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General Instructions

* Reading time — 5 minutes
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* Draw diagrams using pencil

* Board-approved calculators may
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e A data sheet, formulae sheets and
Periodic Table are provided at
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Total marks — 100

Pages 2-26

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
e 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 Why are spacecraft that are placed into orbit around the Earth generally launched in an
easterly direction?
(A) To gain assistance from the wind
(B) To help slow down the spacecraft so it can go into orbit
(C) To reduce the interference from the Earth’s magnetic field

(D) To use the Earth’s rotation to increase the spacecraft’s speed

2 Wire, axle, armature, commutator and brushes can be used to build a device.
Which of the following devices requires ALL of these components?

(A) Transformer
(B) DC generator
(C) Galvanometer

(D) Induction motor

3 A pendulum is used to determine the value of acceleration due to gravity. The length of
the pendulum is varied, and the time taken for the same number of oscillations is recorded.

Which of the following could increase the reliability of the results?

(A) Changing the mass of the pendulum
(B) Identifying the independent and dependent variables
(C) Recording all measurements to at least four significant figures

(D) Repeating each measurement several times and recording the average



Why was germanium used to make the first transistors?

(A) It was an abundant semiconductor.
(B) It was cheaper than other semiconductors.
(C) Its properties allowed for simpler circuit design.

(D) It was easier to purify than other semiconductors.

Electricity is transported over long distances by transmission lines that are supported by
pylons.

How are these transmission lines protected from lightning strikes?

(A) The pylons are insulated from the ground.
(B) There is a grounded wire on top of each pylon.
(C) The transmission lines carry voltages similar to that of lightning.

(D) Large ceramic insulators separate the transmission lines from the pylons.

A satellite is in a high orbit around the Earth. A particle of dust is in the same orbit.

Which row of the table correctly compares their potential energy and orbital speed?

Potential energy Orbital speed
(A) Different Same
(B) Different Different
©) Same Same
(D) Same Different
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The diagram shows a magnet moving upward into a coil.

NN NN
U U U U U

Which row of the table correctly identifies the direction of the induced current as viewed
from the top, and the direction of the magnetic field inside the coil?

(A)
(B)
©
(D)

Current direction Magnetic field direction
Anticlockwise d
Anticlockwise T

Clockwise T
Clockwise d

Why is an iron core used in a transformer?

(A)
(B)
©)
(D)

To limit eddy currents
To reduce the heat generated
To separate the magnetic fields

To increase the linkage of the flux

The resistance of two identical-looking wires is measured. One of the wires is made of
copper and the other is made of a copper alloy.

Why does the wire made of the copper alloy have a higher resistance?

(A)
(B)
©)
(D)

The alloy has more impurities than the copper.
There are more holes in the copper than the alloy.
The alloy retains heat more easily than the copper.

There is a greater energy gap between the conduction and valence bands for the alloy.



10 The diagram shows two experiments. In Experiment I, the magnet is moved away from
the coil. In Experiment 2, the coil is moved away from the magnet.
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Why is the same electromotive force (emf) produced in both experiments?

(A)
(B)
©
(D)

Energy is conserved.
The motor effect generates the same force.
The relative motion between the coil and the magnet is the same.

Both the direction of the magnetic field and the direction of the motion change.

Why is there low intensity of black body radiation at very short wavelengths?

(A)
(B)
©
D)

The energy of each photon is reduced at very short wavelengths.
There are fewer photons with high energy at very short wavelengths.
Only photons of very short wavelengths are reabsorbed by the black body.

Photons of very short wavelengths interact with each other causing destructive
interference.



12 The diagrams show a wire loop rotating anticlockwise in a radial magnetic field and in a
parallel magnetic field. There is a constant current in the wire loop.

Radial magnetic field

Parallel magnetic field

Which pair of graphs best describes the behaviour of the force (F) on the length of
wire PQ as a function of time (7) for one revolution of the wire loop?

(A)

(B)

©)

(D)

Radial field
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Parallel field
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Which of the following is a consequence of the motor effect?

(A) Rapid heating in an induction cooktop
(B) Minimising energy loss in transmission lines
(C) The wire loops of an operating transformer pulling its coils together

(D) A superconductor repelling small magnetic dust particles vertically above it

The diagram shows a generator circuit connected with a switch.

The generator is rotated by one revolution in the first second with the switch open. It is
then rotated by one revolution in the next second with the switch closed.

Which graph shows the current produced by this generator for these two seconds?

Current (A) Current (A)

A) 0 V\ — - [ime (s) B) 0 — —Time (s)
AVAE —

Current (A) Current (A)

AWAu AN
© o —Time (s) D) 0 —Time (s)
AVAV. AVAS
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Two masses have a gravitational force of 12 N between them.

If the distance between the masses is doubled, what would be the new gravitational force
between them?

(A) 3N
(B) 6N
(C) 12N
(D) 24N

How did Hertz determine the speed of radio waves?

(A) By measuring the interference pattern of radio waves
(B) By sending radio waves through a block of pitchblende
(C) By balancing the effect of a magnetic field in a cathode ray tube

(D) By comparing the intensity of two perpendicular beams of radio waves

The diagram shows an alpha particle ( 88 ) and a proton ( ® ), placed at equal distances
from two large charged metal plates.

| ————— == = = = | Key
8 ° e proton
t
|+ ++++ A+ ++ | © neutron

Which of the following best describes the motion of the particles?

(A) Both particles move with the same acceleration.
(B) The alpha particle moves with half the acceleration of the proton.
(C) The alpha particle moves with twice the acceleration of the proton.

(D) The alpha particle moves with a quarter of the acceleration of the proton.
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The diagram shows a cathode ray entering a magnetic field.

Cathode ray ——»

X X
X X
X X

An electric field is applied to cancel the effect of the magnetic field on the cathode ray.

Which row of the table correctly describes the direction of the applied electric field, and
the direction of the force acting on the cathode ray as a result of the magnetic field?

(A)
(B)
©
(D)

Direction of the Direction of force as result
electric field applied of the magnetic field
T T
2 T
T l
l l

The rest length of a train is 200 m and the rest length of a railway platform is 160 m. The
train rushes past the platform so fast that, when observed in the platform’s frame of
reference, the train and the platform are the same length.

How fast is the train moving?

(A)
(B)
©
(D)

0.60c
0.75¢
0.80c¢
1.25¢

A ball is launched horizontally from a cliff with an initial velocity of u ms~!. After
two seconds, the ball’s velocity is in the direction 45° from the horizontal.

What is the magnitude of the velocity in m s7! at two seconds?

(A)
(B)
©
(D)

u
1.5u
19.6
27.7
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Physics

Section I (continued)

Centre Number

Part B — 55 marks

Attempt Questions 21-31

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.

Extra writing space is provided on
pages 27-28. If you use this space,
clearly indicate which question you
are answering.

Write your Centre Number and
Student Number at the top of this

page.

Student Number
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Question 21 (3 marks)

Identify THREE limitations of the use of superconductors.

Question 22 (3 marks)

How does the re-entry angle affect the safety of astronauts returning to Earth in a

spacecraft?
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Question 23 (3 marks)

A square current-carrying wire loop is placed near a straight current-carrying conductor,

as shown in the diagram.

!
B _ C
A v/
A - D

—15=-
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Question 24 (5 marks)

The primary winding of a transformer contains 2000 turns. The primary AC voltage

is 23 000 volts and the output voltage is 660 000 volts.

(a) Calculate the number of turns on the secondary winding.

(b) If the current in the primary winding of the transformer is 100 A, and the

secondary winding has a resistance of 2000 €2, what is the power loss in the
secondary winding, assuming there is no power loss in the primary winding?

(Show calculations.)
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Question 25 (5 marks)

(a)

(b)

Outline an investigation that can be used to demonstrate the principle of an

AC induction motor.
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Question 26 (5 marks)

(a) Calculate the energy of a photon of wavelength 415 nm.

(b) An experiment was conducted using a photoelectric cell as shown in the
diagram.

Light source

Aluminium

Evacuated
surface

tube

— Collector

i

41V

Question 26 continues on page 19
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Do NOT write in this area.

Question 26 (continued)

The graph plots the maximum kinetic energy of the emitted photoelectrons
against radiation frequency for the aluminium surface.

9}

Maximum KE (eV)
w A

\S]

0

00 20 40 60 8.0 10.0 12.0 14.0
Frequency (x 10'* Hz)

The experiment is planned to be repeated using a voltage of 0.0 V.

Draw a line on the graph to show the predicted results of the planned experiment,
and determine the radiation frequency which would produce photoelectrons with
a maximum kinetic energy of 1.2 eV using a voltage of 0.0 V.

End of Question 26
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Question 27 (7 marks)

The diagram illustrates the path of a space probe launched from Earth and sent to
Neptune.

i Neptune
< /'IUranus NOT TO
Earth—— ) A SCALE

_e
\____.-7~ Saturn

~

Jupiter

(a) Explain, using physics principles, why the space probe takes this path instead of
travelling directly to Neptune.

Question 27 continues on page 21
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Do NOT write in this area.

Question 27 (continued)

(b)

(c)

The space probe is placed in an orbit at an altitude of 188 km above Earth. 2

Given Earth has a radius of 6380 km, calculate the period of this orbit.

It takes 10 minutes for the space probe to reach its orbit around Earth and it 2
remains in orbit for several hours.

Sketch a graph on the axes showing the changes in gravitational potential energy
for the first 40 minutes.

>
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End of Question 27
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Question 28 (6 marks)

(a) Thomson’s experiment measures the charge/mass ratio of an electron.

Use an annotated diagram to show how Thomson’s experiment can be

performed.

(b) An electron is projected at 90° into a magnetic field of 9 x 1074 T, at a speed

of 1 x 10’ m s™'. This causes the electron to undergo uniform circular motion.

Calculate the radius of the electron’s path.
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Question 29 (5 marks)

How does doping affect the way a current is carried in a semiconductor?

.............................................................................................................................
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Question 30 (7 marks)

Cannonballs P and Q are fired so that they leave their barrels from the same height.
Cannonball P is fired vertically upwards while cannonball Q is fired at an angle as
shown.

Both cannonballs take 3 seconds to reach the same maximum height.

Maximum height

Cannon P Cannon Q

(a) Explain how the resulting motion of the cannonballs supports Galileo’s analysis
of projectile motion.

Question 30 continues on page 25
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Do NOT write in this area.

Question 30 (continued)

(b)

Vertical displacement

The position of cannonball P is plotted at the 3rd, 4th and 5th seconds of its flight. 4
The position of cannonball Q is plotted at the 3rd and 4th seconds of its flight.

Plot the positions of the balls at each second for the remainder of their flight.
Show calculations.

® O
® O
®

Horizontal displacement

Key
@ BalP
O BallQ

End of Question 30
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Question 31 (6 marks)

Explain how the adoption of AC as the dominant electricity supply benefits society in 6

terms of the advantages of AC over DC.
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Section I Part B extra writing space

If you use this space, clearly indicate which question you are answering.
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2014 HIGHER SCHOOL CERTIFICATE EXAMINATION
Physics

Section II

25 marks

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

Answer parts (a)—(e) of ONE question in the Section II Writing Booklet. Extra writing booklets
are available.

Show all relevant working in questions involving calculations.
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Question 34 ASLIOPRYSICS couvvieriiieiiieeriieeriieeeeeeeieeeeree e e eereeeaeeeeeneees 34-35
Question 35  From Quanta to QUarks .......c.ccccceeeeeeimiiiineeeeeeeceeeeireeeeeee, 36-37
Question 36 The Age of Silicon .....c.ccoeeviiriiniiiiniiiiccecccee 38-39
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Question 32 — 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) @)
(ii)
b O
(ii)

Draw a labelled diagram to describe Earth’s present magnetic field.

Outline how magnetic anomalies near a diverging plate boundary
provide evidence for sea floor spreading.

What happens to white light when it hits a red surface?

Describe how remote sensing can be used to monitor changes in vegetation.

(c) Compare the use of seismic refraction and seismic reflection techniques in oil
and gas exploration.

Question 32 continues on page 31

- 30 -



Question 32 (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) A potential resource was identified near Mount Noble. The diagram shows the
plan of a gravitational survey that was carried out, and the table summarises
information gained from the survey.

Plan of gravitational survey

A Mount Noble
T (610 m)
N 3 x 6 x 9 x
2 x 5 x 8 x 0 o)
) |
1 x 4 x 7 x Scale (km)
Survey data
Locality Gravimeter reading (milligals) Altitude (m) Substrate
1 1067 410 sandstone
2 1067 412 granite
3 1070 414 granite
4 1086 410 sandstone
5 1261 414 sandstone
6 1257 415 granite
7 1083 411 sandstone
8 1269 411 sandstone
9 1280 425 granite

With reference to the diagram and the table, explain why data reduction has to
be carried out on the raw data from this survey before geologists can assess the
potential resource.

(e) Explain how geophysical methods have benefited mineral exploration programs.

End of Question 32
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Question 33 — 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) (1) Outline how ultrasound can be used to determine the flow of blood in the

human heart.

(i1)) The diagram shows part of a lower leg cross-section and its
corresponding ultrasound scan image from a single transducer.

Skin Muscle Vein Bone

..... { Pulse _ O - ]
U NOT TO
SCALE
Pulse T
strength /\ -

Time

Explain how this type of scan can be used to construct a two-dimensional
image of internal body structures.

(b) (i) Outline a method of generating X-ray radiation.

(ii)) Compare the use of a conventional X-ray image to a CT scan in an
investigation of the lungs.

(c) Describe how this transmutation is used to produce a diagnostic image.

11 11 0
6C - 5B + e

Question 33 continues on page 33
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Question 33 (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) Describe how properties of protons in nuclei are used in the production of

magnetic resonance imaging (MRI).

(e) Assess the impact of medical applications of physics on society.

End of Question 33

—33



Question 34 — 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) The diagram shows stars in the same section of sky viewed six months
apart.
» 1 ¥
»* * | ¥* a—X
2 March 2 September

Explain why star X appears in different positions.

(i1) Star X is 2.5 pc from Earth.

Calculate how much brighter star X would appear from Earth than if it
were viewed from a distance of 10 pc.

(b) (i) Why would a spectral class A star be brighter when viewed through a
blue filter than through a red filter?

(1) Why is it useful to view stars through different coloured filters?

(c) An astronomer has noticed that a star has become brighter.

Explain TWO possible reasons for the change in brightness.

Question 34 continues on page 35

_34 —



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)

(e)

A Hertzsprung—Russell (H-R) diagram of a cluster of stars and the spectral lines
for stars P and Q are shown.
H-R Diagram
Pype e
b +? I: e+
S N
.: I
é +
= o
A N
++ :-!-++.+
++++
I I I I I I I I
O B A F G K M N
Spectral lines
P
0

- i

Explain how this data provides evidence for the evolutionary age of the stars in
this cluster.

Evaluate methods of obtaining good quality images of celestial objects using
ground-based telescopes.

End of Question 34

—~ 35—



Question 35 — 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) (1) A photon is emitted when an electron in a hydrogen atom transitions
from the n = 3 excited state to the ground state.
Calculate the wavelength of the photon.

(i1)) A photon is incident on a hydrogen atom in the ground state.

Explain, using de Broglie’s hypothesis, why the photon is not absorbed
by the hydrogen atom.

(b) (1) Outline why gravitational forces are irrelevant in the nucleus of an atom.
(i1)) The graph shows the binding energy per nucleon.

Using this diagram, explain how energy may be released in a nuclear

reaction.
10 T T T T T
g [Fe Pd
o 8 ~ C U _|
5’0% He
5 =
£ = 6r _
o8
09
S5 4r -
g Z
R 5
o 2 L _
O H | | | |
0 20 40 60 80 100

Atomic number

(c)  With reference to the properties of neutrons, describe the use of the neutron as
a probe.

Question 35 continues on page 37
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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) Describe the significance of the Manhattan Project to society.

(e) Assess the effectiveness of the Bohr—Rutherford model of the atom in
accounting for experimental observations.

End of Question 35
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Question 36 — 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) For the logic circuit shown, construct a truth table.
ey
jiia DS
) S
—f~l>°—*>4
L

(i1)) Explain why a thermistor can be considered an input or an output
transducer.

(b) The diagram shows two operational amplifiers, X and Y, connected in a circuit.

+15V
1.5kQ 12kQ
Xin m AN 18 kQ
+16V
+16V B
PG S w Eo e
V—‘/16V XOllt _16V
12 kQ
0vV= ~15V

(1) Outline the purpose of each of the four resistors in the circuit.

(i)  The graph shows the input X, . Copy this graph in your Writing Booklet
and draw the outputs X and Y’

out’

+1V

Time

-1V

Question 36 continues on page 39
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Question 36 (continued)

(c) Outline similarities and differences between transistors and integrated circuits.
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) Justify the use of LEDs over traditional forms of illumination in everyday

situations.

(e) Explain how the development of the silicon chip has influenced the development
of electronics.

End of paper
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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, ¢

u
Magnetic force constant, ( k= 2_0j
T

Universal gravitational constant, G
Mass of Earth

Planck constant, h

Rydberg constant, R (hydrogen)

Atomic mass unit, u

leV
Density of water, p

Specific heat capacity of water

—4] -

~1.602x 1071 C
9.109 x 107! kg
1.675 x 102" kg
1.673 x 10727 kg
340 ms™!
9.8 ms?

3.00 x 103 m 57!

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 107 kg
931.5 MeV/c?

1.602x 10719 ]
1.00 x 10° kg m™

418 x10° T kg K™!



FORMULAE SHEET

V:f)b mm
E =-G
2 r
I<><:i2
d F =mg
vy sini ) )
v, ~sin r Ve T U,
Vv =u+at
F
E=—
4 vZi=u2+2q Ay
y b b
\%
R =— _
1 Ax—uxt
P=VI 1 2
Ay:uyt+5ayt
Energy = VIt
r_GM
T? ar?
Ar
Yo =
Gmlm2
F =
Av V—u d?
a,, = E therefore a,, = 5
E = mc?
>F = ma
2
mv2 lV :lO 1—_2
F = . c
t
E =—my b=
k 2 V2
=
W = Fs ¢
m,
p = my m =
V2
1_7
Impulse = Ft c?
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FORMULAE SHEET

F 1.1 1
S e ) d=—
[ d p
F = BIl sin@ d
M = m—S5log| —
10
T=Fd
I—Azloo(mB_mA)/S
Ip
T = nBIA cosO
N _47r2r3
Yo i ™ I
Vi n
F = gqvBsinf l:R 11
A n2  n?
f i
v h
d A= —
my
E = hf
C=fl A = Vout
0y
1mn
Z:pV Vout :_ﬁ
V. R
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PERIODIC TABLE OF THE ELEMENTS

1 2
H He
1.008 4.003
Hydrogen KEY Helium
3 4 Atomic Number 79 5 6 7 8 9 10
Li Be Symbol Au B C N o F Ne
6.941 9.012 Standard Atomic Weight | 197.0 10.81 12.01 14.01 16.00 19.00 20.18
Lithium Beryllium Name Gold Boron Carbon Nitrogen Oxygen Fluorine Neon
11 12 13 14 15 16 17 18
Na Mg Al Si P S Cl Ar
22.99 24.31 26.98 28.09 30.97 32.07 3545 39.95
Sodium Magnesium Aluminium Silicon Phosphorus Sulfur Chlorine Argon
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Sc Ti \% Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
39.10 40.08 44.96 47.87 50.94 52.00 54.94 55.85 58.93 58.69 63.55 65.38 69.72 72.64 74.92 78.96 79.90 83.80
Potassium Calcium Scandium Titanium Vanadium Chromium Manganese Iron Cobalt Nickel Copper Zinc Gallium Germanium Arsenic Selenium Bromine Krypton
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe
85.47 87.61 88.91 91.22 9291 95.96 101.1 102.9 106.4 107.9 112.4 114.8 118.7 121.8 127.6 126.9 131.3
Rubidium Strontium Yttrium Zirconium Niobium Molybdenum | Technetium Ruthenium Rhodium Palladium Silver Cadmium Indium Tin Antimony Tellurium Iodine Xenon
55 56 57-71 72 73 74 75 76 77 78 79 80 81 82 83 34 85 86
Cs Ba Hf Ta w Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
132.9 137.3 178.5 180.9 183.9 186.2 190.2 192.2 195.1 197.0 200.6 204.4 207.2 209.0
Caesium Barium Lanthanoids Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
87 88 89-103 104 105 106 107 108 109 110 111 112
Fr Ra Rf Db Sg Bh Hs Mt Ds Rg Cn
Francium Radium Actinoids  [Rutherfordium| Dubnium Seaborgium Bohrium Hassium Meitnerium | Darmstadtium | Roentgenium | Copernicium
Lanthanoids
57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
138.9 140.1 140.9 144.2 150.4 152.0 157.3 158.9 162.5 164.9 167.3 168.9 173.1 175.0
Lanthanum Cerium Praseodymium| Neodymium | Promethium Samarium Europium Gadolinium Terbium Dysprosium Holmium Erbium Thulium Ytterbium Lutetium
Actinoids
89 90 91 92 93 94 95 96 97 98 99 100 101 102 103
Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
232.0 231.0 238.0
Actinium Thorium Protactinium Uranium Neptunium Plutonium Americium Curium Berkelium Californium | Einsteinium Fermium Mendelevium Nobelium Lawrencium

Elements with atomic numbers 113 and above have been reported but not fully authenticated.
Standard atomic weights are abridged to four significant figures.
Elements with no reported values in the table have no stable nuclides.

The International Union of Pure and Applied Chemistry Periodic Table of the Elements (February 2010 version) is the principal source of data. Some data may have been modified.
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Section I, Part B
Question 21
Criteria Marks
* Identifies THREE limitations 3
* Identifies TWO limitations 2
* Identifies ONE limitation 1
Sample answer:
* The cost of cooling is high
* New infrastructure is required for transmission
* Superconductors only transmit DC
Question 22
Criteria Marks
» Correctly relates the effects of the re-entry angle to the safety of astronauts 3
* Shows some understanding of how the re-entry angle affects the safety of >
astronauts
* Shows a basic understanding of the re-entry of a spacecraft 1

Sample answer:

The angle of re-entry is between 5.2 — 7.2 degrees. If the angle of re-entry is too steep, the
spacecraft will decelerate too quickly. Heat will not be able to be dissipated quickly, and
hence the spacecraft may be destroyed or cause high g-forces to be experienced. To overcome
the high g-forces, astronauts are seated in such a way as to ensure blood is not forced away
from the brain. In addition, to ensure a safe landing, parachutes are used to slow the
spacecraft enough so the impact with the ground is within safe limits. If the angle is too
shallow then there is a concern that the spacecraft will be reflected off the atmosphere into

space.
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Question 23
Criteria Marks

* Clearly explains how the current in the wire loop affects the straight
conductor, showing a good understanding of the forces associated with the 3
loop and the straight conductor

* Shows some understanding of the forces associated with the sides of the >
loop and/or the straight conductor

* Shows a basic understanding of a force associated with the loop or the 1

straight conductor

Sample answer:

Sides AB and CD are perpendicular to the straight wire and do not contribute any force.

Side BC has current in the same direction as the wire and has an attractive force. Side DA has
current in the opposite direction as the wire and has a repulsive force. As DA is further from

the straight wire than BC, its magnitude is smaller and partly balances the latter.

The overall force is the unbalanced attractive force of side BC causing the wire and loop to

attract.
Question 24 (a)
Criteria Marks
» Shows correct process to calculate the number of turns 2
» Shows partial substitution into a relevant formula 1

Sample answer:

@_MSON —V"”’N —Mx2000—57391
V. N out — y lin 23000 a

in in in
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Question 24 (b)

Criteria Marks

» Shows correct process to calculate the power loss 3

* Correctly substitutes to calculate secondary current
OR 2
* Shows partial substitution into relevant formulae

» Shows partial substitution into a relevant formula 1

Sample answer:

Vo _Is M p_pp
Vo Ip ng
% I Vi
Using Vo _Is 23000V __1s
Ve I, 660000V  100A
2 1
(= 3000 x 00:3.48A
660000
Power loss =I§ RS
= (3.48)% x 2000W
=24 kW
Answers could include:
23 x10° =R +1V
= 20001 + 6600001
1150 = 1% + 3301
I =3.5A
Question 25 (a)
Criteria Marks
* Outlines a suitable investigation 2

* Shows a basic understanding of an AC induction motor
OR 1
» Identifies a feature of a suitable investigation

Sample answer:

A circular metallic disc was placed near a magnet that could be spun in the same axis. When
the magnet was turned the metal disc also started rotating in the same direction.
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Question 25 (b)
Criteria Marks

* Clearly explains how the motor effect is used in an AC motor 3

» Relates motion to alternating current

* Shows some understanding of the motor effect and/or the operation of an 2

AC motor
* Identifies a feature of an AC motor
OR 1

¢ Identifies a feature of the motor effect

Sample answer:

The motor effect is the production of a force on a current-carrying conductor in a magnetic
field. In an AC motor the force on the sides of a coil on the rotor produces a torque that
causes the coil to rotate. The direction of the torque is maintained in the same sense by the
AC applied reversing the current every 180° of the coil’s rotation. This keeps the motor

rotating due to the torque produced by the motor effect.

Question 26 (a)
Criteria Marks
» Shows correct process to calculate the energy 2
» Shows partial substitution into a relevant formula 1

Sample answer:

-34 8 -1
= 1 E:hf:@:oé%xm Js X 3% 10%ms 1795 10-197
A 415%10°m
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Question 26 (b)

Criteria

Marks

* Draws a line on the graph with the correct gradient and intercept
* Determines the correct value of frequency

* Draws a line on the graph with one correct feature and shows a valid
approach to find a value of frequency using the line

OR
* Draws a line on the graph with the correct gradient and intercept

* Shows one correct feature on the graph
OR
* Shows a valid approach to find the value of frequency

Sample answer:
8

7

N\

Maximum KE (eV)
N
N,

N\
N\
\

Y /

00 20 40 6.0 8.0 100 12.0 14.0

Frequency (X 10'* Hz)

To find intercept
41V =4.1x1.602%x 107 7T of energy required to be supplied by the photon.

=6.56%x 10717
hf = 6.56x10717J
. 6.56x 10717

6.626 x 10734

=99x 10"

Gradient = same as Al
From graph maximum KE(eV) =1.2eV
Frequency =12.8 Hz

=12.8x 10" Hz
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Question 27 (a)
Criteria Marks
* Clearly explains, using physics principles, why the space probe takes the 3
path
e Identifies reasons
OR 2
e Qutlines a reason
e Identifies a reason 1

Sample answer:

The space probe is placed in orbit above the Earth in a low Earth orbit to limit the size of
payload required and flexibility of launching. At the appropriate time rockets fire to take it
out of orbit on a path towards a rendezvous with Jupiter. The space probe now takes

advantage of the slingshot effect.

Question 27 (b)
Criteria Marks
» Shows correct process to calculate the period 2
» Shows partial substitution into a relevant formula 1

Sample answer:
Orbit = 188 km above the surface, hence, R = 6380 km + 188 km = 6568 km

3
((6380+188)x10%)
6.67x107" 1 x6x10%*

R> M
—= G—2 hence T = 27r\/

2 =5286 sec =88.11 min
T 4




BOSTES 2014 HSC Physics Marking Guidelines

Question 27 (c)
Criteria Marks
» Sketches a correct graph 2
» Sketches a graph with a correct feature 1

Sample answer:

(e

10 20 30

Time (min)

Gravitational Potential Energy
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Question 28 (a)
Criteria Marks
. Draws an annotated diagram that clearly shows how Thomson’s 3
experiment can be performed
* Draws a diagram that shows some features of Thomson’s experiment 2
* Shows a basic understanding of Thomson’s experiment 1

Sample answer:

Glass tube (evacuated to low pressure)
+

Large Magnetic
voltage field coils Balance
- ~ N\ the electric
O ’"@ ”””””””””””””” R T -—and .
magnetic
v N fields
Anode U Charged
Cathode with slit plates
Then use magnetic field
only to measure the radius
of the electron’s path
Question 28 (b)
Criteria Marks
» Shows correct process to calculate the radius of the electron’s path 3
my? .
* Equates F =gqvB and F = to find r
r 2
OR
* Shows partial substitution into relevant formulae
» Shows partial substitution into a relevant formula 1

Sample answer:

2
Equating FF = qvb and F = v
-
2
qvb = il
-
my
r=-—
qB

(9.109x1o-31)x(1x107)

T (1.602>< 10—19)x(9x 10—4)
r=0.063m




BOSTES 2014 HSC Physics Marking Guidelines

Question 29

Criteria

Marks

Shows a thorough understanding of how doping affects the way a current
is carried in a semiconductor

Relates the conductivity of semiconductors to energy gaps
Relates the production of a current to the movement of holes and electrons

Differentiates between n and p-type semiconductors in terms of negative
charge carriers and positive holes

Shows how negative charge carriers and positive holes contribute to the
current in n and p-type semiconductors

Shows a sound understanding of the link between the conductivity of
semiconductors and energy gaps

Shows a sound understanding of the link between current and the
movement of holes and electrons

Shows a sound understanding of how currents are carried differently in n
and p-type semiconductors

Shows some understanding of the conductivity of semiconductors

Shows some understanding of the link between current and the movement
of holes and electrons

Shows some understanding of different types of semiconductors

Outlines features of a semiconductor AND/OR doping AND/OR how a
current is carried

Identifies a feature of a semiconductor

OR

Identifies a feature of doping

OR

Identifies a feature of how a current is carried

Sample answer:

Undoped semiconductors have limited conductivity with the valence band and conduction
bands separated by a small energy gap. Equal numbers of holes and electrons move in

opposite directions to make up the current flow. When an electron jumps into the conduction
band it leaves a vacancy, a hole, which is then filled by another electron. Electrons will tend

to migrate to the positive side and holes to the negative side creating the current.

The conductivity of the semiconductor can be increased by doping, if either Group III or

Group V impurity is added to the semiconductor. Group V impurities add an extra electron to

the lattice structure forming an n-type semiconductor. These electrons have a smaller energy
gap and electrons become the dominant charge carriers.

If a Group III impurity is added a hole is introduced into the lattice structure. Holes are then
the dominant charge carriers.

~10-
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Question 30 (a)

Criteria Marks

* Clearly relates the resulting motion of the cannonballs to Galileo’s 3
analysis of projectile motion

* Shows some understanding of Galileo’s analysis of projectile motion
AND/OR 2
* Links an aspect of the motion to Galileo’s analysis

* Identifies a feature of Galileo’s analysis of projectile motion
OR 1
* Shows some understanding of the motion of the cannonballs

Sample answer:

Galileo used geometry to show that the trajectory of a projectile is a parabola. The shape of
the curve generated is parabolic. He also stated that the horizontal and vertical components of
velocity were independent of each other. This is clearly shown as the ball drops from the
same height and reaches the ground at the same time. Hence it has the same vertical rate in
each case whether it has a horizontal component or not. He also showed that the horizontal
component (ignoring resistance) is constant. Ball Q travels half the horizontal distance in the
first three seconds and half in the next three, which could lead to an understanding of inertia.
The ball has no horizontal force acting on it and keeps moving at the same rate.

Question 30 (b)
Criteria Marks
* Correctly plots the positions of the balls with correct calculations 4
* Correctly shows and/or justifies some features of the trajectories 2-3
» Correctly shows one feature of the flight 1

Sample answer:
For ball P:

As it falls from the maximum height u = 0.
Therefore y = %at2
1 . 1 .
When T =1s, y = Ea y =3 units soza = 3 units
1 > 1 . .
When T = 2s, y:Eax2 and Ea:3 unit, y =3 X4 =12 units

When T = 3s, y=%ax32 and %a=3 units, y =3X9 =27 units
For ball Q:
Vertical displacements are the same as ball P.

Horizontally the ball keeps travelling 3 units per second at a constant rate.

_11-
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Question 30 (b)

Sample answer (continued):

® S, Key

@ BalP
® D O BallQ
® D

—12 -
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Question 31
Criteria Marks
* Shows a comprehensive understanding of the advantages of AC over DC
in electricity supply
* Clearly relates the advantages to how the adoption of AC as the dominant 6
electricity supply benefits society
* Communicates ideas in an organised manner using appropriate
terminology
* Shows a good understanding of the advantages of AC over DC in
electricity supply 5
* Links the advantages to how the adoption of AC as the dominant
electricity supply benefits society
* Shows a sound understanding of the advantages of AC over DC in
electricity supply 4
* Shows some link between the advantages and how the adoption of AC as
an electricity supply benefits society
* Shows some understanding of the advantages of AC over DC
* Shows some understanding of why/how adopting AC as an electricity
supply benefits society
OR 3
* Shows a sound understanding of the advantages of AC over DC
OR
* Shows a sound understanding of why/how adopting AC as an electricity
supply benefits society
e Identifies feature(s) of AC and/or feature(s) of DC and/or benefit(s) to >
society from adopting AC for electricity supply
 Identifies a feature of AC
OR
 Identifies a feature of DC 1
OR
» Identifies a benefit to society from adopting AC for electricity supply

Sample answer:

AC has many advantages over DC in both production and distribution. AC is easy to convert
using transformers to different voltages for different applications. There is less energy loss in
high voltage transmissions and hence it can be transmitted over long distances at high
voltages and can also be stepped down for usage and safety reasons. This allows power to be
generated away from cities and reduces pollution generated in cities. DC cannot be
transformed easily so there is a need for DC to be generated close to the source. The cost of
DC generation and distribution is higher. Another problem with producing DC is split ring
commutators which present problems when running at high speeds. The slip ring
commutators of AC are smoother with less arcing. They provide fewer problems and are more
reliable. AC allows for the mass production of electricity away from cities and provides a
cheap, reliable and flexible power supply which is available throughout much of the modern
world today. It has contributed greatly to industrial development creating many goods and
services at an affordable price that have allowed our lives to be much easier. Electric
refrigerators and washing machines for instance reduce the household chores creating more
leisure time. Products such as TV and mobile phones provide information quickly around the
world and have contributed to globalisation.

— 13-
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Section 11

Question 32 — Geophysics

Question 32 (a) (i)

Criteria Marks
* Correctly draws a diagram to describe Earth’s present magnetic field with >
appropriate labels
* Provides some relevant information 1

Sample answer:

Geographic
North Pole
/

Earth’s surface

Equator

/
Axis of

rotation

_ 14—
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Question 32 (a) (ii)

Criteria Marks

* Identifies formation of rocks on both sides of the boundary

* Outlines how parallel magnetic stripes are formed 3
* Links magnetic stripes to sea floor spreading

* Shows some understanding of the formation of rocks on the boundary
AND/OR the formation of magnetic stripes

¢ Provides some relevant information 1

Sample answer:

At a diverging plate boundary, basaltic rocks are formed on both sides of the boundary and
are overprinted with characteristics of Earth’s magnetic field at the time of formation. As
more rocks are formed, the older rocks move away from the boundary. If Earth’s polarity or
magnetic field strength changes, then the magnetic overprint in the younger rocks changes.
This leads to a pattern of parallel magnetic stripes. The age of the magnetic anomalies can be
used to calculate the rate of sea floor spreading.

Question 32 (b) (i)

Criteria Marks
 Identifies reflection and absorption of wavelengths 2
¢ Provides some relevant information 1

Sample answer:

If white light strikes a red surface, shorter wavelengths will be absorbed and the observer sees
longer wavelengths of the spectrum such as red light reflected.

Question 32 (b) (ii)

Criteria Marks

* Clearly describes how remote sensing can be used to monitor changes in
vegetation

* Shows some understanding of how remote sensing can be used to monitor
changes

* Identifies a feature of remote sensing
OR 1
* Shows a basic understanding of monitoring changes in vegetation

Sample answer:

Remote sensing is the acquisition of data using remote instrumentation rather than direct
measurements. Data acquisition is rapid and numerous, and detailed surveys can be carried out
rapidly. Different plant types and different communities give off different radiation spectra and
these data can be manipulated spatially, temporally and radiometrically. Changes in vegetation
patterns, such as those caused by bushfire or drought, health of vegetation and introduction of
new species can be compared during successive surveys and changes monitored.

—15-
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Question 32 (c)
Criteria Marks

* Shows a thorough understanding of the use of both seismic refraction and
reflection techniques in oil and gas exploration

* Gives similarities and/or differences between reflection and refraction 4
techniques

» Relates these to oil and gas exploration

* Shows a sound understanding of the use of seismic refraction and 3
reflection techniques in oil and gas exploration

* Shows some understanding of seismic refraction AND/OR reflection 2
techniques

* Provides some relevant information 1

Sample answer:

All seismic surveys use an energy source to send waves through Earth. These waves are
reflected or refracted off the interface caused by rocks with different densities. The waves
reach the surface and are detected with geophones. In reflection surveys, the waves are
reflected off the interfaces and multichannel seismographs can be used to map several
horizons with each shot. Seismic refraction surveys use first arrivals that are refracted along
the interfaces and are generally used for shallow targets. Seismic data is used to interpret

subsurface geology such as reefs and anticlines.

In oil and gas exploration reservoirs generally have different properties and are shown as
anomalies on seismic traces. For example, bright spots may indicate gas accumulations and

oil interfaces may show up as flat surfaces.

—16-
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Question 32 (d)
Criteria Marks
* Shows a thorough understanding of the components of the raw gravity
measurements 5

* Clearly explains a range of reasons for data reduction with reference to the
diagram and the table

* Shows a sound understanding of the components of the raw gravity
measurements

4

* Explains reasons for data reduction with reference to the diagram and/or

table
* Outlines reasons for data reduction with reference to the diagram and/or 3

table
 Identifies reasons for data reduction
OR 2
* Outlines a reason for data reduction
* Provides some relevant information 1

Sample answer:

Raw gravity values above a resource will reflect the nature of the resource including size,
shape and density of the component rocks as well as properties of nearby features. Data
reduction is the processing of the raw data to remove the components of gravity not related to
the resource.

Data reduction is needed for several reasons.

» The gravity stations are at different altitudes and there is a high hill, Mount Noble, close
by.

* A free air correction should be made to eliminate decreases in gravity due to distance from
the centre of Earth (some points of the survey are at higher altitude).

* An altitude correction should be made to remove increased gravity because of the
increased thickness of rock at higher altitude.

* A Bouguer correction should be made to resolve the difference between the expected value
and the actual value.

» The differences in probable rock densities have to be taken into account as sandstone is
likely to be less dense than granite.

17 -
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Question 32 (e)

Criteria Marks

* Shows a thorough understanding of geophysical methods and mineral
exploration programs

* Clearly relates geophysical methods to mineral exploration programs and 6
makes the benefits evident

* Communicates ideas in an organised manner using appropriate terminology

* Shows a good understanding of geophysical methods and mineral
exploration programs

* Links geophysical methods to mineral exploration programs
* Provides a description of the benefits

* Shows a sound understanding of geophysical methods and mineral
exploration programs

e Provides some link between the two
e Qutlines the benefits

* Shows some understanding of geophysical methods and/or mineral
exploration programs 3

¢ Identifies some benefits or outlines a benefit

* OQutlines a geophysical method

OR

 Identifies features of geophysical methods and/or mineral exploration
programs

* Identifies a feature of geophysical methods or mineral exploration programs 1

Sample answer:

Geophysics is the analysis of features of Earth using data other than direct measurement.
Early mineral exploration programs relied on surface observations of rocks which were
compiled into maps from which subsurface features were interpreted. Geophysical methods
use the laws of physics to interpret the features of Earth. For example, some mineral deposits
have a magnetic signature which shows up as a magnetic anomaly which can be drilled; large
or very dense ore bodies have a gravity anomaly; some ores contain radioactive elements
which show up as a radiometric anomaly; seismic surveys can be used to determine
geological structures, and the shape and depth of basins.

Geophysical surveys can be readily adapted to modern transport methods such as airborne
surveys using helicopters. Airborne radiometric and magnetic surveys can cover very large
areas and acquire very large amounts of data in a short time. A land gravity survey may take
many days whereas the same survey can be carried out using a helicopter in a day. Thus the
surveys are cheaper. Remote sensing techniques can be used to rapidly manipulate and
process data thus making it cheaper to interpret the data.

Because of the speed at which large volumes of data can be interpreted, larger areas can be
covered and more potential targets identified and evaluated for drilling. Less productive
targets can be eliminated thus increasing success rates.

— 18-
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Question 33 — Medical Physics

Question 33 (a) (i)
Criteria Marks
¢ QOutlines how ultrasound can be used to determine the flow of blood 2
¢ Identifies a feature of ultrasound 1

Sample answer:

The use of ultrasound to measure blood flow uses the principle of the Doppler Effect. The
movement of the cells within the blood changes the frequency of the reflected ultrasound. The
difference in frequency between the transmitted ultrasound frequency and the reflected
ultrasound frequency is a measure of the blood flow.

Question 33 (a) (ii)
Criteria Marks
* Clearly explains how a two-dimensional image can be constructed using 3
the type of scan
* Shows some understanding of the type of scan and/or how a two- 2
dimensional image can be constructed
* Identifies a feature of the type of scan 1

Sample answer:

Multiple scans, at different angles or spacing, are taken of the same area. A computer converts
each scan to a B scan then analyses and overlays these B scans to produce a two-dimensional
picture.

—19-
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Question 33 (b) (i)
Criteria Marks
* Clearly outlines a method of generating X-ray radiation 2
* Shows a basic understanding of generating X-ray radiation 1

Sample answer:

A heated filament releases electrons that are directed as a beam towards an anode. When the
electrons are absorbed some of the energy is converted to X-rays. The anode can be directed
so that X-rays are directed toward a window which can be changed to suit the area of the body

under investigation.

Answers could include:

ilament \
|l Electron beam g /
\ | (tungsten)
Wi target
N _
|'
| Hi il
Question 33 (b) (ii)
Criteria Marks
* Clearly compares the use of a conventional X-ray image to a CT scan in an 3
investigation of the lungs

* Identifies features of X-ray images and/or CT scans 2
* Identifies a feature of X-ray images or CT scans 1

Sample answer:

CT scans have greater resolution than ordinary X-rays as they can produce a three-
dimensional image of the interior of the lung. In addition, X-rays require high contrast
between body structures which is not the case with lung tissue, so the results may not be of

suitable quality for a diagnosis to be made.

—20-
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Question 33 (c)
Criteria Marks
* Provides a comprehensive description of the physics principles 4
underpinning the use of PET for producing a diagnostic image
* Qutlines some characteristics of PET and links these to the use of PET for 3
producing a diagnostic image
* Identifies some characteristics of PET 2

* Names the diagnostic tool
OR 1
¢ Identifies a characteristic of PET

Sample answer:

A positron emission tomography (PET) device uses a radioisotope that is deficient in
neutrons. During decay radioisotopes such as Carbon-11 protons decay to produce neutrons
and positrons. Positrons are positively charged electrons. At the beginning of a procedure a
radiopharmaceutical which contains the radioisotope is given to the patient with the
radioisotope accumulating in the area of the body under investigation. During the short decay
period an emitted positron interacts with an electron where the radiopharmaceutical has
accumulated, annihilating each other to produce two gamma rays which are emitted at 180
degrees to each other. These gamma rays are detected by sensors surrounding the body called
photomultipliers and converted to an electrical signal. The electrical signal is amplified and
applied to a computer which constructs an image based on the location of the gamma ray
pairs.

_21-—
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Question 33 (d)
Criteria Marks
* Clearly describes how properties of protons in nuclei are used in MRI 5
production
* Qutlines how properties of protons in nuclei are used in MRI production 4

 Identifies properties of protons in nuclei
* Outlines how one of these is used in MRI production

 Identifies properties of protons in nuclei
OR 2
* Qutlines how a property of protons in nuclei is used in MRI production

» Identifies a property of protons or a feature of MRI 1

Sample answer:

Protons in nuclei carry a magnetic spin which can couple to an external field. When protons
in nuclei are subjected to a strong uniform external field their two spin orientations align at an
angle with the external field, tracing out a conical path centred around the direction of the
external field. This process is called precession. The frequency of the precession motion of
spins depends on the external field.

A radio frequency (RF) oscillator pulse matching the precession frequency applied to these
protons causes aligned spins to flip as well as to precess in step (in phase) with each other,
which creates a magnetic field perpendicular to the external field. After the RF pulse some
protons flip back to their original state and emit radio waves which can be detected by a radio
receiver and processed by a computer to produce an image (MRI).

Answers could include:

* Description of image production based on RF receiver input and computer processing
* Description of relationship between RF receiver and the protons

* Description of the r pulse on the protons

* Description of the interaction of the external magnetic field and the protons

_20_
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Question 33 (e)

Criteria Marks

* Makes an informed judgement on the impact of medical applications of
physics on society

* Shows a thorough understanding of the different types of applications and
their effects on society 6

* Clearly relates the positive and negative effects of the applications
* Communicates ideas in an organised manner using appropriate

terminology
* Shows a good understanding of medical applications of physics 5
* Describes their effects on society
* Shows a sound understanding of medical applications of physics 4
* Qutlines their effects on society
» Identifies effects of medical applications of physics on society 3

¢ OQOutlines one of these effects

» Identifies effects of medical applications of physics on society
OR 2
* Outlines an effect of medical applications of physics on society

* Identifies an effect of medical applications of physics 1

Sample answer:

Medical technology has benefited from the wider advances in physics with the invention of
X-rays, computer-aided tomography (CAT), magnetic resonance imaging (MRI), ultrasound,
radiotherapy and endoscopy for use in medical diagnosis. All of these tools are widely
available non-invasive diagnostic procedures.

The use of non-invasive medical technology enables simpler medical procedures to be
performed which do not require hospitalisation or surgery to obtain information or can
provide diagnostic information where an invasive procedure is not possible eg foetal
ultrasound. In addition, the possibility of infection is eliminated in a non-invasive diagnostic
investigation. Further, with the widespread availability of non-invasive diagnostic procedures
the general health of people has improved, mortality rate has been reduced, life expectancy is
longer.

However, this has come at a cost. The costs of medical technology, aged care and the
availability of expensive diagnostic investigation have pushed up the price of health beyond
what individuals can afford and places great strain on the economic ability of a nation to
provide affordable health care to all its citizens.

Advances in non-invasive medical technology and their use can collide with the morals and
ethical principles of the society or provide diagnostic information which is beyond safe
treatment eg brain tumours or foetal abnormalities. This has the potential to delay or prohibit
new technology and treatments from becoming quickly available to the detriment of people
who would benefit.

Overall, the advancement of medical technology has been beneficial to society even though
the cost is becoming prohibitive.

Answers could include:
Effects on society in terms of health outcomes, ethics and economic costs
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Question 34 — Astrophysics

Question 34 (a) (i)
Criteria Marks
* Provides an explanation 2
* Provides a piece of relevant information 1

Sample answer:

Star X is a close star. A close star appears to move against the background stars as the
viewing location is changed by the motion of the Earth around the Sun. The stars that are
further away move very little as they are too far away. This is an effect called solar parallax.

Question 34 (a) (ii)

Criteria Marks
* Shows correct process to calculate how much brighter star X would appear 3
* Shows partial substitution into relevant formulae 2
» Shows partial substitution into a relevant formula 1

Sample answer:

M =m- 510g(£)
10
M—m=3.01
3.01
100 5 =16

Therefore, the star would appear 16 times brighter.
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Question 34 (b) (i)
Criteria Marks
* Qutlines type of light emitted by a spectral class A star
AND 2
* Relates this to the function of blue and red filters
* Shows some understanding of what a filter does OR type of light given off 1

by a spectral class A star

Sample answer:

The star produces more blue light than red light. It would appear brighter when viewed
through a blue filter as a blue filter only lets through blue light. As there is less red light, the

red filter would allow less light through and the star would appear to be less bright.

Question 34 (b) (ii)
Criteria Marks
* Clearly relates the use of different coloured filters to measurement and 3
classification
* Shows some understanding of using coloured filters for measurement >
and/or classification
* Identifies a reason 1

Sample answer:

By viewing the light through a blue filter (B) and then using a yellow-green filter (V), the
different filters allow a colour index to be measured. This can help to classify the star as itis a
quantitative measure of the colour. The brightness of a star can vary depending on the method
of measurement. By having a standard set of filters the measurement is standardised.
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Question 34 (c)

Criteria Marks

* Clearly explains two possible reasons 4

* Provides a clear explanation of one possible reason
OR 3
 Identifies two possible reasons and outlines one of them

* Identifies two possible reasons
OR 2
* Qutlines one possible reason

* Identifies one possible reason 1

Sample answer:

The change in brightness could be due to a supernova if the change in brightness is extreme,
sudden and temporary. This is due to the rapidly expanding shell.

Another reason could be that the star was a Cepheid variable. If it was a Cepheid, one would
expect to observe a distinctive light curve, increases and decreases in intensity, over a period
of a few days or weeks as shown below. This is due to the expansion and contraction of the
star.

Apparent magnitude

Time (days)
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Question 34 (d)

Criteria Marks

* Shows a thorough understanding of how the age of stars is determined

* Identifies relevant features of the H-R diagram and the spectral lines 5
* Clearly shows how these relate to the evolution of the stars

* Shows a good understanding of how the age of stars is determined

* Identifies relevant features of the H-R diagram and the spectral lines 4

* Shows a sound understanding of how the age of stars is determined 3

* Identifies relevant features of the H-R diagram and/or the spectral lines

* Shows some und;rstanding of the H-R diagram and/or the spectral lines >
and/or the evolution of stars

* Shows a basic understanding of the H-R diagram, the spectral lines or the 1

evolution of stars

Sample answer:

In a cluster of stars, it is assumed that all of the stars are the same age as they form together.
Stars evolve when they run out of fuel. The brighter stars are larger, the mass luminosity
relationship shown provides evidence for this. The larger stars ‘burn’ faster as shown and
hence remain on the main sequence for a shorter amount of time. In this cluster, there are no
hot blue main sequence stars. The line on the H-R diagram with no dots shows where the
larger main sequence stars should have been. This provides evidence for the age of the stars in
the cluster as presumably the stars such as the blue stars have evolved into red giants and then
white dwarfs. By looking at where the stars turn off the main sequence the age of the star can
be predicted. In this cluster the turn off point is for stars of G class or stars similar to our Sun.
The Sun is expected to live for about 10 billion years. The cluster is hence about 10 billion
years old. The evidence for their evolution can be found in their position on the H-R diagram
eg a red giant is brighter than a red main sequence star. As they are the same colour it is
assumed they are the same temperature. Looking at the spectra more carefully it can be seen
that the spectral lines are narrower indicating that the star itself is less dense than a main
sequence star, providing evidence that the star expanded as part of its evolutionary process.
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Question 34 (e)

Criteria

Marks

Shows a thorough understanding of the methods of obtaining good quality
images of celestial objects using ground-based telescopes

Provides an evaluation of the methods

Clearly shows how the methods positively and/or negatively affect the
quality of images

Communicates ideas in an organised manner using appropriate
terminology

Shows a good understanding of the methods of obtaining good quality
images of celestial objects using ground-based telescopes

Provides a clear description of the methods
Relates features of these methods to the quality of the images

Shows a sound understanding of the methods of obtaining good quality
images of celestial objects using ground-based telescopes

Outlines some methods
Identifies some effects on these methods on image quality

Shows some understanding of the methods of obtaining good quality
images of celestial objects

Identifies methods and outlines one method

Identifies methods of obtaining good images of celestial objects

OR

Outlines a method of obtaining good images of celestial objects

Identifies a feature of ground-based telescopes OR a method of obtaining
good quality images of celestial objects
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Sample answer:

In order to obtain good quality images various problems need to be overcome. No one method
seems to address all of the problems. Problems include: the distortion and absorption of light
due to the atmosphere; the distortion of the telescope mirror especially as they get bigger; the
difficulty in gathering light from faint objects, the background light due to population centres.

By initially placing the telescope away from population centres and at high altitude the
amount of atmosphere the light has to penetrate is reduced, limiting the problem but not
eliminating it. The best locations still have limited resolution for optical telescopes. Further
techniques such as active optics can be used to straighten the primary mirrors using actuators
and a slow feedback system. This is effective and allows for large mirrors for example 10 m
mirrors to be used and sharper images and detection of fainter objects to be created, but the
change in the mirror is quite slow. Adaptive optics uses a small flexible mirror to sample and
correct the starlight collected by the primary mirror. There is a very fast feedback system and
it is very successful in correcting atmospheric distortions but some sensitivity is compromised
with this technique. These techniques when combined can form very impressive images at a
lower cost than space-based telescopes.

Answers could include:

Answers may also include discussion of photographic vs ccds or interferometry.

—29_



BOSTES 2014 HSC Physics Marking Guidelines

Question 35 — From Quanta to Quarks

Question 35 (a) (i)
Criteria Marks
» Shows correct process to calculate the wavelength of the photon 2
» Shows partial substitution into a relevant formula 1

Sample answer:

Using the Rydberg equation:

1 1 1
—=R. | =—-—=
A H[n; nlz]

The ground state = final state = n = 1 and the initial state = n = 3.

Applying the formula, the wavelength of the emitted photon is 102.7 nm.

Question 35 (a) (ii)

Criteria Marks

* Provides a clear explanation using de Broglie’s hypothesis 3

* Shows some understanding of de Broglie’s hypothesis and/or why the
photon is not absorbed

 Identifies a reason
OR 1
* Shows a basic understanding of de Broglie’s hypothesis

Sample answer:

The de Broglie hypothesis is based on the notion that stationary states are analogous to
standing waves. Each stationary state will relate to a particular wavelength and each standing
wave will be an integer multiple of the ground state wavelength. This can be mathematically
described by the quantisation of angular momentum based on de Broglie’s wave-particle
duality theory (A = A/mv and hence mvr = h/2 7).

Bohr postulated that electrons could only exist in defined stationary states and that electrons
could only transition from one state to another if the initial energy allowed the electron to
occupy a state that was a multiple of the ground state wavelength.
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Question 35 (b) (i)

Criteria Marks

* Clearly outlines why gravitational forces are irrelevant in the nucleus 2

* Shows a basic understanding of gravitational forces or the forces
associated with the nucleus of an atom

Sample answer:

Newton’s Law of Universal Gravitation states that there is a force of attraction between all
types of matter, including particles in the nucleus. However, this force is overwhelmingly
weak compared to the electrostatic forces between protons. Yet the nucleus remains stable
instead of forcing the particles apart. Given the disproportionate nature of the two forces,
there must be another, much stronger force involved in ensuring the stability of the nucleus.

Question 35 (b) (ii)
Criteria Marks

* Clearly explains how energy may be released in a nuclear reaction with 3
reference to the diagram

* Shows some understanding of binding energy and/or mass defect and/or >
fusion and/or fission

* Shows a basic understanding of the energy associated with nuclear 1
reaction

Sample answer:

The binding energy of a nucleon is a measure of the strength of the bond between a nuclear
force and the nucleus. For a typical nucleus the binding energy is equivalent to the mass

defect by the formula E = mc?. For elements below iron (Fe) the joining together of atoms
produces nuclei with higher binding energy per nucleon producing energy. This is called
nuclear fusion. For elements larger than Iron, which are split into two new smaller nuclei, the
binding energy per nucleon is greater than the average binding energy, again releasing energy.
This is called nuclear fission.
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Question 35 (c)

Criteria Marks

* Clearly describes the use of the neutron as a probe 4

» Relates the applications to the properties of neutrons

* Shows a good understanding of the properties of neutrons and the use of 3
the neutron as a probe

* Shows some understanding of the properties of neutrons and/or the use of ’
the neutron as a probe

 Identifies a property of neutrons or an application of the neutron as a 1
probe

Sample answer:

The neutron is a nucleon with a similar mass to the proton. Unlike the proton the neutron has
no charge. Hence it is not affected by magnetic or electric field and will not be deflected by
the protons in the nucleus allowing the neutron to penetrate dense materials, such as aircraft
engines and weld joints. Any interaction with the nucleus, where the neutron is absorbed, is
likely to make the nucleus unstable producing isotopes of the element which can be studied
for additional properties.

The neutron has properties that are associated with quantum physics. The neutron has a de
Broglie wavelength allowing it to interact with materials at the atomic level. This is useful
when studying the properties of semiconductors in the production of integrated circuits. If the
wavelength is comparable with the inter-atomic lattice spacing then an interference pattern
will result which can be analysed. This is useful in the study of biological substances or
inorganic substances such as pharmaceuticals.

Slow thermal neutrons produced in a nuclear reactor have energy that is similar to the energy
of atomic vibrations in solids and liquids and hence are useful in analysing other properties of
atoms. Slow thermal neutrons are also used in a controlled fission reaction. These neutrons
interact with a uranium nucleus, splitting the uranium atom, to produce two smaller atoms
plus an additional 3 neutrons plus energy.
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Question 35 (d)

Criteria Marks

* Clearly describes the significance of the Manhattan Project to society

* Shows a thorough understanding of nuclear reactors and the positive and 5
negative aspects of nuclear physics

* Shows a good understanding of nuclear physics

* Provides some degree of reflection on the significance of the project in 4
relation to the positive and/or negative aspects of nuclear physics

* Shows a sound understanding of nuclear physics and the impacts of
nuclear physics on society

» Shows some understanding of nuclear physics 2

* Shows a basic understanding of the Manhattan Project

Sample answer:

The Manhattan Project was a top-secret nuclear bomb project. Two different types of nuclear
bombs and nuclear fission reactors, including the Fermi reactor, were developed as part of this
project. The first use of atomic bombs on Hiroshima and Nagasaki clearly showed the
destructive power of such a weapon and hastened the end of World War II. The fear of this
weapon led to the nuclear arms race between the USA and the Soviet Union. After the Soviet
Union had proved their nuclear capability in 1949, tension between the two nations increased
and continued through to the 1990s. Many other nations also developed nuclear weapons.
Even after nuclear weapons reduction programs, there are still large stockpiles of weapons,
which makes the possibility of nuclear attack a reality for society. Nuclear reactor
development has led to the development of nuclear power plants, which has provided a
carbon dioxide free power source for society, currently supplying much of Europe’s energy.
There have been, however, nuclear accidents such as Fukushima, which have had devastating
effects: death, disease and rendering regions uninhabitable. Nuclear power plants can also
produce radioactive isotopes which have been used to benefit society in medicine, agriculture
and industry. In medicine, radiotherapy is used to target cancer and radioactive tracers can be
used to test organ function.
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Question 35 (e)

Criteria Marks

* Makes an informed judgement of the effectiveness of the Bohr—Rutherford
model in accounting for experimental observations

* Shows a thorough understanding of the features and associated theories of
the Bohr—Rutherford model

* Clearly relates the strengths and limitations in accounting for experimental
observations to the features and associated theories

* Communicates ideas in an organised manner using appropriate
terminology

* Shows a good understanding of the features and associated theories of the
Bohr—Rutherford model

* Clearly shows how these could be applied to account for experimental 5
observations

* Identifies strengths and limitations of the applications

* Shows a sound understanding of the features and associated theories of the
Bohr—Rutherford model

* Shows how these could be applied to account for experimental 4
observations

* Identifies strength(s) and/or limitation(s) of the applications

* Shows some understanding of how the Bohr—Rutherford model could be
applied to account for experimental observations

* Identifies feature(s) and/or associated theory/theories of the Bohr—
Rutherford model

* Identifies a feature or an associated theory of the Bohr—Rutherford model 1

Sample answer:

The Bohr model has a central nucleus surrounded by an orbiting electron, as described by
Rutherford. This model predicted that the electron would collapse into the nucleus due to the
attraction force between the electron and other protons.

Bohr proposed that electrons existed in stationary states and these states were quantised
according to de Broglie’s wave-particle duality theory, Planck’s quantised energy theory and
Pauli’s exclusion principle which limited the number of electrons that could be in any
stationary state. This ensured that the atom remained stable.

The model was supported by data in relation to the spectral lines of hydrogen that had
previously been observed by Balmer.

Bohr’s model, while effective in describing the hydrogen atom, had limitations when applied
to other experimental evidence associated with hydrogen atoms. The model was unable to
explain the different relative intensities of spectral lines of hydrogen nor could it explain the
effect of magnetic fields as described by Zeeman, now known as the Zeeman Effect.

The model did not work when applied to the spectral lines of larger atoms, although had some
validity for helium. The implication of this was that a new model of the atom was required,
one that would be dependent on quantum physics and not the classical model of Bohr and
Rutherford.
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Question 36 — The Age of Silicon

Question 36 (a) (i)
Criteria Marks
* Constructs a substantially correct truth table 2
* Shows some understanding of truth table construction !
* Correctly identifies one row of the truth table
Sample answer:
A B S C
0 0 0
0 1 1 0
1 0 1 0
1 1 0 1
Question 36 (a) (ii)
Criteria Marks
 Identifies properties of input and output transducers
» Relates properties of a thermistor to the properties identified above to 3
explain why a thermistor can be considered both an input and an output
transducer
 Identifies properties of input transducers AND/OR output transducers 2
AND/OR thermistors
* Identifies a property of a transducer OR a thermistor 1

Sample answer:

An input transducer converts a feature of the environment into an electrical parameter while
an output transducer converts an electrical parameter into a feature of the environment. A
thermistor is a resistor that changes its electrical resistance depending on its temperature and
is an input transducer. When connected to voltage or current source, the thermistor acts as a
resistor and heats up, affecting its environment and hence is an output transducer.
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Question 36 (b) (i)
Criteria Marks
* Correctly states the purpose of the 1.5 k€2 and the left 12 k€2 resistors 5
* Correctly states the purpose of the right 12 k€ and the 18 k€2 resistors
* Correctly states a purpose of the resistors OR
* Identifies connections of X as an inverting amplifier ~OR 1

¢ Identifies Y as a switch

Sample answer:

The 1.5k €2 and the left 12k€2 resistors are the input and feedback resistors of an inverting

amplifier.

The right 12k€2 and the 18k€2 resistors are connected as a voltage divider.

Question 36 (b) (ii)
Criteria Marks
* Draws correct X and Y _  waveforms 3
* Draws correct X  or Y waveform OR )
* Provides some features of the X and Y _  waveforms
* Indicates one feature of the X_ or Y _  waveforms 1

Sample answer:
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Question 36 (c)

Criteria Marks

¢ Qutlines similarities and differences between transistors and ICs 4

* Qutlines similarities or differences between transistors and ICs
OR 3
* Qutlines a similarity and a difference between transistors and ICs

e Identifies similarities or differences between transistors and ICs
OR 2
» Identifies a similarity and a difference between transistors and ICs

¢ Identifies a feature of a transistor or an IC 1

Sample answer:

ICs and transistors are both mass-produced by etching/diffusion methods on silicon chips. ICs
contain many transistors usually with other components on a single chip. Transistors have
three connections but ICs usually have many more. Transistors are still individually used for
high power or simple circuits whereas ICs are used for low power or complex circuits. Both
require cooling arrangements and/or protective circuitry to prevent thermal damage.

Question 36 (d)

Criteria Marks

* Shows a thorough understanding of LEDs and traditional forms of illumination

* Clearly justifies the use of LEDs over traditional forms of illumination in 5
everyday situations

* Shows a sound understanding of LEDs and traditional forms of illumination

* Provides some justification in relation to the use of LEDs over traditional 4
forms of illumination

* Shows some understanding of LEDs and traditional forms of illumination

3
* Identifies an advantage of LEDs over traditional forms of illumination
¢ Identifies features of LEDs and/or traditional forms of illumination 2
¢ Identifies a feature of LEDs or traditional forms of illumination 1

Sample answer:

While a modern LED produces a single frequency colour at any operating current with little
heat loss, traditional forms of illumination such as an incandescent lamp have a maximum
colour that is current dependent and loses considerable energy as heat loss. Modern LEDs are
available in all spectrum colours while incandescent lamps need to be filtered to achieve a
single colour, greatly increasing energy loss.

Originally the low light output of LEDs limited their use to small displays only, but modern
ones can now be used for general illumination with high efficiency and long lifetimes
compared to incandescent lamps. They can be used to form TV screens etc owing to their
very fast response, but against this are their relatively higher cost and restricted temperature
and operating conditions compared to other types of lighting.
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Question 36 (e)

Criteria Marks

* Shows a comprehensive understanding of the development of the silicon
chip and the features of electronics that have been influenced by the
development

* Clearly relates the development of electronics to the features of the silicon 6
chip

* Communicates ideas in an organised manner using appropriate
terminology

* Shows a good understanding of the development of the silicon chip and
the features of electronics that have been influenced by the development

* Shows some link between the development of electronics and the features
of the silicon chip

* Shows a sound understanding of the features of electronics that have been
influenced by the development of the silicon chip 4

* Links the above to feature(s) of the silicon chip

* Shows some understanding of the features of electronics that have been
influenced by the development of the silicon chip 3

* Links the above to a feature of the silicon chip

* Identifies some features of the silicon chip and/or electronics that have >
been influenced by the development of the silicon chip

» Identifies a feature of the silicon chip
OR

* Identifies a feature of electronics that has been influenced by the
development of the silicon chip

Sample answer:

Silicon chip technology allows semiconductor devices to be made on a single crystal layer of
silicon. The ability to ‘print’ thousands of circuit elements rather than individual small diodes
and transistors has significantly reduced the size and cost of electronic devices. Since
switching is much quicker, owing to the close proximity of relevant components both within
and between silicon chips, speed and memory have greatly increased with decreasing power
consumption. The combining of once separate integrated circuits into single chips that
perform different functions has facilitated the development of complex and multi-function
devices. This has enabled equipment such as telephones and computers to become
lightweight, compact and portable, and allowed the real-time capture and processing of audio
and video images, and gaming and television capabilities.

The silicon chip has revolutionised the development of electronics and enabled complex
processors and circuitry to be incorporated into everyday home appliances.

As the size and speed of circuit elements has now approached a limiting atomic level, further
developments in performance will come from development of multiple or parallel processing
within silicon chips.
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Physics
2014 HSC Examination Mapping Grid
Section I
Part A
Question | Marks Content Syllabus outcomes
1 1 9.2.2.2.6 H6
2 1 9.3.3.2.1 H7, HS
3 1 9.1.12.4a,9.1.12.2b,9.2.1.3.1 H12
4 1 9.4.3.2.5 H3
5 1 93334 H7
6 1 9.2.1.2.3,9.2.2.2.10 H6, H9
7 1 9.32.24,93.232 H9
8 1 9.3424,93.43.1 H7, H9
9 1 9.4.42.4 H7
10 1 9.32.24,93.232 H9
11 1 9.4.225,9.422.3 H7,HI0
12 1 9.3.1.2.5,9.3.1.3.5 H6, H9
13 1 9.3.135 H3
14 1 9.3.2.3.1 H9
15 1 9.2.3.3.2 H9
16 1 94222 H10
17 1 9.4.1.2.7,9.4.1.3.3 H6, H9
18 1 9.4.12.3,94.1.2.8 H9
19 1 9.2.4.29,9.2.43.5 H6
20 1 9.2.2.3.1 H6
Section I
Part B
Question | Marks Content Syllabus outcomes
21 3 9.4.42.7 H5
22 3 9.2.2.1.3,9.2.2.2.12 H1, H7
23 3 9.3.1.2.2 H9
24 (a) 2 93432 H7, H9
24 (b) 3 9.34.24,93432 H7
25 (a) 2 9.3.5.3.1 H9, H11
25 (b) 3 9.35.2.1 H9
26 (a) 2 94234 H10
26 (b) 3 94226,94225,94234 H7,H10
27 (a) 3 92324 H6
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Question | Marks Content Syllabus outcomes
27 (b) 2 9.2.2.3.5 H6
27 (c) 9.2.1.2.3 H7, H9
28 (a) 3 9.4.1.2.8 H2, H9, H13
28 (b) 3 9.2.2.34,9.4.13.3 H9
29 5 9.4.32.6,9.43.3.1,9.4.3.2.7 H7, H9
30 (a) 3 92222 H1, H2
30 (b) 4 9.2.2.3.1 H9, H6
31 6 9.3.3.3.2,93.3.25 H3, H4
Section 11
Question | Marks Content Syllabus outcomes
ngsztion Geophysics
32 (a) (i) 2 9.54.2.1 H9
32 (a) (ii) 3 9.54.2.3,95432 H9
32 (b) (i) 2 9.522.1,95.23.1 H10
32 (b) (ii) 3 95222 H10
32 (c) 4 9.5.3.2.6,9.53.2.7 H8
32 (d) 5 9.522.7,952.2.8 H8, H10
32 (e) 6 9.552.1,952.29 H1, H3
ngs;ion Medical Physics
33 (a) (i) 2 9.6.1.2.8 H8
33 (a) (ii) 3 9.6.1.2.7 H7
33 (b) (i) 2 9.6.2.2.1 H17, H10
33 (b) (ii) 3 9.6.2.2.4 H10
33 (c) 4 9.6.3.2.5,9.6.3.2.3,9.6.3.2.4 H3, H10
33 (d) 5 ggj%g 9.64.2.2,9.6.4.2.4, HO
33 (e) 6 9.6.4.3.5 H4, H9
ngztion Astrophysics
34 (a) () 2 9.74.3.2 H8
34 (a) (ii) 3 9.74.24 H8
34 (b) (i) 2 9.72.2.2 H6
34 (b) (ii) 3 9.742.1,9.7.43.1 H8
34 (c) 4 g;ggéll 9.7.3.2.3,9.7.3.2.5, HS
34 (d) 5 9.7.6.2.5,9.7.6.2.2,9.7.3.2.5 H2, H8
34 (e) 6 9.7.1.2.5,9.7.1.2.4,9.7.4.2.5 H3
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Quc;sstlon From Quanta to Quarks
35 (a) (i) 2 98133 HS, H10
35 (a) (ii) 3 | 98224 H10
35 (b) (i) 2 | 98327 H6, H1, H3
35 (b) (ii) 3 9832998332 H7, HI0
35 (c) 4 | 98423 H4, H10
35 (d) 5 | 98321098431 H4, H10
98.122.98123.9812.1,
35() 6 108224.98126.98134 H10
Q“‘;Sg“’“ The Age of Silicon
36 (a) (i) 2 199531 H6
36 (a) (ii) 3 99324.99325 HS
36 (b) (i) 2 1 99622,99225 H9
36 (b) (ii) 3 9962299225 H3
36 (c) 4 |99124 H3
36 (d) 5 99433 H3, H4, H10
9.9.123.9913.1.9972.1,
36 (¢) 6 199122 H3
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