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1 (a) Fig. 1.1 is a diagram of the gas exchange system in humans.

Q

P

Fig. 1.1

  (i) Identify the part labelled P in Fig. 1.1.
   Circle the correct answer.

alveoli   diaphragm   intercostal muscle   larynx   trachea
 [1]

  (ii) Identify the part labelled Q in Fig. 1.1.
   Circle the correct answer.

alveoli   diaphragm   intercostal muscle   larynx   trachea
 [1]

  (iii) Tobacco smoke contains carbon monoxide.
   Carbon monoxide binds to haemoglobin.
   Explain how this affects respiration in the body.

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

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

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

  (iv) Goblet cells are found in the tissue of the gas exchange system.
   Explain how goblet cells protect the gas exchange system from particles in the air.

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

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

 .....................................................................................................................................  [2]
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 (b) Fig. 1.2 shows some data on chronic obstructive pulmonary disorder (COPD) in people of 
different age groups.
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Fig. 1.2

  (i) Identify the percentage of females aged 60–69 with COPD in Fig. 1.2.

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

  (ii) Describe two trends shown in Fig. 1.2.

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

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

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

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

 [Total: 9]
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2 The outer shell electrons in atoms of elements X, Y and Z are shown in Fig. 2.1.

X Y Z

Fig. 2.1

 (a) State the group of the Periodic Table in which element Y is placed.

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

 (b) State the charge on the ion formed from an atom of element Z.

  Explain your answer.

  charge ......................................

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

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

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

 (c) Table 2.1 shows some information about substances which contain the elements X, Y and Z.

Table 2.1

substance bonding structure element or compound

X2Z covalent simple molecules

X2 covalent simple molecules

Z2 covalent simple molecules

  (i) Complete Table 2.1 to show whether each substance is an element or a compound. [1]



5

0653/41/M/J/22© UCLES 2022 [Turn over

  (ii) Draw a dot-and-cross diagram to show the outer shell electrons in a molecule of Z2.

 [2]

  (iii) A student thinks that element X is lithium.

   Use the information in Table 2.1 to explain why element X cannot be lithium.

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

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

  (iv) Identify element X.

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

 [Total: 8]
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3 Fig. 3.1 shows a man pushing a shopping trolley forwards along a level surface.

trolley

Fig. 3.1

 (a) Fig. 3.2 shows three of the forces acting on the trolley as the man pushes it.

P

S

Q

Fig. 3.2

  (i) Draw an arrow on Fig. 3.2 to show the direction of the friction force acting on the trolley.

   Label this force R. [1]

  (ii) The trolley has a mass of 15 kg.

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

   Calculate the magnitude of force S.

 force S = ..................... N [1]

  (iii) State the magnitude of force Q.

   Explain your answer.

   force Q = ..................... N

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

 .....................................................................................................................................  [1]
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 (b) Fig. 3.3 shows a speed–time graph of the motion of the trolley.
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Fig. 3.3

  (i) Use Fig. 3.3 to calculate the kinetic energy of the trolley at t = 1.0 s.

   The trolley has a mass of 15 kg.

 kinetic energy =  ......................................................  J [3]

  (ii) Use Fig. 3.3 to calculate the acceleration of the trolley between 2.0 s and 4.0 s.

   Give the units of your answer.

 acceleration =  ...............................  units ................ [3]

  (iii) Between 4.0 s and 10.0 s, the man pushes the trolley with a constant force of 25 N.

   Calculate the work done by the man on the trolley between 4.0 s and 10.0 s.

 work done =  ......................................................  J [3]

 [Total: 12]
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4 (a) Fig. 4.1 is a diagram of a wind-pollinated flower.

petals

Fig. 4.1

  (i) Draw a label line on Fig. 4.1 to identify the part where fertilisation takes place.
   Label the line F. [1]

  (ii) State two pieces of evidence from Fig. 4.1 that show this flower is a wind-pollinated 
flower.

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

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

 (b) Plants synthesise carbohydrates by the process of photosynthesis.

  (i) Complete the balanced equation for photosynthesis.

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

   6 .................... + 6 ....................  C6H12O6 + 6 ....................

     chlorophyll
 [2]

  (ii) Explain the role of chlorophyll in the synthesis of carbohydrates.

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

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

 .....................................................................................................................................  [2]
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 (c) Fig. 4.2 shows how transpiration rate and temperature change during the day.

Key
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temperature
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Fig. 4.2

  Explain the effect of temperature on changes to transpiration rate between 12:00 and 18:00 
hours in Fig. 4.2.

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

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

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

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

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

 (d) Water is lost through stomata.

  Explain why stomata are important for photosynthesis.

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

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

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

 [Total: 12]



10

0653/41/M/J/22© UCLES 2022

5 (a) A pH meter is an instrument which measures pH. The tip of the meter is dipped into a solution. 
The pH of the solution is displayed on a small screen as shown in Fig. 5.1.

solution

pH meter

pH

5.5

tip

screen

Fig. 5.1

  The pH values of some aqueous solutions are measured using universal indicator paper and 
using a pH meter.

  The results are shown in Table 5.1.

Table 5.1

aqueous solution pH value measured using 
universal indicator paper

pH value measured using 
a pH meter

ammonia 12 11.6

ammonium nitrate  5  5.3

ammonium sulfate  5  5.5

sulfuric acid  1  0.5

nitric acid  1  0.5

  (i) Describe the procedure used to measure the pH of a solution using universal indicator 
paper.

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

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

 .....................................................................................................................................  [2]
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  (ii) Suggest two advantages of using a pH meter rather than universal indicator paper to 
test the pH of some solutions.

   Use Fig. 5.1 and Table 5.1 to help you.

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

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

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

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

 (b) Farmers use solid ammonium nitrate and solid ammonium sulfate to improve the growth of 
crops.

  (i) Aqueous ammonia and dilute sulfuric acid react to make aqueous ammonium sulfate.

   Complete the balanced equation for this reaction.

   .....................................  +  .....................................    (NH4)2SO4 [2]

  (ii) Suggest the name of the compound that reacts with aqueous ammonia to form 
ammonium nitrate.

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

  (iii) Describe how solid ammonium sulfate is obtained from aqueous ammonium sulfate.

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

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

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

 [Total: 9]
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6 (a) The Earth is heated by infrared radiation from the Sun.

  (i) State the speed at which the infrared radiation travels from the Sun to the Earth.

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

  (ii) The infrared radiation takes 8 min 20 s to travel from the Sun to the Earth.

   Use your answer to (a)(i) to calculate the distance in kilometres of the Earth from the 
Sun.

 distance =  ...................................................  km [3]

  (iii) Fig. 6.1 shows an incomplete electromagnetic spectrum.

   On Fig. 6.1, write infrared radiation in its correct place.

ultraviolet microwaves

increasing frequency

Fig. 6.1
 [1]

 (b) (i) Fig. 6.2 shows how an infrared ray from the Sun is refracted as it enters the Earth’s 
atmosphere.

Sun

not to scale

atmosphere

Fig. 6.2

   Explain why the ray is refracted as it moves from space into the Earth’s atmosphere.

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

 .....................................................................................................................................  [1]
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  (ii) Fig. 6.3 shows sunlight shining on a brick wall.

   One half of the wall is painted shiny white and the other half is painted dull black.

shiny white
paint

dull black
paint sunlight

Fig. 6.3

   Explain why the temperature of the bricks painted dull black increases faster than the 
temperature of the bricks painted shiny white.

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

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

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

 [Total: 8]
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7 (a) Fig. 7.1 shows part of the human alimentary canal and associated organs.

stomach
Z

Fig. 7.1

  (i) Identify the part labelled Z in Fig. 7.1.

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

  (ii) Complete this definition of chemical digestion.

   Chemical digestion is the breakdown of large .................................. molecules into  
 
smaller .................................. molecules.

 [1]

 (b) Amylase and lipase are found in the alimentary canal.

  Compare the similarities and differences between the functions of amylase and lipase.

similarities  .................................................................................................................................

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

differences  ................................................................................................................................

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

 (c) Digested nutrients move out of the alimentary canal into the blood stream.

  State the component of blood that transports digested nutrients.

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

 [Total: 6]
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8 (a) Iron is extracted from hematite in a blast furnace.

  Equations for three reactions that take place in the blast furnace are listed.

  equation 1  C + O2  CO2

  equation 2  C + CO2  2CO

  equation 3  Fe2O3 + 3CO  2Fe + 3CO2

  (i) State which equation, 1, 2 or 3, represents a reaction in which a carbon compound acts 
as a reducing agent.

   Explain your answer.

   equation ...............................................

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

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

  (ii) Name two gases that are produced in these equations and describe a health or 
environmental problem caused by each.

   gas 1 ...............................................

problem  .............................................................................................................................

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

   gas 2 ...............................................

problem  .............................................................................................................................

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

  (iii) Fe2O3 contains oxide ions, O2–.

   State the charge on each iron ion in Fe2O3.

   ............................................... [1]
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 (b) Table 8.1 lists the method of extraction of iron and some other metals from their ores.

Table 8.1

metal method of extraction

iron heating with carbon

aluminium electrolysis

sodium electrolysis

zinc heating with carbon

  (i) Identify the metal in Table 8.1 that has the greatest tendency to form positive ions.

   Give a reason for your answer.

   metal ...............................................

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

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

  (ii) Copper and magnesium are also extracted from their ores. 

   Suggest a method of extraction for copper and for magnesium from their ores. 

   Give reasons for your answers.

   Use information from Table 8.1 and your knowledge of the reactivity series to help you.

   copper method of extraction ...............................................

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

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

   magnesium method of extraction ...............................................

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

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

 [Total: 9]
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9 Fig. 9.1 shows an electric circuit. 

switch

voltmeter

ammeterbattery

variable resistor

lamp

Fig. 9.1

 (a) The switch is turned on, and the variable resistor adjusted until the voltmeter reading is 6.0 V. 
The ammeter reading is 0.75 A.

  (i) Calculate the resistance of the lamp.

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

  (ii) Calculate the power of the lamp.

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

 (b) On Fig. 9.2, complete the circuit diagram for the circuit shown in Fig. 9.1.

A

Fig. 9.2
 [3]

 [Total: 7]



19

0653/41/M/J/22© UCLES 2022

BLANK PAGE

Permission to reproduce items where third-party owned material protected by copyright is included has been sought and cleared where possible. Every 
reasonable effort has been made by the publisher (UCLES) to trace copyright holders, but if any items requiring clearance have unwittingly been included, the 
publisher will be pleased to make amends at the earliest possible opportunity.

To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced online in the Cambridge 
Assessment International Education Copyright Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download 
at www.cambridgeinternational.org after the live examination series.

Cambridge Assessment International Education is part of Cambridge Assessment. Cambridge Assessment is the brand name of the University of Cambridge 
Local Examinations Syndicate (UCLES), which is a department of the University of Cambridge.



20

0653/41/M/J/22© UCLES 2022

G
ro

up

Th
e 

Pe
rio

di
c 

Ta
bl

e 
of

 E
le

m
en

ts

1 H
hy

dr
og

en
1

2 H
e

he
liu

m
4

I
II

III
IV

V
V

I
V

II
V

III

3 Li
lit

hi
um 7

4 B
e

be
ry

lli
um

9

at
om

ic
 n

um
be

r

at
om

ic
 s

ym
bo

l

K
ey

na
m

e
re

la
tiv

e 
at

om
ic

 m
as

s

11 N
a

so
di

um
23

12 M
g

m
ag

ne
si

um
24

19 K
po

ta
ss

iu
m

39

20 C
a

ca
lc

iu
m

40

37 R
b

ru
bi

di
um

85

38 S
r

st
ro

nt
iu

m
88

55 C
s

ca
es

iu
m

13
3

56 B
a

ba
riu

m
13

7

87 Fr
fra

nc
iu

m
–

88 R
a

ra
di

um –

5 B bo
ro

n
11 13 A
l

al
um

in
iu

m
27 31 G
a

ga
lli
um
70 49 In in
di
um

11
5

81 Tl
th
al
liu
m

20
4

6 C
ca
rb
on

12 14 S
i

si
lic
on

28 32 G
e

ge
rm
an
iu
m

73 50 S
n tin 11
9

82 P
b

le
ad
20
7

22 Ti
tit
an
iu
m

48 40 Zr
zi
rc
on
iu
m

91 72 H
f

ha
fn
iu
m

17
8

10
4

R
f

ru
th
er
fo
rd
iu
m

–

23 V
va
na
di
um

51 41 N
b

ni
ob
iu
m

93 73 Ta
ta
nt
al
um

18
1

10
5

D
b

du
bn
iu
m

–

24 C
r

ch
ro
m
iu
m

52 42 M
o

m
ol
yb
de
nu
m

96 74 W
tu
ng
st
en

18
4

10
6

S
g

se
ab
or
gi
um

–

25 M
n

m
an
ga
ne
se

55 43 Tc
te
ch
ne
tiu
m

– 75 R
e

rh
en
iu
m

18
6

10
7

B
h

bo
hr
iu
m

–

26 Fe iro
n

56 44 R
u

ru
th
en
iu
m

10
1

76 O
s

os
m
iu
m

19
0

10
8

H
s

ha
ss
iu
m

–

27 C
o

co
ba
lt

59 45 R
h

rh
od
iu
m

10
3

77 Ir
iri
di
um

19
2

10
9

M
t

m
ei
tn
er
iu
m

–

28 N
i

ni
ck
el

59 46 P
d

pa
lla
di
um

10
6

78 P
t

pl
at
in
um

19
5

11
0

D
s

da
rm
st
ad
tiu
m

–

29 C
u

co
pp
er

64 47 A
g

si
lv
er

10
8

79 A
u

go
ld

19
7

11
1

R
g

ro
en
tg
en
iu
m

–

30 Zn zi
nc 65 48 C
d

ca
dm
iu
m

11
2

80 H
g

m
er
cu
ry

20
1

11
2

C
n

co
pe
rn
ic
iu
m

–

11
4 Fl

fle
ro
vi
um

–

11
6

Lv
liv
er
m
or
iu
m

–

7 N
ni
tro
ge
n

14 15 P
ph
os
ph
or
us

31 33 A
s

ar
se
ni
c

75 51 S
b

an
tim
on
y

12
2

83 B
i

bi
sm
ut
h

20
9

8 O
ox
yg
en

16 16 S su
lfu
r

32 34 S
e

se
le
ni
um

79 52 Te
te
llu
riu
m

12
8

84 P
o

po
lo

ni
um

–

9 F
flu

or
in

e
19 17 C
l

ch
lo

rin
e

35
.5

35 B
r

br
om

in
e

80 53 I
io

di
ne

12
7

85 A
t

as
ta

tin
e

–

10 N
e

ne
on 20 18 A
r

ar
go

n
40 36 K
r

kr
yp

to
n

84 54 X
e

xe
no

n
13

1

86 R
n

ra
do

n
–

21 S
c

sc
an

di
um

45 39 Y
yt

tri
um 89

57
–7

1
la

nt
ha

no
id

s

89
–1

03
ac

tin
oi

ds

57 La
la

nt
ha

nu
m

13
9

89 A
c

la
nt

ha
no

id
s

ac
tin

oi
ds

Th
e 

vo
lu

m
e 

of
 o

ne
 m

ol
e 

of
 a

ny
 g

as
 is

 2
4  

dm
3  a

t r
oo

m
 te

m
pe

ra
tu

re
 a

nd
 p

re
ss

ur
e 

(r.
t.p

.).

ac
tin

iu
m

–

58 C
e

ce
riu

m
14
0

90 Th th
or
iu
m

23
2

59 P
r

pr
as
eo
dy
m
iu
m

14
1

91 P
a

pr
ot
ac
tin
iu
m

23
1

60 N
d

ne
od
ym
iu
m

14
4

92 U
ur
an
iu
m

23
8

61 P
m

pr
om
et
hi
um

– 93 N
p

ne
pt
un
iu
m

–

62 S
m

sa
m
ar
iu
m

15
0

94 P
u

pl
ut
on
iu
m

–

63 E
u

eu
ro
pi
um

15
2

95 A
m

am
er
ic
iu
m

–

64 G
d

ga
do
lin
iu
m

15
7

96 C
m

cu
riu
m

–

65 Tb te
rb
iu
m

15
9

97 B
k

be
rk
el
iu
m

–

66 D
y

dy
sp
ro
si
um

16
3

98 C
f

ca
lif
or
ni
um

–

67 H
o

ho
lm
iu
m

16
5

99 E
s

ei
ns
te
in
iu
m

–

68 E
r

er
bi
um

16
7

10
0

Fm fe
rm
iu
m

–

69 Tm th
ul
iu
m

16
9

10
1

M
d

m
en
de
le
vi
um

–

70 Y
b

yt
te
rb
iu
m

17
3

10
2

N
o

no
be
liu
m

–

71 Lu lu
te
tiu
m

17
5

10
3 Lr

la
w
re
nc
iu
m

–


