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1 Fig. 1.1 shows a wireless doorbell to alert people inside the house to someone coming to visit.

bell unit bell push

inside the house outside the house

ding

dong

Fig. 1.1

 When the button in the bell push is pressed, a radio signal is sent to the bell unit, and the bell 
sounds.

 (a) Table 1.1 shows part of the electromagnetic spectrum.

Table 1.1

X-rays ultraviolet infra-red

 highest frequency   lowest frequency

  In Table 1.1, write the name of the electromagnetic waves used for radio signals in the correct 
position in the electromagnetic spectrum. [1]

 (b) The bell push contains an electrical circuit including a source of stored energy.

  (i) Name the component in an electrical circuit that provides the energy.

 .......................................................................................................................................[1]
 
  (ii) Name the form of energy stored in the component named in (b)(i).

 .......................................................................................................................................[1]
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 (c) The bell unit also contains an electrical circuit.

  Fig. 1.2 shows two different bells, A and B, inside the bell unit. When the radio signal is 
received, an arm moves and hits the two bells.

bell A

bell B

arm

Fig. 1.2

  (i) Complete the sequence of useful energy transfers when someone hears the bells.

   from ..................................................... energy

   to ..................................................... energy

   to .....................................................  energy. [2]

  (ii) Bell A emits a loud sound of frequency 500 Hz. 

   Bell B emits a quieter sound of frequency 250 Hz.

   State which bell, A or B, produces the sound with the

   1.  higher pitch,  ......................

   2.  larger amplitude.  ...................... 
 [1]

electrical
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 (d) Fig. 1.3 shows a mains powered bell unit plugged into the mains electricity supply at 220 V in 
a kitchen.

Fig. 1.3

  (i) There are hazards when using any appliance connected to the mains electricity supply.

   Describe one electrical hazard that might affect the bell unit shown in Fig. 1.3.

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

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

  (ii) Name a safety component you would expect to find in the bell unit.

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

 (e) The bell push also contains a small lamp which lights up when the bell sounds.

  Fig. 1.4 shows a lens in front of the lamp. The light from the lamp is concentrated by the lens 
to form a parallel beam.

  (i) On Fig. 1.4, draw rays to show how the light from the lamp emerges from the lens as a 
parallel beam.

lamp

x

Fig. 1.4
[1]

  (ii) State the name of distance x shown on Fig. 1.4.

 .......................................................................................................................................[1]
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2 (a) A molecule of ethanol contains two carbon atoms, six hydrogen atoms and one oxygen atom.

  Deduce the formula of ethanol.

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

 (b) Ethanol burns completely to form carbon dioxide and water.

  Complete the word equation for this reaction.

ethanol + +

[2]

 (c) Complete Table 2.1 to show the chemical tests and the results for carbon dioxide and for 
oxygen.

Table 2.1

test result

carbon dioxide

oxygen

[4]

 (d) The combustion of ethanol is exothermic.

  Describe the temperature change in an exothermic reaction.

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

 (e) A mixture contains liquid ethanol and water.

  Name the process that is used to separate two liquids in a mixture.

 ...............................................................................................................................................[1]
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3 Fig. 3.1 shows a plant palisade cell as seen under the microscope.

A

B

C

Fig. 3.1

 (a) Name the cell parts A, B and C.

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

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

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

 (b) The cell in Fig. 3.1 is found in the leaf. Fig. 3.2 shows a cross-section of a leaf with most of 
the cells missing.

cross-section of leaf

Fig. 3.2

  (i) On Fig. 3.2 label the cuticle of the leaf. [1]

  (ii) Draw the outline of the cell shown in Fig. 3.1 on the diagram of the leaf in Fig. 3.2 to 
show where the cell is found. [1]
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 (c) There are many palisade cells in the leaf. They carry out photosynthesis.

  Complete the word equation for photosynthesis.

carbon dioxide  +  water     ................................................................................................[1]

 (d) The palisade cells need a supply of carbon dioxide and water for photosynthesis.

  Describe how each of these substances is supplied to the cells.

carbon dioxide  ..........................................................................................................................

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

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

water  .........................................................................................................................................

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

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

Combined_Science · 2016 · Oct/Nov · Paper 22 · QP · Cambridge
GradeMax



8

0653/22/O/N/16© UCLES 2016

4 Fig. 4.1 shows an electric iron for smoothing clothes. An electric heater inside the iron is connected 
to the mains electricity supply.

mains electricity

cable

Fig. 4.1

 (a) The heating element inside the electric iron is made of two long thin wires.

  The wires are connected in parallel with each other, and connected to the mains a.c. power 
supply through a switch.

  In Fig. 4.2 complete the circuit diagram for this arrangement. Use the resistor symbol to 
represent each of the wires connected in parallel.

Fig. 4.2
 [3]
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 (b) The thermal energy from the heating element is transferred through a thin solid metal base to 
the clothes being ironed.

  (i) Name the method of thermal energy transfer through the base of the iron.

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

  (ii) The base is made of steel of density 8.0 g / cm3.

   The mass of the base is 128 g.

   Calculate the volume of the base.

   State the formula that you use and show your working.

   formula

   working

 volume =  ................................................... cm3 [2]

  (iii) The area of the base of the iron is 160 cm2.

   Use your answer to (ii) to calculate the average thickness of the base.

   Show your working.

 thickness =  ....................................................  cm [1]

 (c) A steam iron uses steam to help iron the clothes.

  Fig. 4.3 below shows a close-up of the molecules of steam and water in a steam iron.
  Some molecules have been drawn above and below the surface of the water. 

  Draw 4 more molecules to show the arrangement in the steam above the water surface.

steam

water

Fig. 4.3 [1]
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 (d) Fig. 4.4a and Fig. 4.4b show another switch included inside the iron to control the temperature.

  This type of switch uses a bimetallic strip, made of two different metals, brass and steel, 
joined together.

  Fig. 4.4a shows the switch when the iron is cold.

  Fig. 4.4b shows the switch when the iron has reached the correct temperature for ironing.

brass

steel

on

cold
to a.c. power

supply

to heater

Fig. 4.4a

steel

off

hot

to a.c. power

supply

to heater

brass

Fig. 4.4b

  Explain why this bimetallic strip switches off the heating element when the temperature 
increases.

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

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

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

 ...............................................................................................................................................[2]
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5 Fig. 5.1 shows the apparatus used to pass an electric current through an aqueous copper chloride 
solution.

– +

low voltage

d.c. supply

inert electrodes

copper chloride

solution

Fig. 5.1

 (a) Complete the sentences.

  The positive electrode is called the ........................................................ and the negative  

  electrode is called the ........................................................ .  
 
The solution through which the electric current passes is called the  
 
........................................................ . [3]

 (b) Name the substances formed at each electrode.

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

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

 (c) Copper chloride is made in the reaction between copper oxide and dilute hydrochloric acid.

copper oxide  +  hydrochloric acid    copper chloride  +  water

  (i) Name one other compound that reacts with dilute hydrochloric acid to form copper 
chloride.

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

  (ii) The speed of a reaction is increased by stirring.

   Suggest one other way of increasing the speed of a reaction.

 .......................................................................................................................................[1]
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 (d) Copper is a transition element.

  Sodium is in Group I of the Periodic Table.

  Copper is more dense than sodium.

  Copper is less reactive than sodium.

  State two other properties of copper that are different from the properties of sodium.

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

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

 (e) Bronze is an alloy made by mixing copper and tin.

  Explain why ancient cutting tools were made of bronze rather than pure copper.

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

 ...............................................................................................................................................[1]
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6 Fig. 6.1 is a diagram of an alveolus in the lungs.

wall of capillary

plasma

red blood cell

alveolus
oxygen

Fig. 6.1

 (a) An arrow in Fig. 6.1 shows the diffusion of oxygen.

  Draw another arrow to show the diffusion of carbon dioxide. [1]

 (b) A student uses a machine to measure the volume of air breathed in and out of his lungs. The 
machine produces a graph showing the results. 

  Fig. 6.2 shows how the volume of his lungs changes as he breathes in and out while resting.

2.0
0 5

time / s

10

2.5

3.0

volume of

lungs / dm3

3.5

4.0

Fig. 6.2

   (i) State the volume of air he breathes in with each breath.

 volume =  ..................................................  dm3 [1]
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  (ii) Calculate the total volume that he breathes in during ten seconds.

   Show your working.

 total volume =  ..................................................  dm3 [1]

 (c) The student then does a running exercise. His breathing pattern changes.

  Fig. 6.3 shows how the volume of his lungs changes as he breathes in and out while exercising.

0

2.0

1.5

2.5

3.0

3.5

volume of

lungs / dm3

5

time / s

10

Fig. 6.3

  Describe two ways in which the student’s breathing changes when he starts to exercise.

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

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

 (d) The student uses oxygen to release energy through respiration.

  State two uses in humans of the energy released by respiration. 

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

2.  ...............................................................................................................................................
[2]
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7 A boy uses a catapult to launch a ball vertically upwards as shown in Fig. 7.1. 

Fig. 7.1

 The boy places a ball of mass 0.055 kg in the catapult. 

 He applies a force to stretch the elastic cords before the ball is launched. This is shown in Fig. 7.2.

 When the elastic cords are fully stretched, the boy holds the ball at rest in the catapult.

no force

applied

by boy

stretching force

applied by boy

elastic cords

(fully stretched)

Fig. 7.2

 (a) (i) State the name of the unit of force.

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

  (ii) Before the boy stretches the catapult, there is already a small force stretching the elastic 
cords.

   State the name of this force.

 .......................................................................................................................................[1]
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 (b) Fig. 7.3 shows part of a force (load) / extension graph for the elastic cords.

0
0

5

10

15

20

25

extension / cm

30

35

20 40 60

force (load) / N

80 100 120

Fig. 7.3

  When a force of 45 N is applied, the extension is 15 cm.

  When a force of 60 N is applied, the extension is 20 cm.

  (i) On Fig. 7.3 plot this data and draw the line of best fit. [2]

  (ii) Predict the extension when a force of 90 N is applied.

 extension =  .....................................................cm [1]
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 (c) As the elastic stretches, the forces in the two elastic cords change. 

  When the cords are fully stretched by a total force of 100 N, the boy holds the ball without 
moving the catapult. 

  State the total upward force exerted by the elastic cords.
  Give a reason for your answer.

  total upward force = .............................. N

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

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

8 Petroleum is a mixture of hydrocarbons. Fig. 8.1 shows how it is separated.

gasoline

refinery gas

kerosene

fuel oil

gas oil

bitumen

hot petroleum

Fig. 8.1

 (a) Explain why this process is described as a physical change and not a chemical change.

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

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

 (b) State what is meant by the term hydrocarbon.

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

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

 (c) Suggest one use for each of the three substances below.

refinery gas  ...............................................................................................................................

gasoline  ....................................................................................................................................

gas oil  ...................................................................................................................................[3]
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 (d) Methane, CH4, and ethane, C2H6, are found in petroleum.

  The structure of methane is shown in Fig. 8.2.

C

H

H

methane

HH

Fig. 8.2

  Complete the structure of ethane below.

C

H

ethane

[2]
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9 Fig. 9.1 shows a food web in a lake.

algae

water fleastadpoles

microscopic

animals

aquatic insects

small fish

turtleslarge fish

Fig. 9.1

 (a) Define the term food web. 

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

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

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

 (b) Use the words or phrases in the list below to complete the following sentences. 

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

consumers   Earth   environment   lake   parasites

producers   turtles   Sun   water fleas   

  The source of energy for this food web is the ........................................................ . The algae  
 
are ........................................................ because they make their own food by photosynthesis.  

  All the remaining organisms are ........................................................ . In this food web 

  ........................................................ are an example of herbivores and  

  ........................................................ are an example of carnivores. [5]
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 (c) Later in the year the tadpoles develop into frogs and leave the lake.

  Predict and explain how this would affect 

  (i)  the algae,

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

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

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

  (ii) the large fish.

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

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

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