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1 (a) In many countries, vehicle speeds are measured by speed cameras to see if they are
exceeding the speed limit. The camera takes two photographs of a vehicle after it passes the

camera.
Fig. 1.1 shows a moving van about to pass a speed camera.

The van drives over lines painted on the road at 1 metre intervals.

painted lines on the road

Fig. 1.1

Fig. 1.2 shows the position of the van as the camera takes the first photograph. Fig. 1.3
shows the position of the van 0.2 seconds later, as the camera takes the second photograph.

first photograph

Fig. 1.2

0.2 seconds later

Fig. 1.3
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(i) Calculate the speed of the van in m/s.
State the formula that you use and show your working.

formula

working

.............................. m/s [2]

(ii) The speed limit on this road is 80 km/h.

Show, by calculation, that the van was breaking the speed limit.

speed of the van = km/h [2]
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(b) (i) The mass of the van is 1600kg.
Calculate the kinetic energy of the van when it travels at a steady speed of 10m/s.
State the formula that you use and show your working.

formula

working

kinetic energy ofvan= ... J 2

(ii) The van stops.

Explain what happens to the kinetic energy.

© UCLES 2014 0653/32/M/J/14
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(c) The driver sounds the van’s horn when he needs to warn of his approach. The horn emits a
note of frequency 200 Hz.

The wavelength of the sound wave is 1.6 m.
Calculate the speed of sound in air.
State the formula that you use and show your working.

formula

working

speed of sound = m/s [2]
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2 Fig. 2.1 shows a water lily. The leaves of the water lily float on the surface of water.

= | surface
leaf o of water
—
/N>

=
N A
under
water
Fig. 2.1

The water lily produces carbohydrates by photosynthesis.
(@) Complete and balance the symbol equation for photosynthesis.

light
CcO, + 6 H,O _— CeHi206 +
chlorophyll [2]

(b) Fig. 2.2 shows a cross-section of a small part of a water lily leaf as seen under the light
microscope.

stomata

upper epidermis cell

palisade cell

lower epidermis cells

Fig. 2.2
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(i) Suggest how the large size of the air pockets in the leaf adapts the water lily to its
habitat.

(ii) The roots of most plants have root hair cells but water lilies do not.

Suggest why the roots of water lily plants do not need root hair cells.

(c) Some fertiliser is washed into a deep pond where a water lily is growing. The fertiliser causes
the water lily to grow very quickly, and the leaves soon cover the surface of the pond.

Predict and explain how this growth of the water lily affects

(i) small submerged aquatic plants,

............................................................................................................................................ [1]
(ii) the amount of dissolved oxygen in the water at the bottom of the pond,
............................................................................................................................................ [2]
(iii) fish and snails in the pond.
[1]
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(a) Fig. 3.1 shows the arrangement of copper atoms and zinc atoms in the alloy brass.

key
O copper atom

O zinc atom

Fig. 3.1

(b) Copper slowly corrodes in air, forming a thin black coating of copper oxide, CuO. Copper
oxide is an insoluble base which can be removed by reacting it with acid to form a blue
solution.

(i) Name the type of compound, other than water, formed when an acid reacts with a base.

(ii) Hydrochloric acid, HCI, is used to produce copper chloride, CuClL, from copper oxide.

Write a balanced, symbolic equation for the reaction.

(c) A differentzcompound of copper and oxygen exists. It is coloured red and contains the ions
Cu’ and O~

Deduce the chemical formula of this red copper oxide. Show how you obtained your answer.

© UCLES 2014 0653/32/M/J/14



Please turn over for Question 4.

© UCLES 2014 0653/32/M/J/14 [Turn over



10

4 A student does some exercise to find out if there is a relationship between type of exercise and
pulse rate.

She measures and records her pulse rate when resting. She performs one type of exercise and
then immediately measures her pulse rate again. She repeats this procedure for two more types
of exercise. Each exercise is performed for the same length of time.

She allows her pulse to return to the resting measurement between each exercise.

Her results are shown in Table 4.1.

Table 4.1
type of exercise pulse rate/beats per minute
resting 74
walking slowly 87
walking quickly 116
running 163

(a) (i) State which exercise produced the greatest increase in pulse rate and calculate this
increase.

type of exercise

increase in pulse rate = beats/minute [2]

© UCLES 2014 0653/32/M/J/14
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(b) Complete the paragraph, using words from the list, to explain the changes in the student’s
body as she exercises.

You may use the words once, more than once, or not at all.

carbon dioxide deeper faster glucose

glycogen respiration running shallower slower

The student needs more energy for her leg muscles to contract, so the rate of

increases in her muscle cells. Her blood supplies more

oxygen and to her muscle cells, and removes more

rate. [4]
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5 (a) Table 5.1 shows the elements of the third period of the Periodic Table with their electronic

structures.
Table 5.1
Group
T wm v v v [ 0
Na | Mg Al Si P ) Cl | Ar
2,81 | 2,82 2,83 | 284 | 285 | 2,86 | 287 | 288

(i) Describe how the metallic character of these elements changes across the period.

(ii) State the relationship between the metallic character of an element and its electronic
structure.

(b) Table 5.2 shows the properties of some elements in Group | of the Periodic Table.

Table 5.2
name of element | melting point/°C reaction with water
lithium 181 metal remains solid and a gas is given off
sodium 98 metal melts and a gas is given off quickly
potassium 64 metal melts and the gas given off catches fire
rubidium

(i) Use the information in Table 5.2 to predict the melting point and reaction with water of
the element rubidium.

Write your predictions in the spaces provided in the table. [2]

(ii) State how you used the information in Table 5.2 to make your predictions.

© UCLES 2014 0653/32/M/J/14
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(c) When hot sodium is held in a gas jar of chlorine, it burns. Sodium chloride forms on the walls
of the jar.

The apparatus used is shown in Fig. 5.1.

N
|

layer of sodium
chloride powder

sodium burning \\@

gas jar

chlorine gas

Fig. 5.1

Fig. 5.2 shows the structures of an atom of sodium and an atom of chlorine.

sodium atom chlorine atom
Fig. 5.2

(i) Draw diagrams showing the arrangement of the outer electrons of a sodium ion and a
chloride ion that are formed during the reaction.

ORO

sodium ion chloride ion

[2]
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(ii) Describe how the ions are formed during the reaction.

(iii) Explain why the sodium ions and chloride ions stay strongly bonded once they have
formed.

© UCLES 2014 0653/32/M/J/14
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Please turn over for Question 6.
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6 Fig. 6.1 shows part of a flower that reproduces by wind pollination.

anther

(a) Define pollination.

................................................................................................................................................... [1]
(b) Use Fig. 6.1 to explain how the following are adaptations for wind pollination.
(i) the shape of the stigmas
............................................................................................................................................ (1]
(ii) the position of the anthers
(1]
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(c) Fig. 6.2 shows diagrams of two pollen grains. One pollen grain is from a wind-pollinated
flower, the other is from an insect-pollinated flower. The diagrams are not drawn to scale.

Fig. 6.2
Suggest which pollen grain, X or Y, comes from an insect-pollinated flower.

Explain your answer.

© UCLES 2014 0653/32/M/J/14 [Turn over
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7 Fig. 7.1 shows a solar-powered lantern. It uses photovoltaic (solar) cells which charge a battery
during the day.

photovoltaic
cells

Fig. 7.1

(@) When the lantern is switched on so that the lamp lights, the battery supplies a current to two
lamps connected in parallel.

Complete the circuit diagram for the circuit within the lantern.

\ photovoltaic cell
!

o
two-way switch O I}{I ’

[2]
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(b) Complete the sequence of the energy transformations from the light falling on the solar cell to
the output from the lamps.

light energy

chemical energy

'

electrical energy

[1]

(c) (i) The battery has a voltage of 3V when fully charged, and supplies a current of 0.6 A to
the lamps.

Calculate the power output from the battery.
State the formula you use, show your working and state the unit of your answer.

formula

working

(ii) Another version of the solar lantern has the same battery and lamps but the lamps are
connected in series instead of in parallel.

Describe and explain the effect this difference will have on the operation of the lantern.

© UCLES 2014 0653/32/M/J/14 [Turn over



20

8 (a) Excess hydrochloric acid in the stomach can cause discomfort. Medicine containing
magnesium carbonate can be used to ease this discomfort.

Describe and explain the effect that magnesium carbonate has on the pH of the contents of
the stomach.

(b) Fig. 8.1 shows that the medicine can be supplied as a tablet in different sizes.
19 0.5¢g 0.5¢
Fig. 8.1
Two students investigate the effect of tablet size on the rate of the chemical reaction between
magnesium carbonate and dilute hydrochloric acid. This reaction produces carbon dioxide

gas.

The total volume of gas produced is measured at one minute intervals from the start of the
reaction. Readings were taken for 10 minutes.

One student uses one 1g tablet. The other student uses two 0.5g tablets. They use the
same volume and concentration of acid at the same initial temperature.

Fig. 8.2 shows some of the apparatus they use.

acid

tablet

Fig. 8.2

(i) Complete Fig. 8.2 to show how the volume of gas is measured. Label the apparatus. [2]

© UCLES 2014 0653/32/M/J/14
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The graph in Fig. 8.3 is drawn using the results obtained by the student who uses the one
1 g tablet of magnesium carbonate.

19
volume of
gas/cm?

0 time/min

Fig. 8.3

(ii) State and explain what the graph in Fig. 8.3 shows about changes to the rate of reaction
over time.

(iii) Using the axes in Fig. 8.3, sketch the graph of the results obtained by the student who
used two 0.5¢ tablets. [2]
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9 Many modern houses in colder countries are designed to conserve energy.

LT\

Gl
H i

(a) Fig. 9.1 shows how the outside walls of the house are constructed. The 5cm air gap between
bricks and concrete building blocks has been filled with insulating sheets of expanded

polystyrene.
expanded polystyrene
concrete building —__| sheets
blocks

bricks

[ [ [ [

Fig. 9.1

(i) Expanded polystyrene is made of a plastic filled with many tiny gas bubbles. This
material is a very poor conductor of heat.

Suggest, by referring to the arrangement and movement of gas molecules, why

expanded polystyrene is a much worse conductor than bricks and concrete building
blocks.

(ii) Describe another way in which expanded polystyrene sheets, placed in the air gap
between bricks and blocks, prevent heat loss from the house.

© UCLES 2014 0653/32/M/J/14
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(b) Fig. 9.2 shows graphs of the temperatures inside and outside the house over a 24 hour

period.
25 -
20 _¥/\ inside house
emverature 121 e
/°C i e T outside house
10 - .
54 e
0 T

00.00 03.00 06.00 09.00 12.00 15.00 18.00 21.00 24.00

time of day
Fig. 9.2

More heat is lost when the difference in temperature between inside and outside the house is
greater.

State the time of day at which heat loss from the house is greatest.

(c) State the colour that the outside of the house should be painted to reduce heat loss. Give a
reason for your answer.
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(d) Electricity for the house is partly supplied by a row of solar panels.

Fig. 9.3 shows the solar panels facing the Sun. In front of the solar panels is a metal mirror.

rays from the Sun
\ solar panels

mirror

Fig. 9.3

(i) On Fig. 9.4 continue the rays to show how the mirror increases the amount of the Sun’s
rays reaching the solar panels.

rays from
the Sun
T solar panels
T
mirror
Fig. 9.4

[2]

The solar panels transfer the Sun’s visible light and infra-red radiation energy into electrical
energy.

(ii) Fig. 9.5 shows some parts of the electromagnetic spectrum. On Fig. 9.5, label the boxes
representing the visible and infra-red parts of the spectrum with their names.

gamma rays ultra-violet microwaves

Fig. 9.5
[2]

© UCLES 2014 0653/32/M/J/14




25

Please turn over for Question 10.
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10 Fig. 10.1 shows how the activity of an enzyme is affected by temperature

A
l// \
4
/
Vi
\
/
\
\
rate of /
reaction / \
\
\
/|
. \
/ \
/’/ \
\
1
i \
EEEEE= \
0 10 20 30 40 50 60 70
temperature/°C
Fig. 10.1

(a) Define an enzyme.
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(c) Describe and explain, in terms of the movement and shape of molecules, why the rate of
reaction changes

(i) between 10°C and 30°C,

© UCLES 2014 0653/32/M/J/14
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