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1 (a) Fig. 1.1 shows the structure of a human heart.

P

Fig. 1.1

  (i) State the name of the part labelled P in Fig. 1.1. 

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

  (ii) State the name of the blood vessel that transports blood from the body to the heart.
 

 .....................................................................................................................................  [1]
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  (iii) The human heart is part of a double circulation system.

   Describe the double circulation system in humans.

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

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

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

 .....................................................................................................................................  [2]
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 (b) The waist-to-hip ratio is used to determine whether a person is overweight.

  The waist-to-hip ratio is calculated from two measurements using the equation shown.

    waist-to-hip ratio =
 
waist measurement
hip measurement

  Fig. 1.2 shows where the measurements are taken.

waist

hip

Fig. 1.2

  (i) A person has a waist measurement of 80 cm and a hip measurement of 97 cm.

    Calculate the waist-to-hip ratio of this person.

   Give your answer to two significant figures.

 waist-to-hip ratio =  .........................................................  [2]
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  (ii) The people of one country are grouped into different categories according to waist-to-hip 
ratio.

   The incidence of coronary heart disease in each group is recorded.

   Fig. 1.3 shows the results.

<0.96 0.96–1.00 1.01–1.03 >1.03
waist-to-hip ratio

incidence of
coronary heart disease

per 1000 people

0

2

4

6

8

10

Fig. 1.3

   Describe the relationship between incidence of coronary heart disease and waist-to-hip 
ratio shown in Fig. 1.3.

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

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

  (iii) Describe how malnutrition may cause coronary heart disease.

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

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

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

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

 [Total: 9]
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2 Concentrated aqueous sodium chloride is electrolysed using inert electrodes, as shown in Fig. 2.1. 

hydrogen gas

power
supply

chlorine gas

positive
electrode

negative
electrode

concentrated
aqueous

sodium chloride

Fig. 2.1

 (a) Describe the chemical tests for hydrogen and for chlorine.

  State the positive result for each test.

hydrogen test  ............................................................................................................................

positive result  ............................................................................................................................

chlorine test  ..............................................................................................................................

positive result  ............................................................................................................................
 [2]

 (b) The equation for the electrolysis of concentrated aqueous sodium chloride is shown.

  2NaCl (..........)  +  2H2O(..........)    H2(g)   +   Cl2(g)   +   2NaOH(..........)

  (i) Complete the equation by adding the missing state symbols. [1]

  (ii) State the name of the product that has the formula NaOH.

 .....................................................................................................................................  [1]
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 (c) Four statements about the electrolysis of concentrated aqueous sodium chloride are shown 
in Table 2.1.

  Put a tick (3) in one box in each row to show whether each statement is true or false.

Table 2.1

statement true false

OH– ions are attracted to the cathode.

H+ ions gain electrons at the negative electrode.

H+ ions come from the water in the solution.

Hydrogen gas is made when OH– ions lose electrons.
 [2]

 (d) A solution of hydrochloric acid is mixed with universal indicator solution.

  State the colour and pH of this mixture.

colour  ........................................................................................................................................

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

 [Total: 8]
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3 Fig. 3.1 shows forces P, Q, R and S acting on an airplane moving forward along a runway.

PR

S

Q
runway

tyre

Fig. 3.1

 (a) Use Fig. 3.1 to complete the sentences.

  Write P, Q, R or S in each gap.

  The weight of the airplane, .................... , is balanced by force .................... acting in the 
opposite direction.

  When force .................... is greater than force .................... , the airplane accelerates along 
the runway.

 [2]

 (b) The mass of the airplane is 120 000 kg.

  (i) Calculate the weight of the airplane.

   The gravitational force on unit mass is 10 N / kg.

 weight =  .....................................................  N [1]

  (ii) The total area of all the airplane tyres in contact with the ground is 0.125 m2.

   Use your answer to (b)(i) to calculate the pressure exerted by the airplane on the ground.

   Give the units of your answer.

 pressure =  .....................................  units .......... [3]
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  (iii) The engines of the airplane provide a driving force of 1.2 × 106 N.

   The airplane moves a distance of 1500 m along the runway. 

   Calculate the work done by the engines on the airplane.

 work done =  ......................................................  J [2]

  (iv) The airplane takes off at a speed of 80 m / s.

   Calculate the kinetic energy of the airplane as it takes off.

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

  (v) Suggest a reason for the difference between your answers to (b)(iii) and (b)(iv).

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

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

 [Total: 11]



10

0653/41/O/N/22© UCLES 2022

4 (a) Starch is broken down by amylase into smaller molecules.

  (i) State the type of carbohydrate molecules produced when amylase breaks down starch.

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

  (ii) Fig. 4.1 shows the effect of temperature on amylase activity.

20
0

100

200

300

400

500

600

25 30 35 40 45

time taken
for amylase to

break down starch
/ s

temperature / °C

Fig. 4.1

   Explain the effect of temperature on amylase activity between 25 °C and 35 °C.

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

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

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

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

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

  (iii) Explain why amylase does not break down protein molecules.

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

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

 .....................................................................................................................................  [2]
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 (b) Starch is used for storage in plants. Carbon in starch is returned to the atmosphere as part of 
the carbon cycle.

  (i) State two processes in the carbon cycle that return carbon to the atmosphere. 

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

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

  (ii) State the process in the carbon cycle that traps carbon for millions of years.

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

 (c) Plants are the producers in a food web.

  Fig. 4.2 shows a food web.

toad
insect

grass

spider

bird

snake

owl

Fig. 4.2

  Use Fig. 4.2 to explain why the snake is both a secondary and a tertiary consumer. 

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

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

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

 [Total: 11]
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5 The energy level diagram for the combustion of hydrogen is shown in Fig. 5.1.

energy

hydrogen and oxygen

water

progress of reaction

A
B

C D

Fig. 5.1

 (a) State which arrow, A, B, C or D, represents the overall energy change for the reaction.

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

 (b) Complete Table 5.1 to describe the changes represented by arrow A and arrow B.

  Place two ticks (3) in each row.

Table 5.1

bonds 
break

bonds 
form

energy is 
taken in

energy is 
given out

arrow A

arrow B

 [2]
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 (c) Some cars use hydrogen as a fuel. 

  Some cars use diesel oil as a fuel. Diesel contains mainly alkanes.

  (i) Give one similarity and one difference between the products of the combustion of 
hydrogen and of the complete combustion of alkanes.

similarity  ............................................................................................................................

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

difference ...........................................................................................................................

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

  (ii) Use your answer to (c)(i) to suggest why diesel cars are considered more harmful to the 
environment than hydrogen cars.

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

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

  (iii) Table 5.2 shows information about the melting points and boiling points of hydrogen and 
of diesel.

Table 5.2

melting point / °C boiling point / °C

hydrogen –259 –253

diesel less than 20 greater than 150

   Use the information in Table 5.2 to suggest why hydrogen is more difficult to store than 
diesel at 20 °C.

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

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

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

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

 [Total: 8]
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6 (a) Fig. 6.1 shows a hairdryer. 

switch

plug

Fig. 6.1

  The hairdryer contains an electric motor to blow air and a heater to heat the air.

  The plug contains a fuse.

  Fig. 6.2 shows the circuit diagram for the hairdryer.

switch

fuse

heater

motor

240 V
a.c. power supply

M

Fig. 6.2

  (i) The electric motor has a power rating of 60 W.

   The heater has a power rating of 2300 W.

   Show that the current in the fuse is 9.8 A.

 [3]

  (ii) Discuss whether 10 A is an appropriate rating for the fuse.

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

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

 .....................................................................................................................................  [2]
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 (b) Fig. 6.3 shows a different hairdryer with two switches.

switch S1

switch S2

Fig. 6.3

  When switch S1 is ON and switch S2 is ON, the hairdryer blows out heated air.

  When switch S1 is ON and switch S2 is OFF, the hairdryer blows out unheated air.

  When switch S1 is OFF, both the motor and the heater are switched OFF.

  Fig. 6.4 shows an incomplete circuit diagram for the hairdryer.

heater

motor

240 V
a.c. power supply

M

Fig. 6.4

  On Fig. 6.4, complete the circuit diagram for the hairdryer by adding switch S1 and switch S2 
in the correct positions.

  Label the switches S1 and S2. [2]

 [Total: 7]
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7 (a) Fig. 7.1 is a diagram showing a fetus developing inside the female reproductive system.

placenta

 
Fig. 7.1

  (i) On Fig. 7.1, draw a label line and the letter O to identify one ovary. [1]

  (ii) Complete the sentences about the placenta using one word from the list in each gap.

   Each word can be used once, more than once or not at all.

excretory      insoluble      nutrients

oxygen      reproductive      toxins

    The placenta provides a barrier to prevent ........................................... reaching the fetus.

   The placenta also allows ........................................... products to pass from the fetus to 
the mother.

 [2]

 (b) A pregnant female takes vitamin D to supplement her diet. 

  Explain why vitamin D is needed during pregnancy.

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

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

 .............................................................................................................................................  [2]
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 (c) Pregnant females are advised not to smoke tobacco.

  Tobacco smoke contains nicotine and tar.

  Describe the effects of nicotine and tar on the body. 

nicotine  .....................................................................................................................................

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

tar  .............................................................................................................................................

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

 [Total: 7]
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8 Period 3 of the Periodic Table is shown in Fig. 8.1.

group I II III IV V VI VII VIII

element Na 
sodium

Mg 
magnesium

Al 
aluminium

Si 
silicon

P 
phosphorus

S 
sulfur

Cl 
chlorine

Ar 
argon

Fig. 8.1

 (a) Identify two metals and two non-metals in Period 3.

metals:  ............................................................... and ...............................................................

non-metals:  ........................................................ and ...............................................................
 [2]

 (b) A sodium atom forms a sodium ion, Na+.

  A chlorine atom forms a chloride ion, Cl –.

  Explain why the ions formed by these atoms have different charges. 

  Use ideas about electron arrangements in your answer.

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

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

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

 .............................................................................................................................................  [3]
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 (c)  Sodium and chlorine react together to form sodium chloride, an ionic solid.

  Fig. 8.2 shows the arrangement of ions in solid sodium chloride. Two of the ions have been 
labelled.

Na+

Cl –

Fig. 8.2

  (i) Complete Fig. 8.2 by labelling the other ions. [1]

  (ii) Explain why ionic solids, such as sodium chloride, have high melting points.

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

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

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

  (iii) State the name of an element in the same group of the Periodic Table as sodium that is 
more reactive than sodium.

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

  (iv) State the name of an element in the same group of the Periodic Table as chlorine that is 
more reactive than chlorine.

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

 [Total: 10]



20

0653/41/O/N/22© UCLES 2022

9 (a) A radar system in an airport uses microwaves to find and track an airplane in the sky.

  (i) Fig. 9.1 shows an incomplete electromagnetic spectrum.

   On Fig. 9.1, write microwaves in the correct place.

    increasing frequency

X-rays ultraviolet

Fig. 9.1
 [1]

  (ii) The radar system makes a regular beeping sound.

   When the airplane gets close to the airport, the beeping sound increases in volume and 
pitch.

   Fig. 9.2 shows the waveform of the beeping sound when the airplane is far from the 
airport and when the airplane is close to the airport.

far from airport close to airport

Fig. 9.2

   Describe how Fig. 9.2 shows that the beeping sound increases in volume and pitch.

   Use the words amplitude and frequency in your answer.

volume  ...............................................................................................................................

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

pitch  ...................................................................................................................................

 ...........................................................................................................................................
 [2]
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 (b) Write one word in each gap to complete the sentences about waves.

  For a ........................................... wave, the direction of vibration is at right angles to the 

direction of travel of the wave.

  For a ........................................... wave, the direction of vibration is parallel to the direction of 

travel of the wave.
   [2]

 (c) An airplane is flying in bright sunlight.

  It is warmed by electromagnetic radiation from the Sun.

  (i) State the speed at which electromagnetic radiation travels from the Sun.

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

  (ii) The distance of the airplane from the Sun is 1.5 × 1011 m.

   Use your answer to (c)(i) to calculate the time taken for the electromagnetic radiation to 
reach the airplane from the Sun.

 time =  ......................................................  s [2]

  (iii) Suggest how painting the airplane in shiny white paint helps to keep the airplane cool.

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

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

 [Total: 9]
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1 (a) Fig. 1.1 is a diagram of the human heart.

A

BC

D

E

F pulmonary vein

Fig. 1.1

  (i) Table 1.1 lists some of the parts labelled in Fig. 1.1.

   Complete Table 1.1.

Table 1.1

letter in 
Fig. 1.1 name of part

B left ...........................................

............ septum

F ...........................................

 [3]

  (ii) On Fig. 1.1, draw arrows to show the direction of blood flow through the left side of the 
heart. [1]

  (iii) The heart is part of a double circulation system.

   Explain the advantages of a double circulation system.

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

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

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

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



3

0653/42/O/N/22© UCLES 2022 [Turn over

 (b) A hospital records the ages of patients with coronary heart disease.

  Fig. 1.2 is a bar chart showing the number of patients in each age group.

number of
patients with

coronary
heart

disease

age group / years

60

50

40

30

20

10

0
<20 20–29 30–39 40–49 50–59 60–69 70–79 80+

Key
male

female

Fig. 1.2

  (i) Use Fig. 1.2 to identify one age group that has more females with coronary heart disease 
than males.

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

  (ii) Calculate the percentage of patients in the 70–79 age group that are female.

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

 [Total: 9]
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2 Iron is extracted from hematite in the blast furnace.

 Fig. 2.1 shows some of the substances that enter and leave the blast furnace.

blast
furnace

waste gases

hematite

coke

air

impure iron

Fig. 2.1

 (a) (i) The equations for some reactions in the blast furnace are shown.

   Complete the balanced equations.

    equation 1 C  +  ...............    CO2

    equation 2 ...............  +  CO2    2CO

    equation 3 Fe2O3  +  3CO    ...............  +  3CO2
 [3]

  (ii) State the name of the substance shown in Fig. 2.1 that contains Fe2O3.

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

  (iii) State why the waste gases that leave the blast furnace also contain nitrogen.

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

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

  (iv) Carbon monoxide is an air pollutant.

   State the name of one other air pollutant.

 .....................................................................................................................................  [1]
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 (b) Stainless steel is an alloy that contains iron.

  Stainless steel is used to make cutlery, such as knives and forks.

  (i) Describe what is meant by the term alloy.

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

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

  (ii) Suggest two reasons why the alloy stainless steel, rather than pure iron, is used to make 
cutlery.

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

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

 [Total: 9]
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3 In 1997, the Thrust Supersonic Car set a world land speed record.

 (a) Fig. 3.1 shows forces R, S, V and T acting on the moving car.

direction of motionR

S

T
V

Fig. 3.1

  State the letter for the weight of the car.  ....................  [1]

 (b) The record speed of the car is 341 m / s.

  (i) Show that 341 m / s is 1228 km / h.

 [1]

  (ii) The car changes speed from 0 to 341 m / s in 20.0 s.

   Calculate the acceleration of the car. 

   Give the units of your answer.

 acceleration =  ........................  units ........................  [3]
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  (iii) The mass of the car is 10 600 kg.

   Calculate the kinetic energy of the car at the record speed of 341 m / s.

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

  (iv) Use your answer to (b)(iii) to calculate the useful power output from the engines of the 
car as the car accelerates over the 20.0 s.

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

 [Total: 9]
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4 (a) Water moves from the roots of a plant through the stem to the leaves.

  (i) Complete Fig. 4.1 to show the pathway of water through the plant.

root hair cells transport vessel
in stem

root

........................
cells

........................
cells in leaves

Fig. 4.1
 [2]

  (ii) Explain how root hair cells are adapted to their function.

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

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

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

 (b) Fig. 4.2 is a graph showing the effect of increasing humidity on transpiration rate in plants.

A

B

transpiration
rate

humidity

Fig. 4.2

  Explain the shape of the graph between points A and B shown in Fig. 4.2.

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

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

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

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

 .............................................................................................................................................  [3]
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 (c) Describe two differences between the pollen from insect‑pollinated flowers and the pollen 
from wind‑pollinated flowers.

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

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

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

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

 [Total: 9]



10

0653/42/O/N/22© UCLES 2022

5 The structures of ethane and ethene are shown in Fig. 5.1.

H

H HC

H

H

C C C

H

ethane ethene

H

H

H

H

Fig. 5.1

 (a) Put a tick (✓) in one box in each row of Table 5.1 to show which description is true for ethane 
only, which is true for ethene only and which is true for both ethane and ethene.

Table 5.1

true for  
ethane only

true for  
ethene only

true for both  
ethane and ethene

is a hydrocarbon

is a saturated 
compound

changes the colour of 
aqueous bromine

 [2]

 (b) State the number of bonding electrons between the two carbon atoms in ethene.

  Explain your answer.

  number of electrons ............................................

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

 ...................................................................................................................................................
 [2]
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 (c) A student investigates the combustion of ethane, as shown in Fig. 5.2.

cobalt(II)
chloride
paper

burning
ethane

limewater

boiling tube 1 boiling tube 2

Fig. 5.2

  The gases produced by the combustion of ethane pass through boiling tube 1 and boiling 
tube 2.

  (i) State the change in colour of the cobalt(II) chloride paper in boiling tube 1.

   Explain why this change happens.

   colour changes from ................................. to .................................

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

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

  (ii) Explain what happens to the limewater in boiling tube 2.

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

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

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

 (d) Describe the formation of poly(ethene) from ethene.

 ��������������������������������������������������������������������������������������������������������������������������������������������������������������������

 ��������������������������������������������������������������������������������������������������������������������������������������������������������������������

 ��������������������������������������������������������������������������������������������������������������������������������������������������������������������

 �������������������������������������������������������������������������������������������������������������������������������������������������������������  [2]

 [Total: 10]
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6 Fig. 6.1 shows an electric heater with two heating elements connected to a 240 V supply.

heating
element 1

heating
element 2

Fig. 6.1

 Fig. 6.2 shows the circuit diagram for the heater.

240 V
a.c. power supply

switch

variable
resistor

heating element 2

heating element 1

Fig. 6.2

 Heating element 1 has a resistance of 72 Ω.

 Heating element 2 has a resistance of 36 Ω.

 (a) The heater is switched on. The variable resistor is set to have zero resistance.

  (i) Show that the combined resistance of the two heating elements is 24 Ω.

 [2]
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  (ii) Calculate the current from the supply.

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

 (b) The resistance of the variable resistor is increased.

  Explain the effect this has on the total thermal energy output from the heater.

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

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

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

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

 (c) Fig. 6.3 shows the structure of a heating element.

wire wound into a coil

Fig. 6.3

  The wire in heating element 2 is the same length as the wire in heating element 1.

  The wire in heating element 2 is the same material as the wire in heating element 1.

  Describe how heating element 2 has a lower resistance than heating element 1.

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

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

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

 [Total: 9]
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7 (a) Chemical digestion and mechanical digestion take place in the alimentary canal.

  Place ticks (✓) in the boxes next to the correct statements about chemical and mechanical 
digestion.

  Both types of digestion always form soluble molecules. 

  Both types of digestion take place in the mouth. 

  Both types of digestion use enzymes. 

  Only chemical digestion takes place in the stomach. 

  Only mechanical digestion involves no chemical change. 
 [2]

 (b) The pancreas secretes the enzyme protease.

  (i) State the name of one other enzyme secreted by the pancreas.

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

  (ii) State the substrate and product of digestion of the enzyme protease.

substrate  ...........................................................................................................................

product  ..............................................................................................................................
 [1]
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 (c) Fig. 7.1 shows the effect of pH on protease activity.

4
0

5 6 7 8
pH

protease activity

9 10 11

Fig. 7.1

  (i) Explain why protease activity is zero at pH 10.5.

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

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

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

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

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

  (ii) Use Fig. 7.1 to explain why this protease is from the pancreas and not from gastric juice.

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

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

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

 [Total: 9]
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8 Lead(II) bromide is electrolysed using inert electrodes, as shown in Fig. 8.1.

anodecathode

HEAT

lead(II) bromide

power
supply

Fig. 8.1

 (a) Lead forms during the electrolysis.

  Table 8.1 shows the melting points of lead(II) bromide and lead.

Table 8.1

melting point / °C

lead(II) bromide 373

lead 328

  (i) Lead(II) bromide must be heated strongly for the electrolysis to work.

   Explain why.

   Use ideas about ions in your answer.

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

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

 .....................................................................................................................................  [2]
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  (ii) Suggest a suitable temperature for the electrolysis to take place.

   Explain your answer.

   temperature .................................... °C

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

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

  (iii) State whether lead forms as a solid or as a liquid during the electrolysis.

   Use Table 8.1 to explain your answer.

   lead forms as a ..........................................................

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

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

 (b) Complete the sentences about the electrolysis of lead(II) bromide.

  Use words from the list.

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

anode      atoms      cathode      gain

lose      molecules      share

  Lead ions are attracted to the ............................................................. .

  The lead ions ............................................................. electrons to form 

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

 (c) Bromine gas forms during the electrolysis of lead(II) bromide.

  State the colour of bromine gas.

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

 [Total: 7]
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9 (a) The electromagnetic spectrum has seven different regions, including microwaves and X‑rays.

  (i) Fig. 9.1 shows an incomplete electromagnetic spectrum.

   On Fig. 9.1, write microwaves and X‑rays in their correct places.

increasing frequency

gamma
radiation

visible
light

Fig. 9.1
 [2]

  (ii) Microwave ovens use microwaves to heat food.

   A microwave oven uses microwaves with a frequency of 2.48 × 109 Hz.

   The speed of the microwaves is 3 × 108 m / s.

   Calculate the wavelength of the microwaves.

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

  (iii) X‑rays are used for medical imaging.

   State one danger of X‑rays to human health.

 .....................................................................................................................................  [1]
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 (b) Fig. 9.2 shows two cups of hot water, A and B.

A B

Fig. 9.2

  Both cups:

• are made of the same material

• contain the same volume of hot water at the same temperature

• rest on the same surface in the same surroundings.

  (i) Describe two ways in which both cups of water lose thermal energy to their surroundings.

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

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

  (ii) Explain why the water in cup B cools more quickly than the water in cup A.

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

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

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

 [Total: 9]
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1 (a) Fig. 1.1 is a diagram of a wind-pollinated flower.

A

B

Fig. 1.1

  (i) State the names of the parts labelled A and B on Fig. 1.1.

A  ........................................................................................................................................

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

  (ii) On Fig. 1.1, draw a label line and the letter X to identify the part that produces ovules. [1]

  (iii) Describe two adaptations for wind pollination of the flower shown in Fig. 1.1.

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

2  ........................................................................................................................................
 [2]
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 (b) Fig. 1.2 shows a food web.

coyote

wolf

grass

vole
elk

Fig. 1.2

  (i) Use Fig. 1.2 to construct one food chain that contains the vole.

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

  (ii) Identify one organism in Fig. 1.2 that is on the third trophic level.

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

  (iii) Identify one organism in Fig. 1.2 that is a primary and a secondary consumer.

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

 (c) Grass photosynthesises.

  State the balanced chemical equation for photosynthesis.

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

 [Total: 11]
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2  The electronic structures of a chlorine atom and a chloride ion are shown in Fig. 2.1.

Cl Cl

chlorine atom chloride ion
–

Fig. 2.1

 (a) State two differences between the chlorine atom and the chloride ion shown in Fig. 2.1.

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

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

 (b) (i) Explain how Fig. 2.1 can be used to deduce the proton number of chlorine.

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

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

  (ii) Explain how Fig. 2.1 can be used to deduce the period number of chlorine in the 
Periodic Table.

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

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

  (iii) Element X and chlorine are in the same group of the Periodic Table.

   Element X is less reactive than chlorine.

   Suggest the identity of element X. 

   Give a reason for your answer.

element X  .......................................................

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

 ...........................................................................................................................................
 [2]
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 (c) Table 2.1 shows the melting points of chlorine and sodium chloride.

Table 2.1

melting point / °C

chlorine –101

sodium chloride 801

  Explain the difference in the melting points of chlorine and sodium chloride.

  Use ideas about structure and attractive forces in your answer.

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

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

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

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

 [Total: 9]
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3 A new world water speed record was set in 1978 by a specially designed speed boat.

 Fig. 3.1 shows forces K, L, M and N acting on the moving boat.

L

direction of movement
K

M

N

Fig. 3.1

 (a) (i) State the letter that represents the friction acting on the boat. .................... [1]

  (ii) Force L is 10 000 N. Force N is 8000 N.

   Describe the effect of these forces on the motion of the boat.

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

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

 (b) The world record speed of the boat is 142 m / s.

  (i) Calculate the world record speed of the boat in kilometres per hour (km / h).

 speed =  ...............................................  km / h [1]

  (ii) The engine of the boat exerts a force of 15 000 N to accelerate the boat from rest to its 
world record speed.

   The boat moves a distance of 504 m.

   Calculate the work done by the engine on the boat.

   Give the unit of your answer.

 work done =  .................................  unit ................ [3]
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 (c) Fig. 3.2 shows the speed–time graph for the boat doing a practice run.

0
0

20

40

60

80

100

120

140

speed
m / s

20 40 60
time / s

80 100 120 140

Fig. 3.2

  (i) State the maximum speed of the boat shown in Fig. 3.2.

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

  (ii) Use Fig. 3.2 to determine the distance the boat moves between 0 and 80 s.

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

 [Total: 10]
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4 (a) Fig. 4.1 is a diagram of a human heart.

Q

Fig. 4.1

  (i) State the name of part Q and explain how it is linked to coronary heart disease.

Q  .............................................................

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

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

  (ii) Risk factors for coronary heart disease include diet and smoking.

   State two other risk factors for coronary heart disease.

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

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



9

0653/43/O/N/22© UCLES 2022 [Turn over

 (b) Fig. 4.2 shows how physical activity affects heart rate.

0
0

20

40

60

80

120

140

100

160

heart rate
 / beats per

minute

5 10 15
time / minutes

20 25 30

start
physical
activity

end
physical
activity

Fig. 4.2

  (i) Use Fig. 4.2 to calculate the percentage increase in heart rate between 0 and 10 minutes.

 percentage increase in heart rate =  ..................................................... % [2]

  (ii) Explain the shape of the graph in Fig. 4.2 between 5 and 10 minutes.

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

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

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

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

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

 [Total: 9]
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5 (a) Iron is extracted from hematite in the blast furnace.

  One chemical equation for the extraction of iron in the blast furnace is shown.

Fe2O3   +   3CO          ............Fe   +   ........................

  (i) Complete the balanced chemical equation. [2]

  (ii) Identify the reducing agent in this extraction.

   Explain your answer.

reducing agent  ..................................................................................................................

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

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

 (b) Iron rusts when it reacts with oxygen and water to make hydrated iron(III) oxide.

  (i) A word equation for the rusting of iron is shown.

iron   +   oxygen   +   water          hydrated iron(III) oxide

   Explain why rusting is described as an oxidation reaction.

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

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

  (ii) State one method of rust prevention and describe how this method works.

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

description  .........................................................................................................................

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

 ...........................................................................................................................................
 [2]
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 (c) Iron reacts with dilute hydrochloric acid in an exothermic reaction. 

  (i) The reaction produces iron(II) chloride.

   State the formula of iron(II) chloride.

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

  (ii) Explain how a reaction is exothermic.

   Use ideas about bonds in your answer.

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

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

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

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

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

 [Total: 10]
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6 Fig. 6.1 shows an electric toaster used to toast one slice of bread.

temperature control dial

switch lever

slice of bread

Fig. 6.1

 Fig. 6.2 shows the circuit diagram for the toaster. 

240 V
a.c. power supply

heating element

Fig. 6.2

 (a) Add a voltmeter to the circuit diagram in Fig. 6.2 to measure the potential difference (p.d.)
across the heating element.

  Use the correct circuit symbol. [1]
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 (b) The switch lever is pushed down to switch the toaster on.

  The temperature control dial adjusts the variable resistor.

  (i) The resistance of the variable resistor is adjusted to 36 Ω.

   The resistance of the heating element is 54 Ω.

   Calculate the total resistance in the circuit.

 resistance =  .....................................................  Ω [1]

  (ii) The resistance of the variable resistor is decreased.

   Explain why the thermal energy output from the heating element increases.

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

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

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

 .....................................................................................................................................  [2]
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 (c) Fig. 6.3 shows the circuit diagram for a different toaster that has two heating elements 
connected in parallel.

240 V
a.c. power supply

heating element 2

heating element 1

Fig. 6.3

  (i) Heating element 1 has a resistance of 41.0 Ω. 

   Heating element 2 has a resistance of 53.0 Ω.

   Show that the combined resistance of the two heating elements in parallel is 23.1 Ω.

 [2]

  (ii) The variable resistor is adjusted so that the total resistance in the circuit is 60.0 Ω. 

   The toaster is switched on.

   The current in heating element 1 is 2.3 A.

   Calculate the current in heating element 2.

 current =  ......................................................  A [3]

 [Total: 9]
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7 (a) Fig. 7.1 shows cells that line the gas exchange system of humans.

goblet
cell

cilia mucus

Fig. 7.1

  (i) Use Fig. 7.1 to explain how tar in tobacco smoke prevents the cells from protecting the 
gas exchange system.

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

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

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

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

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

  (ii) Explain how the carbon monoxide in tobacco smoke affects the function of red blood 
cells.

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

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

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

 (b) The lungs contain a gas exchange surface. This surface is large and thin.

  State two other features of gas exchange surfaces.

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

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

 [Total: 7]
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8 Car engines take in air.

 Unreacted air and other gases leave the car in the exhaust gases, as shown in Fig. 8.1.

air in exhaust gases out

Fig. 8.1

 (a) The air entering a car engine is a mixture of gases which includes nitrogen, oxygen, argon 
and carbon dioxide.

  (i) State which one of these gases is monoatomic.

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

  (ii) Air is a mixture. Carbon dioxide is a compound.

   Explain the difference between a mixture and a compound.

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

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

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

 (b) The concentration of oxygen in the air entering a car engine is greater than the concentration 
of oxygen in the exhaust gases leaving the car.

  Explain why.

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

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

 (c) Car exhaust gases cause an increase in the concentration of carbon dioxide in the 
atmosphere. This causes an enhanced greenhouse effect.

  State one impact of an enhanced greenhouse effect.

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

 (d) Carbon dioxide in the air dissolves in rainwater and causes damage to buildings.

  State the name of one other gas that causes the same problem.

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

 [Total: 7]
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9 (a) (i) Fig. 9.1 shows an incomplete electromagnetic spectrum.

   On Fig. 9.1, write infrared radiation in its correct place.

increasing frequency

gamma 
radiation visible light

Fig. 9.1
 [1]

  (ii) State the speed of infrared radiation in a vacuum.

  ..................................................  m / s [1]

  (iii) A toaster for toasting bread is one use of infrared radiation.

   State one other use of infrared radiation.

 .....................................................................................................................................  [1]
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 (b) Fig. 9.2 shows a type of vacuum flask used for carrying a cold liquid at 5 °C.

cold liquid

plastic outer case

plastic stopper

rubber support

vacuum inside walls
of glass inner container

walls of glass inner
container coated with silver

glass inner container

air space between
plastic outer case and
glass inner container

Fig. 9.2

  The flask is placed in a room. The temperature of the room is 20 °C.

  (i) Describe one way that the design of the flask reduces the transfer of thermal energy 
from the room to the liquid by:

convection  .........................................................................................................................

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

radiation.  ...........................................................................................................................

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

  (ii) Describe how a small amount of thermal energy is transferred from the room to the liquid 
by conduction.

   Use ideas about vibrations in your answer.

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

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

 .....................................................................................................................................  [2]
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  (iii) A special type of vacuum flask is used to store liquid air at –196 °C.

   Table 9.1 shows the boiling points of the main components of liquid air.

Table 9.1

component boiling point / °C

argon –186

nitrogen –196

oxygen –183

   State which component is most likely to form bubbles of gas first.

   Give a reason for your answer.

component  .....................................

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

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

[Total: 8]
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