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1 Sugar cane is a food crop grown in Australia. It is harvested and then transported on small 
trains to the processing plant. 

 
 Fig. 1.1 shows one of the trains carrying sugar cane. 
 

 
 

Fig. 1.1 
 
 
 (a) The train travels a distance of 25 kilometres in 2 hours. 
 
  Calculate the average speed of the train. 
 
  State the formula that you use and show your working.  
 
   formula used 
 
 
   working 
 
 
 
 
 

     km / h [2] 

 
 
 (b) The train engine is powered by oil. The oil is burned to change water into steam. The 

steam is used to make parts of the engine move. 
 
 (i) What kind of energy is stored in the oil? 

 [1] 

 
 (ii) The engine is 30 % efficient in converting the energy stored in the oil into 

movement energy. The rest of the stored energy is lost in different ways. 
 
   State one of these ways. 

 [1] 
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 (c) The track for the train is composed of short lengths of steel rails with small gaps left 
between them as shown in Fig. 1.2. 

 
 

gap

steel rail

 
 

Fig. 1.2 
 
  Suggest a reason for leaving these small gaps. 

 

 

 [2] 

 
 
 (d) Sugar can be fermented and turned into ethanol. Ethanol is now used as a fuel for 

cars. 
 
  Give one reason, other than cost, why people might use ethanol rather than petrol in 

their cars. 

 [1] 
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 (e) The farm on which the sugar cane is grown uses a wind turbine to produce electrical 
power. Table 1.1 shows the electrical power generated for different wind speeds. 

 
Table 1.1 

 

wind speed / km per hour 0 3 5 8 10 12 15 20 

power generated / W 0 0 150 500 1000 1100 1200 1200 

 
 
 (i) Suggest the lowest wind speed needed to generate power. 

     km / h [1] 

 
 (ii) State the maximum power that this wind turbine can produce. 

     W [1] 

 
 (iii) State one disadvantage of using only a wind turbine as the source of electrical 

power. 

 

 [1] 

 
 
 
 

www.theallpapers.com



5 

© UCLES 2012 0653/21/M/J/12 [Turn over 

For 

Examiner's 

Use 

2 An element is a substance that is made of atoms which have the same proton number. 
Most atoms contain protons, neutrons and electrons. 

 
 The elements are shown in the Periodic Table. 
 
 (a) The chemical symbol of an atom of the element chlorine is shown below.  
 

Cl35

17  
 
  The nucleon number of this atom is 35. 
 
 (i) Name the part of an atom that contains the protons and neutrons. 

  [1] 

 
 (ii) State the number of neutrons in this chlorine atom. 
 
   Explain your answer. 

number of neutrons    

explanation  

 [2] 

 
 (iii) Name the element whose atoms do not usually contain any neutrons. 

  [1] 

 
 
 (b) Table 2.1 shows Period 2 of the Periodic Table. 
 

Table 2.1 
 

XPeriod 2

I II III IV V VI

Y

VII

Z

0

 
 
 
  The element represented by X is a solid at room temperature and the elements 

represented by Y and Z are gases. 
 
 (i) Suggest one difference, other than physical state at room temperature, between 

the properties of elements X and Y. 

 

 [1] 

 
 (ii) Suggest one difference between the chemical properties of elements Y and Z. 

 

 [1] 
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 (c) Fig. 2.1 shows a simple lime kiln which is used to produce lime (calcium oxide) from 
limestone (calcium carbonate). 

 
 

waste gases

air

calcium carbonatecarbon burns
to provide heat
energy

 
 

Fig. 2.1 
 
  In the lime kiln, the pieces of carbon are burnt to provide heat energy. 
 
 (i) Explain why the burning of carbon is described as an oxidation reaction. 

 

 

 [2] 

 
 (ii) Both calcium oxide and calcium carbonate are sometimes added to the soil by 

farmers. 
 
   Suggest and explain why this is done. 

 

 

 [2] 
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3 Marmots are herbivorous mammals. Fig. 3.1 shows a marmot. 
 
 

 
 

Fig. 3.1 
 
 (a) Define the term herbivore. 

 

 [2] 

 
 
 (b) A study has been carried out on the marmots living in Colorado, USA. 
 
  The winters in this part of Colorado are very cold. The marmots hibernate (sleep) in 

burrows in winter. They do not eat while they are hibernating. They wake up in spring. 
 
  Before they hibernate, marmots build up large fat stores beneath their skin.  
 
  Suggest and explain what marmots must do in order to build up large fat stores in their 

bodies. 

 

 

 [2] 
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 (c) Fig. 3.2 shows the percentage of marmots with different body masses that survive 
through the winter. 

 
 

100

80

60

40

percentage
of marmots
surviving

body mass / kg

2 3 4 5

 
 

Fig. 3.2 
 
 (i) Describe the relationship between a marmot's body mass and its chance of 

surviving the winter. 

 

 

 [2] 

 
 (ii) Suggest how a layer of fat beneath the skin can help a marmot to keep warm 

during cold weather. 

 

 [1] 

 
 
 (d) In the last twenty years, spring has been arriving earlier in the year in Colorado. This is 

a result of global warming. 
 
  Name two gases that contribute to global warming. 

1   

2   [2] 

 
 

www.theallpapers.com



9 

© UCLES 2012 0653/21/M/J/12 [Turn over 

For 

Examiner's 

Use 

 (e) Fig. 3.3 shows the mean body mass of the marmots on the first day of August (during 
summer) between 1976 and 2006. 

 
 

3.5

3.0

2.5

2.0

mean body
mass / kg

1976 1986 1996 2006  
 

Fig. 3.3 
 
 (i) Describe the general trend shown in Fig. 3.3. 

 

 [1] 

 
 (ii) Suggest how the earlier arrival of spring could be responsible for this trend. 

 

 [1] 
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4 Fig. 4.1 shows some of the apparatus and substances a student used to investigate the 
rate of reaction between magnesium and dilute hydrochloric acid. In this reaction a gas is 
given off and bubbles up into the measuring cylinder. 

 
 

water

measuring
cylinder

dilute
hydrochloric
acid

stopwatch

bung

magnesium

 
 

Fig. 4.1 
 
 
 (a) Fig. 4.1 shows the apparatus just before the student started his experiment to measure 

the rate of reaction. 
 
  Describe briefly the method the student should use and the measurements he should 

make. 

 

 

 

 [3] 

 
 
 

www.theallpapers.com



11 

© UCLES 2012 0653/21/M/J/12 [Turn over 

For 

Examiner's 

Use 

 (b) The student carried out a second experiment using hydrochloric acid which had a 
higher concentration. All of the other variables which could affect the rate were kept 
the same as in the first experiment. 

 
 (i) State one of the other variables that the student kept constant. 

 [1] 

 
 (ii) Predict and explain briefly how the results the student obtained in the second 

experiment would be different from the first experiment. 

 

 

 [2] 

 
 
 (c) The reaction between magnesium and dilute hydrochloric acid also produces the ionic 

compound magnesium chloride. 
 
  In crystals of this compound, two chloride ions combine with one magnesium ion. 
 
 (i) State one difference between a magnesium atom and a magnesium ion. 

 

 [1] 

 
 (ii) State the chemical formula of magnesium chloride. 

  [1] 

 
 (iii) Complete the word chemical equation for the reaction between magnesium and 

hydrochloric acid. 
 

magnesium + +
hydrochloric

acid
magnesium

chloride
 

 
    [1] 
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5 (a) A bat produces a sound wave with a frequency of 212 kHz and a wavelength of 0.0016 m. 
 
 (i) This sound is outside the audible frequency range for humans. 
 
   State the approximate audible frequency range for humans. 

   Hz [1] 

 
 (ii) State the meaning of the terms frequency and wavelength, when describing a 

wave. You may use a diagram if it helps your explanation. 
 
   frequency 
 
 
 
 
 
 
 
 

 

 

 

 
   wavelength 
 
 
 
 
 
 
 
 

 

 

 

 
    [2] 
 
 

www.theallpapers.com



13 

© UCLES 2012 0653/21/M/J/12 [Turn over 

For 

Examiner's 

Use 

 (b) A girl shouts and waves to another girl in the school playground as shown in Fig. 5.1. 
 

 
 

Fig. 5.1 
 
  The sound energy and the light energy both travel from one girl to the other by wave 

motion. 
 
 (i) Explain why sound waves will not travel through a vacuum. 

 

 [1] 

 
 (ii) If the first girl now makes another sound with a smaller amplitude, what change 

would the second girl notice? 

 [1] 

 
 (iii) The girls could have communicated with each other using their mobile phones  

(cell phones).  
 
   Name the type of electromagnetic wave used to communicate between mobile 

phones. 

  [1] 

 
 

www.theallpapers.com



14 

© UCLES 2012 0653/21/M/J/12  

For 

Examiner's 

Use 

 (c) Fig. 5.2 shows a ray of light passing through a rectangular glass block. 
 
 
 

normal

normal

 
 
 
 

Fig. 5.2 
 
  On Fig. 5.2, label an angle of incidence, i, and an angle of refraction, r. [2] 
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6 Fig. 6.1 shows part of a section across a root from a radish plant, photographed through a 
microscope. 

 
 

 
 

Fig. 6.1 
 
 
 (a) On Fig. 6.1, use a label line to label a root hair cell. [1] 
 
 
 (b) Root hair cells absorb substances from the soil. 
 
  Name two substances that root hair cells absorb from the soil. 

1   

2   [2] 

 
 
 (c) A complete radish plant was placed with the lower part of the root standing in water. A 

soluble red dye was added to the water. After a while, the veins in the leaves of the 
radish plant became red. 

 
 (i) Name the tissue in the radish plant through which the coloured water was 

transported from the roots to the leaves. 

  [1] 

 
 (ii) On Fig. 6.1, write the letter A to show the position of this tissue in the root. [1] 
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 (d) (i) The cells in the radish root are plant cells. 
 
   Complete Table 6.1 to show which structures are present in plant cells and which 

are present in animal cells. 
 
   Use a tick ( �) to show that the structure is present. Use a cross ( �) to show that 

the structure is not present. 
 
   You should place either a tick or a cross in every space in the table. 
 

Table 6.1 
 

structure plant cells animal cells 

cell membrane   

cell wall   

nucleus   

vacuole containing sap   

 
    [4] 
 
 (ii) Would you expect the cells in the radish root to contain chloroplasts?  
 
   Explain your answer. 

 

 [1] 
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7 (a) A student investigated how the change in potential difference across a lamp affected 
the current flowing through it. 

 
  She used wires to connect the components shown in Fig. 7.1 to make a suitable circuit. 
 
 

A

V

 
 

Fig. 7.1 
 
 
 (i) Using the correct symbols from Fig. 7.1, draw a diagram to show the circuit she 

made. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    [3] 
 
 (ii) Explain why a variable resistor is used in this circuit. 

 

 [1] 
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 (b) A plastic rod is rubbed with a cloth. The rod becomes charged. 
 
  There are two types of electric charge. 
 
 (i) State the names of these types of charge. 

1   

2   [1] 

 
 (ii) Charged particles are transferred between the rod and cloth. 

Name the charged particles transferred.  [1] 

 
 (iii) Plastic is an example of an electrical insulator. 
 
   Name one material which is an electrical conductor. 

  [1] 

 

www.theallpapers.com



20 

© UCLES 2012 0653/21/M/J/12  

For 

Examiner's 

Use 

8 The bar chart in Fig. 8.1 shows the approximate composition of unpolluted air. 
 
 

nitrogen ............. %

oxygen ............. %

other gases ............. %

percentage in
unpolluted air

 
 

Fig. 8.1 
 
 
 (a) (i) Complete the bar chart in Fig. 8.1 by labelling the percentages of nitrogen, oxygen 

and other gases. [2] 
 
 (ii) Name one of the other gases in Fig. 8.1 that exists in unpolluted air. 

  [1] 

 
 
 (b) Nitrogen and oxygen exist in the air in the form of the diatomic molecules, N2 and O2. 
 
  When lightning passes through the air, the gaseous compounds nitric oxide, NO, and 

nitrogen dioxide, NO2, are formed. 
 

NONO

NONO
2

NONO
2

NONO

NO

NO
2

NO
2

NO  
 
 
 (i) Explain why nitrogen and oxygen are described as chemical elements, but nitric 

oxide and nitrogen dioxide are described as compounds. 

 

 

 [2] 
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 (ii) Suggest the type of chemical bonding in nitric oxide and nitrogen dioxide. 
 
   Explain your answer briefly. 

type of bonding  

explanation  

 [2] 

 
 (iii) Nitrogen dioxide dissolves and reacts with rainwater. 
 
   A student carried out an experiment to investigate what happened to the acidity of 

rainwater during a thunderstorm. 
 
   His results are shown in Table 8.1. 
 

Table 8.1 
 

description of sample pH 

pure water obtained in a science laboratory 7 

rainwater collected when no thunderstorm was occurring 5 

rainwater collected during a thunderstorm 4 

 
 
   What conclusions can the student make from these results? 

 

 

 

 [2] 
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9 (a) One of the characteristics of living organisms is sensitivity. This is the ability to respond 
to changes in the environment. 

 
  List four other characteristics of all living things. 

1  

2  

3  

4 

 
    [2] 
 
 
 (b) Hormones help organisms to respond to changes in their environment. 
 
 (i) Name the hormone that is produced when a person is frightened. 

  [1] 

 
 (ii) State two effects of this hormone. 

1  

 

2  

 

 
    [2] 
 
 
 (c) How are hormones transported around the body? 

 [1] 
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