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1 (a) Fig. 1.1 is a diagram of a cross-section of skin.
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Fig. 1.1
(i) State the letter in Fig. 1.1 that identifies a part:
of the peripheral nervous system ...l
that produces sweat

that requires energy for contraction. ...........ccccccoiiiiiiiiiiinnnn.

[3]

(ii) Describe how the blood vessels labelled in Fig. 1.1 try to maintain a constant internal
body temperature if internal body temperature increases.

(iii) State the term used to describe the homeostatic mechanism used to control internal
body temperature.
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(b) The control of glucose concentration in the blood is an example of homeostasis.

(i) State the name of the hormone that reduces the concentration of glucose in the blood.

..................................................................................................................................... [1]
(ii) State the type of organs that produce hormones.
..................................................................................................................................... [1]
(c) Stimuli cause the body to make responses.
(i) State the name of the organ that detects the change in temperature of the blood.
..................................................................................................................................... [1]

(ii) State the name of the characteristic of living organisms that describes the detection and
response to stimuli.

[Total: 11]
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2 (a) (i) Fig. 2.1 shows the three states of matter.

Complete the labels on Fig. 2.1.

melting 80 Bl s Q o &
— = % . °
So (] o o069
- 00 -
o °© o .
............................... liquid condensing gas
Fig. 2.1
[2]

(ii) Describe what happens to the kinetic energy of the particles in a gas when it is heated.

..................................................................................................................................... [1]
(b) A scientist analyses a food colouring X.
The scientist also analyses four dyes A, B, C, and D.
Fig. 2.2 shows the chromatogram produced.
4—3
= ® ® [T solvent front
3—3
= © o
p— o | chromatography paper
1__§ ® ® pencil line
o——& L 4
X A B C D
Fig. 2.2
(i) State why the start line is drawn using pencil instead of ink.
..................................................................................................................................... [1]
(ii) Identify which of the dyes, A, B, C and D, are in the food colouring X.
..................................................................................................................................... [2]
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(iii) One of the substances in dye D remains on the pencil line.

Explain why.

..................................................................................................................................... [1]
(iv) Use Fig. 2.2 to calculate the R, value for dye A.
Revalue = oo [2]
(c) Table 2.1 shows the melting points of tin, silver and the alloy solder.
Table 2.1
substance meltlnog point
/°C
tin 232
silver 962
solder 220-229
Explain how the melting points show that solder is a mixture, but tin and silver are not.
............................................................................................................................................. [2]

[Total: 11]
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3 An Olympic triathlon event consists of a 1500 m swim, a 40km cycle ride and a 10km run.

(a) Fig. 3.1 shows an athlete swimming at a constant speed.

Fig. 3.1
(i) Describe how the size of force A compares with the size of force B.

..................................................................................................................................... [1]
(ii) The athlete has a weight of 750N and moves with a kinetic energy of 13.5J.
Calculate the speed of the athlete.
The gravitational field strength, g, is 10N/kg.
SPEEA = .o m/s [2]

© UCLES 2023 0654/41/M/1J/23 [Turn over
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(b) Fig. 3.2 shows a speed—time graph for the start of the cycle ride.

(ii)

© UCLES 2023
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Fig. 3.2

Show that the maximum speed of the athlete during the first 40 seconds of the cycle ride
is 12.5m/s.

[1]
Calculate the acceleration of the athlete during the first 25 seconds of the cycle ride.

Give your answer in m/s?.

acceleration = ........c.cccoceeveveeeeeeeeeeeee, m/s? [2]

0654/41/M/J/123
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(iii) Calculate the distance covered by the athlete during the first 35 seconds of the cycle
ride.

distance = ..., m [2]

(iv) Fig. 3.3 shows the pedal of the bicycle as the athlete pedals.

ooooooooooooo

O = =0
ooooooooo
=0

0.17m F

Fig. 3.3
The moment of the force applied by the athlete is 35.7Nm.

Use Fig. 3.3 to calculate the force exerted by the athlete on the pedal.

© UCLES 2023 0654/41/M/1J/23 [Turn over
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(c) During the run, the athlete starts to sweat.

Explain, in terms of the motion and energy of water molecules, how sweating cools the
athlete’s skin.

[Total: 13]
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4 (a) Oxygen is one of the products of photosynthesis.

Complete the balanced symbol equation for photosynthesis.

light
..................................... F . T .+ 60,
chlorophyll
[2]
(b) Complete the energy transfer that takes place using chlorophyll.
................................................. ENEIJY ™ irieeeeeeeeeiiiirreee e e e e e e eeinnneee .. ENETQY [2]
(c) State the name of the cells in a leaf that contain the highest concentration of chlorophyll.
............................................................................................................................................. [1]

(d) A student investigates the effect of light intensity on the rate of photosynthesis.
Fig. 4.1 shows the apparatus she uses.

test-tube

thermometer

_— aquatic plant

C

|\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\?
o 1 2 3 4 5 6 7 8 9 10 1 12

lamp

water at 20°C —__|

beaker — |

ruler

Fig. 4.1
The student:
e places the lamp at 10cm from the aquatic plant
* counts the number of oxygen bubbles released in 2 minutes
*  repeats this two more times and calculates a mean
*  repeats the process with the lamp at different distances from the aquatic plant.

Table 4.1 shows the results.

The number of oxygen bubbles released indicates the rate of photosynthesis.

© UCLES 2023 0654/41/M/J/123
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Table 4.1
distance of lamp number of oxygen bubbles released in 2 minutes
from aquatic plant
/cm test 1 test 2 test 3 mean
10 78 77 80 78
20 31 33 32 32
30 14 15 17
40 5 6 5 5
50 5 5 5 5

(i) Calculate the mean number of oxygen bubbles released when the lamp is 30cm from
the aquatic plant.

Give your answer to the nearest whole number.

Write your answer in Table 4.1.

[2]

(ii) Describe the effect of light intensity on the rate of photosynthesis using the data in
Table 4.1.

(iii) The aquatic plant releases less oxygen into the water than it produces during
photosynthesis.

Suggest one reason for this difference.

[Total: 10]
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5 (a) Fig. 5.1 shows a diagram of a lithium atom.

nucleus containing

Fig. 5.1
(i) Complete the labels on Fig. 5.1. [3]

(ii) State the electronic structure of a lithium atom.

(b) (i) Alithium atom bonds with a chlorine atom by ionic bonding.

Fig. 5.2 shows the formation of a lithium ion, Li*, from a lithium atom.

- a9+

-

Fig. 5.2

Draw a similar diagram to show the formation of a chloride ion, Ci~, from a chlorine
atom.

[2]

© UCLES 2023 0654/41/M/J/123
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(ii) lonic compounds, such as lithium chloride, have a lattice structure.
Describe the lattice structure of ionic compounds.

You may include a labelled diagram if you wish.

(c) (i) Carbon has three naturally occurring isotopes: carbon-12, carbon-13 and carbon-14.

Complete Table 5.1 to show the numbers of protons, neutrons and electrons in an atom
of each isotope.

Table 5.1
isotope protons neutrons electrons
carbon-12 6 6 6
carbon-13 6
carbon-14 8
[2]
(ii) Explain, in terms of particles, why these isotopes have the same chemical properties.
..................................................................................................................................... [1]

[Total: 11]
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6 Fig. 6.1 shows a boiler that uses combustion of natural gas to heat water.

AAAAAAAAAAAANAAAA.

water

Fig. 6.1
(a) Natural gas is a non-renewable energy source.

Describe one environmental impact of using natural gas in this way.

............................................................................................................................................. [1]
(b) The boiler has an efficiency of 90%.

The combustion of natural gas provides an input energy of 1.50kJ.

Calculate the useful energy output from the boiler.

useful energy output = .......ccccuuiiiiiiiii kd [2]

(c) Thermal energy is transferred through the water in the boiler by convection.

Describe the process of convection in terms of density changes.

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

© UCLES 2023 0654/41/M/J/123
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(d) Light from the gas flame has a wavelength of 4.6 x 10~ m.

(i) Calculate the frequency of the light from the flame.

freqUeNCY = ..o Hz [3]

(i) The light from the flame is a transverse wave.

© UCLES 2023

Complete the sentences to describe the differences between a transverse wave and a
longitudinal wave.

Transverse waves are produced by vibrations acting ...........ccccceeeiiiiiiiii e
to the direction of energy transfer.

Longitudinal waves are produced by vibrations acting ............ccouvviiiiiiiiiiiciccc e
to the direction of energy transfer.

An example of a longitudinal wave is @ ..........cceeeeeeiiiiiiiiiii e wave.

[2]

[Total: 10]
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7 (a) Fig. 7.1 is a diagram showing the development of a strain of antibiotic resistant bacteria.

stage 1
antibiotic given stage 2

Key
> non-resistant bacteria @ resistant bacteria 2 dead bacteria

Fig. 7.1

(i) Describe what happens to the bacteria during stage 1 in Fig. 7.1.

..................................................................................................................................... [2]
(ii) Describe what happens to the bacteria during stage 2 in Fig. 7.1.
..................................................................................................................................... [2]
(iii) State the name of the process that results in antibiotic resistance shown in Fig. 7.1.
..................................................................................................................................... [1]
(b) Antibiotic resistance initially occurs due to a mutation.
Some chemicals can cause mutation.
(i) Define the term mutation.
..................................................................................................................................... [1]
(ii) State the type of radiation that increases the rate of mutation.
..................................................................................................................................... [1]

© UCLES 2023 0654/41/M/J/123
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(c) Components of blood are responsible for protecting the body from disease-causing organisms
including some strains of bacteria.

State the name of the component of blood responsible for:
E= 0] oo o | YA o] oo [V T3 1T o R

PIOOd ClOttNG. oo
[2]

[Total: 9]
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8 Astudent investigates the rate of reaction between dilute hydrochloric acid, HCI, and magnesium,
as shown in Fig. 8.1.

Magnesium chloride, MgCl,, and hydrogen gas, H,, are made.

o
o
O.9..| magnesium

g° 0p| — ribbon
° J = hydrochloric
acid
Fig. 8.1

(a) Construct the balanced symbol equation for this reaction.

(b) The student repeats the experiment with five different temperatures of the dilute
hydrochloric acid.

The same volume and concentration of hydrochloric acid and the same mass of magnesium
ribbon are used in each experiment.

She measures the time for the magnesium to completely react at each temperature.

Table 8.1 shows her results.

Table 8.1
temperature time
/°C /s
20 119
25 76
30 60
35 39
40 31

(i) The reaction gets faster as the temperature increases.

Explain how you can tell this from Table 8.1.

© UCLES 2023 0654/41/M/J/123
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(i) Tick (V) two reasons in Table 8.2 which explain why reactions get faster as the
temperature increases.

Table 8.2

tick

reason
V)

particles are closer together

particles collide more often

particles have less energy

particles have a larger surface area

particles move faster

[2]
(c) The reaction between magnesium and dilute hydrochloric acid is an exothermic reaction.
Use the axes shown in Fig. 8.2 to draw and label the energy level diagram for this reaction.
Label:
* the energy of the reactants and the products

* the energy change in the reaction
e the activation energy of the reaction.

A

energy

progress of reaction

Fig. 8.2
[3]

© UCLES 2023 0654/41/M/J/23 [Turn over
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(d) Zinc reacts with sulfuric acid, H,SO,, to make zinc sulfate, ZnSO,, and hydrogen gas.
Zn + H,S0, — ZnSO, + H,
3.35g of zinc reacts with excess dilute sulfuric acid to make 0.1g of hydrogen gas.
Calculate the volume occupied by 0.1 g of hydrogen gas.

The volume of one mole of any gas is 24 dm3 at room temperature and pressure (r.t.p.).

volume of hydrogen gas = .......ccccceeeeiiiiiiiiiieeeee e dm?3 [3]

[Total: 11]
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9 Astudent investigates how the resistance of a wire changes with length.
Fig. 9.1 shows the equipment she uses.

cell ammeter

ruler crocodile clips

Fig. 9.1
(@) The student moves the crocodile clips to change the length of the wire.

She measures this length with the ruler and uses the ammeter reading to calculate the
resistance of the wire.

When the wire is made longer, the reading on the ammeter decreases.

Explain why the reading on the ammeter decreases.

© UCLES 2023 0654/41/M/J/23 [Turn over



24

(b) Fig. 9.2 shows a length of wire connected in series with another component labelled X.

1.5V

Fig. 9.2

(i) State the name of the component labelled X in Fig. 9.2.

(ii) The student uses the component labelled X to vary the potential difference across the
length of wire.

The student records the potential difference across the wire and the current in the wire.

Fig. 9.3 shows her results.

1.75

1.50

1.25 ~

1.00 —

potential difference/V

0.75 ¥

0.50 an

025 pd

0 0.20 0.40 0.60 0.80
current/A

Fig. 9.3
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Use Fig. 9.3 to determine the resistance of the wire.

resistanCe = ... Q [2]
(c) The student chooses to use a maximum electromotive force (e.m.f.) of 1.5V.

State the meaning of the term electromotive force (e.m.f.).

............................................................................................................................................. [2]
(d) On Fig. 9.4, draw the shape and direction of the magnetic field around the current-carrying
wire.
direction of current
Fig. 9.4
[2]

[Total: 9]
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26

10.1 shows two red blood cells after they have been immersed in different solutions for an

hour.

Cell A was immersed in a concentrated salt solution.

Cell B was immersed in blood plasma.

(a)

(b)

(c)

cell B
cell A
Fig. 10.1

Complete the sentences to explain the appearance of cell A in Fig. 10.1.
The concentrated salt solution has @ lower ..., than cell A.
Water crosses the ......oooovvvviiiiiiiice e, and leaves the cell by osmosis.
Water molecules move from @ moOre ..........ccccooiiiiiiiiiiiiee e solution to a more
....................................................... solution.

3]
Immersion of cell A in concentrated salt solution changes the shape of the cell.
Suggest how this change in shape affects the function of red blood cells in the body.
............................................................................................................................................. [2]
Concentration gradients affect the rate of osmosis.
Suggest two other factors that affect the rate of osmosis.
SOOI
2 et teeeaee e tee ettt e teeeaee ettt aee ettt ente ettt eneeeaseeaeeeaseeeseeaneeenteeaneeeneeaneeeneeenes

[2]

© UCLES 2023 0654/41/M/J/123
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(d) Plant cells have additional cell structures that are not present in animal cells.

(i) State the names of two cell structures present in plant cells but not in animal cells.

ST
2 ettt tee et ettt ete ettt e ee e ettt e st e aaeeatteaneeeseeaneeeaaeeanteeaneeenneeareeanean
[2]
(ii) State the name of the type of plant cell that is specialised for absorption of water.
..................................................................................................................................... [1]

[Total: 10]
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11 Look at the structures of the carbon compounds shown in Fig. 11.1.

H H H H
\C—C/ |
— H—C—C—O0—H
H/ \H R
H H
A B
T T B
A O A O (O oot
H H H H H ||4 IL
C D - E
Fig. 11.1

(@) (i) State which compound is made by the catalytic addition of steam to compound A.

Choose from B, C, D or E.

......................... [1]
(ii) State which compound is made when compound A reacts with hydrogen gas, H,,.

Choose from B, C, D or E.

......................... [1]
(iii) State which compound reacts with bromine to form C,H,Br,,

Choose from A, B, C,Dor E.

......................... [1]
(iv) State which compound forms compound E in an addition polymerisation reaction.

Choose from A, B, C or D.

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

© UCLES 2023 0654/41/M/J/123
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(b) Fig. 11.2 represents the formation of the polymer nylon from two monomers, X and Y.

Nylon is made in a condensation polymerisation reaction.

(@) (@) H H
N\ % /
ezl - N—n

HO OH
monomer X monomer Y

@] (0] O

I I I

— N—C—[]—C—N—[ ]—N—C—
I I I

H H H

nylon

Fig. 11.2
Describe how monomer X and monomer Y react together to make nylon.

Use the information in Fig. 11.2 in your answer.

[Total: 7]
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12 Astudent investigates the penetrating abilities of ionising radiation.

Fig. 12.1 shows the equipment used by the student.

source of ionising
radiation

]

shielding material

Fig. 12.1

(@) The student places different shielding materials between the source and the detector and
uses the counter to record the number of counts in 1 minute.

Table 12.1 shows the student’s results.

Table 12.1
shielding material counts in 1 minute
no material (air only) 2560
paper 2555
thin aluminium 23
thick aluminium 24
thin lead 22
thick lead 17

(i) Use Table 12.1 to state and explain which type of ionising radiation is emitted by the
source.

type of I0NISING radiation ...........ooiiiiii s

L= 0] F= T =1 1) o S
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(ii) The source used in Fig. 12.1 has a half-life of 29 years.

Calculate the time it will take for the activity of the source to drop to 12.5% of the original
value.

(b) The lead used in the student’s investigation is a solid.
The melting point of lead is 327 °C. When lead melts, it turns from a solid into a liquid.

Describe the changes in the forces between particles when a solid melts.

............................................................................................................................................. [1]
(¢) The density of liquid lead is 10.6g/cm?.
A sample of liquid lead has a mass of 37.1g.
Calculate the volume of the sample of liquid lead.
VOIUME = ..o, cm?® [2]
[Total: 8]

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.

© UCLES 2023 0654/41/M/J/123



32

‘(*d"y1) @inssaid pue ainjesadwa) Wool e Wp g S| Seb Aue Jo 8jow 8uo JO SWN|OA 8y |

- - - - - - - - - - - 8€¢ L€C [A%4 -
WwnIouaIMe| wnij@qou wniAs|apuaLW wniuwuay wnjuieisuld wniuloyl|es wny@yiaq wnuno wniouawe wnjuoynid wnjunydau wnjuein wnjuioejoid wnpoy}y wniunoe
o ON PN w4 s3 10 1d wo wy nd dN N ed L olv splounoe
€0l ol Lol 0ol 66 86 16 96 G6 6 €6 6 16 06 68
Gl €Ll 691 191 G9l €91 651 1S1 st oSt - 124% (A4% 0} 4% 6EL
wnnan| wnigepk wninyy wnicque wnjwjoy wnisoidsAp wniqle} wniuijopeb wnidoina wnuewes wnjyowoud wniwApoau wnjwApoaseid wned wnueyjue|
n7 aA w] 13 OH Aa alL PO n3 ws wd PN id S30) = sploueyjue|
LL 0L 69 89 19 99 <S9 9 €9 29 19 09 65 8G .G
uossauefo auIssauus} WNLIOWIBAI| wnIA0OSOW wninoJaly wnjuoyiu wnluiadod wniuabjusos wnnpejsw.ep wnuauyeaw wnissey wnuyoq wnifiogess wniugnp wnipJopayinJ wnipel wniouesy
60 s| AT oW 14 uN ud 6y sa N SH ug bs qa i sprouoe ey 14
8Ll Ll aLl Sl 147 el (47" L oLl 601 801 101 901 SoL 0l €01-68 88 18
- - - 602 10¢ 02 L0Z 161 g6l Z61l 061 98l 8l 181 8.1 LEL eel
uopel aunejse wnjuojod yinwsiq pea| wnijeyy Ainosaw plob wnune(d wnipul wniwso wnjuayt ua)sbuny wnejuey wniuyey wnueq wnisaeo
uy W 0od 9 ad 11 6H ny d 1 SO oY M el IH sploeuue| ed SO
98 g8 8 €8 8 18 08 6. 8. LL 9/ Gl v, €L cL [WAAS] 9g GS
Lel LCL 8clL ccl 6Ll gLl (4" 801 90l €0l Lol - 96 €6 16 68 88 G8
uouax auipol wnunjje} Auownue un wnipul wniwpes PENTS wnipe|ied wnipoyt wnjuayini wnieuyos) wnuapgAjow wniqoiu wniuoouz wnupA wnnpuoss wnipigni
£ 4 I 8] as us ul PO By Pd yd ny oIk O aN 1z A 1S ay
S €G 4%} 1S 0S 6% 214 Ly 14 14 144 (974 t44 A4 (014 6¢ 8¢ A
8 08 6. S. €L 0L S9 9 65 6G 96 i} s 1S 214 Sy (014 6¢
uoydAuy aulwolq wniuajes oluasle wnjuewlab wni|jeb oulz Jaddoo |oyo1u 1/eqoo uoll asauebuew wniwoiyo wnipeueA wnjuey wnipuess wno|es wnissejod
M ig9 oS SY C) e9 uz no IN 0D o4 UnN 10 N N ) €D by
9¢ Ge 14 €e 4 L€ o¢ 6¢ I°14 yxa 14 14 174 €c (44 ¥4 0c 6l
014 G'ge 14 A% 8¢ LT 14 [5r4
uobie auuoyd anyns snioydsoyd uodl|Is wniuiwnie wnisaubew wnipos
i\ 12 S d IS v BN eN
8l Ll 9l Sl 7l €l cl L
(014 61 9l vl cl L SSew oluloje sAle|al 6 L
uoau auponyy uabAxo uabonu uogleo uoioq aweu wnyfiaq wniyy
SN 4 (@] N 0] d |oquwiAs olwoje °d 1
ol 6 8 L 9 S Jaquinu olwoje v e
14 L A
wniey uaboupAy Qx
o9H H
4 l
A A IA A Al 1} 1] 7 [
dnoug

SjuawWa|3 Jo 3|qe] dIpoLdd YL

0654/41/M/J/123

© UCLES 2023



