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1 (a) Gas exchange takes place at the gas exchange surfaces of organisms.

  Fig. 1.1 shows where gas exchange takes place in the lungs.

air

gas exchange surface

capillary

carbon dioxide

oxygen

Fig. 1.1

  (i) Use Fig. 1.1 to describe what happens at a gas exchange surface.

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

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

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

  (ii) Name the gas exchange surface in the lungs.

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

  (iii) List two features of gas exchange surfaces.

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

2  ........................................................................................................................................

[2]



3

0653/41/O/N/20© UCLES 2020 [Turn over

 (b) Fig. 1.2 shows a fetus inside a uterus.

placenta

umbilical cord

amniotic fluid

Fig. 1.2

  (i) State the function of the umbilical cord.

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

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

  (ii) State the function of the amniotic fluid.

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

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

  (iii) Small molecules that are useful for the fetus diffuse across the placenta from the mother 

to the fetus.

   Circle two small molecules which diffuse from the mother to the fetus.

amino acids    carbon dioxide    fats

glucose    glycogen    starch

[2]

[Total: 9]
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2 Fig. 2.1 is a simplified diagram of the fractional distillation of petroleum.

 The formulae of three compounds contained in different fractions are shown.

hot

petroleum

C
4
H
10

C
7
H
16

C
17
H
36

Fig. 2.1

 (a) Describe the trend in the boiling points of the compounds C4H10, C7H16 and C17H36.

  Use ideas about the sizes of the molecules and the forces between the molecules to explain 

your answer.

trend  .........................................................................................................................................

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

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

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

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

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

 (b)  C4H10 and C7H16 are members of the homologous series of alkanes.

  (i) Describe what is meant by a homologous series.

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

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

 .....................................................................................................................................  [2]
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  (ii)  Draw a dot-and-cross diagram to show the bonding in a molecule of carbon dioxide, CO2. 

   Show only the outer shell electrons.

    [2]

  (iii) Carbon dioxide is one of the products of the complete combustion of heptane, C7H16.

   Complete and balance the symbol equation for the complete combustion of heptane, 

C7H16.

   State symbols are not required.

C7H16  +          CO2  +      

 [2]

 (c) Carbon dioxide is a greenhouse gas.

  State one effect of an increase in the concentration of carbon dioxide in the atmosphere.

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

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

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

[Total: 10]
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3 Fig. 3.1 shows a woman travelling on an escalator (a moving staircase).

 The escalator moves the woman through a vertical distance of 9.0 m, from a lower level to a 

higher level.

9.0 m

lower level

higher level

Fig. 3.1

 (a) Fig. 3.2 shows a speed–time graph for the woman as:

• she walks on the lower level at a constant speed for 5.0 seconds

• she travels on the escalator at a constant speed for 20 seconds

• she steps off the escalator and walks away on the higher level.

0
0 5 10 15 20 25 30 35

0.5

1.0

1.5

speed

m / s

time / s

Fig. 3.2
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  (i) Use Fig. 3.2 to calculate the distance the woman walks on the lower level.

 distance =  .....................................................  m [3]

  (ii) Use Fig. 3.2 to state the time at which the woman steps off the escalator.

 time =  ......................................................  s [1]

  (iii) On Fig. 3.2, draw an X on the graph to show when the woman is moving with acceleration 

that is not constant. [1]

 (b) The woman has a weight of 600 N.

  (i) Calculate the change in gravitational potential energy (ΔG.P.E.) of the woman in moving 

through the vertical distance of 9.0 m.

 ΔG.P.E. =  ......................................................  J [2]

  (ii) The electric motor for the escalator has a power of 48 kW.

   Calculate the energy supplied by the electric motor in the 20 seconds the woman travels 

on the escalator.

 energy supplied =  ......................................................  J [3]

  (iii) Suggest two reasons why the answer to (b)(ii) is much greater than the answer to (b)(i).

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

2  ........................................................................................................................................

[2]

[Total: 12]
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4 Fig. 4.1 shows an external view of the heart.

pulmonary veins

(blood enters left atrium)

Fig. 4.1

 (a) On Fig. 4.1, use a label line and the letter C to identify a coronary artery.  [1]

 (b) Name the substance in red blood cells that carries oxygen.

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

 (c) The heart rate increases during exercise causing the blood to flow more quickly.

  Explain why the heart rate increases during exercise.

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

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

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

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

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

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

 (d) (i) Hormones are transported in blood plasma.

   Define a hormone.

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

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

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

  (ii) Name the hormone that causes an increase in heart rate.

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

[Total: 8]
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5 (a) Sodium reacts with water to form aqueous sodium hydroxide, NaOH, and hydrogen gas.

  (i)  This reaction is exothermic. 

   Fig. 5.1 is an energy level diagram for the reaction.

   On Fig. 5.1, label the energy level diagram to show the reactants, the products and the 

activation energy.

energy

progress of reaction

Fig. 5.1

[2]

  (ii)  During the reaction, the sodium melts.

   Describe, in terms of particle bonds and energy, what happens when sodium melts.

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

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

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

  (iii)  Suggest the pH of the aqueous sodium hydroxide.

   Give a reason for your answer.

   pH ......................................

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

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

  (iv)  State the formulae of the two ions present in sodium hydroxide.

   .................................................... and ....................................................  [1]
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 (b)  Explain why sodium must not be added to dilute hydrochloric acid.

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

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

 (c)  Sodium is extracted from molten sodium chloride by electrolysis.

  Sodium is formed at the cathode.

  Name the product formed at the anode.

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

 (d)  Sodium is an element in Period 3 of the Periodic Table.

  Describe the relationship between the number of outer shell electrons and the metallic 

character of elements across a period.

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

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

[Total: 9]
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6 Fig. 6.1 shows a girl using a bicycle pump to ‘pump up’ (add air to) a bicycle tyre.

bicycle pump bicycle tyre

Fig. 6.1

 (a) After pumping up the tyre, the pressure of the air inside the tyre is greater than the pressure 

of the air outside the tyre.

  Describe how the distances between the molecules in the air are different inside the tyre and 

outside the tyre.

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

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

 (b) The pressure of the air inside the bicycle tyre is 3.0 × 105 N / m2.

  The total surface area of the inside wall of the bicycle tyre is 0.25 m2.

  Calculate the total force exerted by the air inside the bicycle tyre on the inside wall of the tyre.

 force =  .....................................................  N [2]
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 (c) Fig. 6.2 shows the structure of the girl’s bicycle helmet.

dull black plastic

holes

Fig. 6.2

  (i) When the girl is cycling, her head gets hot. The skin on her head sweats.

   Suggest how the structure of the helmet helps the sweat on her head to evaporate.

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

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

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

  (ii) Suggest a change to the appearance of the helmet that would reduce the amount of 

radiation absorbed by the helmet.

   Give a reason for your answer.

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

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

 .....................................................................................................................................  [2]
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 (d) Fig. 6.3 shows a bell on the handlebars of the bicycle.

Fig. 6.3

  When the girl rings the bell, it emits sound waves of frequency 1320 Hz.

  The speed of sound in air is 330 m / s.

  Calculate the wavelength of the sound waves emitted.

 wavelength = ......................................................  m [2]

[Total: 9]
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7 During sexual reproduction in flowering plants, both pollination and fertilisation take place.

 (a) Describe fertilisation in a flower.

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

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

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

 (b) Fig. 7.1 shows a diagram of a wind-pollinated flower X and a diagram of an insect-pollinated 

flower Y.

anther

anther

flower Yflower X

Fig. 7.1

  (i) Describe how the anthers of X are adapted for wind pollination.

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

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

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

  (ii) Give two pieces of evidence in Fig. 7.1 that show that Y is an insect-pollinated flower.

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

2  ........................................................................................................................................

[2]

 (c) Explain why flowering plants are called producers.

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

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

 .............................................................................................................................................  [2]
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 (d) Producers are the first trophic level of every food chain.

  Explain why food chains usually have fewer than five trophic levels.

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

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

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

 

[Total: 10]
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8 Copper chloride is produced when dilute hydrochloric acid reacts with copper carbonate.

 (a)  State one other substance that reacts with dilute hydrochloric acid to produce copper chloride.

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

 (b)  Copper is a transition element. Potassium is a Group I element.

  (i)  State one property of copper that is also a property of potassium.

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

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

  (ii)  State one property of copper compounds that is not a property of potassium compounds.

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

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

 (c)  Copper is extracted by heating copper oxide with carbon.

  A redox reaction occurs.

  The equation for this reaction is shown.

copper oxide  +  carbon    copper  +  carbon dioxide.

  Explain, in detail, why this reaction is a redox reaction.

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

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

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

 .............................................................................................................................................  [3]
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 (d) Fig. 8.1 shows the arrangement of copper atoms and zinc atoms in a sample of brass.

zinc

copper

Key

Fig. 8.1

  Circle words from the list that can be used to describe brass.

alloy   compound   element   mixture   molecule

[1]

[Total: 7]
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9 Fig. 9.1 shows an electric lawnmower that is used for cutting grass.

power cable

grass

lawnmower

Fig. 9.1

 The lawnmower operates from a 230 V mains electricity supply.

 The circuit in the lawnmower contains:

• an electric motor

• a switch to switch the motor on and off

• a lamp to show when the motor is switched on

• a variable resistor to vary the current in the motor but not the current in the lamp

• a fuse to protect the circuit.

 (a) On Fig. 9.2, complete the circuit diagram for the lawnmower.

M

motor

230 V supply

Fig. 9.2

[4]
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 (b) The current in the lamp is 0.25 A.

  The potential difference across the lamp is 230 V.

  Calculate the resistance of the lamp.

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

[Total: 6]
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