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1 (a) Fig. 1.1 shows some features of the human gas exchange system. Use lines to connect each 
feature with its benefit to the system. One line is drawn for you.

feature of gas 
exchange system

benefit to the 
system

ciliated cells bacteria are trapped

millions of alveoli
present

short diffusion distance

mucus produced by 
cells lining airway

mucus is moved 
upwards

thin walls of alveoli
large surface area for gas 

exchange

[2]
Fig. 1.1

 (b) (i) Describe how each of these features is affected by cigarette smoking. 

mucus production 

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

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

ciliated cells

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

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

  (ii) Explain how the effects you described in (b)(i) make lung infections more likely.

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

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

 .......................................................................................................................................[1]
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 (c) One of the products of smoking is the gas carbon monoxide. This gas reduces the ability of 
the blood to carry oxygen. Oxygen is needed by all cells to carry out aerobic respiration.

  (i) Write the balanced symbol equation for aerobic respiration. 

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

  (ii) Describe how the blood transports oxygen around the body.

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

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

 (d) Smoking a cigarette causes the level of carbon monoxide in the blood to increase. This level 
gradually falls if no more cigarettes are smoked. 

  A group of people were trying to give up smoking. The level of carbon monoxide in their blood 
was tested four times during the day and the results compared with those of a non-smoker.

  The results are shown in Table 1.1.

Table 1.1

person
units of carbon monoxide in the blood

08.00 hours 11.00 hours 14.00 hours 17.00 hours

A 1.9 1.5 1.3 1.0

B 3.4 2.2 4.8 3.6

C 3.7 2.6 2.0 1.6

D (non-smoker) 0.6 0.5 0.5 0.5

  Use the information in Table 1.1 to 

  (i) suggest which person had most recently smoked before any readings were taken. 
Explain your answer.

person ..........................

explanation  ........................................................................................................................

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

  (ii) state which person may have smoked a cigarette during the day and explain your 
answer.

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

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

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

Combined_Science · 2015 · Oct/Nov · Paper 31 · QP · Cambridge
GradeMax



4

0653/31/O/N/15© UCLES 2015

2 (a)  Fig. 2.1 shows samples of elements in Group VII of the Periodic Table. The elements are 
shown at room temperature.

chlorine gas

Cl 2 Br2 I2

bromine liquid and gas iodine crystals

Fig. 2.1

  Describe the trend in melting point down Group VII.

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

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

 (b) Fig. 2.2 shows what happens when a student adds colourless chlorine solution to a colourless 
solution of sodium bromide, NaBr.

chlorine solution

orange solutionsodium bromide

solution

Fig. 2.2

  The resulting mixture is orange.

  (i) State the name of the substance formed which gives the final mixture this colour.

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

  (ii) Write a balanced chemical equation for the reaction that occurs.

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

  (iii) Write in order of reactivity the halogens bromine, chlorine and iodine.

   most reactive  ………………………………………..

    ……………………………………….

   least reactive ………………………………………. [1]
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  (iv) Use this trend in reactivity to explain why fluorine cannot be displaced from sodium 
fluoride by another halogen.

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

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

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

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

 (c) Fluorine gas is extracted by electrolysis.

  Fig. 2.3 shows the electrolysis cell that is used.

carbon anode

steel container

acting as the cathode

molten mixture

containing

fluorine compounds

fluorine gas

Fig. 2.3

  The fluorine compounds which are used contain fluoride ions, F– .

  Describe how fluoride ions become fluorine atoms at the anode of the cell.

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

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

 ...............................................................................................................................................[2]
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3 Fig. 3.1 shows a man bungee jumping. He is attached to a long elastic rope as he jumps off a 
bridge.

 

Fig. 3.1

 Fig. 3.2 shows the jump at several stages from the time the man jumps off the bridge.
 

stage 1 stage 2 stage 3 stage 4 stage 5

Fig. 3.2

 (a) (i) Identify the main force acting on the man just after he jumps off the bridge.

  ............................................................[1]
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  (ii) As the man falls, another force, air resistance, acts on him to reduce his acceleration. 

   On Fig. 3.3, draw an arrow to show the direction in which air resistance is acting on the 
man.

[1]
Fig. 3.3

 (b) (i) Tick the box or boxes beside the correct statement or statements in the list below.

   When the man reaches his lowest point

    the speed of the man becomes zero,  

    the acceleration of the man becomes zero, 

    the tension in the rope becomes zero.  [1]

  (ii) As the man falls, the rope begins to stretch.

   On the axes below, sketch a speed/time graph to show how his speed changes as the 
rope stretches until he reaches the lowest point. 

speed

time [2]
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 (c) (i) Identify the energy transformations occurring from the time the man jumps until he 
reaches his lowest point.

   from gravitational potential energy 

   to ................................................. energy 

   to ................................................. energy.
 [1]

  (ii) At the lowest point, the length of the rope is 40 m. The man has a mass of 80 kg.

   Calculate the gravitational potential energy loss that occurs during the fall to the lowest 
point. 

   State the formula used and show your working.

     (g = 10 N/kg)

   formula

   working

 gravitational potential energy loss =  ......................................................  J  [2]
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Please turn over for Question 4.
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4 (a) Fig. 4.1 shows two plant cells as seen under the light microscope. They are not drawn to 
scale.

 

Fig. 4.1

  (i) On one of the plant cells in Fig. 4.1 label two cell parts that are present in both of these 
plant cells but are absent from animal cells. Use label lines and the correct names for 
your answer.   [2]

  (ii) Describe the functions of the two cell parts you have labelled in (a)(i).

cell part ………………………………...………………

function  ..............................................................................................................................

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

cell part ………………………………...………………

function  ..............................................................................................................................

 .......................................................................................................................................[2]
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 (b) Fig. 4.2 shows two leaves of approximately the same length. They were both taken from 
different regions of the same oak tree.

leaf X leaf Y

leaf X taken from here

leaf Y taken from here

Fig. 4.2

  Leaf X gets full sun. Leaf Y is in a shaded location.

  (i) Describe one difference in structure between leaf X and leaf Y.

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

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

  (ii) Suggest one advantage to the tree of having leaves of shape X at the top of the tree. 

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

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

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

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

  (iii) Suggest one advantage to the tree of having leaves of shape Y at the bottom of the tree.

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

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

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

 .......................................................................................................................................[2]
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5 Methane is a hydrocarbon which is used as a fuel.

 (a) State one source of methane.

  ………………………………...………………  [1]

 (b) Fig. 5.1 shows a demonstration of an explosion caused when methane burns.

methane burning slowly

lid

lid

methane

metal can

air entering

Fig. 5.1

  • At first, methane escapes through the hole in the lid and burns slowly.
  • As methane leaves the can, air enters through the hole in the base.
  • When enough air has entered, an explosion occurs.

  (i) Table 5.1 compares the three main gases in the can just before and just after the 
explosion.

Table 5.1

gases present just before the explosion gases present just after the explosion

methane

oxygen

   Complete Table 5.1 to show the main gases present just before and just after the 
explosion. 

    [2]
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  (ii) The explosion occurs when the rate of combustion of methane suddenly increases. This 
causes a rapid increase in temperature of the gases in the can.

   Describe an energy transformation which occurs during this reaction.

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

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

  (iii) State the term used to describe a chemical reaction which causes an increase in 
temperature.

   ………………………………...………………  [1]

 (c) Methane reacts with oxygen when it burns.

  (i) Use the Periodic Table on page 24 to deduce and explain

   the number of electron shells in an oxygen atom,

   number ...................

explanation  ........................................................................................................................

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

the number of electrons in the outer shell of an oxygen atom.

number ...................

explanation  ........................................................................................................................

 .......................................................................................................................................[2]
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  (ii)  Complete the covalent bonding diagram of one molecule of methane to show

   • the chemical symbols of each atom,
   • how the outer electrons of each atom are arranged.

[2]

 (d) (i) State the group in the Periodic Table that contains only unreactive gaseous elements.

   ………………………………...………………  [1]

  (ii) Explain why these elements are unreactive. 

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

 .......................................................................................................................................[1]
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6 (a)  (i) Fig. 6.1 shows a glass block and a ray of light entering a glass block.

   On Fig. 6.1 complete the path of the ray of light as it enters and passes through the 
block, and out into the air on the other side. 

   On your diagram, indicate clearly the angle of incidence i and the angle of refraction r as 
the ray passes into the block. 

glass

[3]
Fig. 6.1

  (ii) The Sun is visible to a person at point X, as shown in Fig. 6.2. The dotted line shows the 
outer limit of the Earth’s atmosphere.

Earth

air

X

Fig. 6.2

   The Earth is between the person at X and the Sun. 

   On Fig. 6.2 draw the path of a ray from the Sun that reaches point X to show how the 
person at X can still see the Sun.

   Explain why the person at X can still see the Sun.

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

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

 .......................................................................................................................................[2]
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 (b)  Electromagnetic radiation from the Sun warms the Earth.

  (i) State the form of electromagnetic radiation mainly responsible for this energy transfer 
from the Sun.

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

  (ii) Suggest why, on a sunny day, the temperature of the sand on a beach next to the sea is 
higher than the temperature of the sea-water. 

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

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

 (c) When electromagnetic waves move from a vacuum to the atmosphere, they slow down, but 
their frequency remains the same. 

  Explain why the wavelength of light changes as light from the Sun enters the Earth’s 
atmosphere.

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

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

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

 ...............................................................................................................................................[2]
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7 The tree shown in Fig. 7.1 was blown over during a storm. Shortly afterwards, fungi began to grow 
on the tree trunk.

 
Fig. 7.1

 (a) The fungi are decomposers.

  Define the term decomposers.

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

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

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

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

 (b) The fungi secrete their digestive enzymes into the wood of the tree trunk.

  (i) Suggest why the fungi secrete these enzymes into the tree trunk.

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

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

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

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

  (ii) The rate of digestion of the wood by the fungi is affected by the pH of the wood. 

   Suggest how the rate of digestion of the wood by the fungi is changed if acid rain has 
been falling on the tree trunk for some time. 

   Explain your answer.

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

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

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

 .......................................................................................................................................[2]
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8 A student investigates the speed of reaction between metals and dilute hydrochloric acid.
 He knows that adding dilute hydrochloric acid to iron wire will produce hydrogen gas. 
 Fig. 8.1 shows the apparatus he uses.

dilute

hydrochloric

acid

iron wire

bubbles counted

water

Fig. 8.1

 He measures the speed of the reaction by counting the number of bubbles of hydrogen produced 
each minute for 10 minutes.

 Some wire is left when the reaction stops.

 Fig. 8. 2 shows his results as a graph of number of bubbles per minute against time.

0 5 10
0

time / minutes

number of

bubbles / min

Fig. 8.2
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 (a) (i) Explain, in terms of acid concentration, why the number of bubbles per minute decreases 
with time.

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

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

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

  (ii)  On Fig. 8. 2, mark with an X the time when the reaction stops.  [1]

  (iii)  Explain why the reaction stops.

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

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

 (b) He repeats the experiment using an identical piece of iron wire and the same volume of acid, 
but at a higher temperature.

  (i) Sketch the graph for his new results on Fig. 8.2.  [2]

  (ii) The initial rate of reaction is different at a higher temperature. 

   Explain this difference in terms of the collision of particles.

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

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

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

 .......................................................................................................................................[2]
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9 Fig. 9.1 shows a circuit being used to investigate the resistance of pieces of wire. The pieces of 
resistance wire are connected to the circuit between X and Y.

 

V

A

X Y

Fig. 9.1

 A piece of resistance wire of length 100 cm is connected between X and Y. 

 The ammeter reading is 0.5 A.

 The voltmeter reading is 1.2 V.

 (a) (i) Calculate the resistance of the piece of wire.

   State the formula used and show your working.

   formula 

   working

 resistance =  ......................................................  Ω [2]

  (ii) The piece of wire is cut into two shorter pieces of length 50 cm. 

   Predict the resistance of one of the shorter pieces of wire.

  ........................................................Ω [1]
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 (b) The energy stored in the cell in the circuit is used to drive the current round the circuit. 

  (i) State the equation for finding electrical power in a circuit.

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

  (ii) Name the unit of power and give its symbol.

   name  ………………………………...………………

   symbol ………………………………...……………… [1]

  (iii) The circuit is left switched on for 2 minutes. The current during this time is 0.5 A, and the 
voltage remains at 1.2 V.

   Calculate the energy output from the cell in this time. 

   State the formula used and show your working.

   formula

 
   working 

 energy =  .......................................................  J [2]
 
 (c) Most of the stored chemical energy taken from the cell is changed to thermal energy in the 

wire. 

  (i) Some of this thermal energy is then transferred to the air in contact with the wire before 
being transferred to the surroundings.

   Name the method of thermal energy transfer by the heated air to the surroundings.  

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

  (ii) The rest of the thermal energy is transferred from the resistance wire to the connecting 
wires in the circuit. 

   Describe how this transfer happens in terms of molecular motion.

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

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

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

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

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