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General Instructions
* Reading time — 5 minutes
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Pages 2-27

75 marks
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 21-31
* Allow about 1 hour and 40 minutes for this part

Pages 29-39

25 marks
* Attempt ONE question from Questions 32-36
¢ 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 An investigation is designed to determine the size of the generated current when the
strength of a magnet is varied.

Which is the independent variable for this investigation?

(A) Speed of the magnet
(B) Strength of the magnet
(C) Size of the generated current

(D) Distance between the coil and the magnet

2 This diagram shows the path of a spacecraft as it goes past Jupiter and heads towards
Saturn.

Spacecraft

To Saturn «— ——————— _ %

Jupiter \

Which effect influences the path of the spacecraft?

(A) Frictional
(B) Motor

(C) Photoelectric
(D) Slingshot



3 The diagram shows equipment attached to a battery.

X
g

Current

DC power
source

Magnetic field lines

Conducting
liquid

Metal dish

In which direction will the wire XY move?

(A) Clockwise
(B) Anticlockwise
(C) Towards the magnet
(D) Away from the magnet
4 Students performed an investigation to determine the initial velocity of a projectile.

Which row correctly identifies a hazard of this investigation and a related precaution?

(A)
(B)
(©)
(D)

Hazard

Safety precaution

flying projectile

wearing safety glasses

range of projectile

measuring the range with a tape measure

enclosed shoes

limiting the range of the projectile

safety glasses

flying projectile




5 The diagram represents an experiment that was conducted by Hertz.

Spark
DC power - S

source

Transmitter Receiver

What was Hertz trying to investigate?

(A) Photoelectric effect
(B) Electrical induction
(C) Black body radiation

(D) Properties of radio waves

6 This diagram shows the path of a cannonball, fired from a cannon.

Which set of vectors represents the horizontal and vertical components of the
cannonball’s velocity along the path?

Horizontal Vertical
wl— = = =T 1|
B |— - i T \’ j
©) T \’
® |




Eddy currents are a major source of energy loss in an iron core transformer.
What is one way to minimise this energy loss?

(A) Laminate the iron core with an insulator
(B) Put fewer turns of wire in the primary coil
(C) Operate the transformer with a higher current

(D) Decrease the distance between the primary and secondary coils

Which of the diagrams best represents an example of an inertial frame of reference?

(A) o (B)
O
w a
1%
(©) (D)

@ @“

Three potentially hazardous conditions that can be experienced by astronauts in space are
listed.

| Extreme heat
I Weightlessness
III  Communication blackout

Which combination of these conditions is associated with safe re-entry of a manned
spacecraft?

(A) IandII only
(B) Iand III only
(C) 1II and III only
(D) I, 1T and III



10  The diagram represents the transfer of electrical energy from a power station to a laptop
computer.

11

Ny

m — || —= ===
Power Regional Local In-home
station substation substation laptop
Which flow diagram shows the correct use of transformers in this transfer?
(A) | Step-down Step-up |—>| Step-up Step-down
(B) | Step-down Step-down | —>| Step-up Step-up
©) Step-up Step-down | ——>| Step-down Step-down
(D) Step-up Step-up |—>| Step-down Step-up

Why did the Braggs use X-rays to determine the crystal structure of metals?

(A) X-rays have a low frequency.

(B) X-rays have a short wavelength.
(C) X-rays can pass through metals.
(D) X-rays travel at the speed of light.

12 Why is a magnet able to hover above a superconductor that is below its critical
temperature?
(A) The superconductor excludes magnetic flux.
(B) The superconductor loses conductive properties when placed in a magnetic field.

(C) The eddy current in the superconductor creates a potential difference between the
magnet and the superconductor.

(D) The gravitational force on the magnet is balanced by the force created by the crystal
lattice structure of the superconductor.



13 Different magnetic fields are passing through two copper rings, P and Q, as shown.

Which row of the table correctly identifies the ring with the greater magnetic flux and the
ring with the greater magnetic flux density?

Greater magnetic flux Greater magnetic flux density
(A) P P
(B) Q Q
(&) P 0
(D) 0 P




14 Two charged plates are initially separated by a distance as shown in the diagram.

+ + + + + + +
[ |

Distance !
[

The potential difference between the plates remains constant.

Which of the graphs best represents the change in electric field strength as the distance
between the two plates is increased?

(A) (B)

Electric field
strength
Electric field
strength

Distance Distance

©) (D)

Electric field
strength
Electric field
strength

Distance Distance
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16

The diagram shows a single-loop motor.

30° Y
i
X
N S
Z
gt}

—

—J
DC power supply

The equations 7 = nBIA cos@ and F = Bll sin® can be used to calculate the torque in
the motor and the force on the length of wire WX respectively.

What angles are represented by 0 and ® in the above equations?

(A)
(B)
©)
(D)

0 w
30° 90°
30° 30°
60° 90°
60° 30°

Which physical phenomenon allows current to flow through a metal wire?

(A)
(B)
(&)
(D)

Holes can move through a wire.
Charged atoms can move through a wire.
Electrons in a fully filled band can carry charge through a wire.

Electrons in a partially filled band can carry charge through a wire.
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Which graph best represents the change in torque for a DC motor, with a radial magnetic
field, from start up to operating speed?

/

(A) Torque A
\/ Motor speed

(B) Torque
Motor speed

/

(C) Torque
Motor speed

/

(D) Torque

-

Motor speed

Michelson and Morley conducted an experiment to measure the relative velocity of the
Earth through the aether.

Why is the result of the experiment significant?

(A) The result supported Michelson and Morley’s hypothesis.

(B) The result showed their hypothesis was incorrect because their investigation was
not accurate enough.

(C) The failure to detect the expected relative velocity contributed to the development
of special relativity.

(D) The successful verification of the expected relative velocity contributed to the
development of special relativity.

—10-



19

20

A spaceship moves close to the speed of light, relative to a planet.

The rest-frame length of the spaceship can be determined by an observer who is

(A)

(B)

(®)

(D)

on the spaceship measuring the time taken for light to travel between two points on
the planet.

on the planet measuring the time taken for light to travel from the front to the back
of the spaceship.

on the spaceship measuring the time taken for light to travel from the front to the
back of the spaceship.

on the planet measuring the difference in the arrival time of light from the front and
the back of the spaceship.

The graph shows the maximum kinetic energy (£) with which photoelectrons are emitted
as a function of frequency ( f) for two different metals X and Y.

E A
X Y

-

[ I I
0 5 10 15 f (x 10" Hz)

The metals are illuminated with light of wavelength 450 nm.

What would be the effect of doubling the intensity of this light without changing the

wavelength?

(A) For metal X, the number of photoelectrons emitted would not change but the
maximum kinetic energy would increase.

(B) For metal X, the number of photoelectrons emitted would increase but the
maximum kinetic energy would remain unchanged.

(C) For both metals X and Y, the number of photoelectrons emitted would not change
but the maximum kinetic energy would increase.

(D) For both metals X and Y, the number of photoelectrons emitted would increase but

the maximum kinetic energy would remain unchanged.

—11 -
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2013 HIGHER SCHOOL CERTIFICATE EXAMINATION

Physics

Centre Number
Section I (continued)

Part B — 55 marks
Attempt Questions 21-31 Student Number
Allow about 1 hour and 40 minutes for this part

Answer the questions in the spaces provided. These spaces provide guidance for the expected
length of response.

Show all relevant working in questions involving calculations.

Question 21 (4 marks)

During the course you studied one of the following scientists who has contributed to
the development of space exploration:

* Tsiolkovsky * Esnault-Pelterie
* Oberth * O’Neill
* Goddard * von Braun
Name of scientist studied: ........c..ccocveriiiniiiiiiniiiecceeceeeee
(a)  Outline ONE contribution made by the named scientist to the development of 2

space exploration.

(b)  Outline how to ensure that secondary sources of information about the scientist 2
are reliable.

2711 13-



Question 22 (3 marks)

This set of data was obtained from a motion investigation to determine the acceleration
due to gravity on a planet other than Earth.

Time (s) Vertical velocity (m s_l)
0.60 0.02
1.00 0.09
1.20 0.12
1.40 0.17
1.80 0.23

Plot the data from the table, and then calculate the acceleration.

0.3

Vertical velocity (m s7h

0
0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00

Time (s)

_ 14—



Question 23 (5 marks)

A planet orbits the star, Pollux, at a distance of 1.64 astronomical units (AU). It takes
590 Earth days to complete one orbit.

(@) Why does the mass of the planet play NO role in determining its orbital speed
around Pollux?

(b) A satellite orbits Pollux with a period of 365 Earth days.

How far is the satellite from Pollux in astronomical units (AU)?

~15—

2
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2013 HIGHER SCHOOL CERTIFICATE EXAMINATION

Physics

Section I — Part B (continued)

Centre Number

Student Number

Question 24 (5 marks)

With the aid of a diagram, explain how a photocell works.

—17 -



Question 25 (4 marks)

P, QO and R are straight current-carrying conductors.

Conductors P and R are fixed and unable to move. Conductor Q is free to move.

1m

R

P )
A
A A ¥
6 A 2 A
' —y | — B
5 mm 2.5 mm

2A

(a) In which direction will the conductor Q move as a result of the current flow in P

and R?

(b) Calculate the magnitude of the force experienced by Q as a result of the currents

through P and R.

_ 18—
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Physics

Section I — Part B (continued)

Centre Number

Student Number

Question 26 (5 marks)

An electric field is produced between two charged parallel plates, M and N.

(a)

(b)

M
NI ]

The plates, M and N, are 1.0 cm apart and have an electric field of 15 V m.

Calculate the potential difference between the plates.

The potential difference is now changed and a magnetic field of 0.5 T is placed
perpendicular to the plates, as shown in the diagram below.

M ]
Electron X

X
NI ]

Determine the magnitude and direction of the electric field required to allow the

electron to travel through undeflected, if the electron is moving at 1 X 10 ms7h.



Question 27 (7 marks)

(a) A generator starts at the position shown and is rotated by one revolution in the
first second. It is then rotated by two revolutions in the next second.

motion
Ve

Sketch a graph on the axes showing the electromotive force (emf) produced by
this generator for these two seconds.

emf

0 I — time (s)

Question 27 continues on page 21

—20-—



Question 27 (continued)

(b) An electric motor can be used to propel a vehicle. The electric motor can be
made to operate as a generator when the vehicle is moving. This will have a
braking effect on the vehicle.

Explain the physics principles involved in the propelling and braking of this
vehicle.

End of Question 27

21 -
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Physics

Section I — Part B (continued)

Centre Number

Student Number

Question 28 (6 marks)

Assess Einstein’s contribution to quantum theory.

_23_



Question 29 (5 marks)

A 0.05 kg mass is lifted at a constant speed by a DC motor. The motor has a coil of
100 turns in a 0.1 T magnetic field. The area of the coil is 0.0012 m?. The motor shaft

has a radius of 0.004 m.
— Motor
. Motor shaft

| |— Table

String
/ \— Mass

(a) Determine the force needed to lift the mass.

(b) Calculate the minimum current required in the coil to lift the mass.

_ 24—
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Physics

Section I — Part B (continued)

Centre Number

Student Number

Question 30 (4 marks)

The diagram shows a futuristic space station designed to simulate gravity in a

weightless environment.

Rotation

NOT TO
SCALE

(a) Explain how rotating the space station simulates gravity for the astronaut. 2

Question 30 continues on page 26

_25_



Question 30 (continued)

(b)

Calculate the rotational speed that a space station with a diameter of 550 m would
need for astronauts to experience 1 g of acceleration.

End of Question 30

—26—

2



Question 31 (7 marks)

Explain how changing the electrical properties of materials has led to the development
of new technologies which can benefit society.
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2013 HIGHER SCHOOL CERTIFICATE EXAMINATION

Physics
Section II

25 marks
Attempt ONE question from Questions 32-36
Allow about 45 minutes for this section

For Question 32

* answer parts (a)—(c) of the question in Section II Answer Booklet 1.
* answer parts (d)—(f) of the question in Section II Answer Booklet 2.
Extra writing booklets are available.

For Questions 33, 34 and 36

* answer parts (a)—(d) of the question in Section II Answer Booklet 1.
* answer parts (e)—(f) of the question in Section II Answer Booklet 2.
Extra writing booklets are available.

For Question 35

* answer parts (a)—(c) of the question in Section II Answer Booklet 1.
* answer parts (d)—(e) of the question in Section II Answer Booklet 2.
Extra writing booklets are available.

Show all relevant working in questions involving calculations.

Pages
Question 32 GEOPRYSICS ..eeeruvieiiiiiiiieieiiee ettt 30-31
Question 33 Medical PhySiCS ....c.cooviiiiiiiiiiieiieeeeeeee e 32-33
Question 34 ASITOPRYSICS ...eovieriiiiiieieeieeecee e 34-35
Question 35  From Quanta to QUAarks ..........ccccoevvvivreeiieieeiiiirieeeeeceeeeevveeenn. 36
Question 36 The Age of SIliCOn ....ccooveriiiiiiiiiiiiieeeccee 37-39

2716 29 _



Question 32 — Geophysics (25 marks)

Answer parts (a)—(c) in Section II Answer Booklet 1.

(a) Describe how ONE piece of geophysics equipment detects seismic waves.

(b) (i) Describe a procedure that could be followed to determine the density of
rock types.

(ii)) How could the reliability of the results of part (b) (i) be determined?

(c) The diagram shows the age and position of each island in the Hawaiian island
chain.

N m.y. Age in millions of years

Kauai (3.8-5.6 m.y.) T ®  Volcanic activity

s

Oahu (2.2-34 m.y.)

Q Molokai (1.3-1.8 m.y.)

=
O Maui (0.8-1.3 m.y.)
e y

\

Islands
become Hawaii (<0.7 m.y.)

older \

Acknowledgement: © Australian Academy of Science

(1) Explain the volcanic activity on the island of Hawaii.

(i1) Explain how the formation of the Hawaiian island chain can be used as
evidence for the theory of plate tectonics.

Question 32 continues on page 31

—-30 -



Question 32 (continued)

Answer parts (d)—(f) in Section IT Answer Booklet 2.

(d)

(e)

()

The graphs show the observed gravity anomaly across the Japan Trench and its
relationship to topography. The earthquake zone is dipping away from the
trench.

N

L

S

S
L

Gravity anomaly (mgal)
+
o
> 7

El

Japan Trench [ +5 <

0 _7—* i 0 a:
i

-10 g

S

Earthquake zone

Depth (km)

I I I I I |
100 200 300 400 500 600
Kilometres

Acknowledgement: © Australian Academy of Science

Explain the significance of the shape of the gravity anomaly line with reference
to the graphs.

The Earth has a radius of 6357 km through the poles. Show how the acceleration
due to gravity at the North Pole can be determined.

Discuss the effectiveness of using geophysical methods in mineral exploration
and environmental monitoring.

End of Question 32

_31—
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Question 33 — Medical Physics (25 marks)

Answer parts (a)—(d) in Section II Answer Booklet 1.

(a)

(b)

(c)

(d)

Outline differences between X-ray images and CAT scans.

Outline a first-hand investigation to demonstrate the transfer of light by optical
fibres.

Explain how an endoscope can be used to obtain tissue samples of internal
organs.

(i) How is the orientation of the magnetic axis of a hydrogen nucleus
affected by the application of a strong magnetic field during an MRI
scan?

(i1) Explain the difference in the relaxation time of hydrogen in water and
the relaxation time of hydrogen in other molecules.

Question 33 continues on page 33

—_32_



Question 33 (continued)

Answer parts (e)—(f) in Section II Answer Booklet 2.

(e)

()

characteristics?

(1) How is the Doppler effect used in ultrasonics to investigate blood flow

(i) Outline TWO technologies that are required for an ultrasound scan.

The data set gives information about a variety of radioactive isotopes, some of
which can be used in diagnostic tools for medicine.

Radioactive isotope

Radiation emitted

Half life

Fluorine-18

ﬁ+

109.77 minutes

Strontium-90 B 28.8 years
Carbon-14 B 5730 years
Technetium-99m Y 6 hours
Cobalt-60 Y 5.27 years

End of Question 33

—-33 -

Using the information in the table, justify which radioactive isotopes are suitable
for use in diagnostic imaging techniques.




Question 34 — Astrophysics (25 marks)

Answer parts (a)—(d) in Section II Answer Booklet 1.

(a) Describe an investigation that can be used to show why it is desirable in terms of
sensitivity for a telescope to have a larger diameter lens.

(b) Matar is a star in the same spectral class as the Sun, yet it has four times the
mass of the Sun.

(1) Draw a labelled Hertzsprung—Russell (H-R) diagram, and mark the
position of Matar on the diagram with an X.

(ii) Contrast the physical properties, other than mass, of Matar and the Sun.

(c) Describe the dominant nuclear reaction in an A2 main sequence star.

(d) Describe the transition process of a G2 main sequence star, such as the Sun,
evolving into a red giant.

Question 34 continues on page 35

—34 —
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Question 34 (continued)

Answer parts (e)—(f) in Section I Answer Booklet 2.

(e) The graphs give information that could be used to calculate the distance from
Earth to a Type 1 Cepheid Variable.

(1) The star is claimed to be approximately 1260 parsecs from Earth. 3
Show how this claim is supported or refuted by the information in the
graphs.

(i) State an advantage and a disadvantage of using the graphs above 2

to calculate the distance to a star.

(f) How is light analysed, using physics principles, in order to determine the 6

standard properties for the main sequence stars of Spectral Class A shown in this

table?

Spectral Effective
Iélass Temperature | Colour | Mass/Massg, | Luminosity/Luminosityg,
K)
A 7500 — 10000| White 20-30 8-55
Acknowledgement: CSIRO End of Question 34

—- 35—



Question 35 — From Quanta to Quarks (25 marks)

Answer parts (a)—(c) in Section II Answer Booklet 1.

(a) (1) Outline the key features of the Rutherford model of the atom.

(i1)) Explain how the Bohr model of the atom overcomes an identified
limitation of the Rutherford model of the atom.

(b) This equation describes a nuclear reaction.

235 1 141 92 1
92U + n — 56Ba + 36Kr + 30n

0
Particle Mass (amu)
U 235.0439
'*!Ba 140.9144
oKr 91.9263
on 1.008 665

(1) Use the data above to calculate the energy released in this reaction.

(i1)) Apply Einstein’s idea of the equivalence of mass and energy to explain
the production of energy in the reaction above.

(c) Pauli is said to have ‘suggested’ the existence of the neutrino.

Explain why the neutrino was ‘suggested’ but not discovered by Pauli.

Answer parts (d)—(e) in Section II Answer Booklet 2.

(d) (i) Identify the fundamental forces proposed by the standard model of the

atom.

(i1) Explain how the stability of atomic nuclei is maintained.

(e) How did de Broglie use existing concepts and ideas to come up with new
interpretations that have increased our understanding of the structure of matter?

—36 —



Question 36 — The Age of Silicon (25 marks)

Answer parts (a)—(d) in Section II Answer Booklet 1.

(a) This circuit shows how a light-dependent resistor (LDR) can be used to control

a voltage output.

+5V—

10kQ =

N

out

LDR ?

The response curve of the LDR in the circuit is shown.

Response curve of LDR

1000

100

10

Resistance (k)

10
IITuminance (lux)

100

What would the voltage V,  be when the light intensity at the LDR is 20 lux?

Question 36 continues on page 38

—-37 -



Question 36 (continued)

(b)

(©)

(d)

Describe the role of a LDR in a camera.

Explain how input and output transducers can be used to control the temperature
in a room.

For the logic circuit, construct a truth table showing the output, O, for all
possible combinations of inputs A, B and C.

A——

b )

o

Question 36 continues on page 39

— 38 —



Question 36 (continued)

Answer parts (e)—(f) in Section II Answer Booklet 2.

(e) (i) Describe an ideal operational amplifier.

(i) The diagram shows an operational amplifier.

R, =4.7kQ
Vip o—W -

=

out

Reproduce this diagram in your writing booklet and modify it to perform
as an inverting amplifier with a gain of 2.

(iii) The diagram shows an input waveform V. for an inverting amplifier with

a gain of 2.
Vin V)
A
input
2
VAWA
AEVALVAS
-1
-2
\

Sketch the output waveform V_  in your writing booklet.

(f)  Assess how the development of electronics since the invention of the transistor
has met the increasing computing needs of society.

End of paper

—39 _
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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, ¢
: Ho
Magnetic force constant, | k = Py
T

Universal gravitational constant, G
Mass of Earth

Planck constant, &

Rydberg constant, R (hydrogen)

Atomic mass unit, u

leVv
Density of water, p

Specific heat capacity of water

_41 —

~1.602x 1079 C
9.109 x 107! kg
1.675 x 102" kg
1.673 x 102" kg
340 m s~}
9.8 ms™>

3.00x 103 m s™!

20x 107" N A2

6.67 x 107" N m? kg™
6.0 x 10** kg

6.626 x 1074 J s

1.097 x 10" m™!

1.661 x 10727 kg
931.5 MeV/c?

1.602 x 107197
1.00 x 10° kg m™>

418 x10° T kg K!



FORMULAE SHEET

v=fA
I o< L
d2
v sin I
Vy ~ sin r
F
E=—
q
R=Y
1
P=VI
Energy = VIt
Ar
Vav = E
Av V—u
a,, = E therefore a,, = :
>F = ma
mv>
F =
r
|
E, = —mvy
)
W = Fs
p = my
Impulse = Ft

E - m;n,
P r
F=mg

2 _ 2

Vi T U

vV =u+at

2 _ 2

v, =u, +2ayAy
Ax =u_t

r GM
T2  4r?
Gm,m
P 1M
d2
E = mc>
2
\%
[ =1,/1-—
0
\% c2
t
t = 0
Y 2
-
2
ny,
m =

_42 _



FORMULAE SHEET

= d =—
) p
F = BIlsin@ d
M = m-S5log| —
10
T =Fd
Ta_ ot/
Iy
T = nBIA cos0
v "+ m 47*r?
n —_
PP L ar?
Vi n
F = qvBsinf l=RL—L
A n  n?
foo
gV h
d A= —
my
E = hf
c = f)» A() — Vout
Vin
Z = pv Vout _ _ﬁ
V. R.
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