
Internal Energy 

1 (a)  The electrical circuit was left switched on while the ice changed from a 
solid to a liquid and increased in temperature to 5 °C. 

Explain the changes in the arrangement and movement of the particles as 
the ice melted and the temperature increased to 5 °C. 

___________________________________________________________ 

___________________________________________________________ 

___________________________________________________________ 

___________________________________________________________ 

___________________________________________________________ 

___________________________________________________________ 

___________________________________________________________ 

___________________________________________________________ 

___________________________________________________________ 

___________________________________________________________ 

___________________________________________________________ 

___________________________________________________________ 
(6) 

2 

The figure below shows a Bunsen burner heating some water in a beaker. 
Eventually the water changes into steam. 

(a) Explain how the internal energy of the water changes as it is heated from
20 °C to 25 °C
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___________________________________________________________ 

___________________________________________________________ 

___________________________________________________________ 

___________________________________________________________ 
(2) 

(b)  How is the particle model used to explain the difference in density between 
a liquid and a gas? 

Tick (✓) one box. 
  

Particles in a gas have less kinetic energy than particles in a liquid. 
 

Particles in a gas have more potential energy than particles in a 
liquid. 

 

Particles in a liquid are further apart than particles in a gas. 
 

Particles in a liquid are larger than particles in a gas. 
 

(1) 
3 

The figure below shows a balloon filled with helium gas. 

  

(a)     Describe the movement of the particles of helium gas inside the balloon. 

___________________________________________________________ 

___________________________________________________________ 

___________________________________________________________ 

___________________________________________________________ 
(2) 
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(b)     What name is given to the total kinetic energy and potential energy of all 
the particles of helium gas in the balloon? 

  

Tick one box.   

External energy 
  

Internal energy 
  

Movement energy 
  

(1) 
4 

Heat exchangers are devices used to transfer heat from one place to another. 

The diagram shows a pipe being used as a simple heat exchanger by a student 
in an investigation. 

Heat is transferred from the hot water inside the pipe to the cold water outside 
the pipe. 

  

 

 

 

 

 

(a)     Complete the following sentence by drawing a ring around the correct word 
in the box. 

Heat is transferred from the hot water inside the pipe 
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  conduction. 

to the cold water outside the pipe by convection. 

  radiation. 

(1) 

(b)     The student wanted to find out if the efficiency of a heat exchanger 
depends on the material used to make the pipe. The student tested three 
different materials. For each material, the rate of flow of hot water through 
the pipe was kept the same. 

The student’s results are recorded in the table. 
  

Material Temperature of the cold 
water at the start in °C 

Temperature of the cold 
water after 10 minutes in °C 

Copper 20 36 

Glass 20 23 

Plastic 20 21 

(i)      The rate of flow of hot water through the pipe was one of the control 
variables in the investigation. 

Give one other control variable in the investigation. 

_______________________________________________________ 
(1) 

(ii)     Which one of the three materials made the best heat exchanger? 

_______________________________________________________ 

Give a reason for your answer. 

_______________________________________________________ 

_______________________________________________________ 

_______________________________________________________ 
(2) 

(c)     The student finds a picture of a heat exchanger used in an industrial 
laundry. 
The heat exchanger uses hot, dirty water to heat cold, clean water. 
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This heat exchanger transfers heat faster than the heat exchanger the 
student used in the investigation. 

Explain why. 

___________________________________________________________ 

___________________________________________________________ 

___________________________________________________________ 

___________________________________________________________ 
(2) 

(Total 6 marks) 
5 

The diagram shows the direction of heat transfer through a single-glazed 
window. 

  

(a)     (i)      Name the process by which heat is transferred through the glass. 

_______________________________________________________ 
(1) 

(ii)     Explain how heat is transferred through the glass. 

_______________________________________________________ 

_______________________________________________________ 

www.insightfuled.co.uk

www.In
sig

htf
ulE

d.c
o.u

k 



_______________________________________________________ 

_______________________________________________________ 
(2) 

(b)     The rate of heat transfer through a window depends on the difference 
between the inside and outside temperatures. 

The graph shows the rate of heat transfer through a 1 m2 single-glazed 
window for a range of temperature differences. 

  

(i)      What is the range of temperature differences shown in the graph? 

From ___________________________ to 
___________________________ 

(1) 

(ii)     A student looks at the graph and concludes: 

‘Doubling the temperature difference doubles the rate of heat 
transfer.’ 

Use data from the graph to justify the student’s conclusion. 

_______________________________________________________ 

_______________________________________________________ 

_______________________________________________________ 
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_______________________________________________________ 
(2) 

(iii)    A house has single-glazed windows. The total area of the windows in 
the house is 15 m2. 

On one particular day, the difference between the inside and outside 
temperatures is 20 °C. 

Use the graph to calculate the total rate of heat transfer through all of 
the windows on this particular day. 

Show clearly how you work out your answer. 

_______________________________________________________ 

_______________________________________________________ 

_______________________________________________________ 

_______________________________________________________ 

Rate of heat transfer = ____________________ J/s 
(2) 

(c)     A homeowner plans to replace the single-glazed windows in his home with 
double-glazed windows. He knows that double-glazed windows will reduce 
his annual energy bills. 

The table gives information about the double glazing to be installed by the 
homeowner. 

  

Cost to buy and install Estimated yearly 
savings on energy 

bills 

Estimated lifetime of 
the double-glazed 

windows 

£5280 £160 30 years 

Explain, in terms of energy savings, why replacing the single-glazed 
windows with these double-glazed windows is not cost effective. 

To gain full marks you must complete a calculation. 

___________________________________________________________ 

___________________________________________________________ 

___________________________________________________________ 

___________________________________________________________ 
(2) 

(Total 10 marks) 
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6 

The diagram shows how the metal chimney from a log-burning stove passes 
through the inside of a house. 

  

(a)     Explain how heat is transferred by the process of convection from the 
inside of the stove to the top of the chimney. 

___________________________________________________________

___________________________________________________________ 

___________________________________________________________ 

___________________________________________________________ 

___________________________________________________________ 

(2) 

(b)     Although the outside of the chimney becomes very hot, there is no 
insulating material around the chimney. 

(i)      Explain, in terms of the particles in a metal, how heat is transferred 
by conduction from the inside to the outside of the metal chimney. 

_______________________________________________________ 

_______________________________________________________ 

_______________________________________________________ 

_______________________________________________________ 
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_______________________________________________________ 
(2) 

(ii)     Suggest one advantage of having no insulation around the chimney. 

_______________________________________________________ 

_______________________________________________________ 
(1) 

(Total 5 marks) 
7 

(a)    The diagram shows a ski jacket that has been designed to keep a skier 
warm. 
The jacket is made from layers of different materials. 

  

(i)      The inner layer is shiny to reduce heat transfer. 

Which process of heat transfer will it reduce? 

_______________________________________________________ 
(1) 

(ii)     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. 
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The graph shows the student’s results. 

  

(i)      In each test, the water cooled faster during the first five minutes than 
during the last five minutes. Why? 

_______________________________________________________ 

_______________________________________________________ 
(1) 

(ii)     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. 

_______________________________________________________ 

_______________________________________________________ 
(1) 

(iii)    Look at the graph line for fleece K. 
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Estimate what the temperature of the water in the can wrapped in 
fleece K would be after 40 minutes. 

_______________________________________________________ 
(1) 

(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) 
8 

A vacuum flask is designed to reduce the rate of heat transfer. 
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(a)     (i)      Complete the table to show which methods of heat transfer are 
reduced by each of the features labelled in the diagram. 

         The first row has been done for you. 
  

Feature Conduction Convection Radiation 

vacuum       

silveredsurfaces       

plastic cap       

(2) 

(ii)     Explain why the vacuum between the glass walls of the flask reduces 
heat transfer by conduction and convection. 

_______________________________________________________ 

_______________________________________________________ 

_______________________________________________________ 

_______________________________________________________ 
(2) 

(b)     The diagram shows a gas flame patio heater. 

  

(i)      Explain why the top surface of the reflecting hood should be a light, 
shiny surface rather than a dark, matt surface. 

_______________________________________________________ 

_______________________________________________________ 

_______________________________________________________ 
(2) 
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(ii)    INTERLEAVE Most of the chemical energy in the gas is transformed 
into heat. A small amount of chemical energy is transformed into 
light. 

         Draw and label a Sankey diagram for the patio heater. 

  

  

  

  

  

  
(2) 

(iii)     State why the total energy supplied to the patio heater must always 
equal the total energy transferred by the patio heater. 

_______________________________________________________ 

_______________________________________________________ 
(1) 

(Total 9 marks) 
9 

The diagram shows a fridge-freezer. 

                                           

(a)     By which method is heat transferred through the walls of the fridge-
freezer? 

___________________________________________________________ 
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(1) 

(b)     The inside of the fridge is at 4 °C. The inside of the freezer is at –18 °C. 

          Into which part of the fridge-freezer will the rate of heat transfer be 
greater? 

          Draw a ring around your answer. 

                                        the fridge                               the freezer 

          Give a reason for your answer. 

___________________________________________________________ 

___________________________________________________________ 
(1) 

(c)     The outside surface of the fridge-freezer is white and shiny. 

          Give two reasons why this type of surface is suitable for a fridge-freezer. 

1. 
___________________________________________________________ 

___________________________________________________________ 

2. 
___________________________________________________________ 

___________________________________________________________ 
(2) 

(Total 4 marks) 
10 

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. 
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(a)     These are the steps taken by the student. 

•        Measure 30 cm3 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. 

(i)      Why did she use an infra red lamp? 

_______________________________________________________ 
(1) 

(ii)     Name one control variable in this investigation. 

_______________________________________________________ 
(1) 

(iii)     Give one advantage of using a temperature sensor and data logger 
instead of a glass thermometer to measure temperature. 

_______________________________________________________ 

_______________________________________________________ 
(1) 

(b)     The results of the investigation are shown in the graph. 
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(i)      Why did the student use a boiling tube with no insulation? 

_______________________________________________________ 

_______________________________________________________ 
(1) 

(ii)     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) 
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(c)     Explain, in terms of particles, how heat is transferred through the glass wall 
of a boiling tube. 

___________________________________________________________ 

___________________________________________________________ 

___________________________________________________________ 

___________________________________________________________ 
(2) 

(Total 9 marks) 
11 

(a)     The graph shows the temperature inside a flat between 5 pm and 9 pm. 
The central heating was on at 5 pm. 

  

(i)      What time did the central heating switch off? 

_______________________________________________________
_______ 

(1) 

(ii)     Closing the curtains reduces heat loss from the flat. 

What time do you think the curtains were closed? 

_______________________________________________________
_______ 

Give a reason for your answer. 
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_______________________________________________________
_______ 

(2) 

(b)     Less heat is lost through double-glazed windows than through single-
glazed windows. 

  

Complete the following sentences by choosing the correct words from the 
box. Each word may be used once or not at all. 

  

conduction conductor convection evaporation insulator radiation 

Air is a good ___________________ . When trapped between two sheets 
of 

glass it reduces heat loss by _________________ and 
___________________ 

(3) 

(c)     The table gives information about three types of house insulation. 
  

Type of insulation Cost to 
install 

Money save each 
year on heating 

bills 
Payback time 

Double glazing £4000 £200 20 years 

Loft insulation £300 £100 3 years 

Cavity wallinsulation £600 £150   

(i)      Use the information in the table to calculate the payback time for 
cavity wall insulation. 
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_______________________________________________________ 
(1) 

(ii)     Explain why people often install loft insulation before installing double 
glazing or cavity wall insulation. 

_______________________________________________________ 

_______________________________________________________ 

_______________________________________________________ 

_______________________________________________________ 
(2) 

(Total 9 marks) 
12 

A student was asked to investigate the heat loss from two metal cans, L and M. 
The cans were identical except for the outside colour. 

  

The student filled the two cans with equal volumes of hot water. He then placed 
the temperature sensors in the water and started the data logger. The computer 
used the data to draw the graph below. 
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(a)     Which one of the following is a categoric variable? 

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

the outside colour of the cans 
 

the starting temperature of the hot water 
 

the time 
 

the volume of hot water  
 

(1) 

(b)     For can L, state the temperature drop of the water: 

(i)      in the first two-minute interval 

_______________________________________________________ 
(1) 

(ii)     in the second two-minute interval. 

_______________________________________________________ 
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(1) 

(c)     In both cans the water cooled faster at the start of the investigation than at 
the end of the investigation. Why? 

___________________________________________________________ 

___________________________________________________________ 
(1) 

(d)     One can was black on the outside and the other can was white on the 
outside. 

What colour was can L? _______________________ 

Explain the reason for your answer. 

___________________________________________________________ 

___________________________________________________________ 

___________________________________________________________ 
(3) 

(Total 7 marks) 
13 

The drawing shows water being heated in a metal saucepan. 

  

(a)     Explain, in terms of the particles in the metal, how heat energy is 
transferred through the base of the saucepan. 

___________________________________________________________ 

___________________________________________________________ 

___________________________________________________________ 

___________________________________________________________ 
(2) 

(b)     Energy is transferred through the water by convection currents. Explain 
what happens to cause a convection current in the water. The answer has 
been started for you. 
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As heat energy is transferred through the saucepan, the water particles at 
the bottom 

___________________________________________________________ 

___________________________________________________________ 

___________________________________________________________ 

___________________________________________________________ 

___________________________________________________________ 

___________________________________________________________ 

___________________________________________________________ 

___________________________________________________________ 
(3) 

(c)     Some energy is transferred from the hotplate to the air by thermal 
radiation. What is meant by thermal radiation? 

___________________________________________________________ 

___________________________________________________________ 
(1) 

(Total 6 marks) 
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14 

The vacuum flask shown has five features labelled, each one designed to reduce 
heat transfer. 

  

 

(a)     (i)      Which labelled feature of the vacuum flask reduces heat transfer by 
both conduction and convection? 

_______________________________________________________ 
(1) 

(ii)     Explain how this feature reduces heat transfer by both conduction 
and convection. 

_______________________________________________________ 

_______________________________________________________ 

_______________________________________________________ 

_______________________________________________________ 

_______________________________________________________ 
(2) 

(b)     (i)      Which labelled feature of the vacuum flask reduces beat transfer by 
radiation? 

_______________________________________________________
_______ 

(1) 

(ii)     Explain how this feature reduces heat transfer by radiation. 
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_______________________________________________________ 

_______________________________________________________ 

_______________________________________________________ 

_______________________________________________________ 

_______________________________________________________ 

_______________________________________________________ 
(2) 

(Total 6 marks) 
15 

The diagram below shows an electric kettle and the label on the bottom of the 
kettle. 

  

The water at the bottom of the kettle will heat up first. 
This is because the heating element is near the bottom of the kettle. 
Convection currents will then cause the rest of the water in the kettle to be 
heated. 

(i)      What are convection currents? 

___________________________________________________________ 
(1) 

(ii)      Explain how convection currents are produced. 
(Your answer should refer to density and temperature.) 

___________________________________________________________ 

___________________________________________________________ 

___________________________________________________________ 

___________________________________________________________ 

___________________________________________________________ 
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(4) 
(Total 5 marks) 

16 

The diagram shows a section through a gas oven. 

  

Use words from the list to complete the sentences. 

conduction              convection      insulation        radiation            resistance 

The outside of the door gets hot because energy is transferred through 

the door by 
__________________________________________________________ 

Energy is transferred from the gas flame to the rest of the oven by the movement 
of air. 

This type of energy transfer is called 
______________________________________ 

The walls of the oven are packed with fibreglass to reduce energy transfer. 
Energy 

transfer is reduced because fibreglass provides good 
_____________________________ 

The outside of the cooker is white and shiny. 

This reduces energy transfer by 
_________________________________________ 

(Total 4 marks) 
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17  

The diagram comes from a leaflet about a “coal effect” gas fire. 
It shows how air circulates through the fire. 

  

(a)     Explain in detail why the air travels from C to A. 

___________________________________________________________ 

___________________________________________________________ 

___________________________________________________________ 

___________________________________________________________ 

___________________________________________________________ 

___________________________________________________________ 
(4) 

(b)     The black “fuel effect” lumps become very hot. 

(i)      Name the process by which the lumps transfer thermal energy to the 
room as shown at B. 

_______________________________________________________ 
(1) 

(ii)     Suggest one feature of the black “fuel effect” lumps which make them 
efficient at transferring energy. 

_______________________________________________________ 

_______________________________________________________ 
(1) 

(Total 6 marks) 
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18 

The diagram shows an experiment to find out what happens to infrared waves 
when they strike different surfaces. 

  

(a)     The water in the black tube gets hotter than the water in the shiny tube. 
Choose words from the list to complete the sentences below. 

absorbs     conducts      convects     radiates    reflects 

The infrared lamp _________________________ energy to the tubes of 
water. 

The black surface ________________________ most of the energy that 
reaches it. 

The shiny surface _______________________ most of the energy that 
reaches it. 

(3) 

(b)     Put the sentences A- E below into the correct boxes on the flow diagram 
so that they tell you how to do the experiment 

(You may use just the letters if you want to.) 
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(5) 

(Total 8 marks) 
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ANSWERS  

1(a) 

 Level 3: Relevant points (reasons / causes) are identified, given in detail 
and logically linked to form a clear account. 

5-6 

Level 2: Relevant points (reasons / causes) are identified, and there 
are attempts at logical linking. The resulting account is not fully clear. 

3-4 

Level 1: Points are identified and stated simply, but their relevance is 
not clear and there is no attempt at logical linking. 

1-2 

No relevant content 
0 

Indicative content 

•   particles in a solid are in a regular pattern 
•   particles in a liquid are in a random arrangement 

•   particles in a solid are vibrating about fixed positions 
•   particles in a liquid are moving freely 

•   as the ice changes to water the temperature remains constant 
•   because as the ice changes to water the potential energy of the 

particles increases 

•   as the water warms the particles move faster 
•   so the kinetic energy of the particles increases 

•   internal energy is the total kinetic and potential energy of all the 
particles 

ignore any references to density of ice vs liquid water 
ignore any references to spacing of particles 

 

2 

A (a)  the (mean) kinetic energy of the particles increases 
allow the (mean) speed of the particles 
increases 
‘kinetic energy increases’ is insufficient 
by itself 
do not accept particles vibrating 

1 

which increases the (internal) energy of the water 
ignore description of evaporation 
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1 
 

(b)  Particles in a gas have more potential energy than particles in a 
liquid. 

1 
 
3 

(a)     range of speeds 
1 

moving in different directions 
accept random motion 

1 

(b)     internal energy 
1 

4 

(a)    conduction 
1 

(b)     (i)      any one from: 

•        starting temperature (of cold water) 
temperature is insufficient 

•        pipe length 
accept size of pipe 

•        pipe diameter 

•        pipe (wall) thickness 

•        volume of cold water 
accept amount for volume 

•        temperature of hot water (in) 

•        time 
1 

(ii)     copper 
1 

greatest temperature change 
only scores if copper chosen 
accept heat for temperature 
accept heated water the fastest 
accept it was hottest (after 10 minutes) 
accept it is the best / a good conductor 

1 

(c)     the pipe has a larger (surface) area 
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accept pipe is longer 
1 

(so) hot / dirty water (inside pipe) is in contact with cold / clean water 
(outside pipe) for longer 

1 
[6] 

5 

(a)      (i)     conduction 
1 

(ii)     atoms gain (kinetic) energy 
accept particles / molecules for atoms 
do not accept electrons for atoms 

or 
atoms vibrate with a bigger amplitude 

accept vibrate faster / more 
do not accept start to vibrate 

or 
atoms collide with neighbouring atoms 

1 

transferring energy to (neighbouring / other) atoms 
do not accept heat for energy 

or 
making these other atoms vibrate with a bigger amplitude 

accept faster / more for bigger amplitude 
mention of (free) electrons moving and passing on 
energy negates this mark 

1 

(b)     (i)      5 (°C) to 25 (°C) 
either order 

1 

(ii)     a correct example of doubling temperature difference doubling heat 
transfer 

eg going from 5 to 10 (°C) difference doubles heat transfer from 30 to 
60 (J/s) 

accept for heat transfer number of joules / it 
allow 1 mark for correctly reading 1 set of data eg 
at 5 °C the heat transfer is 30 
or 
for every 5°C increase in temperature difference 
heat transfer increases by 30 (J/s) 
no credit for stating they are directly proportional 

2 

(iii)    1800 
allow 1 mark for obtaining heat transfer value = 120 

2 
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(c)     payback time calculated as 33 years 
calculations must be correct to score the first mark 
point 
explanations must relate to it not being cost 
effective 

1 

this is greater than lifetime of windows 
or 
total savings (over 30 years) = £4800 (1) 

this is less than cost of windows (1) 
or 

 = 176 (1) 

this is more than the yearly savings (1) 
1 

[10] 
6 

(a)     any two from: 

•        (air) particles / molecules / atoms gain energy 

•        (air) particles / molecules / atoms move faster 
do not accept move more 
do not accept move with a bigger amplitude / 
vibrate more 

•        (air) particles / molecules / atoms move apart 

•        air expands 
ignore particles expand 

•        air becomes less dense 
ignore particles become less dense 

•        warm / hot air / gases / particles rise 
do not accept heat rises 
answers in terms of heat particles negates any of 
the mark points that includes particles 

2 

(b)     (i)      any two from 

•    free / mobile electrons gain (kinetic) energy 
accept free / mobile electrons move faster 
accept vibrate faster for gain energy 

•    free electrons collide with other (free) electrons / ions / atoms / 
particles 
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•    atoms / ions / particles collide with other atoms / ions / particles 
answers in terms of heat particles negates this 
mark point 

2 

(ii)     (faster) energy / heat transfer to room(s) / house 
accept room(s) / house gets warm(er) 
accept lounge / bedroom / loft for rooms 

1 
[5] 

 
7 

(a)      (i)     radiation 
1 

(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 

1 

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

do not accept water is hotter 
1 

(ii)     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 

1 

(iii)    18 (°C) 
correct answer only 

1 

(iv)     M 
1 

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 

1 
[7] 

8 

(a)     (i)      silvered surfaces 
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more than the correct number of ticks in a row 
negates the mark 

         radiation 
2 

         plastic cap 

         conduction, convection (both required) 
  

  conduction convection radiation   

vacuum         

silvered surfaces       (1) 

plastic cap       (1) 

(ii) 
any mention of air or any other substance in a 
vacuum scores zero 

         because there are no particles in a vacuum 
accept atoms / molecules for particles 
accept vacuum is empty space 
accept there is nothing in a vacuum 
accept there is no air / gas in the vacuum 

         conduction and convection need particles / medium 
need reference to both conduction and convection 
accept correct descriptions 

2 

(b)     (i)      less heat lost (to air above the heater) 
do not accept no heat lost 

         light shiny surfaces are poor emitters (of radiation) 
accept radiators for emitters 
references to reflection are neutral 

         or dull, matt surfaces are good emitters (of radiation) 
do not credit answers which infer reflection from 
the underside of the hood 
ignore correct reference to absorption 

2 

(ii)     correct diagram drawn with one output arrow narrower 
than the other 

ignore input 
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         arrows correctly labelled with energy form 
eg 

  
flow charts score zero 

2 

(iii)     energy cannot be destroyed 
accept (principle of) conservation of energy 
do not accept because energy cannot be lost 
without clarification 

1 
[9] 

9 

(a)     conduction 
do not accept conductor 

1 

(b)     the freezer 
both parts needed 

          greater temperature difference (between freezer and room) 
do not accept because it is the coldest 

1 

(c)     any two from: 

•        poor absorber of heat / radiation 
accept does not absorb heat poor emitter of heat / 
radiation is neutral 

•        reflects heat / radiation (from room away from fridge-freezer) 

•        reduces heat transfer into the fridge-freezer 

•        reduces power consumption of fridge-freezer 
do not accept it is a bad conductor / good insulator 

2 
[4] 

10 

(a)     (i)      as a source of thermal radiation 
accept heat for thermal radiation 
accept to act as the Sun 
do not accept sunlight alone 

1 
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(ii)     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 

1 

(iii)     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 

1 

(b)     (i)      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 

1 

(ii)     (plastic) foam and aluminium foil 
1 

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

1 

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

         (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 

1 

(c)     particles vibrate with a bigger / stronger amplitude / faster / with more 
(kinetic) energy 
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accept particles vibrate more 
do not accept start to vibrate only 

1 

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

1 
[9] 

11 

(a)     (i)      7pm 
accept 19.00 / 1900 

1 

(ii)     8pm 
accept 20.00 / 2000 

1 

temperature drops more slowly 
accept heat for temperature accept line is less 
steep 

1 

(b)     insulator 
1 

conduction * 
1 

convection * 
 * answers can be either way around 

1 

(c)     (i)      4 (years) 
1 

(ii)     it is the cheapest / cheaper / cheap 
do not accept answers in terms of heat rising or 
DIY 

1 

has the shortest / shorter payback time 
do not accept short payback time 

1 
[9] 
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12 

(a)     the outside colour of the cans 
1 

(b)     (i)      18 (°C) or 88 to 70 
ignore negative sign 

1 

(ii)      8 (°C) or 70 to 62 
ignore negative sign 

1 

(c)     greater temperature difference between water and surroundings (at start) 
must mention temperature difference 
ignore just water hotter 
accept energy used to heat cans initially 

1 

(d)     black 
1 

temperature falls the fastest (in L) 
accept (can L) loses more heat / cools quicker 
accept heat for temperature 

1 

black is a good / the best / better emitter (of heat / radiation) 
accept converse 
ignore black is best absorber 

1 
[7] 

13 

(a)     ions / electrons gain (kinetic) energy 
accept atom / particles / molecules for ion 
accept ions vibrate faster 
accept ions vibrate with a bigger amplitude 
accept ions vibrate more 
do not accept ions move faster 

1 

          (free) electrons transfer energy by collision with ions 
or energy transferred by collisions between vibrating ions 

1 

(b)     move faster or take up more space 
do not accept start to move / vibrate 

1 

          (warmer) water expands or becomes less dense (than cooler water) 
do not accept answers in terms of particles 
expanding 

1 
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          warm water rises (through colder water) or colder water falls to take its 
place 

1 

(c)     transfer of energy by waves / infrared (radiation) 
accept rays for waves 
do not accept transfer of energy by electromagnetic 
waves 
ignore reference to heat 

1 
[6] 

14 

(a)     (i)      vacuum 
do not allow stopper 

1 

(ii)     (absence of particles) means no (transfer of energy between) 
particles for conduction 

accept particles or atoms or molecules or electrons 
1 

         no movement of molecules for (transfer of energy by) convection 
accept particles/atoms/electrons 
if answer to (a)(i) is correct: then in (a)(ii) have 
stated 
‘conduction and convection both need a 
medium/particles/materials’ = 2 marks 
(If medium is specified, it must be correct, 
conduction can be solid, liquid or gas, convection 
must be liquid or gas) 
if answer to (a)(i) is incorrect then in (a)(ii) have 
stated ‘conduction and convection both need a 
medium...’= 1 mark, unless further qualified by 
stating about absence of particles, in which case 
get a second mark. 

1 

(b)     (i)      silvered surface 
accept silver surface 

1 

(ii)     silvered is a bad emitter/radiator 
1 

         surface reflects heat/energy/radiation (at inner and outer surface) 
or is a bad absorber (of energy) 

accept bounces off 
1 

[6] 
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15 

(i)      currents of moving liquids/gases/fluids carrying/transferring energy 
(can name fluid) 

1 

(ii)      liquids/gases expand when their temperature rises/when they are heated 

          the density of the heated liquid/gas is then less than that of the 
colder liquid/gas which has not been heated 

          the warmer/less dense liquid/gas then rises through the colder/denser 
liquid/gas 

          the colder/denser liquid/gas falls to replace the liquid/gas which has 
risen, 
and in turn becomes heated 

for 1 mark each 
4 

[5] 
 
16 

…….. conduction 
…….. convection 
…….. insulation 
…….. radiation 

for 1 mark each 
[4] 

17 

(a)     convection 
air is heated by the burner / particles gain energy 
air expands / particles move about more / particles move faster 
air becomes less dense / particles are more spread out 
air rises / particles rise -  not heat rises 
air from C moves into the heater / particles from C move into the heater to 
replace it / them 

any four for 1 mark each 
4 

(b)     (i)      radiation 
for one mark 

1 

(ii)     black surface radiates / emits well 
(allow absorbs and emits well) (allow comparison with shiny / white 
surfaces) 

         large surface area needed 
high temperature (of the lumps) 

any one for 1 mark 
1 

[6] 

www.insightfuled.co.uk

www.In
sig

htf
ulE

d.c
o.u

k 



18 

(a)     radiates 
absorbs / conducts 
reflects 

for 1 mark each 
3 

(b)     C  make sure the lamp is the same distance from both tubes 
B  switch on the lamp 
A  switch off the lamp 
E  wait for the temperature to stop rising 
D  read the thermometers 

for 1 mark each 
5 

[8] 
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	1 (a)  The electrical circuit was left switched on while the ice changed from a solid to a liquid and increased in temperature to 5  C.
	Explain the changes in the arrangement and movement of the particles as the ice melted and the temperature increased to 5  C.
	___________________________________________________________
	___________________________________________________________
	___________________________________________________________
	___________________________________________________________
	___________________________________________________________
	___________________________________________________________
	___________________________________________________________
	___________________________________________________________
	___________________________________________________________
	___________________________________________________________
	___________________________________________________________
	___________________________________________________________
	(6)
	The figure below shows a Bunsen burner heating some water in a beaker.
	Eventually the water changes into steam.
	(a)  Explain how the internal energy of the water changes as it is heated from 20  C to 25  C
	___________________________________________________________
	___________________________________________________________
	___________________________________________________________
	___________________________________________________________
	(2)
	(b)  How is the particle model used to explain the difference in density between a liquid and a gas?
	Tick (✓) one box.
	(1)
	The figure below shows a balloon filled with helium gas.
	(a)     Describe the movement of the particles of helium gas inside the balloon.
	___________________________________________________________
	___________________________________________________________
	___________________________________________________________
	___________________________________________________________
	(2)
	(b)     What name is given to the total kinetic energy and potential energy of all the particles of helium gas in the balloon?
	(1)
	Heat exchangers are devices used to transfer heat from one place to another.
	The diagram shows a pipe being used as a simple heat exchanger by a student in an investigation.
	Heat is transferred from the hot water inside the pipe to the cold water outside the pipe.
	(a)     Complete the following sentence by drawing a ring around the correct word in the box.
	Heat is transferred from the hot water inside the pipe
	(1)
	(b)     The student wanted to find out if the efficiency of a heat exchanger depends on the material used to make the pipe. The student tested three different materials. For each material, the rate of flow of hot water through the pipe was kept the same.
	The student’s results are recorded in the table.
	(i)      The rate of flow of hot water through the pipe was one of the control variables in the investigation.
	Give one other control variable in the investigation.
	_______________________________________________________
	(1)
	(ii)     Which one of the three materials made the best heat exchanger?
	_______________________________________________________
	Give a reason for your answer.
	_______________________________________________________
	_______________________________________________________
	_______________________________________________________
	(2)
	(c)     The student finds a picture of a heat exchanger used in an industrial laundry. The heat exchanger uses hot, dirty water to heat cold, clean water.
	This heat exchanger transfers heat faster than the heat exchanger the student used in the investigation.
	Explain why.
	___________________________________________________________
	___________________________________________________________
	___________________________________________________________
	___________________________________________________________
	(2)
	(Total 6 marks)
	The diagram shows the direction of heat transfer through a single-glazed window.
	(a)     (i)      Name the process by which heat is transferred through the glass.
	_______________________________________________________
	(1)
	(ii)     Explain how heat is transferred through the glass.
	_______________________________________________________
	_______________________________________________________
	_______________________________________________________
	_______________________________________________________
	(2)
	(b)     The rate of heat transfer through a window depends on the difference between the inside and outside temperatures.
	The graph shows the rate of heat transfer through a 1 m2 single-glazed window for a range of temperature differences.
	(i)      What is the range of temperature differences shown in the graph?
	From ___________________________ to ___________________________
	(1)
	(ii)     A student looks at the graph and concludes:
	‘Doubling the temperature difference doubles the rate of heat transfer.’
	Use data from the graph to justify the student’s conclusion.
	_______________________________________________________
	_______________________________________________________
	_______________________________________________________
	_______________________________________________________
	(2)
	(iii)    A house has single-glazed windows. The total area of the windows in the house is 15 m2.
	On one particular day, the difference between the inside and outside temperatures is 20  C.
	Use the graph to calculate the total rate of heat transfer through all of the windows on this particular day.
	Show clearly how you work out your answer.
	_______________________________________________________
	_______________________________________________________
	_______________________________________________________
	_______________________________________________________
	Rate of heat transfer = ____________________ J/s
	(2)
	(c)     A homeowner plans to replace the single-glazed windows in his home with double-glazed windows. He knows that double-glazed windows will reduce his annual energy bills.
	The table gives information about the double glazing to be installed by the homeowner.
	Explain, in terms of energy savings, why replacing the single-glazed windows with these double-glazed windows is not cost effective.
	To gain full marks you must complete a calculation.
	___________________________________________________________
	___________________________________________________________
	___________________________________________________________
	___________________________________________________________
	(2)
	(Total 10 marks)
	The diagram shows how the metal chimney from a log-burning stove passes through the inside of a house.
	(a)     Explain how heat is transferred by the process of convection from the inside of the stove to the top of the chimney.
	______________________________________________________________________________________________________________________ ___________________________________________________________ ___________________________________________________________ ____________...
	(b)     Although the outside of the chimney becomes very hot, there is no insulating material around the chimney.
	(i)      Explain, in terms of the particles in a metal, how heat is transferred by conduction from the inside to the outside of the metal chimney.
	_______________________________________________________
	_______________________________________________________
	_______________________________________________________
	_______________________________________________________
	_______________________________________________________
	(2)
	(ii)     Suggest one advantage of having no insulation around the chimney.
	_______________________________________________________
	_______________________________________________________
	(1)
	(Total 5 marks)
	(a)    The diagram shows a ski jacket that has been designed to keep a skier warm. The jacket is made from layers of different materials.
	(i)      The inner layer is shiny to reduce heat transfer.
	Which process of heat transfer will it reduce?
	_______________________________________________________
	(1)
	(ii)     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 mi...
	The graph shows the student’s results.
	(i)      In each test, the water cooled faster during the first five minutes than during the last five minutes. Why?
	_______________________________________________________
	_______________________________________________________
	(1)
	(ii)     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.
	_______________________________________________________
	_______________________________________________________
	(1)
	(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.
	_______________________________________________________
	(1)
	(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)
	A vacuum flask is designed to reduce the rate of heat transfer.
	(a)     (i)      Complete the table to show which methods of heat transfer are reduced by each of the features labelled in the diagram.
	The first row has been done for you.
	(2)
	(ii)     Explain why the vacuum between the glass walls of the flask reduces heat transfer by conduction and convection.
	_______________________________________________________
	_______________________________________________________
	_______________________________________________________
	_______________________________________________________
	(2)
	(b)     The diagram shows a gas flame patio heater.
	(i)      Explain why the top surface of the reflecting hood should be a light, shiny surface rather than a dark, matt surface.
	_______________________________________________________
	_______________________________________________________
	_______________________________________________________
	(2)
	(ii)    INTERLEAVE Most of the chemical energy in the gas is transformed into heat. A small amount of chemical energy is transformed into light.
	Draw and label a Sankey diagram for the patio heater.
	(2)
	(iii)     State why the total energy supplied to the patio heater must always equal the total energy transferred by the patio heater.
	_______________________________________________________
	_______________________________________________________
	(1)
	(Total 9 marks)
	The diagram shows a fridge-freezer.
	(a)     By which method is heat transferred through the walls of the fridge-freezer?
	___________________________________________________________
	(1)
	(b)     The inside of the fridge is at 4  C. The inside of the freezer is at –18  C.
	Into which part of the fridge-freezer will the rate of heat transfer be greater?
	Draw a ring around your answer.
	the fridge                               the freezer
	Give a reason for your answer.
	___________________________________________________________
	___________________________________________________________
	(1)
	(c)     The outside surface of the fridge-freezer is white and shiny.
	Give two reasons why this type of surface is suitable for a fridge-freezer.
	1. ___________________________________________________________
	___________________________________________________________
	2. ___________________________________________________________
	___________________________________________________________
	(2)
	(Total 4 marks)
	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.
	(a)     These are the steps taken by the student.
	•        Measure 30 cm3 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.
	(i)      Why did she use an infra red lamp?
	_______________________________________________________
	(1)
	(ii)     Name one control variable in this investigation.
	_______________________________________________________
	(1)
	(iii)     Give one advantage of using a temperature sensor and data logger instead of a glass thermometer to measure temperature.
	_______________________________________________________
	_______________________________________________________
	(1)
	(b)     The results of the investigation are shown in the graph.
	(i)      Why did the student use a boiling tube with no insulation?
	_______________________________________________________
	_______________________________________________________
	(1)
	(ii)     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)
	(a)     The graph shows the temperature inside a flat between 5 pm and 9 pm. The central heating was on at 5 pm.
	(i)      What time did the central heating switch off?
	______________________________________________________________
	(1)
	(ii)     Closing the curtains reduces heat loss from the flat.
	What time do you think the curtains were closed?
	______________________________________________________________
	Give a reason for your answer.
	______________________________________________________________
	(2)
	(b)     Less heat is lost through double-glazed windows than through single-glazed windows.
	Complete the following sentences by choosing the correct words from the box. Each word may be used once or not at all.
	Air is a good ___________________ . When trapped between two sheets of
	glass it reduces heat loss by _________________ and ___________________
	(3)
	(c)     The table gives information about three types of house insulation.
	(i)      Use the information in the table to calculate the payback time for cavity wall insulation.
	_______________________________________________________
	(1)
	(ii)     Explain why people often install loft insulation before installing double glazing or cavity wall insulation.
	_______________________________________________________
	_______________________________________________________
	_______________________________________________________
	_______________________________________________________
	(2)
	(Total 9 marks)
	A student was asked to investigate the heat loss from two metal cans, L and M. The cans were identical except for the outside colour.
	The student filled the two cans with equal volumes of hot water. He then placed the temperature sensors in the water and started the data logger. The computer used the data to draw the graph below.
	(a)     Which one of the following is a categoric variable?
	Put a tick () in the box next to your answer.
	(1)
	(b)     For can L, state the temperature drop of the water:
	(i)      in the first two-minute interval
	_______________________________________________________
	(1)
	(ii)     in the second two-minute interval.
	_______________________________________________________
	(1)
	(c)     In both cans the water cooled faster at the start of the investigation than at the end of the investigation. Why?
	___________________________________________________________
	___________________________________________________________
	(1)
	(d)     One can was black on the outside and the other can was white on the outside.
	What colour was can L? _______________________
	Explain the reason for your answer.
	___________________________________________________________
	___________________________________________________________
	___________________________________________________________
	(3)
	(Total 7 marks)
	The drawing shows water being heated in a metal saucepan.
	(a)     Explain, in terms of the particles in the metal, how heat energy is transferred through the base of the saucepan.
	___________________________________________________________
	___________________________________________________________
	___________________________________________________________
	___________________________________________________________
	(2)
	(b)     Energy is transferred through the water by convection currents. Explain what happens to cause a convection current in the water. The answer has been started for you.
	As heat energy is transferred through the saucepan, the water particles at the bottom
	___________________________________________________________
	___________________________________________________________
	___________________________________________________________
	___________________________________________________________
	___________________________________________________________
	___________________________________________________________
	___________________________________________________________
	___________________________________________________________
	(3)
	(c)     Some energy is transferred from the hotplate to the air by thermal radiation. What is meant by thermal radiation?
	___________________________________________________________
	___________________________________________________________
	(1)
	(Total 6 marks)
	The vacuum flask shown has five features labelled, each one designed to reduce heat transfer.
	(a)     (i)      Which labelled feature of the vacuum flask reduces heat transfer by both conduction and convection?
	_______________________________________________________
	(1)
	(ii)     Explain how this feature reduces heat transfer by both conduction and convection.
	_______________________________________________________
	_______________________________________________________
	_______________________________________________________
	_______________________________________________________
	_______________________________________________________
	(2)
	(b)     (i)      Which labelled feature of the vacuum flask reduces beat transfer by radiation?
	______________________________________________________________
	(1)
	(ii)     Explain how this feature reduces heat transfer by radiation.
	_______________________________________________________
	_______________________________________________________
	_______________________________________________________
	_______________________________________________________
	_______________________________________________________
	_______________________________________________________
	(2)
	(Total 6 marks)
	The diagram below shows an electric kettle and the label on the bottom of the kettle.
	The water at the bottom of the kettle will heat up first. This is because the heating element is near the bottom of the kettle. Convection currents will then cause the rest of the water in the kettle to be heated.
	(i)      What are convection currents?
	___________________________________________________________
	(1)
	(ii)      Explain how convection currents are produced. (Your answer should refer to density and temperature.)
	___________________________________________________________
	___________________________________________________________
	___________________________________________________________
	___________________________________________________________
	___________________________________________________________
	(4)
	(Total 5 marks)
	The diagram shows a section through a gas oven.
	Use words from the list to complete the sentences.
	conduction              convection      insulation        radiation            resistance
	The outside of the door gets hot because energy is transferred through
	the door by __________________________________________________________
	Energy is transferred from the gas flame to the rest of the oven by the movement of air.
	This type of energy transfer is called ______________________________________
	The walls of the oven are packed with fibreglass to reduce energy transfer. Energy
	transfer is reduced because fibreglass provides good _____________________________
	The outside of the cooker is white and shiny.
	This reduces energy transfer by _________________________________________
	(Total 4 marks)
	17
	The diagram comes from a leaflet about a “coal effect” gas fire. It shows how air circulates through the fire.
	(a)     Explain in detail why the air travels from C to A.
	___________________________________________________________
	___________________________________________________________
	___________________________________________________________
	___________________________________________________________
	___________________________________________________________
	___________________________________________________________
	(4)
	(b)     The black “fuel effect” lumps become very hot.
	(i)      Name the process by which the lumps transfer thermal energy to the room as shown at B.
	_______________________________________________________
	(1)
	(ii)     Suggest one feature of the black “fuel effect” lumps which make them efficient at transferring energy.
	_______________________________________________________
	_______________________________________________________
	(1)
	(Total 6 marks)
	The diagram shows an experiment to find out what happens to infrared waves when they strike different surfaces.
	(a)     The water in the black tube gets hotter than the water in the shiny tube. Choose words from the list to complete the sentences below.
	absorbs     conducts      convects     radiates    reflects
	The infrared lamp _________________________ energy to the tubes of water.
	The black surface ________________________ most of the energy that reaches it.
	The shiny surface _______________________ most of the energy that reaches it.
	(3)
	(b)     Put the sentences A- E below into the correct boxes on the flow diagram so that they tell you how to do the experiment
	(You may use just the letters if you want to.)
	(5)
	(Total 8 marks)
	Level 3: Relevant points (reasons / causes) are identified, given in detail and logically linked to form a clear account.
	5-6
	Level 2: Relevant points (reasons / causes) are identified, and there are attempts at logical linking. The resulting account is not fully clear.
	3-4
	Level 1: Points are identified and stated simply, but their relevance is not clear and there is no attempt at logical linking.
	1-2
	No relevant content
	0
	Indicative content
	•   particles in a solid are in a regular pattern
	•   particles in a liquid are in a random arrangement
	•   particles in a solid are vibrating about fixed positions
	•   particles in a liquid are moving freely
	•   as the ice changes to water the temperature remains constant
	•   because as the ice changes to water the potential energy of the particles increases
	•   as the water warms the particles move faster
	•   so the kinetic energy of the particles increases
	•   internal energy is the total kinetic and potential energy of all the particles
	ignore any references to density of ice vs liquid water
	ignore any references to spacing of particles
	A (a)  the (mean) kinetic energy of the particles increases
	allow the (mean) speed of the particles increases
	‘kinetic energy increases’ is insufficient by itself
	do not accept particles vibrating
	1
	which increases the (internal) energy of the water
	ignore description of evaporation
	1
	(b)  Particles in a gas have more potential energy than particles in a liquid.
	1
	(a)     range of speeds
	1
	moving in different directions
	accept random motion
	1
	(b)     internal energy
	1
	(a)    conduction
	1
	(b)     (i)      any one from:
	•        starting temperature (of cold water)
	temperature is insufficient
	•        pipe length
	accept size of pipe
	•        pipe diameter
	•        pipe (wall) thickness
	•        volume of cold water
	accept amount for volume
	•        temperature of hot water (in)
	•        time
	1
	(ii)     copper
	1
	greatest temperature change
	only scores if copper chosen
	accept heat for temperature
	accept heated water the fastest
	accept it was hottest (after 10 minutes)
	accept it is the best / a good conductor
	1
	(c)     the pipe has a larger (surface) area
	accept pipe is longer
	1
	(so) hot / dirty water (inside pipe) is in contact with cold / clean water (outside pipe) for longer
	1
	[6]
	(a)      (i)     conduction
	1
	(ii)     atoms gain (kinetic) energy
	accept particles / molecules for atoms
	do not accept electrons for atoms
	or atoms vibrate with a bigger amplitude
	accept vibrate faster / more
	do not accept start to vibrate
	or atoms collide with neighbouring atoms
	1
	transferring energy to (neighbouring / other) atoms
	do not accept heat for energy
	or making these other atoms vibrate with a bigger amplitude
	accept faster / more for bigger amplitude
	mention of (free) electrons moving and passing on energy negates this mark
	1
	(b)     (i)      5 ( C) to 25 ( C)
	either order
	1
	(ii)     a correct example of doubling temperature difference doubling heat transfer
	eg going from 5 to 10 ( C) difference doubles heat transfer from 30 to 60 (J/s)
	accept for heat transfer number of joules / it
	allow 1 mark for correctly reading 1 set of data eg at 5  C the heat transfer is 30
	or
	for every 5 C increase in temperature difference heat transfer increases by 30 (J/s)
	no credit for stating they are directly proportional
	2
	(iii)    1800
	allow 1 mark for obtaining heat transfer value = 120
	2
	(c)     payback time calculated as 33 years
	calculations must be correct to score the first mark point
	explanations must relate to it not being cost effective
	1
	this is greater than lifetime of windows or total savings (over 30 years) = £4800 (1)
	this is less than cost of windows (1) or
	= 176 (1)
	this is more than the yearly savings (1)
	1
	[10]
	(a)     any two from:
	•        (air) particles / molecules / atoms gain energy
	•        (air) particles / molecules / atoms move faster
	do not accept move more do not accept move with a bigger amplitude / vibrate more
	•        (air) particles / molecules / atoms move apart
	•        air expands
	ignore particles expand
	•        air becomes less dense
	ignore particles become less dense
	•        warm / hot air / gases / particles rise
	do not accept heat rises
	answers in terms of heat particles negates any of the mark points that includes particles
	2
	(b)     (i)      any two from
	•    free / mobile electrons gain (kinetic) energy
	accept free / mobile electrons move faster
	accept vibrate faster for gain energy
	•    free electrons collide with other (free) electrons / ions / atoms / particles
	•    atoms / ions / particles collide with other atoms / ions / particles
	answers in terms of heat particles negates this mark point
	2
	(ii)     (faster) energy / heat transfer to room(s) / house
	accept room(s) / house gets warm(er)
	accept lounge / bedroom / loft for rooms
	1
	[5]
	7
	(a)      (i)     radiation
	1
	(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
	1
	(b)     (i)      bigger temperature difference (between the water and surroundings) at the start (than at the end)
	do not accept water is hotter
	1
	(ii)     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
	1
	(iii)    18 ( C)
	correct answer only
	1
	(iv)     M
	1
	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
	1
	[7]
	8
	(a)     (i)      silvered surfaces
	more than the correct number of ticks in a row negates the mark
	radiation
	2
	plastic cap
	conduction, convection (both required)
	(ii)
	any mention of air or any other substance in a vacuum scores zero
	because there are no particles in a vacuum
	accept atoms / molecules for particles
	accept vacuum is empty space
	accept there is nothing in a vacuum
	accept there is no air / gas in the vacuum
	conduction and convection need particles / medium
	need reference to both conduction and convection
	accept correct descriptions
	2
	(b)     (i)      less heat lost (to air above the heater)
	do not accept no heat lost
	light shiny surfaces are poor emitters (of radiation)
	accept radiators for emitters references to reflection are neutral
	or dull, matt surfaces are good emitters (of radiation)
	do not credit answers which infer reflection from the underside of the hood
	ignore correct reference to absorption
	2
	(ii)     correct diagram drawn with one output arrow narrower than the other
	ignore input
	arrows correctly labelled with energy form eg
	flow charts score zero
	2
	(iii)     energy cannot be destroyed
	accept (principle of) conservation of energy
	do not accept because energy cannot be lost without clarification
	1
	[9]
	9
	(a)     conduction
	do not accept conductor
	1
	(b)     the freezer
	both parts needed
	greater temperature difference (between freezer and room)
	do not accept because it is the coldest
	1
	(c)     any two from:
	•        poor absorber of heat / radiation
	accept does not absorb heat poor emitter of heat / radiation is neutral
	•        reflects heat / radiation (from room away from fridge-freezer)
	•        reduces heat transfer into the fridge-freezer
	•        reduces power consumption of fridge-freezer
	do not accept it is a bad conductor / good insulator
	2
	[4]
	10
	(a)     (i)      as a source of thermal radiation
	accept heat for thermal radiation
	accept to act as the Sun
	do not accept sunlight alone
	1
	(ii)     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
	1
	(iii)     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
	1
	(b)     (i)      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
	1
	(ii)     (plastic) foam and aluminium foil
	1
	(iii)     (aluminium) foil is a poor absorber of thermal radiation
	accept heat / infra red for thermal radiation
	1
	or (aluminium) foil is a (good) reflector of thermal radiation
	do not accept ‘reflects sunlight’ on its own
	(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
	1
	(c)     particles vibrate with a bigger / stronger amplitude / faster / with more (kinetic) energy
	accept particles vibrate more
	do not accept start to vibrate only
	1
	energy transferred by collisions with other particles
	do not accept answers in terms of
	free/mobile electrons
	1
	[9]
	11
	(a)     (i)      7pm
	accept 19.00 / 1900
	1
	(ii)     8pm
	accept 20.00 / 2000
	1
	temperature drops more slowly
	accept heat for temperature accept line is less steep
	1
	(b)     insulator
	1
	conduction *
	1
	convection *
	* answers can be either way around
	1
	(c)     (i)      4 (years)
	1
	(ii)     it is the cheapest / cheaper / cheap
	do not accept answers in terms of heat rising or DIY
	1
	has the shortest / shorter payback time
	do not accept short payback time
	1
	[9]
	12
	(a)     the outside colour of the cans
	1
	(b)     (i)      18 ( C) or 88 to 70
	ignore negative sign
	1
	(ii)      8 ( C) or 70 to 62
	ignore negative sign
	1
	(c)     greater temperature difference between water and surroundings (at start)
	must mention temperature difference
	ignore just water hotter
	accept energy used to heat cans initially
	1
	(d)     black
	1
	temperature falls the fastest (in L)
	accept (can L) loses more heat / cools quicker
	accept heat for temperature
	1
	black is a good / the best / better emitter (of heat / radiation)
	accept converse
	ignore black is best absorber
	1
	[7]
	13
	(a)     ions / electrons gain (kinetic) energy
	accept atom / particles / molecules for ion accept ions vibrate faster accept ions vibrate with a bigger amplitude accept ions vibrate more do not accept ions move faster
	1
	(free) electrons transfer energy by collision with ions or energy transferred by collisions between vibrating ions
	1
	(b)     move faster or take up more space
	do not accept start to move / vibrate
	1
	(warmer) water expands or becomes less dense (than cooler water)
	do not accept answers in terms of particles expanding
	1
	warm water rises (through colder water) or colder water falls to take its place
	1
	(c)     transfer of energy by waves / infrared (radiation)
	accept rays for waves
	do not accept transfer of energy by electromagnetic waves
	ignore reference to heat
	1
	[6]
	14
	(a)     (i)      vacuum
	do not allow stopper
	1
	(ii)     (absence of particles) means no (transfer of energy between) particles for conduction
	accept particles or atoms or molecules or electrons
	1
	no movement of molecules for (transfer of energy by) convection
	accept particles/atoms/electrons
	if answer to (a)(i) is correct: then in (a)(ii) have stated ‘conduction and convection both need a medium/particles/materials’ = 2 marks
	(If medium is specified, it must be correct, conduction can be solid, liquid or gas, convection must be liquid or gas)
	if answer to (a)(i) is incorrect then in (a)(ii) have stated ‘conduction and convection both need a medium...’= 1 mark, unless further qualified by stating about absence of particles, in which case get a second mark.
	1
	(b)     (i)      silvered surface
	accept silver surface
	1
	(ii)     silvered is a bad emitter/radiator
	1
	surface reflects heat/energy/radiation (at inner and outer surface) or is a bad absorber (of energy)
	accept bounces off
	1
	[6]
	15
	(i)      currents of moving liquids/gases/fluids carrying/transferring energy (can name fluid)
	1
	(ii)      liquids/gases expand when their temperature rises/when they are heated
	the density of the heated liquid/gas is then less than that of the colder liquid/gas which has not been heated
	the warmer/less dense liquid/gas then rises through the colder/denser liquid/gas
	the colder/denser liquid/gas falls to replace the liquid/gas which has risen, and in turn becomes heated
	for 1 mark each
	4
	[5]
	16
	…….. conduction …….. convection …….. insulation …….. radiation
	for 1 mark each
	[4]
	17
	(a)     convection air is heated by the burner / particles gain energy air expands / particles move about more / particles move faster air becomes less dense / particles are more spread out air rises / particles rise -  not heat rises air from C moves...
	any four for 1 mark each
	4
	(b)     (i)      radiation
	for one mark
	1
	(ii)     black surface radiates / emits well (allow absorbs and emits well) (allow comparison with shiny / white surfaces)
	large surface area needed high temperature (of the lumps)
	any one for 1 mark
	1
	[6]
	18
	(a)     radiates absorbs / conducts reflects
	for 1 mark each
	3
	(b)     C  make sure the lamp is the same distance from both tubes B  switch on the lamp A  switch off the lamp E  wait for the temperature to stop rising D  read the thermometers
	for 1 mark each
	5
	[8]



