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1 (a) Use lines to connect the box on the left to different boxes on the right to make correct 
sentences.

  One is done for you. The sentence reads ‘Flowering plants need oxygen for germination of 
seeds’.

  Draw three more lines to make three more correct sentences.

produce haploid pollen.

need oxygen for germination of seeds.

lose water from leaves by perspiration.

transport sugar through the xylem.

use auxins to respond to light.

need oxygen for photosynthesis.

have root hair cells which increase water uptake.

Flowering plants

[3]

 (b) Fig. 1.1 is a diagram of a wind-pollinated flower.

anther

stigma

Fig. 1.1
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  (i) Describe how the following structures make the flower in Fig. 1.1 suitable for 
wind-pollination.

the anthers

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

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

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

the stigmas

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

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

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

  (ii) Suggest one reason why wind-pollinated crops are grown close together by farmers.

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

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

 (c) The growth of crops can be reduced by acid rain.

  (i) Describe how burning fossil fuels can lead to acid rain.

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

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

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

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

  (ii) Suggest how acid rain reduces the rate of growth of crops.

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

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



4

0653/41/M/J/17© UCLES 2017

2 (a) Fig. 2.1 is a dot-and-cross diagram to show the outer-shell electrons in a molecule of hydrogen 
chloride, HCl.

ClH

X X

X X

X
X

X

Fig. 2.1

  (i) State the type of chemical bond shown in Fig. 2.1.

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

  (ii) Draw a dot-and-cross diagram to show the outer-shell electrons in a molecule of 
methane, CH4.

[2]

 (b) (i) Name the two products of the complete combustion of methane.

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

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

  (ii) Explain, in terms of energy changes, why methane is used as a fuel.

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

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

 (c) Methane is the main constituent of one fossil fuel.

  (i) State the name of this fossil fuel.

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

  (ii)  State the names of two other fossil fuels.

   ...............................................................  and  ............................................................... [1]
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3 Fig. 3.1 shows a wind surfer on a surf board, driven by the wind, sailing at a constant speed 
across the sea. The arrows labelled A, B, C and D show the forces acting on the surf board.

B D

A

C

direction of
wind

direction of
travel

Fig. 3.1

 (a) (i) State which letter, A, B, C, or D corresponds to

   1. frictional force ...................

   2. upthrust ...................
[1]

  (ii) Force A is measured and found to be 1200 N.

   State whether force C is 1200 N or has a different value.

   Give a reason for your answer.

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

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



6

0653/41/M/J/17© UCLES 2017

 (b) The surf board travels at a constant speed of 2 m / s.

  The wind speed then increases, and the surf board moves with an acceleration that is not 
constant until the surf board reaches a constant speed of 4.5 m / s after 10 s.

  On Fig. 3.2 sketch the shape of the speed-time graph of the motion of the surf board from the 
time the wind speed increases until just after the constant speed of 4.5 m / s is achieved.

0
0

1

2

3

4

5

2 4
time / s

speed
m / s

6 8 10 12

Fig. 3.2
[2]
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 (c) The kinetic energy of the wind provides the work needed to move the surf board across the 
sea.

  (i) The mass of the surf board and surfer is 120 kg.

   Calculate the kinetic energy of the surf board and surfer when they are moving at 3 m / s.

   State the formula you use and show your working.

   formula

   working

 kinetic energy =  ............................................... J  [2]

  (ii) The wind transfers 90 kJ of energy to the surf board when moving it along at 3 m / s 
for 50 s.

   Use the work done by the wind to calculate the driving force of the wind.

   State any formula you use and show your working.

   formula
 
   working

 driving force =  .............................................. N  [3]
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4 (a) Fig. 4.1 shows a drawing of a single-celled organism called Euglena as seen using a light 
microscope.

  This organism has features of both plants and animals.

flagellum

cell membrane

eyespot

chloroplast

nucleus

Fig. 4.1

  (i) Chloroplasts are usually found in plant cells.

   Describe in detail the function of chloroplasts.

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

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

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

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

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

  (ii) Name one feature of Euglena you would more likely see in an animal than a plant.

   Explain your answer.

   feature ......................................................................

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

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

 ...........................................................................................................................................
[2]
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 (b) Fig. 4.2 shows an aquatic food web. Phytoplankton are microscopic plants that float on the 
surface of the water. Zooplankton are very small animals.

seagull

fish
crab

small
invertebrates

mussel

limpet zooplankton

phytoplanktonseaweed

Fig. 4.2

  (i) Use Fig. 4.2 to draw a food chain containing five organisms, including the crab.

[2]

  (ii) The chemical energy contained in the producers is transferred through the food web to 
the seagull as shown in Fig. 4.2.

   Suggest why the seagull gets more energy transferred from the phytoplankton by eating 
mussels rather than fish. Explain your answer in detail.

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

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

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

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

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

 ...................................................................................................................................... [3]
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5 A student investigates the reaction between dilute sulfuric acid and excess copper(II) carbonate 
powder.

 The apparatus she uses is shown in Fig. 5.1.

dilute sulfuric acid
excess copper(II)
carbonate powder

gas syringe

Fig. 5.1

 The reaction produces a gas which is collected in the gas syringe.

 A salt and another compound are also produced.

 (a) (i) Describe the pH change, if any, of the reaction mixture.

   Name this type of reaction.

pH change  .........................................................................................................................

reaction type  ......................................................................................................................
[2]

  (ii) Complete the balanced symbol equation for the reaction between dilute sulfuric acid and 
copper(II) carbonate.

 H2SO4  +  CuCO3    ............................  +  ............................  +  ............................ [2]
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 (b) Copper(II) carbonate is insoluble in water.

  The salt which is produced in this reaction is soluble in water.

  Suggest a method of making pure, dry crystals of this salt from the mixture that is left after the 
reaction is complete.

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

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

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

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

 (c) The student records the volume of gas in the syringe for 10 minutes.

  Her results are shown in Fig. 5.2.

0 1 2 3 4 5
time / minutes

volume
of

gas

6 7 8 9 10

Fig. 5.2

  Describe how the shape of the graph shows the change in the rate of the reaction.

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

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

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

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

 (d) She repeats the experiment using the same volume of less concentrated sulfuric acid.

  (i) Draw a line on Fig. 5.2 to show her results. [2]

  (ii) Explain, in terms of particle collisions, the effect of using less concentrated sulfuric acid 
on the rate of the reaction.

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

 ...................................................................................................................................... [1]
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6 Fig. 6.1 shows a man standing in the sea on a sunny day.

Fig. 6.1

 (a) (i) The man says that his back is getting too hot in the Sun.

   Explain why wearing a white shirt can prevent the temperature of his back from 
increasing.

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

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

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

  (ii) The temperature of the man’s body is 37 °C. The temperature of the sea water is 15 °C.

   Explain why the man says that the water feels cold to his feet.

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

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

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

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

  (iii) The man walks out of the sea, and his wet feet slowly become dry. He says that his feet 
get colder as they dry.

   Complete the sentences below that explain in terms of the movement of molecules why 
his feet get colder as they dry.

   The .......................................................................... water molecules escape from the  
 
surface of the water on his feet.

   This means that the remaining water molecules have less  
 
.......................................................................... so the remaining water on his feet is at a  
 
lower .......................................................................... . [2]
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 (b) Fig. 6.2 shows a man spear fishing. He sees a fish in the sea in front of him. He says that the 
fish appears to be near the surface.

  The man thinks the fish is at point F on Fig. 6.2.

  Draw a ray diagram on Fig. 6.2 to show where the fish really is. Mark this point with a letter X.

air

waterF

Fig. 6.2
[2]

 (c) The man cooks a fish in a microwave oven.

  (i) On Fig. 6.3 place microwaves in their correct position in the incomplete electromagnetic 
spectrum.

gamma 
rays visible light radio waves

    Fig. 6.3 [1]
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  (ii) Microwaves travel at a speed of 3 × 108 m / s. The wavelength of the microwaves used in 
the microwave oven is 0.12 m.

   Calculate the frequency of the microwaves used.

   State the formula you use and show your working.

   formula

   working

 frequency =  ...............................................  Hz  [2]
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7 Table 7.1 shows the mass of some of the contents of three foods in a 100 gram sample of each 
food.

Table 7.1

food
number of grams in the 100 gram food sample

fat carbohydrate protein water

bread  7 60 13 20

egg 11  1 13 75

milk  3  5  3 89

 (a) The energy for the body provided by one gram of each nutrient is shown below.

fat    37 kJ                   carbohydrate    17 kJ                   protein    17 kJ

  A student cooked a meal using 200 grams of eggs.

  Use the information contained in Table 7.1 to calculate the energy provided by the 200 grams 
of eggs.

  Show your working.

 energy provided =  ............................................. kJ  [2]

 (b) A person has a family history of coronary heart disease and it is likely that he will develop the 
condition too. State which food listed in Table 7.1 he should avoid.

  Explain your answer.

  food ...........................................................................

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

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

 ...................................................................................................................................................
[1]
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 (c) (i) The energy from food is released by respiration.

   Complete the balanced symbol equation for respiration.

   C6H12O6  +  6O2          .........................................   +   ......................................... [1]

  (ii) Describe how oxygen is transported in the blood.

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

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

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

 (d) Fats, carbohydrates and proteins are made up from large molecules. They have to be broken 
down by chemical digestion into small molecules.

  Name the areas of the alimentary canal where the following processes occur.

  1. chemical digestion

  ........................................................  and  ........................................................  

  and  ........................................................

  2. absorption

 ...................................................................................................................................................
[2]
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Please turn over for Question 8
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8 (a) Use the Periodic Table on page 24 to determine the electronic structure of an aluminium 
atom.

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

 (b) Aluminium is extracted from aluminium oxide by electrolysis, as shown in Fig. 8.1.

+–

molten
aluminium

carbon cathode carbon
anode

molten electrolyte
containing aluminium oxide

Fig. 8.1

  Aluminium oxide, Al2O3, contains aluminium ions, Al 3+, and oxide ions, O2−.

  (i) Name the product of electrolysis at the anode.

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

  (ii) Describe, in terms of atoms, ions and electrons, the reaction that takes place at the 
cathode.

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

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

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

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

 (c) Iron is extracted from iron(III) oxide in a blast furnace.

  (i) Name a substance that reduces iron(III) oxide in this process.

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

  (ii) Explain why aluminium cannot be extracted from aluminium oxide in a blast furnace.

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

 ...................................................................................................................................... [1]
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 (d) A student investigates the reactions between aluminium and solutions of metal sulfates.

  (i) When a freshly cleaned piece of aluminium is placed into a solution of magnesium 
sulfate, no change is seen, as shown in Fig. 8.2.

magnesium
sulfate
solution

aluminium

before after

Fig. 8.2

   Explain this observation.

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

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

  (ii) When a freshly cleaned piece of aluminium is placed into a solution of copper(II) sulfate, 
the surface of the aluminium turns brown and the solution starts to decolourise, as shown 
in Fig. 8.3.

copper(II)
sulfate
solution

aluminium

before after

Fig. 8.3

   Explain this observation.

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

 ...................................................................................................................................... [1]
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9 Fig 9.1 shows a simple test circuit for testing different materials to see how well they conduct 
electricity. The material being tested is connected between X and Y.

A

R

X Y

Fig. 9.1

 (a) Name two materials other than copper that would be found to be good conductors when 
tested.

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

 (b) A piece of copper wire is connected between X and Y, and a voltmeter is connected in parallel 
to resistor R.

  The ammeter reads 0.5 A. The voltmeter reads 2 V.

  Use the formula R =
 
V
I

 to calculate the resistance of R.

  Give the unit of your answer.

  working

 resistance = ................................  unit .............. [2]
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 (c) Two pieces of wire, P and Q, with the same length and made of the same alloy, are connected 
in parallel between X and Y.

  The current in wire P is 5 A. The ammeter reading is 7 A.

  (i) Predict the current in wire Q.

   Give a reason for your answer.

   current in wire Q = ....................... A

reason  ...............................................................................................................................

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

  (ii) Deduce why different currents flow in wires P and Q. Give reasons for your answer.

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

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

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

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