Wik
NSW

GOVERNMENT

NSW Education Standards Authority

2018 | HIGHER SCHOOL CERTIFICATE EXAMINATION

Physics

General
Instructions

Total marks:

100

1070

Reading time — 5 minutes

* Working time — 3 hours

+ Write using black pen

+ Draw diagrams using pencil

+ Calculators approved by NESA may be used

A data sheet, formulae sheets and Periodic Table are provided at
the back of this paper

Section | - 75 marks (pages 2-32)

This section has two parts, Part A and Part B
Part A — 20 marks

+ Attempt Questions 1-20

* Allow about 35 minutes for this part

Part B — 55 marks

+ Attempt Questions 21-30

+ Allow about 1 hour and 40 minutes for this part

Section Il - 25 marks (pages 33-43)

« Attempt ONE question from Questions 31-35
» Allow about 45 minutes for this section



Section I
75 marks

Part A - 20 marks
Attempt Questions 1-20

Allow about 35 minutes for this part

Use the multiple-choice answer sheet for Questions 1-20.

1 A satellite orbits Earth as shown.

Which diagram correctly shows the direction of the satellite’s acceleration?
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Which graph is consistent with predictions resulting from Planck’s hypothesis regarding
radiation from hot objects?
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The graph shows the altitude of the International Space Station (ISS) during 2017.
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The altitude can only be boosted by supply craft visiting the ISS.
Why does the altitude decrease in the times between height boosts?

A.  Momentum of the ISS is being transferred to air molecules.

B. The moon’s gravity changes the net force on the ISS as it orbits Earth.

C.  The decrease in altitude makes it possible for a supply craft to reach the ISS.
D

The total mass of the ISS changes with the deliveries from each supply craft.

A motor, battery and ammeter are connected in series. When the motor is turning at full
speed, the ammeter has a reading of 0.1 A. While the motor is spinning, a person holds
the shaft of the motor to stop it.

Which row of the table correctly identifies the change in the ammeter reading and an
explanation for the change?

Reading on ammeter Explanation
A. Decreases Decrease in back emf
B. Increases Increase in back emf
C. Decreases Increase in back emf
D. Increases Decrease in back emf




5 The diagram shows a current-carrying conductor in a magnetic field.
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What is the magnitude of the force on the conductor?

A. ON

B. 0.05N
C. 0.09N
D. 0.10N

6 The diagram shows a saucepan of water on an induction cooktop.

7
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Which row of the table correctly identifies a property of the material used to make the
saucepan and the frequency of the changing magnetic field produced by the coil?

Property of saucepan Frequency
A. Insulator High (50 kHz)
B. Conductor High (50 kHz)
C. Insulator Low (50 Hz)
D. Conductor Low (50 Hz)




A planet X has twice the mass and twice the radius of Earth.

What is the magnitude of the gravitational acceleration close to the surface of planet X?
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Crystal lattice structures for two types of doped semiconductors and band gap diagrams
for two types of materials are shown.

Crystal lattice structures Band gap diagrams
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Which row of the table correctly matches the type of doped semiconductor with its
crystal lattice structure and band gap diagram?

Type of Crystal lattice Band gap
semiconductor structure diagram
A. n-type U X
B. n-type T Y
C. p-type T Y
D. p-type U X




A hypothetical journey to a distant star might be accomplished in an astronaut’s life span
by travelling at relativistic speeds.

What is the key concept which underpins such a hypothetical journey?
A. From the frame of reference of the spacecraft making the journey, the distance to

the star is less.

B.  Clocks on the spacecraft run slower and hence the rate at which fuel is used for the
journey is decreased.

C. Relativistic effects on the spacecraft reduce its mass, making it possible to
accelerate to the speeds needed for such a journey.

D. The relativistic increase in the mass of the fuel on board makes it possible to
complete a longer journey with less fuel.

The diagram shows some parts of a simple DC motor.

Which row of the table correctly describes the direction of force acting on side WX and
the direction of torque this produces on the coil?

Direction of force acting | Direction of torque produced on the
on WX coil by the force acting on WX
A. Remains constant Remains constant
B. Remains constant Reverses every 180°
C. Reverses every 180° Remains constant
D. Reverses every 180° Reverses every 180°




11  During the launch of a space vehicle from Earth, an astronaut feels an increased

downward g force.

In which of the following situations would a person also feel an increased downward

g force?
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The diagram shows electrons travelling in a vacuum at 2 x10®m s~! between two
charged metal plates 1 x 10~ m apart.

Beam of
electrons

+

— 1000 V

A magnetic field is to be applied to make the electrons continue to travel in a straight

line.

What is the magnitude and direction of the magnetic field that is to be applied?

A.

B
C.
D

5x107" T into the page

5x107" T out of the page

1 x10° T into the page

1 x10° T out of the page

An electron moves in a circular path with radius r in a magnetic field as shown.

If the speed of the electron is increased, which row of the table correctly shows the
effects of this change?

S a0 w »

Force on electron Radius of path
Increases Decreases
Increases Increases
Decreases Decreases
Decreases Increases
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A pendulum can be used to determine the acceleration due to gravity using the relationship

T

= ZH\/Z
8

where T is the period and [ is the length of the pendulum.

The acceleration due to gravity on the surface of Mars is less than that on Earth.

Which graph relates the variables for the pendulum correctly for both planets?
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15  The diagram shows a simplified model of the Michelson—-Morley experiment. It can be
assumed that distances L, and L, are equal without affecting the outcome.

Motion of
apparatus

Mirror

Light source

Beamsplitter

Detector

The times taken for the light to travel in both directions along the lengths L, and L, are
1, and 1, respectively.

What was Michelson attempting to demonstrate in this experiment?

A.  The relativistic contraction of L, would cause 7, to be less than #,.

B.  The ether is carried through space with Earth, which would cause ¢, to be equal to
).

C.  The times ¢, and ¢, would be the same because the velocity of the apparatus was
much less than the speed of light.

D. The motion of the apparatus resulting from Earth’s orbital motion around the sun
would cause 7, to be greater than z,.

—11 =



16  When a train is at rest in a tunnel, the train is slightly longer than the tunnel.

In a thought experiment, the train is travelling from left to right fast enough relative to
the tunnel that its length contracts and it fits inside the tunnel.

An observer on the ground sets up two cameras, at X and Y, to take photos at exactly the
same time. The photos show that both ends of the train are inside the tunnel.

|/

—

| Y
Photo 1 Photo 2

A passenger travelling on the train at its centre can see both ends of the tunnel and is later
shown the photos.

From the point of view of the passenger, what is observed and what can be deduced about
the photos?

A. The tunnel’s length contracts so the train does not fit, and photo 2 is taken before
photo 1.

B.  The tunnel’s length contracts so the train does not fit, and photos 1 and 2 are taken
at the same time.

C.  The tunnel appears to expand due to length contraction of the train, allowing it to
fit in the tunnel, and photo 1 is taken before photo 2.

D. The tunnel appears to expand due to length contraction of the train, allowing it to
fit in the tunnel, and photos 1 and 2 are taken at the same time.

—12 —



17  The graph shows the maximum kinetic energy of electrons ejected from different metals
as a function of the frequency of the incident light.
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What can be deduced from this graph?

A.

The maximum kinetic energy of ejected electrons is proportional to the number of
photons incident on the metal surface.

More photons are required to cause an electron to be ejected from zinc than from
potassium.

Any photon that can eject an electron from the surface of zinc must also be able to
cause an electron to be ejected from potassium.

For any given frequency that causes electrons to be ejected from all three metals,
the number of electrons ejected is always greatest for potassium.

13—



18 An experiment is set up as shown.

Spring balance
Pointer

When the switch is closed, the reading on the spring balance changes immediately, then
returns to the initial reading.

Which row of the table correctly shows the direction of the current through the straight
conductor XY and the direction in which the pointer on the spring balance initially

moves?
Direction of current through Direction in which the
the straight conductor pointer initially moves
A. From Xto Y Down
B. From X to Y Up
C. From Y to X Down
D. From Y to X Up

— 14—
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A mass was hanging from the roof of a bus that was travelling forward on a horizontal
road at a constant velocity.

Velocity
AT
© ©

The string holding the mass was cut. At the same instant, the bus driver applied the

brakes, causing the bus to slow down at a rate of 3 m s

To an observer outside the bus, the mass follows a parabolic trajectory.

Which statement correctly describes the resulting motion of the mass observed from
within the frame of reference of the moving bus?

A.  The mass travelled in a straight line vertically downwards.

B.  The mass travelled in a straight line downwards and towards the front of the bus.
C.  The mass travelled in a parabolic path downwards and towards the back of the bus.
D

The mass travelled in a parabolic path downwards and towards the front of the bus.

~ 15—



20 Two identical galvanometers X and Y were connected as shown and placed on a desk.
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The meter X was then picked up and rotated suddenly anticlockwise to the position
shown by the dotted outline, while the meter Y remained stationary on the desk.
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When this action is carried out, the pointers on both meters move relative to the scales
on the meters.

Which row of the table correctly identifies the movement of the pointer on Y and the
reason for its behaviour?

Movement of pointer Reason

The movement of X produces a current that flows into

A. Towards right the opposite terminal of Y.

According to Lenz’s law the effect produced must

B. Towards right oppose the cause of the flux.

Y behaves as a motor with the current flowing through

C. Towards left it from right to left.

D. Towards left For every force, there is an equal and opposite force.

—16 -
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Do NOT write in this area.

Question 21 (4 marks)

(a)

(b)

Compare the force of gravity exerted on the moon by Earth with the force of

gravity exerted on Earth by the moon.

The acceleration due to gravity on the moon is 1.6 m s and on Earth it is

9.8 m s~2. Quantitatively compare the mass and weight of a 70 kg person on

the moon and on Earth.

Please turn over
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Question 22 (6 marks)

(a) A drill spins a magnet above a non-magnetic metal disc which is free to rotate.

Question 22 continues on page 21
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Do NOT write in this area.

Question 22 (continued)

(b)

The diagram shows a magnet attached to an electric drill so that it can be rotated

between two coils connected to a voltmeter.

The drill starts from rest and gradually speeds up, reaching its full speed after
three revolutions.

Sketch a graph showing the induced emf across the coils during the time that it
takes the magnet to reach its full speed.

Induced
emf

End of Question 22
_21—
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Question 23 (5 marks)

The diagram shows a cathode ray tube in a television.

(a)

(b)

Heating element
Screen

Electron gun

Outline energy changes associated with the electrons passing through the gun,

and when they strike the screen.

_22
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Do NOT write in this area.

Question 24 (5 marks)

(a)  Outline TWO features of high-voltage transmission lines that contribute to the
safe transmission of electricity.

(b) Three parallel wires X, Y and Z all carry electric currents. A force of attraction
is produced between Y and Z. There is zero net force on Y.

X T !
75 cm
l 20 A
Y ) =
30 cm
7 y 20 A

What is the magnitude and direction of the current in X?

_23_
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Question 25 (6 marks)

(a)

(b)

State ONE benefit and ONE limitation of the use of superconductors in the 2

transmission of electricity through power grids.

Contrast features of electrical conduction in a pure metal at room temperature 4
with electrical conduction in a pure metallic superconductor below its critical

temperature.

_24 —

Office Use Only — Do NOT write anything, or make any marks below this line.

9657310359

‘eaJe SIY} Ul 91IM JON oad



Do NOT write in this area.

=

Question 26 (4 marks)

Outline the similarities and differences between the effects of electric fields and

gravitational fields on matter. In your answer, refer to the definitions of these fields.

Please turn over

— 25—
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Question 27 (6 marks)

(a) The diagram shows a camera and a ruler set up to obtain data about a projectile’s
motion along the trajectory shown. The entire trajectory is visible through the

camera.
: ctol’y
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Identify ONE of the errors in this set-up and describe the effect of this error on
the results.

Question 27 continues on page 27
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Do NOT write in this area.

Question 27 (continued)

(b) An experiment was set up based on the method described in part (a), but

conducted so that the data obtained were valid.

The image shows the trajectory of the ball.

QOOQO
OO Oo

o Starting point P

The graphs show data from this experiment.

2 0.0-P 4.0 P
~ B X n z \\
E - - E 20: ™

_ = U T .
E—OS_ \\ > : N
2 - = = - S
= - \\ 9 0.0- ~
.2__LO' N i) -
= - Z20°" S
= : " S - e
8 - = E 4 - \\
= -1.5- Q- .0: N
2 -

0.5 Time (s) 1.0 0.5 Time (s) 1.0

Using the graphs, describe the velocity and acceleration of the ball quantitatively

and qualitatively.

End of Question 27
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Question 28 (5 marks)

The radius of the moon is 1740 km. The moon’s mass is 7.35 x 10?? kg. In this

question, ignore the moon’s rotational and orbital motion.

A 20 kg mass is launched vertically from the moon’s surface at a velocity of

1200 m s~ .

(a)  Show that the change in potential energy of the mass in moving from the surface

to an altitude of 500 km is 1.26 x 107 J.

(b) Calculate the velocity of the 20 kg mass at an altitude of 500 km.

— 28 —
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Do NOT write in this area.

Question 29 (8 marks)

The diagram shows two different cells.

Light Light

LR
n-type silicon

Load

p-type silicon

I||||I Solar cell
Vacuum photocell

(a) How does light contribute to the flow of current in each of these two cells?

(b) Explain how ONE advance in scientific understanding and ONE advance in
technology have led to the use of semiconductors.

—29_
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Question 30 (6 marks)

The diagram shows a model of a system used to distribute energy from a power station 6

through transmission lines and transformers to houses.

Ay
000000000 3“% 3“ [ ] 1 % [ %
Povyer T1 T2 Houses
station

During the evening peak period there is an increase in the number of electrical
appliances being turned on in houses.

Explain the effects of this increased demand on the components of the system, with
reference to voltage, current and energy.
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Do NOT write in this area.

Section I Part B extra writing space

If you use this space, clearly indicate which question you are answering.
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Section I Part B extra writing space

If you use this space, clearly indicate which question you are answering.

—-32 - © 2018 NSW Education Standards Authority

Office Use Only — Do NOT write anything, or make any marks below this line.

8455310354

‘eaJe SIY} ul 91UM JON od
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Question 31 — Geophysics (25 marks)

Answer parts (a), (b) and (c) of the question on pages 2—4 of the Section II Writing
Booklet. Start each part of the question on a new page.

(a) (1) Seismic methods are used to investigate physical properties of Earth.
Identify TWO other methods used by geophysicists.

(ii)) How does a geophysical method, other than a seismic method, provide
information about physical properties of Earth?

(b) In November 2017, a new polar-orbiting weather satellite NOAA-20 was
placed in orbit. Its orbital period is 100 minutes and it orbits Earth at an altitude
of 870 km. The average radius of Earth is 6370 km.

(i) Explain ONE feature of NOAA—-20’s orbit that will make it better for
monitoring climate than a geostationary satellite.

(i11) Calculate the mass of Earth using the information provided about

NOAA-20’s orbit. The answer is different to that shown on the data
sheet provided.

(c) Explain how both Richer and Newton independently used data obtained from
experiments using pendulums to determine the shape of Earth.

Answer parts (d) and (e) of the question on pages 6—8 of the Section II Writing
Booklet. Start each part of the question on a new page.

(d) How are seismic data used to provide a model of Earth’s core? Support your
answer with a diagram.

(e) Explain the role of palaecomagnetic data in providing evidence that supports the
theory of plate tectonics.

—34 —



Question 32 — Medical Physics (25 marks)

Answer parts (a), (b) and (c) of the question on pages 2—4 of the Section II Writing
Booklet. Start each part of the question on a new page.

(a) @
(ii)

Identify TWO specific uses of magnetic resonance imaging (MRI).

The diagram shows a person in the magnetic field within an MRI
machine.

\J

Describe the effects of the application of the strong magnetic field, B, on
hydrogen nuclei in the person’s body.

(b) The diagram represents fat and kidney tissues inside a human body. The acoustic
impedances of these tissues are not the same.

)

(ii)

Fat Kidney

Ultrasound waves A and B have the same frequency.

Compare the behaviour of ultrasound waves A and B at the fat—kidney
boundary.

The density of kidney tissue is 1050 kg m™ and the velocity of

ultrasound waves in kidney tissue is 1560 ms™!. At the fat-kidney
boundary, the intensity of the reflected ultrasound is 1.0 % of that of the
incident ultrasound.

Calculate the acoustic impedance of fat tissue.

Question 32 continues on page 36
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Question 32 (continued)

(c)

Iodine-124 is a radioactive element. The equation for its decay is shown. The
symbol e* is sometimes shown as B*.

124) _y 1240 4 ot

The following is a decay table for iodine-124.

Time (h) 0 20 | 40 | 60 80 | 100 | 120 | 140
Proportion | 4 534 1 0871 | 0.758 | 0.661 | 0.575 | 0.501 | 0.436 | 0.355
remaznmg

Justify the use of iodine-124 as a medical diagnostic tool. Support your answer

quantitatively.

Answer parts (d) and (e) of the question on pages 6—8 of the Section II Writing

Booklet. Start each part of the question on a new page.

(d)

(e)

Explain how the Doppler effect is used for medical imaging.

The following image of the bones in a person’s neck was produced using
computed axial tomography (CAT).

Compare both the production and benefits of this CAT image with a conventional
X-ray image of the same part of the person’s body.

End of Question 32

— 36—
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Question 33 — Astrophysics (25 marks)

Answer parts (a), (b) and (c) of the question on pages 2—4 of the Section II Writing

Booklet. Start each part of the question on a new page.

(a) (1) Define the parsec with the aid of a diagram.

(1) Outline TWO limitations of using ground-based instruments to make

trigonometric parallax measurements.

(b) The diagrams show light curves of two variable stars.

Graph A — Light curve of a

binary star
3 2 15.5
E 2157
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2 4 6 8 10 12
Time (days)

(i) Contrast the reasons for the variation in brightness of these two stars.

(i1) A period—luminosity graph for Type I Cepheid variable stars is shown.

2
3
Graph B - Light curve of a
Type I Cepheid variable star
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The average apparent magnitude of the Type I Cepheid variable star

shown in Graph B is 16.3.

Calculate the distance of this Type I Cepheid variable star from Earth.

Question 33 continues on

- 37 —
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Question 33 (continued)

(c) A H-R diagram is shown. Star X is a main sequence star of 12 solar masses.

~10 — 108
5 X - 10*
[} ”..:‘-_
o
=
= 2 =
5 (= +10* 2
£ £
8 =
= +5- 41 3
2
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+10F 1072
+15 | ! | | | RS 1074
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Spectral type

Describe how star X will change physically and chemically as it continues to
evolve.

Answer parts (d) and (e) of the question on pages 6-8 of the Section II Writing
Booklet. Start each part of the question on a new page.

(d) Explain how measurements made using photoelectric technologies have
increased the understanding of celestial objects beyond that provided using
photographic methods.

(e) Explain how black body spectra, emission spectra and absorption spectra are
used to analyse the surface temperature and chemical composition of stars. In
your answer, refer to observations that can be made in a school laboratory.

End of Question 33
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Question 34 — From Quanta to Quarks (25 marks)

Answer parts (a), (b) and (c) of the question on pages 2—4 of the Section II Writing
Booklet. Start each part of the question on a new page.

(a) (i) Identify TWO limitations of the Bohr model of the atom.

(ii)) How does the Bohr model of the atom account for the emission spectrum

of hydrogen?
(b) (i) The diagram shows apparatus used to investigate subatomic particles.
To vacuum pump Paraffin
| | M
Polonium Geiger counter
== ===
Alpha m X Protons
Beryllium
window

How did Chadwick use a law of physics to identify a property of X?

(11) The following is a nuclear reaction that produces a neutron.

4

9 12 1
2o¢+4Be% 6C+On

The table shows the masses of the particles in the reaction.

Particle Mass (u)
S 4.0012
2Be 9.0122
Bc 12.0000
on 1.0087

Using the data from the table, calculate the energy released in this
reaction. State your answer in joules.

(c) How did Pauli infer the existence and properties of a new particle from
measurements of the energies of beta particles? Support your answer with
a graph.

Question 34 continues on page 40
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Question 34 (continued)

Answer parts (d) and (e) of the question on pages 6-8 of the Section II Writing
Booklet. Start each part of the question on a new page.

(d) Radioactive sources, X and Y, producing two different types of radiation were
placed in identical Wilson cloud chambers. The diagram shows the trails
produced by each.

Source Source
X Y

Scale
L
1 cm

Describe the changes in the nuclei of X and Y which have produced these trails.
(e) Using the standard model, analyse the roles of both forces and particles in the

current understanding of the atom.

End of Question 34
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Question 35 — The Age of Silicon (25 marks)
Answer parts (a), (b) and (c) of the question on pages 2—4 of the Section II Writing
Booklet. Start each part of the question on a new page.
(a) (1) Outline TWO differences between an electric circuit and an electronic
circuit.
(i) How do the properties of silica make it an ideal material for use in
electronic communication?

(b) The diagram shows an operational amplifier connected to a power supply.

+15V

1+

-15V

This operational amplifier is used to make an inverting amplifier by adding an
input resistor of 27 k€ and a feedback resistor of 82 k€.

(1) In your answer booklet, draw the inverting amplifier described.

(i1) Copy the axes shown into your answer booklet. Draw a graph showing
the transfer characteristics of this inverting amplifier for the input range
of =10 Vto +10 V.

-10 -5 5 10 n

Question 35 continues on page 42
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Question 35 (continued)

(c) The graph shows the average number of transistors incorporated into integrated
circuit chips from 1970 to 2015.

1012 -

101] //
1010 2.

10° //
108

107 //
10°

10° /
4

10 Ve

10°

! ! ! ! ! I
1970 1980 1990 2000 2010 2020 2030

Average transistor count

Year of introduction

Relate information in the graph to the evolution of computer technology.

Question 35 continues on page 43
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Question 35 (continued)

Answer parts (d) and (e) of the question on pages 6-8 of the Section II Writing
Booklet. Start each part of the question on a new page.

(d) Explain how an electronic circuit can use a relay to switch high-power devices.
In your answer, refer to the roles of the components of the relay.
(e) The diagrams show a circuit and the characteristic curve of the thermistor used.

Temperature sensor

5V
E =10k

+

5.6 kQ

%20 kQ

Thermistor characteristic curve

Smoke detector

Smoke =+5V
No smoke =0V

35
30
25\
= \
G N
S~ \
- 20
2 \
<
Z 15 A
5
[
10
5
O e e
0 20 40 60 80 100 120
Temperature (°C)
Logic control Alarm bell
o\

Isolation switch

5V _———

s

)
L/

%ZOKQ On=+5V Off =0V

Explain the operation of this circuit. Support your answer with a truth table and
data from the thermistor characteristic curve.

End of paper
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1073

HIGHER SCHOOL CERTIFICATE EXAMINATION
Physics

DATA SHEET

Charge on electron, g,

Mass of electron, m,

Mass of neutron, m,

Mass of proton, m,

Speed of sound in air

Earth’s gravitational acceleration, g

Speed of light, ¢

Magnetic force constant, (k = &j
2r

Universal gravitational constant, G

Mass of Earth

Planck constant, &

Rydberg constant, R (hydrogen)

Atomic mass unit, u

1 eV
Density of water, p

Specific heat capacity of water

-1.602 x 1071 C
9.109 x 107! kg
1.675 x 1072 kg
1.673 x 107 kg
340 m s~

9.8 ms>

3.00 x 103 ms™!
2.0 x 1077 N A~
6.67 x 107" N m? kg™
6.0 x 10** kg
6.626 x 10734 J s
1.097 x 10’ m™!

1.661 x 107" kg
931.5 MeV/c?

1.602 x 10719J
1.00 x 10° kg m™>

418 x 10° Tkg ' K!



FORMULAE SHEET

v = fA
o L
d2
v sin i
vy  sinr
poF
q
R=Y
1
P =V
Energy = VIt
_Ar
Vav = E
Av V—u
a. = — therefore a
av At av l,
>F = ma
pom’
r
| )
E, = —my
)
W = Fs
p = mv
Impulse = Ft

m,m
P r

F = mg

2 _ 2
Ve T Uy

Vv = u+ at

2 _ 2

vy —uy+2ayAy
Ax = u_t

r_GM
T2 472
B Gm1m2
= e
E = mc2
2
Y
L =1,1-—-—
v 0 6‘2
t
t = 0
v 2
v
2
m, = >




FORMULAE SHEET

F_ hb gL
/ p
) d
F = Bllsin@ M=m-5lo fadl
"ToN0%80( 1
T = Fd
éleO(mB A)/S
7 = nBIA cos @ B
\% n 2.3
L2 m1+m2—47rr2
Vo ng GT
F = gqvBsin@ l_RL_L
A 2 n?
% ro
E = —
d
L
my
E = hf
c=fﬂ. Vt
Ay = 2
mn
Z = pv
Vou _ _ R
V. R
2 in i
L [2-2]
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