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1 (a) The Law of Reflection states that when a ray of light is reflected at a surface, the angle For

of incidence equals the angle of reflection. Examiner’s
Use
Complete the diagram to show how a ray of light is reflected by a plane (flat) mirror.
Label the angle of incidence and angle of reflection.

mirror

ray of light

(3]
(b) When white light passes through a prism, it is split into its component colours.
(i) Which colour is refracted most by the prism?
.................................................................................................................................. [1]
(ii) Why are some colours refracted more than others?
................................................................................................................................... [1]
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2 Soy beans (soyabeans) are grown for their seeds. The seeds are an excellent source of
protein and starch, and are used in the production of a wide variety of foods.

(a)

(b)

(c)

Soy beans have nodules on their roots that contain nitrogen-fixing bacteria called
Rhizobium.

Suggest how this helps soy bean plants to produce seeds containing a lot of protein.

Soy beans have been cultivated for hundreds of years, and artificial selection has
produced many different varieties. The soy bean plants have been selected to possess
a particular set of characteristics, such as providing high yields of seeds.

Outline how artificial selection would be carried out to produce a variety of soy beans
that produced high yields of seeds.

An investigation was carried out to find out how four different varieties of soy beans
would be affected if the concentration of carbon dioxide in the atmosphere increased.

Four varieties were used, called Arksoy, Dunfield, Mukden and Mandarin.
Several plants of each variety were grown in normal concentrations of carbon dioxide.
Another set of plants of each variety was grown in a high concentration of carbon

dioxide.

The mean masses of leaves and seeds produced per plant were measured at each
carbon dioxide concentration. The results are shown in Table 2.1.
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Table 2.1
variety feature at normal carbon at high carbon
dioxide concentration| dioxide concentration
Arksoy mass of leaves per plant/ g 6.54 7.75
mass of seeds per plant/g 30.8 42.4
Dunfield | mass of leaves per plant/ g 7.20 11.19
mass of seeds per plant/g 46.1 55.9
Mukden | mass of leaves per plant/ g 6.08 8.93
mass of seeds per plant/g 41.4 56.5
Mandarin| mass of leaves per plant/ g 5.43 7.30
mass of seeds per plant/g 31.3 58.4
(i) State which variety of soy bean would be best to grow at normal carbon dioxide

(ii)

(iii)

(iv)

© UCLES 2009

concentration.

State which variety of soy bean showed the greatest increase in seed production
at high carbon dioxide concentration compared with normal carbon dioxide
concentration.

Explain why the mass of leaves and seeds per plant was greater at high carbon
dioxide concentration than at normal carbon dioxide concentration.

Suggest and explain why it is important to find out how crops grow in carbon
dioxide concentrations that are greater than in our present atmosphere.
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3 Some types of fertiliser have the letters NPK on the package label, indicating the chemical
symbols of three elements contained in the fertiliser.

(a) State and explain which of the elements shown in the name NPK contains atoms that
have their electrons arranged as shown in Fig. 3.1.

element

OXPIANALON ||| et svaes s ssese s bbb s s R e RR st

(b) Plants need nitrogen in order to produce amino acids.

Name the three elements, other than nitrogen, which are present in all amino acid
molecules.

(1]
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(c) Ammonia is an important compound that is used in the manufacture of fertilisers. For

Examiner's
Fig. 3.2 shows a simplified diagram of the type of reaction vessel that is used in the Use
production of ammonia.

nitrogen hydrogen
Jll—lll_
SOOOIIIKIOOKIKK] iron
SOOI catalyst
SOOOIOIIKIOIOKIKN,

|

mixture of gases containing
15% by mass of ammonia
(the yield of ammonia = 15 %)

Fig. 3.2
(i) The equation below shows what happens on the surface of the iron catalyst.
The equation is not balanced.

Balance the equation.

N, + H, — NH;
(1]

(ii) The yield of ammonia in this reaction vessel is 15%. This means that the mixture of
gases coming out of the reaction vessel contains 15% by mass of ammonia.

State and explain which gases account for most of the remaining 85% of the gas
mixture.

© UCLES 2009 0654/03/0/N/09 [Turn over
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(iii) Research chemists and engineers have investigated the effects of temperature For
and pressure on the yield of ammonia. Examiner’s
Use

Fig 3.3 shows the results of their investigations.

100 -

200°C
80 1
400°C
yield of 601
ammonia %
° 40-
20 - 600°C
0 T T T T T
0 200 400 600 800 1000
pressure/atmospheres
Fig. 3.3

The engineers running the factory want to increase the yield of ammonia.

Use the information in Fig. 3.3 to suggest two ways in which this could be done.

(d) In an ammonia factory, 1000 kg of gas mixture leave the reaction vessel every minute.
In this factory the yield of ammonia is 17 %.

Calculate the number of moles of ammonia which leave the reaction vessel every
minute.

Show your working.

[relative atomic masses, A;: N=14; H=1]
1kg =1000g
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4 (a) Humans, like all mammals, keep their body temperature fairly constant. For

Examiner's
(i) Explain how a body temperature that is much higher than normal could affect the Use
chemical reactions that take place in the body.

(b) A gene has recently been discovered which affects the ability to smell a particular
component of male sweat.

The gene has two alleles. Allele A is dominant and causes the ability to smell this
substance. Allele a is recessive, and causes inability to smell it.

Construct a complete genetic diagram to show the expected genotypes and
phenotypes in the offspring of two parents who are both heterozygous for these alleles.

[4]
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5 (a) Fig. 5.1 shows some apparatus set up to measure the specific heat capacity of
aluminium.
thermometer
HEEHE
joulemeter water
insulation
power |—~(®) (o B
supply (® (o aluminium
block
Fig. 5.1
The block is heated electrically and the electrical energy input is measured using a
joulemeter. The temperature of the block and the total electrical energy supplied are
measured at intervals.
The results are shown on Fig. 5.2.
50
40
30
temperature
/°C
20
10
0
0 10 20 30 40 50 60 70
energy supplied/kJ
Fig. 5.2
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(i) State the relationship between the temperature and the energy supplied.

(ii) Use the graph to calculate the energy needed to raise the temperature of the block
from 25°C to 45°C.

Show your working on the graph.

(iii) The mass of the aluminium block is 2kg.
Use the formula
energy = mass x specific heat capacity x temperature change
to calculate the specific heat capacity of aluminium.

Show your working.

(iv) The temperature of the block rose from 25°C to 45°C in 600 seconds.
Use your answer from (ii) to calculate the electrical power during this time.
State the formula that you use and show your working.

formula

working

For
Examiner's
Use
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(v) The voltage of the power supply in Fig. 5.1 is 12V. It is fitted with a 10 amp fuse.

For
Examiner's
Use the formula Use

power = voltage x current

to explain why this fuse is adequate for this experiment.

(b) A thin sheet of aluminium is placed between a radioactive source and a radiation detector.
The source emits one type of radiation only.

The radiation detected is reduced but not completely stopped.

(i) Suggest which type of radiation is being emitted and explain your answer.

(ii) A thin sheet of another metal will completely stop this type of radiation. Suggest what
this metal could be.

© UCLES 2009 0654/03/0/N/09
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6 The Earth’s crust contains very large amounts of the elements silicon and aluminium. For

Examiner's
These elements are found combined in compounds such as silicon dioxide and aluminium Use
oxide.

(a) Pure silicon is used in the manufacture of many types of electronic devices.

Silicon can be obtained by heating a mixture of silicon dioxide and carbon.

A symbolic equation for this reaction is shown below.

SiO,b + C —» Si + CO;

State the type of chemical reaction shown above.

Explain your answer briefly.

(b) Fig. 6.1 shows a diagram of the process used to extract aluminium from aluminium
compounds.

A simplified equation for what happens in this electrolysis reaction is shown below.

aluminium oxide — aluminium + oxygen

?

molten electrolyte containing
aluminium compounds

molten aluminium
collects here

Fig. 6.1

(i) Explain why aluminium atoms are formed at the cathode and not at the anode.

© UCLES 2009 0654/03/0/N/09 [Turn over
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(ii) Describe what happens to convert aluminium ions into aluminium atoms on the For

surface of the cathode. Examiner's
Use

(c) Silicon dioxide and aluminium oxide are found together in clay.

When some types of clay are shaken with water, a colloid is produced. Fig. 6.2 shows
a diagram of how such a mixture might look when magnified.

dispersed clay

water particles

Fig. 6.2

Explain, in terms of rays of light, why a colloid is not transparent, but an aqueous
solution of sodium chloride is transparent.

© UCLES 2009 0654/03/0/N/09



(d) Table 6.1 shows some information about carbon dioxide and silicon dioxide.

15

Table 6.1

carbon dioxide

silicon dioxide

chemical formula CO, SiO,
type of bonding covalent covalent
melting point/°C - 57 1710

Explain, in terms of their internal structures, why much more energy is needed to melt

silicon dioxide than to melt carbon dioxide.

© UCLES 2009
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7 Fig. 7.1 shows the main bones, muscles and tendons in the human arm.

tendons

tendons

triceps

hinge joint C
at elbow
Fig. 7.1
(@) Name bones A, B, C and D.
A ---------------------------------------
B ---------------------------------------
C ---------------------------------------
D [2]

(b) Describe the roles of each of the following structures in helping to make the arm bend
at the elbow.

(i) biceps muscle

© UCLES 2009 0654/03/0/N/09
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For
(c) Muscles are able to produce quite large forces, but they cannot change their length by | Examiner's
very much. Use

Use this information, and the principle of levers, to explain why the biceps muscle is
attached to bone C close to the elbow joint, and not further away from it.

.......................................................................................................................................... [31
(d) Blood is supplied to muscles in capillaries.
(i) Explain why a muscle such as the biceps needs a good supply of blood.
................................................................................................................................... [31
(ii) Describe one way in which the structure of a capillary is related to its function.
StrUCture -----------------------------------------------------------------------------------------------------------------------
hOW this relates to its funCtion --------------------------------------------------------------------------------------
(2]
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8 (a) (i) An elephant of mass 4000kg is moving at 0.5m/s.
Calculate the momentum of the elephant.
State the formula that you use and show your working.
formula

working

(ii) Two elephants, both of mass 4000 kg and both travelling at a speed of 0.5m/s,
collide head on. Explain what happens to their momentum, energy and speed.

momentum

(b) An elephant lifts a mass of 300 kg through a vertical distance of 2m.
Calculate the work done by the elephant.
State the formula that you use and show your working.
formula

working

© UCLES 2009 0654/03/0/N/09
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(c) (i) To determine the density of an elephant, its volume must be measured.

Describe a method for measuring the volume of an irregularly shaped object.

................................................................................................................................... [2]
(ii) The volume of an elephant is 4m®. Its mass is 4000kg.
Calculate the density of this elephant.
State the formula that you use and show your working.
formula
working
[2]

(d) Elephants can communicate using infra-sound. These sound waves have frequencies
as low as 5Hz. The audible range for an elephant is 5Hz — 10000 Hz.

(i) What is meant by the term frequency?

(iii) Sound waves are longitudinal waves. Explain how these differ from transverse
waves.

For
Examiner's
Use
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9 Fig. 9.1 shows a process carried out at an oil refinery.

(ﬁ — refinery gas

— — gasoline

— — — naphtha

— — — diesel all

— — — fuel ol
petroleum —

KQ — bitumen

Fig. 9.1

(a) State one way in which the properties of gasoline are different from those of diesel oil.

(b) Gasoline (petrol) is used as car fuel.

(i) Name a poisonous carbon compound which is found in the exhaust gases from
cars.

(ii) Describe briefly how the amount of this gas entering the air is reduced in modern
cars.

© UCLES 2009 0654/03/0/N/09
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(c) Alkenes are unsaturated hydrocarbons produced by the catalytic cracking of alkanes
from petroleum (crude oil).

(ii) The apparatus in Fig. 9.2 can be used to test a gaseous hydrocarbon to discover

© UCLES 2009
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(i) Complete the graphic (displayed) formulae for the alkane and the alkene which

have three carbon atoms per molecule.

ALKANE ALKENE
H H

. .
’ y

whether it is an alkane or an alkene.

Name solution X and describe what would be observed

hydrocarbon is an alkene.

gaseous —»______\
hydrocarbon )

0654/03/0/N/09

—
(e}
o
o
(e}
Oo

0 4+—— solution X

(2]

if the gaseous
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(d) Ethanol, C,HsO, is an important chemical which is made from ethene, C,H,4, in the For

presence of a catalyst. Examiner’s
Use

Write a balanced symbolic equation for the conversion of ethene to ethanol.

(e) Fuel oil is used as an energy source in some power stations. Fuel oil which is obtained
from petroleum contains sulfur compounds.

In some power stations, the combustion products from the burning of fuel oil are
treated with calcium hydroxide, an alkali, before release into the atmosphere.

Suggest and explain why this is done.

© UCLES 2009 0654/03/0/N/09
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