
This document has 20 pages.

Cambridge IGCSE™

DC (PQ/FC) 215677/4
© UCLES 2021 [Turn over

*
1
3
2
9
3
4
1
8
4
4
*

COMBINED SCIENCE 0653/41

Paper 4 Theory (Extended) October/November 2021

 1 hour 15 minutes

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.
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1 (a) The boxes on the left show the names of different types of cell.

  The boxes on the right show the functions of these cells.

  Draw one straight line from each cell to its function.

 cell function

 ciliated cell  movement of mucus

 palisade mesophyll cell  photosynthesis

 sperm cell  reproduction

 [2]

 (b) Fig. 1.1 is a photomicrograph of some cells in a plant root.

X

Y

Fig. 1.1

  (i) State the name of one structure shown in Fig. 1.1 that identifies cell X as a plant cell. 

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

  (ii)  Identify the type of plant cell labelled Y in Fig. 1.1.

 .....................................................................................................................................  [1]
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  (iii)  The liquid inside cell X has a higher concentration of salts than the liquid inside cell Y.

   Explain why water moves from cell Y to cell X.

   Use ideas about water potential in your answer.

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

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

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

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

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

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

 (c) Describe how water is lost from the leaves of a plant by transpiration.

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

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

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

 (d) The roots of a plant absorb magnesium ions.

  Explain the effect of a deficiency of magnesium on the colour of plant leaves.

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

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

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

 [Total: 11]
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2 Fig. 2.1 shows the energy and state changes for water when it is heated from –10 °C to 120 °C.

–20

0

100

temperature
/ °C

energy

120

solid

A
liquid

evaporation gas

C

B

Fig. 2.1

 (a) State the names of processes A, B and C.

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

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

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

 (b) Describe the differences between the energy, the arrangement and the movement of the 
particles in the water at –10 °C and at 120 °C.

energy  .......................................................................................................................................

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

arrangement  .............................................................................................................................

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

movement  .................................................................................................................................

 ...................................................................................................................................................
 [3]
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 (c) The melting point of sodium chloride is 800°C.

  The boiling point of sodium chloride is 1465°C.

  Explain why the melting point and boiling point of sodium chloride are higher than those 
shown for water in Fig. 2.1.

  Use ideas about bonds in your answer.

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

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

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

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

 [Total: 9]
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3 A dog accelerates from rest to a maximum constant speed.

 (a) Complete the boxes to show the energy changes for the dog as it is running.

......................................
energy in the
muscles of

the dog’s body

kinetic  
energy of the
moving dog

+
......................................

energy lost to
the environment

 [2]

 (b) Fig. 3.1 shows a speed-time graph for the dog.

0
0 1 2 3 4 5 6 7

5

10
speed

time / s

m / s

15

20

Fig. 3.1

  (i) Use Fig. 3.1 to calculate the acceleration of the dog.

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

  (ii) Use Fig. 3.1 to calculate the distance travelled by the dog while accelerating. 

 distance =  .....................................................  m [2]
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  (iii) The dog has a mass of 32 kg.

   Use Fig. 3.1 to calculate the kinetic energy of the dog at maximum constant speed.

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

  (iv) Use your answer to (b)(iii) to calculate the power of the dog as it accelerates from rest to 
maximum constant speed.

   State the unit of your answer.

 power =  .........................  unit ........................ [3]

 [Total: 11]
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4 (a) Complete the sentence to define an ecosystem.

  An ecosystem is a unit containing all the organisms and their ................................................ ,  
 
interacting together, in a given ................................................ . [2]

 (b) Fig. 4.1 shows a food web from the Arctic ecosystem.

zooplankton

phytoplankton

krill

bird

fish

leopard seal

blue whale

killer whale

Fig. 4.1

  (i) Use Fig. 4.1 to identify one organism in the food web that is on the third trophic level.

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

  (ii) Describe how energy is transferred from the zooplankton to the bird.

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

 .....................................................................................................................................  [2]
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 (c) Fig. 4.2 is a diagram showing stages in the process of eutrophication.

1

2
3

4

5

6
7

8

Fig. 4.2

  Table 4.1 describes these stages in the process of eutrophication.

  Use the information in Fig. 4.2. to complete Table 4.1. 

Table 4.1

stage in 
Fig. 4.2 description of stage

1 Fertiliser is added to the soil.

2 Nitrate ions from the fertiliser leach from the soil into the water in the lake.

3 Fertiliser runs off the land into the water in the lake.

4 Increased availability of nitrate ions causes ....................................................................

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

5 Light is blocked from reaching the plants on the bottom of the lake.

6 Plants on the bottom of the lake die.

7 Increased aerobic respiration by ................................................................................... .

8 Death of fish due to ....................................................................................................... .

 [3]

 [Total: 8]
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5 (a) Table 5.1 shows some names and some formulae of four metal oxides.

  Complete Table 5.1. 

Table 5.1

name formula

iron(II) oxide FeO

Fe2O3

copper(II) oxide

lead(II) oxide PbO
 [2]

 (b) Lead can be extracted from lead(II) oxide by heating with carbon.

  The equation for this reaction is shown.

2PbO    +    C        2Pb    +    CO2

  State the name of the reducing agent in this reaction. 

  Explain your answer.

reducing agent  ..........................................................................................................................

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

 ...................................................................................................................................................
 [2]
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 (c) When lead is heated with copper(II) oxide, copper metal forms.

  When lead is heated with iron(II) oxide, there is no reaction.

  (i) Use this information to deduce the order of reactivity of these three metals.

   Explain your answer.

    most reactive ....................................

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

    least reactive ....................................

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

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

  (ii) Zinc is heated with iron(II) oxide.

   State whether a reaction occurs.

   Give a reason for your answer.

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

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

 (d) A piece of lead is placed into aqueous copper nitrate and a reaction occurs.

  Before the reaction, the lead has a silver colour and the aqueous copper nitrate is blue.

  State two observations that are seen during this reaction.

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

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

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

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

 [Total: 9]
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6 (a) Fig. 6.1 shows the compressions and rarefactions of a sound wave in air.

Fig. 6.1

  (i) On Fig. 6.1, draw a double-headed arrow (↔) to show one wavelength. [1]

  (ii) Compare the separation of the particles in the air in compressions and in rarefactions.

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

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

 (b) Table 6.1 shows the frequency range of sounds that different animals can hear.

Table 6.1

animal frequency range / Hz

bat 10 000 – 39 000

canary bird 250 – 8 000

dog 64 – 44 000

elephant 17 – 10 000

horse 14 – 25 000

  (i) Identify two animals in Table 6.1 that can hear sounds above the normal range of 
human hearing.

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

  (ii) Humans emit sounds between 85 Hz and 255 Hz when talking.

   Identify which animals in Table 6.1 cannot hear all the sounds of humans talking.

 .....................................................................................................................................  [1]
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 (c) An elephant emits a sound at a frequency of 170 Hz. A second elephant hears the sound.

  There is a distance of 60 wavelengths between the two elephants.

  Calculate the distance in metres.

  The speed of sound in air is 340 m / s.

 distance =  .....................................................  m [3]

 (d) Fig. 6.2 shows a drawing of an elephant.

Fig. 6.2

  Elephants use their ears to transfer thermal energy to the environment. This helps to control 
their body temperature.

  Suggest how an elephant’s ears are adapted to transfer thermal energy to the environment.

  Use ideas about conduction, convection or radiation in your answer.

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

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

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

 [Total: 9]
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7 (a) Fig. 7.1 is a diagram of the gas exchange system in humans.

Fig. 7.1

  (i) On Fig. 7.1 draw a label line and the letter B to identify a bronchus. [1]
 
  (ii) State two features of the alveoli that make them an efficient gas exchange surface.

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

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

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

 ...........................................................................................................................................
 [2]
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 (b) The pulse rate and breathing rate of two people are measured before and after activity.

  Fig. 7.2 shows a bar chart of the results.

0
person 1
before
activity

person 1
after

activity

person 2
before
activity

person 2
after

activity

40

80

pulse rate
/ beats per

minute

breathing rate
/ breaths per

minute

120

160

20

60

100

140

0

40

80

120

160

pulse rate
Key

breathing rate

20

60

100

140

Fig. 7.2

  (i) Compare the increase in breathing rates of the two people.

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

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

  (ii) Table 7.1 shows the pulse rate data and percentage increase in pulse rate for person 1.

   Complete Table 7.1 to show the pulse rate data and percentage increase in pulse rate 
for person 2.

Table 7.1

person
pulse rate 

before activity 
/ beats per minute

pulse rate 
after activity 

/ beats per minute

change in 
pulse rate 

/ beats per minute

percentage 
increase 

in pulse rate

1 80 140 60 75

2

  [2]
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 (c) One reason why breathing rate increases during activity is the need for more oxygen.

  Explain one other reason why breathing rate increases during activity.    

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

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

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

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

 [Total: 8]
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8 A scientist uses three processes to treat a sample of sea water to make it safe to drink and store.

 (a) The sample of sea water contains some solid plastic waste.

  The scientist uses a filter to remove the solid plastic waste from the sea water.

  Explain how this filter works.

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

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

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

 (b) The sea water contains large amounts of dissolved salt.

  After filtering, the scientist uses a separation method to obtain pure water from the sea water.

  State the name of this separation method and explain how this method works.

separation method  ....................................................................................................................

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

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

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

 (c) Next, the scientist adds a chemical to the pure water to make it safe to drink and store.

  State the name of this chemical and explain how it makes the pure water safe to drink and 
store.

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

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

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

 [Total: 8]
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9 A student connects a heater and four identical lamps to a battery.

 Fig. 9.1 shows the circuit.

heater

Fig. 9.1

 (a) There is a current of 8.5 A in the heater.

  There is a current of 1.5 A in each lamp.

  Calculate the total current in the battery.

 total current =  ......................................................  A [2]

 (b) State the name of the instrument used to measure current.

 .............................................................................................................................................  [1]
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 (c) A student has two switches, S1 and S2, and a fuse.

  The student changes the circuit so that:

• switch S1 controls the heater but does not control the lamps

• switch S2 controls all four lamps but does not control the heater

• the fuse protects the whole circuit.

  On Fig. 9.2, complete the circuit diagram to show how the student connects the circuit.

heater

Fig. 9.2
 [4]

 [Total: 7]
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