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1 Fig. 1.1 shows a red blood cell and a root hair cell.

Fig. 1.1

(@) Name the red protein found in the cytoplasm of the red blood cell.
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(c) Three red blood cells A, B and C were placed in three different solutions.
shows their appearance after five minutes.

A B C

Fig. 1.2

(i) State the letter of the cell that was placed in
distilled water,

dilute sugar solution,

concentrated sugar solution. [1]
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(@) In 2002 some research scientists claimed that they had produced a tiny amo
new element that had a proton number of 118.

The scientists predicted that this element should be placed in Period 7 and Group 0 o
the Periodic Table.

(i) State the total number of electrons and the number of electron shells (energy
levels) in one atom of this element.

total number of electrons

number of electron shells [2]

(ii) Predict and explain, in terms of electron configuration, whether this element would
be reactive or unreactive.

(b) The halogens are reactive elements found in Group 7 of the Periodic Table.

Halogens combine vigorously with the alkali metals from Group 1 to form colourless
ionic compounds.

The halogens and alkali metals from Periods 2 to 5 are shown in Fig. 2.1.

Li F
Na Ci
K Br
Rb I

Fig. 2.1
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(i) A student has a colourless solution which he knows is either potassium bro
potassium iodide.

The student adds chlorine solution as shown in Fig. 2.2.

chlorine
solution

| colourless solution of
either potassium bromide
\_/ or potassium iodide

Fig. 2.2

Predict the colour the student would see if the test-tube contained
e potassium bromide,

e potassium iodide.

Explain your predictions.
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(ii) The student is asked to predict which pair of elements, chosen from thos
in Fig. 2.1, would react together most vigorously.

He predicts that the reaction between lithium and fluorine would be the most

vigorous.

Explain whether or not the student has made a correct prediction.

(c) Potassium bromide contains potassium ions, K* and bromide ions, Br™.

Construct a balanced symbolic equation for the reaction between potassium and

bromine to form potassium bromide.
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Fig. 3.1 shows four swimmers at the start of a race.

mm(m((((«mnunm(un(«(uuu(((((((((((((((m(((mq

Fig. 3.1

(@) The swimmers start their race when they hear a loud, high-pitched sound from a
loudspeaker.

(i) Describe how the loudspeaker causes the sound to travel through the air. Use the
idea of compressions and rarefactions in your answer.

You may draw a diagram if it helps your answer.
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On Fig. 3.2 draw another trace of a sound wave from a sound that is louder than
one shown, but has the same pitch.

[N /NN
BAVEAVEAN

Fig. 3.2

(2]

(c) Sound travels at 330m/s in air. The loudspeaker produces a sound with a frequency of
2200 Hz.

Calculate the wavelength of this sound.
State the formula that you use and show your working.

formula used

working
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(d) The mass of water in the pool is 70 000 kg.

The specific heating capacity of water is 4200J/kg°C. The water is allowed to ¢
from 35°C to 25°C.

Calculate the energy lost by the water during this cooling.
State your answer in MJ (megajoules).
State the formula that you use and show your working.

formula used

working

MJ  [3]
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(@) Fig. 4.1 shows part of a food web in the forest ecosystem around Chern
Ukraine.

spiders dragonflies

P >t

bees grasshoppers

AN

plants
Fig. 4.1

(i) Define the term ecosystem.

(iv) The food web shows that bees depend on plants. Some species of flowering plants

also depend on bees and other insects.

Explain how bees help flowering plant species to survive.
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(b) In 1986, major errors by operators resulted in a huge explosion at the Ch
nuclear reactor. Radioactive substances were released into the environment.

One of the main radioactive substances released was caesium-137. When
caesium-137 decays, it forms barium-137.

Table 4.1 shows information about the radioactive decay of caesium-137 and
barium-137.

Table 4.1
caesium-137 barium-137
radiation emitted B (beta) v (gamma)
half-life 30 years 2.5 minutes

(i) Explain why the area around Chernobyl still has high levels of both (3 radiation and
y radiation today, more than 26 years after the explosion.

(2]
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(iii) In 2009, scientists counted the numbers of spiders at different distances
Chernobyl reactor. They also measured the radiation levels.

The numbers of spiders counted in areas with different radiation levels are shown
in Fig. 4.2.

10
8 vd
A N
numbers of
. N/
spiders per m? a
N
X
2 X
N
N
0 ARZa W >

radiation level
Fig. 4.2
Suggest reasons for the pattern of results shown in Fig. 4.2.

You should use your knowledge of the effects of ionising radiation on living
organisms, and the information in the food web in Fig. 4.1.
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5 Acid indigestion is caused by unusually high levels of stomach acid. This condition
treated by taking an antacid tablet.

One type of antacid tablet contains a mixture of sodium hydrogencarbonate, calcium
carbonate and magnesium carbonate.

(@) A student investigated the reaction between these antacid tablets and dilute
hydrochloric acid.

Fig. 5.1 shows one of the experiments the student carried out.

N 4
side-arm — —— )
test-tube 3 ¢
ol [o]
. . O O
dilute hydrochloric — o ~ > Ul '
acid o 1 — limewater
ofQo © oo
.@
= N

antacid tablet

Fig. 5.1

Carbon dioxide gas was given off when the antacid tablet reacted with the dilute
hydrochloric acid.

Describe and explain the change in appearance of the limewater during the
experiment.
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(b) One antacid tablet contains 0.52 g of calcium carbonate, CaCOs.

(i)

(ii)

(iii)

14

Calculate the number of moles of calcium carbonate in one antacid tablet.

Show your working.

The balanced symbolic equation for the reaction between calcium carbonate and
dilute hydrochloric acid is

2HCl + CaCO; —— CaChL + CO, + H)O

State the number of moles of hydrochloric acid that are neutralised by the calcium
carbonate in one antacid tablet.

Explain briefly why the number of moles of hydrochloric acid that are neutralised
by one antacid tablet is greater than your answer to (ii).
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(a) Fig. 6.1 shows a diagram of a small electrical a.c. generator producing an alt
voltage.

Fig. 6.1

(i) The coil is now made to spin in the opposite direction to the one shown in Fig. 6.1.

What difference, if any, would be shown on the voltmeter reading?

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, (1]
(ii) State two ways in which the size of the induced voltage can be increased.

oo e oo e e e ee s e e ee e e e e e e e e e s e e e et ee e e ee e e e s e s e e e s s e menms

2 [2]

(b) In a power station there are several large generators.

Explain why transformers are needed between the power transmission cables from the
power station and the cables supplying homes.
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Fig. 7.1 shows a section through a human eye.

Fig. 7.1

(@) On Fig. 7.1, add label lines and label

e theretina,

o the optic nerve,

e theiris. [3]
(b) The eye in Fig. 7.1 is focused on a distant object.

Explain how structures A, B and C will cause changes to allow the eye to focus on a
nearby object.
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(c) When bright light is shone onto the eye, the circular muscles in the iris contr.
make the pupil smaller.

(i) In which part of the eye are the receptor cells that sense the bright light?

(ii) Describe how information is transmitted from these receptor cells to the muscles in
the iris.
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Large amounts of chemical energy are stored in the world’s reserves of fossil fuels
natural gas and petroleum (crude oil).

(@) (i) Name the main compound in natural gas.

(ii) Before it is refined, petroleum contains sulfur compounds.

Describe and explain how water in rivers and lakes could become polluted if sulfur
compounds are not removed from fossil fuels before they are used.

(b) (i) Sulfur is removed from petroleum by combining it with hydrogen to form the
gaseous compound hydrogen sulfide, H,S.

Complete the bonding diagram of one molecule of hydrogen sulfide below to show
e the chemical symbols of the elements,

e how the outer electrons in each element are arranged.

(2]

(ii) Every year, millions of tonnes of sulfur are removed from petroleum, and used as a
raw material in the Contact Process.

Name the final product of the Contact Process.
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Fig. 9.1 shows a toy car of mass 0.5kg being pushed along a plastic surface.

Fig. 9.1

(@) The car is moving at a steady speed of 0.5m/s.
Calculate the kinetic energy of the car.
State the formula that you use and show your working.

formula used

working

(b) While the car is moving, the wheels are rubbing against the plastic surface. The car
becomes electrostatically charged with a positive charge.

Explain how this happens.
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(c) A speed — time graph for the car is shown in Fig. 9.2. It shows the motion o

20

over a 25 second period.

I ]
| []
| [T
0.4 B <
J | \
J
I
J \
0.3 f \
I
J
speed /
m/s 0.2 y
J \
I \
J
0.14+f
I
J
\[D E
0.0 A = :
0 5 10 15 20 25
Fig. 9.2

(i) State one part of the graph when the car was moving at constant speed and write

(ii)

down the value of this speed.

part of graph

speed

Calculate the distance travelled by the car between A and D.

Show your working.

[1]
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10 Lipase is an enzyme that catalyses the breakdown of fats to fatty acids and glycerol.
fat —— fatty acids + glycerol

(@) (i) Name one part of the human alimentary canal where this reaction takes place.

Question 10 continues over the page.
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liquid fat

and indicator

bile lipase
\ V/ solution
A

4°C

liquid fat

and indicator

Fig. 10.1

bile lipase
\ ( solution
B

30°C

The indicator that the student used changes colour from blue to yellow when the pH
falls below 5.

Table 10.1 shows her results.

Table 10.1
time/minutes tube A (4°C) tube B (30°C)
0 blue blue
5 blue yellow
10 blue yellow
15 yellow yellow

(i) Using the information in the word equation, explain why the indicator eventually
changed to yellow in both tubes.
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(iii) The student set up a third tube, tube C. This was similar to tubes A and B,

23

added water to the liquid instead of bile. She kept the tube at 30°C.

Complete Table 10.2 to suggest the results she would obtain.

Table 10.2
time/minutes tube A (4°C) tube B (30°C) tube C (30°C)
0 blue blue
5 blue yellow
10 blue yellow
15 yellow yellow
(1]
(c) Fatis an important component of a balanced diet.
(i) State one role of fat in the human body.
[1]
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11 Large amounts of oxygen are present in the Earth’s crust, in the oceans an
atmosphere.

(ii) The oxygen in the atmosphere exists as molecules which have the chemical
formula Os.

Explain why oxygen in the atmosphere is an example of an element and not a
compound.

(b) Calcium metal reacts with oxygen gas to form the ionic compound calcium oxide.

2Ca + O, — 2Cao

The non-metallic element phosphorus reacts with oxygen gas to form the covalent
compound phosphorus oxide.

P, + 50, — P40
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(i) State and explain briefly which oxide, calcium oxide or phosphorus oxide;
with water to produce a solution which would be neutralised by addition
alkali.

(ii) The reaction between calcium and oxygen is an example of reduction-oxidation
(redox), in which calcium atoms are oxidised.

Explain, in terms of electrons, why oxygen atoms are said to be reduced.

(c) One of the main oxygen compounds in rocks in the Earth’s crust is silicon(IV) oxide.
The main oxygen compound in the oceans is water.

Both of these compounds are covalent but they have very different physical properties
because they have very different structures.

Compare briefly the structures of silicon(IV) oxide and water. You may wish to draw
simple diagrams to help you answer this question.
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12 (a) Electrical devices can develop faults and give a user an electric shock.

Explain how a circuit breaker can stop someone who is using a faulty electrical devi
from receiving an electric shock. You may draw a diagram if it helps your answer.

Question 12 continues over the page.
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(b) Some torches (flashlights) use a filament lamp. Fig. 12.1 shows a circuit for me
the current through a filament lamp as the potential difference is changed.

Fig. 12.1
Fig. 12.2 shows a graph of the results from an experiment using this circuit.

0.35

0.30 /I

0.25

N/
X

0.20

current/A

0.15

0.10

0.05

0.00
0 1 2 3 4

potential difference/V
Fig. 12.2

(i) Use the graph to calculate the resistance of the lamp when the potential difference
was 2.0V and when the potential difference was 4.0V.

State the formula that you use and show your working.
formula used

working

resistance at 2.0V

resistance at 4.0V [2]
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(ii) Describe how the current through the filament lamp changes as the
increases above 2.0V.

(c) A single ray of light from a torch is shone onto a mirror as shown in Fig. 12.3.

’

Fig. 12.3

(i) On Fig. 12.3 label the angle of incidence and angle of reflection.
(ii) The angle of incidence = 45°.

Write down the value of the angle of reflection.

[1]
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