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For
Examiner's

1 Blood contains red cells, white cells and plasma. Use

(a) Outline the function of white blood cells.

(b) The heart pumps blood around the body. Explain how the heart pushes blood into the
arteries.

(c) State one difference between the structure of arteries and the structure of veins.
Explain how this difference relates to their different functions.

StrUCtu re -------------------------------------------------------------------------------------------------------------------------------
fu n Ction -------------------------------------------------------------------------------------------------------------------------------

(d) Plants do not have a heart to pump fluids around them.
Water is carried through xylem vessels from a plant’s roots to its leaves.

Explain why this happens more quickly when it is warm than when it is cold.

© UCLES 2006 0654/03/M/J/06
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2 (a) A student uses a pH sensor connected to a computer to investigate four liquids, A, B, C
and D. The apparatus is shown in Fig. 2.1.

pH sensor

—/ —/ —/ —/
A B Cc D
Fig. 2.1

The results obtained when the pH sensor was placed into the liquids in the test-tubes
are shown in Table 2.1.

Table 2.1
tube pH
A 14.0
B 7.0
Cc 1.0
D 6.0

(i) Which liquid in Table 2.1 could be pure water?
Explain your answer.

(ii) Which liquid in Table 2.1 would react with iron(IT) sulphate to form a green
precipitate of iron(II) hydroxide?
Explain your answer.

(iii) Which liquid in Table 2.1 contains the highest concentration of H" ions?
Explain your answer.

For
Examiner's
Use
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(b) The student then used a temperature sensor in a second experiment as shown in Use

Fig. 2.2.

dilute hydrochloric acid
concentration 0.5mol/dm?3

tap

temperature
sensor

dilute potassium
hydroxide solution
volume = 25.0cm?® —& y)

Fig. 2.2

The student opened the tap and added the hydrochloric acid slowly to the potassium
hydroxide solution. She plotted a graph of the temperature of the mixture against the
volume of acid added. Her graph is shown in Fig. 2.3.

/V

temperature N
of mixture S

0 5 10 15 20 25 30 35 40

volume of acid added/cm?

Fig. 2.3

The mixture became neutral when 15.0cm?® of acid had been added.

(i) Explain why the temperature of the mixture increased when the acid was first
added to the potassium hydroxide solution.

© UCLES 2006 0654/03/M/J/06
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(i) Suggest why the temperature of the mixture decreased once 15.0 cm® of acid had
been added.

The balanced equation for this reaction is
HCl(agq) + KOH(aq) — KCl(aq) + H.O (1)
(iii) Show that the number of moles of hydrochloric acid required to neutralise all of the

potassium hydroxide was 0.0075.
Show your working.

................................................................................................................................... [2]
(iv) Calculate the concentration of the potassium hydroxide solution in mol/dm?.
Show your working.
................................................................................................................................... [3]
(v) Write an ionic equation for the neutralisation of any acid by any alkali.
(1]

For
Examiner's
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3 (a) Nuclear fission and nuclear fusion are both sources of energy. Use

(i) Apart from releasing energy, in what way are these two processes similar?

(ii) In what way are these two processes different?

(iii) There are safety concerns about the use of nuclear fission as an energy resource.
Describe and explain one of these safety concerns.

(b) (i) The voltage of electricity generated in a power station is increased using
transformers for transmission through power lines to the users.

Explain why this is done.

© UCLES 2006 0654/03/M/J/06
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(ii) Fig. 3.1 shows a diagram of a simple transformer. Use

o— —o
12V 120V
o— —O

10 turns
Fig. 3.1

Vv N
Use the equation vp = N—p to calculate the number of turns on the coil in the
S S

secondary circuit.

number of turns = [1]

(iii) Explain how a transformer changes the voltage of an electrical supply. Your
explanation should include the terms induced current and magnetic field.

© UCLES 2006 0654/03/M/J/06 [Turn over
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4 Big-horn sheep live on rocky mountain sides in Canada. The males have very large horns.
The size of their horns is caused by their genes.

(ii) In which cells in the big-horn sheep’s body will the gene for horn size be present?

© UCLES 2006 0654/03/M/J/06
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(c¢) Hunters Kill big-horn sheep and keep their horns as trophies. They kill the sheep with
the largest horns.

Fig. 4.1 shows how the average size of the horns in a population of big-horn sheep
changed between 1970 and 2005.

70 l
X
60 %
X

50
mean horn ¥ Sk
length/cm 40

X
30
1970 1975 1980 1985 1990 1995 2000 2005
year
Fig. 4.1

Explain how hunting of big-horn sheep could have caused the general trend shown in
Fig. 4.1.

(d) In summer it may be very hot in the mountains, but in winter it is very cold.

(i) Explain how the big-horn sheep’s sweat glands can help to keep them cool in
summer.

For
Examiner's
Use
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5 (a) Electrical signals can be sent along wires in digital form.

(i) Describe what is meant by a digital signal.

................................................................................................................................... [1]
(ii) Give one advantage of using digital signals rather than analogue signals.
................................................................................................................................... (1]
(b) Electrical signals can pass in and out of electronic gates.
Identify the gates in Fig. 5.1 below.
signal in
T L —— gate
no signal in signal out
? gate [2]
signal in nosignal out T

(c) Rays of light entering the eye are refracted by the lens.

(i) Complete Fig. 5.2 below to show what happens when parallel rays of light are
refracted by a lens of focal length 10 cm.

/

AN

/!

N

/

\

scale 1:2

(3]
Fig. 5.2
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(ii)

(iii)

© UCLES 2006
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Human eyes are able to detect the three primary colours.
Name these colours.

3. [1]

These three colours of light are electromagnetic waves. Apart from their colour,
state one other way in which they differ from each other.

For
Examiner's
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6 (a) The diagrams below show some common raw materials which are changed by Use
chemical reactions into useful products.

Choose words from the list to complete each box.

aluminium ammonia ceramics chlorine
glass paper plastics
raw materials useful products

)
|

silicon(IV) oxide
mixed with metal oxides

_.

clay

OIL -
~—

petroleum
(crude oil)
[3]
(b) Explain why silicon (IV) oxide has a very high melting point.
You may draw a diagram if it helps your answer.
.......................................................................................................................................... [2]

© UCLES 2006 0654/03/M/J/06
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(c) Petroleum (crude oil) undergoes many processes in order to provide a wide range of
useful chemicals.
Some of the alkane molecules from petroleum are cracked on the surface of a hot
catalyst to produce a mixture of saturated and unsaturated hydrocarbons.
Fig. 6.1 shows a schematic diagram of catalytic cracking.

catalyst in the form of
very small particles

\

.
2000000000 o o oy
“oaps 0%e o
—_— — %
%taats %o o
20 gl o

mixture of large cracking unit mixture of smaller
saturated hydrocarbon saturated and unsaturated
molecules hydrocarbon molecules

Fig. 6.1

(i) Name the unsaturated hydrocarbon, produced by cracking, which is used to make
ethanol, C,HgO.

(ii) Write a balanced equation for the reaction referred to in (i) that produces ethanol.

(iii) Describe how a sample of the mixture coming from the cracking unit could be
tested to show that it contained unsaturated compounds.

(iv) The mixture coming from the cracking unit contains molecules of different sizes.
Suggest the name of a process which could be used to separate the mixture into
individual substances.

For
Examiner's
Use
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7 Fig. 7.1 shows three aeroplanes at an airport.

% °

Fig. 7.1

(a) Aeroplane A is moving at a constant velocity towards the main runway.
Aeroplane B is stationary, waiting for take off.
Aeroplane C has just taken off and is accelerating.
(i) Which, if any, of the aeroplanes has zero momentum?

Explain your answer.

(ii) The momentum of one of the aeroplanes is changing.

State which aeroplane and explain your answer.

© UCLES 2006 0654/03/M/J/06
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(b) Fig. 7.2 shows a speed-time graph for aeroplane C. Use

100
speed A e e e e T T T
m/s >0
0
0 50 100 150 200 250 300
time/s
Fig. 7.2

Calculate the distance covered by the aeroplane in the first 200 seconds.
Show your working.

(c) The mass of aeroplane C is 120 000 kg.
Calculate the kinetic energy of the aeroplane as it travels at 100 m/s.

Show your working and state the formula that you use.

formula used

working

© UCLES 2006 0654/03/M/J/06 [Turn over
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8 In many parts of the world, cattle are farmed to provide meat and milk for humans. The
cattle may be fed on maize. This information can be shown as a food chain.

maize - cattle - humans

(@) The arrows in the food chain represent the flow of energy along the chain.

Explain how the maize plants obtain their energy.

.......................................................................................................................................... [31
(b) Fig. 8.1 is a pyramid of biomass for this food chain.
Fig. 8.1
(i) State the meaning of the term biomass.
[1]

(ii) Write the letter C in the level or levels in this pyramid that represent the consumers.

[1]
(iii) Explain why the pyramid is this shape.

© UCLES 2006 0654/03/M/J/06
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(c) Explain why farmers may spray pesticides onto growing maize crops. Use

(d) There is more than enough food in the world to feed everyone, but in many places
people cannot get enough to eat.

Describe one example of a problem of inadequate diet in a named part of the world and
suggest a solution to this problem.

© UCLES 2006 0654/03/M/J/06 [Turn over
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9 Growing crops take up several elements they need from the soil. Use

The chemical symbols of three of these elements are N, P and K.

(@) (i) One of these elements, when uncombined, is a metal.
Name this element.

(ii) State which two of these elements have the same number of electrons in the outer
shells of their atoms.
Explain your answer briefly.

elements and

(b) In industry, nitrogen from the atmosphere is used to make ammonia. Ammonia is used
to make the salts ammonium nitrate and ammonium phosphate, which are added to soil
used for growing crops.

Fig. 9.1 shows a diagram of the industrial process used to make ammonia.

nitrogen  hydrogen
/ /
k;’,
f
E‘j;:: — ammonia

ammonia separator

reaction vessel

Fig. 9.1

(i) The equation for the formation of ammonia is shown below.

N2(g) + 3H2(g) = 2NH;(9)
Name the two main gases in the mixture flowing through pipe A.

© UCLES 2006 0654/03/M/J/06
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(ii) Complete the bonding diagram below to show Use
. the chemical symbols of the elements in a molecule of ammonia,
) the arrangement of the outer electrons of each atom.

(2]
(iii) The chemical formula of ammonium phosphate is (NH,)3PO,.
The formula and charge of the ammonium ion is NH,".
Deduce the formula and charge of the phosphate ion.
Explain your answer.
[2]

(iv) The gas mixture inside the reaction vessel in Fig. 9.1 is kept at a high temperature.
Explain the effect this has on the rate of the reaction that produces ammonia.

© UCLES 2006 0654/03/M/J/06 [Turn over
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10 (a) Explain why the pressure inside a car tyre increases as the tyre gets hotter. Use

© UCLES 2006 0654/03/M/J/06
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