too high.

At what wind speed does the generator stop working?

Page 10
PhysicsAndMathsTutor.com



M)

(i)  Give one disadvantage of using a wind generator to charge a battery.

1)
(Total 10 marks)
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Q5. A person uses a stairlift to go upstairs. The stairlift is powered by an electric motor.

The Sankey diagram shows the energy transfers for the electric motor.

(@) Complete the following sentence.

The electric motor wastes energy as .......ccceeeevevieeevevcievicccn e energy.
(1)

(b)  Use the equation in the box to calculate the efficiency of the electric motor.

useful energy transferred by the device
efficiency =

total energy supplied to the device

Show clearly how you work out your answer.
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2
(Total 3 marks)
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M1.

(@)

(b)

(c)

(d)

(e)

weight (lifted)

or

height (lifted)

any two from:

. calculate a mean

spot anomalies
reduce the effect of random errors

as speed increases, the efficiency increases

(but) graph tends towards a constant value

or

appears to reach a limit

accept efficiency cannot be greater than 100%

heating the surroundings

0 (%)
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(ii)

(iii)

(iv)

(b) (i)

(ii)

(iii)

transferred to the surroundings by heating
reference to sound negates mark

0.75
450 / 600 gains 1 mark
accept 75% for 2 marks
maximum of 1 mark awarded if a unit is given

20 (s)
correct answer with or without working gains 2 marks
correct substitution of 600 / 30 gains 1 mark

to avoid bias

use less power and last longer

1 LED costs £16, 40 filament bulbs cost £80
or

filament costs (5 times) more in energy consumption

any one from:

. availability of bulbs

. colour output

. temperature of bulb surface
Page 3

PhysicsAndMathsTutor.com

[10]



M3. (@) anytwo from:

. black is a good emitter of (infrared radiation)
accept heat for radiation
ignore reference to absorbing radiation

. large surface (area)

. matt surfaces are better emitters (than shiny surfaces)
accept matt surfaces are good emitters
ignore reference to good conductor

(b)  90% or 0.9(0)

useful energy out (= 100%)

efficiency = :
total energy in

13.5
allow 1 mark for correct substitution, ie 15
provided no subsequent step shown
an answer of 90 scores 1 mark
an answer of 90 / 0.90 with a unit scores 1 mark

(c) (producing) light
allow (producing) sound

(d) anytwo from:

. wood is renewable

accept wood grows again / quickly
accept wood can be replanted

. (using wood) conserves fossil fuels
accept doesn’t use fossil fuels

. wood is carbon neutral
accept a description
cheaper / saves money is insufficient
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() E=mxcx0

2 550 000
allow 1 mark for correct substitution
ie 100 x 510 x 50
provided no subsequent step shown
answers of 1 020 000, 3 570 000 gain 1 mark
2
joules /J

accept kd / MJ
do not accept j

for full credit the unit and numerical answer must be
consistent

[10]
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Q1.A student investigated the efficiency of a motor using the equipment in Figure 1.
Figure 1

Pulley_ ~~ ™.~ Motor

NP

He used the motor to lift a weight of 2.5 N a height of 2.0 m.

He measured the speed at which the weight was lifted and calculated the efficiency of the
energy transfer.

He repeated the experiment to gain two sets of data.

(@) Give one variable that the student controlled in his investigation.

(1)
(b) Give two reasons for taking repeat readings in an investigation.
USSR
2 et ee e e et—eee e e e e—eee e at—eee e ——ee e e e ——eeeaan—eeeeaanaeeeeaantaeeeannreeeennnees
2

(c) Figure 2 shows a graph of the student’s results.

Figure 2
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Give two conclusions that could be made from the data in Figure 2.

2
(d) Give the main way that the motor is likely to waste energy.
(1)
(e) When the total power input to the motor was 5 W the motor could not lift the 2.5 N
weight.
State the efficiency of the motor.
Efficiency = ..o %
1)

(Total 7 marks)
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Q2.A student finds some information about energy-saving light bulbs.

(@) 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 = ......ccccoviiiiiiiieeinnnnns J
@
(i)  What happens to the energy wasted by the light bulb?
@
(iii) Calculate the efficiency of this light bulb.
Efficiency = ..o,
2
(iv) Calculate the period of time, in seconds, during which the 600 J is provided to
the 30 W light bulb.
Time = . S
2

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

The table shows some of this information.
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Power in watts

Lifetime in hours

Cost of bulb in £

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)
(i) A homeowner is thinking about replacing his filament bulbs with LED bulbs.
A 12 W LED 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
(i) State one factor, other than efficiency, that is important when considering the
choice of a bulb for lighting in the home.
(1)

(Total 10 marks)
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Q3. A wood burning stove is used to heat a room.

Photograph supplied by iStockphoto/Thinkstock

The fire in the stove uses wood as a fuel. The fire heats the matt black metal case of the
stove.

(@) The air next to the stove is warmed by infrared radiation.

How does the design of the stove help to improve the rate of energy transfer by
infrared radiation?

@)

(b) Burning 1 kg of wood transfers 15 MJ of energy to the stove. The stove then
transfers 13.5 MJ of energy to the room.
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Calculate the efficiency of the stove.

Show clearly how you work out your answer.

)

(c) Some of the energy from the burning wood is wasted as the hot gases leave the
chimney and warm the air outside the house.

Name one other way energy is wasted by the stove.

1)

(d) Some people heat their homes using electric heaters. Other people heat their
homes using a wood burning stove.

Give two environmental advantages of using a wood burning stove to heat a home
rather than heaters that use electricity generated from fossil fuels.

@)

(e) The metal case of the stove gets hot when the fire is lit.

Here is some information about the stove.

Mass of metal case 100 kg

Starting temperature of metal case 20 °C

Final temperature of metal case 70 °C
Page 7
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Specific heat capacity of metal case 510 J/kg °C

Calculate the energy required to raise the temperature of the metal case to 70 °C.

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

3)
(Total 10 marks)
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@ (@ replaced faster than it is used
accept replaced as quick as it is used

accept it will never run out
do not accept can be used again

(i)  any two from:
two sources required for the mark

. wind
. waves
. tidese fall of water

do not accept water / oceans
accept hydroelectric

. biofuel
accept a named biofuel eg wood

. geothermal

(b) (i) anytwo from:

. increases from 20° to 30°

. reaches maximum value at 30°
. then decreases from 30°

. same pattern for each month

accept peaks at 30° for both marks
accept goes up then down for 1 mark
ignore it’s always the lowest at 50°

an answer of 129.6 gains 2 marksallow 1 mark for using 720
value only from table

allow 2 marks for answers 639, 612, 576, 618(.75)

allow 1 mark for answers 127.8, 122.4, 115.2, 123.75
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(c) (i) (sometimes) electricity demand may be greater than supply (of
electricity from the system)

accept cloudy weather, night time affects supply
or

can sell (excess) electricity (to the National Grid)

1
(i) decreases the current
accept increases the voltage
1
reducing energy loss (along cables)
accept less heat / thermal energy lost / produced
1
[10]
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M2. (a) (i) 0.75
allow 1 mark for correct transformation and substitution
ie0.15=5

accept 1.5 = their (a)(i) correctly calculated

(b) any one from:

. seasonal changes
accept specific changes in conditions
eg shorter hours of daylight in winter

. cloud cover
accept idea of change
must be stated or unambiguously implied

eg demand for water will not (always) match supply of solar
energy

do not accept figures are average on its own
do not accept solar panels are in the shade

[4]

q
efficiency = useful energy gm (x100%)
M3. (a) (i) total energy in
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1.6 (W)
0.2/ 20 _ output

allow 1 mark for correct substitution ie 100 §
2
a
efficiency useful energy quf (= 100%)
(il total energy in
32 (%) /0.32
or
their (a)(i) + 5 correctly calculated
ignore any units
1
(b) (i) any two from:
. comparison over same period of time of relative numbers of bulbs
required eg over 50 000 hours 5 CFL’s required to 1 LED
accept an LED lasts 5 times longer
. link number of bulbs to cost eg 5 CFL’s cheaper than 1 LED
an answer in terms of over a period of 50 000 hours CFLs
cost £15.50 (to buy), LED costs £29.85 (to buy) so CFLs are
cheaper scores both marks
an answer in terms of the cost per hour (of lifetime) being
cheaper for CFL scores 1 mark if then correctly calculated
scores both marks
. over the same period of time LEDs cost less to operate (than CFLs)
2

(i) any one from:

. price of LED bulbs will drop
do not accept they become cheaper

. less electricity needs to be generated
accept we will use less electricity

. less CO, produced
. fewer chips needed (for each LED bulb)

. fewer bulbs required (for same brightness / light)
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. less energy wasted
do not accept electricity for energy

allow 1 mark for correct transformation and substitution
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0.6
je 0.15
substitution only scores if no subsequent steps are shown

2
(i) diagram showing two output arrows with one arrow wider
than the other with the narrower arrow labelled
electrical / electricity / useful
1
(b) any one from:
. to check reliability / validity / accuracy
. to avoid bias
1
(c) anytwo from:
. produce no / less (air) pollution
accept named pollutant
accept produces no waste (gases)
. energy is free
accept it is a free resource
do not accept it is free
. (energy) is renewable
. conserves fossil fuel stocks
. can be used in remote areas
. do not need to connect to the National Grid
2

[6]
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Q1. (@) Solar energy is a renewable energy source used to generate electricity.

()  What is meant by an energy source being renewable?

1)
(i)  Name two other renewable energy sources used to generate electricity.
o e e e e — e et —e e et ae e e et aae e e e nrreaeannees
2 et e ———e e e e ——ee e e e ——ee e e e ——eeeaa——eeee et ——e e e e aaraeaeaarraaeas

1)

(b) A householder uses panels of solar cells to generate electricity for his home.
The solar cells are tilted to receive the maximum energy input from the Sun.

The data in the table gives the average energy input each second (in J/s), to a 1 m?
area of solar cells for different angles of tilt and different months of the year.

Angle of tilt

Month
20° 30° 40° 50°
February 460 500 480 440
April 600 620 610 600
June 710 720 680 640
August 640 660 640 580
October 480 520 500 460
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December 400 440 420 410

(i)  Use the data in the table to describe how the average energy input to the solar
cells depends on the angle of tilt.

2
(i)  The total area of the solar cell panels used by the householder is 5 m=
The efficiency of the solar cells is 0.18.
Calculate the average maximum electrical energy available from the solar cell
panels each second in June.
Show clearly how you work out your answer.
Maximum €NErgy = ....ccccceveeevieernnrrnnrinnnrennrneereeenne. joules/second
3)

(c) The diagram shows part of the National Grid.

(i)  Even though the householder uses solar cells to generate electricity for his
home, the home stays connected to the National Grid.
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Give one reason why the householder should stay connected to the National
Grid.

@)

(i)  The step-up transformer increases the efficiency of the National Grid.

Explain how.

2
(Total 10 marks)
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Q2. The farmers in a village in India use solar powered water pumps to irrigate the fields.

1
Water pump
On average, a one square metre panel of solar cells receives 5 kWh of energy from the
Sun each day.
The solar cells have an efficiency of 0.15

(@ (i) Calculate the electrical energy available from a one square metre panel of
solar cells.

Show clearly how you work out your answer.

Electrical energy = .......cccccvviviiiiieiiiiieciieeee e kWwh
2

(i)  On average, each solar water pump uses 1.5 kWh of energy each day.

Calculate the area of solar cells required by one solar water pump.

ATBA = i square metres

(1)
(b)  Give one reason why the area of solar cells needed will probably be greater than
the answer to part (a)(ii).

1)

(Total 4 marks)
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Q3.The table gives data about two types of low energy bulb.

Type of bulb Power input Efficiency Lifetime Cost of
in watts in hours one bulb
Compact Fluorescent 8 20% 10 000 £3.10
Lamp (CFL) '
Light Emitting Diode 5 50 000 £29.85

(LED)

(@) Both types of bulb produce the same useful power output.
(i)  Calculate the useful power output of the CFL.

Show clearly how you work out your answer.

Useful pOWer OULPUL = .....ooviiiiiiiiiiiiieeeee e w
2
(i)  Calculate the efficiency of the LED bulb.
Show clearly how you work out your answer.
Efficiency = oo,
(1)

(b) LED bulbs are expensive. This is because of the large number of individual
electronic
LED chips needed to produce sufficient light from each bulb.

(i)  Use the data in the table to evaluate the cost-effectiveness of an LED bulb
compared to a CFL.
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)

(i)  Scientists are developing brighter and more efficient LED chips than those
currently used in LED bulbs.

Suggest one benefit of developing brighter and more efficient LED chips.

(1)
(Total 6 marks)
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Q4. (@) The diagram shows a solar powered device being used to recharge a mobile
phone.

On average, the solar cells produce 0.6 joules of electrical energy each second.
The solar cells have an efficiency of 0.15.

(i) Calculate the average energy input each second to the device.

Show clearly how you work out your answer.

(i) Draw a labelled Sankey diagram for the solar cells.
The diagram does not need to be drawn to scale.

(b)  Scientists have developed a new type of solar cell with an efficiency of over 40 %.

The efficiency of the solar cell was confirmed independently by other scientists.

Suggest why it was important to confirm the efficiency independently.

PhysicsAndMathsTutor.com
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1)



M)

(c) The electricity used in homes in the UK is normally generated in a fossil fuel power
station.

Outline some of the advantages of using solar cells to generate this electricity.

2
(Total 6 marks)
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M. (@ 0.1(°C)

(b) power = energy transferred / time
allow P=E/t

allow E=P x t

(c) 1050 /300

3.5 (W)

accept 3.5 (W) with no working shown for 2 marks

(d) 1050 = m x 4200 x 0.6

m = 1050 / (4200 x 0.6)

m = 0.417 (kg)

accept 0.417 (kg) with no working shown for 3 marks
(e) any one from:

energy used to heat metal pan (as well as the water)

energy transfer to the surroundings (through the insulation)
angle of solar radiation will have changed during investigation
intensity of solar radiation may have varied during investigation

8]
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M2. (a) dark matt

light shiny

) B A C

biggest temperature difference (80 °C)
dependent on first mark

(c) (i) (the can that is) dark matt

best absorber (of infrared radiation)

(i) any three from:

. same area / shape of can
. surrounding temperature is the same for all cans
. same surface underneath cans
. same position in the room
(d) foxA
smaller ears
thicker fur
Page 3
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these minimise energy transfer
dependent on first 2 marks

[12]
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M3. newton or N
metre or m

joules or J

all three correct 2 marks
two or one correct 1 mark

[2]
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correct answer only

(i) 3.15
or
their (a)(i) x 1.5 correctly calculated

allow 1 mark for correct substitution
ie2.1%x1.5

or

their (a)(i) x 1.5

kilowatt-hour
accept kWh
or
a substitution 2100 x 5400 scores 1 mark

2100 % 5400 incorrectly calculated with answer in joules
scores 2 marks

an answer of 11 340 000 scores 2 marks
an answer of 11 340 000 J scores 3 marks

(i) most (input) energy is usefully transformed
accept does not waste a lot of energy
accept most of the output / energy is useful
do not accept it does not waste energy

(b) the room is losing energy / heat

at the same rate as the heater supplies it
this mark only scores if the first is scored

do not accept heater reaches same temperature as room /
surroundings

rate of heat gain = rate of heat loss scores both marks

[7]
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M5. (a) Marks awarded for this answer will be determined by the Quality of Written
Communication (QWC) as well as the standard of the scientific response. Examiners
should also refer to the information in the Marking guidance.

0 marksNo relevant content.

Level 1(1-2 marks)There is a basic explanation of one featureora simple statement
relating reduction in energy transfer to one feature.

Level 2(3-4 marks)There is a clear explanation of one featureora simple statement
relating reduction in energy transfer to two features.

Level 3(5-6 marks)There is a detailed explanation of at least two featuresora
simple statement relating reduction in energy transfer to all four features.

Examples of the points made in response
extra information
accept throughout:
heat for energy
loss for transfer
plastic cap:

. plastic is a poor conductor
accept insulator for poor conductor

. stops convection currents forming at the top of the flask so stopping
energy transfer by convection

. molecules / particles evaporating from the (hot) liquid cannot move into
the (surrounding) air so stops energy transfer by evaporation

. plastic cap reduces / stops energy transfer by conduction / convection /
evaporation

glass container:

. glass is a poor conductor so reducing energy transfer by conduction
. glass reduces / stops energy transfer by conduction
vacuum:
. both conduction and convection require a medium / particles
Page 7
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. so stops energy transfer between the two walls by conduction and
convection

. vacuum stops energy transfer by conduction / convection
silvered surfaces:

. silvered surfaces reflect infrared radiation
accept heat for infrared

. silvered surfaces are poor emitters of infrared radiation
. infrared radiation (partly) reflected back (towards hot liquid)

. silvered surfaces reduce / stop energy transfer by radiation

(b)  (the ears have a) small surface area
ears are small is insufficient

so reducing energy radiated / transferred (from the fox)
accept heat lost for energy radiated
do not accept stops heat loss

(8]
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M6. (a) conduction
must be in correct order

convection

(b) () 70
accept * half a square
(69.8 to 70.2)

(i) 15
accept 14.6 to 15.4 for 2 marks
allow for 1 mark 70 — 565
ecf from (b)(i)  half a square
(i) C

biggest drop in temperature during a given time
accept it has the steepest gradient this is a dependent

(iv) starting at 70 °C and below graph for C
must be a curve up to at least 8 minutes

(v)  because 20 °C is room temperature
accept same temperature as surroundings

© () 6720
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correct answer with or without working gains 3 marks

6 720 000 gains 2 marks

correct substitution of E = 0.2 x 4200 % 8 gains 2 marks
correct substitution of E = 200 x 4200 x 8 gains 1 mark

(i) the fastest particles have enough energy
accept molecules for particles

to escape from the surface of the water

therefore the mean energy of the remaining particles decreases
accept speed for energy

the lower the mean energy of particles the lower the temperature (of the
water)

accept speed for energy

[16]
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Q1.A student investigated how much energy from the Sun was incident on the Earth’s surface at
her location.

She put an insulated pan of water in direct sunlight and measured the time it took for the
temperature of the water to increase by 0.6 °C.

The apparatus she used is shown in the figure below.

(@) Choose the most appropriate resolution for the thermometer used by the student.

Tick one box.

0.1°C

0.5°C

1.0°C

1)

(b) The energy transferred to the water was 1050 J.
The time taken for the water temperature to increase by 0.6 °C was 5 minutes.
The specific heat capacity of water is 4200 J / kg °C.

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

@)

(c) Calculate the mean power supplied by the Sun to the water in the pan.
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2
(d) Calculate the mass of water the student used in her investigation.
Use the correct equation from the Physics Equation Sheet.
MaSS = ..o kg
3)
(e) The student’s results can only be used as an estimate of the mean power at her
location.
Give one reason why.
(1)

(Total 8 marks)
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Q2.All objects emit and absorb infrared radiation.

(@) Use the correct answer from the box to complete each sentence.

dark matt dark shiny light matt light shiny

The best emitters of infrared radiation have
......................................................................... surfaces.
The worst emitters of infrared radiation have

......................................................................... surfaces.
(2

(b) Diagram 1 shows a sphere which is at a much higher temperature than its
surroundings.

Diagram 1

Energy is transferred from the sphere to the surroundings.

The table shows readings for the sphere in three different conditions, A, B and C.

- Temperature of Temperature of
Condition o \ -
sphere in °C surroundings in °C
A 70 5
B 80 0
C 90 30
Page 4
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In each of the conditions, A, B and C, the sphere transfers energy to the
surroundings at a different rate.

Put conditions A, B and C in the correct order.

Give a reason for your answer.

)

(c) Diagram 2 shows a can containing water.

A student investigates how quickly a can of water heats up when it is cooler than
room temperature.

Diagram 2

The student has four cans, each made of the same material, with the following outer
surfaces.
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dark matt dark shiny light matt light shiny

The student times how long it takes the water in each can to reach room
temperature.

Each can contains the same mass of water at the same starting temperature.

(i)  Which can of water will reach room temperature the quickest?

Give a reason for your answer.

&)
(i)  Apart from material of the can, mass of water and starting temperature,
suggest three control variables for the student’s investigation.
S
2 e et e e e e e e e e e e e e e e e e e a et e e e atteaeeanraaeens
RSP
3

(d)  The photographs show two different foxes.

Fox A Fox B
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By Algkalv (Own work) [CC-BY-3.0], © EcoPic/iStock
via Wikimedia Commons

Which fox is better adapted to survive cold conditions?

Give reasons for your answer.

3)
(Total 12 marks)
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Q3. When you transfer energy to a shopping trolley, the amount of work done depends on
the force used and the distance moved.

Complete the table by using the correct units from the box.

joule (J) metre (m) newton (N)

The first one has been done for you.

Quantity Unit
energy (transferred) joule
force

distance (moved)

work done

(Total 2 marks)
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The diagram shows two switches on a room heater. The heater has three

Q4. (a)
power settings. The power produced by two of the settings is given in the table.

= ——.:::l Setting Power in watts

b Low 700

Em'ilchesu?@
> Medium 1400
T
= High

N

When both switches are on, the heater works at the high power setting.

(i)
What is the power of the heater, in kilowatts, when it is switched to the high
power setting?
POWET = s kilowatts
(1)
(i)  The heater is used on the high power setting. It is switched on for 1% hours.

Calculate the energy transferred from the mains to the heater in 1%z hours.

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

Energy transferred = ........c.cccci .
3)

(i) This type of heater is a very efficient device.

What is meant by a device being very efficient?

............................................................................................................... "
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(b)  The graph shows how the temperature of a room changes during the 1%z hours that
the heater is used.

30
"
20 i,#
Temperature -
in °C &
10
0
0 2 1 12

Time in hours

After 1 hour, the temperature of the room has become constant, even though the
heater is still switched on.

Explain why.

(2
(Total 7 marks)
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Q5.(a) In this question you will be assessed on using good English, organising information clearly
and using specialist terms where appropriate.

The diagram shows the structure of a vacuum flask.

A vacuum flask is designed to reduce the rate of energy transfer by heating
processes.

Describe how the design of a vacuum flask keeps the liquid inside hot.

Page 11
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(b)  Arctic foxes live in a very cold environment.

© Purestock/Thinkstock
Arctic foxes have small ears.

How does the size of the ears help to keep the fox warm in a cold environment?

(2)
(Total 8 marks)

Q6.The diagram shows three cups A, B and C.

Energy is transferred from hot water in the cups to the surroundings.
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(@)  Use the correct answer from the box to complete each sentence.

condensation conduction convection

Energy is transferred through the walls of the cup by ......ccccooiiiiiiiiiis i

In the air around the cup, energy is transferred by ...........cccccvvviiiiiiiiiiieeiieennne. i
2

(b) Some students investigated how the rate of cooling of water in a cup depends on
the surface area of the water in contact with the air.

They used cups A, B and C. They poured the same volume of hot water into each
cup and recorded the temperature of the water at regular time intervals.

The results are shown on the graph.
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Time in minutes

(i)  What was the starting temperature of the water for each cup?

Starting temperature = ... °C

@

(i)  Calculate the temperature fall of the water in cup B in the first 9 minutes.

Temperature fall = ..., °C

&)

(i) Which cup, A, B or C, has the greatest rate of cooling?

Using the graph, give a reason for your answer.

2

(iv) The investigation was repeated using the bowl shown in the diagram.

The same starting temperature and volume of water were used.
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Draw on the graph in part (b) another line to show the expected result.
1)

(v)  After 4 hours, the temperature of the water in each of the cups and the bowl
was 20°C.

Suggest why the temperature does not fall below 20°C.

@)

(c) () The mass of water in each cup is 200 g.

Calculate the energy, in joules, transferred from the water in a cup when the
temperature of the water falls by 8°C.

Specific heat capacity of water = 4200 J / kg°C.

©)

(i)  Explain, in terms of particles, how evaporation causes the cooling of water.

4
(Total 16 marks)
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M1.

(a) current that is always in the same direction

(b) total resistance = 30 (Q)

V=0.4x30

12 (V)

allow 12 (V) with no working shown for 3 marks
an answer of 8 (V) or 4 (V) gains 2 marks only

(c) P=04x12=48

5 (W)

allow 5 (W) with no working shown for 2 marks
allow 4.8 (W) with no working shown for 1 mark
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M2. (@) () A

(i)  bar drawn with correct height
ignore width of bar

(b) () E=Pxt

2.4
allow 1 mark for correct substitution
ie 1.2x2
provided no subsequent step shown

(i) 36 or their (b)(i) x 15 correctly calculated
or

their (b)(i) x 0.15 correctly calculated with an answer given in £
allow 1 mark for correct substitution
ie 2.4 %15
or
their (b)(i) x 15
allow 1 mark for correct substitution
provided no subsequent step shown
an answer £0.36 gains both marks
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M3. (a) fan

1
drill
1
washing machine
four circled including correct three scores 1 mark
five circled scores zero
1
(b)  Appliances only transfer part of the energy usefully
1
The energy transferred by appliances makes the surroundings warmer
1

[3]
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M4.

@ () temperature (increase) and time switched on are directly _proportional

accept the idea of equal increases in time giving equal
increases in temperature

answers such as:

. as time increases, temperature increases
. positive correlation

. linear relationship

. temperature and time are proportional
score 1 mark

(i) any one from:
“it” refers to the metal block

. energy transfer (from the block) to the surroundings
accept lost for transfer
accept air for surroundings

. (some) energy used to warm the heater / thermometer (itself)
accept takes time for heater to warm up

. (metal) block is not insulated

(i) 15000

allow 1 mark for correct substitution, ie 50 x 300 provided no
subsequent step shown

(b) lead
reason only scores if lead is chosen

needs least energy to raise temperature by 1°C

accept needs less energy to heat it (by the same amount)
lowest specific heat capacity is insufficient

[7]
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MS5.

(i)  hairdryer and sandwich toaster
both required either order but no others

(b) (i) 1.2
allow 1 mark for correct substitution
ie 0.4 x 3 provided that no subsequent step is shown

(i) 18
accept £0.18 for both marks

or
their (b)(i) x 15 correctly calculated

an answer 0.18 scores 1 mark
allow 1 mark for correct substitution
ie 1.2 or their (b)(i) x 15 provided that no subsequent step is

shown
2

[6]
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M6.

(a) £16.50
allow 1 mark for correct substitution ie 110 x 15
an answer of 1650 gains both marks
an answer of 43.80 gains both marks
allow 1 mark for 292 x 15

(b) 292
allow 1 mark for correctly using the reading 53490 ie 563782
- 53490

accept £43.80 for both marks
[4]
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M7.

(a)

iron

hairdryer

kettle

answers can be in any order

(i) bar drawn with any height greater than Y
ignore width of bar

(bigger volume) takes more time (to boil)
accept explanation using data from graph

(so) more energy transferred
do not accept electricity for energy

(and) this costs more money
ignore reference to cost of water

wasting more money because heating more water than
needed is insufficient

Page 8
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M8.

(a) solid

(b)  decreased
correct order only

decreased

increased

reason only scores if A chosen

uses least / less energy (in 1 year)
a comparison is required
accept uses least power
accept uses least kWh

(i) greater the volume the greater the energy it uses (in 1 year)

(iii) a very small number sampled
accept only tested 3
accept insufficient evidence / data

allow not all fridges have the same efficiency or a correct
description implying different efficiencies

only tested each fridge once is insufficient
there are lots of different makes is insufficient
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M9.

(@) he may receive an electric shock
or

he may be electrocuted

if he touches the live wire

(b) 10690 = | x 230

=10690/230

46.478(260) (A)

46

allow 46 (A) with no working shown for 4 marks

(c) costis higher

more energy is used (per second)

Page 10
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Q1.An electrical circuit is shown in the figure below.

(@) The current in the circuit is direct current.

What is meant by direct current?

Tick one box.

Current that continuously changes
direction.

Current that travels directly to the
component.

Current that is always in the same

direction.
(1)
(b)  The equation which links current, potential difference and resistance is:
potential difference = current x resistance
Calculate the potential difference across the battery in the circuit in the figure above.
Potential difference = .........ccccooieiiiiiiii s Vv
3)

(c) The equation which links current, potential difference and power is:

power = current x potential difference
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Calculate the power output of the battery in the figure above.

Give your answer to one significant figure.

2
(Total 6 marks)
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Q2. (@) The bar chart shows the power of three different electric hairdryers.

(i)  Which one of the hairdryers, A, B or C, would transfer the most energy in 5
minutes?

Write the correct answer in the box.

(1)
(i) A small ‘travel’ hairdryer has a power of 500 watts.
Draw a fourth bar on the bar chart to show the power of the ‘travel’ hairdryer.
(1)
(b) A family shares the same hairdryer.
The hairdryer has a power of 1.2 kW. The hairdryer is used for a total of 2 hours
each week.
0] Calculate how many kilowatt-hours (kWh) of energy the hairdryer transfers in
2 hours.
Show clearly how you work out your answer.
Energy transferred = ..., kWh
2
Page 4
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(i) Electricity costs 15 pence per kWh.
Calculate the cost of using the hairdryer for 2 hours.

Show clearly how you work out your answer.

)

(Total 6 marks)
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Q3. The appliances shown below transfer electrical energy to other types of energy.

i

5

Vacuum
cleaner

Drill

E"" QG

A—
Washing
machine Toaster Television

(@) The vacuum cleaner is designed to transfer electrical energy to kinetic energy.

Three more of the appliances are also designed to transfer electrical energy to
kinetic energy. Which three?

Draw a ring around each correct appliance.

(b)  Which two of the following statements are true?

Tick (v") two boxes.

Appliances only transfer part of the energy usefully.
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The energy transferred by appliances will be destroyed.

The energy transferred by appliances makes the surroundings warmer.

The energy output from an appliance is bigger than the energy input.

2
(Total 5 marks)
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Q4.(a) A student used the apparatus drawn below to investigate the heating effect of an
electric heater.

(i)  Before starting the experiment, the student drew Graph A.

Graph A shows how the student expected the temperature of the metal block
to change after the heater was switched on.

Describe the pattern shown in Graph A.

)

(i)  The student measured the room temperature. He then switched the heater on
and measured the temperature of the metal block every 50 seconds.

The student calculated the increase in temperature of the metal block and
plotted Graph B.
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After 300 seconds, Graph B shows the increase in temperature of the metal
block is lower than the increase in temperature expected from Graph A.

Suggest one reason why.

(1)
(i) The power of the electric heater is 50 watts.
Calculate the energy transferred to the heater from the electricity supply in
300 seconds.
Energy transferred = ........ccccco, J
2

(b)  The student uses the same heater to heat blocks of different metals. Each time the
heater is switched on for 300 seconds.

Each block of metal has the same mass but a different specific heat capacity.

Metal Specific heat capacity in J/kg°C

Aluminium 900
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Iron

450

Lead

130

Which one of the metals will heat up the most?

Draw a ring around the correct answer.

aluminium

iron

lead

Give, in terms of the amount of energy needed to heat the metal blocks, a reason for

your answer.

PhysicsAndMathsTutor.com
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Q5. The data included in the diagrams gives the power of the electrical appliances.

TV Radiant heater Hairdryer
160 W 1.0 kKW 1100 W
{..--""_ T e
re m:;\\
'I \"\\ %{ ':\ x."
Wy h_‘ﬁﬁgj;
RN e Bl
Sandwich toaster Food processor Table lamp
1.1 kKW 0.4 kKW 40 W

(@) (i)  Which appliance is designed to transform electrical energy to light and sound?

1)

(i)  Which two appliances transform energy at the same rate?

1)

(b)  During one week, the food processor is used for a total of 3 hours.

(i) Use the equation in the box to calculate the energy transferred, in
kilowatt-hours, by the food processor in 3 hours.

energy transferred _ power N time
(kilowatt-hour, kWh) (kilowatt, kW) (hour, h)

Show clearly how you work out your answer.
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2
(i)  Electricity costs 15 pence per kilowatt-hour.
Use the equation in the box to calculate the cost of using the food processor
for 3 hours.
total cost = number of kilowatt-hours x  cost per kilowatt-hour
Show clearly how you work out your answer.
Cost = ., pence
(2
(Total 6 marks)
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Q6.A householder was out shopping when her electricity meter reading should have been
taken. The electricity company estimated the reading and sent the following bill.
Unfortunately, the bill was damaged in the post.

(@) Use the equation in the box to calculate the cost of the electricity used between 12
June and 13 September.

total cost = number of kilowatt-hours x cost per
kilowatt-hour

Show clearly how you work out your answer.

Total COSt = ...
2
(b)  The estimated reading shown on the bill was not very accurate. The correct reading
was 53782.
How many kilowatt-hours of electricity had the householder actually used between
12 June and 13 September?
@)

(Total 4 marks)
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Q7.The pictures show six different household appliances.

(@) Four of the appliances, including the fan heater, are designed to transform electrical
energy into heat.

Name the other three appliances designed to transform electrical energy into heat.

®)

(b)  The bar chart shows the power of three electric kettles, X, Y and Z.

Kettle

(i)  In one week, each kettle is used for a total of 30 minutes.
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Which kettle costs the most to use?

Put a tick (+") next to your answer.

1)

(i) A new ‘express boil’ kettle boils water faster than any other kettle.

Draw a fourth bar on the chart to show the possible power of an ‘express boil’
kettle.
(1)

(c) The graph shows how the time to boil water in an electric kettle depends on the
volume of water in the kettle.
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Volume of water in litres

A householder always fills the electric kettle to the top, even when only enough
boiling water for one small cup of coffee is wanted.

Explain how the householder is wasting money.

3)
(Total 8 marks)
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Q8.Energy can be transferred through some materials by convection.

(@) Use the correct answer from the box to complete the sentence.

gas liquid solid

Energy cannot be transferred by convection through a .............ccccoocviiiiiiiiiiiiiiinneen. }
1)

(b)  The figure below shows a fridge with a freezer compartment.

The temperature of the air inside the freezer compartment is -5 °C.

Use the correct answer from the box to complete each sentence.

Each answer may be used once, more than once or not at all.

decreased unchanged increased

When the air near the freezer compartment is cooled, the energy of the
air particles is .......cceevvvvvviiiicie e, .
The spaces between the air particles are ...........cccoevvieeeii e, .

The density of the airis ...........coooeiiiiiiiiiiiicc, .

®)

(c) The table below shows some information about three fridges, A, B and C.
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The efficiency of each fridge is the same.

Fridge Volume in litres OEnnee)r/%)éruisneEvivnh
A 232 292
B 382 409
c 622 524

()  Which fridge, A, B or C, would cost the least to use for 1 year?

Give one reason for your answer.

2
(i) A householder looks at the data in the table above.
What should she conclude about the pattern linking the volume of the fridge
and the energy it uses in one year?
(1)
(i) The householder could not be certain that her conclusion is correct for all
fridges.
Suggest one reason why not.
1)

(Total 8 marks)
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Q9.An electrician is replacing an old electric shower with a new one.

The inside of the old shower is shown in the figure below.

© Michael Priest

(@) The electrician should not change the shower unless he switches off the mains
electricity supply.

Explain why.

)

(b)  The new shower has a power output of 10 690 W when it is connected to the 230 V
mains electricity supply.

The equation which links current, potential difference and power is:

power
potential difference

current=

Calculate the current passing through the new shower.
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Give your answer to two significant figures.

Current= ... A
4
(c) The new shower has a higher power rating than the old shower.
How does the power of the new shower affect the cost of using the shower?
Give a reason for your answer.
2

(Total 8 marks)
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M1. @ () kinetic
do not accept movement

(i) thermal sound

accept heat for thermal
do not accept noise for sound

both answers required in either order

(b) transferred to surroundings / surrounding molecules / atmosphere
‘it escapes’ is insufficient

orbecomes dissipated / spread out
accept warms the surroundings
accept degraded / diluted

accept a correct description for surroundings eg to the
washing machine

do not accept transformed into heat on its own

(c) () 3(0p)
allow 1 mark for correct substitution of correct values ie 0.2 x
15

allow 1 mark for calculating cost at 40°C (16.5p)

or
cost at 30°C (13.5p)

(i) any two from;

. less electricity needed

ignore answers in terms of the washing machine releasing
less energy

an answer in terms of the washing machine releasing CO,
negates mark

do not accept less energy is produced

. fewer power stations needed
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. less fuel is burned

accept a correctly named fuel
do not accept less fuel is needed

[7]
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M2. (a) ()

(ii)

food processor
hairdryer

TV

both required and no other
either order

Table lamp
Food processor

all required and no other
any order

(b) any two from:

(c) ()

(ii)

transfers / requires / uses more energy / power

accept more electricity used
accept higher power

more electricity needs to be generated

more (fossil) fuels (likely) to be burnt

accept a named fossil fuel

precise

this answer only

any three from:

can look for trends / patterns
help reduce energy use / consumption

reduce bills
accept save money

identify appliances which use a lot of energy
replace appliances with more efficient ones
see effect of leaving appliances on (standby)

Page 4
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to monitor usage is insufficient
answers in terms of environment are insufficient

8]
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M3.

(@)

(b)

(c)

E=Pxt

91 (p)

an answer £0.91 gains 3 marks
an answer 0.91 gains 2 marks

allow 2 marks for energy transferred = 18.2 (kWh)
or
substitution into 2 equations combined, ie 2.6 x 7 x 5

allow 1 mark for correct substitution into E=P x t, ie E=2.6
x7

or

allow 1 mark for multiplying and correctly calculating an
incorrect energy transfer value by 5

answers should be in terms of supply exceeding demand

accept there is a surplus / excess of electricity (at night)

reduce (rate of) energy transfer (from ceramic bricks)

accept heat for energy
do not accept no energy / heat escapes

do not accept answers in terms of lost / losing heat if this
implies heat is wasted energy

so keeping the (ceramic) bricks hot for longer

or

accept increase time that energy is transferred to the room
accept keep room warm for longer

to stop the casing getting too hot

accept so you do not get burnt (on the casing)

E=mxcx6

120

allow 1 mark for correct substitution
ie 9 000 000 =m x 750 x 100

8]
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M4. (a) (i) conduction

convection
correct order only

(i)  to keep the ceramic bricks hot for a longer time

(b) (i) E=Pxt

18.2

allow 1 mark for correct substitution ie 2.6 x 7 provided that
no subsequent step is shown

(i) 91 (p)
or their (b)(i) x 5 correctly calculated

accept £0.91
do not accept 0.91 without £ sign

(c) E=mxcx0

2 250 000

allow 1 mark for correct substitution ie 120 x 750 x 25
provided that no subsequent step is shown

answers 2250 kJ or 2.25 MJ gain both marks
(8]
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M5. (a) advantage
any one from:

. produce no / little greenhouse gases / carbon dioxide
allow produces no / little polluting gases
allow doesn'’t contribute to global warming / climate change
allow produce no acid rain / sulphur dioxide
reference to atmospheric pollution is insufficient
produce no harmful gases is insufficient
. high(er) energy density in fuel

accept one nuclear power station produces as much power
as several gas power stations

nuclear power stations can supply a lot of or more energy is
insufficient

. long(er) operating life
allow saves using reserves of fossil fuels or gas

disadvantage
any one from:

. produce (long term) radioactive waste
accept waste is toxic
accept nuclear for radioactive

. accidents at nuclear power stations may have far reaching or long term
consequences
. high(er) decommissioning costs
accept high(er) building costs
. long(er) start up time

(b) (i) 12000 (kwWh)
allow 1 mark for correct substitution eg
2000 x 6

or
2000000 x 6

or
12 000 000

1000

an answer of 12 000 000 scores 1 mark

Page 8
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(i) any idea of unreliability, eg

. wind is unreliable

reference to weather alone is insufficient
. shut down if wind too strong / weak
. wind is variable

(c) anyonefrom:

. cannot be seen

. no hazard to (low flying) aircraft / helicopters

. unlikely to be or not damaged / affected by (severe) weather
unlikely to be damaged is insufficient

. (normally) no / reduced shock hazard

safer is insufficient
less maintenance is insufficient
installed in urban areas is insufficient

[6]
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M6. (@) water moves (from a higher level to a lower level)

transferring GPE to KE

rotating a turbine to turn a generator
accept driving or turning or spinning for rotating
moving is insufficient

transferring KE to electrical energy

transferring GPE to electrical energy gains 1 mark of the 2

marks available for energy transfers

(b) (TVs in stand-by) use electricity
accept power / energy

generating electricity (from fossil fuels) produces CO,
accept greenhouse gas
accept sulfur dioxide

(CO,) contributes to global warming
accept climate change for global warming
accept greenhouse effect if CO, given
accept acid rain if linked to sulfur dioxide

(c) afactor other than scientific is given, eg economic, political or legal
personal choice is insufficient

Page 10
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M7.

(@)

(b)

(i)

(ii)

(iii)

to obtain a range of p.d. values

accept increase / decrease current / p.d. / voltage /
resistance

accept to change / control the current / p.d. / voltage /
resistance

to provide resistance is insufficient
a variable resistor is insufficient
do not accept electricity for current

temperature of the bulb increases

accept bulb gets hot(ter)
accept answers correctly

expressed in terms of collisions between (free) electrons and
ions / atoms

bulb gets brighter is insufficient

36
allow 1 mark for correct substitution, ie 12 x 3 provided no
subsequent step shown

watt(s) /W

accept joules per second / J/s
do not accept w

Marks awarded for this answer will be determined by the Quality of Written

Communication (QWC) as well as the standard of the scientific response.

Examiners should also refer to the information in the Marking guidance, and

apply a ‘bestfit’ approach to the marking.
0 marksNo relevant content.

Level 1 (1-2 marks)There is a basic comparison of either a cost aspect or an
energy efficiency aspect.
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Level 2 (3-4 marks)There is a clear comparison of either the cost aspect or
energy efficiency aspectORa basic comparison of both cost and energy
efficiency aspects.

Level 3 (5-6 marks)There is a detailed comparison of both the cost aspect
and the energy efficiency aspect.

For full marks the comparisons made should support a conclusion as to which
type of bulb is preferable.

Examples of the points made in the response:

cost
. halogen are cheaper to buy
simply giving cost figures is insufficient
. 6 halogen lamps cost the same as one LED
. LEDs last longer
. need to buy 18 / more halogen lamps to last the same time as one LED

. 18 halogens cost £35.10
. costs more to run a halogen than LED

. LED has lower maintenance cost (where many used, eg large
departmental store lighting)

energy efficiency

. LED works using a smaller current
. LED wastes less energy
. LEDs are more efficient
. LED is 22% more energy efficient
. LED produces less heat
. LED requires smaller input (power) for same output (power)
6 [11]
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(@) Complete the following sentences.

()  An electric motor is designed to transform electrical energy into

............................................... energy.
(1)
(i) Some of the electrical energy supplied to the motor is wasted as
........................................ energy and ..........ccccceeeeeeeeeeeinnnnee..... €NEIQY.
(1)
(b)  What happens to the energy wasted by the electric motor?
(1)

(c) The graph shows that washing clothes at a lower temperature uses less energy
than washing them at a higher temperature. Using less energy will save money.

Page 2
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Temperature setting in °C
(i)  Electricity costs 15p per kilowatt-hour (kWh).
The temperature setting is turned down from 40 °C to 30 °C.

Use the graph and equation in the box to calculate the money saved each
wash cycle.

total cost = number of kilowatt-hours x cost per kilowatt-hour

Show clearly how you work out your answer.

Money saved = .......coovvvviiiiiiiiii,
2
(i)  Reducing the amount of energy used by washing machines could reduce the
amount of carbon dioxide emitted into the atmosphere.
Explain why.
2

(Total 7 marks)
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Q2.
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%

Radiant heater
1.0 kw

\\ Ix"'-_----- =4

Food processor

Sandwich toaster
0.4 kW

1.1 kW

(@ ()

energy?

The data included in the diagrams gives the power of the electrical appliances.

Hairdryer
1100 W

Table lamp
40 W

Which of the appliances are designed to transform electrical energy to kinetic

.................................................... "

(i)  Which of the appliances waste energy as heat?

..................................................... "

(b) Leaving the radiant heater switched on is likely to lead to more carbon dioxide being
emitted into the atmosphere than leaving the table lamp on for the same length of

time.

Explain why.
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)

(c) A homeowner decides to monitor the amount of electrical energy used in his home.
He can do this by using the home’s electricity meter or by using a separate
electronic device.

The table gives some information about each method.

Electricity meter Electronic device

Records to the nearest Records to the nearest

kilowatt-hour 1/100th kilowatt-hour
Homeowner takes Energy use recorded
readings at regular continuously and
intervals stored for one year

Displays a graph
showing energy use
over a period of time

0] Complete the following sentence.

The reading given by the electronic device is more
than the reading given by the electricity meter.

1)

(i)  Suggest how data collected and displayed by the electronic device could be
useful to the homeowner.

Page 5
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(3)
(Total 8 marks)
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Q3.The diagram shows how one type of electric storage heater is constructed. The heater has
ceramic bricks inside. The electric elements heat the ceramic bricks during the night.
Later, during the daytime, the ceramic bricks transfer the stored energy to the room.

(@) In winter, the electricity supply to a 2.6 kW storage heater is switched on each day
between midnight and 7 am. Between these hours, electricity costs 5 p per
kilowatt-hour.

Calculate the daily cost of using the storage heater.

Show clearly how you work out your answer.

®)

(b) Homes with electric storage heaters have a separate meter to measure the
electricity supplied between midnight and 7 am. Another meter measures the
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electricity supplied at other times. This electricity supplied at other times costs 15 p
per kilowatt-hour.

Electricity companies encourage people to use electricity between midnight and 7
am by selling the electricity at a lower cost.

Suggest why.

1)
(c) By 7 am, the temperature at the centre of the ceramic bricks is about 800 °C.
The temperature of the outside metal casing is about 80 °C.
The ceramic bricks are surrounded by 'super-efficient' insulation.
Explain why.
2
(d) At 7 am, the electricity supply switches off and the temperature of the ceramic
bricks starts to fall. The temperature of the bricks falls by 100 °C over the next four
hours. During this time, 9 000 000 J of energy are transferred from the bricks.
Calculate the total mass of ceramic bricks inside the heater.
Specific heat capacity of the ceramic bricks = 750 J/kg °C.
Show clearly how you work out your answer.
MasS = .. kg
2

(Total 8 marks)
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Q4.The diagram shows how one type of electric storage heater is constructed. The heater has
ceramic bricks inside. The electric elements heat the ceramic bricks during the night.
Later, during the daytime, the ceramic bricks transfer the stored energy to the room.

@) (i) Complete the following sentences using words from the box.

conduction convection evaporation

Energy is transferred through the metal casing by ............c....ccccl.

The warm air rising from the heater transfers energy to the

)

(i)  The inside of the metal case is insulated.
Which one of the following gives the reason why?

Tick (¥") one box.

To transfer energy from the ceramic bricks to the room faster

To stop energy from the room transferring into the heater

Page 9
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To keep the ceramic bricks hot for a longer time

@)

(b) In winter, the electricity supply to a 2.6 kW storage heater is switched on for seven
hours each day.

(i)  Calculate the energy transferred, in kilowatt-hours, from the electricity supply
to the heater in seven hours.

Show clearly how you work out your answer.

)

(i)  The electricity supply to the heater is always switched on between midnight
and 7 am. Between these hours, electricity costs 5 p per kilowatt-hour.

Calculate how much it costs to have the heater switched on between midnight
and 7 am.

1)

(c) Between 7 am and 8 am, after the electricity supply is switched off, the temperature
of the ceramic bricks falls by 25 °C.

Calculate the energy transferred from the ceramic bricks between 7 am and 8 am.

Total mass of ceramic bricks = 120 kg.
Specific heat capacity of the ceramic bricks = 750 J/kg °C.

Show clearly how you work out your answer.
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2
(Total 8 marks)
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Q5.Electricity can be generated using various energy sources.

(a) Give one advantage and one disadvantage of using nuclear power stations rather
than gas-fired power stations to generate electricity.

AQVANTAGE ...
DiSadVantage ........c..ueiiiiiiiii s
2
(b) (i) A single wind turbine has a maximum power output of 2 000 000 W.
The wind turbine operated continuously at maximum power for 6 hours.
Calculate the energy output in kilowatt-hours of the wind turbine.
Energyoutput= ..., kWh
2
(i)  Why, on average, do wind turbines operate at maximum power output for only
30% of the time?
(1)

(c)  Anon-shore wind farm is made up of many individual wind turbines.
They are connected to the National Grid using underground power cables.

Give one advantage of using underground power cables rather than overhead
power cables.

PhysicsAndMathsTutor.com



1)
(Total 6 marks)
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Q6.(a) Iceland is a country that generates nearly all of its electricity from renewable sources.

In 2013, about 80% of Iceland’s electricity was generated using hydroelectric power
stations (HEP).

Describe how electricity is generated in a hydroelectric power station. Include the
useful energy transfers taking place.

4)

(b)  The UK produces most of its electricity from fossil fuels.

Many people in the UK leave their televisions in ‘stand by’ mode when not in use,
instead of switching them off.

It is better for the environment if people switch off their televisions, instead of leaving
them in ‘stand by’ mode.

Explain why.
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3)

(c) A scientist wrote in a newspaper:

‘Appliances that do not automatically switch off when they are not being used should
be banned.’

Suggest why scientists alone cannot make the decision to ban these appliances.

(1)
(Total 8 marks)
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Q7.(a) The diagram shows the circuit used to obtain the data needed to plot the current—potential
difference graph for a filament bulb.

(i)  Why is the component labelled ‘J’ included in the circuit?

(1)
(i)  The resistance of the bulb increases as the potential difference across the bulb
increases. Why?
(1)
(i) The bulb is at full brightness when the potential difference across the bulb is
12 V.
The current through the bulb is then 3 A.
Calculate the power of the bulb when it is at full brightness and give the unit.
POWEr = ..o
®)

(b) In this question you will be assessed on using good English, organising information
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clearly and using specialist terms where appropriate.

The table gives data about two types of light bulb people may use in their homes.

Average
Type of light bulb |~ ENeray Costofone | icotime in
efficiency light bulb hours
Halogen 10% £1.95 2 000
Light Emitting o
Diode (LED) 32% £11.70 36 000

Both types of light bulb produce the same amount of light.

Evaluate, in terms of cost and energy efficiency, the use of the two types of light

bulb.

To gain full marks you must compare both types of light bulb and conclude which
light bulb would be the best to use.

PhysicsAndMathsTutor.com
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M1.

(@) (because the) potential of the live wire is 230 V

(and the) potential of the electrician is 0 V

(so there is a) large potential difference between live wire and electrician

charge / current passes through his body
allow voltage for potential difference

(b)  diameter between 3.50 and 3.55 (mm)

allow correct use of value of cross-sectional area of 9.5 to
9.9 (mm?) with no final answer given for 1 mark

(c) 18000 = | x 300

| =18000/300 =60

13 800 = (60%) x R

R =13 800/ 60?

3.83(Q)
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allow 3.83(Q) with no working shown for § marks

answer may also be correctly calculated using P =1V and V
= IR if 230 V is used.
[11]
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M2. (a) electric current
(rate of) flow of (electric

~

charge / electrons

I=
accept
with Q and t correctly named

~| D

potential difference
work done / energy transferred per coulomb of charge (that passes between
two points in a circuit)

I' i
accept Q
with W and Q correctly named
1
(b)  metals contain free electrons (and ions)
accept mobile for free
1

as temperature of filament increases ions vibrate faster / with a bigger amplitude
accept atoms for ions
accept ions/atoms gain energy
accept vibrate more for vibrate faster
do not accept start to vibrate

electrons collide more (frequently) with the ions
or
(drift) velocity of electrons decreases

do not accept start to collide

accept increasing the p.d. increases the temperature (1
mark)

and

(and) resistance increases with temperature (1 mark) if no
other marks scored

allow 1 mark for obtaining value 1.3 from graph
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or allow 1 mark for a correct calculation using an incorrect
current in the range 1.2-1.6 inclusive

[7]
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useful energy out (< 100%)

efficiency = :
M3. (a) (i) total energy in
1.6 (W)
0.2/ 20 _ output
allow 1 mark for correct substitution ie 100 §
2
a
efficiency useful energy puf (= 100%)
(il total energy in
32 (%) /0.32
or
their (a)(i) + 5 correctly calculated
ignore any units
1
(b) (i) any two from:
. comparison over same period of time of relative numbers of bulbs
required eg over 50 000 hours 5 CFL’s required to 1 LED
accept an LED lasts 5 times longer
. link number of bulbs to cost eg 5 CFL’s cheaper than 1 LED
an answer in terms of over a period of 50 000 hours CFLs
cost £15.50 (to buy), LED costs £29.85 (to buy) so CFLs are
cheaper scores both marks
an answer in terms of the cost per hour (of lifetime) being
cheaper for CFL scores 1 mark if then correctly calculated
scores both marks
. over the same period of time LEDs cost less to operate (than CFLs)
2

(i) any one from:

. price of LED bulbs will drop
do not accept they become cheaper

. less electricity needs to be generated
accept we will use less electricity

. less CO, produced
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. fewer chips needed (for each LED bulb)
. fewer bulbs required (for same brightness / light)

. less energy wasted
do not accept electricity for energy

(6]
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M4. (a) water heated by radiation (from the Sun)
accept IR / energy for radiation

water used to heat buildings / provide hot water

allow for 1 mark heat from the Sun heats water if no other
marks given

references to photovoltaic cells / electricity scores 0 marks

(b) 2 (minutes)
168 = 10°
1.4 x10° = d
gains 1 mark
calculation of time of 120 (seconds) scores 2 marks

) (i) 150 (kWh)

(i)  £60(.00) or 6000 (p)
an answer of £6000 gains 1 mark
allow 1 mark for 150 x 0.4(0) 150 x 40
allow ecf from (c)(i)

(iii) 25 (years)
an answer of 6000 / 240
or
6000 / their (c)(ii) x 4
gains 2 marks
an answer of 6000 / 60
or
6000 / their (c)(ii) gains 1 mark, ignore any other multiplier of
(c)(ii)

(iv) any one from:
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. will get £240 per year
accept value consistent with calculated value in (c)(iii)

. amount of light is constant throughout the year
. price per unit stays the same
. condition of cells does not deteriorate
1
(d)  any one from:
. angle of tilt of cells
. cloud cover
. season / shade by trees
. amount of dirt
1

[13]
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(@) air near freezer compartment is cooled or loses energy
accept air at the top is cold

cool air is (more) dense or particles close(r) together (than warmer air)
do not allow the particles get smaller / condense

so (cooler) air falls

air (at bottom) is displaced / moves upwards / rises
do not allow heat rises
accept warm air (at the bottom) rises

(b) if volume is doubled, energy use is not doubled
or
volume + energy not a constant ratio

correct reference to data, eg 500 is 2x250 but 630 not 2x300

(c) accept suitable examples, eg

advantage:

. reduces emissions into atmosphere

. lower input power or uses less energy or wastes less energy
. costs less to run

cost of buying or installing new fridge is insufficient
ignore reference to size of fridge

disadvantage:

Page 10
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M6.

. land fill

. energy waste in production
. cost or difficulty of disposal
. transport costs

(@) (i) 5.88 (watts)
an answer of 5.9 scores 2 marks
allow 1 mark for correct substitution ie

power out
0.42= 14
allow 1 mark for an answer of 0.0588 or 0.059

(i) 8.12
allow 14 — their (a)(i) correctly calculated

(b) (i) input power / energy would be (much) less (reducing cost of running)
accept the converse
electricity is insufficient

(also) produce less waste energy / power
accept ‘heat’ for waste energy

(as the waste energy / power) increases temperature of the cabinet

so cooler on for less time

(i)  line graph

Page 11
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need to get both parts correct
accept scattergram or scatter graph

both variables are continuous
allow the data is continuous

(c)  number of bulbs used-halogen=24 (LED=1)

total cost of LED = £30 + £67.20 = £97.20

accept a comparison of buying costs of halogen £36 and
LED £30

total cost of halogen= 24 x £1.50 + 24 x £16.00 = £420
or
buying cost of halogen is £36 and operating cost is £384

accept a comparison of operating costs of halogen £384 and
LED £67.20

allow for 3 marks the difference in total cost is £322.80 if the
number 24 has not been credited

statement based on correct calculations that overall LED is cheaper
must be both buying and operating costs

an alternative way of answering is in terms of cost per hour:

(ESG oo

buying cost per hour for LED -49“"3-} = 0.0625p/£0.000625

£150
buying cost per hour for halogen = (Gee) = 0.075p/£0.00075
a calculation of both buying costs scores 1 mark

£67.20%

operating cost per hour for LED = [*HWGJ =0.14p/£0.0014

£16.00

operating cost per hour for halogen= ( 2000 ) = 0.8p/£0.008
a calculation of both operating costs scores 1 mark

all calculations show a correct unit
all units correct scores 1 mark
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statement based on correct calculations of both buying and operating costs,
that overall LED is cheaper

correct statement scores 1 mark

[12]
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Q1.An electrician is replacing an old electric shower with a new one.

The inside of the old shower is shown in Figure 1.

Figure 1

© Michael Priest
(a) If the electrician touches the live wire he will receive an electric shock.
Explain why.

(4)
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(b) Different electrical wires need to have a cross-sectional area that is suitable for the
power output.

Figure 2 shows the recommended maximum power input to wires of different
cross-sectional areas.

Figure 2
20
18
16
14 -
12
Maximum
power input 10
in kW
8
5]

l:' T T T T T T
o 1 2 3 4 &5 6 7 8 9 10 1 12 13 14 15 16

Cross sectional area in mm?

The new electric shower has a power input of 13.8 kW.
Determine the minimum diameter of wire that should be used for the new shower.

The diameter, d, can be calculated using the equation:

d- |24
T

A is the cross-sectional area of the wire.

)

(c) The charge that flows through the new shower in 300 seconds is 18 000 C.
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The new electric shower has a power of 13.8 kW.
Calculate the resistance of the heating element in the new shower.

Write down any equations you use.

®)
(Total 11 marks)
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Q2. The graph shows how the electric current through a 12 V filament bulb varies with the
potential difference across the bulb.

(@) What is the meaning of the following terms?

electric current

@)

(b)  The resistance of the metal filament inside the bulb increases as the potential
difference across the bulb increases.

Explain why.
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®)

(c) Use data from the graph to calculate the rate at which the filament bulb transfers
energy, when the potential difference across the bulb is 6 V.

Show clearly how you work out your answer.

2
(Total 7 marks)
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Q3.The table gives data about two types of low energy bulb.

Type of bulb Power input Efficiency Lifetime Cost of
in watts in hours one bulb
Compact Fluorescent o
Lamp (CFL) 8 20% 10 000 £3.10
Light Emitting Diode 5 50 000 £99.85

(LED)

(@) Both types of bulb produce the same useful power output.
(i)  Calculate the useful power output of the CFL.

Show clearly how you work out your answer.

Useful power output = ........coooiiiiiiiiiineiiiiieccee e W
2
(i)  Calculate the efficiency of the LED bulb.
Show clearly how you work out your answer.
Efficiency = oo,
(1)

(b) LED bulbs are expensive. This is because of the large number of individual
electronic
LED chips needed to produce sufficient light from each bulb.

(i)  Use the data in the table to evaluate the cost-effectiveness of an LED bulb
compared to a CFL.
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)

(i)  Scientists are developing brighter and more efficient LED chips than those
currently used in LED bulbs.

Suggest one benefit of developing brighter and more efficient LED chips.

(1)
(Total 6 marks)
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Q4.Solar panels are often seen on the roofs of houses.

(a) Describe the action and purpose of a solar panel.

(b)  Photovoltaic cells transfer light energy to electrical energy.

In the UK, some householders have fitted modules containing photovoltaic cells on
the roofs of their houses.

Four modules are shown in the diagram.

The electricity company pays the householder for the energy transferred.

The maximum power available from the photovoltaic cells shown in the diagram is
1.4 x10°W.

How long, in minutes, does it take to transfer 168 kJ of energy?

PhysicsAndMathsTutor.com
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®3)

(c) When the modules are fitted on a roof, the householder gets an extra electricity
meter to measure the amount of energy transferred by the photovoltaic cells.

(i)  The diagram shows two readings of this electricity meter taken three months
apart.
The readings are in kilowatt-hours (kWh).

21 November 0|0]|0|41|4

21 February 0j0[|1]9]|4

Calculate the energy transferred by the photovoltaic cells during this time
period.

Energy transferred = ... kWh
(1)
(i)  The electricity company pays 40p for each kWh of energy transferred.
Calculate the money the electricity company would pay the householder.
Money paid = ......cccccovviiiirii e
2
(i) The cost of the four modules is £6000.
Calculate the payback time in years for the modules.
Payback time = ..........cccciiiiiii e, years
3
Page 10
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(iv) State an assumption you have made in your calculation in part (iii).

@
(d) Inthe northern hemisphere, the modules should always face south for the
maximum transfer of energy.
State one other factor that would affect the amount of energy transferred during
daylight hours.
@

(Total 13 marks)
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Q5.(a) The figure below shows a fridge with a freezer compartment.

The temperature of the air inside the freezer compartment is -5 °C.

The air inside the fridge forms a convection current when the fridge door is closed.

Explain why.

(b)  The table below shows information about four fridges.

PhysicsAndMathsTutor.com

Fridge Volume in litres OEn”ee;%éruiiegvivnh
A 250 300
B 375 480
c 500 630
D 750 750
Page 12
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A householder concludes that the energy used in one year is directly proportional to
the volume of the fridge.

Explain why her conclusion is not correct.

Use data from the table in your answer.

)

(c) New fridges are more efficient than fridges made twenty years ago.

Give one advantage and one disadvantage of replacing an old fridge with a new
fridge.

Ignore the cost of buying a new fridge.

AAVANTAGE .o

(2
(Total 8 marks)
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The bulbs all have the same brightness.

Q6.Table 1 shows information about different light bulbs.

Table 1
Input power in _
Type of bulb watts Efficiency
Halogen 40 0.15
Compact
fluorescent 14 0.42
(CFL)
LED 7 0.85
(@) (i) Calculate the useful power output of the CFL bulb.
Useful power output = ...........ccooeeiiinnnnnnns watts
2
(i)  Use your answer to part (i) to calculate the waste energy produced each
second by a CFL bulb.
Waste energy persecond = ........ccccoeeveeeeiininnnnn, joules
(1)
(b) (i) A growth cabinet is used to investigate the effect of light on the rate of growth

of plants.

The figure below shows a growth cabinet.

Page 14
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In the cabinet the factors that affect growth can be controlled.

A cooler unit is used to keep the temperature in the cabinet constant. The
cooler unit is programmed to operate when the temperature rises above 20
°C.

The growth cabinet is lit using 50 halogen bulbs.

Changing from using halogen bulbs to LED bulbs would reduce the cost of
running the growth cabinet.

Explain why.

4)

(i) A scientist measured the rate of growth of plants for different intensities of
light.

What type of graph should be drawn to present the results?

PhysicsAndMathsTutor.com



@)

(c) Table 2 gives further information about both a halogen bulb and a LED bulb.

Table 2
Type of | Costto L|fei:]|me Operating cost over the
bulb buy hours lifetime of one bulb
Halogen £1.50 2000 £16.00
LED £30.00 48 000 £67.20

A householder needs to replace a broken halogen light bulb.

Compare the cost efficiency of buying and using halogen bulbs rather than a LED
bulb over a time span of 48 000 hours of use.

Your comparison must include calculations.

PhysicsAndMathsTutor.com
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M1. (a) 60% sector correct
other two sectors closer to 13:7 than 12:8 or 14:6
sectors correctly labelled (w.r.t rank order of size)

each for 1 mark

(b) (i) ideas that wasted energy
is transferred to ~ surrounding air
pan
stove
is converted to another/correctly named energy form

any 2 for 1 mark each

(i) 40
for 1 mark
M2.
wilected by
ahmosphers
heats atmos phee
1M amts of dhsothed by ghove aufice
energy fiomsun E atws phee
&
]
) pas ses theoagh . ener y drives
ahrosphere E vrater cyrle to
cnrber space
\.\ erermy heats
earth’s nurface
14
to
abmosphers

each for 1 mark
allow ‘error carried forward' to the last box’
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(@) weight (lifted)
or

height (lifted)

(b) any two from:

. calculate a mean
. spot anomalies
. reduce the effect of random errors

(c) as speed increases, the efficiency increases

(but) graph tends towards a constant value
or

appears to reach a limit
accept efficiency cannot be greater than 100%

(d)  heating the surroundings

() 0(%)
[7]
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M4. (a) (i) as a source of thermal radiation
accept heat for thermal radiation
accept to act as the Sun
do not accept sunlight alone

(i)  any one from:

. volume of water
accept amount for volume

. distance between lamp and boiling tube
. initial / starting temperature of water
. same room temperature

do not accept time or same insulation material

(i)  any one from:

. greater sensitivity / precision
do not accept more reliable (negates mark)

. could link to a computer for (automatic) data analysis
. could take more frequent readings
. reduces instrument reading error

accept more accurate
do not accept easier to use on its own

(b) () acts as a control
accept to be able to make a comparison
accept to see the difference
do not accept ‘to make it a fair test’ OWTTE on its own

(i)  (plastic) foam and aluminium foil

(i) (aluminium) foil is a poor absorber of thermal radiation
accept heat / infra red for thermal radiation

or (aluminium) foil is a (good) reflector of thermal radiation
do not accept ‘reflects sunlight’ on its own

Page 4
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(plastic) foam traps air which is a (good) insulator
accept (plastic) foam is a poor conductor / (good) insulator

do not accept ‘the material’ is a good insulator / poor
conductor

(c) particles vibrate with a bigger / stronger amplitude / faster / with more
(kinetic) energy

accept particles vibrate more
do not accept start to vibrate only

energy transferred by collisions with other particles
do not accept answers in terms of
free/mobile electrons

[9]
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M5. (a) (i) radiation

(ii)  traps (small pockets of) air
do not accept it’s an insulator
do not accept reduces conduction and / or convection
do not allow it doesn't allow heat to escape

(b) (i) bigger temperature difference (between the water and surroundings)at the
start (than at the end)

do not accept water is hotter

(i)  starting temperature (of the water)
accept thickness of fleece
do not accept same amount of fleece
do not accept thermometer / can
do not accept time is the same

(i) 18 (°C)
correct answer only

(iv) M

smallest temperature drop (after 20 mins)
cannot score if M is not chosen
accept it’s the best insulator
accept smallest loss in heat
accept keeps heat / warmth in for longer

[7]
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Q1. A gas burner is used to heat some water in a pan.

Of the energy released by the burning gas by the time the water starts to boil:

60% has been transferred to the water.
20% has been transferred to the surrounding air.
13% has been transferred to the pan.

7% has been transferred to the gas burner itself.

(@) Use the above information to complete the pie-chart.

= surrounding air

(b)  Some of the energy released by the burning gas is wasted.

Page 2
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(i)  What happens to this wasted energy?

&)
(i)  What percentage (%) of the energy from the gas is wasted? Answer: ................
%
)
(Total 6 marks)
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Q2. Complete the boxes on the chart to show what happens to the energy from the Sun.

100 urits of
enier gy from
Sun

30

S0
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reflecte d by
¥ atmosphere
dheothed by heats
stmosphere atmosphete
ahove swface
/X i
passes '
etrier @ drives
through | |24 [ WEE: oycle
atmmosphere
- "
ouater
etier gy heats |y i
Earth s
fi
surface - ”
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ativ osphere
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Q3.A student investigated the efficiency of a motor using the equipment in Figure 1.
Figure 1

Pulley . - “‘» Maotor
¥ 2 - '-I.
| '-\L_j

S L

He used the motor to lift a weight of 2.5 N a height of 2.0 m.

He measured the speed at which the weight was lifted and calculated the efficiency of the
energy transfer.

He repeated the experiment to gain two sets of data.

(@) Give one variable that the student controlled in his investigation.

(1)
(b) Give two reasons for taking repeat readings in an investigation.
USSR
2 et ee e e et—eee e e e e—eee e at—eee e ——ee e e e ——eeeaan—eeeeaanaeeeeaantaeeeannreeeennnees
2

(c) Figure 2 shows a graph of the student’s results.

Figure 2
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Give two conclusions that could be made from the data in Figure 2.

2
(d) Give the main way that the motor is likely to waste energy.
(1)
(e) When the total power input to the motor was 5 W the motor could not lift the 2.5 N
weight.
State the efficiency of the motor.
Efficiency = ..o %
1)

(Total 7 marks)
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Q4. A student had read about a glacier that had been covered in insulating material. The
idea was to slow down the rate at which the glacier melts in the summer.

She investigated this idea using the apparatus shown in the diagram.

(@) These are the steps taken by the student.

. Measure 30 cm? of cold water into a boiling tube.

. Place the boiling tube 25 cm from an infra red lamp.

. Record the temperature of the water.

. Switch on the infra red lamp.

. Record the temperature of the water every minute for 5 minutes.

. Repeat with boiling tubes covered in different insulating materials.

()  Why did she use an infra red lamp?

1)

(i) Name one control variable in this investigation.

@)

Page 7
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(ili)  Give one advantage of using a temperature sensor and data logger instead of
a glass thermometer to measure temperature.

@)

(b)  The results of the investigation are shown in the graph.

()  Why did the student use a boiling tube with no insulation?

@)
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(i)  From her results, what should she recommend is used to insulate the glacier?

1)
(iii)  Explain why the insulation recommended by the student will reduce the heat
transfer from the Sun to the glacier.
2
(c) Explain, in terms of particles, how heat is transferred through the glass wall of a
boiling tube.
(2)

(Total 9 marks)
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Q5. (@) The diagram shows a ski jacket that has been designed to keep a skier warm.
The jacket is made from layers of different materials.

Outer
waterproof
layer

Inner shiny layer

(i The inner layer is shiny to reduce heat transfer.

Which process of heat transfer will it reduce?

1)

(i)  Why is the layer of fleece good at reducing the transfer of heat from a skier's
body?

1)

(b) A student tested four different types of fleece, J, K, L and M, to find which would
make the warmest jacket. Each type of fleece was wrapped around a can which was
then filled with hot water.

The temperature of the water was taken every two minutes for 20 minutes.

Page 10
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Thermometer

_~Lid
= Hot water
gﬁ' Fleece
Can

Heat proof mat

The graph shows the student’s results.

60

50 3

o &I
40 B \ S ., 1} F ™~
L

Temperature \ S .
i“ OC 30 J ;K'“v. B -~

20 LT EEEnEoT

10

0 >
0 2 4 6 8 10 12 14 16 18 20
Time in minutes

(i In each test, the water cooled faster during the first five minutes than during
the last five minutes. Why?

e
(i)  To be able to compare the results, it was important to use the same volume of
water in each test.
Give one other quantity that was the same in each test.
@)
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(iii) Look at the graph line for fleece K.

Estimate what the temperature of the water in the can wrapped in fleece K
would be after 40 minutes.

@
(iv)  Which type of fleece, J, K, L or M, should the student recommend to be used
in the ski jacket?
Give a reason for your answer.
2

(Total 7 marks)
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Gemstherrmal

Hydrasleciric :
Nuclear
M1.
M2. (a)

(b) ()

(ii)

Uses energy from falling water

Uses ervergy from inside the Earth

Is unpradiciakia

H\\——

Produces dangerous waste

allow 1 mark for each correct line

if more than one line goes from an energy source then all
lines from that energy source are wrong

gas (burning)

(transmission) cables and (step-up and step-down) transformers

if transformers are named ie step-up transformer then both
step-up and step-down must be given

mention of power station or consumer negates mark

voltage

more efficient

(c) increase

PhysicsAndMathsTutor.com
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M3. (a) (i) any one from:

* produces no (air / atmospheric) pollution
accept named pollutant eg CO,
accept no harmful gases
accept produces no emissions
accept does not add to global warming
environmentally friendly is insufficient

* energy (source) is free
accept no fuel costs
accept the wind/ it is free

(i) any one from:
* waves
+ tides

+ falling water
accept hydroelectric
do not accept water (flow)

* solar
accept Sun / sunlight
accept solar panels / cells

+ geothermal

» biofuel / biomass
accept a named biofuel

(b) (i) 3000 (kilowatts)
accept 3 megawatts / MW
accept 3 000 000 watts / W

(i)  (average) wind speed below 6 m/s

answers giving a wind speed greater than 3 but less than 6
m/s gain both marks

allow 1 mark for calculating the output as 500 kW
(maximum)

Page 3
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and

allow 1 mark for wind speed too low or wind not strong
enough

do not accept wind above 25 m/s
do not accept the turbines are frozen

(i) A small amount of nuclear fuel generates a large amount of electricity.
both required

Nuclear power stations do not depend on the weather to generate electricity.
1

(6]
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M4.

(b)

(a)

(ii)

(i)

(i)

(i)

correct data point identified (4, 0.96)

a decrease in

no / less atmospheric pollution

accept specific examples eg no CO, / greenhouse gases
produced

accept no harmful gases / fumes

accept reduced pollution from transportation (of coal)
accept does not contribute to global warming

it / they refers to solar cells

do not accept no / less pollution

does not harm the environment is insufficient

it is a renewable energy source is insufficient

7600

allow 1 mark for showing correct method ie 950  provided
that no subsequent step is shown

increase

these marks can score even if (b)(iii) is wrong

less / no electricity generated

accept energy for electricity
accept reduced power / voltage output

(because) lower light intensity (hitting solar panel / cell)

or

so decreases money paid / gained (from selling electricity)

allow less light / sun (hitting solar panel / cell)
(8]
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M5.

(@) ogrid
accept any unambiguous indication

(b) (i) Af(only)

(i) D (only)

(c) lessthan

M6. (a) (i) an unreliable energy source

(i)  arenewable energy source

(b) plant / grow (at least) one new tree

(c) greater than 4%

Page 6
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M7. (a) electrical

1
chemical
1
light
1
(b) 25% or 0.25
allow 1 mark for correct substitution, ie 50 + 200 provided no
subsequent step shownoranswers of 25 with a unit or 0.25
with a unit gain 1 mark
answers of 25 without a unit or 0.25% gain 1 mark
2
(c) the information board can be used anywhere it is needed
1

(6]
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M8. (a) anytwo from:

. nuclear
. oil
. (natural) gas

(b) 4 (hours)

(c) asystem of cables and transformers

(d)  The power output of wind turbines is unpredictable

(e) 1500/0.6

2500 (wind turbines)
allow 2500 with no working shown for 2 marks

(f) Most energy resources have negative environmental effects.

Page 8
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changing the distance may / will affect / change the voltmeter reading

accept so only one independent variable
accept distance affects speed of wind (turbine)
accept it is a control variable

accept to give valid results

fair test is insufficient
to make the results accurate is insufficient

(i) any sensible practical suggestions, eg

(iii)

so fan reaches a steady / full speed
accept power for speed

so wind (turbine) reaches a steady / full speed

so voltmeter reaches / gives a steady reading

accept accurate or valid reading a correct reading is
insufficient

do not accept precise reading

as the number of blades increases so does the (voltmeter) reading /

output / voltage

number of blades affects the reading / output is insufficient

further relevant detail, eg

voltmeter increase is greatest up to 3 blades

voltmeter reading hardly changes with 4, 5 or 6 blades
accept does not change between 4 and 6 blades

increase is directly proportional up to 3 blades

it reaches a limit
accept does not change after 4/ 5 blades

a numerical example giving two pairs of numbers, eg 2 blades =
0.6V, 4 blades = 1V
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reason scores only if C is chosen

wind speed / strength varies
accept wind is not constant / reliable

(6]
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M10. (@) () 77

1
(i) Qi
1
(b) water
accept H,O
1
(c) Carbon dioxide causes global warming
1

[4]
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M11. (a) (i) water

1
heated
accept boiled or turned to steam
do not accept evaporated
1
generator
1
(i)  geothermal power stations provide a reliable source of electricity
1
(b) falling water
1

[5]
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Q1.Three energy sources used to generate electricity are given in List A.
Statements about the energy sources used to generate electricity are given in List B.

Draw one line from each energy source in List A to the statement about the energy
source in List B.

ELiSt a List B
SQSI% Statement about energy source
Uses energy from falling water
Geothermal

Uses energy from inside the Earth

Hydroelectric

Is unpredictable

Nuclear

Produces dangerous waste

(Total 3 marks)
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Q2. In the UK, most electricity is generated in power stations that burn fossil fuels.

(a) Which type of fossil fuel power station has the shortest start-up time?

1)
(b) The diagram shows how electricity is distributed around the UK.
Transmission
Consumer
Step-up Step-down
transformer transformer
(i)  Which of the parts labelled in the diagram form the National Grid?
(1)
(i) A step-up transformer is used near the power station.
Draw a ring around the correct answer in each box to complete each
sentence.
current.
A step-up transformer increases the power.
style="height:0.1pt'> voltage.
ess dangerous.
Using a step-up transformer makes the distribution of electricity more efficient.
style="height:0.10pt"> work faster.
@)
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(c) Electricity in the UK is also generated without using fossil fuels.

The graph shows how the percentage of electricity generated in the UK without
using fossil fuels changed between 1990 and 2010.

Percentage (%)
of electricity
generated
without using
fossil fuels

1990

b
2000 2010

Year

What does the data in the graph suggest will probably happen to the percentage of
electricity generated in the UK without using fossil fuels over the next 10 years?

PhysicsAndMathsTutor.com
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Q3.The world’s biggest offshore wind farm, built off the Kent coast, started generating electricity
in September 2010.

(@) One advantage of using the wind to generate electricity is that it is a renewable
energy source.

(i) Give one other advantage of using the wind to generate electricity.

@

(i)  Name one other renewable energy source used to generate electricity.

@)

(b)  The graph shows how wind speed affects the power output from a large wind

turbine.

3000
2500
Power 2000

output in 4
kilowatts 1500

K.
1000
FJ
500 ',’
0
0 5 10 15 20 25

Wind speed in metres per second
(i)  What is the maximum possible power output from this wind turbine?

@)

(i) Read this part of a newspaper article.
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Use the graph to explain why the power output from the wind turbines was
less than one sixth of the maximum.

2
(iii) Having more nuclear power stations will help to avoid power cuts in the future.
Which two of these reasons explain why?
Put a tick (v") in the boxes next to your answers.
The radioactive waste produced must be stored for many years._|
Nuclear power stations do not depend on the weather to generate
electricity._|
1)
(Total 6 marks)
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Q4. A student has read that a solar cell with a dirty surface will not work as well as a
solar cell with a clean surface.

To test the effect of a dirty surface on a solar cell, the student set up the following
equipment.

Page 7
PhysicsAndMathsTutor.com



The student put the desk lamp a fixed distance from the solar cell. To represent the effect
of a dirty surface, the student covered the surface of the solar cell with pieces of tracing
paper. Each time the student added a piece of paper, she measured the output voltage of
the solar cell.

(@) The results taken by the student have been used to draw the graph below.

(i)  One of the results seems to be anomalous.

Page 8
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Draw a ring around the anomalous data point on the graph.

1)
(i)  The larger the number of sheets of tracing paper used, the lower the intensity
of the light reaching the solar cell.
Draw a ring around the correct answer in the box to complete the sentence.
@ decrease in
A decrease in the intensity of the light reaching the solar cell causes no change to
an increase in
(1)
the output voltage from the solar cell.
(b)  People can buy panels of solar cells to generate electricity for their homes.Any
surplus electricity can be sold to the electricity supply company.
(i Give one environmental advantage of generating electricity using solar cells
rather than generating electricity in a coal-burning power station.
(1)
(i) A homeowner pays £7600 to have solar panels fitted on the roof of their

house.
The homeowner expects to save £950 each year from reduced energy bills
and from selling the electricity.

Assuming these figures to be correct, calculate the pay-back time for the solar
panels.

Show clearly how you work out your answer.
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(@)

(iii) Draw a ring around the correct answer in the box to complete the sentence.

Allowing the surface of the solar panels to become very dirty will

the pay-back time.

(iv)  Explain your answer to part (b)(iii).

decrease
not change

ncrease

@)

PhysicsAndMathsTutor.com
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Q5.Electricity is generated in power stations. It is then sent to all parts of the country through a
network of cables.

(@) Complete the following sentence by using one of the words in the box.

Grid Power Supply

The network is called the National ... .
1

(b) Inthe diagram, A, B, C and D are transformers.
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(i)  Which transformer, A,B,C or D, is a step-up transformer?

Transformer .......ccccovveeevennn..

@)

(i)  Which transformer, A, B, C or D will supply homes, offices and shops?

Transformer .......ccccovveeevenn...

1)

(c) Complete the following sentence by drawing a ring around the correct line in the
box.

In a step-up transformer, the potential difference (p.d.) across the

less than
primary coil is [the same as |the p.d. across the secondary coil.

more than

(1)
(Total 4 marks)
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Q6.Wind and tides are energy sources that are used to generate electricity.
(@) Complete each sentence by putting a tick ( ¥") in the box next to the correct answer.

() Thewind is

a non-renewable energy source.

a constant energy source.
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an unreliable energy source.

1)
(i) The tides are
a renewable energy source.
a constant energy source.
an unreliable energy source.
(1)
(b) If wood is to be used as a renewable energy source, what must be done each time
a tree is chopped down?
........................................................................................................................ "

(c) Inthe UK, electricity is generated using renewable and non-renewable energy
sources. The graph shows the percentage of electricity generated using renewable
energy sources between 1990 and 2005.
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Year

Complete the following sentence by drawing a ring around the correct answer in the
box.

In 2015, the percentage of electricity generated using renewable energy sources

greater than 4 %.
is most likely to be [equal to 4 %.

less than 4 %.

(1)
(Total 4 marks)

Q7.The picture shows a temporary road traffic information board.
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The batteries power the LEDs used in the information board.
The solar cells keep the batteries charged.

(@) Use words from the box to complete each of the following sentences.

chemical electrical light sound

The solar cells transfer light energy 10 ..o
energy.

The batteries transfer ..........ccoccooiiiiiiiciiiceeee e energy to electrical
energy.

The LEDs transfer electrical energy to ...,
energy.

®)

(b)  When the total energy input to the solar cells is 200 joules, the useful energy output
from the solar cells to the batteries is 50 joules.

Calculate the efficiency of the solar cells.

)
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(c)  Which one of the following statements gives the reason for using solar cells to
charge the batteries?

Tick (") one box.

Solar cells will charge the batteries day and night.

The information board can be used anywhere it is needed.

A small number of solar cells produce a lot of electricity.

(1)
(Total 6 marks)

Q8.Energy resources can be renewable or non-renewable.
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(@) Coalis a non-renewable energy resource.

Name two other non-renewable energy resources.

)

(b) Wind turbines are used to generate electricity.

The graph below shows how the power output of a wind turbine changes over one
day.

A wind turbine does not generate electricity constantly.

For how many hours did the wind turbine generate no electricity?

@)

Page 18
PhysicsAndMathsTutor.com



(c) Electrical power is transferred from power stations to the National Grid.

What is the National Grid?

Tick one box.

a system of cables and pylons

a system of cables and transformers

a system of cables, transformers and power stations

@)

(d) Anisland has a large number of wind turbines and a coal-fired power station.

The island needs to use the electricity generated by the coal-fired power station at
certain times.

Choose one reason why.

Tick one box.

Wind is a renewable energy resource.

Wind turbine power output is constant.

The power output of wind turbines is unpredictable.

The fuel cost for wind turbines is very high.

1)

(e) A wind turbine has an average power output of 0.60 MW.

A coal-fired power station has a continuous power output of 1500 MW.

Page 19
PhysicsAndMathsTutor.com



Calculate how many wind turbines would be needed to generate the same power
output as one coal-fired power station.

)

(f)  Itis important that scientists develop new energy resources.

Choose one reason why.

Tick one box.

All energy resources are running out.

All energy resources are used to generate electricity.

Most energy resources have negative environmental
effects.

(1)
(Total 8 marks)

Q9.(a) A student investigated how the number of blades on a wind turbine affects the output voltage
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of the turbine.

The student used the apparatus shown in the diagram.

The fan was used to turn the wind turbine.

(i)

(ii)

(iii)

The fan was always the same distance from the wind turbine.
Why?

After switching the fan on, the student waited 20 seconds before taking the
voltmeter reading.

Suggest why.

The student changed the number of blades on the wind turbine.

The student’s results are shown in the scatter graph.

Page 21
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Number of blades

What conclusion can be made from the results in the scatter graph?

)

(b)  The amount of electricity generated using wind turbines is increasing.

Which graph, A, B or C, is most likely to show the electrical power output from a
wind turbine over one day?

TimeTimeTime

Write the correct answer, A, B or C, in the
box.
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Give a reason for your answer.

2
(Total 6 marks)
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Q10.(a) The pie chart shows the proportions of electricity generated in the UK from different energy
sources in 2010.

(i)  Calculate the percentage of electricity generated using fossil fuels.

Percentage = ......cccooiiiiiiiiiiii e %
(1)
(i)  The pie chart shows that 7% of electricity was generated using renewable
energy sources.
Which one of the following is not a renewable energy source?
Tick (v") one box.
oil
Solar
Wind
1)
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(b)  Complete the following sentence.
In some types of power station, fossil fuels are burned to heat ................................

to produce steam.
(1)

(c) Buming fossil fuels releases carbon dioxide into the atmosphere.

Why do many scientists think adding carbon dioxide to the atmosphere is harmful to
the environment?

Tick (v") one box.

Carbon dioxide is the main cause of acid
rain.

Carbon dioxide causes global warming.

Carbon dioxide causes visual pollution.

(1)
(Total 4 marks)
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Q11.Iceland is a country that generates most of its electricity using geothermal power stations
and hydroelectric power stations.

(@) (i) Complete the following sentences to describe how some geothermal power
stations work.

In regions where volcanoes are active, the ground is hot.
Cold oo is pumped down into the ground
ANA S .oeiiiiii e by hot rocks.
It returns to the surface as steam. The steam is used to turn a turbine.

The turbine drives @ ........ccoocoiiiiieies to produce electricity.
(3)

(i)  Which one of the following statements about geothermal power stations is
true?

Tick (v") one box.

Geothermal power stations use fossil fuels.

Geothermal power stations produce carbon dioxide.

Geothermal power stations provide a reliable source of electricity.

1)

(b) What is needed for a hydroelectric power station to be able to generate electricity?

Tick (v") one box.

Falling water

A long coastline

Lots of sunny days
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(Total 5 marks)
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