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1 Flowers are organs in which sexual reproduction takes place. 
 
 (a) Sexual reproduction can be defined as:  
 
   "the process involving the fusion of haploid nuclei to form a diploid 

zygote and the production of genetically dissimilar offspring." 
 
 (i) Explain the meaning of the term diploid. 

 

 [1] 

(ii)  State the scientific term for the fusion of two nuclei.  [1] 

 
 
 (b) Fig. 1.1 shows a section through a flower. 
 

A

B

D

C
 

 
Fig. 1.1 

 
 
 (i) State the letter of the part in which 

the male gametes are produced,   

a zygote is produced.   [2] 
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 (ii) Explain how the structure of the flower in Fig. 1.1 indicates that it is pollinated by 
insects. 

 

 

 

 

 

 [3] 
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 (c) After pollination, seeds are produced. A student set up an experiment to investigate the 
conditions needed for the germination of lettuce seeds.  

 
  He placed five lettuce seeds on cotton wool in each of five test-tubes. Fig. 1.2 shows 

the conditions present in each tube. 
 

CA B D E

dark boxlight

liquid
to absorb
oxygen

key
damp cotton wool dry cotton wool  

 
Fig. 1.2 

 
 
  Table 1.1 shows his results. 
 

Table 1.1 
 

tube number of seeds 
that germinated 

A 5 

B 0 

C 5 

D 0 

E 0 

 
 
  What conclusions can the student make from these results? 

 

 

 

 [3] 
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2 Fig. 2.1 represents what happens when calcium carbonate, an insoluble ionic salt, is 
added to water. 

 

2– 2+ 2– 2+

2+ 2– 2+ 2–

2– 2+ 2– 2+

2– 2+ 2– 2+

2+ 2– 2+ 2–

2– 2+ 2– 2+

calcium carbonate

water

 
 

Fig. 2.1 
 
 (a) Sodium chloride is a soluble ionic salt. 
 
  On Fig. 2.2, sketch how the ions from sodium chloride are arranged after it is added to 

water. 
 

– + – +

+ – + –

– + – +

sodium chloride

water

 
 

Fig. 2.2 
    [2] 
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 (b) Explain, in terms of relative numbers of protons and electrons, why calcium ions have 
an electrical charge of 2+, but sodium ions have a charge of 1+. 

 

 

 

 

 [3] 

 
 
 (c) The formula of a sodium ion is Na+. The formula of a carbonate ion is CO3

2-. 
 
  Use this information to deduce the chemical formula of sodium carbonate. 
 
  Show how you arrived at your answer. 
 
 
 
 
 
 
 
 
 
 

 

 [2] 
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3 Fig. 3.1 shows two speed / time graphs for a car. 
 

speed

time

graph A

speed

time

graph B

 
 

Fig. 3.1 
 
 
 (a) Describe the motion of the car in 

graph A,  

graph B.  [1] 

 
 
 (b) The car travels at 20 m / s for 90 seconds. 
 
  The total force driving the car forward is 1000 N. 
 
 (i) Calculate the work done by this force during this 90 second journey. 
 
   State the formulae that you use and show your working.  
 
    formulae used 
 
 
 
    working 
 
 
 
 
 
 
 

    [3] 
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 (ii) Calculate the useful power output of the engine during this time. 
 
   State the formula that you use and show your working.  
 
    formula used 
 
 
    working 
 
 
 
 
 

    [2] 

 
 
 (c) The car accelerates from 0 to 33 m / s in 11 seconds. 
 
  Calculate the acceleration of the car during the 11 seconds. 
 
  Show your working. 
 
 
 
 
 

    [2] 
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4 Bats use echo location to detect objects around them. To do this, they emit ultrasound.  
 
 (a) (i) Ultrasound is sound that has a frequency too high for a human to hear. 

  Suggest a frequency for the ultrasound emitted by bats.  [1] 

 
 (ii) Underline the word or words that correctly describe an ultrasound wave. 

 electromagnetic  longitudinal  transverse  [1] 
 
 
 (b) Most bats drink by flying close to the surface of a pond and taking mouthfuls of water 

from it.   
 
  Researchers thought that bats may be able to tell where water is present because the 

water has a much smoother surface than the surrounding ground. They put several 
thirsty bats into a closed room. They placed sheets of two rough materials and two 
smooth materials on the floor.  

 

rough materials smooth materials 

metal grid metal sheet 

tree bark smooth wood 

 
 
  The researchers counted the number of times the bats tried to drink from the surface of 

each material. Their results are shown in Fig. 4.1. 
 

100

50

0
metal
grid

tree
bark

metal
sheet

smooth
wood

number of
drinking
attempts

material  
 

Fig. 4.1 
 
 
 (i) Compare the results for the rough materials and the smooth materials. 

 

 

 [2] 
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 (ii) The ultrasound waves reflect from surfaces and are detected by receptors in the 
bat's head. 

 
   Fig. 4.2 shows how ultrasound waves are reflected from a rough surface and from 

a smooth surface. The arrows show the direction in which the sound waves travel. 
 

smooth surfacerough surface  
 

Fig. 4.2 
 
 
   Use the information in Fig. 4.1 and Fig. 4.2 to suggest how bats detect a water 

surface. 

 

 

 

 [2] 

 
 
 (c) The droppings of bats are used as a fertiliser in many parts of the world. They contain 

large quantities of nitrate and phosphate, which plants need for healthy growth. 
 
  However, if more fertiliser is added to the soil than the crop plants can absorb, some of 

the fertiliser may wash into rivers when it rains. 
 
  Explain how this can cause fish to die. 

 

 

 

 

 [3] 
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5 Metallic copper is a very important material that has been extracted from copper 
compounds for thousands of years. 

 
 (a) Copper is used to make electrical wires. 
 
  Copper wires are connected to the mains electrical supply using brass plugs. Brass is 

an alloy of copper and zinc, and is a much less malleable material than pure copper. 
 

brass plug
copper wire

 
 
 
  Draw a simple diagram of the atoms in brass, and use it to help you explain why brass 

is less malleable than pure copper. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 [3] 

 
 
 (b) One of the processes used in the extraction of copper involves heating copper(I) 

sulfide, Cu2S, in air. One of the reactions that occurs is between copper(I) sulfide and 
oxygen. This reaction produces copper and sulfur dioxide, SO2. 

 
  Construct a balanced symbolic equation for this reaction. 

 [1] 
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 (c) Small metallic objects can be covered with a thin layer of copper metal (copper plated) 
using electrolysis. 

 
  Fig. 5.1 shows the apparatus a student used to cover a steel spoon with copper. 
 

copper
anode

steel spoon acts
as the cathode

d.c.
power supply

copper sulfate
solution

switch

 
 

Fig. 5.1 
 
  In this process, aqueous copper ions, Cu2+, move from the electrolyte and are 

converted into atoms of metallic copper on the surface of the steel spoon. 
 
 (i) Explain why the steel spoon must be made the cathode in this process. 

 

 

 [2] 

 
 (ii) Describe, in terms of ions, electrons and atoms, what happens at the surface of 

the spoon that results in the building up of a layer of metallic copper. 

 

 

 

 

 [3] 
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6 Fig. 6.1 shows a washing machine. 
 
 

 
 

Fig. 6.1 
 
 (a) Complete the sentence below using two of the words in the list. 
 

heat  kinetic  light  potential  sound 

A washing machine is designed to transform electrical energy into  

energy and   energy. [2] 

 
 
 (b) (i) Some of the water inside the washing machine evaporates. 
 
   Explain the process of evaporation in terms of particles.  

 

 

 

 [2] 

 
 (ii) Explain why evaporation has a cooling effect. 

 

 [1] 

 
 (iii) The water inside the washing machine is heated by an electric heater. 
 
   Describe how heat energy is able to pass through the metal parts of the heater.  

 

 

 [2] 
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 (c) The casing of the washing machine is a solid. The water used in it is a liquid. 
 
  Complete the diagrams below to show the arrangement of particles in a solid and in a 

liquid. 
 

solid liquid  
 
    [2] 
 
 
 (d) Before buying a washing machine, a person may research several types to find out 

which washing machine has the greatest energy efficiency. 
 
  Explain the meaning of the term efficiency. 

 

 [1] 
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7 (a) Fig. 7.1 shows two human teeth. 
 

A B

 
 

Fig. 7.1 
 
 
 (i) Name the two types of teeth shown in Fig. 7.1. 

tooth A   

tooth B   [2] 

 
 (ii) Explain how tooth B helps to digest a food such as bread. 

 

 

 [2] 

 
 
 (b) Bread contains starch. Starch molecules are very large, and must be broken down into 

smaller sugar molecules before they can be absorbed. This is done by enzymes. 
 
 (i) Name one part of the alimentary canal in which starch is broken down. 

  [1] 

 
 (ii) Name the part of the alimentary canal where the sugar molecules are absorbed 

into the blood. 

  [1] 
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 (c) Fig. 7.2 shows how pH affects the activity of the enzyme that breaks down starch in the 
human alimentary canal. 

 

enzyme
activity

2 3 4 5 6

pH

7 8 9 10

 
 

Fig. 7.2 
 
 
  Explain the reasons for the differences in activity of the enzyme at pH 5 and pH 7. 

 

 

 

 

 [3] 
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8 Carbon occurs naturally as an element and also in a very large number of compounds. 
 
 (a) (i) The most common atom of carbon has a proton number of 6 and a nucleon 

number of 12. 
 
   Draw a diagram of one atom of this isotope of carbon. Label the positions and 

numbers of the protons, neutrons and electrons. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    [2] 
 
 (ii) Fig. 8.1 shows diagrams of particles in some substances. In these diagrams, 

different circles are used to represent different types of atoms. 
 

P Q R S

 
 

Fig. 8.1 
 
   Explain which of the diagrams, P, Q, R and S, represent elements and which 

represent compounds. 

diagram(s) representing elements  

explanation  

 

 

diagram(s) representing compounds  

explanation  

 [4] 
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 (b) Petroleum (crude oil) is the raw material from which gasoline (car fuel) is obtained. 
 

OIL

petroleum
(crude oil)  

 
 
 (i) The extraction of gasoline from petroleum includes the process of fractional 

distillation. 
 
   Explain whether fractional distillation involves physical or chemical changes. 

main type of change  

explanation  

 [1] 
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 (ii) Fig. 8.2 shows a simplified diagram of industrial fractional distillation. 
 

refinery gas

gasoline

below 30 °C

range of
boiling points

40–100 °C

hot petroleum

 
 

Fig. 8.2 
 
   Explain, in terms of molecules, why gasoline boils at a higher temperature than 

refinery gas. 

 

 

 [2] 

 
 
 (c) Some car manufacturers are researching the use of alternative fuels to replace 

gasoline. 
 
  One possible alternative fuel is hydrogen gas, H2, which is oxidised in the car’s engine. 
 
  Explain why air pollution caused by car engines would be greatly reduced if hydrogen 

could be used as the fuel instead of gasoline. 

 

 

 

 

 [3] 
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9 (a) Fig. 9.1 shows an electrical circuit for a torch (flashlight). 
 
 
 

 
 
 
 

Fig. 9.1 
 

(i)  How many cells are fitted in the torch?  [1] 

 
 (ii) A voltmeter is used to check the voltage across the light bulb. 
 
   Draw the symbol for the voltmeter in the correct position on the circuit. [1] 
 
 (iii) The current passing through the light bulb was 0.3 A when the voltage across it 

was 6 V.  
 
   Calculate the resistance of the light bulb. 
 
   Show your working and state the formula that you use. 
 
    formula used 
 
 
    working 
 
 
 
 
 

    [2] 
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 (b) A single ray of light from a torch is shone onto a mirror as shown in Fig. 9.2. 
 

 
 

Fig. 9.2 
 
 
 (i) On Fig. 9.2, label the angle of incidence and angle of reflection. [1] 
 
 (ii) The angle of incidence = 45°.  

 Write down the value of the angle of reflection.   [1]
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