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You must answer on the question paper.

No additional materials are needed.

INSTRUCTIONS

 ● Answer all questions.

 ● Use a black or dark blue pen. You may use an HB pencil for any diagrams or graphs.

 ● Write your name, centre number and candidate number in the boxes at the top of the page.

 ● Write your answer to each question in the space provided.

 ● Do not use an erasable pen or correction fluid.

 ● Do not write on any bar codes.

 ● You may use a calculator.

 ● You should show all your working and use appropriate units.

INFORMATION

 ● The total mark for this paper is 120.

 ● The number of marks for each question or part question is shown in brackets [ ].

 ● The Periodic Table is printed in the question paper.
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1 (a) A scientist investigates the production of carbon dioxide by anaerobic respiration in yeast.

  Two different sugars are used, glucose and sucrose.

  The scientist measures the volume of carbon dioxide produced.

  The results are shown in Fig. 1.1.
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Fig. 1.1

  (i) Calculate the difference in volume of carbon dioxide produced in the first 20 minutes by 

yeast using glucose and by yeast using sucrose. 

 .............................................................................................................................. cm3 [1]

  (ii) Describe one use of the production of carbon dioxide by anaerobic respiration in yeast.

 .....................................................................................................................................  [1]
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 (b) The investigation is repeated using yeast and glucose at 80 °C. 

  Explain why no carbon dioxide is produced at this temperature.

  Use ideas about enzymes in your answer.

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

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

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

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

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

 .............................................................................................................................................  [4]

 (c) Explain why a mixture of only yeast and water would not produce carbon dioxide. 

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

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

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

 (d) Complete the sentences to define the term anaerobic respiration.

  Anaerobic respiration is the ......................................................... reactions in cells that  

 

break down nutrient molecules to release ......................................................... without using  

 

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

 [Total: 10]
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2 Table 2.1 shows examples of chemical and physical changes.

 (a) Complete Table 2.1 by putting ticks (3) in the correct columns.

Table 2.1

chemical change physical change

burning magnesium 3

melting ice 3

rusting iron

dissolving salt in water

boiling water

neutralising an acid with a base

 [2]

 (b) Magnesium, Mg, is an element.

  Water, H2O, is a compound.

  Describe what is meant by an element and a compound.

element  .....................................................................................................................................

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

compound  .................................................................................................................................

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

 [2]
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 (c) A list of particles is shown.

Cu    CO2    H2    Na    OH–    S    Zn2+

  Write each symbol or formula in Table 2.2 to show whether the particles are atoms, ions or 

molecules.

  One has been done for you.

Table 2.2

atom ion molecule

Na

 [3]

 (d) Fig. 2.1 shows an experiment to investigate diffusion of gases.

cotton wool soaked

with concentrated

hydrochloric acid

cotton wool soaked

with concentrated

ammonia solution

ammonium chloride

Fig. 2.1

  Ammonia gas, NH3, and hydrogen chloride gas, HCl , diffuse along the tube.

  When the gases meet they react to form a white cloud of ammonium chloride.

  The ammonium chloride forms at the end of the tube nearest to the hydrochloric acid.

  Explain why.

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

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

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

 [Total: 9]
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3 (a) An athletics race is started using a starting pistol.

  The sound from the starting pistol passes through the air and reaches the ears of the athletes.

  Sound waves pass through the air as a series of compressions and rarefactions. 

  Describe one difference between a compression and a rarefaction.

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

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

 (b) An athlete in the race has a mass of 70 kg. Her acceleration is 1.6 m / s2.

  (i) Calculate the force needed to give this acceleration. 

 force =  .....................................................  N [2]

  (ii) The athlete reaches a maximum speed of 8 m / s. 

   Calculate the kinetic energy of the athlete when moving at this speed.

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

  (iii) Explain the difference between the terms speed and velocity.

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

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

 .....................................................................................................................................  [1]
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 (c) At the end of the race, the athlete is sweating. The sweat of the athlete evaporates faster on 

a hot day.

  (i) Suggest in terms of molecules why this happens.

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

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

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

  (ii) State one other way by which the rate of evaporation from the surface of a liquid can be 

increased.

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

 (d) At the end of a long race athletes are sometimes wrapped in a shiny foil blanket to reduce 

thermal energy losses.

  Explain why the shiny foil blanket helps reduce energy losses.

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

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

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

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

 [Total: 10]
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4 (a) Fig. 4.1 is a diagram of the alimentary canal and associated organs.

A
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G

H

J

Fig. 4.1

  Table 4.1 shows the functions of some parts shown in Fig. 4.1. 

  Complete Table 4.1.

Table 4.1

name of part letter in Fig. 4.1 function

salivary gland produces salivary amylase

gall bladder

D
produces lipase, protease  

and amylase

produces bile

 [4]
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 (b) Explain why gastric juice in the stomach contains hydrochloric acid.

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

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

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

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

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

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

 (c) Name the part of the alimentary canal where these processes occur:

• absorption of water  ............................................................................................................

• egestion  .............................................................................................................................

• ingestion.  ...........................................................................................................................

 [3]

 [Total: 10]
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5 The alkenes are a homologous series.

 The general formula for the alkenes is CnH2n.

 The alkanes are another homologous series.

 (a) State the general formula for the alkanes.

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

 (b) Propene, C3H6, is an alkene.

  Complete Fig. 5.1 to show the structure of a propene molecule.

  Show all of the atoms and all of the covalent bonds.

C C

H

H

H

 Fig. 5.1

 [1]

 (c) Ethene is also an alkene.

  Ethene reacts with steam to form ethanol.

+

H H

H

C C

H

H H

O
C C

H H

H H

OH H

  This reaction is exothermic.

  Explain why. Use ideas about bond breaking and bond making.

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

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

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

 .............................................................................................................................................  [3]
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 (d) Ethanol is an alcohol.

  Describe how ethanol is made by fermentation.

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

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

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

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

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

 [Total: 8]
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6 (a) The volume of the Sun is 1.4 × 1027 m3.

  The average density of the Sun is 1410 kg / m3.

  Calculate the mass of the Sun.

 mass =  ....................................................  kg [2]

 (b) Explain why the Sun transfers energy to the Earth mainly by radiation and not by conduction 

or convection.

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

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

 (c) The Sun emits γ-radiation and visible light. Both of these radiations are part of the 

electromagnetic spectrum.

  (i) Place γ-radiation and visible light in their correct places in the incomplete electromagnetic 

spectrum shown in Fig. 6.1.

radio waves infrared ultraviolet

[1]

Fig. 6.1

  (ii) State why both these radiations take the same time to travel from the Sun to the Earth.

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

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

 .....................................................................................................................................  [1]
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 (d) Visible light from the Sun can be reflected, refracted and diffracted.

  Describe what happens to a wave when it is: 

reflected  ....................................................................................................................................

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

refracted  ...................................................................................................................................

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

diffracted.  ..................................................................................................................................

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

 [3]

 [Total: 8]
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7 (a) Fig. 7.1 is a photomicrograph of a human eye.

A

B

C

Fig. 7.1

  (i) Identify parts labelled A, B and C in Fig. 7.1. 

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

B  ........................................................................................................................................

C  ........................................................................................................................................

 [3]

  (ii) Draw an X on Fig. 7.1 to show the position of the blind spot. [1]

  (iii) Describe the changes that occur in the eye when changing focus to view a distant object.

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

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

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

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

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

 .....................................................................................................................................  [3]
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 (b) The list shows examples of involuntary and voluntary responses.

  Place ticks (3) to show all the examples of involuntary responses.

breathing

heart beating

reading 

running

sweating 

writing

 [2]

 (c) Sense organs form part of the peripheral nervous system.

  State the two parts that form the central nervous system.

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

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

 [2]

 [Total: 11]
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8 Iron is a transition metal.

 (a) State two properties of transition metals that are not properties of all metals.

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

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

 [2]

 (b) Describe the metallic bonding in a metal.

  You may draw a labelled diagram to help your answer.

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

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

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

 (c) Hematite contains iron oxide, Fe2O3.

  Iron is extracted from iron oxide in a blast furnace.

  (i) Describe how iron is extracted from iron oxide.

   Do not describe how impurities are removed. 

   You can use balanced symbol equations in your answer.

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

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

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

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

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



17

0654/43/M/J/20© UCLES 2020 [Turn over

  (ii) Silicon dioxide, SiO2, is an impurity that needs to be removed from the blast furnace.

   The silicon dioxide reacts with calcium oxide, CaO.

CaO + SiO2  CaSiO3

   Calculate the mass of calcium oxide needed to remove 21 kg of silicon dioxide, SiO2.

   [A
r
: Ca, 40; O, 16; Si, 28]

 mass of calcium oxide =  ....................................................  kg [2]

 (d) A blast furnace works at a very high temperature.

  Reactions are faster at higher temperatures.

  Explain why reactions are faster at higher temperatures.

  Use ideas about collisions between particles.

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

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

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

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

 [Total: 12]
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9 (a) Astatine 211 (At-211) decays by the emission of α-particles.

  The α-particles emitted by At-211 are used to destroy cancer cells.

  Small quantities of At-211 are injected directly into the site of the cancer.

  (i) Explain why At-211 is only effective when injected directly into the cancer. 

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

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

  (ii) At-211 decays by α-particle emission to produce an isotope of bismuth.

   Use nuclide notation to complete a symbol equation for this decay process.

211

85
At    

.......

.......
Bi  +  

.......

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

 [2]

 (b) X-rays and ultrasound waves are used by doctors in hospitals. 

  (i) X-rays are transverse waves and ultrasound waves are longitudinal waves.

   Describe the difference between a transverse wave and a longitudinal wave.

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

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

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

  (ii) X-rays have a wavelength of 1.1 × 10–9 m and travel at 3.0 × 108 m / s. 

   Calculate the frequency of X-rays.

 frequency =  .................................................... Hz [2]
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  (iii) Ultrasound waves are used to scan unborn babies.

   Ultrasound waves have a frequency too high to be heard by a healthy human ear.

   Using your knowledge of the range of audible frequencies for a healthy human ear, 

suggest a frequency for ultrasound waves.

   Explain your answer.

frequency = ............................................... Hz

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

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

 [1]

  (iv) Suggest a reason why it is not safe to scan unborn babies with X-rays.

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

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

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

 [Total: 8]
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10 (a) Fig. 10.1 is a sketch graph showing the effect of humidity on the rate of transpiration.

humidity

rate of

transpiration

Fig. 10.1

  (i)  Explain the change in rate of transpiration shown in Fig. 10.1.

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

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

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

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

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

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

  (ii) State one other factor that affects the rate of transpiration.

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

 (b) Transpiration pull moves water through xylem vessels.

  State how water molecules are held together.

 .............................................................................................................................................  [1]
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 (c) Xylem is a specialised tissue in plants. 

  The palisade mesophyll layer is another specialised tissue in plants.

  (i) Describe two ways the palisade mesophyll cells are adapted for photosynthesis.

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

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

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

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

 [2]

  (ii) State the raw materials required for photosynthesis.

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

  (iii) State the source of energy needed for the process of photosynthesis.

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

 [Total: 9]
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11 Fig. 11.1 shows part of the Periodic Table.

BeLi

MgNa

CaK TiSc CrV FeMn NiCo Zn

Group

Cu GeGa SeAs KrBr

SiAl SP ArCl

CB ON Ne

He

F

H

I II III IV V VI VII VIII

Fig. 11.1

 (a) Describe the relationship between the Group number and the number of electrons in the 

outer shell.

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

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

 (b) Magnesium, Mg, is in Group II.

  Magnesium has a proton number of 12.

  State the electronic structure of a magnesium atom.

 .............................................................................................................................................  [1]
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 (c) Sodium forms bonds with chlorine.

  Sodium is in Group I.

  Chlorine is in Group VII.

  (i) Sodium chloride is an ionic compound.

   Fig. 11.2 shows a sodium ion.

   Complete Fig. 11.2 to show a chloride ion.

+

sodium ion chloride ion

Na

Fig. 11.2

 [2]

  (ii) Ionic compounds, such as sodium chloride, have a lattice structure.

   Describe the lattice structure of sodium chloride.

   You may draw a labelled diagram to help you.

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

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

 .....................................................................................................................................  [2]
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 (d) Table 11.1 shows some information about the Group VII elements.

Table 11.1

element
state at room 

temperature

melting point  

/ °C

boiling point  

/ °C

fluorine gas –220 –188

chlorine gas –35

bromine liquid –7

iodine 114 184

astatine solid 302 337

  (i) Identify the state of iodine at room temperature.

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

  (ii) Suggest the melting point of chlorine and the boiling point of bromine.

   Use ideas about trends down a Group to help you.

 melting point of chlorine  ...................................  °C

 boiling point of bromine  ...................................  °C

 [2]

 (e) Chlorine has a relative atomic mass of 35.5.

  Define relative atomic mass.

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

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

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

 [Total: 11]
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12 (a) Fig. 12.1 shows the speed–time graph for part of a train journey. 

0 20 40 60 80 100 120

time / s

140 160
0

5
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15

20

speed

m / s

Fig. 12.1

  Calculate the acceleration of the train at 5 s.

 acceleration =  ................................................ m / s2 [2]

 (b) The train has two large headlamps connected in parallel. The lamps have a power rating of 

360 W and are operated with a potential difference of 80 V.

  (i) Show that the resistance of each lamp is 18 Ω.

 [3]
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  (ii) Calculate the combined resistance of the two lamps connected together in parallel.

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

 (c) The electricity for the lamps is produced by a generator.

  Fig. 12.2 shows a simple generator.

coil

N S

a.c. output

Fig. 12.2

  (i) Describe how rotating the coil at constant speed induces an alternating voltage.

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

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

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

 .....................................................................................................................................  [2]
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  (ii) On the grid in Fig. 12.3, sketch a graph of voltage output against time for the generator 

when the coil rotates at constant speed.

time

voltage

output

Fig. 12.3

 [2]

  (iii) The coil is rotated faster.

   Suggest two effects this will have on the alternating voltage output.

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

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

 [2]

  (iv) The permanent magnets in the generator shown in Fig. 12.2 are made from steel rather 

than iron.

   Suggest why the magnets are made from steel rather than iron.

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

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

 [Total: 14]
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