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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]
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