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1 (a) Fig. 1.1 shows the flowers of a wind-pollinated plant.

Fig. 1.1

  (i) Complete the sentence about wind pollination.

   During wind pollination ................................... from the anther of one flower is blown by

   the wind to the ..................................... of another flower.

[2]

  (ii) Describe one way the anther of a wind-pollinated flower is different from the anther of an 

insect-pollinated flower.

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

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

 (b) After pollination and fertilisation a seed is formed.

  Fig. 1.2 shows a bean seed just starting to grow.

root

Fig. 1.2

  (i) Circle the name of the process shown in Fig. 1.2.

excretion                 germination                 nutrition                 respiration

[1]
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  (ii) The root of the seed is growing downwards away from the light.

   Name this tropic response.

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

 (c) Fig. 1.3 shows the plant growing from the bean seed a few days later.

light from this

direction only

Fig. 1.3

  Complete the sentences to explain the role of auxin in controlling the response of the shoot 

shown in Fig. 1.3.

  Auxin is made in the shoot ............................................... and then spreads through the plant.

  Auxin collects on the ............................................... side of the shoot.

  Auxin stimulates cell ............................................... , which causes the shoot to bend.

[3]

 (d) Oil is sometimes stored inside seeds.

  Describe how you can test seeds to show that they contain oil.

  Include the expected result in your answer.

method  ......................................................................................................................................

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

result  .........................................................................................................................................

[2]

[Total: 10]
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2 Calcium chloride, CaCl2, is an ionic compound.

 (a) Fig. 2.1 is a dot-and-cross diagram which shows the arrangement of electrons in the ions in 

calcium chloride.

Cl

�

Ca

Cl

�

2+

Fig. 2.1

  (i) Describe how a calcium ion is formed from a calcium atom.

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

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

  (ii) Each chloride ion contains eight electrons in the outer shell.

   These are represented by seven dots and one cross.

   Explain why.

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

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

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

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

  (iii) Explain why there are two chloride ions for each calcium ion in calcium chloride.

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

 .....................................................................................................................................  [1]
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 (b) Sodium bromide is another ionic compound.

  Fig. 2.2 represents the arrangement of ions in solid sodium bromide.

� + � +

� + � +

+ � �+

+ � �+

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

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

Fig. 2.2

  (i) Complete Fig. 2.2 by labelling the ions in solid sodium bromide. [1]

  (ii) State how Fig. 2.2 shows that sodium bromide is an ionic compound rather than a 

covalent compound.

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

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

  (iii) State two reasons why Fig. 2.2 cannot be used to represent the arrangement of ions in 

calcium chloride, CaCl2.

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

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

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

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

[2]

[Total: 8]
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3 Fig. 3.1 shows a battery-powered electric bus.

Fig. 3.1

 The batteries are charged from the electricity supply through the cable. When the batteries are 

fully charged, the cable is unplugged and the bus drives away.

 (a) Electric buses are replacing buses that use fossil fuels because they cause less damage to 

the environment.

  (i) Describe how electrical energy is obtained from wind energy.

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

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

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

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

  (ii) Wind energy is a renewable energy source.

   Name another renewable energy source that can be used to generate the electrical 

energy to charge the batteries.

 .....................................................................................................................................  [1]
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 (b) Fig. 3.2 shows a graph of a journey made by the bus along a road between two bus stops.

speed

m / s

8

6

4

2

0
0 25 50 75 100 125 150 175 200

time / s

Fig. 3.2

  (i) At one time in the journey, the driver starts to apply the brakes.

State the time the driver starts to apply the brakes.  .................................................. s [1]

  (ii) Use Fig. 3.2 to calculate the distance travelled by the bus between 0 s and 100 s.

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

  (iii) The speed limit on the road for this journey is 30 km / h.

   Show that the bus does not break the speed limit during this journey.

   Use Fig. 3.2 to help you.

 [2]

[Total: 9]
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4 (a) Fig. 4.1 is a graph showing the effect of temperature on the activity of an enzyme.

16

12

8

4

0

18

14

10

6

2

45 50 55 60 65 70 75

temperature / °C

enzyme

activity

/ arbitrary

units

Fig. 4.1

  (i) Identify the temperature when this enzyme is most active.

  ...................................................... °C [1]

  (ii) Explain why enzyme activity increases between 45 °C and 55 °C in Fig. 4.1.

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

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

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

 .....................................................................................................................................  [2]
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 (b) Protease enzymes are found in the stomach of humans.

  (i) State the role of protease enzymes in the stomach.

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

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

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

  (ii) Fig. 4.2 shows how changing pH affects the activity of three enzymes, A, B and C.

enzyme

activity

1 7 14

A B C

pH

Fig. 4.2

   Describe the evidence from Fig. 4.2 that shows that enzyme A is the protease enzyme 

from the stomach.

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

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

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

 (c) The process of photosynthesis occurs in plants.

  Complete the balanced equation for photosynthesis.

 light

..........  CO2    +    .........  ...................        ...........................    +    .........  O2

 chlorophyll

[2]

[Total: 9]
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5 A student investigates the rate of reaction between solid calcium carbonate and dilute hydrochloric 

acid.

 (a) The student:

• uses Universal Indicator paper to measure the pH of the acid before the reaction

• then adds excess calcium carbonate to the acid

• measures the pH of the mixture after the reaction is complete.

  (i) Describe how to use Universal Indicator paper to measure pH.

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

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

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

  (ii) Suggest a value for the pH of the dilute hydrochloric acid before the reaction and a value 

for the pH of the mixture after the reaction is complete.

   acid ..............................................

   mixture .........................................

[2]
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 (b) The student repeats the experiment.

  The student uses the same mass of calcium carbonate and the same temperature of acid 

each time.

  The student uses different concentrations of acid and different sized pieces of 

calcium carbonate, as shown in Table 5.1.

Table 5.1

experiment

concentration of 

hydrochloric acid

mol / dm3
calcium carbonate pieces 

1 0.5 large

2 0.5 small

3 1.0 large

4 1.0 small

  State which experiment has the highest rate of reaction and which has the lowest rate of 

reaction.

  Use ideas about colliding particles to explain your answer.

  highest .........................................

  lowest ..........................................

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

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

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

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

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

[4]

[Total: 8]



12

0653/42/M/J/21© UCLES 2021

6 Fig. 6.1 shows thermal energy being transferred to a beaker of water. A thermometer measures 

the temperature of the water.

thermometer

Fig. 6.1

 (a) Name the processes by which thermal energy is transferred:

  (i) through the beaker to the water  ......................................................................  [1]

  (ii) through the water to the thermometer.  ......................................................................  [1]

 (b) In the experiment shown in Fig. 6.1 there is thermal expansion of liquids and gases.

  (i) Identify one useful application of thermal expansion taking place in this apparatus.

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

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

  (ii) For each degree of temperature rise, gases expand more than liquids at constant 

pressure.

   Use your understanding of the forces and distances between molecules to explain this 

observation.

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

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

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

 .....................................................................................................................................  [2]
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 (c) A student reads the thermometer scale using a magnifying glass.

  Fig. 6.2 shows a ray diagram of the way the student tries to use the magnifying glass.

eye

20 cm

lens
thermometer

Fig. 6.2

  (i) Name the type of lens used as a magnifying glass.

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

  (ii) Name the property of light shown when the light travels through the glass lens.

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

  (iii) The student cannot see a magnified image of the thermometer scale through the lens in 

Fig. 6.2.

   Describe how the student should move the lens and his eye so he can see a magnified 

image of the thermometer scale.

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

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

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

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

[Total: 9]
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7 (a) Define the term ecosystem.

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

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

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

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

 (b) Fig. 7.1 shows some of the living organisms found in a pond ecosystem.

cattail

otter

mayfly

frog

trout

heron

pondweed

Fig. 7.1

  Mayflies eat pondweed. Trout eat mayflies. Herons eat trout.

  Construct a food chain using this information.

 .............................................................................................................................................  [2]
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 (c) Fertilisers high in nitrates pollute the pond in Fig. 7.1 causing algae to grow on the surface of 

the water.

  (i) Explain why producers under the surface of the water die.

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

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

  (ii) Explain why the death of producers causes a lack of oxygen in the water.

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

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

  (iii) Explain why a lack of oxygen in the water causes a reduction in the population of herons.

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

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

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

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

[Total: 8]
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8 The alkanes and the alkenes are both homologous series.

 Table 8.1 shows the formulae of some alkanes and alkenes.

Table 8.1

number of carbon atoms formula of alkane formula of alkene

 2 C2H6 C2H4

 3 C3H8 C3H6

 4 C4H10

10 C10H22 C10H20

15

 (a) (i) Complete Table 8.1 by filling in the missing formulae. [2]

  (ii) All alkanes are hydrocarbons.

   State two other similarities between all alkanes.

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

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

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

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

 [2]

 (b) State the colour change seen when aqueous bromine is added to an alkene.

  from ...........................................................

  to ...............................................................

[1]
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 (c) Pentane, C5H12, can be cracked to form smaller molecules.

  Fig. 8.1 shows the structures and the formulae of pentane and some products of cracking 

pentane.

cracking

C CH

H

H

H

H

H

H

H

H

H

H

C C C H C CC

HH

H

H

H

H

H

H

H

C C H +

+C5H10 ......................C5H12

+C3H8 ......................C5H12

cracking

C CH

H

H

H

H

H

H

H

H

H

H

C C C H C CH

H

H

H

H

H

H

C H +

Fig. 8.1

  (i) Complete Fig. 8.1 to show the structures and the formulae of the missing products. [3]

  (ii) State two conditions needed for cracking.

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

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

[2]

[Total: 10]
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9 Fig. 9.1 shows a car powered by a battery. The battery supplies electrical energy to two identical 

electric motors, one for each front wheel.

Fig. 9.1

 The two motors are connected in parallel.

 Both motors are controlled by the same variable resistor.

 (a) On Fig. 9.2 complete the circuit diagram with two motors, one switch and one variable resistor.

  Use M  as the symbol for an electric motor.

Fig. 9.2

[3]
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 (b) The potential difference (p.d.) across each motor when used at maximum power is 96 V.

  The maximum power supplied to one motor is 24 kW.

  (i) Calculate the current through the motor when at maximum power.

 current =  ....................................................... A [2]

  (ii) Show that the current supplied by the battery when both motors are at maximum power 

is 500 A.

[1]

 (c) The car battery is recharged from an electricity supply with a current of 30 A. It takes 4 hours 

(14 400 seconds) to recharge the battery.

  Calculate the total electric charge required to recharge the battery.

  State the unit of your answer.

 charge =  ............................  unit ..................... [3]

[Total: 9]
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