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The following information is relevant for Questions 13 – 14.
Josh places a strip of zinc metal into a conical flask containing sulfuric acid. He collects the gas produced in
a syringe, and finds that it takes 50 seconds for 10 ml of gas to be produced.

Question 13
Josh wants to determine the identity of the gas produced in the reaction.
What would he observe when a lighted wooden splint is placed in the syringe?
A. A popping sound is heard.
B. The flame is extinguished.
C. The gas changes colour.
D. No observable change would occur.
Question 14
In a separate conical flask, Josh places some zinc powder into the same volume of sulfuric acid. He finds that
it takes 15 seconds for 10 mL of gas to be produced.
What is the dependent variable in this experiment?
A. The surface area of the zinc.
B. The temperature of the sulfuric acid.
C. The size of the container.
D. The time taken for 10 mL of gas to be produced.
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Question 24
It is believed that the continents were once all joined together into a single giant continent.

What is the name given to this single giant continent?
A. Pangaea
B. Gondwana
C. Panthalassa
D. Tethys
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Question 29
A fisherman stands on the edge of a pond and observes a fish under the water. The fish appears to be closer
to the surface than it actually is.

This observation is best explained by
A. Reflection
B. Rarefaction
C. Refraction
D. Radiation
Question 30
In the set-up shown below, a crystal of blue dye is placed in a circular tube completely filled with water. The
corner of the tube is placed above a heat source.

A streak of blue dye is seen moving in an anticlockwise direction within the tube.
The appearance of the blue streak is best explained by
A. a chemical reaction between the purple dye and the water
B. the emission of blue light by the water molecules due to the absorption of heat energy
C. the formation of a convection current which carries the dye along, as hot water rises and cold water falls
D. diffusion of the dye as the dye molecules move from a region of high to low concentration
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Question 2 (3 marks)
European rabbits were first brought to Australia in 1788. They disrupted the native Australian ecosystem,
damaged agricultural production and consumed some native plant species to the point of extinction. A food
web below represents the Australian ecosystem after the rabbits were introduced.

(a) Using the food web above, suggest which animal is likely increase in population as a result of
the introduction of rabbits.

1 mark

_____________________________________________________________________________
(b) Using the food web above, explain two reasons why a high rabbit population may lead to a
decrease in the wombat population.

2 marks

1: ___________________________________________________________________________
___________________________________________________________________________
2: ___________________________________________________________________________
___________________________________________________________________________
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Question 3 (6 marks)
Draw lines to pair each body system with its appropriate function.

Body System

Function

Respiratory system

Removes wastes from the body

Digestive system

Transports oxygen, nutrients
and wastes around the body

Circulatory system

Breaks down food to supply
nutrients and energy for the body

Excretory system

Supplies oxygen to and removes
carbon dioxide from the body

Immune system
Nervous system

Sends electrochemical messages
for communication between the
brain and the rest of the body
Protects the body against
foreign invaders
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Question 4 (4 marks)
(a) Complete the following sentences by selecting four keywords from the list below.
valence electrons

acids

chemical symbol

periods

mass number

shells

isotopes

periodic table

2 marks

atomic number

The modern ____________________ arranges the elements in order of increasing
____________________. The vertical columns are called groups, which contain elements
with similar chemical properties, whereas the horizontal rows are called ___________________,
which contain elements with the same number of ____________________.

(b) Elements in the same group have similar chemical properties, and react in similar ways with the same
compound.
(i) What is the name given to the group that chlorine is located in?

1 mark

__________________________________________________________________________
(ii) Chlorine gas reacts with methane (CH4) in order to produce two products, CH3Cl and HCl,
according to the equation below.

1 mark

CH4 + Cl2 → CH3Cl + HCl
Write an equation for the reaction between bromine gas and methane.
___________________________________________________________________________
___________________________________________________________________________
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SECTION C – SCIENCE INQUIRY SKILLS AND SCIENCE AS A HUMAN ENDEAVOUR (2
questions, total 20 marks)
Question 1 (10 marks)
Karina is designing an experiment in order to determine the speed of sound in carbon dioxide (CO2). The
diagram below shows the set-up prepared by Karina.
She sprinkles some baby powder into a 1.35m long tube, then fills the tube with carbon dioxide gas. The baby
powder allows Karina to measure the wavelength of the sound wave.
Both ends of the tube are then sealed. Karina then attaches a speaker to one end of the tube.

Karina changes the frequency of the sound emitted by the speaker, and measures the wavelength of the sound
wave. Her results are shown in the table below.
Frequency, f (Hz)
100

Wavelength, 𝝀𝝀 (m)

1 / f (Hz–1)

2.70

0.0100

1.35

0.0050

300

0.90

0.0033

400

0.675

500

0.54

200

(a) Complete the table above by finding the missing values of 1 / f for each corresponding value of f 1 mark
to 4 decimal places. The first three rows have been completed for you.
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Question 2 (10 marks)
Read the following passage and answer the questions that follow.
The global trade of historical and contemporary art pieces is growing more and more in today’s age.
With the growing art trade comes the need to understand more about the paintings and their history,
and to also identify forged paintings. A technique called Infrared (IR) Reflectography is used by art
experts in order to see beneath the outer layer of paint and reveal the artist’s initial sketches on the
canvas.
A machine emits infrared radiation with a wavelength between 750 to 4000 nanometres. The infrared
waves are able to penetrate the outer layer of paint and reach the layers underneath, whereas visible
light is unable to do so. These layers may include the artist’s initial sketches, or any residual paint
leftover from previous drawings. The infrared waves are reflected off the blank canvas that surrounds
the sketches.

The reflected infrared waves then travel to a detector connected to a computer, which is then able to
reconstruct the original sketches beneath the paint.
(a) Explain how heat energy can be transferred by radiation.

2 marks

_____________________________________________________________________________
_____________________________________________________________________________
_____________________________________________________________________________
(b) “A machine emits infrared radiation with a wavelength between 750 to 4000 nanometres.”
(i) Name a type of electromagnetic radiation that has a lower frequency than that of infrared waves. 1 mark
____________________________________________________________________________

SECTION C - Continued

6

2021 Year 9 Science Exam v1
Answers

Question 22
A represents magma.
Answer is A.

Question 23
Convection currents in the mantle caused by heat energy contribute to the movement of tectonic plates.
Answer is C.

Question 24
The single giant continent believed to have existed before the continents were broken apart is called
Pangaea.
Answer is A.

Question 25
From the wave equation, the wavelength of the water waves is equal to
λ = 0.30 / 1.5 = 0.20 m or 20 cm
Students are reminded to use the correct units in their working and in their final answer.
Answer is D.

Question 26
T = 1 / f = 1 / 1.5 = 0.67 s
Answer is B.

Question 27
Electrical energy from the power source is converted into heat energy (in the form of infrared radiation).
Answer is B.
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Question 6 (8 marks)
(a)
Plate A: Eurasian Plate

3 marks

Plate B: Indo-Australian Plate
Plate C: Pacific Plate
- Give 1 mark for each correct label

(b)
The plates move apart from each other.

1 mark

(c)
constructive

1 mark

(d)
earthquakes

1 mark

(e)
2 marks
New rocks are formed at the tectonic plate borders. As Australia is located far away from the plate
border, its rocks must have been formed a long time ago.
- Give 1 mark for describing the relative position of the Australian continent as central or away
from the plate borders.
- Give 1 mark for linking the formation of new rocks along the plate borders to the age of rocks
in Australia.

Question 7 (4 marks)
Description
Old crust

Label
C

Mid-ocean ridge

A

Hot molten rock

D

New oceanic crust

B

- Give 1 mark for each correct label
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Question 2 (10 marks)
(a)
2 marks
Radiation is the transfer of heat by infrared radiation, which is a form of electromagnetic radiation.
Infrared radiation can be absorbed or reflected by different materials.
- 1 mark for reference to ‘infrared radiation’.
- 1 mark for stating that infrared waves can be absorbed or reflected, which is how heat is transferred.
(b)
(i)
Radio Waves/Microwaves
(ii)
From the wave equation,
λ = v / f = 3.00 × 108 / 1.05 × 1014 = 2.86 × 10–6 m = 2.86 µm
- 1 mark for the correct formula and substitution.
- 1 mark for the correct final answer in the correct units.

1 mark

2 marks

(c)
3 marks
The shiny, silver outer layer of paint is a good reflector of infrared radiation, so very little infrared
radiation is able to pass through the outer layer and reach the inner layers. Hence, very little infrared
radiation is able to be reflected off the inner layers and back to the detector.
- 1 mark for stating that the shiny surface is a good reflector of infrared radiation.
- 1 mark for linking the above point to the reduce amount of radiation that reaches the underneath layer.
- 1 mark for recognising that not enough radiation will be reflected back.
(d)
The dull, black inner surface is a good absorber of infrared radiation, so the infrared radiation
that reaches the sketches is absorbed, and the waves that strike the blank canvas are reflected
back to the detector, thereby allowing the observer to clearly see the boundaries.
- 1 mark for stating that the dull surface is a good absorber of infrared radiation.
- 1 mark for explaining that the drawing absorbs the radiation whereas the background reflects
the radiation, so the outlines are more clear.

2 marks
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Question 5
Peppered moths (Biston betularia) rest on algae-covered tree trunks during daytime. During the industrial
revolution, air pollution caused the light-coloured algae to die off and the tree trunks to be covered in dark
soot. It was observed that dark-coloured peppered moths increased in population, while light-coloured
peppered moths decreased in population due to predation from birds.

What is this shift in light and dark-coloured peppered moth population in response to environmental change
an example of?
A. natural selection
B. speciation
C. parallel evolution
D. divergent evolution

Question 6
Which of the following is an example of a homologous structure?
A. bat wings and human arms
B. penguin beaks and fish fins
C. monkey arms and beetle wings
D. bee legs and horse legs

SECTION A - Continued
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Question 10
Which of the following is the best definition of valence electrons?
A. electrons that carry a positive charge
B. electrons that are situated closest to the atomic nucleus
C. electrons of non-metal atoms
D. electrons located in the outermost shell of an atom

Question 11
The Statue of Liberty was made with a copper metal exterior, so its colour was originally reddish-brown.
Now the colour of the statue appears green due to corrosion.

Which of the following best describes the chemical change that has taken place?
A. electrochemical oxidation of metal
B. spontaneous colour change of metal
C. chemical precipitation of metal ions
D. chemical reduction of metal

Question 12
Tertiary butyl chloride (C4H9Cl) reacts with water to form tertiary butyl alcohol (C4H9OH) according to the
equation shown below.
C4H9Cl(aq) + H2O(l) → C4H9OH(aq) + H+(aq) + Cl–(aq)
What happens to the electrical conductivity of the solution as the reaction proceeds?
A. It increases, because C4H9OH is a better conductor of electricity compared to C4H9Cl.
B. It increases, because the concentration of ions increases.
C. It decreases, because water is a poor conductor of electricity.
D. It stays the same, since no electricity has been passed through the solution.

SECTION A - Continued
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Question 25
An ice cube is sliding forward on a smooth, frictionless surface of a frozen lake at a constant speed in a
straight line.

Which of the following is true for this ice cube?
A. the ice cube has zero net force acting on it
B. the ice cube is slowly accelerating forward
C. the ice cube has a small net downward force acting on it
D. the ice cube has zero momentum
Question 26
Which one of the following gives a total displacement of 15 m north?
A. walking 15 m south, and then walking 15 m north
B. walking 30 m north, and then walking 15 m south
C. walking 30 m south, and then walking 15 m east
D. walking 15 m west, and then walking 15 m north

Question 27
What does Newton’s second law of motion describe?
A. the relationship between action and reaction
B. the relationship between force, mass, and acceleration
C. the relationship between velocity, gravity, and time
D. the relationship between speed, momentum, and inertia
Question 28
What is inertia?
A. a measure of speed in a particular direction
B. a measurement of mass in motion
C. the tendency of an object to resist changes in its velocity
D. the vector sum of all the forces acting on an object

SECTION A - Continued
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Question 2 (4 marks)
The diagram below represents the stages occurring in a certain type of cell division.

Parent cell

Two diploid
daughter cells
form

Chromatin
condenses into
chromosomes

Nuclear
membranes
re-form

Chromosomes
line up

Chromatids separate

(a) What is the name given to this type of cell division?

1 mark

_____________________________________________________________________________
(b) Name two functions of this type of cell division in an organism.

2 marks

1: ___________________________________________________________________________
2: ___________________________________________________________________________
(c) In humans, which type of cells undergo this type of cell division?

1 mark

_____________________________________________________________________________

SECTION B - Continued
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Question 4 (4 marks)
Calcium is an important element in our diet that helps keep our bones strong. In the periodic table, calcium
is represented with a symbol Ca and its atomic number is 20.
(a) Fill in the shell diagram below to show the correct arrangement of electrons in a calcium atom.

1 mark

(b) Calcium belongs to Group 2 of the periodic table. What are the elements of this Group called?
Circle the correct answer.

1 mark

alkaline earth metals

halogens

transition metals

non-metals

(c) With reference to valence electrons and stability, explain why Group 2 elements such as
calcium may readily react with other elements.

2 marks

_____________________________________________________________________________
_____________________________________________________________________________
_____________________________________________________________________________
_____________________________________________________________________________
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Question 5 (8 marks)
Potassium permanganate (KMnO4) reacts with hydrogen peroxide (H2O2) in the presence of hydrogen ions
to produce manganese (II) ions, oxygen gas, and water, as shown in the equation below.
2KMnO4(aq) + 6H+(aq) + 5 H2O2 (aq) → 2Mn2+(aq) + 2K+(aq) 5O2 (g) + 8H2O(l)
[purple]
[colourless]
[colourless]
KMnO4 is purple in colour, whereas all the products produced are colourless. 20 mL of a solution of KMnO4
was mixed with 20 mL of a solution of H2O2 in a conical flask, and the time taken for the mixture to change
from a purple colour to colourless was measured.

(a) There are many different ions involved in this reaction.
(i) What is a spectator ion?

1 mark

_____________________________________________________________________________
_____________________________________________________________________________
(ii) Identify one spectator ion in the reaction above.

1 mark

_____________________________________________________________________________
(b) The purple colour of the KMnO4 is due to the permanganate ion (MnO4–). Referring to the
energy transitions of the electrons, explain why the permanganate ion appears purple.

3 marks

_____________________________________________________________________________
_____________________________________________________________________________
_____________________________________________________________________________
_____________________________________________________________________________
_____________________________________________________________________________
_____________________________________________________________________________
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Question 8 (2 marks)
Stars are born from giant clouds of dust and gases in space.

(a) What are these giant clouds of dust and gases called?

1 mark

_____________________________________________________________________________
_____________________________________________________________________________
(b) Which of the following gases is most commonly found in these clouds?
Circle the correct answer.

carbon dioxide

methane

hydrogen

1 mark

nitrogen

SECTION B - Continued
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To solve some of the questions in this section you may use the attached formula sheet.
Question 9 (6 marks)
Galileo Galilei drops a wooden ball weighing 5 kg from the top of the Leaning Tower of Pisa, at the height
of 53 m above the ground.

(a) What is the ball’s gravitational potential energy just before Galileo drops it?
Show all your working.

2 marks

_____________________________________________________________________________
_____________________________________________________________________________
_____________________________________________________________________________
(b) Assuming negligible air resistance, how much kinetic energy does the ball have just before
it hits the ground?

1 mark

_____________________________________________________________________________
(c) State the law used to answer part (b).

1 mark

_____________________________________________________________________________
(d) Hence, or otherwise, find the velocity of the ball just before it hits the ground.

2 marks

_____________________________________________________________________________
_____________________________________________________________________________
_____________________________________________________________________________
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Question 2 (10 marks)
Read the following passage and answer the questions that follow.
With advancements in knowledge, humans have made significant biological developments throughout
the years of which include genetically modified organisms (GMO), and selective breeding.
Selective breeding, or artificial selection is the process by which humans select desirable phenotypes
in species, often of economic or aesthetic value, to breed together and thereby increase the frequency
of such phenotypes occurring in the population. Selective breeding has been around for thousands of
years, with the earliest evidence of artificial selection of plants dating back to 7800BCE.
One more recent example is the breeding of the Belgian Blue
cow, which can have 40% or more additional muscle mass than
normal cows. By choosing bulls which demonstrate the
particular desirable phenotype for uninhibited muscle growth,
and only using those bulls to be fathers for calves, breeders have
been able to make more of the muscled cattle.
GMOs are a much more modern process of altering the traits of
organisms through artificially modifying DNA. Such modifications include silencing genes or
transferring genes from another organism in order to generate pesticide and herbicide resistance,
increase the storage period of foods, etc.
In the 2000s, a genetically modified strain of rice was produced using the
beta-carotene gene from daffodils and another gene from the bacteria
Erwinia uredovora. These genes allowed this new rice variety to produce
higher levels of vitamin A, an essential nutritional component of the human
diet. Lack of vitamin A, particularly in many south-east Asian countries, have
been linked to severe eyesight impairment.

Information adapted from: https://singularityhub.com/2011/07/13/belgian-blues-will-blow-your-mind-these-cows-are-totallyripped/

(a) In terms of genetic variation, explain why selective breeding may be disadvantageous to
a population.
_____________________________________________________________________________

3 marks

_____________________________________________________________________________
_____________________________________________________________________________
_____________________________________________________________________________
_____________________________________________________________________________
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SECTION A – MULTIPLE CHOICE: ELABORATED ANSWERS (32 questions, 1 mark each)
Question 1
Both DNA and RNA have a sugar and phosphate backbone.
Answer is B.

Question 2
An allele is a variant form of a gene located at the same position on a chromosome.
Answer is A.

Question 3
The structure of DNA is called a double helix.
Answer is D.

Question 4
The process of cell division that leads to the production of gametes, or sex cells, is called meiosis.
Answer is C.

Question 5
The shift in population of light and dark-coloured peppered moths due to increased predation of lightcoloured peppered moths is an example of natural selection in response to environmental change.
Answer is A.

Question 6
Bat wings and human arms function differently but both have the common basic structure of a pentadactyl
limb. This is an example of homologous structures.
Answer is A.

9

2021 Year 10 Science Exam v1
Answers

SECTION B – SHORT ANSWERS (10 questions, total 48 marks)
Question 1 (3 marks)
B

b

b

Bb

bb

b

Bb

bb

(a)
There is a 50% chance of David and Rianna’s offspring having blue eyes.

1 mark

(b)
There is a 0% chance of David and Rianna’s offspring having homozygous brown eyes.

1 mark

(c)
Recessive

1 mark

Question 2 (4 marks)
(a)
Mitosis.
(b)
Give 1 mark each for any two of the functions of mitosis from below:
- growth
- development
- repair
- asexual reproduction
(c)
Somatic cells (accept: body cells except sex cells/gametes)
Question 3 (5 marks)
(a)
Give 1 mark for each correctly named method of dating fossils, and 1 mark for each
salient description of the corresponding method underlined below:

1 mark
2 marks

1 mark

4 marks

- Relative dating method: determines the relative order of fossil creation, as older fossils are
generally found in deeper layers of sedimentary rocks than younger fossils.
- Absolute dating method (accept: carbon dating/radioactive dating): determines the absolute age of the
fossil by measuring the level of radioactivity remaining in rocks surrounding the fossil.
(b)
Using relative dating, Charlotte’s cliff sample appears to contain the oldest fossil.

1 mark

