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1 A student performs some experiments to find out what makes iron rust.

 (a) Fig. 1.1 shows his first experiment.
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Fig. 1.1

  The student makes sure that the water levels inside and outside the measuring cylinder are in 
line with the 100 cm3 mark.

  Fig. 1.2 shows the apparatus after a few days.

  The iron has rusted and the water has started to rise up the cylinder.
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  (i) One of the compounds present in rust is iron oxide.

   In this compound there are two iron atoms for every three oxygen atoms.

   State the chemical formula of iron oxide.

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

  (ii) Explain why the water has risen up the cylinder.

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

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

  (iii) After a week, the water stops rising although some of the iro n has not rusted.

   Predict the mark the water finally reaches.

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

  (iv) Name the main element in the gas remaining in the measuring cylinder after one week.

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

 (b) Fig. 1.3 shows the first experiment repeated with the beaker containing oil instead of water.
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Fig. 1.3

  State what happens in this version of the experiment.

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

  Explain your answer. 

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

 ...............................................................................................................................................[2]
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 (c) Describe and explain one method that is used to prevent an iron object from rusting.

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

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

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



5

0653/23/O/N/14© UCLES 2014 [Turn over

2 (a) Fig. 2.1 shows a man paddling a canoe up a river.

  The man is paddling gently, but the canoe remains stationary alongside the river bank.

R

T

SU

Fig. 2.1

  (i) State which force from R, S, T and U is

    the weight of the canoe and the man,  ....................

    the force propelling the canoe forward,  ....................

    the force due to the water current.  ....................
[2]

  (ii) Explain, in terms of balanced forces, why the canoe remains stationary alongside the 
river bank.

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

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

 .......................................................................................................................................[2]
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 (b) The man now paddles the canoe steadily so that it moves along the river at a constant speed.

  On the axes below, sketch a distance / time graph for the canoe as it moves along the river.

distance

time

[1]

 (c) (i) State the form of stored energy in the man that is transferred from him as he paddles the 
canoe.

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

  (ii) State the useful form of energy gained by the canoe as a result of this transfer.

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

  (iii) Identify one form of energy that is not useful that is transferred from the man paddling 
the canoe.

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

 (d) The man now paddles the canoe at a steady speed of 2 m / s.

  Calculate the time in seconds taken by the canoe to travel 2400 m.

  State the formula you use and show your working.

   formula

   working

 time =  .......................................................  s [2]
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3 (a) Fig. 3.1 shows one undecayed human tooth and one with decay.

tooth A tooth B

decay

Fig. 3.1

  State which type of tooth is shown in both diagrams in Fig. 3.1.

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

 (b) Tooth B shows tooth decay.

  (i) Suggest why the person had toothache.

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

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

  (ii) Explain fully how eating sugary foods can cause tooth decay.

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

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

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

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

 .......................................................................................................................................[3]
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 (c) When babies start to eat solid food they do not have enough teeth to chew their food. 

  Explain why it is important that the food should be broken down for them into very small 
pieces.

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

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

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

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

 (d) In the mouth, the process of chemical digestion starts.

  Explain what is meant by the term chemical digestion.

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

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

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

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

 (e) Protease (protein-digesting enzyme) digests protein in the acidic environment of the stomach. 

  Predict whether this protease will continue to digest proteins in the alkaline environment of 
the small intestine.

  Explain your answer.

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

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

 ...............................................................................................................................................[2]
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4 Fig. 4.1 shows an electric hairdryer that uses mains electricity.

Fig. 4.1

 A heater inside the hairdryer warms the air. A fan blows the warm air out of the hairdryer.

 (a) The hairdryer contains a switch, a heater to warm the air and an electric motor to drive the 
fan. The heater and the motor are connected in parallel.

  Fig. 4.2 shows the circuit symbols for a switch, a heater and an electric motor.

switch

M

electric motorelectric heater

Fig. 4.2

  On Fig. 4.3 use the symbols in Fig. 4.2 to complete the circuit diagram for the hairdryer 
connected to the mains electricity supply. The mains electricity supply has been drawn for 
you.

mains electricity supply

Fig. 4.3
[2]
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 (b) The flow of warm air dries the wet hair by evaporation.

  Explain, in terms of molecules, why using warm air helps to dry wet hair.

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

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

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

 (c) When air is heated, it rises.

  State the name of the process by which heated air rises.

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

 (d) Fig. 4.4 shows information on a label fixed to the hairdryer.

220 V

5 A

Fig. 4.4

  (i) State the name of the unit whose symbol is V.

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

  (ii) Use the formula

    R = VI

   to find the combined resistance of the circuit components in the hairdryer when in use.

   Show your working and state the unit of your answer.

 resistance =  ....................................  unit = ........... [2]
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 (e) The plug on the mains lead of the hairdryer is fitted with a fuse. One day, the fuse blows while 
the hairdryer is being used.

  (i) Give one possible cause for the fuse blowing.

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

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

  (ii) The fuse has to be replaced.

   The current through the hairdryer when in use is 5 A. Several new fuses with different 
current ratings are available, as shown in this list:

2 A            5 A            10 A            15 A

   Explain which of these four fuses should be used.

Fuse ............................... should be used because ...........................................................

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

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

 .......................................................................................................................................[2]
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5 (a) A student investigates the effect of gravity on the growth of a seedling.

  The student germinates a seed. When the radicle is clearly visible, he pins the seedling to a 
board, as shown in Fig. 5.1 (a). He positions the board so that the radical is horizontal. 

  The radicle continues to grow and curves downwards, as shown in Fig. 5.1 (b).

radicle

pin

board board

 Fig. 5.1 (a) Fig. 5.1 (b)

  (i) Name the growth response shown by the seedling.

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

  (ii) Explain how this growth response is an advantage to the seedling.

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

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

 .......................................................................................................................................[2]
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  (iii) In a second experiment the seedling is pinned on the board in a different position, as 
shown in Fig. 5.2 (a).

radicle

board board

 Fig. 5.2 (a) Fig. 5.2 (b)

   Complete Fig. 5.2 (b) to show the appearance of the radicle after a few days. [1]

 (b) Fig. 5.3 shows a strawberry plant. The strawberry plant can reproduce both asexually and 
sexually.

plantlet

runner

Fig. 5.3
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  The strawberry plant produces runners with plantlets. The runners are stems produced by the 
parent plant. If the roots of a plantlet come into contact with damp soil, the plantlet can grow 
into a new independent plant.

  (i) Use the information provided to explain why reproduction with runners is asexual.

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

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

seeds

Fig. 5.4

  Fig. 5.4 shows a strawberry produced by the plant after one of the flowers is pollinated. The 
seeds on the strawberry will produce new plants when they are germinated.

  (ii) Explain why this method of reproduction is sexual.

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

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

  (iii) Describe and explain how a group of plants grown from runners will be different from a 
group of plants produced when seeds germinate.

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

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

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

 .......................................................................................................................................[2]
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6 (a) Dilute hydrochloric acid reacts with zinc to produce a colourless gas.

  Describe a test to show that the gas is hydrogen.

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

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

 (b) Fig. 6.1 shows the apparatus a student uses to investigate the effect of changing the 
temperature of acid on the rate of reaction with zinc.

dilute hydrochloric acid

balance

zinc

g

Fig. 6.1

  At the start of the experiment, the student adds the zinc to acid at a temperature of 20 °C.

  (i) The student expects the balance reading to decrease while zinc reacts with the acid.

   Suggest the measurements the student makes to find the rate of reaction.

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

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

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

  (ii) Suggest what he should do to find the effect of temperature on the rate of reaction. 

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

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

  (iii) Describe the expected effect of temperature on the rate of reaction.

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

 .......................................................................................................................................[1]
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 (c) The student investigates what happens if he uses copper in place of zinc in the apparatus in 
Fig. 6.1.

  (i) Name the part of the Periodic Table in which copper is found.

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

  (ii) Describe and explain what he observes.

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

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

 .......................................................................................................................................[2]
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7 Astronomers use telescopes to study the electromagnetic radiation that reaches the Earth from 
the stars.

 (a) (i) Complete the sentences below using words from the list. You may use each term once, 
more than once or not at all.

radio waves            sound waves            ultra-violet            visible light            water waves

   People can see stars with their eyes because the stars emit ........................................... .

   Astronomers need special telescopes to see other types of electromagnetic radiation

   from stars. Examples of such types of radiation are ........................................... and 

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

  (ii) We are able to see the Moon, even though the Moon itself does not emit electromagnetic 
radiation.

    State a characteristic behaviour of electromagnetic radiation that enables us to see the 
Moon.

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

 (b) Some stars emit electromagnetic radiation with a very high frequency, such as X-rays.

  (i) State the meaning of the term frequency.

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

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

  (ii) Fig. 7.1 shows an incomplete diagram of the electromagnetic spectrum.

gamma 
radiation

microwaves

Fig. 7.1

  Mark with an X on Fig. 7.1 the part of the spectrum where X-rays are situated. [1]

 (c) Increasing the amplitude of sound waves makes sound louder.

  Suggest what effect will be seen when the amplitude of light waves is increased.

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

 ...............................................................................................................................................[1]
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Question 8 begins on page 20
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8 (a) Diffusion is the net movement of molecules from a region of higher concentration to a region 
of lower concentration. It is how some substances enter and leave cells.

  A student carries out an experiment to study diffusion. He uses gelatine cubes of different 
sizes which represent differently-sized cells. See Fig. 8.1.

small gelatine cube large gelatine cube

Fig. 8.1

  The student immerses the cubes in acid. The gelatine contains a purple indicator that turns 
colourless when the acid reaches it. See Fig. 8.2.

1
cube purple at start

3
acid has reached the centre

2
acid diffusing into cube

Fig. 8.2

  The student measures the time taken for the acid to reach the centre of the cubes.

  The results are shown by the graph in Fig. 8.3.

time taken for the acid
to reach the centre / min

length of side of cube / mm
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Fig. 8.3
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  (i) Describe how the time taken for the acid to reach the centre varies as the size of the 
cube increases.

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

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

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

  (ii) From Fig. 8.3 find the time taken for cubes with a length of

   6 mm,   ..........................................................

   12 mm.   ..........................................................  [2]

  (iii) In living cells, oxygen and food substances must diffuse across the cell membrane and 
reach the centre of the cell.

   Use this information to suggest why cells cannot grow to a large size.

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

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

 (b) Fig. 8.4 shows a red blood cell.

Fig. 8.4

  Describe one feature of the red blood cell that enables oxygen to get to all parts of the cell 
quickly.

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

 ...............................................................................................................................................[1]
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9 (a) Fig. 9.1 shows the apparatus used to demonstrate the electrolysis of copper chloride solution.

damp blue litmus paper

carbon electrode

copper chloride
solution

+ −

Fig. 9.1

  (i) State the names given to the electrodes.

   The positive electrode is called the ........................................ .

   The negative electrode is called the ........................................ . [2]

  (ii) A substance X is formed on the negative electrode.

   Name and describe the appearance of substance X.

   name of X ........................................

description  .........................................................................................................................

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

  (iii) A substance Y is formed at the positive electrode.

   Name Y and describe its effect on the damp blue litmus paper.

   name of Y ........................................

description  .........................................................................................................................

 .......................................................................................................................................[2]
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 (b) State whether each of the substances involved in the experiment is

an element      or      a compound      or      a mixture.

  Write your answers in Table 9.1.

Table 9.1

substance element or compound or mixture

copper chloride

copper chloride solution

substance X

substance Y

water

[2]

 (c) (i) Explain one difference between an element and a compound.

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

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

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

  (ii) Explain one difference between a compound and a mixture.

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

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

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