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1 (a) Fig. 1.1 shows apparatus that can be used to test the electrical conductivity of the
materials contained in beakers P, Q and R.

@] low voltage ©

d.c. supply

positive electrode negative electrode

decane sodium chloride aqueous sodium
(CioHs0) crystals chloride

Fig. 1.1

(i) Explain, in terms of protons and electrons, why a sodium ion, Na*, has a single
positive electrical charge.

................................................................................................................................... 2]
(i) The material in beaker R is a good electrical conductor.
The materials in beakers P and Q are insulators.
Explain these statements in terms of ions.
[3]
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(iii) The material in beaker R is tested using the apparatus in Fig. 1.1. For

Examiner's
Bubbles of gas form on the surfaces of both electrodes and the pH of the solution Use
increases.

Name the gas that forms at each electrode and explain briefly why the pH
increases.

gas formed at the negative electrode

gas formed at the positive electrode

reason for the increase in pH

chloride ion \Q

Fig. 1.2

Explain, in terms of its structure and bonding, why sodium chloride has a very high
melting point (801 °C).
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2 (a) Fig. 2.1 shows two means of communication between Singapore and Sydney.

satellite

optical fibre -
cable -

Fig. 2.1
Method 1  Microwave signals are sent by satellite.
Method 2 Infra-red waves carrying a signal are sent through an optical fibre cable.
Fig. 2.2 shows an infra-red ray entering an optical fibre.

e~

infra-red

optical fibre
Fig. 2.2

The infra-red ray travels all the way through the optical fibre.

(i) Explain why the infra-red ray stays inside the optical fibre. You may draw on the

diagram if it helps your answer.
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(ii) The length of an optical fibre cable between Singapore and Sydney is 6.3 x 10°m.

(iii)

© UCLES 2013

The speed of infra-red waves in an optical fibre is 2.1 x 10®m/s.
Calculate the time taken for the signal to travel from Singapore to Sydney.

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

formula

working

The speed at which microwaves travel through space is greater than the speed at
which infra-red waves travel through an optical fibre.

Suggest why the time taken by infra-red signals is less than the time taken by the
microwave signals to travel from Singapore to Sydney.

For
Examiner's
Use
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(b) Fig. 2.3 shows a demonstration of sound transmission using a bell jar. For
Examiner's
Use
A )

to vacuum pump

Fig. 2.3

As the air is removed from the bell jar, the ringing sound from inside the bell jar gets
quieter. When all the air has been removed, the bell cannot be heard.

Explain these observations.

© UCLES 2013 0654/32/0/N/13
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3 Sodium hydrogencarbonate, NaHCOs, is a white solid compound which is soluble in water. For

Examiner's
(@) A student adds some sodium hydrogencarbonate to a beaker which contains an Use

aqueous solution of full range indicator (Universal Indicator).

sodium
hydrogencarbonate

spatula

solution of full —_|
range indicator

|\ J

When the sodium hydrogencarbonate dissolves, the solution changes colour from
green to blue.

(i) State how the pH of the mixture changes when the sodium hydrogencarbonate
dissolves.

(ii) The student then adds excess dilute hydrochloric acid to the solution.

Apart from an increase in volume, state two observations that are made when the
acid is added.

© UCLES 2013 0654/32/0/N/13 [Turn over
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(b) Fig. 3.1 shows apparatus a teacher uses to demonstrate the heating of sodium
hydrogencarbonate.

u-tube

large test-tube

sodium
hydrogencarbonate
NaHCO, - -
— °l limewater
T — \_
\_ \ J
heat / _ \

cobalt chloride cold water

paper

Fig. 3.1

The solid sodium hydrogencarbonate is heated strongly for a few minutes and the
following observations are made.

o The cobalt chloride paper changes colour from blue to pink.

e A gas bubbles out through the limewater, turning it cloudy.
After the reaction a white solid remains in the large test-tube.

(i) Explain how the observations show that both water and carbon dioxide are
produced.

(ii) The teacher tells her students that

¢ sodium hydrogencarbonate has been decomposed (broken down into simpler
compounds),

e the white solid which remains in the large test-tube is sodium carbonate,
N32C03.

Construct a balanced symbol equation for the decomposition of sodium
hydrogencarbonate.

© UCLES 2013 0654/32/0/N/13
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(iii) A student places a piece of paper into a solution of sodium hydrogencarbonate. For
Examiner's

She removes the paper and allows it to dry. She notices that crystals of solid Use

sodium hydrogencarbonate are left on the paper.

dry paper covered in solid
paper sodium hydrogencarbonate

%\ P

—

g J
sodium
hydrogencarbonate
solution

The student finds that it is now difficult to set fire to the paper.

Use the results of the experiment in Fig. 3.1 to suggest why the student finds it
difficult to get the paper to burn.

(iv) Suggest, with a reason, whether the decomposition of sodium hydrogencarbonate
is an exothermic or an endothermic reaction.

© UCLES 2013 0654/32/0/N/13 [Turn over
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4 Most plants have root hairs near the tips of their roots. A mutation in a plant called land
cress affects the growth of its root hairs.

(@) (i) Define the term mutation.

(b) The growth of root hairs in normal plants, and in plants with the mutation, is affected by
the concentration of phosphate ions in the soil.

Researchers grew normal and mutant land cress plants in soil with different
concentrations of phosphate ions. They measured the mean number of root hairs in a
small area of the roots, and also the mean length of the root hairs.

Table 4.1 shows their results.

Table 4.1
phosphate mean number of root mean length of root
type of plant : : : . .
concentration hairs per unit area hairs/micrometres
low 1.26 175
normal plants
high 1.70 149
low 1.41 225
mutant plants
high 1.85 52

(i)

© UCLES 2013

Describe how the addition of phosphate ions to the soil affects the root hairs in
normal plants.

Compare the effect of adding phosphate ions to the soil for normal plants and for
mutant plants.
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(iii) Predict and explain how a reduction in the length of its root hairs would affect the For

growth of a plant. Examiner's
Use

(c) Farmers often add fertilisers containing phosphate ions, potassium ions and nitrate
ions to the soil in which they grow crops.

(i) Explain why adding nitrate ions to the soil helps the crop plants to grow faster and
larger.

(ii) Explain how careless use of fertilisers can cause harm to living organisms in rivers
and lakes.

© UCLES 2013 0654/32/0/N/13 [Turn over
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5 Fig. 5.1 shows a bicycle with a front light A and a rear light B powered by the same battery.

Fig. 5.1

Fig. 5.2
(@) The resistance of light A is 10Q and the resistance of light B is 5Q.
Calculate the combined resistance of the two lights in this circuit.
State the formula that you use and show your working.

formula

working

© UCLES 2013 0654/32/0/N/13
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(b) The voltage supplied by the battery is 9V. For
Examiner's
Calculate the current passing through light A. Use

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

formula

working

© UCLES 2013 0654/32/0/N/13 [Turn over
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6 Fig. 6.1 shows a fetus in the uterus just before it is born. For

Examiner's
Use

Fig. 6.1

(@) On Fig. 6.1, use the letters A, B and C to label these parts on the diagram:
A — the placenta
B — amniotic fluid

C —the cervix [3]

(b) Describe how the placenta and umbilical cord help to supply the fetus with oxygen.

© UCLES 2013 0654/32/0/N/13
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(a)

(b)

(c)

15
Fluorine is one of the halogens in Group 7 of the Periodic Table.
Suggest the physical state at room temperature (solid, liquid or gaseous) of fluorine.

Explain your answer in terms of the relative size of fluorine molecules in comparison
with those of the other halogens.

physical state of fluorine

explanation

Fluorine is the most reactive element in the Periodic Table. There are only three other
elements that do not react with fluorine. These elements are all found in the same
group of the Periodic Table.

Suggest and explain which group of the Periodic Table contains the elements that do
not react with fluorine.

group

EXPIANALON || e s e R bR

In some countries, drinking water contains low concentrations of compounds containing
fluoride ions.

One of the compounds found in drinking water is sodium fluoride, NaF.

(i) Explain briefly why, although fluorine is very reactive, it is safe to drink water that
contains fluoride ions.

For
Examiner's
Use
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(ii) A sample of drinking water contains sodium fluoride at a concentration of

© UCLES 2013

0.000064 mol/dm?®.

Calculate the mass of sodium fluoride that must be dissolved in 10000 dm? of water
to obtain this concentration.

Show your working.
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8 (a) During part of a journey, a car moves 1 km and the driving force is 10000 N. For

Examiner's
(i) Calculate the work done by the driving force. Use

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

formula

working

(ii) This work is done in 100s.
Calculate the useful power output from the car’s engine during this time.

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

formula

working

© UCLES 2013 0654/32/0/N/13 [Turn over
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(b) When the car is stationary, each of its four tyres has an area of 150cm? in contact with

(c)

the road.

The pressure exerted by the car on the road is 300000 N/m?.

Calculate the mass of the car.

State any formulae that you use, show your working and state the unit of your answer.
(use g = 10N/kg)

formula

working

The cooling system of the car uses water to remove heat energy from the hot engine.
The heated water goes into the radiator. Heat energy is lost from the radiator.

(i) Fig. 8.1 shows a car radiator.

folded copper foll

many thin copper
pipes containing
hot water

Fig. 8.1

Explain how the features of the radiator that are shown in Fig. 8.1 increase the rate
of cooling of hot water.

© UCLES 2013 0654/32/0/N/13
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(ii) The mass of water in the radiator is 5kg. For

Examiner's

The specific heating capacity of water is 4200J/kg °C. Use
Calculate the energy released when the water in the radiator cools by 12°C.

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

formula

working

© UCLES 2013 0654/32/0/N/13 [Turn over
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9 Rabbits are often kept as pets. People try to breed rabbits with unusual colours, such as For
himalayan colouring. Fig. 9.1 shows a rabbit with himalayan fur colour. The rabbit's fur is | Examiner's
white with some black areas. Use

\

Fig. 9.1
(@) Completely white fur and himalayan-coloured fur are produced by two alleles of a gene.

When a white rabbit and a himalayan rabbit are bred together, all the offspring are
white.

When two of these white offspring are bred together, one quarter of their offspring are
himalayan and three quarters are white.

(i) Identify which allele is dominant, and suggest suitable symbols for the two alleles.
dominant allele:
colour produced | ... SYMBOl et

recessive allele:

colour produced symbol [2]

(ii) Two rabbits that are heterozygous for these alleles are crossed.

Construct a genetic diagram, using your symbols from (i), to explain the results of
this cross.

(4]

© UCLES 2013 0654/32/0/N/13



21

(b) Rabbits, like humans, keep their internal body temperature constant. The body For

temperature of a rabbit is 38.5°C. Examiner's
Use

(i) Explain how a rabbit generates heat within its body.

(i) Suggest how the fur of a rabbit helps to maintain its body temperature higher than
that of its environment.

(ifi) When himalayan rabbits are first born, they are white all over. The black colour
develops gradually. The black pigment is produced by the action of an enzyme that
is only active at temperatures below 25 °C.

Use this information to suggest a reason for the distribution of black fur on the
body of a himalayan rabbit.

© UCLES 2013 0654/32/0/N/13 [Turn over
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10 Fig. 10.1 shows the structure of one molecule of a type of compound called a CFC

For
(chlorofluorocarbon). Examiner’s
Use
(lil
F—T— F
Cl
Fig. 10.1

(@) (i) State the number of electrons in the outer shells of chlorine and fluorine atoms.

(ii) State and explain briefly the number of electrons in the outer shells of the chlorine
and fluorine atoms in the molecule shown in Fig. 10.1.

number Of eIeCtronS lllllllllllllllllllllllllllllllll
OXPIANGLON ||| eeeeeseeeeeesessssasssesssesssssssssssscessessse s e s e SRR eR e

(b) Fig. 10.2 shows a cross-section through an aerosol spray can used to produce a paint
spray.

cap is pushed
down to spray

paint spray
gaseous CFC at
high pressure produces
surface a force on the paint
of paint T

| paint

strong metal
container T

| X

Fig. 10.2

© UCLES 2013 0654/32/0/N/13
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(i) Explain, in terms of molecules, how the gaseous CFC produces a force on the For
surface of the paint. Examiner's
Use
[2]

(ii) Scientists have discovered that CFC molecules are causing damage to the
atmosphere because they react with molecules of the gas ozone, Os.

Describe how a molecule of ozone differs from a molecule of gaseous oxygen, O..

(c) CFCs have been replaced in most aerosol spray cans by gaseous hydrocarbons such
as propane and butane.

(i) Complete the molecular structure diagram of one molecule of propane.

(2]

(ii) Suggest one disadvantage of using hydrocarbons in aerosol spray cans.

© UCLES 2013 0654/32/0/N/13 [Turn over
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11 (a) A mobile phone (cell phone) is powered by a rechargeable battery.

Fig. 11.1 shows a mobile phone being charged. The charger contains a circuit which

acts as a transformer.

charger —__|

cable

microphone

Fig. 11.1

speaker

battery

screen

Link each description in Table 11.1 with one of the labelled parts shown in Fig. 11.1.

Write your answers next to the descriptions in Table 11.1

Table 11.1

description

part

This transforms electrical impulses into sound energy

This transforms electrical energy to stored chemical energy

This transforms electrical energy to light energy

This reduces the mains voltage to a lower voltage.

© UCLES 2013 0654/32/0/N/13
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(b) A simple transformer is shown in Fig. 11.2.

primary coil iron core
|
o I
Be——""°9°
nput — q20vac. B 6Vac ~ Output
voltage o voltage
o
I

secondary coll
of 40 turns

Fig. 11.2
(i) Calculate the number of turns on the primary coil.
State the formula that you use and show your working.

formula

working

(iii) State how step-up transformers reduce the electrical energy lost in transmission
through a grid from a power station to the point of use.

For
Examiner's
Use
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(c) (i) Draw lines to show the magnetic field around the bar magnet in Fig. 11.3 For

Examiner's
Use

Fig. 11.3

(2]

(ii) Draw lines to show the shape of the magnetic field produced by the solenoid coil in
Fig. 11.4, when an electric current passes through it.

Fig. 11.4

(1]

© UCLES 2013 0654/32/0/N/13
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12 Cigarette smoke contains many harmful substances.

(a) List four harmful components of cigarette smoke.

4 [2]

(b) Some of the components of cigarette smoke prevent cilia from working properly.

Explain how this can lead to an increase in infections of the lungs by bacteria.

(c) Describe the roles of white blood cells in defending the body against infections by
bacteria.

© UCLES 2013 0654/32/0/N/13
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