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INSTRUCTIONS

e Answer all questions.

e Use a black or dark blue pen. You may use an HB pencil for any diagrams or graphs.
e  \Write your name, centre number and candidate number in the boxes at the top of the page.
e Write your answer to each question in the space provided.

e Do not use an erasable pen or correction fluid.

e Do not write on any bar codes.

e  You may use a calculator.

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

INFORMATION

e  The total mark for this paper is 120.

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

e The Periodic Table is printed in the question paper.

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

alveoli

Fig. 1.1

Noble Educators Page 1 of 23 Co-ordinated Sciences (Double Award) 0654/43
Source: Cambridge Assessment International Education October/November 2024 Question Paper (0654/43)



> 3 Noble

(i) Identify the parts labelled A and B in Fig. 1.1.

(ii) Alveoli are the gas exchange surface in humans.
State two features of an efficient gas exchange surface.

(b) A student measures their breathing rate at rest and during exercise.

Table 1.1 shows the results.

Table 1.1
breathing rate at rest breathing rate during exercise
/ breaths per minute / breaths per minute
15 40

(i) Calculate the difference in breathing rate between rest and during exercise in Table 1.1.

difference in breathingrate = ............................. breaths per minute

[1]

(ii) Tick (3) two boxes to explain the difference in breathing rate during exercise shown in

Table 1.1.

There is a decrease in production of water vapour.

There is a decrease in the use of oxygen by muscles.

There is an increase in carbon dioxide concentration in the blood.

There is an increase in the rate of aerobic respiration.

There is an increase in water intake. [2]
[Total: 8]
Fig. 2.1 shows the displayed formulae of some carbon compounds.
I
H H
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Fig. 2.1

(a) State which compound in Fig. 2.1 is not a hydrocarbon.
Explain your answer.
COMPOUNG ..ttt ettt aees

£ 3 {01 F= T =1

............................................................................................................. [2]
(b) State which compound in Fig. 2.1 will decolourise aqueous bromine.

............................................................................................................. [1]
(c) Compound D is used as a fuel.

State one other use of compound D.

............................................................................................................. [1]
(d) Compound C is a saturated compound.

State what is meant by saturated.

............................................................................................................. 1]
(e) Compound C, C3Hg, undergoes complete combustion in oxygen.

Construct the balanced symbol equation for this reaction.

............................................................................................................. [2]
(f) Compound A is ethene.

Complete Fig. 2.2 to show the displayed formula of the polymer poly(ethene).

C C
Fig. 2.2 [1]

(g) The formation of poly(ethene) from ethene is an example of addition polymerisation.
Explain the differences between addition polymerisation and condensation polymerisation.

............................................................................................................. 2]
[Total: 10]
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3 Astudent investigates an NTC thermistor.

(a)

(b)

(c)

The student connects the thermistor in series with a cell and an ammeter.

The student also connects a voltmeter to measure the potential difference across the
thermistor.

Fig. 3.1 shows an incomplete circuit diagram of the circuit used by the student.

Fig. 3.1
(i) Complete Fig. 3.1.
(ii) When the thermistor is at room temperature, the ammeter reads 3.0 A.

Calculate the charge that flows through the thermistor in 60 s.
State the unit for your answer.

The student places the thermistor into hot water.

[2]

[3]

The student records the values shown by the ammeter and the voltmeter as the temperature

of the thermistor increases.

Describe how the power output of the thermistor changes as the temperature of the
thermistor increases.

Fig. 3.2 shows the current—voltage characteristic for an ohmic resistor.
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Fig. 3.2

Explain the shape of the graph shown in Fig. 3.2.

............................................................................................................. 2]
[Total: 11]

4  Fig. 4.1 summarises one pathway of water through a plant.
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leaf <

B
soil water root T
A
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pathway of water—
not to scale

Fig. 4.1

(a) Identify the cells labelled Y and Z in Fig. 4.1.
O
Z s [2]

(b) Describe two ways that cell X in Fig. 4.1 is adapted for photosynthesis.
L
2 e e et
............................................................................................................. [2]

(c) Explain the effect of an increase in humidity on the process occurring at A in Fig. 4.1.
............................................................................................................. [2]
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(d) Complete the sentences to explain how water is moved in part B in Fig. 4.1.

Waterismoveduppart Bby ..o pull.

Thiscreates a ......ooiiiii gradient, drawing up a

column of water

molecules that are held together by ... . [3]
[Total: 9]

5 Astudent investigates the reaction between calcium carbonate and dilute hydrochloric acid.

N |

Fig. 5.1 shows the apparatus the student uses.

gas syringe
. dilute
calcium hydrochloric acid
carbonate
Fig. 5.1

The student measures the volume of gas in the gas syringe every 20 seconds. Fig. 5.2 shows a
graph of the student’s results.

60
50 =
40 A
volume of gas »
in the syringe 30 /
/ cm? ;
20
10
/
0 /
0O 20 40 60 80 100 120 140 160 180
time/s
Fig. 5.2
(a) State the name of the gas made in this reaction.
............................................................................................................. [1]
(b) Complete the sentence.
The reaction is fastest between .............. secondsand.............. seconds. [1]
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(c) The total volume of gas made in the experiment is 50 cm?.

Calculate the total number of moles in 50 cm® of the gas measured at room temperature and
pressure (r.t.p.).

The volume of one mole of any gas is 24 dm® at r.t.p.
Show your working.
number of moles in 50 cm> of the gas = .........couoieuiieiie i) 2]

(d) The student repeats the experiment using dilute hydrochloric acid at a higher temperature.
Explain why the reaction is faster.
Use ideas about collisions between particles.

(e) The reaction between calcium carbonate and dilute hydrochloric acid is exothermic.
Complete Fig. 5.3 to show an energy level diagram for an exothermic reaction.
Label the activation energy and the energy change on your diagram.

A

energy reactants

progress of reaction
Fig. 5.3 [3]
[Total: 10]

6 Fig. 6.1 shows a car suspension system.
The suspension system uses four identical coil springs.
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(@) The

coil springs

Fig. 6.1

weight of the car causes compression in the springs. The length of each spring is

reduced from its original length.

Hooke’s Law can be used for compression as well as extension:

F = kx

where F = load, k = spring constant and x = compression.

The

weight of the car is 17 000 N.

Each spring has a spring constant of 2500 N / cm.

Each spring is reduced to a length of 24 cm.

Calculate the original length of each spring.

original length = ... cm [3]

(b) Ultrasound waves are used to check for cracks in the springs of the car.

Ultrasound waves are high-frequency sound waves.

(i)

(i)

(iii)

The frequency of the ultrasound waves is above the audible range of a healthy human
ear.

Suggest a frequency for ultrasound waves.
freqUENCY = ..o Hz [1]

Ultrasound waves are longitudinal waves.
Complete the sentences about longitudinal waves.

Longitudinal waves are produced by vibrations which occur
........................................... to the direction of energy transfer.

Longitudinal waves travel through air in compressions and

........................................... . 2]

A transmitted ultrasound wave travels through the metal of the spring and is reflected by
a crack as shown in Fig. 6.2.
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ultrasound emitter
and detector

transmitted wave reflected wave

distance to crack

spring/
crack
Fig. 6.2
The reflected wave is detected after the transmitted wave is sent, as shown in Fig. 6.3.
A
trapsmitte
wave
eflecte
wave
amplitude

0.01.02.03.04.05.06.07.0
time / x 10%s
Fig. 6.3
The ultrasound wave travels at 5200 m / s in the metal of the spring.
Use Fig. 6.3 to determine the distance to the crack.

distance = ... m [3]
[Total: 9]

7 (a) Fig. 7.1 shows the structure of a villus.
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Fig. 7.1
(i) State the name and function of the part labelled A in Fig. 7.1.
T T 0=
FUNCHION L
....................................................................................................... [2]
(ii) Explain how the structure of the part labelled B in Fig. 7.1 is adapted for its function.
....................................................................................................... [3]
(b) Coeliac disease results in damage to the small intestine when gluten is eaten.
Fig. 7.2 shows villi from a person without coeliac disease and Fig. 7.3 shows villi from a
person with coeliac disease.
X
RE En
qd Bl
A
j‘lu‘a% 71
I
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villi from a person villi from a person
without coeliac disease with coeliac disease
Fig. 7.2 Fig. 7.3

(i) Describe one way the shape of the villi in Fig. 7.3 are different from the villi in Fig. 7.2.

....................................................................................................... [1]
(ii) Explain the effect of this difference on villi function in a person with coeliac disease.
....................................................................................................... [2]
(c) Gluten is a type of protein.
(i) State the name of one disease caused by protein-energy malnutrition.
....................................................................................................... 1]
(ii) State the chemical test for protein.
....................................................................................................... [1]
(d) Tick (3) the boxes to show the correct features of mechanical and chemical digestion.
. . produces soluble
involves enzymes occurs in the mouth
molecules
mechanical
digestion
chemical
digestion
[2]
[Total: 12]
8 (a) Table 8.1 shows some information about the structure of atoms.
Complete Table 8.1.
Table 8.1
particle charge relative mass
electron -1
neutron
proton 1
[2]
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(b)

(c)

(d)

Fig. 8.1 shows two forms of the element carbon, diamond and graphite.

%:’%ﬁ?
W
e

diamond graphite
Fig. 8.1
Put a tick (3) next to the correct description for the structure of diamond and graphite.
giant covalent
ionic
polymer
metallic [1]

Graphite is used to make electrodes for electrolysis because it is a good conductor of
electricity.

Explain why graphite is a good conductor of electricity.
Use ideas about structure and bonding.

There are different isotopes of the element carbon.

Two of the isotopes are called carbon-12 and carbon-14.

(i) Table 8.2 shows some information about one atom of each of these isotopes of carbon.
Complete Table 8.2.

Table 8.2
number of protons number of neutrons number of electrons
carbon-12 6 6
carbon-14
[2]
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(ii) The different isotopes of carbon have the same chemical properties.
Explain why.

(e) Elements are organised in the Periodic Table in groups.
Carbon is in Group IV of the Periodic Table.
Another element, tellurium, is in Group VI of the Periodic Table.

A common compound of tellurium is sodium telluride, Na,Te.

Put a tick (3) next to the formula of the tellurium ion in sodium telluride, Na,Te.

Te™

Te"

Te*

Te*

Te®

9 (a) Fig. 9.1 shows distance—time graphs for a car journey and a bicycle journey.

bicycle

350

v/

300

250 car

distance / m

200

150

100

50

0
0O 10 20 30 40 &0 60 70 80

time/s

Fig. 9.1

[1]
[Total: 9]

The car and bicycle both start from the same point and travel in the same direction along the

same road.
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(i) Use Fig. 9.1 to describe the car journey.

....................................................................................................... [2]
(ii) State the time at which the bicycle passes the car.
time = S [1]
(iii) The bicycle and rider have a combined mass of 80 kg.
Use Fig. 9.1 to calculate the kinetic energy of the bicycle during this journey.
Kinetic energy = ..o J [3]
(b) Bicycles are fitted with reflectors which reflect light from car headlights.
Fig. 9.2 shows a diagram of a reflector.
X
Y
<> < incident light
3 — » reflected light
Y i E—
Y i E—
air A\air
transparent
plastic reflector
Fig. 9.2
Explain why refraction does not occur:
(i) atpoint X.
....................................................................................................... [1]
(ii) atpoint.
....................................................................................................... [2]

[Total: 9]

10 A farmer planted some seeds.
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(a) Explain why the farmer digs the soil to ensure there are air spaces in the soil before the
seeds are planted.

............................................................................................................. [2]
(b) The seeds grow and some of the tips are removed.
Fig. 10.1 shows the shoots after a few days.
tip removed
light /
shoot A shoot B
Fig. 10.1
(i) State the name of the tropic response shown by shoot A in Fig. 10.1.
....................................................................................................... [1]
(ii) Explain why shoot B does not grow towards the light in Fig. 10.1.
....................................................................................................... [2]
(c) State the name of the type of selection the farmer could use to improve the quality of crop
plants.
............................................................................................................. [1]
(d) The shoots eventually flower.
Fig. 10.2 is a drawing of one of the flowers.
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Fig. 10.2

(i) Label the partin Fig. 10.2 that protects the developing flower. Use a label line and the
correct name. [2]

(ii) Describe one visible feature that shows the flower in Fig. 10.2 is insect-pollinated.

............................................................................................................. 2]
[Total: 11]

11 Fig. 11.1 shows the reactivity series of some metals. The element carbon is also included in the
list.
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(b)

(c)

sodium most reactive
magnesium
aluminium
carbon
zinc
iron U
copper least reactive
Fig. 11.1

(i) Iron is extracted from the ore hematite by heating with carbon.

Use Fig. 11.1 to state and explain how magnesium is extracted from magnesium ore.

(ii) Sodium is more reactive than magnesium.

Explain why.

Carbon is used to extract an element, X, from its oxide.
The equation for the reaction is shown.
X0, +C — X+CO ,

The sum of the relative formula masses of the reactants (XO, + C) is 163.
Calculate the relative atomic mass of X.
[A: C, 12; O, 16]

relative atomicmass of X = ..o

Iron is extracted from iron oxide by reacting the iron oxide with aluminium.
The equation for the reaction is shown.
2Al+FeQ ; —> 2Fe+AIQ ,

A mixture contains 162 g of aluminium and 800 g of iron oxide.
Show that aluminium is the limiting reactant.
[Ar: Al 27; Fe, 56; O, 16]

aluminium is the limiting reactant because .................coooiii i
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(d)

Magnesium displaces copper from copper chloride solution.
The ionic equation for the reaction is shown.

Mg + Cu 2* - Mg?* +Cu

Explain why the reaction between magnesium atoms and copper ions involves both
oxidation and reduction.

............................................................................................................. 2]
(e) Complete the following sentences about oxidising agents and reducing agents.
An oxidising agent is a substance which ...l another
substance during a redox reaction.
A reducing agent is a substance which ... another
substance during a redox reaction. [1]
[Total: 11]
12 Fig. 12.1 shows a diagram of a nuclear power station used to generate electricity.
boiler
control rod steam
fuel rod
T
moderator ]
steam
' turbine
generator
to cooling tower
reactor X e
ump —
P condenser
Fig. 12.1
(@) (i) State the process in the reactor that releases energy.
....................................................................................................... 1]
(ii) Complete the sentence about energy resources.
The Sun is the source of energy for all our energy resources except nuclear,
.................................. and tidal. [1]
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(b) (i) Describe, in terms of molecules, how the steam exerts pressure on the walls of the
boiler.

....................................................................................................... [2]
(ii) The steam in the boiler has a constant volume.
State what happens to the pressure of the steam if the temperature of the steam is
increased.
....................................................................................................... [1]
(c) The power station uses an alternating current (a.c.) generator to generate electricity.
Fig. 12.2 shows a simple a.c. generator.
direction of
rotation
coil
potential
difference
Fig. 12.2
(i) Describe how a simple a.c. generator produces an output potential difference (p.d.).
....................................................................................................... [2]
(ii) The generator converts kinetic energy into electrical energy.
The efficiency of the generator is 75%.
Calculate the kinetic energy required to produce 3600 J of electrical energy.
Kinetic energy = ... J [2]
(d) The fuel rod contains uranium-235 (>,
Uranium-235 decays by alpha emission.
Use correct nuclide notation to complete the decay equation for uranium-235.
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[2]
[Total: 11]
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