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

@/ low voltage ©

d.c. supply

positive electrode negative electrode

decane copper chloride aqueous copper
(CioHa0) crystals chloride

Fig. 1.1
(@) 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.
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(b) The material in beaker R is tested using the apparatus in Fig. 1.1. Bubbles of g
on the surface of one of the electrodes.

() Namethegasthatforms. et
(ii) A layer of an orange solid is formed on the other electrode.
Explain, in terms of ions, electrons and atoms, what is happening at the surface of
this electrode.
................................................................................................................................... [3]
(c¢) Sodium chloride is a hard, crystalline solid at room temperature.
Fig. 1.2 shows a diagram that represents the structure of sodium chloride.
sodium ion \C){)C)C)C)
chloride ion \Q:Q:O
Fig. 1.2
Explain, in terms of forces, why sodium and chloride particles stay strongly bonded.
.......................................................................................................................................... [2]
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satellite

optical fibre s
cable -7
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.

7=

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

(iif)

© 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.
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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.
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3 Sodium hydrogencarbonate, NaHCOs, is a white solid compound which is soluble in

(@) A student adds some sodium hydrogencarbonate to a beaker which contains
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.
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(b) Fig. 3.1 shows apparatus a teacher uses to demonstrate the heating of
hydrogencarbonate.

u-tube

large test-tube

sodium
hydrogencarbonate
NaHCO, ] -
- s
(o)
N o
- °l limewater
T — - \_
\_ \ J
heat / _ \
cobalt chloride cold water
paper
Fig. 3.1

The solid is heated strongly for a few minutes.
e 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

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

e the white solid which remains in the large test-tube is sodium carbonate,
N82003.

Construct a balanced symbol equation for the decomposition of sodium
hydrogencarbonate.
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She removes the paper and allows it to dry. She notices that crystals of so
sodium hydrogencarbonate are left on the paper.

dry paper covered in solid
paper sodium hydrogencarbonate

= —
Vs

N

NN

\_ 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.
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4 (a) Most plants have root hairs near the tips of their roots.
Researchers grew two different types of crop plants, A and B, in soil with differ
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
A
high 1.70 149
low 1.41 225
B
high 1.85 52

(i) Describe how the addition of phosphate ions to the soil affects the root hairs in
Type A plants.

(ii) Compare the effect of adding phosphate ions to the soil for type A plants and type
B plants.
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(iii) Predict and explain how a reduction in the length of its root hairs would a
growth of a plant.

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

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

© UCLES 2013 [Turn over

\PA CAMBRIDGE



5

Fig. 5.1

Fig. 5.2 shows how the lights are connected.

=
YN
®

Fig. 5.2

(a) State the name given to this type of circuit arrangement.
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(b) (i) 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

(ii) The voltage supplied by the battery is 9V.
Calculate the current passing through light A.

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

formula

working

(c) The bicycle was made from a block of aluminium alloy of mass 9000g and volume
3000cm?®.

Calculate the density of aluminium in g/cm?.
State the formula that you use and show your working.

formula

working
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6 Fig. 6.1 shows a fetus in the uterus just before it is born.

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.
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7 (a)

(b)
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Fluorine is one of the halogens in Group 7 of the Periodic Table.

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

Fig. 7.1 shows the structure of one molecule of a type of compound called a CFC
(chlorofluorocarbon).

Cl
F—(|3—F
Cl
Fig. 7.1

(i) Name the type of chemical bonds that hold the atoms together in the molecule in
Fig. 7.1.

Explain your answer briefly.

type of bonding | ....cooieeneetrensssreeeesieenn
OXPIANGLON || eeeeeeseeeesseemssssesessseeess s sss s sss s sss s s ssa e sra e
................................................................................................................................... [2]
(ii) State the number of electrons in the outer shells of chlorine and fluorine atoms.
[1]

(iii) State and explain briefly the number of electrons in the outer shells of the chlorine
and fluorine atoms in the molecule shown in Fig. 7.1.

number of electrons

explanation
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8 (a) Fig. 8.1 shows a car moving along a road.

(i) Draw and label arrows on Fig. 8.1 to show the directions of the driving and fricti

forces acting on the car.

[1

Fig. 8.1
(ii) The driving and friction forces are balanced.

Explain what is meant by the phrase forces are balanced.

(iv) The car accelerates.

Compare the relative sizes of the driving and friction forces as the speed

increases.

(b) (i) During part of a journey, a car moves 1km and the driving force is 10000 N.

Calculate the work done by the driving force.

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

answer.

formula

working
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(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

(c) 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) Name the part of the electromagnetic spectrum that is involved in the transfer of
heat by radiation.

folded copper foil

many thin copper
pipes containing
hot water

Fig. 8.2

Explain how the features of the radiator that are shown in Fig. 8.2 increase the rate
of cooling of hot water.
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9 Fig. 9.1 shows an alveolus and a blood capillary in the lungs.

capillary

Fig. 9.1

(@) The arrows labelled 1 and 2 show the direction of diffusion of two gases.
(i) Name the gases.

gas 2 (2]

(iii) Explain how the structure of the wall of the capillary and the wall of the alveolus
help diffusion of these gases to take place efficiently.
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(b) Cigarette smoke contains many harmful substances.
(i) List four harmful components of cigarette smoke.

1

2

3

4 [2]

(ii) 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.
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