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1 Fig. 1.1 shows a solar-powered pump used to fill a water trough from a well on a farm. Animals in 
a field on the farm drink from the trough.

solar panels

electric cable water pipe

water
trough

water pump
well

electric motor

Fig. 1.1

  The solar panels use sunlight to generate electricity.
  The motor uses the electricity to drive the pump.
  The pump moves water from the well to the water trough.

 (a) (i) Complete the sequence of energy transformations that takes place as the water pipe is 
filled when the pump is switched on.

    from ........................................................ energy
 electrical    to ........................................................ energy

    to ........................................................ energy
 potential    to ........................................................ energy
 [2]

  (ii) The pipe from the pump to the trough is 9 m long. When the pump starts, it takes 12 s for 
water to move from the well to the trough.

   
   Calculate the average speed of the water through the pipe.

 speed =  ..................................................  m / s [1]



3

0653/31/O/N/16© UCLES 2016 [Turn over

 (b) Fig. 1.2 shows a speed / time graph for one water molecule as it moves from the well through 
the pipe to the trough.

0
0

0.5

speed
m / s

time / s

1.0

2 4 6 8 10 12

Fig. 1.2

  (i) State the maximum speed of the water molecule through the pipe.

 speed =  ..................................................  m / s [1]

  (ii) Use Fig. 1.2 to describe how the motion of the molecule between 0 s and 4 s differs from 
its motion between 10 s and 12 s.

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

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

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

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

 (c) The water level in the well is 6 m below the water in the trough.

  (i) Calculate the work done in raising 10 kg of water from the well to the trough.
   (gravitational field strength, g = 10 N / kg)

   State any formula you use and show your working.

   formula 

   working

 work done =  .......................................................  J [2]
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  (ii) When the pump is working steadily, it takes 2 minutes to pump 10 kg of water from the 
well into the trough.

   Use your answer to (i) to calculate the output power of the pump.

   State any formula you use and show your working.

   formula 

   working

 power =  .....................................................  W [2]
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Please turn over for Question 2.
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2 An atom of sodium has the symbol shown.
23
11Na

 (a) Deduce the number of neutrons and the number of electrons in an atom of sodium.

neutrons  ......................................

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

 (b) State the electronic structure of the sodium atom.

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

 (c) Describe the relationship between the electronic structure of the sodium atom and the number 
of its group in the Periodic Table.

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

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

 (d) The equation for the reaction between sodium and oxygen is

4Na  +  O2    2Na2O

  (i) Describe, in terms of electrons, the formation of a sodium ion from a sodium atom.

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

  (ii) Use the Periodic Table on page 24 to identify the element which has atoms with the 
same electronic structure as a sodium ion.

 .......................................................................................................................................[1]
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 (e) All of the Group I metals are solid at 20 °C.
  
  Table 2.1 shows the melting points of some of the Group I metals.

Table 2.1

metal melting 
point / °C

Li

Na 98

K 64

Rb 39

Cs

  Complete Table 2.1 by suggesting the melting points of lithium, Li, and caesium, Cs. [2]

 (f) Solid sodium chloride, NaCl, contains sodium ions, Na+, and chloride ions, Cl –.
  
  observations

  1.  Sodium ions cannot be separated from chloride ions in solid sodium chloride by any 
simple separation method.

  2.  An aqueous solution of sodium chloride can be separated into sodium chloride and water 
by the process of evaporation.

  Explain these observations.

observation 1 .............................................................................................................................

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

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

observation 2 .............................................................................................................................

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

 ...............................................................................................................................................[2]
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3 Some cress seeds are placed on damp cotton wool in a dish. They are left to germinate in a  
light-proof box for a few days.

damp cotton wool

cress seed

light-proof box

at the start after a few days

Fig. 3.1

 (a) Fig. 3.1 shows that the seedlings grow directly upwards.

  Name this response.

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

 (b) The dish of seedlings is removed from the box and lit from one side.
  
  Fig. 3.2 shows what happens.

seedlings immediately after removal

light

seedlings after a few hours

light

Fig. 3.2

  Explain in detail how hormones in the seedlings cause the response shown in Fig. 3.2. You 
may use a diagram to illustrate your answer.

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

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

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

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

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



9

0653/31/O/N/16© UCLES 2016 [Turn over

 (c) A student thinks that the germination of seeds might be affected by acid rain.

  The student has five dishes each containing 20 seeds. He waters them with solutions that 
have a range of pH values.

  Table 3.1 shows the results after a few days.

Table 3.1

pH of solution number of seeds that germinate

3 1

4 3

5 3

6 14

7 16

  (i) Describe the effect of pH on the germination of the seeds.

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

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

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

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

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

  (ii) Explain why the germination of seeds is affected by pH.

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

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

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

  (iii) The pH of acid rain is usually between pH 4 and 5.

   Calculate the percentage germination in this pH range.

 answer =  ...................................................... % [1]
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 (d) (i) Describe how the activities of humans cause acid rain.

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

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

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

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

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

  (ii) Suggest how acid rain affects the productivity of farms which grow crops.

   Explain your answer.

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

 .......................................................................................................................................[1]
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 Please turn over for Question 4.
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4 There is a water trough in a field for animals to drink from. On a hot day, the level of the water in 
the trough drops even when there are no animals drinking from it.

 (a) (i) Explain in terms of the energy and movement of water molecules why the level of water 
goes down in the trough on a hot day.

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

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

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

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

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

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

  (ii) The thermal energy causing the process in (i) is provided by the Sun.

   Suggest one way in which the loss of water from the trough could be reduced without 
placing a lid on the trough.

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

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

 (b) Fig. 4.1 shows the farmer looking at a stick lying in the water trough.

stick

troughwater

Fig. 4.1

  The farmer says that the stick looks bent where it goes into the water.

  (i) Name the property of light that causes the stick to look bent.

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

  (ii) On Fig. 4.1, draw a ray diagram using two rays from the bottom of the stick to show why 
the stick appears bent when the farmer looks at it from the side. [3]
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 (c) The farmer speaks to someone on his cell phone (mobile phone).

  Identify and describe the two different types of wave that enable two people to speak to each 
other using cell phones.

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

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

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

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

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

 ...............................................................................................................................................[3]
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5 (a) Iron is extracted in the blast furnace, as shown in Fig. 5.1.

raw materials including
iron oxide and carbon

hot air

molten iron

Fe2O3 + ......CO ......Fe + .....CO2

CO2 + C ..............

..............C + O2

Fig. 5.1

  (i) Complete and balance the equations in Fig. 5.1. [3]

  (ii) The three equations in Fig. 5.1 represent redox reactions.

   Identify one substance in these equations which is reduced.
   Explain your answer briefly.

substance ...........................................................................................................................

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

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

 (b) Aluminium is extracted from aluminium oxide, Al2O3, by the process of electrolysis, as shown 
in Fig. 5.2.

+
carbon
anode

carbon cathode

molten
aluminium

molten electrolyte
containing aluminium oxide

–

Fig. 5.2

  (i) Suggest why aluminium cannot be extracted from aluminium oxide by heating with 
carbon in a blast furnace.

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

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



15

0653/31/O/N/16© UCLES 2016 [Turn over

  (ii) The electrolysis of aluminium oxide does not occur if it is solid.

   Explain, in terms of the ions present, why the electrolyte must be molten.

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

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

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

  (iii) Describe briefly, in terms of electrons, what happens to the aluminium ions, Al3+, and the 
oxide ions, O2–, when aluminium and oxygen are formed during electrolysis.

aluminium ions ...................................................................................................................

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

oxide ions ...........................................................................................................................

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

 (c) (i) Suggest why aluminium alloys, rather than iron alloys, are used in aircraft construction.

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

  (ii) Suggest why aluminium alloys, rather than pure aluminium, are used in aircraft 
construction.

 .......................................................................................................................................[1]
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6 (a) Microorganisms are added to milk to make yoghurt. They use the nutrients in the milk to 
make lactic acid. The lactic acid causes the milk to thicken.

  Fig. 6.1 shows how the lactic acid production of a microorganism varies with temperature.

30

rate of lactic acid
production

temperature / °C
35 40 45 50 55 60

Fig. 6.1

  (i) State the optimum temperature for lactic acid production by this microorganism.

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

  (ii) Describe evidence from Fig. 6.1 that shows that lactic acid production depends on 
enzyme action in the microorganism.

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

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

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

 (b) Yoghurt can be made from different types of milk.

  Table 6.1 shows some of the substances found in two different types of milk.

Table 6.1

substance milk A / g per 100 cm3 milk B / g per 100 cm3

protein 3.4 7.2

fat 3.6 0.1

carbohydrate 4.7 4.9

calcium (mineral salt) 0.1 0.1

fibre none none
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  (i) Milk B contains more protein than milk A.

   State why the body needs protein.

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

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

  (ii) A balanced diet contains five nutrient groups, as well as fibre and water.

   Name the nutrient group, present in milk, which is not listed in Table 6.1.

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

   Describe the importance of including this nutrient group in a balanced diet.

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

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

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

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

  (iii) Suggest which type of milk, A or B, would be a healthy choice for someone who does 
not wish to develop coronary heart disease.

   Explain your answer.

type of milk  ........................................................................................................................

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

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

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

 (c) Sometimes fresh fruit is added to yoghurt in the final stages of manufacture. This improves 
the yoghurt by adding fibre.

  Explain the importance of fibre in the diet.

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

 ...............................................................................................................................................[1]
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7 Fig. 7.1 shows a circuit diagram for a solar-powered electric motor.

M

solar
cell

electric
motor

Fig. 7.1

 (a) When the motor is turning, the potential difference (p.d.) across the motor is 1.5 V, across the 
lamp is 0.5 V, and across the variable resistor is 0.6 V.

  (i) Calculate the p.d. across the solar cell.

 p.d. across cell =  ......................................................  V [1]

  (ii) The current in the circuit is 0.3 A.

   Calculate the resistance of the lamp in the circuit.

   State the formula you use and show your working.

   formula 

   working

 resistance =  ......................................................  Ω [2]
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  (iii) Calculate the power output of the solar cell.

   State any formula you use and show your working.

   formula 

   working

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

 (b) The purpose of the lamp in the circuit in Fig. 7.1 is to indicate that the motor is working.

  Explain why the lamp is connected in series and not in parallel with the motor.

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

 ...............................................................................................................................................[1]
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8 Fig. 8.1 shows fractional distillation and catalytic cracking at an oil refinery.

L

strong heat

catalytic
crackerfractional

distillation
column

Fig. 8.1

 (a) (i) Name the raw material that enters the fractional distillation column at L.

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

  (ii) State the physical property which enables the different molecules to be separated during 
fractional distillation.

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

 (b) Cracking molecules of the hydrocarbon C20H42 produces a mixture of compounds, as shown 
below.

C20H42    3C2H4  +  2X  +  C8H18

  (i) Deduce the formula of compound X.

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

  (ii) Name the compound with the formula C2H4.

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

  (iii) Describe a simple chemical test that can distinguish octane, C8H18, from C2H4.
   Give the results for both compounds.

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

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

C8H18 result ........................................................................................................................

C2H4 result .........................................................................................................................
[2]
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 (c) Give the word equation for the complete combustion of octane.

octane   +        +  

[1]

 Please turn over for Question 9.
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9 Fig. 9.1 shows a fetus shortly before it is born.

X

Fig. 9.1

 (a) Complete the sentences below using the words or phrases provided.

  You may use each word or phrase once, more than once or not at all.

amnion          an artery          a vein          carbon dioxide

oxygen          placenta          umbilical cord

  Structure X is the ......................................................... . It contains 

  ........................................................ which carries blood to the 

  ........................................................ to collect ........................................................ for the 

  growing fetus. [4]

 (b) (i) Describe two ways in which HIV can be transmitted.

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

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

  (ii) Describe how the immune system is affected by HIV/AIDS.

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

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

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