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1 (a) Copper metal can be extracted from copper oxide by heating it with carbon.

  The word equation for this reaction is shown below.

copper oxide + carbon  copper + carbon dioxide

  Explain why this reaction could be described as a redox reaction.

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

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

 (b) Lead can be extracted from lead bromide by electrolysis.

   Stage 1. Lead bromide crystals are melted.
   Stage 2. The molten lead bromide is electrolysed.

  Fig. 1.1 shows the apparatus that could be used for the electrolysis of molten lead bromide.

+ −
d.c.

power
supply

heat

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

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

Fig. 1.1

  (i) Use the following terms to complete the labelling of the diagram in Fig. 1.1.

 anode            cathode            electrolyte [2]

  (ii) Name and describe the appearance of the products that appear at or near

the positive electrode,  ......................................................................................................

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

the negative electrode.  .....................................................................................................

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



3

0653/22/O/N/14© UCLES 2014 [Turn over

2 Fig. 2.1 shows a special bicycle used to break the world speed record for a human-powered 
bicycle.

Fig. 2.1

 On one run along a measured distance of 200 m, the rider’s speed is 40 m / s.

 (a) (i) Calculate the time taken by the rider over the measured distance of 200 m.

   State the formula you use and show your working.

   formula

   working

 time =  .......................................................  s [2]

  (ii) Calculate the rider’s speed in kilometres per hour (km / h).

   Show your working.

 speed =  ................................................  km / h [2]
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 (b) After pedalling at constant speed for 200 m, the rider uses the brakes to stop the bicycle over 
the next 300 m.

  On the axes below, sketch the shape of the speed / time graph for this motion.

speed

time

[2]

 (c) While moving at a constant speed of 40 m / s, the bicycle is moved forward by a constant force 
of 400 N against the opposing forces.

  (i) State the magnitude of the opposing forces. Give a reason for your answer.

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

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

  (ii) Complete the sequence of energy transfers that occurs during the run.

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

energy in the rider

kinetic energy of the 
bicycle and rider

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

energy during braking

[2]
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3 (a) Fig. 3.1 shows the human gas exchange system.

B A

Fig. 3.1

  Name structures A and B.

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

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

 (b) A student investigates his breathing before and after exercise. He measures the number of 
breaths taken during one minute. He also measures the average volume of one breath during 
this minute.

  His results are shown in Table 3.1.

Table 3.1

number of breaths per 
minute

average volume of 
one breath / dm3

at rest 20 0.5

immediately after exercise 35 1.6

  Describe two ways in which the breathing of the athlete changes with exercise.

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

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

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

 ...............................................................................................................................................[2]
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 (c) The student uses the apparatus in Fig. 3.2 to compare inhaled and exhaled air. The inhaled 
air passes through the limewater in flask P. The exhaled air passes through the limewater 
in flask Q. The limewater changes to a milky colour when enough carbon dioxide passes 
through it.

  The student breathes in and out of the apparatus until the limewater goes milky in one of the 
flasks. He times how long this takes.

  The experiment is done twice, once before exercise and once after exercise.

flask P flask Q

limewater

inhaled air student breathes in 
and out here

exhaled air

Fig. 3.2

  Table 3.2 shows the results obtained.

Table 3.2

observation of limewater in 
flask P

time taken for limewater to 
change in flask Q / s

before exercise no change 20

immediately after exercise no change  4

  (i) Use the information in Table 3.2 to compare the carbon dioxide content of inhaled and 
exhaled air.

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

 .......................................................................................................................................[1]
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  (ii) Study the times taken for the limewater to turn milky in Table 3.2 before and after exercise. 

   Draw a conclusion from these results.

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

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

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

  (iii) Suggest why there is no change observed in flask P.

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

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

 .......................................................................................................................................[2]
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4 Fig. 4.1 shows the circuit symbols for an electric bell and a push-switch.

electric bell push-switch

Fig. 4.1

 (a) (i) Complete the circuit diagram in Fig. 4.2 for a circuit for a door-bell with a push-switch, 
powered by a battery with four cells, for the front door of a house.

Fig. 4.2
[2]

  (ii) Add a voltmeter to the completed circuit diagram in Fig. 4.2 to measure the voltage 
across the battery. [1]

 (b) The ringing bell emits a sound of frequency 400 Hz.

  (i) State the meaning of the term frequency.

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

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

  (ii) The house owner makes the sound of the bell louder by adding another cell to the battery, 
but the pitch of the sound from the bell remains unchanged.

   State the effect this change has on the amplitude and frequency of the sound emitted.

effect on the amplitude  ......................................................................................................

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

effect on the frequency  ......................................................................................................

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



9

0653/22/O/N/14© UCLES 2014 [Turn over

 (c) (i) The voltage provided by the battery is 6 V. When the bell is rung, a current of 2 A flows 
through the bell.

   Use the formula

    R = VI

   to calculate the resistance of the bell.

   Show your working and state the unit of your answer.

   working

 resistance =  .......................................  unit ........... [2]

  (ii) The house owner adds a second identical bell in the circuit in parallel to the first bell. 
When the switch is pushed, both bells ring.

   Suggest the effect the second bell will have on the current taken from the battery when 
the bells are rung. Give a reason for your answer.

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

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

 .......................................................................................................................................[2]
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5 (a) An atom of carbon has a proton (atomic) number 6 and nucleon (mass) number 12.

  (i) Complete Table 5.1 to show the structure of this carbon atom.

Table 5.1

in nucleus outside nucleus

number of protons

number of neutrons

number of electrons
[2]

  (ii) Explain why a carbon atom is electrically neutral.

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

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

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

 (b) Methane is a carbon compound which is used as a fuel.

  (i) Suggest a source of methane.

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

  (ii) Write a word equation for the complete combustion of methane.

   
+

        
+

   [2]

 (c) Fig. 5.1 shows the structure of a molecule of methane.

H

H

H C H

chemical bond

Fig. 5.1

  (i) State the chemical formula of methane.

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

  (ii) Name the type of chemical bond present in a methane molecule.

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

  (iii) State the number of electrons found in the chemical bond shown in Fig. 5.1.

 .......................................................................................................................................[1]
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6 Fig. 6.1 shows a method that uses solar energy to purify drinking water. The method is used in hot 
desert countries.

 The impure water is heated by the sun and distilled. The pure water is collected separately, while 
the impurities are left behind.

drops of
pure water

clear plastic cover

black-painted baseimpure water flow

Fig. 6.1

 (a) State the part of the Sun’s electromagnetic spectrum that heats the water.

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

 (b) Solar energy produces water vapour from the impure water.

  Explain why water molecules are able to escape more easily from warm water than from cold 
water.

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

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

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

 (c) Explain why thermal energy transfer from the Sun only occurs by radiation and not by 
conduction or convection.

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

 ...............................................................................................................................................[1]
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 (d) Fig. 6.2 shows a ray of sunlight about to pass through the plastic cover.

  Draw the path of the ray from the point where it enters the plastic to show what happens at 
the lower face of the plastic. Indicate the angles of incidence and refraction at the upper face.

lower face of plastic

upper face of plastic

clear plastic cover 

Fig. 6.2
 [3]
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7 (a) Fig. 7.1 shows what happens when a plant is placed near a window where bright light is 
coming from one side.

Fig. 7.1

  (i) Name the response shown by the plant.

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

  (ii) Explain why the response shown in Fig. 7.1 is an advantage to the plant.

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

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

 .......................................................................................................................................[2]
 
  (iii) Using the information in Fig. 7.1 name two characteristics of living things shown by this 

plant.

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

2  ....................................................................................................................................[2]
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 (b) A student carries out an experiment to find out more about plant responses. He uses simple 
shoots and light coming from one side.

  The results are shown in Table. 7.2.

Table 7.2

shoot X shoot X

shoot Y shoot Y

shoot Z

at the start after a few days

tip removed

light light

light light

light light

shoot Z

foil foil

tip removed

  (i) Describe the results shown in Table 7.2.

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

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

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

  (ii) Suggest a possible conclusion about the control of plant responses in the shoots.

   Explain your answer.

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

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

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



15

0653/22/O/N/14© UCLES 2014 [Turn over

 (c) Animals are able to respond to situations by secreting the hormone adrenaline.

  Adrenaline is secreted into the blood when an athlete starts to run a race.

  Suggest how this helps the athlete to run fast.

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

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

 ...............................................................................................................................................[2]
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8 Some sulfur has become contaminated with a small amount of aluminium powder.

 (a) A liquid is added to the mixture which dissolves the sulfur.

  Fig. 8.1 shows how sulfur is separated from the mixture of aluminium and sulfur.

aluminium
and sulfur
mixture

liquid

sulfur solution

aluminium

Fig. 8.1

  Suggest how the processes of filtration and crystallisation could be used to obtain pure sulfur 
from the sulfur solution and aluminium.

  You should draw diagrams to show your arrangement of apparatus.

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

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

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

 ...............................................................................................................................................[3]
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 (b) Aluminium sulfide is a compound made by heating a mixture of aluminium and sulfur.
  Aluminium sulfide is a compound of the elements aluminium and sulfur.

  The left hand column in Fig. 8.2 gives four descriptions of materials.
  The right hand column shows three different types of materials.

  Draw a line from each description on the left hand side to the correct material on the right.

cannot be broken down into simpler 
substances

compound

contains different atoms chemically bonded 
together

element

contains more than one type of atom which 
are not bonded together

mixture

contains one type of atom

Fig. 8.2
[4] 

 (c) (i) When aluminium and sulfur atoms react together, positive aluminium ions and negative 
sulfide ions are formed.

   Describe, in terms of electrons, how these ions are formed from atoms.

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

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

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

  (ii) Aluminium sulfide consists of two aluminium ions to every three sulfide ions.

   State the chemical formula of aluminium sulfide.

 .......................................................................................................................................[1]
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9 Fig. 9.1 shows the reproductive system of a female.

Fig. 9.1

 (a) (i) On Fig. 9.1 use label lines to label the cervix and the vagina. [2]

  (ii) On Fig. 9.1 use a label line and the letter H to show where haploid cells are found. [1]

 (b) (i) State the area where fertilisation occurs.

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

  (ii) The fertilised egg cell (the zygote) divides to form a ball of cells.

   Describe where this ball of cells settles (implants) to continue development into a baby.

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

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

 (c) One way in which the human immunodeficiency virus (HIV) can be transmitted is through 
sexual intercourse.

  State one other way in which HIV can be transmitted.

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

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