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1 (a) A climber needs to know the diameter of a rope.

  Fig. 1.1 shows a method for measuring the diameter of a rope.

8
cm

9 10 11 12 13 14 15 16 17 18 19 20 21 22

rope

ruler

Fig. 1.1

  Calculate the diameter of the rope.

  Show your working.

 diameter =  ...................................................  cm [2]

 (b) Fig. 1.2 shows the climber climbing a wall.

Fig. 1.2
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  (i) The mass of the climber is 70 kg.

   Calculate the weight of the climber.

   Use g = 10 N / kg.

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

  (ii) The climber slips and falls. He comes to rest and is held in a stationary position by the 
rope, as shown in Fig. 1.3.

Fig. 1.3

   State how we know that the resultant force on the climber in Fig. 1.3 is zero.

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

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

  (iii) State the size and direction of the force exerted by the rope on the climber.

   size of force ................................................ N

   direction of force ................................................
[1]

[Total: 5]
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2 Fluorine is an element in the Periodic Table.

 (a) Use the Periodic Table on page 24 and words from the box to complete these sentences.

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

one two three four five

six seven eight nine ten

  Fluorine is an element in Group .............................................. of the Periodic Table.

  An atom of fluorine has .............................................. electrons in its outer shell.

  Fluorine has an atomic number of .............................................. .

  A fluoride ion has a negative charge of .............................................. .
[4]

 (b) Fluorine reacts with potassium to form a salt. 

  Suggest the name of this salt.

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

[Total: 5]
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3 Car tyres contain air under pressure.

 Fig. 3.1 shows two tyres, A and B, supporting the same weight of car. 

tyre A tyre B

Fig. 3.1

 Tyre A contains less air than tyre B.

 (a) Use the words pressure, area and force to explain why the tyres have a different shape. 

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

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

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

 (b) A wheel on the car is changed.

  A jack is used to raise the car up, as shown in Fig. 3.2.

jack

Fig. 3.2

  Complete the sentence by using words from the box. 

  Use each word once, more than once or not at all.

elastic   force   joule   potential    power   work 

  As the car is lifted, .............................................. is done on the car by the jack and the car  

  gains .............................................. energy. [2]
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 (c) Fig. 3.3 shows a spanner used to undo a wheel nut.

nut
spanner

O

Fig. 3.3

  (i) A force applied by the hand produces a moment.

   State what is meant by the term moment of a force.

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

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

  (ii) A large moment is needed to undo the nut.

   State two ways of increasing the moment. 

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

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

[Total: 7]
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4 Fermentation is used to make ethanol.

 A gas is also produced.

 (a) A chemical test shows that this gas is carbon dioxide.

  State the chemical used in the test and the result of a positive test.

chemical  ...................................................................................................................................

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

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

 (b) Ethanol is used as a fuel.

  (i) State the two products formed when ethanol is burnt in excess oxygen.

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

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

  (ii) State one other use of ethanol.

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

 (c) Some fuels are compounds of carbon and hydrogen only.

  State the general name for these compounds. 

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

 (d) An organic compound contains two carbon atoms and four hydrogen atoms.

  (i) Draw the structure of the compound.

[1]
  (ii) State the name of this compound.

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

[Total: 8]
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5 Fig. 5.1 shows apparatus used to react excess zinc with hydrochloric acid.

 The mass of the flask and its contents is measured at regular intervals and the mass lost is 
recorded.

flask

cotton wool

zinc

hydrochloric acid

balance– 0.21 g

Fig. 5.1

 (a) (i) Complete the word equation for this reaction.

   zinc + hydrochloric acid   +  [2]

  (ii) Suggest two ways of increasing the rate of this reaction.

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

2  ........................................................................................................................................ 
[2]
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 (b) The graph in Fig. 5.2 shows the mass lost from the flask and its contents over time.

mass
lost

time
0

0

Fig. 5.2

  (i) Suggest why the mass lost eventually stops increasing. 

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

  (ii) The experiment is repeated using half the volume of hydrochloric acid of the same 
concentration.

   On the axes of Fig. 5.2, sketch the curve that is produced. [2]

 (c) Zinc is mixed with copper to make an alloy. 

  State the name of this alloy. 

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

[Total: 8]
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6 A farmer uses a tape attached between two poles to scare birds, as shown in Fig. 6.1.

vibration
tape

pole

Fig. 6.1

 The wind causes the tape to vibrate and make a noise.

 (a) Describe how the tape produces a sound wave in the air.

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

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

 (b) Describe how the eardrum detects the sound wave.

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

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

 (c) State the lowest frequency of sound audible to the human ear.  

 lowest frequency =   ................................................... Hz [1]

 (d) Sound waves change speed when they travel from warm air to cold air. This results in a 
change in direction of the sound wave.

  State the name of this process.

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

[Total: 4]
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7 Table 7.1 gives information about some atomic particles.

 (a) Complete Table 7.1 to show the missing information.

Table 7.1

particle position in atom relative charge relative mass

proton in nucleus

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

1

electron outside nucleus

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

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

in nucleus 0

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

[5]

 (b) An atom of sodium, Na, has 11 electrons.

  Complete the diagram in Fig. 7.1 to show the number of electrons in each shell.

Na

Fig. 7.1
[1]

[Total: 6]
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8 Fig. 8.1 shows the design of an energy-saving kettle.

plastic lid

vacuum vacuum

to electric
plug

heating element

silvery surface

Fig. 8.1

 (a) (i) The kettle is filled with water and is heated until the water starts to boil.

   State the temperature at which water boils.

 temperature =  ..................................................... °C [1]

  (ii) A lid is put on the kettle to reduce the thermal energy lost to the surroundings. 

   State the type of thermal energy transfer that this reduces.

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

 (b) The kettle is filled with 500 cm3 of water at 20 °C and switched on.

  With the lid on, the water starts to boil after 4 minutes.

  With the lid off, the water starts to boil after 6 minutes.

  Explain how this information shows that putting the lid on makes the kettle more efficient. 

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

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

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

 .............................................................................................................................................  [2]
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 (c) There is a vacuum between the walls of the kettle, as shown in Fig. 8.1.

  State the type of thermal energy process that occurs through the vacuum.

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

 (d) Suggest one way in which this type of kettle helps to reduce electricity bills.

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

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

[Total: 6]
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9 Fig. 9.1 shows an experiment to demonstrate the force on a current carrying wire in a magnetic 
field.

copper
conductors

short copper rod

magnet

movement

N

S

Fig. 9.1

 The switch is closed and the copper rod moves to the right. The switch is then opened.

 (a) State what happens to the copper rod when the switch is opened.

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

 (b) Tick two boxes which describe changes to the experiment that cause the rod to move more 
quickly when the switch is closed.

     decrease the voltage 

     increase the current 

     reverse the direction of the current 

     use a light plastic rod  

     use a stronger magnet 
[2]
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 (c) The magnet is rearranged as shown in Fig. 9.2.

movement

movement

+

–

S

N

Fig. 9.2

  The switch is closed and the rod moves upwards.

  Explain why the rod falls back down again.

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

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

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

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

[Total: 5]
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10 Hydrogen chloride, HCl, is a covalent compound of hydrogen and chlorine.

 (a) (i) Draw a dot-and-cross diagram to show the arrangement of the outer electrons in a 
molecule of hydrogen chloride.

[2]

  (ii) State the name of a covalent compound containing hydrogen and oxygen.

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

 (b) Chlorine forms an ionic compound with sodium, sodium chloride.

  (i) Complete the sentence to describe the volatility of hydrogen chloride compared to 
sodium chloride.

   Hydrogen chloride is ...................................... volatile than sodium chloride. [1]

  (ii) Complete the equation for the reaction between chlorine and sodium.

   ......... Na  +  Cl 2    ………………….......…………. [2]

[Total: 6]
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11 Fig. 11.1 shows the apparatus used for the electrolysis of dilute sulfuric acid.

oxygen hydrogen

sulfuric acid

–ve electrode+ve electrode

Fig. 11.1

 (a) (i) Suggest a suitable material to use for the electrodes. 

   Give two reasons for your choice.

material  .............................................................................................................................

reason 1  ............................................................................................................................  

reason 2  ............................................................................................................................
[3]

  (ii) State the names of the two electrodes.

positive electrode  ..............................................................................................................

negative electrode  .............................................................................................................
[2]

 (b) During the electrolysis the pH number of the dilute sulfuric acid does not change.

  (i) State the pH number of dilute sulfuric acid.

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

  (ii) Suggest the type of substance that can be added to sulfuric acid to increase the pH 
number of the acid.

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

[Total: 7]
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12 A detector is used to measure the level of background radiation. The count per minute is measured 
five times.

 The results are shown in Table 12.1.

Table 12.1

test 1 test 2 test 3 test 4 test 5

count  
per  

minute
15 11 9 12 13

 (a) (i) Suggest why the counts per minute vary. 

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

  (ii) Calculate the average background count per minute. 

 average background count =  .......................................  per minute [1]

 (b) The detector is now used to measure the level of radiation from a radioactive source.

  The average background count is subtracted from each reading.

  This gives the corrected count per minute, as shown in Table 12.2.

Table 12.2

time / minutes corrected count per minute

 0 256

 5 180

10 130

15  90

20  65

25  50
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  (i) Explain why the average background count is subtracted from each reading.

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

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

  (ii) The corrected count rate at the start of the experiment is 256 counts per minute.

   Circle the number that shows the corrected count rate when one half-life has passed.

       0    64    128    256    512 [1]

  (iii) Use the information in Table 12.2 to estimate the half-life of the radioactive sample.

 half-life =  ...........................................  minutes [1]

 (c) The detector is 20 cm away from the source. 

  State one type of radioactive emission that cannot reach the detector through 20 cm of air.

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

[Total: 6]
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13 Fig. 13.1 shows part of the electromagnetic spectrum.

visible light

Fig. 13.1

 (a) State the names of the electromagnetic radiation found on either side of visible light. Write 
your answers in the boxes.  [2]

 (b) All types of electromagnetic radiation leaving the Sun take the same time of 8 minutes to 
reach the Earth. 

  Explain why.

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

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

 (c) The converging lens in a telescope is used to produce a real image of the Sun on a piece of 
white card used as a screen, as shown in Fig. 13.2.

telescope

sunspot

projected image of
sun on white card

Fig. 13.2 (not to scale)

  The image shows a darker region, called a sunspot.
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  (i) Complete Fig. 13.3 to show how the light from the sunspot passes through the telescope 
lens to form a real image on the screen. [2]

f

principal
focus f

image of
sunspot on
screen

two rays of light from sunspot

Fig. 13.3

  (ii) Circle the words or phrases in the box that correctly complete the sentence.

diminished   enlarged   inverted   same size   upright

   The real image of the Sun in Fig. 13.3 is .............................. and .............................. . [2]

[Total: 7]



22

0652/31/O/N/22© UCLES 2022

BLANK PAGE



23

0652/31/O/N/22© UCLES 2022

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.

BLANK PAGE



24

0652/31/O/N/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

–


