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1 Maize is grown as a source of food in many countries.

 (a) Maize is a wind‑pollinated plant species.

  Figure 1.1 shows the reproductive parts of the maize plant.

roots

leaf

ear produces seeds

sticky thread-like

styles called silks

tassel produces pollen

 Figure 1.1

  (i) Identify the part labelled in Figure 1.1 that produces the male gamete.

   Circle the correct answer.

   ear    leaf    silk    tassel

 [1]

  (ii) Suggest one way that the maize plant in Figure 1.1 is adapted for wind pollination.

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

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

  (iii) The gametes in maize contain 10 chromosomes.

   Complete the sentences about diploid maize cells.

In a diploid cell, there is a .................................................. of each type of chromosome.

In a maize diploid cell, there are .................................................. chromosomes in total.

 [2]

  (iv) State the type of cell division used to produce gametes.

 .....................................................................................................................................  [1]
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 (b) The seeds produced by maize plants are either round or wrinkled.

  Two maize plants with round seeds are crossed.

  Some of the offspring are maize plants that produce wrinkled seeds.

  (i) Complete the Punnett square in Figure 1.2 to show how maize plants with round seeds 

produce maize plants with wrinkled seeds.

   The allele for round seeds is R.

   The allele for wrinkled seeds is r.

gametes 1

gametes 2

 Figure 1.2

 [2]

  (ii) A farmer crosses heterozygous maize plants with round seeds to produce 100 new 

maize plants.

   Predict approximately how many of these new maize plants will have wrinkled seeds.

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

[Total: 8]
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2 The human digestive system uses enzymes for chemical digestion.

 (a) State the role of chemical digestion in the human body.

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

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

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

 (b) The chemical digestion of fats produces fatty acids.

  Name the other product from the digestion of fats.

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

 (c) A student investigates the effect of different enzymes on the digestion of fats in milk.

  The student uses a pH indicator that changes from pink to colourless when fatty acids 

are produced.

  The student has three test‑tubes and puts milk, sodium carbonate and the indicator into 

each test‑tube. The student then adds a different enzyme to each test‑tube.

  Table 2.1 shows the colour of the indicator in each test‑tube at the start and after 5 minutes.

 Table 2.1

enzyme

lipase protease amylase

colour of indicator 

at start
pink pink pink

colour of indicator 

after 5 minutes
colourless pink pink

  (i) Explain the results shown in Table 2.1.

   Include ideas about active sites in your answer.

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

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

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

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

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

 .....................................................................................................................................  [3]
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  (ii) State one part of the human digestive system where amylase is secreted and the part 

where this amylase acts.

secreted  ............................................................................................................................

acts  ....................................................................................................................................

 [2]

 (d) In the human body, a mixture is added to fats to increase their surface area for 

chemical digestion.

  State the name of this mixture.

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

 (e) The stomach of the human digestive system contains hydrochloric acid.

  Describe the functions of the acid in the stomach.

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

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

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

[Total: 11]
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3 Figure 3.1 shows a food web from an aquatic ecosystem.

green algae

amphipodwater flea

sculpin

perch

shrimp

trout

 Figure 3.1

 (a) Place ticks (3) in all the boxes that describe the perch in Figure 3.1.

  carnivore  

  consumer  

  decomposer  

  herbivore  

  2nd trophic level 

  3rd trophic level 

  4th trophic level 

 [2]

 (b) The longest food chains in this food web have five trophic levels.

  (i) Write down a food chain from Figure 3.1 with five trophic levels.

 .....................................................................................................................................  [1]
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  (ii) Explain why food chains usually have fewer than five trophic levels.

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

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

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

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

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

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

 (c) The cells in algae have a similar structure to plant cells.

  The cells in algae contain chloroplasts for photosynthesis.

  (i) State one other structure in a cell of algae which is not present in an animal cell.

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

  (ii) State the balanced symbol equation for photosynthesis.

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

[Total: 9]
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4 Polio is a disease caused by a virus.

 The polio virus can be passed from one person to another through faeces or droplets of 

body fluids.

 (a) Circle the term that describes a disease that is passed from one person to another.

  digestive    homeostatic    resistant    transmissible

 [1]

 (b) The polio virus has the features of a typical virus.

  Complete the sentence about the polio virus.

The polio virus is made of .................................................. material surrounded by a coat 

 

made of .................................................. .

 [2]

 (c) The polio virus sometimes affects the central nervous system.

  State the name of one part of the central nervous system.

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

 (d) People in many countries are vaccinated against polio.

  (i) The vaccine produces active immunity in the body.

   Complete the sentences to describe how the body responds to the vaccine to produce 

active immunity.

   Antigens in the vaccine stimulate an .................................................. response, causing 

 

.................................................. to produce antibodies.

   Antibodies have .................................................. shapes to fit specific antigens.

   .................................................. cells are produced that give long‑term immunity.

 [3]
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  (ii) Figure 4.1 shows the number of cases of polio in one country from 1910 to 2020.

number of

cases per

100 000

population

1910 202020101990

year

1970195019301920 1940 1960 1980 2000
0

5

10

15

20

25

30

35

 Figure 4.1

   The polio vaccine was first produced in 1955.

   Explain the role of vaccination in controlling the spread of polio.

   Use data from Figure 4.1.

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

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

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

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

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

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

  (iii) In the country, each child is given four doses of polio vaccine.

   The fertility rate in the country in 2022 was 56 births per 1000 women aged 18– 44.

   There were 6.55 × 107 women aged 18– 44 in the country in 2022.

   Use calculations to estimate the number of doses of polio vaccine needed to fully 
vaccinate the children born in 2022.

   Assume each birth is just one baby.

 ....................................... doses of polio vaccine [2]

[Total: 12]
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5 Figure 5.1 shows the structure of an atom of an element, X.

13p

14n

 Figure 5.1

 (a) (i) State the atomic number of element X.

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

  (ii) State the mass number of element X.

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

  (iii) Explain why element X is in Period 3 of the Periodic Table.

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

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

 (b) Element X is a metal.

  Explain why metals have good electrical conductivity.

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

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

 .............................................................................................................................................  [2]
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 (c) Figure 5.2 shows part of the reactivity series.

most reactive

metal Y

sodium

magnesium

carbon

metal Z

iron

copper

least reactive

 Figure 5.2

  Draw one line from each metal to the method used to extract the metal.

  Use Figure 5.2 to help you.

metal Y

metal Z

extracted by electrolysis of 

a molten ionic compound

extracted from its oxide by 

reduction with carbon

extracted from the Earth 

as pure metal

method used to extract 

the metal
metal

 [2]

 (d) Iron reacts with dilute hydrochloric acid.

  Aqueous iron chloride and one other product are made.

  State the name of the other product.

 .............................................................................................................................................  [1]
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 (e) Magnesium reacts with aqueous iron chloride.

3Mg  +  2FeCl 3    2Fe  +  3MgCl 2

  0.6 g of magnesium reacts with excess aqueous iron chloride.

  Calculate the maximum mass of iron that is made.

  [Ar: Cl, 35.5; Fe, 56; Mg, 24]

 mass of iron =  ....................................................... g [3]

[Total: 11]
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6 (a) The reaction between chlorine, Cl 2, and sodium iodide, NaI, has a low activation energy.

  State what is meant by activation energy.

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

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

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

 (b) Complete the balanced symbol equation for the reaction between chlorine, Cl 2, and 

sodium iodide, NaI.

Cl 2  +  2NaI    ..............................  +  ..............................

 [2]

 (c) Complete the dot‑and‑cross diagram in Figure 6.1 to show the bonding in chlorine, Cl 2.

  Only show the outer‑shell electrons.

ClCl

 Figure 6.1

 [2]

 (d) Chlorine, Cl 2, is a simple covalent molecule.

  Sodium iodide, NaI, is an ionic compound.

  Chlorine melts at –102 °C.

  Sodium iodide melts at 661 °C.

  Explain the difference in the melting points in terms of attractive forces.

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

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

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

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

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

[Total: 9]
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7 A student investigates the reaction between magnesium carbonate and dilute hydrochloric acid.

MgCO3  +  2HCl    MgCl 2  +  H2O  +  CO2

 Carbon dioxide gas is made in the reaction.

 (a) Describe the test for carbon dioxide gas and give the observation for a positive result.

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

observation  ...............................................................................................................................

 [2]

 (b) The student uses dilute hydrochloric acid at a temperature of 50 °C.

  The student measures the total loss in mass of the reaction mixture every 25 seconds for 

150 seconds.

  Figure 7.1 shows a graph of the results.

total loss in mass / g

150125100

time / s

7550250

1.00

0.90

0.80

0.70

0.60

0.50

0.40

0.30

0.20

0.10

0.00

1.10

175

 Figure 7.1
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  Use Figure 7.1 and a tangent line to calculate the rate of reaction when the total loss in 

mass is 0.95 g.

 rate of reaction =  ...................................................  g / s [4]

 (c) The student repeats the experiment using dilute hydrochloric acid at a temperature of 30 °°C.

  All other conditions remain the same.

  Describe how the shape of the graph in Figure 7.1 would be different at 30 °C.

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

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

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

 (d) The reaction makes 1.00 g of carbon dioxide gas.

  Calculate the volume of carbon dioxide gas made at room temperature and pressure.

  The volume of one mole of any gas is 24 dm3 at room temperature and pressure (r.t.p.).

  [Mr: CO2, 44]

 volume of carbon dioxide =  ..................................................  dm3 [3]

[Total: 11]
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8 (a) Natural gas is a fossil fuel.

  State the name of one other fossil fuel.

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

 (b) Methane is the main constituent of natural gas.

  Draw the displayed formula of methane.

 [1]

 (c) Methane is a small alkane molecule.

  Large alkane molecules can be cracked to make an alkene and a smaller alkane.

  (i) Complete the equation for the cracking of C14H30.

C14H30    C4H8  +  ........................

 [1]

  (ii) C4H8 is butene.

   Complete Figure 8.1 to show the displayed formula for but‑1‑ene.

C   C   C   C

 Figure 8.1

 [2]
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  (iii) State the type of bond in a molecule of but‑1‑ene.

   Choose from the list.

   covalent

   intermolecular

   ionic

   metallic

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

 (d) Methane is produced by the decomposition of vegetation.

  State one other source of methane.

  Tick (3) one box.

  complete combustion of carbon‑containing fuels 

  reaction of an alkene with steam 

  reaction of an alkene with hydrogen 

  waste gases from digestion in animals 

 [1]

 (e) Higher levels of methane in the atmosphere lead to increased global warming.

  Global warming leads to climate change.

  State two ways to reduce the effects of climate change.

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

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

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

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

 [2]

[Total: 9]
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9 (a) Figure 9.1 shows a toy car travelling along a straight horizontal track across a table.

 Figure 9.1

  (i) Name an instrument suitable for measuring the time taken for the car to travel along 

the track.

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

  (ii) The car travels 2.4 m in 4.4 s.

   Calculate the average velocity of the car.

 velocity =  ..................................................  m / s [2]

  (iii) The car is initially at rest. It has a constant acceleration of 0.85 m / s2 for the first 2.0 s.

   Calculate the velocity of the car at 2.0 s.

 velocity =  ..................................................  m / s [2]

  (iv) On Figure 9.2, sketch a velocity–time graph for the car during the first 2.0 s.

velocity

time
0

0

 Figure 9.2

 [1]
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 (b) The velocity of the car decreases.

  The car just reaches the edge of the table with a horizontal velocity of 0 m / s as it starts to 

fall vertically downwards.

  This is shown in Figure 9.3.

 Figure 9.3

  (i) State the magnitude of the vertical acceleration of the car.

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

  (ii) The car falls a distance of 0.75 m to the ground.

   All of the energy in the gravitational potential store of the car moves to the kinetic store.

   Calculate the vertical velocity of the car just as it hits the ground.

 vertical velocity =  ..................................................  m / s [3]

[Total: 10]
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10 (a) A sealed bottle contains some gas.

  (i) The bottle contains 1.4 g of the gas in a volume of 900 cm3.

   Calculate the density of the gas.

 density =  ..............................................  g / cm3 [2]

  (ii) Describe how the gas exerts a pressure on the bottle.

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

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

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

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

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

 (b) A bottle is filled with water.

  An electric heater is used to heat the water.

  (i) The current in the heater is 2.5 A.

   The potential difference across the heater is 12 V.

   Calculate the power of the heater.

 power =  .....................................................  W [2]

  (ii) The water changes state by both boiling and evaporation.

   State two differences between boiling and evaporation.

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

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

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

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

 [2]
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  (iii) The heater is a resistor.

   On Figure 10.1, sketch the current–voltage graph for a resistor of constant resistance.

current

voltage0
0

 Figure 10.1

 [1]

[Total: 10]
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11 (a) (i) Describe a longitudinal wave.

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

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

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

  (ii) Give two examples of longitudinal waves.

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

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

 [2]

 (b) Figure 11.1 shows sound waves travelling from left to right as they approach a gap in 

a barrier.

  On Figure 11.1, draw three additional waves to show diffraction of the waves as they pass 

through the gap.

 Figure 11.1

 [2]
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 (c) Figure 11.2 shows a ray of light travelling in air.

  The ray is incident on the surface of a transparent liquid.

θ
transparent

liquid

air50°

 Figure 11.2

  The refractive index of the liquid is 1.52.

  Calculate the angle θ.

	 θ =  ........................................................° [4]

[Total: 10]
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12 (a) (i) State the name of the force which keeps the Earth in orbit around the Sun.

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

  (ii) State how the strength of this force changes, if at all, as distance from the Sun increases.

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

  (iii) Describe the process which causes the release of energy in stars.

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

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

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

  (iv) The Moon orbits the Earth at a distance of 380 000 km in 27 days.

   Calculate the orbital speed of the Moon in its orbit of Earth.

 orbital speed =  ..................................................  m / s [3]

 (b) A scientist finds an old shell that they believe is 28 500 years old.

  The scientist compares a sample of the old shell with a sample of the same mass from a 

living shell.

  The living shell measures a count rate of 307 counts / minute due to the decay of the 

radioactive isotope, carbon‑14.

  The half‑life of carbon‑14 is 5700 years.

  Calculate the count rate expected from the old shell if it is 28 500 years old. 

 count rate =  ................................. counts / minute [3]

[Total: 10]
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