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1 (a) A student measures their pulse rate at rest, during and after exercise.

Fig. 1.1 shows the results.
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Fig. 1.1

(i) Calculate the difference in pulse rate between the pulse rate at rest and the maximum
pulse rate of the student.

pulse rate atrest ... beats per minute
maximum pulse rate ..........ccccvvvviiiiii e, beats per minute
difference ...........ccccco beats per minute

[2]

(ii) Calculate the length of time taken for the student’s pulse rate to return to the resting
value once exercise had stopped.

© UCLES 2021 0654/33/0/N/21



3

(b) Fig. 1.2 is a photomicrograph of a cross section of a human vein.

- % A TS

-

Fig. 1.2

(i) Name a structure present in veins but not visible in Fig. 1.2.

..................................................................................................................................... [1]
(ii) Describe two ways in which the structure of arteries is different from the vein shown in
Fig. 1.2.
1L PRSP
2 et h e e ettt e hee e e hee e e te e e e bt e e e teeeanaeeeanteeeanteeeaneeeeanneeaneeas
[2]
(iii) Describe the function of capillaries.
..................................................................................................................................... [1]
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(c) Table 1.1 shows some blood vessels and some organs.

4

Place ticks (v') in the boxes to show which blood vessels transport blood to these organs.

One row has been done for you.

Table 1.1

organ

heart

kidney

lung

coronary artery

pulmonary artery

renal artery

vena cava

(d) List two of the main components of blood.

© UCLES 2021
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(@) The formula of sulfuric acid is H,SO,.

(i) State the number of different elements shown in this formula.

............................ [1]
(ii) State the total number of atoms shown in this formula.
............................ [1]
(b) Fig. 2.1 shows the electrolysis of dilute sulfuric acid using carbon electrodes.
gas Q
dilute sulfuric
acid
@ d.c. power @
I supply I
Fig. 2.1
(i) Name gas P and gas Q.
DS P e a e e e
o= TS O LTSRS
[2]
(ii) State the name of the positive electrode.
..................................................................................................................................... [1]

© UCLES 2021 0654/33/0/N/21
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(c) Dilute sulfuric acid reacts with some metals.

(i)

(ii)

(iii)

(iv)

© UCLES 2021

Suggest a pH for dilute sulfuric acid.

o u I [1]

When dilute sulfuric acid reacts with zinc, an aqueous solution of zinc sulfate is made.

State a method used to separate zinc sulfate from water.

[Total: 9]
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3 (a) Fig. 3.1 shows water in a saucepan on an electric cooker.

saucepan
\ ‘]T“-——vvater
cooker— = “—
heat
Fig. 3.1

State the process that transfers thermal energy through the base of the saucepan.

(b) The temperature of the water is recorded as the saucepan is heated.

Fig. 3.2 shows a graph of the results.
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Fig. 3.2

(i) State the temperature rise over the first 2 minutes.

[1]
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9

(ii) State how the graph shows that the water boils at 100 °C.

(c) (i) The saucepan is made from steel.

State one difference between the magnetic properties of steel and the magnetic
properties of soft iron.

..................................................................................................................................... [1]
(ii) The mass of steel used to make the saucepan is 900g.
The volume of the steel is 115cm?.
Calculate the density of the steel used to make the saucepan.
State the units of your answer.
density = oo units ......oeeee. [3]
(d) When the base of the steel saucepan is heated, the steel expands.
(i) State one example where the thermal expansion of a material is useful.
..................................................................................................................................... [1]
(ii) State one example where the thermal expansion of a material is a problem.
..................................................................................................................................... [1]

[Total: 9]
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4 (a) Fig. 4.1 shows part of a desert food web.

t 3 rabbit

ra

prickiy pear yucca plant
Fig. 4.1

(i) Identify the name of one producer in Fig. 4.1.

..................................................................................................................................... [1]
(ii) Identify the name of one herbivore in Fig. 4.1.
..................................................................................................................................... [1]
(iii) Identify the name of an organism that can be classified as both a secondary and tertiary
consumer.
..................................................................................................................................... [1]
(iv) Use Fig. 4.1 to construct a food chain containing four organisms.
..................................................................................................................................... [2]

© UCLES 2021 0654/33/0/N/21
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(b) A new species is introduced that eats yucca plants.

Explain the effect this has on the population of rabbits.

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

(c) State the term used to describe organisms that get their energy from dead organic matter.
............................................................................................................................................. [1]

(d) State the principal source of energy for all food chains.
............................................................................................................................................. [1]

(e) Plants play an important role in the carbon cycle.

Describe how an increase in plant population affects the concentration of carbon dioxide in
the atmosphere.

[Total: 11]
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5 (a) Petroleum is separated into useful fractions by fractional distillation.
Fig. 5.1 shows a simplified diagram for the fractional distillation of petroleum.
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(i) On Fig. 5.1 write the names of the missing fractions in their correct place. [2]

(ii) State one use for the refinery gas fraction.

change.

..................................................................................................................................... [1]
(b) The diesel oil fraction is used as a fuel.
(i) Diesel oil is a mixture of hydrocarbons.
State what is meant by the term hydrocarbon.
..................................................................................................................................... [2]
(ii) State the two products of the complete combustion of a hydrocarbon.
L P RPPRR
2 et e et e eateeeoateeeeateeeaaeeeeaReeeeaReeeeaneeeeaReeeeaneeeaaseeeaaneeeaneeeaneeas
[2]

© UCLES 2021 0654/33/0/N/21



(c) (i)

(i)

(iii)

© UCLES 2021

13

Name the process that produces small alkene molecules from larger alkane molecules.

State how the molecular structure of an alkane molecule differs from the molecular
structure of an alkene molecule.

..................................................................................................................................... [1]
Aqueous bromine is used to test for an alkene.

State the colour change when aqueous bromine reacts with an alkene.

from ..o (o T [2]

[Total: 12]
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6 (a) The total current supplied to a television when in use is 3A.
(i) The fuse in the electrical supply to the television is replaced.
Several fuse ratings are available.
1A 3A 5A 13A 30A
State which fuse should be used.

Explain your answer.

..................................................................................................................................... 2]
(ii) The electrical supply to the television is 120V.
Calculate the total resistance of the television.
resistance = ... Q[2]

(b) The television is connected to a power socket which also supplies electricity to a kettle and
an electric heater. The power socket is next to a kitchen sink.

Fig. 6.1 shows the power socket.

AN to kettle
to television
________J

to electric heater

Fig. 6.1
State and explain one reason why this arrangement is not safe.

© UCLES 2021 0654/33/0/N/21
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(c) Television signals are carried by radio waves.

(i) On Fig. 6.2 write radio waves in the correct place in the incomplete electromagnetic

spectrum.
X-rays microwaves
Fig. 6.2
[1]
(ii) Fig. 6.3 represents an electromagnetic wave.
On Fig. 6.3 mark and label one wavelength. [1]
Fig. 6.3
(d) Fig. 6.4 shows a ray of light from the television reflecting at a plane mirror.
plane
mirror
ray of
light
Fig. 6.4
(i) Identify the line labelled X.
..................................................................................................................................... [1]
(ii) Label the angle of reflection with the letter r. 1
(iii) The angle of reflection is 30°.
State the angle of incidence.
ANGIE = e ° 1]
[Total: 11]
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7 (a) Astudent puts potato cubes in sugar solutions of different concentrations.
The student records the mass of the potato cubes before and after immersion.

The results are shown in Table 7.1.

Table 7.1
sugar solution starting mass/g final mass /g difference in mass
/g
A 5.2 54 +0.2
B 5.2 5.2 0.0
Cc 5.3 4.2 -1.1
D 5.1 3.8 -1.3
E 5.0 24 -2.6

(i) Identify all the sugar solutions where the potato cubes lose mass.

(b) When an animal cell is placed in a very dilute sugar solution it will burst.

Name the structure that stops plant cells bursting in very dilute sugar solutions.

© UCLES 2021 0654/33/0/N/21
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(c) Place ticks (v') in two boxes to show two uses of water in a plant.

as a solvent

as a material for photosynthesis

as a material for respiration

for transfer of electrical impulses

for muscle contraction

for breathing

[2]
(d) The list shows the parts involved in the pathway of water through a plant.
Write numbers next to each part to show the correct order 1-4.
Number 1 has been done for you.
mesophyll cells ...
root cortex cells  .............
root haircells ... 1.

xylem

[1]

[Total: 8]
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8 (a) Two isotopes of iron are iron-54 and iron-56.
Both isotopes have a proton number of 26.
Iron-54 has a nucleon number of 54 and iron-56 has a nucleon number of 56.
(i) State the number of electrons in one atom of iron-54.

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

(ii) Determine the difference in the number of neutrons between an atom of iron-54 and an
atom of iron-56.

................................ [1]
(b) Iron is extracted from iron oxide using carbon monoxide. Carbon dioxide is also made.
(i) Write the word equation for this reaction.
+ _ > +
[1]
(ii) State the substance that is oxidised in this reaction.
..................................................................................................................................... [1]
(c) Iron reacts with two other substances to make rust.
(i) Name the element and the compound that react with iron when it rusts.
EIEMENT e
o] 1 41 0o 11 o IR
[2]
(ii) Iron is coated with a material to prevent rusting.
Suggest one suitable material to use.
..................................................................................................................................... [1]
[Total: 7]
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9 (a) Describe two advantages of generating electricity using nuclear fission compared to
generating electricity using fossil fuels.

ettt ettt —eeeeeeeeeeeeaeeeeeeeeeeeeeaaaeeteeeeeeeeeaaaaateeeeeeeeaeaaanaeteeeeaeeeeeaantrreeeeeeeeaaaannnrneeeaann
2 e eeee e e eeeeeeeeeeeeeeeaeteteeeeeeeeeaaaaEteeeeeeeeeaaaaheteeeaeeeeaaanntteeeeeeeeeaannnrraeeeeeeeeaans
[2]
(b) One disadvantage of nuclear power is that nuclear waste is made.
A sample of nuclear waste contains 2.00 g of nickel-63.
(i) The half-life of nickel-63 is 100 years.
Calculate the mass of nickel-63 remaining in the sample after 300 years.
MASS = eeiiieeeeeeeeeeiiias e e e e e e eeeeana e e e aeeeeeenen g [2]

(ii) Suggest a safe way of storing this sample of nuclear waste at a nuclear power station.

..................................................................................................................................... [1]
(iii) Nuclear waste emits ionising radiation.

Fig. 9.1 shows three types of ionising radiation and their descriptions.

Draw lines to link each type of ionising radiation to its correct description.
type of radiation description
a-particle electromagnetic wave
B-particle electron
y-ray helium nucleus

Fig. 9.1 [2]

© UCLES 2021 0654/33/0/N/21
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(c) In most power stations thermal energy is released and used to heat water. The water is turned
into steam.

Fig. 9.2 shows the arrangement of particles in a gas, a liquid and a solid.

Fig. 9.2

State and explain why diagram Y represents a liquid and diagram Z represents a gas.

Diagram Y represents a liquid DECAUSE ..........oovuiiiiiiiiiieecce e

[Total: 9]
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10 (a)

(b)

22
Use words from the list to complete the sentences about adrenaline.

Each word may be used once, more than once or not at all.

breathing exercise fight

narrow rest widen

Adrenaline is the hormone secreted in “..........ccccoiiiiiiieennnn. or flight’ situations.
Adrenaline increases pulse rate and ..........cccccceevveeviennnen. rate.

Adrenaline also causes pupils inthe eye to ........cccoeeiiiiiiiiiiicc e, .

[3]
The boxes on the left show some sentence beginnings.
The boxes on the right show some sentence endings.

Draw one line to link one box on the left to one box on the right to define the term hormone.

A hormone is a chemical substance, carried by cells, which alters the
produced by a gland, activity of target organs.
A hormone is a chemical substance, carried by cells, which alters the
produced by respiration, activity of target organisms.
A hormone is an enzyme, carried by the blood, which alters the
produced by a gland, activity of target organisms.
A hormone is an enzyme, carried by the blood, which alters the
produced by respiration, activity of target organs.
[2]
(c) State the two parts of the central nervous system (CNS).
ettt ettt ettt et e e e e aEeeeeeeeeeeeeaaaeeeeeeeeeeeeaanaeeeeeeeeeeeeaannaeeeeeeeeeeeaaannnneeeeeeeeeaaannnnneeeeenn
2 ettt e e e eete—eeeeeeeeeaaesEteteeeeeeeaaastteeeeeeeeeaaaaaheteeeaeeeeaaanntteeaeaeeeeaannrreeeeaeeeaaans
[2]

© UCLES 2021 0654/33/0/N/21
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(d) A student describes a nerve impulse.
The description is not correct.
‘A nerve impulse is a chemical signal that passes along nerve cells called connectors.’
Circle the two words in the student’s description that are not correct. [2]

[Total: 9]
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11 (a) Table 11.1 contains data for some elements in Group VII of the Periodic Table.

Table 11.1
element formula physical state at
room temperature
chlorine Cl,
bromine Br, liquid
iodine solid

(i) State the formula of iodine.

. Expla I n Why a C h I On ne mOIeCUIe : IS descnbed as dla t O m I C ..........................................
" Predlct t he : phy s Ical Sta te : Of Chlorme ...........................................................................
(9 St o e v o ks G Vior s Porodc e,

(b) (i) Explain why the drinking water supply for a large town is treated with chlorine.

(ii) Describe the chemical test for chlorine and give the positive result.

(c) Hydrogen and chlorine combine to produce hydrogen chloride (HCI).

(i) Balance the symbol equation for this reaction.

© UCLES 2021 0654/33/0/N/21
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(ii) Complete the dot and cross diagram to show the bonding in a molecule of hydrogen
chloride, HCL.

You only need to show the outer shell electrons.

[3]
(iii) State why hydrogen chloride is a covalent compound and not an ionic compound.

[Total: 12]
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12 (a) Fig. 12.1 is a speed-time graph for an aircraft taking off.

(i)

(ii)

(iii)

© UCLES 2021
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Calculate the distance travelled betweent=0s and t = 25s.

diStancCe = ... m [2]
On Fig. 12.1, identify a time when the aircraft has the greatest acceleration.

Explain your answer.

State two types of energy gained by the aircraft as it accelerates and gains height after
take-off.

PP PPPRT P energy

2 e ———— energy
[2]

0654/33/0/N/21
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(b) Fig. 12.2 shows the four forces, A, B, C and D, acting on the aircraft flying at a constant
height and constant speed.

(i) Compare the forces B and D.

Explain your answer.

..................................................................................................................................... [2]
(ii) State which force, A, B, C or D, shows the weight of the aircraft
(0] (o7 Y [1]
(iii) The weight of the aircraftis 1 x 106N.
Calculate the mass of the aircraft in kg.
The gravitational field strength g is 10N /kg.
MASS = euiiieeeeeeeeeeeias e e e e e e e eeeennaa e e e eeeeeenes kg [2]

[Total: 11]
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