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1 (a) Fig. 1.1 shows an early type of airship filled with hydrogen gas.

Fig. 1.1

  A hydrogen molecule consists of two hydrogen atoms bonded together.

  (i) Draw a diagram to show the electronic structure of a hydrogen molecule.

[2]

  (ii) Suggest how the electronic structure causes the positively charged nuclei of the two 
atoms to be held together.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [1]
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  (iii) The use of hydrogen for airships declined following a disaster in which an airship caught 
fire.

Fig. 1.2

   Write a balanced symbol equation for the combustion of hydrogen.

 ...................................................................................................................................... [2]

  (iv) Describe the energy transformation which occurs in this exothermic reaction.

 ...........................................................................................................................................

 ...................................................................................................................................... [1]

 (b) Fig. 1.3 shows a modern weather balloon containing hydrogen or helium gas.

Fig. 1.3

  Explain why the electronic structure of helium means that it is safer than hydrogen to use in a 
balloon.

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [2]
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2 (a) Fig 2.1 shows an animal cell.

Fig. 2.1

  (i) Identify the functions of the cell parts on Fig. 2.1 using label lines and the letters shown.

   Use C to show the part which controls the cell.

   Use R to show where chemical reactions, such as respiration, take place. [2]

  (ii) One of the chemical reactions that takes place in the cell is aerobic respiration.

   Complete the balanced symbol equation for aerobic respiration.

 C6H12O6     +     ..............................          6CO2     +     .............................. [2]

 (b) During exercise food stores are broken down in the body by respiration to release energy for 
muscles to contract. Some people exercise when they are trying to lose weight.

  Anna is trying to lose weight by exercising.

  Table 2.1 shows the approximate energy needed for 30 minutes each of four different types of 
exercise for Anna.

Table 2.1

type of exercise energy needed for 30 minutes 
of exercise / kJ

cycling 850

golf 670

swimming 830

walking 580

  (i) Anna went swimming for 30 minutes and then spent 30 minutes playing golf.
   Calculate the total amount of energy she needs for these activities.

 amount of energy needed =  ..................................................... kJ  [1]
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  (ii) From Table 2.1, suggest which two 30-minute activities cause Anna to break down the 
most of her food stores.

   Explain your answer.

activities ..........................................................  and  ..........................................................

explanation  ........................................................................................................................

 ...................................................................................................................................... [2]

  (iii) The exercise made Anna’s pulse rate increase. This meant that her heart was beating 
more quickly.

   Explain fully how this change in heart rate helps Anna to carry out the exercise.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

  (iv) Suggest a reason why the energy values given in Table 2.1 cannot be exactly the same 
for everyone doing the exercise.

 ...........................................................................................................................................

 ...................................................................................................................................... [1]
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3 Fig. 3.1 shows a man on a snowboard moving down a hill.

Fig. 3.1

 Fig. 3.2 shows a graph of the man’s speed as he goes down the hill.

0
0

10

20

30

speed
m / s

time / s

D
10 20 30 40 50 60

CB

A

Fig. 3.2

 (a) Describe the motion of the man between points

A and B, ....................................................................................................................................

 ...................................................................................................................................................

B and C. ....................................................................................................................................

 ...................................................................................................................................................
[2]
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 (b) Use the area under the graph to calculate the distance travelled by the man between points C 
and D.

  Show your working.

 distance =  .....................................................  m  [2]

 (c) Calculate the acceleration of the man between points C and D.

  State the formula you use, show your working and state the unit of your answer.

  formula

  working

 acceleration =  .........................  unit ......................... [3]

 (d) Snow is made of solid ice crystals.

  In the box below, draw a diagram to show the arrangement of particles in a solid.

  One particle has been drawn for you. You need to draw at least 11 more.

[2]
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4 (a) A sample of soil is mixed with water and filtered.

  (i) Describe a test that would show that the soil is acidic.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

  (ii) In order to reduce soil acidity, limestone is sometimes added.
   Limestone consists mainly of calcium carbonate.

   Complete the word equation for the reaction occurring between calcium carbonate and 
dilute hydrochloric acid.

calcium
carbonate +

hydrochloric
acid

carbon
dioxide + ................................... + ...................................

[2]

 (b) Fig 4.1 shows apparatus some students use to investigate the effect of temperature on the 
rate of reaction between calcium carbonate and dilute hydrochloric acid.

gas jar

water

calcium carbonate

HEAT

dilute
hydrochloric acid

water bath to
control the

temperature of
the mixture

thermometer
carbon
dioxide

Fig. 4.1

  They add pieces of calcium carbonate to the dilute hydrochloric acid and time how long it 
takes for carbon dioxide to fill the inverted gas jar.

  They repeat the experiment several times. Each time the experiment is repeated, the only 
difference is the temperature of the dilute hydrochloric acid.
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  Table 4.1 shows the results of the investigation.

Table 4.1

temperature / °C time taken to fill the gas jar / s

20 156

30  75

40  37

50  20

60  10

  (i) Use Table 4.1 to state how the rate of reaction changes when the experiment is repeated 
at higher temperatures.

 ...........................................................................................................................................

 ...................................................................................................................................... [1]

  (ii) Explain your answer to (i) in terms of the collisions between particles.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

 (c) The soil treatment described in (a)(ii) adds to the amount of carbon dioxide in the atmosphere.

  (i) State another reason why the amount of carbon dioxide in the atmosphere is increasing.

 ...........................................................................................................................................

 ...................................................................................................................................... [1]

  (ii) Describe how this increase could be affecting the environment.

 ...........................................................................................................................................

 ...................................................................................................................................... [1]
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5 (a) Fig. 5.1 shows two small flowers of a wind-pollinated grass.

Fig. 5.1

  (i) On Fig. 5.1 draw an arrow to show the transfer of pollen from flower A to flower B during 
pollination. [2]

  (ii) Describe two adaptations of this grass flower for wind pollination. Use only features 
visible in Fig. 5.1.

1  .......................................................................................................................................

 ...........................................................................................................................................

2  .......................................................................................................................................

 ...................................................................................................................................... [2]

 (b) A student sets up an experiment to investigate the conditions needed for germination of 
seeds. She uses cotton wool and seeds as shown in Fig. 5.2.

  Dish 3 is placed in a fridge with a glass door. The rest of the dishes are left by a window in the 
laboratory.

Fig. 5.2
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  After a few days the dishes are examined.

  Table 5.1 shows what the student observes.

Table 5.1

dish number observations

1 all seeds germinated, seedlings 1 cm tall

2 no germination

3 no germination

4 no germination

  Using the results in Table 5.1, describe evidence that the following conditions affect 
germination.

  (i) temperature

 ...........................................................................................................................................

 ...................................................................................................................................... [1]

  (ii) pH

 ...........................................................................................................................................

 ...................................................................................................................................... [1]

  (iii) State one other condition, not investigated in this experiment, that is needed for 
germination of seeds.

 ...................................................................................................................................... [1]

  (iv) For germination to take place the enzymes in the seeds must be active.

   Use this information to explain fully why the seeds did not germinate in dish 4.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]
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6 Many different musical instruments are played in an orchestra.

 Table 6.1 shows the lowest and highest frequencies for the sounds of the musical notes produced 
by some instruments in an orchestra.

Table 6.1

instrument lowest frequency / Hz highest frequency / Hz

bassoon  58  932

cello  65  659

clarinet 147 1865

flute 262 2093

harp  31 3322

trumpet 165 1000

violin 196 2637

 (a) Identify which instrument in Table 6.1

  (i) has the largest difference between highest and lowest pitch,  ...................................... [1]

  (ii) produces a sound with the longest wavelength.  ...................................... [1]

 (b) A large drum emits sound of frequency 30 Hz.

  Explain why a drum that emits a frequency of 15 Hz would not be used in an orchestra.

 ...................................................................................................................................................

 .............................................................................................................................................. [1]
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 (c) Calculate the wavelength for the highest frequency sound made by a trumpet. The speed of 
sound in air is 330 m / s.

  State the formula you use and show your working.

  formula

  working

 wavelength =  .....................................................  m  [2]

 (d) Fig. 6.1 shows a violin string before the violinist plays.

Fig. 6.1

  On Fig. 6.2 draw a diagram to show how the violin string vibrates when the violinist plucks the 
string and use your diagram to explain why this produces sound waves

Fig. 6.2

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [3]
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7 (a) When a hydrocarbon D undergoes cracking, two new compounds, X and Y, are obtained.

  X and Y are tested using bromine solution.

  These processes are shown in Fig. 7.1.

Fig. 7.1

  X is an alkane. Y is an alkene.

  (i) State two conditions needed for cracking.

1  .......................................................................................................................................

2  .................................................................................................................................. [2]

  (ii) Compare the size of the molecules of compounds X and Y with the size of the molecules 
of compound D.

 ...........................................................................................................................................

 ...................................................................................................................................... [1]

  (iii) Describe the effects on the bromine solution caused by X and Y.

X  .......................................................................................................................................

 ...........................................................................................................................................

Y  .......................................................................................................................................

 ...................................................................................................................................... [1]

 (b) Draw the molecular structures of ethane and ethene.

ethane ethene

[3]
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 (c) Fig. 7.2 shows how bromine is produced from molten lead bromide in a laboratory experiment, 
PbBr2.

Fig. 7.2

  (i) Explain why bromide ions move to the anode when the switch is closed.

 ...........................................................................................................................................

 ...................................................................................................................................... [1]

  (ii) Describe how bromine atoms are formed at the anode.

 ...........................................................................................................................................

 ...................................................................................................................................... [1]
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8 (a) Fig. 8.1 shows the flow of chemical energy through the food chains in a habitat. The numbers 
represent the amount of chemical energy per square metre per year.

Fig. 8.1

  (i) Calculate the percentage of the chemical energy in the producers that is not transferred 
to the carnivores.

   Show your working.

 answer =  ......................................................%  [2]

  (ii) The source of energy for the producers is sunlight which is needed for photosynthesis.

   Describe the role of chlorophyll in energy transformation during photosynthesis.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

 (b) Fig. 8.2 shows a food chain in Africa. The information inside the box includes details about the 
flow of energy into and out of the zebra.

Fig 8.2
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  (i) Suggest ways in which energy could be lost at X.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

  (ii) Explain the importance of the decomposers shown in Fig. 8.2.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]
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9 Fig. 9.1 shows a caravan which uses an electric heater to supply warm air to heat the caravan and 
to heat water.

Fig. 9.1

 Fig. 9.2 shows a circuit diagram for the electric heater. It contains two elements, one for heating 
the air and one for heating the water.

mains electricity supply

element heating air

element heating water

hot water tank

Fig. 9.2

 (a) (i) The air around the electric heater is heated. The heated air then flows around the caravan 
and warms the people sitting inside.

   Name the process by which the heated air warms up the caravan.

 ...................................................................................................................................... [1]

  (ii) Explain why the heater causes the warm air to circulate inside the caravan.

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

  (iii) The hot water must be kept hot in the hot water tank after the heater is switched off.

   Suggest a method of keeping the water hot for a long time in the tank after heating.

 ...........................................................................................................................................

 ...................................................................................................................................... [1]
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 (b) The circuit diagram in Fig. 9.2 only allows both heating elements to be switched on or both 
heating elements to be switched off.

  Complete the circuit diagram in Fig. 9.3 to show a different circuit which allows the people in 
the caravan to have one element switched on and the other element switched off.

Fig. 9.3
[2]

 (c) The resistance of the water heater is 30 Ω.

  When both elements are switched on, the current in the water-heating element is 8 A and the 
current in the air-heating element is 4 A.

  (i) Calculate the potential difference across the heating elements from the mains electricity 
supply.

   State any formula that you use, show your working and state the unit of your answer.

   formula

   working

 potential difference =  .........................  unit ......................... [3]

  (ii) Use the formula P = IV to calculate the electrical power taken by the warm air heater.

   Show your working.

 power  =  .....................................................  W  [1]
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1 (a) Table 1.1 gives some facts about the element astatine and its position in the Periodic Table.

Table 1.1

element period Group proton number

astatine 6 VII 85

  From the information in Table 1.1, deduce the number of electrons in the outer shell of an 
astatine atom.

number ......................................................................

explanation  ...............................................................................................................................

 ...............................................................................................................................................[2]

 (b) Fig. 1.1 shows a demonstration of the reaction between hydrogen and the oxygen in air.

gas jar
drops of a
colourless liquid

cover

mixture of           
hydrogen and air

Fig. 1.1

  A burning splint is placed over a gas jar containing a mixture of hydrogen and air.

  The cover is removed.

  The mixture explodes.
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  (i) Drops of a colourless liquid are observed inside the gas jar.

   Describe a chemical test and the result that shows that the liquid is water.

test  ....................................................................................................................................

 ...........................................................................................................................................

result  .............................................................................................................................[2]

  (ii) Write a symbolic chemical equation for the reaction between hydrogen and oxygen, 
including state symbols.

 .......................................................................................................................................[3]

  (iii) Fig. 1.2 shows the arrangement of electrons in the outer shells of a hydrogen atom and 
an oxygen atom.

H O

Fig. 1.2

   Draw a diagram to show the arrangement of outer electrons in a water molecule.

 [2]
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2 (a) The element nitrogen is needed by all living things to make protein. Nitrogen is absorbed by 
plant roots in the form of nitrate ions that are dissolved in the water in the soil.

  Fig. 2.1 shows a root hair cell.

Fig 2.1

  Describe how the shape of the root hair cell is important for its function.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...............................................................................................................................................[2]

 (b) In some areas of the world the soil does not have enough nitrogen.

  Fig. 2.2 shows a Venus flytrap. This plant can grow in areas of low nitrogen by capturing 
insects and digesting the protein in their bodies to obtain the nitrogen it needs.

insect

leaf

Fig 2.2

  The leaves produce an enzyme which breaks down the protein in the insect’s body by 
chemical digestion.

  Describe what is meant by chemical digestion.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...............................................................................................................................................[2]
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 (c) Some students are studying how temperature affects an enzyme similar to the one produced 
by the Venus flytrap. They add a solution of the enzyme to cubes of protein and incubate the 
cubes at a range of temperatures. 

  The time taken to digest each cube is shown in Table 2.1.

Table 2.1

temperature / ° C time taken / minutes

10 5.8

20 3.6

30 2.1

40 1.7

50 1.9

60 3.5

  (i) State which temperature shows the fastest digestion.

 .......................................................................................................................................[1]

  (ii) In terms of particles, describe and explain fully what happens to the speed of digestion

   when the temperature is increased from 10° C to 30° C,

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

   when the temperature is increased above 50° C.

 ...........................................................................................................................................

 ...........................................................................................................................................

 .......................................................................................................................................[4]
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3 The pole vault is an athletics event in which the athlete attempts to get over a very high bar with 
the help of a long pole.

 Fig. 3.1 shows an athlete at five stages during a pole vault.

stage 1 stage 2 stage 3 stage 4 stage 5

landing mat

Fig. 3.1

 The athlete runs with his pole, places the pole in the ground and pushes himself upwards. He rises 
to the height of the bar, remains there for a brief moment, then falls over the bar to the landing mat.

 Fig. 3.2 shows a simplified graph of the athlete’s speed during the pole vault.

1

10 2 3
time/s

4
0

2

3

4
speed
m / s

5

A

B

C

Fig. 3.2
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 (a) The letters A, B and C on the graph in Fig. 3.2 correspond to three of the five stages in the 
pole vault shown in Fig. 3.1.

  (i) Explain why A on the graph corresponds to stage 1.

 ...........................................................................................................................................

 .......................................................................................................................................[1]

  (ii) Explain why B on the graph corresponds to stage 4.

 ...........................................................................................................................................

 .......................................................................................................................................[1]

 (b) The energy of the athlete changes during this pole vault. He starts with chemical energy in his 
muscles.

  State the main energy changes that follow before he lands on the mat.

  from chemical energy to kinetic energy to ....................................................... energy

 to ....................................................... energy [2]

 (c) Describe the motion of the athlete between points B and C.

 ...............................................................................................................................................[1]

 (d) Using the graph in Fig. 3.2, calculate the distance travelled by the athlete between 2 seconds 
and 3 seconds.

  Show your working.

 distance =  ...................................................... m [2]

 (e) The athlete uses a long metal vaulting pole. On a hot day, the length of the metal pole is a few 
millimetres longer than its length on a cold day.

  Explain why this happens in terms of the particle structure of the metal.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...............................................................................................................................................[2]
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4 (a) Fig. 4.1 shows a sample of rock containing bands of iron oxide. 

quartz (silicon dioxide)

iron oxide

Fig. 4.1

  Some information about the formation of this rock is shown below:

  • this rock was formed about 2.5 billion years ago;

  • oxygen was produced by bacteria in the oceans;

  • iron compounds were dissolved in the oceans;

  • iron compounds were oxidised by reacting with oxygen to make insoluble iron oxide;

  • iron oxide settled on the ocean bed to produce the dark layers in the rock.

  (i) State one physical change and one chemical change that occurred when the rock shown 
in Fig. 4.1 was formed.

physical change ..................................................................................................................

 ...........................................................................................................................................

chemical change ................................................................................................................

 .......................................................................................................................................[2]

  (ii) Describe the difference between a physical change and a chemical change.

 ...........................................................................................................................................

 .......................................................................................................................................[1]
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 (b) For a long time, very little of the oxygen produced by bacteria in part (a) was released into the 
atmosphere. 

  Fig. 4.2 shows the approximate composition of the Earth’s atmosphere 3 billion years ago.

nitrogen

carbon dioxide

Fig. 4.2

  Apart from the difference in oxygen content, describe one main difference and one main 
similarity between the composition of the atmosphere 3 billion years ago and our present day 
atmosphere.

difference  ..................................................................................................................................

similarity  ................................................................................................................................[2]

 (c) Iron can be extracted from iron oxide in a blast furnace.

  (i) State the name of a gaseous substance which reduces the iron oxide to iron in the 
furnace.

 .......................................................................................................................................[1]

  (ii) State the raw material(s) that are used by the furnace to supply this gaseous substance.

 .......................................................................................................................................[1]
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  (iii) The temperature in a blast furnace can reach 1300° C. 

   Copper can be extracted from copper oxide in the laboratory at a lower temperature.

   Explain why less energy is needed to extract copper from copper oxide than is needed to 
extract iron from iron oxide.

 ...........................................................................................................................................

 ...........................................................................................................................................

 .......................................................................................................................................[2]

  (iv) The molten iron extracted from iron oxide contains silicon dioxide as an impurity.

   Explain how silicon dioxide is removed from the molten iron in the blast furnace.

 ...........................................................................................................................................

 ...........................................................................................................................................

 .......................................................................................................................................[2]
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5 (a) Fig. 5.1 shows the external view of the heart, including the blood vessels that take blood into 
and out of the heart. The coronary arteries are also shown.

left ventriclecoronary arteries

aorta

Fig. 5.1

  (i) On Fig. 5.1 use label lines to label

   a pulmonary artery,

   the vena cava. [2]

  (ii) Some people suffer from coronary heart disease.

   Explain what is meant by coronary heart disease.

 ...........................................................................................................................................

 ...........................................................................................................................................

 .......................................................................................................................................[2]
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 (b) Table 5.1 shows the average number of cigarettes smoked per adult each day in four countries. 
The number of deaths due to coronary heart disease per 100 000 of the population per year is 
also shown.

Table 5.1

country average number of 
cigarettes smoked per 

adult each day

number of deaths per year /
100 000 population

A 7.4 185

B 4.1 76

C 3.3 35

D 5.5 152

  (i) Use the data in Table 5.1 to describe the relationship between smoking cigarettes and 
coronary heart disease.

 ...........................................................................................................................................

 ...........................................................................................................................................

 .......................................................................................................................................[2]

  (ii) Country E, not included in the table, had different results.

   The adults in country E smoked on average 4.6 cigarettes per day. The number of deaths 
from coronary heart disease per 100 000 of the population / year was 23.

   Suggest two possible reasons why the results for country E do not follow the relationship 
you identified in part (i).

1 .........................................................................................................................................

 ...........................................................................................................................................

2 .........................................................................................................................................

 ...........................................................................................................................................
 [2]
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 (c) Cigarette smoking can cause infections of the lungs.

  Fig. 5.2 shows two types of cell in the lining of the airway leading to the lungs.

mucuscilia

Fig. 5.2

  Smoking damages the cilia and also encourages more mucus to be produced.

  Explain how both of these effects can increase the chances of infection in the lungs.

cilia damage...............................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

extra mucus production .............................................................................................................

 ...................................................................................................................................................

 ...............................................................................................................................................[2]
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6 Fig. 6.1 shows apparatus called a ripple tank. This is used by students for experiments to 
investigate water waves.

 The electric motor causes the board to vibrate. At a constant speed of rotation, the motor produces 
waves at a constant rate. 

power
supply

water waveswater waves

vibrating board

shallow tank of water

electric motor

Fig. 6.1

 Fig. 6.2 shows a close-up side view of some water waves during an experiment in the tank.

direction of travel of waves

P

Fig. 6.2

 (a) (i) Explain why water waves are examples of transverse waves.

 ...........................................................................................................................................

 .......................................................................................................................................[1]

  (ii) Give an example of a longitudinal wave.

 .......................................................................................................................................[1]

 (b) Fig. 6.2 shows a change in the wavelength of the waves as they reach point P. The amplitude 
of the wave does not change.

  Name one other property of the wave motion that remains the same after passing point P.

 ...............................................................................................................................................[1]
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 (c) As the speed of the motor is increased, the board vibrates more rapidly.

  When the board is vibrating at 10 vibrations per second, the students cannot hear any sound.

  When the board is vibrating at 30 vibrations per second, the students can hear a sound with a 
low pitch.

  (i) Explain why the students cannot hear any sound when the board makes 10 vibrations 
per second.

 ...........................................................................................................................................

 .......................................................................................................................................[1]

  (ii) When the board vibrates at 30 vibrations per second, the wavelength of the water waves 
before they reach point P, is 1.0 cm.

   Calculate the speed of the waves before they reach point P.

   State the formula you use, show your working and give the unit of your answer.

   formula

   working

 speed of waves = .................... unit .................... [3]

  (iii) Describe how the sound is transmitted from the vibrating board through the air to the 
students standing at some distance from the ripple tank.

 ...........................................................................................................................................

 ...........................................................................................................................................

 .......................................................................................................................................[2]
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7 (a) Petroleum (crude oil) is a mixture of hydrocarbons.

  Fig. 7.1 summarises the process which separates the mixture into some of its useful fractions.

petroleum
fractional
distillation

gasoline

refinery gas

diesel oil

Fig. 7.1

  Each of these fractions consists of a mixture of hydrocarbons including alkanes. 

  Fig. 7.2 shows a model of a molecule of one of the alkanes in refinery gas.

hydrogen atom

carbon atom

Fig. 7.2

  (i) Write the name and molecular formula of this alkane.

 ...........................................................................................................................................

 .......................................................................................................................................[2]
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  (ii) The petroleum fractions have different boiling point ranges. 
   This allows them to be separated by fractional distillation.

   Describe how boiling point is affected by the size of the molecules and explain your 
answer.

relationship between boiling point and size of molecules  .................................................. 

 ...........................................................................................................................................

explanation  ........................................................................................................................

 ...........................................................................................................................................

 .......................................................................................................................................[3]

 (b) Fig. 7.3 shows the electrolysis of copper chloride solution.

anode cathode

copper chloride solution

carbon electrodes

power
supply

+ –

Fig. 7.3

  Bubbles of chlorine gas appear at the anode.

  By referring to the movement of ions and electrons, explain the formation of this gas.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...............................................................................................................................................[2]
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8 (a) Humans clear forests in some parts of the world so that the land can be used to grow crops. 
Fig. 8.1 shows the burning of trees to clear forests.

3. wind carries smoke to
      neighbouring trees

1. trees being felled 2. combustion of wood

Fig. 8.1

   When the trees burn, smoke is produced that contains carbon particles. The wind carries 
the smoke to neighbouring trees. This causes the rate of photosynthesis in these trees to be 
reduced.

  Explain how the following cause the rate of photosynthesis to be reduced.

  (i) Particles of carbon landing on the upper surfaces of the leaves.

 ...........................................................................................................................................

 .......................................................................................................................................[1]

  (ii) Particles of carbon blocking the stomata in the leaves.

 ...........................................................................................................................................

 .......................................................................................................................................[1]

 (b) A few days after the fire finishes, the concentration of oxygen in the atmosphere near the felled 
trees is measured and compared with the concentration before the fire. It has decreased.

  (i) Explain what causes the concentration of oxygen in the atmosphere to decrease in the 
days after the fire.

 ...........................................................................................................................................

 ...........................................................................................................................................

 .......................................................................................................................................[2]
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  (ii) Describe one effect that this decrease in oxygen concentration could have on the 
remaining living organisms in the area.

 ...........................................................................................................................................

 .......................................................................................................................................[1]

 (c) Deforestation causes the carbon dioxide concentration of the Earth’s atmosphere to increase.

  Describe one consequence of an increase in the carbon dioxide concentration of the Earth’s 
atmosphere.

 ...................................................................................................................................................

 ...............................................................................................................................................[1]

 (d) Humans also cause the concentration of carbon dioxide in the atmosphere to increase by 
burning fossil fuels.

  Name one other substance produced by the burning of fossil fuels.

 ...............................................................................................................................................[1]
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9 A student is building a model car. 

 Fig. 9.1 shows a circuit he designs for the electrical equipment he wants in the car.

sidelamps

headlamps

heater

12 V

Fig. 9.1

 (a) Fig 9.2 shows the lamps and heater he uses for his model. The markings on the lamps and 
heater are shown below the pictures.

sidelamp headlamp heater

6 V, 0.5 A 6 V, 2 A 12 V, 120 W

Fig. 9.2

  State and explain what is meant by each of these quantities when written on a component.

6 V  ............................................................................................................................................

 ...................................................................................................................................................

120 W  .......................................................................................................................................

 ...............................................................................................................................................[4]
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 (b) When the student switches on the circuit in Fig. 9.1, the lamps glow only very faintly. He has 
not designed his circuit correctly.

  On Fig. 9.3 complete the circuit diagram to show the sidelamps and heater connected so that 
all the lamps glow brightly.

headlamps, each 6 V, 2 A

12 V

Fig. 9.3
[2]

 (c) Calculate the current through the heater when it is working properly at 12 V and 120 W.

  State the formula that you use and show your working.

  formula

  working

 current =  ....................................................... A [2]

 (d) The heater is designed to transfer thermal energy to the air to warm the inside of the model 
car.

  Name the method of thermal energy transfer involved when the warm air circulates inside 
the car.

  ............................................................[1]



22

0653/32/M/J/15© UCLES 2015

BLANK PAGE



23

0653/32/M/J/15© UCLES 2015

BLANK PAGE



24

0653/32/M/J/15© UCLES 2015

To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced online in the Cambridge International 
Examinations Copyright Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download at www.cie.org.uk after 
the live examination series.

G
ro

u
p

T
h

e 
P

er
io

d
ic

 T
ab

le
 o

f 
th

e 
E

le
m

en
ts

14
0

C
e

C
er

iu
m

58

14
1

P
r

P
ra

se
od

ym
iu

m

59

14
4

N
d

N
eo

dy
m

iu
m

60

P
m

P
ro

m
et

hi
um

61

15
0

S
m

S
a

m
a

ri
u

m

62

15
2

E
u

E
ur

op
iu

m

63

15
7

G
d

G
ad

ol
in

iu
m

64

15
9

T
b

Te
rb

iu
m

65

16
2

D
y

D
ys

pr
os

iu
m

66

16
5

H
o

H
ol

m
iu

m

67

16
7

E
r

E
rb

iu
m

68

16
9

T
m

T
hu

liu
m

69

17
3

Y
b

Y
tte

rb
iu

m

70

17
5

L
u

Lu
te

tiu
m

71

23
2

T
h

T
ho

riu
m

90

P
a

P
ro

ta
ct

in
iu

m

91

23
8

23
1

14
7

23
7

24
4

24
3

24
7

24
7

25
1

25
2

25
7

25
8

25
9

26
0

U
U

ra
ni

um

92

N
p

N
ep

tu
ni

um

93

P
u

P
lu

to
ni

um

94

A
m

A
m

er
ic

iu
m

95

C
m

C
ur

iu
m

96

B
k

B
er

ke
liu

m

97

C
f

C
al

ifo
rn

iu
m

98

E
s

E
in

st
ei

ni
um

99

F
m

F
er

m
iu

m

10
0

M
d

M
en

de
le

vi
um

10
1

N
o

N
ob

el
iu

m

10
2

L
r

La
w

re
nc

iu
m

10
3

1 H
H

yd
ro

ge
n

1

7 L
i

Li
th

iu
m

3

23 N
a

S
od

iu
m

11

24 M
g

M
ag

ne
si

um

12

40 C
a

C
al

ci
um

20

45 S
c

S
ca

nd
iu

m

21

48 T
i

T
ita

ni
um

22

51 V
V

an
ad

iu
m

23

52 C
r

C
hr

om
iu

m

24

55 M
n

M
an

ga
ne

se

25

56 F
e

Ir
on

26

59 C
o

C
ob

al
t

27

59 N
i

N
ic

ke
l

28

64 C
u

C
op

pe
r

29

65 Z
n

Z
in

c

30

70 G
a

G
al

liu
m

31

27 A
l

A
lu

m
in

iu
m

13

11 B
B

or
on

5

12 C
C

ar
bo

n

6

14 N
N

itr
og

en

7

16 O
O

xy
ge

n

8

19 F
F

lu
or

in
e

9

28 S
i

S
ili

co
n

14

31 P
P

ho
sp

ho
ru

s

15

32 S
S

ul
fu

r
16

35
.5

C
l

C
hl

or
in

e
17

40 A
r

A
rg

on
18

20 N
e

N
eo

n
10

4 H
e

H
el

iu
m

2

73 G
e

G
er

m
an

iu
m

32

75 A
s

A
rs

en
ic

33

79 S
e

S
el

en
iu

m

34

80 B
r

B
ro

m
in

e

35

84 K
r

K
ry

pt
on

36

39 K
P

ot
as

si
um

19

88 S
r

S
tr

on
tiu

m

38

89 Y
Y

ttr
iu

m

39

91 Z
r

Z
irc

on
iu

m

40

93 N
b

N
io

bi
um

41

96 M
o

M
ol

yb
de

nu
m

42

T
c

Te
ch

ne
tiu

m

43

10
1

R
u

R
ut

he
ni

um

44

10
3

R
h

R
ho

di
um

45

10
6

P
d

P
al

la
di

um

46

10
8

A
g

S
ilv

er

47

11
2

C
d

C
ad

m
iu

m

48

11
5

In In
di

um

49

11
9

S
n

T
in

50

12
2

S
b

A
nt

im
on

y

51

12
8

Te
Te

llu
riu

m

52

12
7 I

Io
di

ne

53

13
1

X
e

X
en

on

54

13
7

B
a

B
ar

iu
m

56

13
9

L
a

La
nt

ha
nu

m

57
   

   
  

*

17
8

H
f

H
af

ni
um

72

18
1

Ta
Ta

nt
al

um

73

18
4

W
Tu

ng
st

en

74

18
6

R
e

R
he

ni
um

75

19
0

O
s

O
sm

iu
m

76

19
2 Ir Ir

id
iu

m

77

19
5

P
t

P
la

tin
um

78

19
7

A
u

G
ol

d

79

20
1

H
g

M
er

cu
ry

80

20
4

T
l

T
ha

lli
um

81

20
7

P
b

Le
ad

82

20
9

20
9

21
0

22
2

B
i

B
is

m
ut

h

83

P
o

P
ol

on
iu

m

84

A
t

A
st

at
in

e

85

R
n

R
ad

on

86

F
r

Fr
an

ci
um

87

22
7

A
c

A
ct

in
iu

m

89
†

9 B
e

B
er

yl
liu

m

4

I
II

III
IV

V
V

I
V

II
0

85 R
b

R
ub

id
iu

m

37

13
3

C
s

C
ae

si
um

55

22
6

22
3

R
a

R
ad

iu
m

88 a X
b

a 
=

 r
el

at
iv

e 
at

om
ic

 m
as

s

X
 =

 a
to

m
ic

 s
ym

bo
l

b 
=

 a
to

m
ic

 (
pr

ot
on

) 
nu

m
be

r

K
ey

D
A

TA
 S

H
E

E
T

* 
58

–7
1 

La
nt

ha
no

id
 s

er
ie

s
† 

90
–1

03
 A

ct
in

oi
d 

se
rie

s

T
he

 v
ol

um
e 

of
 o

ne
 m

ol
e 

of
 a

ny
 g

as
 is

 2
4

dm
3  

at
 r

oo
m

 te
m

pe
ra

tu
re

 a
nd

 p
re

ss
ur

e 
(r

.t.
p.

).



This document consists of 20 printed pages.

DC (FD) 110067
© UCLES 2015 [Turn over

Cambridge International Examinations
Cambridge International General Certificate of Secondary Education

*
8
1
3
0
4
5
9
4
9
8
*

COMBINED SCIENCE 0653/33

Paper 3 (Extended) May/June 2015

 1 hour 15 minutes

Candidates answer on the Question Paper.

No Additional Materials are required.

READ THESE INSTRUCTIONS FIRST

Write your Centre number, candidate number and name on all the work you hand in.
Write in dark blue or black pen.
You may use an HB soft pencil for any diagrams, graphs, tables or rough working.
Do not use staples, paper clips, glue or correction fluid.
DO NOT WRITE IN ANY BARCODES.

Answer all questions.
Electronic calculators may be used.
You may lose marks if you do not show your working or if you do not use appropriate units.
A copy of the Periodic Table is printed on page 20.

At the end of the examination, fasten all your work securely together.
The number of marks is given in brackets [ ] at the end of each question or part question.



2

0653/33/M/J/15© UCLES 2015

1 (a) Fig. 1.1 shows an early type of airship filled with hydrogen gas.

Fig. 1.1

  A hydrogen molecule consists of two hydrogen atoms bonded together.

  (i) Draw a diagram to show the electronic structure of a hydrogen molecule.

[2]

  (ii) Suggest how the electronic structure causes the positively charged nuclei of the two 
atoms to be held together.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [1]
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  (iii) The use of hydrogen for airships declined following a disaster in which an airship caught 
fire.

Fig. 1.2

   Write a balanced symbol equation for the combustion of hydrogen.

 ...................................................................................................................................... [2]

  (iv) Describe the energy transformation which occurs in this exothermic reaction.

 ...........................................................................................................................................

 ...................................................................................................................................... [1]

 (b) Fig. 1.3 shows a modern weather balloon containing hydrogen or helium gas.

Fig. 1.3

  Explain why the electronic structure of helium means that it is safer than hydrogen to use in a 
balloon.

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [2]
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2 (a) Fig 2.1 shows an animal cell.

Fig. 2.1

  (i) Identify the functions of the cell parts on Fig. 2.1 using label lines and the letters shown.

   Use C to show the part which controls the cell.

   Use R to show where chemical reactions, such as respiration, take place. [2]

  (ii) One of the chemical reactions that takes place in the cell is aerobic respiration.

   Complete the balanced symbol equation for aerobic respiration.

 C6H12O6     +     ..............................          6CO2     +     .............................. [2]

 (b) During exercise food stores are broken down in the body by respiration to release energy for 
muscles to contract. Some people exercise when they are trying to lose weight.

  Anna is trying to lose weight by exercising.

  Table 2.1 shows the approximate energy needed for 30 minutes each of four different types of 
exercise for Anna.

Table 2.1

type of exercise energy needed for 30 minutes 
of exercise / kJ

cycling 850

golf 670

swimming 830

walking 580

  (i) Anna went swimming for 30 minutes and then spent 30 minutes playing golf.
   Calculate the total amount of energy she needs for these activities.

 amount of energy needed =  ..................................................... kJ  [1]
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  (ii) From Table 2.1, suggest which two 30-minute activities cause Anna to break down the 
most of her food stores.

   Explain your answer.

activities ..........................................................  and  ..........................................................

explanation  ........................................................................................................................

 ...................................................................................................................................... [2]

  (iii) The exercise made Anna’s pulse rate increase. This meant that her heart was beating 
more quickly.

   Explain fully how this change in heart rate helps Anna to carry out the exercise.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

  (iv) Suggest a reason why the energy values given in Table 2.1 cannot be exactly the same 
for everyone doing the exercise.

 ...........................................................................................................................................

 ...................................................................................................................................... [1]
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3 Fig. 3.1 shows a man on a snowboard moving down a hill.

Fig. 3.1

 Fig. 3.2 shows a graph of the man’s speed as he goes down the hill.

0
0

10

20

30

speed
m / s

time / s

D
10 20 30 40 50 60

CB

A

Fig. 3.2

 (a) Describe the motion of the man between points

A and B, ....................................................................................................................................

 ...................................................................................................................................................

B and C. ....................................................................................................................................

 ...................................................................................................................................................
[2]



7

0653/33/M/J/15© UCLES 2015 [Turn over

 (b) Use the area under the graph to calculate the distance travelled by the man between points C 
and D.

  Show your working.

 distance =  .....................................................  m  [2]

 (c) Calculate the acceleration of the man between points C and D.

  State the formula you use, show your working and state the unit of your answer.

  formula

  working

 acceleration =  .........................  unit ......................... [3]

 (d) Snow is made of solid ice crystals.

  In the box below, draw a diagram to show the arrangement of particles in a solid.

  One particle has been drawn for you. You need to draw at least 11 more.

[2]
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4 (a) A sample of soil is mixed with water and filtered.

  (i) Describe a test that would show that the soil is acidic.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

  (ii) In order to reduce soil acidity, limestone is sometimes added.
   Limestone consists mainly of calcium carbonate.

   Complete the word equation for the reaction occurring between calcium carbonate and 
dilute hydrochloric acid.

calcium
carbonate +

hydrochloric
acid

carbon
dioxide + ................................... + ...................................

[2]

 (b) Fig 4.1 shows apparatus some students use to investigate the effect of temperature on the 
rate of reaction between calcium carbonate and dilute hydrochloric acid.

gas jar

water

calcium carbonate

HEAT

dilute
hydrochloric acid

water bath to
control the

temperature of
the mixture

thermometer
carbon
dioxide

Fig. 4.1

  They add pieces of calcium carbonate to the dilute hydrochloric acid and time how long it 
takes for carbon dioxide to fill the inverted gas jar.

  They repeat the experiment several times. Each time the experiment is repeated, the only 
difference is the temperature of the dilute hydrochloric acid.
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  Table 4.1 shows the results of the investigation.

Table 4.1

temperature / °C time taken to fill the gas jar / s

20 156

30  75

40  37

50  20

60  10

  (i) Use Table 4.1 to state how the rate of reaction changes when the experiment is repeated 
at higher temperatures.

 ...........................................................................................................................................

 ...................................................................................................................................... [1]

  (ii) Explain your answer to (i) in terms of the collisions between particles.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

 (c) The soil treatment described in (a)(ii) adds to the amount of carbon dioxide in the atmosphere.

  (i) State another reason why the amount of carbon dioxide in the atmosphere is increasing.

 ...........................................................................................................................................

 ...................................................................................................................................... [1]

  (ii) Describe how this increase could be affecting the environment.

 ...........................................................................................................................................

 ...................................................................................................................................... [1]
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5 (a) Fig. 5.1 shows two small flowers of a wind-pollinated grass.

Fig. 5.1

  (i) On Fig. 5.1 draw an arrow to show the transfer of pollen from flower A to flower B during 
pollination. [2]

  (ii) Describe two adaptations of this grass flower for wind pollination. Use only features 
visible in Fig. 5.1.

1  .......................................................................................................................................

 ...........................................................................................................................................

2  .......................................................................................................................................

 ...................................................................................................................................... [2]

 (b) A student sets up an experiment to investigate the conditions needed for germination of 
seeds. She uses cotton wool and seeds as shown in Fig. 5.2.

  Dish 3 is placed in a fridge with a glass door. The rest of the dishes are left by a window in the 
laboratory.

Fig. 5.2
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  After a few days the dishes are examined.

  Table 5.1 shows what the student observes.

Table 5.1

dish number observations

1 all seeds germinated, seedlings 1 cm tall

2 no germination

3 no germination

4 no germination

  Using the results in Table 5.1, describe evidence that the following conditions affect 
germination.

  (i) temperature

 ...........................................................................................................................................

 ...................................................................................................................................... [1]

  (ii) pH

 ...........................................................................................................................................

 ...................................................................................................................................... [1]

  (iii) State one other condition, not investigated in this experiment, that is needed for 
germination of seeds.

 ...................................................................................................................................... [1]

  (iv) For germination to take place the enzymes in the seeds must be active.

   Use this information to explain fully why the seeds did not germinate in dish 4.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]
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6 Many different musical instruments are played in an orchestra.

 Table 6.1 shows the lowest and highest frequencies for the sounds of the musical notes produced 
by some instruments in an orchestra.

Table 6.1

instrument lowest frequency / Hz highest frequency / Hz

bassoon  58  932

cello  65  659

clarinet 147 1865

flute 262 2093

harp  31 3322

trumpet 165 1000

violin 196 2637

 (a) Identify which instrument in Table 6.1

  (i) has the largest difference between highest and lowest pitch,  ...................................... [1]

  (ii) produces a sound with the longest wavelength.  ...................................... [1]

 (b) A large drum emits sound of frequency 30 Hz.

  Explain why a drum that emits a frequency of 15 Hz would not be used in an orchestra.

 ...................................................................................................................................................

 .............................................................................................................................................. [1]
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 (c) Calculate the wavelength for the highest frequency sound made by a trumpet. The speed of 
sound in air is 330 m / s.

  State the formula you use and show your working.

  formula

  working

 wavelength =  .....................................................  m  [2]

 (d) Fig. 6.1 shows a violin string before the violinist plays.

Fig. 6.1

  On Fig. 6.2 draw a diagram to show how the violin string vibrates when the violinist plucks the 
string and use your diagram to explain why this produces sound waves

Fig. 6.2

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [3]
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7 (a) When a hydrocarbon D undergoes cracking, two new compounds, X and Y, are obtained.

  X and Y are tested using bromine solution.

  These processes are shown in Fig. 7.1.

Fig. 7.1

  X is an alkane. Y is an alkene.

  (i) State two conditions needed for cracking.

1  .......................................................................................................................................

2  .................................................................................................................................. [2]

  (ii) Compare the size of the molecules of compounds X and Y with the size of the molecules 
of compound D.

 ...........................................................................................................................................

 ...................................................................................................................................... [1]

  (iii) Describe the effects on the bromine solution caused by X and Y.

X  .......................................................................................................................................

 ...........................................................................................................................................

Y  .......................................................................................................................................

 ...................................................................................................................................... [1]

 (b) Draw the molecular structures of ethane and ethene.

ethane ethene

[3]
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 (c) Fig. 7.2 shows how bromine is produced from molten lead bromide in a laboratory experiment, 
PbBr2.

Fig. 7.2

  (i) Explain why bromide ions move to the anode when the switch is closed.

 ...........................................................................................................................................

 ...................................................................................................................................... [1]

  (ii) Describe how bromine atoms are formed at the anode.

 ...........................................................................................................................................

 ...................................................................................................................................... [1]
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8 (a) Fig. 8.1 shows the flow of chemical energy through the food chains in a habitat. The numbers 
represent the amount of chemical energy per square metre per year.

Fig. 8.1

  (i) Calculate the percentage of the chemical energy in the producers that is not transferred 
to the carnivores.

   Show your working.

 answer =  ......................................................%  [2]

  (ii) The source of energy for the producers is sunlight which is needed for photosynthesis.

   Describe the role of chlorophyll in energy transformation during photosynthesis.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

 (b) Fig. 8.2 shows a food chain in Africa. The information inside the box includes details about the 
flow of energy into and out of the zebra.

Fig 8.2
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  (i) Suggest ways in which energy could be lost at X.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

  (ii) Explain the importance of the decomposers shown in Fig. 8.2.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]
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9 Fig. 9.1 shows a caravan which uses an electric heater to supply warm air to heat the caravan and 
to heat water.

Fig. 9.1

 Fig. 9.2 shows a circuit diagram for the electric heater. It contains two elements, one for heating 
the air and one for heating the water.

mains electricity supply

element heating air

element heating water

hot water tank

Fig. 9.2

 (a) (i) The air around the electric heater is heated. The heated air then flows around the caravan 
and warms the people sitting inside.

   Name the process by which the heated air warms up the caravan.

 ...................................................................................................................................... [1]

  (ii) Explain why the heater causes the warm air to circulate inside the caravan.

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

  (iii) The hot water must be kept hot in the hot water tank after the heater is switched off.

   Suggest a method of keeping the water hot for a long time in the tank after heating.

 ...........................................................................................................................................

 ...................................................................................................................................... [1]
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 (b) The circuit diagram in Fig. 9.2 only allows both heating elements to be switched on or both 
heating elements to be switched off.

  Complete the circuit diagram in Fig. 9.3 to show a different circuit which allows the people in 
the caravan to have one element switched on and the other element switched off.

Fig. 9.3
[2]

 (c) The resistance of the water heater is 30 Ω.

  When both elements are switched on, the current in the water-heating element is 8 A and the 
current in the air-heating element is 4 A.

  (i) Calculate the potential difference across the heating elements from the mains electricity 
supply.

   State any formula that you use, show your working and state the unit of your answer.

   formula

   working

 potential difference =  .........................  unit ......................... [3]

  (ii) Use the formula P = IV to calculate the electrical power taken by the warm air heater.

   Show your working.

 power  =  .....................................................  W  [1]
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