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1 Fig. 1.1 is a photograph of red blood cells in the human body taken with an electron microscope.

Fig. 1.1

(@) (i) State the main role of red blood cells in the human body.

....................................................................................................................................... [1]
(ii) Describe one way in which red blood cells are adapted for this role.
....................................................................................................................................... [1]
(b) Red blood cells are one of the components of blood.
Name two other main components of blood.
1 PP PPT R PPRRPPP
2 oo e et e eeeeeeeetttaaeeeeeeeeetthaa e eeeeeteeeeteaaeeeeeeeeeetba e e eaeeeenenrna s
(1]
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(c) Fig. 1.2 shows a photograph of a normal red blood cell, and a red blood cell that has shrunk
and changed shape.

normal red
blood cell

red blood cell
that has
shrunk

Fig. 1.2

(i) Explain why isolated red blood cells shrink and change shape when placed in a
concentrated salt solution.

(i) Suggest and explain what would happen to the appearance of a normal red blood cell if
it was placed in water.
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2 (a) The Periodic Table includes the five metals listed.

copper, Cu
iron, Fe
lithium, Li
potassium, K

sodium, Na
(i) State which three of these metals are made of atoms that

have one electron in their outer shell,

................................ and ......oooceeiiieecaNd
(2]
(ii) Place the five metals in decreasing order of reactivity.
............................................................... (most reactive)
............................................................... (least reactive) [2]
(b) Fig. 2.1 shows lithium reacting with water.
bubbles of gas
lithium given off
\. J
water
Fig. 2.1
(i) Name the gas given off in this reaction.
....................................................................................................................................... [1]
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(i) This reaction also produces an alkaline solution of lithium hydroxide.
When lithium hydroxide is neutralised by an acid, the salt lithium sulfate is produced.

Complete the word equation for this neutralisation reaction.

lithium L
hydroxide o - lithium sulfate o

(2]

(c¢) Chlorine, Cl,, reacts with sodium bromide solution, NaBr, to form bromine and
sodium chloride as shown in Fig. 2.2.

chlorine — ————\

N r

| [
o| |O
of |o
O o
sodium bromide\ o°
solution w

Fig. 2.2

(i) State the change in appearance when chlorine reacts with colourless sodium bromide
solution.

(ii) Construct the balanced symbolic equation for the reaction between chlorine and
sodium bromide.
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3 (a) Astudentis listening to music on her computer using headphones.
(i) State the useful energy transformation that happens in the headphones.

FrOM e €Nergy to ..ocoovvviiiiiiii energy [1]

black metal fins

computer chip

Fig. 3.1

The heat sink allows unwanted thermal energy to be transferred away from the chip.

Suggest two features of the heat sink that allow thermal energy to be transferred away
from the chip.

Explain why each feature transfers thermal energy efficiently.

L= T2 100 = PP
DECAUSE ... . e e e
L= 100 (T2 PP

1= 07= 11 11 = J
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(b) The student watches her teacher set up a radiation detector in the school science laboratory.

A sealed radioactive source, strontium-90, is placed on the bench next to the radiation
detector.

Strontium-90 emits p-particles. A small count rate is measured.

(i) When the teacher repeats the experiment a few minutes later, the count rate measured
is slightly higher.

Suggest one reason for this.

(ii) Strontium-90 decays by beta () emission to produce an isotope of yttrium.

Use the correct nuclide notation to complete the symbol equation for this decay process.

------------ [3]

© UCLES 2017 0654/42/0/N/17 [Turn over
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(c) The teacher asks the student to test one of the springs from a chair. Fig. 3.2 shows the chair.

i

//w

LY spring L

Fig. 3.2
The student measures the extension of the spring for different stretching forces.

She plots the graph shown in Fig. 3.3.

10.0
/)“
80 pd
)P4
extension/mm ¥4
6.0 o
w4
4.0 e
/X'/
2.0 <~
X
0 %2
0 20 40 60 80 100 120 140
force/N
Fig. 3.3
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The force changes the shape of the spring.

State one other effect that a force can have on a body.

....................................................................................................................................... [1]
Use Fig. 3.3 to predict the force needed to give an extension of 10.0 mm.
...................................................................... N [1]
State the assumption you have made to make your prediction in (ii).
....................................................................................................................................... [1]

0654/42/0/N/17 [Turn over



10
4 MRSA s a bacterium that causes infection and has become resistant to many antibiotics.

Samples of MRSA bacteria are tested each year to see what percentage of the bacteria population
is resistant to antibiotics.

The results are shown in Fig. 4.1.

60

50

40

percentage of
bacteria population 30
resistant to antibiotics

N

20 y

AN

10 s

0
1980 1985 1990 1995 2000 2005

year

Fig. 4.1
(a) Describe the results shown in Fig. 4.1.

(b) Antibiotic resistance first appeared in strains of bacteria due to a mutation.

Define the term mutation.

(c) Eventually, the majority of the population of MRSA bacteria will become resistant to antibiotics.

Explain how the majority of the population will become resistant to antibiotics.

© UCLES 2017 0654/42/0/N/17
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5 (a) Fig. 5.1 represents some particles in a mixture of gases.

Atoms of only three elements are shown.

( )

8@
Z OO@
8@@ @O@

. J/

Fig. 5.1

(i) On Fig. 5.1, use a label line and the letter L to indicate a particle that could be of an
element in Group VIl of the Periodic Table.

Explain your choice of particle.

(ii) On Fig. 5.1, use a label line and the letter M to indicate a molecule of a compound.

Explain your choice of particle.

© UCLES 2017 0654/42/0/N/17 [Turn over
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(b) Sulfur reacts with magnesium to form the solid compound magnesium sulfide, MgS.

Fig. 5.2 shows the electronic structure of a sulfur atom.

Fig. 5.2

Describe the formation of chemical bonds when magnesium reacts with sulfur to produce
magnesium sulfide.

You may draw a diagram if it helps you to answer this question.

© UCLES 2017 0654/42/0/N/17
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(c) Fig. 5.3 shows two industrial processes, P and Q, that are used in the extraction of metals
from their ores.

P Q raw materials
including iron oxide

waste J HE L
P ]

gases
cathode anode
A molten iron
moving down
gases
rising
molten aluminium i
molten electrolyte <= air
containing aluminium oxide
— || molten
iron

Fig. 5.3

(i) Name process P.

(ii) Describe how an aluminium ion, A3+, is reduced to form an aluminium atom in process P.

(iii) In process Q, a redox reaction occurs between iron oxide and a gas.

Name this gas.

© UCLES 2017 0654/42/0/N/17 [Turn over
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6 (a) Fig. 6.1 shows the information label found on the back of a microwave oven.

Serial number 1234567
240V

0.9kW

2500 MHz

Fig. 6.1

(i) State the frequency of the microwaves used in the oven.

................................................................... [1]

................................................................... [1]

(b) Infra-red radiation may also be used to heat food.

State whether, compared with microwave radiation, infra-red radiation has a higher, lower or
the same value of

wavelength, ...

SPEEd IN @ VACUUIML. ...iiiieieeiiiiiiee e e e e e e e eeette s s e e e e e e e e eeannnn s e e eeeeeeees

(1]
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(c) Some water is heated in the microwave oven for five minutes.

Fig. 6.2 shows how the temperature of the water changes with time.

100 =
temperature y.di
/V
I*C 501£
/
0
0 1 2 3 4 5
time/minutes
Fig. 6.2

(i) Describe what happens to the water molecules during the first two minutes.

(ii) Explain, in terms of molecules, why the temperature of the water remains unchanged
between two and five minutes.

© UCLES 2017 0654/42/0/N/17 [Turn over



16

7 The breathing rate of a student at rest is measured by measuring the volume of air in the lungs
during inhalation and exhalation.

The results are shown in Fig. 7.1.

4000
3000
/
\ \ \ \ \ \
volume of air in lungs 2000 B B B B o o B B M o B B o M M
/cm3

1000
0

0 5 10 15 20 25 30

time/seconds
Fig. 7.1

(a) The breathing rate of the student was measured again during intense exercise.

Describe how the graph line differs during intense exercise.

............................................................................................................................................... [2]
(b) Describe and explain the difference in breathing between rest and intense exercise.

............................................................................................................................................... [2]
(c) Describe and explain why the student’s pulse rate changes during intense exercise.

............................................................................................................................................... [2]

© UCLES 2017 0654/42/0/N/17
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(d) After some time of intense exercise the student develops pain, called cramp, in the leg
muscles.

(i) Describe what happens to cause cramp.

(i) Explain why the student’s breathing does not return to normal immediately after intense
exercise.

© UCLES 2017 0654/42/0/N/17 [Turn over
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(a)

(b)

18

For each compound shown, predict whether it reacts with water to produce an acidic, an
alkaline or a neutral solution.

potassium oxide, K,O .o

calcium oxide, Cal .o

carbon dioxide, CO, ..o

nitrogen dioxide, NO, ..., [2]
When magnesium reacts with excess dilute hydrochloric acid, hydrogen gas is produced.

Fig. 8.1 shows apparatus a student uses to investigate this reaction.

hydrogen measuring cylinder
gas
o —
(@)
o
°—
. . —o-i O ]
dllyte hydrochloric —|o° ] .
acid . L \o L

)

magnesium water

Fig. 8.1

She measures the volume of gas in the measuring cylinder at regular intervals after the start
of the reaction.

A sketch graph of her results is shown in Fig. 8.2.

A

volume of
hydrogen

0 time

Fig. 8.2
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(i) Predict how the concentration of the hydrochloric acid changes, if at all, during the
reaction.

(ii) Describe and explain the shape of the graph in Fig. 8.2 in terms of the rate of reaction.

(iii) The student repeats the experiment.
She uses hydrochloric acid that has a higher concentration.
She keeps all of the other variables the same.

On Fig. 8.2, sketch a graph to show the results that the student obtains from her second
experiment. 2]

(c) The balanced equation for the reaction between zinc and dilute hydrochloric acid is shown.

Zn + 2HCI — ZnCl, + H,

Complete the steps in the calculation to find the volume of hydrogen gas that is produced
when 2.6 g of zinc reacts completely in excess dilute hydrochloric acid.

Show your working.

Step 1
Calculate the number of moles in 2.6 g of zinc.
[A: Zn =65]
NUMbEr Of MOIES = ...ooviiiiiiieiiieee e
Step 2

State the number of moles of hydrogen gas produced.
NUMDbEr Of MOIES = ..ooovvieiiiii e,
Step 3

Calculate the volume, in em3, of hydrogen gas produced.
[molar gas volume = 24dm?]

VOIUME = oo cm3

[4]

© UCLES 2017 0654/42/0/N/17 [Turn over
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9 (a) Aboy riding his bicycle is cooled by sweating.
Describe, in terms of molecules, how sweating cools his body by evaporation.

Fig. 9.1

A reflector on the back of the bicycle is made from many small red plastic prisms, one of
which is shown in Fig. 9.2.

A ray of light from the headlamp of the car enters the prism.

ray of light from
the headlamp
of the following car

red plastic
prism

Fig. 9.2
Total internal reflection occurs within the prism.

On Fig. 9.2, complete the path taken by the ray of light until it emerges from the prism. [2]

© UCLES 2017 0654/42/0/N/17
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(c) The bicycle has a lamp powered by a small generator.
The generator turns as the boy pedals and the lamp lights up.

Fig. 9.3 shows a simple version of the generator.

axle

magnet { magnet
N/
\
N )

coil

slip ring
brush

lamp

Fig. 9.3
Describe how the rotating coil causes the lamp to light.

© UCLES 2017 0654/42/0/N/17 [Turn over
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(d) The generator produces an alternating voltage.

Fig. 9.4 shows how the output voltage of the bicycle generator changes with time.

6.0

4.0

N~

I~
-
I~
-

2.0
voltage/V

~.

0 time/s

Fig. 9.4
(i) Calculate the frequency of the alternating voltage.

Show your working.

freqUENCY = oo, Hz [1]

(ii) State the amplitude of the alternating voltage.

amplitude = ...,

© UCLES 2017 0654/42/0/N/17



23

(e) Adifferent bicycle has a front lamp, A, and a rear lamp, B, powered by the same battery.

Fig. 9.5 shows how the lamps are connected.

(i)

(ii)

(iii)

© UCLES 2017

4|;_2_V .
65

B

&

Fig. 9.5

State the name given to this arrangement of lamps in a circuit.

....................................................................................................................................... [1]
Lamp A has a resistance of 5Q.
The battery has a voltage of 12 V.
Calculate the current flowing through lamp A when the switch is closed.
State the formula you use and show your working.
formula
working
CUMTENt = oo, A[2]

Lamp B has a resistance of 10 Q.
Calculate the combined resistance of the two lamps in this circuit.
Show your working.

resistanCe = ... Q[2]

0654/42/0/N/17 [Turn over
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10 Fig. 10.1 is a diagram of a human eye.

nerve
Fig. 10.1
(@) (i) Name the part labelled X on Fig. 10.1.
....................................................................................................................................... [1]
(ii) Draw a label line to identify the iris on Fig. 10.1.
Label this C. [1]

(b) The pupil response to light is an example of a reflex action.

(i) Describe the changes that happen in the eye when a person goes from dark to light
conditions.

....................................................................................................................................... [2]
(ii) Explain why the pupil response is described as a reflex action.
....................................................................................................................................... [1]
(iii) Identify the following parts which are involved during the pupil reflex of the eye.
[(=T0T=T o] (o] OSSPSR UURPOPPPRPPRR
(oo To] o 1o F=1 (o] (PR PP PPPPPRRRPN
[2]

© UCLES 2017 0654/42/0/N/17
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(c) The pupil reflex is an example of nervous control.
Table 10.1 compares hormonal and nervous control systems in the body.
Complete Table 10.1 to show the differences between hormonal control and nervous control.

Table 10.1

feature hormonal control nervous control

method of transmission

around the body | woeeerreieee s along neurones

speed of transmission
around the body | e | e

length of effect

[3]

© UCLES 2017 0654/42/0/N/17 [Turn over
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11 (a) Fig. 11.1 shows the structure of a molecule of an alkane.

Ll
H—C—C—C—H
]

H H H
Fig. 11.1

(i) Name this alkane.

(ii) Complete Fig. 11.2 to show the structure of a molecule of the alkene that contains only
three carbon atoms.

Fig. 11.2 [2]
(b) Fig. 11.3 shows clay pots being heated strongly in a kiln.
The alkane, C4Hg, is supplied to the gas burner.

Hot gases circulate through the kiln, heating the clay pots and then leaving through the top of
the kiln.

gas mixture
leaving the kiln

clay pot

kiln wall\

air

\

alkane CSH8 —_—

gas burner

© UCLES 2017 0654/42/0/N/17
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(i) Explain why the gas mixture leaving the kiln contains nitrogen and argon.

....................................................................................................................................... [2]
(i) State two gases that are produced by the combustion of C;H,.

1 ORISR

2 ettt eeeeeeeeeeeeeeeeeeeaeeeeeeeeessteeeasteeeasteeeasteeiaseteeaseeeaaseeeateeeateeeanteeeaseeeaneeenreeearees

(1]

(c) Sometimes clay pots are covered with a glaze before they go into the kiln.

Glaze is a mixture of solid compounds that melt at high temperatures. It forms a coloured,
shiny layer on the pots as they cool.

Four compounds found in a glaze are listed.

calcium carbonate, CaCO,

cobalt oxide, CoO

copper oxide, CuO

silicon dioxide, SiO,,

(i) Predict which two compounds produce colours in the glaze layer.
Explain your prediction.
COMPOUNGS .. e e e e AN o

explanation

© UCLES 2017 0654/42/0/N/17 [Turn over
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12 (a) During car journeys, a car will often become electrostatically charged.

On a warm dry day, the potential difference between the driver and the car increases to
12000V.

(i) Explain what happens to cause the car to become charged.

(ii) The driver touches the car door and receives an electric shock.
0.030J of energy is transferred between the driver and the car. The discharge current
lasts for 0.36 milliseconds. The discharge current is the current which flows through the
driver.
Calculate the power of the discharge.

State the formula you use and show your working.

formula

working

(iii) Calculate the discharge current.
State the formula you use and show your working.

formula

working

CUMTENt = ..o, A[2]

© UCLES 2017 0654/42/0/N/17
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(b) Fig. 12.1 shows a sound wave travelling through the air from the car radio to the driver.

direction of travel ——»

A B CD

Fig. 12.1
Choose from the letters A to D to complete the sentences.
A compression in this sound wave is shown by letter ..........ccccccoviiiiiiiiennnn. .

A rarefaction in this sound wave is shown by letter ...........ccccceiiiiiiiiiiicinnnnnnns .

(1]
(c) Car wheels are usually made from steel. Some cars have aluminium alloy wheels.
Suggest a simple way to show that a wheel is not made from steel.

Explain your answer.

(d) The driver of the car thinks that he is travelling at 8m/s.
He is unsure whether this is his speed or his velocity.

Describe the difference between the terms speed and velocity.

© UCLES 2017 0654/42/0/N/17 [Turn over
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13 Fig. 13.1 is a simplified diagram of the carbon cycle.

carbon dioxide

/' in atmosphere

X
industry
decay decay
and decomposition decay and decomposition
product
Fig. 13.1

(a) Identify the process that takes place at X.

............................................................................................................................................... [1]
(b) Name the type of organism that gets its energy from decaying matter.

............................................................................................................................................... [1]
(c) Combustion of fossil fuels increases the carbon dioxide concentration in the atmosphere.

Explain how an increase in atmospheric carbon dioxide leads to global warming.

............................................................................................................................................... [3]
(d) Deforestation prevents the removal of carbon dioxide from the atmosphere.

List two other effects of deforestation.

1 PP PPT P TSRPP

2 oo oo ettt e eeeeeeeetttaa e eeeeeeeetettaa e eeeeeeeeeeteaa e e e e eeeeeetban e e eaeeeeeentnnas

(2]
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