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1 Party lights add light and colour to festive occasions. 

 A set of party lights has a switch and a battery connected to five lamps in parallel. 

 The battery consists of four cells in series.

 (a) Draw the circuit diagram using standard circuit symbols for this set of party lights.

[2]
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 (b) The p.d. across the battery of four cells is 6 V.

  (i) Each lamp in the set is labelled 6 V, 0.5 A.

   Find the current from the source required to light this set of lamps.

 current from source =  ......................................................  A [1]

  (ii) Use your answer to (i) to calculate the total resistance of the set of lights.

   State the formula that you use and show your working.

    formula

    working

 total resistance =  ......................................................  Ω [2]

 (c) Most sets of party lights have lamps that are connected in parallel but some sets are 
connected in series.

  State what happens to the set of lights if one lamp breaks when the lamps are connected in

  series, 

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

  parallel. 

 ...............................................................................................................................................[1]
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2 Gasoline and petroleum jelly are products obtained from petroleum (crude oil) following fractional 
distillation at an oil refinery.

 (a)  Statements A to D below describe the processes which occur during fractional distillation to 
produce gasoline.

  The processes have been written in the wrong order.

A gasoline vapour condenses into a liquid at its boiling point

B petroleum mixture is heated in a furnace

C vapour mixture enters the fractionating column

D vapour mixture rises and cools

   In the boxes in Fig. 2.1 write the letters A to D to show the correct order of the processes. 

Fig. 2.1
[2]

 (b)  A process called cracking is also carried out at an oil refinery.

  Fig. 2.2 shows the apparatus used to demonstrate the cracking of petroleum jelly.

aluminium oxide powder

strong
heat

gentle
heat

petroleum jelly

mineral wool plug

oil

bromine solution

Fig. 2.2

  Petroleum jelly is gently heated until it melts and then boils.

  The vapour passes over aluminium oxide powder, which is strongly heated.

  The gas formed reacts with bromine solution.

  An oil forms on top of the bromine solution.
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  (i) State the function of the aluminium oxide.

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

  (ii) Explain, in terms of collisions of reacting particles, why the aluminium oxide is powdered.

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

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

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

  (iii)  List petroleum jelly, diesel oil and refinery gas in order of their boiling points.

   highest boiling point  .......................................................

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

   lowest boiling point  .......................................................
[1]

  (iv) List petroleum jelly, diesel oil and refinery gas in order of the average length of their 
molecules.

   longest molecules  .......................................................

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

   shortest molecules  .......................................................
[1]

  (v) State the relationship between boiling point and length of molecules.

   Explain your answer.

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

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

 .......................................................................................................................................[2]
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3 (a) If a person does not eat a balanced diet, they can suffer from malnutrition.

  (i) Use straight lines to match the effects of malnutrition to their causes. One line is drawn 
for you. 

effect of malnutrition cause

obesity not enough fibre in the diet

constipation
taking in much more energy 

than the body needs

coronary heart 
disease

taking in less energy than the 
body needs

starvation
taking in too much animal fat 

and salt 

[2]

  (ii) A person has constipation.

   Suggest one food that may be missing from their diet and explain how this food prevents 
constipation.

food  ...................................................................................................................................

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

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

  (iii) Obese people are extremely overweight because they are taking in more energy than 
they need. 

   Suggest one food an obese person should avoid eating regularly and explain your 
answer.

food  ...................................................................................................................................

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

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



7

0653/31/O/N/14© UCLES 2014 [Turn over

 (b) Taking exercise is recommended for people who are overweight.

  A survey was carried out to compare the amounts of exercise taken by two groups of people. 
The first group was made up from people of normal weight and the second group was made 
up from overweight people.  Each group contained 100 men and women.

  The survey determined how many people took exercise at least twice a week. To count as 
exercise, an activity had to raise a person’s heart rate for at least 20 minutes. 

  The results are shown in Fig. 3.1.

0

10

20

30

40number of people
who exercised
at least twice

a week

normal weight overweight

50

60

70

men

women

Fig. 3.1

  (i) Use the information in Fig. 3.1 to compare the level of exercise people did in terms of 

   their sex,

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

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

   their weight.

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

 .......................................................................................................................................[2]
 
  (ii) Suggest why there is not enough evidence in the survey to conclude that exercise 

prevents people from being overweight.

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

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

 .......................................................................................................................................[2]
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4 (a) A student investigates the neutralisation reaction between hydrochloric acid and potassium 
hydroxide.

  Fig. 4.1 shows the apparatus she uses.

dilute hydrochloric acid

conical flask

tap to allow acid to be added slowly

potassium hydroxide solution
and indicator

Fig. 4.1

  She adds full range indicator (Universal Indicator) solution to the potassium hydroxide 
solution. Potassium hydroxide solution is alkaline.

  She slowly adds some dilute hydrochloric acid to the potassium hydroxide solution until the 
solution in the flask is neutral. 

  The colour of the indicator changes as she adds the acid.

  Fig. 4.2 shows how the colour of the indicator changes with pH.

pH 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

colour   RED       ORANGE      GREEN       BLUE PURPLE

Fig. 4.2

  (i)  State the initial and final values of the pH of the solution in the flask.

   initial ....................................................

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

  (ii) State the initial and final colour of the indicator in the solution in the flask.

   initial ....................................................

   final .................................................... [1]
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 (b)  The reaction between hydrochloric acid and potassium hydroxide forms potassium chloride.

  (i) Complete the balanced chemical equation for the reaction.

   KOH + HCl  ................................................................................. [2]

  (ii)  The student repeats part (a) in order to prepare a colourless sample of crystals of 
potassium chloride.

   She changes the method described in part (a) slightly, using information obtained from 
the first time she carried out the experiment.

   Describe the change in method and explain how she uses the results of her first 
experiment.

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

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

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

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

 (c)  The melting point of crystals of potassium chloride is 770 °C.

  Explain, in terms of the forces between particles, why potassium chloride forms crystals with 
a high melting point.

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

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

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

 ...............................................................................................................................................[2]
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5 (a) Fig. 5.1 shows cells X and Y which were taken from different areas of the same leaf.

cell X cell Y

Fig. 5.1

  Fig. 5.2 shows a leaf similar to the one from which these cells were taken. 

white green

Fig. 5.2

  On Fig. 5.2, use label lines and the letters X and Y to show where these leaf cells came from.

  Explain your answer below.

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

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

 ...............................................................................................................................................[2]
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 (b) The leaf in Fig. 5.2 was then tested with iodine solution for the presence of starch.

  (i) On Fig. 5.3 draw the result of the starch test on this leaf.

   Label the leaf with the colours that are observed in different areas.   [1]

Fig. 5.3

  (ii) Explain why only parts of the leaf show the presence of starch.

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

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

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

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

  (c) In humans, starch is digested by the enzyme amylase which starts its action while food is in 
the mouth cavity.

  Explain in detail why amylase stops working after the food is swallowed and reaches the 
acidic conditions in the stomach.

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

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

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

 ...............................................................................................................................................[3]
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6 (a) Fig. 6.1 shows an aircraft accelerating along the airport runway.

  The aircraft, fully loaded, has a total mass of 205 000 kg.

  The diagram shows four forces, labelled P, Q, R and S, acting on the aircraft as it moves 
along the runway before taking off.

S Q

R

P

Fig. 6.1

  (i) State two forces from P, Q, R and S that are equal and opposite while the aircraft 
accelerates along the airport runway.

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

  (ii) State which force from P, Q, R and S is the result of a gravitational field acting on the 
mass of the aircraft and give the name of this force.

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

 .......................................................................................................................................[2]
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  (iii) On the axes below, sketch a distance / time graph for the aircraft as it moves along the 
runway from rest to take-off.

distance

time

[1]

 (b) The aircraft takes off and climbs to a height of 5000 m.

  The chemical energy in the aircraft’s fuel is transferred to the aircraft as it takes off and climbs.

  (i) State two useful forms of energy gained by the aircraft as a result of this transfer.

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

  (ii) The forms of energy in (b)(i) add up to less energy than the energy transferred from 
the fuel.

   The principle of energy conservation applies to the energy transferred from the fuel.

   State what happens to the remainder of the energy from the fuel.

 .......................................................................................................................................[1]
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 (c) When the aircraft levels out at a height of 5000 m, it has burned some fuel and now has a 
reduced total mass of 200 000 kg.

  The aircraft flies at constant speed of 720 km / hr. 

  (i) Calculate the speed of the aircraft in metres per second.

 speed =  ..................................................  m / s [1]

  (ii) Use your answer from (c)(i) to calculate the kinetic energy of the aircraft.

   State the formula you use and show your working.

   formula

   working

 kinetic energy =  .......................................................  J [2]
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7 (a) Fig. 7.1 shows the carbon cycle.

carbon dioxide
in the air

photosynthesis

combustion

fossil fuels

deathdeath

X

eating eating

sheepwild cat

respiration

Fig. 7.1
 
  (i) The sheep eats a plant leaf. A carbon atom from the starch in this leaf enters the air 

shortly after the leaf is eaten.

   Describe a possible pathway taken by the carbon atom. Explain your answer fully. 

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

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

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

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

 .......................................................................................................................................[3]
 
  (ii) The organisms labelled X are found in the soil.

   Describe in detail the role these organisms play in the carbon cycle.

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

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

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

 .......................................................................................................................................[3]
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 (b) (i) With reference to Fig. 7.1 and your own knowledge, state two ways in which the burning 
of fossil fuels can change the composition of the gases in the atmosphere. 

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

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

  (ii) Suggest one way in which the environment can be harmed by one of the changes you 
have stated in part (b)(i).

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

 .......................................................................................................................................[1]
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8 The Sun emits many different frequencies of electromagnetic radiation including visible light, infra-
red, ultra-violet and X-rays.

 (a) (i) State the meaning of the term frequency.

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

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

  (ii) Complete Table 8.1 to show the types of electromagnetic radiation emitted by the Sun.

Table 8.1

highest frequency  lowest frequency

gamma 
radiation

visible
light

microwaves radio waves

[2]

 (b) After rain has fallen, puddles of water are left on the ground. When the Sun shines, it warms 
the air and the water in the puddles and dries the ground.

  (i) Complete the following sentences about the forces and distances between molecules, 
using words or phrases.

   When the Sun warms the water in a puddle on the ground, the water expands because 

the water molecules ......................................................................................................... .

   When the water expands, the forces between the molecules .......................................... .

   As the air above the puddle gets warmer, the molecules in the air move

............................................... .
[3]
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  (ii) Use your answers to (b)(i) to explain why the Sun dries the ground.

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

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

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

 (c) The Sun produces sound waves as well as electromagnetic radiation.

  (i) Explain why we cannot hear any sound from the Sun.

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

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

  (ii) It takes eight minutes for the visible light emitted from the Sun to travel to the Earth.

   Suggest how long it would take for a burst of X-rays emitted by the Sun to travel to the 
Earth. Give a reason for your answer.

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

 .......................................................................................................................................[1]
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9 (a) The Thermite reaction occurs between aluminium and iron oxide powders. 

  It is an example of a redox reaction.

  Fig. 9.1 shows how a furnace in which the Thermite reaction is occurring can be used to 
repair a broken steel rail.

furnace

iron oxide and aluminium

broken steel rail

Fig. 9.1

  The Thermite reaction produces molten iron that runs down into the broken rail and welds 
(joins) the ends together.

  (i) State the type of chemical reaction that causes the temperature to increase.

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

  (ii) State the energy transfer occurring during the reaction.

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

  (iii)  The word equation for the Thermite reaction is shown below.  

   aluminium + iron oxide  aluminium oxide + iron

   Explain why the Thermite reaction is an example of a redox reaction.

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

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

 .......................................................................................................................................[2]
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  (iv) Aluminium ore contains aluminium oxide.

   A student suggests that metallic iron could be used to extract aluminium from its ore. 

   State whether or not this would work. 

   Explain your answer by referring to the information contained in part (a)(iii).

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

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

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

 (b) In industry, aluminium is extracted from aluminium oxide by electrolysis. 

  Fig. 9.2 shows the apparatus used. 

molten mixture
containing
aluminium oxide

molten aluminium

carbon cathode
lining the electrolysis cell

carbon anode
+–

Fig. 9.2

  (i)  Aluminium is deposited on the cathode.

   Describe, by referring to the movement of ions and electrons, how these aluminium 
atoms are formed.

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

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

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

  (ii)  Name the other substance formed by this electrolysis process.

 .......................................................................................................................................[1]
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1 Fig. 1.1 is a diagram of the blast furnace used to extract iron from iron ore.
 

hot air blast

waste gases waste gases

iron ore, coke and limestone

hot air blast

molten slag

molten iron

Fig. 1.1

 (a) Table 1.1 lists the raw materials used in the furnace. 

  Choose words or phrases from the list to show which chemical substance is provided by each 
raw material used in the blast furnace.

  Complete Table 1.1 by writing your choices in the right hand column.

  You may use each term once, more than once or not at all.

calcium carbonate   calcium silicate   carbon   carbon dioxide

iron   iron oxide   nitrogen   oxygen

Table 1.1

raw material chemical substance

iron ore

coke

air

limestone

[2]
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 (b) (i) The word equations for two of the reactions occurring in the furnace are shown below.

carbon + oxygen X

X + carbon carbon monoxide

  Name substance X.

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

  (ii)  The word equation for ano ther reaction occurring in the furnace is shown below. 

iron oxide + carbon monoxide  iron + carbon dioxide

   Explain why this reaction is an example of a redox reaction.

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

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

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

  (iii)  Carbon dioxide produced by a blast furnace escapes into the atmosphere. 

   Describe how the addition of carbon dioxide to the atmosphere is affecting the 
environment.

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

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

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

 (c)  An iron nail is placed into some blue copper sulfate solution.

  (i) Describe the observations that provide evidence that a chemical reaction is occurring.
 

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

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

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

  (ii) Explain the observations in (i) in terms of the particles reacting and formed.

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

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

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

Fig. 2.1

 (a) The rider sets a new speed record of 135 km / h.

  Calculate the rider’s speed in metres per second (m / s).

 speed = ....................................................m / s [2]
 
 (b) The record-breaking run has three stages.

  Stage 1: the rider accelerates the bicycle from rest for the first 500 m.

  Stage 2: he maintains a constant speed for the next 200 m.

  Stage 3: he applies the brakes to slow the bicycle for the last 300 m.

  The acceleration is not constant, but the braking involves constant deceleration to rest.

  On the axes below, complete the sketch of the speed / time graph for this record-breaking run.

speed

time

[3]
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 (c) Throughout the run, the cyclist exerts a constant force to move the bicycle against the 
opposing forces.

  (i) Identify the stage in the run during which the driving force of the cyclist is greater than 
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

..................................
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]
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 (b) Fig. 3.2 shows an alveolus where gas exchange takes place in the lungs.

air

alveolus

capillary

carbon dioxide

oxygen

Fig. 3.2

  Describe two features of the alveolus visible in Fig. 3.2 that adapt it for gaseous exchange.

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

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

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

 ...............................................................................................................................................[2]
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 (c) 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 

total volume of air 
breathed per minute / dm3

at rest 20 10

immediately 
after exercise

35 1.2

  (i) Calculate

   the average volume of one breath at rest,

 volume =  .......................................................  dm3

   the total volume of air breathed per minute immediately after exercise.

 volume =  ..................................................  dm3 [2]

  (ii) Explain fully why the changes in breathing rate and volume (depth) are needed by the 
body during exercise.

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

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

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

 .......................................................................................................................................[3]
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4 Fig. 4.1 shows the circuit symbols for an electric bell and a push-switch.

Fig. 4.1

 (a) (i) Draw a circuit diagram for a circuit for a battery-powered door-bell with a push-switch for 
the front door of a house.

   Label the switch ‘front door’.

[2]

  (ii) The owner of the house wishes the bell to be rung either from the front door or from the 
back door. 

   Add to your circuit diagram in (i) a second push-switch for the back door.

   Use the label ‘back door’ to label the second push-switch. [1]



10

0653/32/O/N/14© UCLES 2014

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

  (i) State the meaning of the term frequency.

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

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

  (ii) The speed of sound in air is 330 m / s.

   Calculate the wavelength of the sound made by the bell in air.

   State the formula you use and show your working.

   formula

   working

 wavelength =  ...................................................... m [2]

 (c) The bell uses four 1.5 V cells. When the push-switch is on, and the bell is ringing, there is a 
current of 2 A.

  (i) Calculate the resistance of the bell.

   State the formula you use, show your working and state the unit of your answer.

   formula

   working

 resistance =  ..................................  unit ................ [3]
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  (ii) A visitor arrives at the door and rings the bell for 10 seconds.

   Calculate the electrical energy transferred by the bell in 10 seconds.

   State the formula you use, show your working and state the units of your answer.

   formula

   working

 energy =  ..................................  unit ................ [3]
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5 (a)  An atom of the element silicon has a proton number 14 and nucleon number 28.

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

Table 5.1

in nucleus outside nucleus

number of protons 

number of neutrons

number of electrons

[2]

  (ii)  Use the Periodic Table to predict how many electrons are in the outer shell of a silicon 
atom. Describe how you made your prediction.

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

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

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

 (b) (i) Draw a diagram showing the arrangement of the outer electrons of the atoms bonded in 
a methane molecule, CH4.

 [2]

  (ii) Write a balanced symbol equation for the complete combustion of methane in air. 

 .......................................................................................................................................[2]
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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) (i) State the part of the Sun’s electromagnetic spectrum that heats the water.

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

  (ii) The impure water flows down over a black-painted base.

   Explain why a black-painted base is used.

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

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

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

  Explain in terms of water molecules why heating the impure water produces water vapour.

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

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

 ...............................................................................................................................................[2]
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 (c) Fig. 6.2 shows a ray of sunlight incident on the clear plastic cover just before sunset.

  The refracted ray passes through the plastic. At the lower face of the plastic, part of the ray is 
reflected and part is refracted.

  Draw the path of the ray from the point where it reaches the lower face of the plastic.

clear plastic cover

lower face
of plastic

Fig. 6.2
[3]
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7 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

 (a) Name the response shown by the plant.

 ...............................................................................................................................................[1]
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 (b) The response shown in Fig. 7.1 is caused by plant hormones called auxins which are 
produced at the tip of the shoot of the plant.

  A student sets up three experiments using young shoots. In two experiments a lamp produces 
light from one side. Some shoots have pieces of plastic inserted into their stems.

  Table. 7.1 shows the shoots at the start and after a few days.

Table 7.1

shoot X shoot X

shoot Y shoot Y

shoot Z

light

at the start after a few days

light

in the darkin the dark

plastic

light light

shoot Z

plastic

plastic plastic

  (i) Explain fully what causes the response shown by shoot X.

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

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

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

 .......................................................................................................................................[3]
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  (ii) Explain why there is no response shown by shoot Y.

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

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

  (iii) Shoot Z has grown less than shoot X but has bent in the same direction.

   Explain these two observations.

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

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

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

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

 (c) Hormones are also present in animals. An example is 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 (a) Table 8.1 shows physical properties of some substances.

Table 8.1

substance solubility in water boiling point / °C

ethanol soluble 78

potassium nitrate soluble decomposes on heating

sodium chloride soluble 1413

water – 100

zinc carbonate insoluble decomposes on heating

  Some mixtures of these substances and some methods that could be used to separate them 
are shown below. 

mixture method of separation

zinc carbonate
from 

zinc carbonate and water
crystallisation

potassium nitrate
from 

potassium nitrate and water
distillation

water
from 

sodium chloride and water
filtration

ethanol
from 

ethanol and water
fractional distillation

  Draw straight lines to connect each mixture with the most suitable method of separating the 
underlined substance. [2]
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 (b) Some types of ink are made from different combinations of dyes dissolved in water. 

  The dyes must not be toxic because they are used in colouring pens for children.

  Fig. 8.1 shows a chromatogram used to test if three inks A, B and C contain a toxic dye X. 

dye X ink A ink B ink C

Fig. 8.1

  (i) Describe and explain the procedure used to obtain this chromatogram. 

   You may draw a diagram to support your description.

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

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

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

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



21

0653/32/O/N/14© UCLES 2014 [Turn over

  (ii)  State which ink(s) must not be used in the colouring pens.

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

  (iii)  Explain your answer to (ii).

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

 .......................................................................................................................................[1]
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9 (a) Fig. 9.1 shows how the emission of acidic gases from a power station can lead to the formation 
of acid rain.

acidic gases

river

acid rain

Fig. 9.1

  (i) State how the acidic gases are produced in the power station. 

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

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

  (ii) The water in the river becomes acidic.

   Describe how this could have resulted from the power station’s activities. 

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

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

 .......................................................................................................................................[2]
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 (b) A scientist is concerned about the acidity of the river and the effect it might have on living 
organisms.

  The scientist found ten species of animal that lived in local rivers. He looked up how many of 
these species were able to live in water of different pH values.

  The results are shown in Fig. 9.2.

0

2

4

6

8

number of
species

that can live

3.5 4.0 4.5 5.0

pH

5.5 6.0 6.5

10

Fig. 9.2

  The pH of the river near the factory varies between pH 4.5 and 6.0. 

  (i) Suggest two reasons why the pH of the river varies.

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

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

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

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

  (ii) Use the information in Fig. 9.2 to find how many of the species studied would be able to 
survive the changes in pH of the river. Explain your answer.

   number of species ...................................

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

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

  (iii) The acid in the water may enter the cells of the animals living in the river.

   Suggest how this may affect the enzymes in their cells. Explain your answer.

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

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

 .......................................................................................................................................[2]
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1 (a)  A student performs some experiments to find out what makes iron rust.

  (i)  Fig. 1.1 shows his first experiment.

100

80

60

40

water

air

cotton wool

iron filings

20

Fig. 1.1

   Fig. 1.2 shows the apparatus after one week. The iron has rusted and the water has risen 
up the cylinder.

80

60

40

water

air

cotton wool

iron filings

20

100

Fig. 1.2

   Explain why the water has risen up the cylinder.

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

 .......................................................................................................................................[1]
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  (ii)  The student repeats the experiment using helium in the cylinder instead of air.

   Fig. 1.3 shows the results after one week.

100

80

60

40

water

helium

cotton wool

iron filings

20

Fig. 1.3

   The iron has not rusted and the water has not risen up the cylinder.

   Explain why the water has not risen up the cylinder.

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

 .......................................................................................................................................[1]
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 (b) The student writes in his notebook:

  “When sodium burns in ch lorine it forms ions that are like neon atoms.”

  (i) State two similarities in the arrangement of electrons in a sodium ion and a neon atom.

   The Periodic Table on page 24 may help you to answer this question.

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

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

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

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

  (ii)  Complete the diagram of the electronic structure of a sodium atom.

Na

[1]

  (iii) Describe what happens when a sodium atom becomes a sodium ion.

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

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

  (iv)  Some sodium chloride is dropped into a container filled with chlorine.

   Predict whether or not the sodium ions in sodium chloride would react with chlorine 
atoms.

   Explain your answer.

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

 .......................................................................................................................................[1]
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 (c) Name a noble gas.

  State and explain a use for this noble gas.

name  .........................................................................................................................................

use  ............................................................................................................................................

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

 ...............................................................................................................................................[2]
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2 (a) Fig. 2.1 shows a man paddling a canoe across a lake.

  The man is paddling hard to gain speed from rest.

R

T

SU

Fig. 2.1
 
  (i) State two forces from R, S, T and U that are equal and opposite.

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

  (ii) Explain which force from R, S, T and U is the result of a gravitational field acting on the 
combined mass of the canoe and man.

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

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

  (iii) The canoe moves across the lake from rest to maximum speed with decreasing 
acceleration, then continues across the lake at a constant speed.

   Sketch a speed/time graph for this journey.

speed

time

[3]
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 (b) The man’s energy is transferred to the canoe as it gains speed.

  The kinetic energy gained by the canoe is less than the energy transferred from the man.

  The principle of energy conservation applies to these energy transfers.

  State what happens to the man’s energy that is not transferred into kinetic energy of the 
canoe.

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

 (c) The man paddles the canoe at a steady speed of 2 m / s.

  The canoe and man together have a mass of 250 kg.

  Calculate the kinetic energy of the canoe.

  State the formula you use and show your working.

  formula

  working

 kinetic energy =  .......................................................  J [2]
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3 (a) Fig. 3.1 shows a diagram of the uterus in a pregnant female.

Y

Fig. 3.1

  (i) Using label lines, label the placenta and cervix on Fig. 3.1.  [2] 

  (ii) Complete the sentences using words or phrases from the list. 

   You may use each word or phrase once, more than once or not at all.

   bacteria   carbon dioxide   cells   glucose   viruses

   The placenta allows dissolved nutrients such as ....................................... to pass through 

to the baby. Other small molecules such as ....................................... are also able to 

pass through the placenta. [2]

  (iii) Name the liquid found at position Y and state its function. 

name  .................................................................................................................................

function  ..............................................................................................................................

 .......................................................................................................................................[2]
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 (b) Some of the nutrients that pass through the placenta result from the chemical digestion of 
large food molecules in the digestive system of the mother.

  (i) Complete Table 3.1 with ticks (✓) and crosses (✗) to predict whether the digesting 
enzymes amylase (starch-digesting enzyme) and protease (protein-digesting enzyme) 
are active in the parts of the digestive system shown.

Table 3.1

type of enzyme in the small intestine in the large intestine
key
✓ = enzyme active
✗ = enzyme inactive

amylase

protease

[2]

  (ii) Explain your answers to part (b)(i). 

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

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

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

  (c) The human immunodeficiency virus (HIV) can be transmitted through sexual intercourse.

  Describe how HIV affects the immune system. 

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

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

 ...............................................................................................................................................[2]
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4 Fig. 4.1 shows an electric hairdryer that uses mains electricity.

Fig. 4.1

 A heater inside the hairdryer warms the air. A fan blows the warm air out of the hairdryer. 

 (a) The hairdryer contains a switch, a heater to warm the air and an electric motor to drive the 
fan. The heater and the motor are connected in parallel.

  Fig. 4.2 shows the circuit symbols for a heater and an electric motor. 

M

electric motorelectric heater

Fig. 4.2

  Complete the circuit diagram for the hairdryer. The circuit has been started for you.

mains electricity supply

[2] 

 (b) The flow of warm air dries the wet hair by evaporation.

  Describe in terms of molecules how the flow of warm air speeds up the drying of wet hair.

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

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

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

 ...............................................................................................................................................[3]
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 (c) If the heated air was not blown out sideways by a fan, it would simply move upwards.

  Explain why heated air rises.

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

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

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

 (d) Fig. 4.3 shows information on a label fixed to the hairdryer.

220 V

1100 W

Fig. 4.3

  (i) State the name of the unit whose symbol is W.

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

  (ii) Use the formula P = IV to show that the current in the hairdryer when in use is 5 A.

   Show your working.

[1]
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 (e) The plug on the lead of the hairdryer is fitted with a fuse. One day, the fuse blows while the 
hairdryer is being used.

  (i) Give one possible cause for the fuse blowing.

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

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

  (ii) The fuse has to be replaced. 

   The current through the hairdryer when in use is 5 A. Several new fuses with different 
current ratings are available.

2 A    5 A    10 A    15 A

   Explain which of these four fuses should be used.

Fuse .....................    because  ...........................................................................................

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

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

 .......................................................................................................................................[2]
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5 (a) A student investigates the effect of gravity on the growth of a seedling. 

  The student germinates a seed. When the radicle is clearly visible, he pins the seedling to 
a board, as shown in Fig. 5.1 (a). He positions the board on its side so that the radical is 
horizontal.  

  The radicle continues to grow and curves downwards, as shown in Fig. 5.1 (b).

radicle

pin

board board

 Fig. 5.1 (a) Fig. 5.1 (b)

  (i) Name the growth response shown by the seedling.
 

 .......................................................................................................................................[1]
 
  (ii) Explain why this growth response is an advantage to the seedling.

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

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

 .......................................................................................................................................[2]
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 (b) Fig. 5.2 shows a diagram of a radicle similar to the one in Fig. 5.1 (a). The shaded area shows 
the location of hormones that cause the response in (a)(i).

radicle

Fig. 5.2

   Describe fully how the hormones act to cause the response shown by the radicle.

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

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

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

 (c) Roots usually get their energy from aerobic respiration.

  The soil around a seedling becomes waterlogged so there are no air spaces. 

  (i) Suggest how this affects the rate of aerobic respiration.

   Explain your answer.

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

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

  (ii) Predict and explain the effect this will have on the rate of growth of the seedling.

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

 .......................................................................................................................................[1]
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Question 6 begins on page 16
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6 Dilute hydrochloric acid reacts with calcium carbonate to produce carbon dioxide gas.

 (a) Complete the word equation for the reaction.

hydrochloric
acid + calcium

carbonate ................................ + carbon
dioxide + ...............................

[2]

 (b)  Fig. 6.1 shows the apparatus a student uses to investigate the effect of changing the initial 
temperature of the acid on the rate of reaction. 

dilute hydrochloric acid

balance

calcium
carbonate

g

Fig. 6.1

  The student adds the calcium carbonate to excess acid at a temperature of 20 °C.

  She records the reading of the balance every minute for 7 minutes.
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  Fig. 6.2 shows the results obtained in the first experiment.

200

202

204

balance
reading / g

0 1 2 3 4

time / min

5 6 7

206

208

210

Fig. 6.2

  (i)  Explain why the mass of the apparatus decreases during the experiment.

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

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

  (ii)  Describe and explain how the rate of reaction changes during the experiment.

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

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

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

 .......................................................................................................................................[3]
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 (c)  The experiment is repeated with the same mass of calcium carbonate and excess acid at a 
temperature of 30 °C. 

  (i)  Use the information from Fig. 6.2 to predict the final mass of the apparatus when the 
acid has an initial temperature of 30 °C.

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

  (ii)  The student finds that the rate of reaction increases as the temperature of the acid 
increases. 

   Use the idea of particle collision to explain the effect of temperature on the rate of 
reaction.

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

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

 .......................................................................................................................................[2]
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7 Astronomers use telescopes to study the electromagnetic radiation that reaches the Earth from 
the stars.

 (a) (i) Complete the sentences below using words or phrases from the list. You may use each 
term once, more than once or not at all.

radio waves   sound waves   ultra-violet   visible light   water waves

   People can see stars with their eyes because the stars emit ......................................... .

   Astronomers need special telescopes to see other types of electromagnetic radiation 

from stars. Examples of such types of radiation are ......................................... and

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

  (ii) We are able to see the Moon, even though the Moon itself does not emit electromagnetic 
radiation.

   State a characteristic behaviour of electromagnetic radiation that enables us to see the 
Moon.

 .......................................................................................................................................[1]
 
 (b) Some stars emit electromagnetic radiation with a very high frequency, such as X-rays.

  (i) Fig. 7.1 shows an incomplete diagram of the electromagnetic spectrum. 

gamma 
radiation

microwaves

Fig. 7.1

   Mark with an X on Fig. 7.1 the part of the spectrum where X-rays are situated. [1]

  (ii) A binary consists of two stars close together. In one particular binary, one star emits 
mainly light, while the other emits mainly X-rays.

   The light and X-rays leave this binary at the same time. 

   Tick the box next to the correct statement in the list below and give a reason for your 
answer.

   X-rays will reach the Earth first. 

   Light will reach the Earth first. 

   X-rays and light will reach the Earth at the same time. 

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

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

 .......................................................................................................................................[2]
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8 (a) Fig. 8.1 shows an experiment to investigate the effect of changing light intensity on the rate of 
photosynthesis of a water plant called Elodea. 

lamp

metre rule

water

Elodea

Fig. 8.1

  The light intensity is altered by changing the distance between the lamp and the plant.

  The number of bubbles of oxygen produced by the plant per minute is used to find the rate of 
photosynthesis.

  The results are shown in Fig. 8.2.

20

0

40

average number of
bubbles of oxygen

produced by
the plant per

minute

0 10 20 30 40

distance from lamp to plant / cm

50

60

80

Fig. 8.2

  Use Fig. 8.2 to describe how the rate of photosynthesis of the plant changes as the light 
intensity is varied.

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

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

 ...............................................................................................................................................[2]
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 (b) Fig. 8.3 shows some of the living organisms in a pond.

plant P

plant Q

Fig. 8.3

  Suggest how the rate of photosynthesis of plant P compares with plant Q. Explain your 
answer.

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

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

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

 (c) The pollution of water by fertilisers can cause eutrophication. 

  (i) Some fertiliser is added to a pond. Describe the effect this will have on the plants that live 
on the surface of the pond.

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

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

  (ii) Use your answer to (b)(i) to predict how eutrophication will affect plant Q in Fig. 8.3.

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

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

 .......................................................................................................................................[2]
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9 Aluminium is extracted from an ore called bauxite. 

 Bauxite is a mixture of aluminium oxide and other compounds.

 The element aluminium is extracted from molten aluminium oxide by electrolysis. 

 The element oxygen is also formed during the electrolysis. 

 (a) Using examples taken from the sentences above, explain

  (i)  one difference between an element and a compound,

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

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

  (ii) one difference between a compound and a mixture.

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

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

 (b) Aluminium oxide consists of Al 3+ ions and O2– ions.

  Deduce the formula of aluminium oxide. Explain your answer.

 ...............................................................................................................................................[2]
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 (c) In industry aluminium is extracted from aluminium oxide by electrolysis. 

  Fig. 9.1 shows the apparatus used. 

molten mixture
containing
aluminium oxide

molten aluminium

carbon cathode
lining the electrolysis cell

carbon anode
+–

Fig. 9.1

  Explain, in terms of the ions present, how aluminium is formed at one of the electrodes.

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

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

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

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

 (d)  Copper can be extracted from an ore containing copper oxide by heating it with carbon. 

  Explain why aluminium cannot be obtained from aluminium oxide in the same way.

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

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

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