
International General Certificate of Secondary Education
UNIVERSITY OF CAMBRIDGE LOCAL EXAMINATIONS SYNDICATE

CO-ORDINATED SCIENCES 0654/3
PAPER 3
OCTOBER/NOVEMBER SESSION 2001 2 hours

Candidates answer on the question paper.
No additional materials are required.

This question paper consists of 22 printed pages and 2 blank pages.

SB (SJF1613/CG) S03401/5
© UCLES 2001 [Turn over

TIME 2 hours

INSTRUCTIONS TO CANDIDATES

Write your name, Centre number and candidate number in the spaces at the top of this page.

Answer all questions.

Write your answers in the spaces provided on the question paper.

INFORMATION FOR CANDIDATES

The number of marks is given in brackets [  ] at the end of each question or part question.

A copy of the Periodic Table is printed on page 24.

Candidate Name

Centre Number
Candidate
Number

FOR EXAMINER’S USE

1

2

3

4

5

6

7

8

9

10

TOTAL



2

0654/3/O/N/01

1 The electronic structures of five atoms, A to E, are shown in Fig. 1.1.

Fig. 1.1

(a) Explain, in terms of electronic structure, which of the atoms in Fig. 1.1

(i) are of elements in the same group of the Periodic Table;

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

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

(ii) does not form any chemical bonds;

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

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

(iii) forms an ion by gaining one electron.

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

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

(b) Fig. 1.2 shows a schematic diagram of the industrial process used to make ammonia.

Fig. 1.2

nitrogen hydrogen

ammonia

catalyst
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(i) Write the balanced equation for the formation of ammonia.

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

(ii) Name one gas, other than ammonia, which is present in the mixture that leaves
the reaction vessel. Explain briefly why the gas you have named is present. 

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

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

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

(c) Much of the ammonia produced in industry is used to make nitric acid. In this process,
ammonia gas is mixed with air and passed over a heated catalyst.

(i) Write the chemical formula of nitric acid.

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

(ii) Name the substance which oxidises ammonia in this process.

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

(d) Ammonia reacts with acids to make ammonium salts which are used as fertilisers.

(i) State the type of reaction which occurs between ammonia and acids.

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

(ii) One salt used in fertilisers is ammonium hydrogenphosphate, (NH4)2HPO4.

The formula of the ammonium ion is NH4
+.

Deduce the formula of the hydrogenphosphate ion. 

Explain your answer.

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

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

............................................................................................................................. [2]
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2 (a) A mutation is an unpredictable change in the DNA of a cell.

(i) In which part of a cell is the DNA found?

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

(ii) State one factor that increases the chance of a mutation occurring.

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

(iii) Explain why a mutation in a cell in the testes of a man may cause more harm in his
child than in the man himself.

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

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

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

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

(b) A mutation occurred in a cell in an anther of a flower, forming a new allele. The cell
divided to form pollen grains that contained this new allele.

The normal allele, A, was dominant and coded for red flowers. The new allele, a, was
recessive and coded for white flowers. 

One of the pollen grains containing allele a landed on the stigma of a flower whose
ovule contained the normal allele A. The fertilised ovule developed into a seed, which
grew into a new plant that produced flowers.

(i) Describe how the allele a travelled from the pollen grain to the ovule.

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

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

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

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

(ii) State the genotype of the new plant, and the colour of its flowers.

genotype ……………………………    flower colour ...........................................[2]
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(iii) The pollen produced by the new plant fertilised its own ovules. Some of the
resulting offspring had red flowers, and some had white flowers. 

Use a genetic diagram to explain how this occurred.

[3]
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3 (a) Fig. 3.1 shows some apparatus used by two students.

Fig. 3.1

Student A says that it is an electric motor.

Student B says that it is a generator.

Explain carefully why both students could be correct.

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

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

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

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

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

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

coil

magnet
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(b) Fig. 3.2 shows a transformer whose primary circuit is connected to a d.c. supply.

Fig. 3.2

Nothing happens in the secondary circuit except when the current in the primary circuit
is switched off. Then, a spark is produced.

(i) Suggest why nothing happens in the secondary circuit while the current is flowing
steadily in the primary circuit.

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

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

(ii) Suggest why a spark is produced when the current in the primary circuit is
switched off.

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

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

A spark will be
produced here if
the potential difference 
between these points
is large enough.

secondary
circuit

primary
circuit

switch
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4 Diesel is a liquid fuel obtained from crude oil (petroleum).

(a) (i) Name the process which is used to separate diesel from crude oil.

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

(ii) Gasoline is also obtained from crude oil. The molecules in gasoline are, on
average, smaller than those in diesel.

State two ways in which the physical properties, other than colour, of gasoline
differ from those of diesel.

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

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

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

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

(b) Dodecane is an alkane found in diesel. A sample of dodecane is thought to be
contaminated with alkenes.

Describe how this sample of dodecane could be tested to see if it contained any
alkenes.

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

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

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

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

Biodiesel is a fuel made from oil obtained from the seeds of plants such as sunflower and
rape. It can be used in engines instead of diesel produced from crude oil. 

Fig. 4.1 shows the main steps in producing biodiesel from rape seeds.

Fig. 4.1

rape seed oil

reaction vessel biodiesel

methanol and
potassium
hydroxide

For
Examiner’s

Use



9

[Turn over0654/3/O/N/01

(c) Methanol has the formula CH4O.

Calculate the mass of one mole of methanol. Show your working.

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

(d) Biodiesel is the preferred fuel for use in the engines of boats used on rivers and canals.

Suggest and explain why each of the differences shown in Fig. 4.2 makes biodiesel a
better fuel than diesel for use in the engines of these boats.

Fig. 4.2

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

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

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

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

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

..................................................................................................................................... [4]
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5 Fig. 5.1 shows the nutrient content in 100 g of four foods. Wheat flour and cabbage are
derived from plants, while chicken and eggs are from animals.

Fig. 5.1

(a) Calculate how many times greater the carbohydrate content of cabbage is than its
vitamin C content.

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

(b) State the nutrient shown in Fig. 5.1 that is found in both plant foods but neither animal
food, and suggest why this is so.

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

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

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

(c) Carbohydrates are a major source of energy in food.

(i) Which two other nutrients are sources of energy?

1. ................................................. 2. ..................................................... [2]

(ii) Describe how energy is released from the carbohydrate glucose inside a cell.

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

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

............................................................................................................................. [2]
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(d) Describe where and how fats are digested in the human alimentary canal.

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

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

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

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

(e) Fig. 5.2 shows a food chain and a pyramid of biomass based on this food chain.

Fig. 5.2

(i) Explain why the pyramid of biomass is this shape.

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

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

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

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

(ii) The pyramid of biomass indicates that we could obtain more energy from the same
area of land if we ate plant products rather than animal products. However, in many
parts of the world, most farmers keep animals and eat animal products such as
milk, eggs and meat.

Suggest reasons for this. 

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

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

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

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

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

cabbages

cabbage

chickens

chicken

humans

human
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6 (a) A popular cartoon film shows a cat chasing a mouse. As the mouse runs past the cat,
at time = 0, the cat starts chasing the mouse.

Fig. 6.1

The subsequent movements of the cat and mouse are described by the graph in Fig. 6.1.
Using the graph, show that the cat caught the mouse at time = 8 seconds. You will need
to calculate the distance travelled by both the cat and the mouse and show your
working.

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

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

(b) The cat has a mass of 2 kg and jumps 2 m vertically upwards into a tree.

If the gravitational field strength is 10 N / kg, calculate the work done by the cat.

Show your working and state any assumptions that you make.

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

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

15

10

5

0
0 1 2 3 4 5

time
s

cat

mouse

6 7 8

speed
m / s
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(c) The mouse has crept along a narrow wooden beam, pivoted in the middle, and is
sitting on a heavy stone. The stone and mouse have a combined weight of 100 N. 
The cat sits on the beam and balances it. See Fig. 6.2.

Fig. 6.2

(i) Calculate the distance d cm when the beam is balanced.

Show your working and state any formula that you use.

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

(ii) Describe and explain what happens if the cat walks along the beam towards the
mouse.

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

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

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

stone

10 cm d cm 

For
Examiner’s

Use



14

0654/3/O/N/01

7 Glucose is changed into ethanol (alcohol) when wine is produced from grape juice.

(a) The equation for the reaction is shown below.

C6H12O6 → 2C2H6O + 2CO2

(i) Name the type of chemical bonding in glucose.

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

(ii) The displayed formula of carbon dioxide is O=C=O.

Draw a diagram to show how the outer electrons are arranged in one molecule of
carbon dioxide.

[2]

(b) A student investigates the effect of temperature on the reaction rate.

The reaction is catalysed by enzymes present in the grape juice.

The student predicts that the rate of reaction would be much greater at 80 °C than
at 20 °C.

Explain why his prediction is not correct.

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

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

..................................................................................................................................... [2]
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(c) The pH value of wine is below 7 because it contains acids, including citric acid and
tartaric acid.

(i) Describe how a solution of sodium hydroxide could be used to compare the overall
acid content of two wines.

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

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

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

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

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

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

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

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

(ii) A sample of wine was found to have a tartaric acid concentration of 0.04 mol / dm3.

Calculate the mass of tartaric acid in 1 dm3 of this wine. The relative formula mass
of tartaric acid is 150. Show your working.

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

(d) A breathalyser is a device used to test exhaled air for the presence of ethanol, C2H6O.
In one type of breathalyser, ethanol is converted into ethanoic acid, C2H4O2.

Suggest the type of chemical reaction which occurs in this breathalyser.

Explain your answer.

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

..................................................................................................................................... [2]
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8 Radar uses microwaves with a frequency of about 10 000 MHz. A short pulse is sent from a
transmitter, reflected by an aircraft and picked up by a receiver next to the transmitter. The
time it takes for the wavefront to make the journey there and back is measured. 
See Fig. 8.1.

Fig. 8.1

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

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

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

(ii) Microwaves travel at the speed of light, 300 000 000 m / s.

Calculate the wavelength of the microwaves.

Show your working and state any formula that you use.

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

wave pulse from
transmitter

pulse reflected
from aircraft

transmitter and receiver
in control tower on ground
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(iii) The aircraft was 5000 m away from the transmitter.

Calculate the time interval between the transmission of the pulse and its arrival at
the receiver.

Show your working and state any formula that you use.

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

(b) Radio signals are electromagnetic waves. They can be either digital or analogue.

Explain the difference between these two terms.

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

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

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

(c) Light signals can be sent through optical fibres. 

Explain how this happens.

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

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

..................................................................................................................................... [2]
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9 Fig. 9.1 shows a section through an eye of a person looking at a candle.

Fig. 9.1

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

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

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

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

(b) On the diagram, draw two light rays from the top of the candle flame to show how its
image is focused on to the retina. [3]

(c) Describe how the shape of the lens is changed when the eye focuses on an object that
is further away from the eye. 

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

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

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

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

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

A

C

X

B
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(d) A boy catches sight of a ball out of the corner of his eye, so that the image is focused
on the area marked X.

Explain why he cannot tell the colour of the ball.

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

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

..................................................................................................................................... [2]
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10 (a) Fig. 10.1 shows the current being measured in different parts of a circuit, which
includes three identical lamps and three ammeters, P, Q and R.

Fig. 10.1

(i) Which ammeter, P, Q or R, shows the largest current? 

Explain your answer.

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

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

(ii) Which ammeter, P, Q or R, shows the smallest current? 

Explain your answer.

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

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

(b) Fig. 10.2 shows a similar circuit, containing three identical resistors but no ammeters. 

Fig. 10.2

(i) A voltmeter connected across AB reads 3 V.

What would the voltmeter read when connected across

CD,  ……………………

FG? …………………… [2]

D
C

F

A

E

G

B

QP

R

A

A

A
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(ii) The current through CD is 0.1 A.

Calculate the resistance of one resistor.

Show your working and state any formula that you use.

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

(iii) Calculate the total resistance of the circuit between C and E. 

Show your working and state any formula that you use. 

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