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SECTION A – Area of study 1 – continued
TURN OVER
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Area of study 1 – Electric power

Use the following information to answer Questions 1 and 2.
Two identical bar magnets of the same strength are arranged at right angles and are equidistant from point P, as shown 
in Figure 1.

S N

S
N

P

Figure 1

Question 1

1 mark

Question 2
The bar magnets are replaced by two weaker magnets. The two new magnets are identical to each other. They are 
arranged at right angles and are equidistant from point P.

single

S N

S
N

direction
of Earth’s

magnetic field

P

Figure 2

and Earth.
2 marks
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Use the following information to answer Questions 3–7.
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5.0 cm

J

K

M

L

X

Y

I

Figure 

Question 

Question 
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SECTION A – Area of study 1 – continued
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Use the following information to answer Questions 8 and 9.

2

N S N

orientation A orientation B orientation C

N S S

Figure 

 to the vertical.

Question 

A  
 

C  
 

Question 

V
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SECTION A – Area of study 1 – continued
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Use the following information to answer Questions 10–12.
A small bar magnet is moved through a circular wire loop, as shown in Figure 5. The magnet moves with constant speed 
through the centre of the loop, in the direction shown by the arrow. An emf is generated in the wire loop. The wire loop 
is connected to an oscilloscope, as shown in Figure 5.

N S

loop

  Figure 5

Question 10
Explain why an emf is generated in the wire loop.

2 marks
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Question 11

downwards as positive.

emf

time

Question 12

in an anticloc wise 
anticloc wise direction.
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SECTION A – Area of study 1 – continued
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Use the following information to answer Questions 13–16.
A small town is supplied with electricity from a small hydroelectric generation plant about 20 km from the town. 
Electricity is transmitted to the town through a two-wire high-voltage transmission line. 
The input voltage to the transmission lines at the generator end is 50 000 VRMS AC. 
The current in the lines is 15 ARMS. At the edge of town, a transformer converts this into 250 VRMS AC for use  
in the town.
The system is shown in Figure 6.

250 VRMS AC
to town

transformer49 400 V

primary
coils 

secondary
coils20 km

50 000 VRMS AC 

hydroelectric plant

Figure 6

Question 13
Calculate the power supplied to the transmission lines. Show your working.

W

2 marks
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SECTION A – Area of study 1 – continued
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Question 1

safely at a lower transmission voltage. 

Question 15
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SECTION A – Area of study 1 – continued
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At the edge of town, a transformer is used to reduce the voltage to 250 VRMS AC for use in the town. The voltage at the 
input to the substation is 49 400 VRMS.

Question 16
Assuming that the transformer is ideal, calculate the value of

current in the secondary coils
current in the primary coils

2 marks
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AB

C
D

0.01 0.02 0.03
time (s)

force on one metre of wire (N)

6 × 10–3

–6 × 10–3

4 × 10–3

–4 × 10–3

2 × 10–3

–2 × 10–3

0force (N)
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EN  OF AREA OF STU Y 1
SECTION A – continued

Question 1

6 V, 2 A

6 V, 2 A
12 V 12 V

12 V, 1 A 12 V, 1 A 12 V, 1 A

A B

Figure 

in your answer.
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SECTION A – Area of study 2 – continued
TURN OVER

Area of study 2 – Interactions of lig t and matter

Use the following information to answer Questions 1–4.

They use a laser of 
d 1 and S2

P

P

C
C

d

S1 S2

laser

L

Figure 1

Question 1

2P – S1

nm

Question 2
L
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SECTION A – Area of study 2 – continued

Question 3
L is reset to its original value.

d

Question 
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SECTION A – Area of study 2 – continued
TURN OVER

Use the following information to answer Questions 5–9.
Students set up the apparatus shown in Figure 2 to study the photoelectric effect.

A

V

metal plate

collector electrode

light source
filter

voltmeter variable 
DC voltage 
source

photocell

+

–

ammeter

Figure 2

The apparatus consists of 

is shown in Figure 3.

I ( A)

V (volts)
XO

 Figure 3

Question 5
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SECTION A – Area of study 2 – continued

S
14 

14 

14 

14 

14 

Question 6

maximum kinetic 
energy of 

photoelectrons
(eV)

0 1 2 3 4 5 6 7 8

–3

–2

–1

1

0

2

3

 f
(Hz × 1014)
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SECTION A – Area of study 2 – continued
TURN OVER

Question 
h

eV s

Question 
longest wa elengt

nm
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SECTION A – Area of study 2 – continued

Question 
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SECTION A – Area of study 2 – continued
TURN OVER

Use the following information to answer Questions 10–12.

Question 10

eV

Question 11

eV

Question 12
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END OF SECTION A

Question 13
Figure 4 shows the energy level diagram for the hydrogen atom.

ionisation energy
n = 6
n = 5

n = 4

n = 3

n = 2

n = 1 ground state0

10.2

12.1

12.8

13.1
13.2
13.6

energy (eV)

 Figure 4

An atom of hydrogen is in the n = 4 state.
List below all the possible energies, in eV, of photons that could be emitted as this atom decays to the ground state.

3 marks
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SECTION B – continued
TURN OVER

SECTION B – Detailed studies

Instructions for Section B
Select one

all in pencil

and
correct

not

g –2.

Detailed study Page

Synchrotron and its applications ................................................................................................................................  24

Photonics ....................................................................................................................................................................  30

Sound .........................................................................................................................................................................  35
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SECTION B – Detailed study 1 – continued

Detailed study 1 – Synchrotron and its applications

Question 1

storage 
ring

booster ring

beam line

linac

Figure 1

The main components in the Australian Synchrotron are shown in Figure 1 above.
The main purpose of the storage ring is to
A. store the high energy X-rays for experiments.
B. increase the energy of the electrons to the maximum value.
C. maintain the energy of the electrons at the maximum value.
D. focus the electron beam for injection into one of the beam lines.
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SECTION B – Detailed study 1 – continued
TURN OVER

Question 2

electron beam

electron 
source

X Y

Figure 2

 
7 m s–1 .

–31 –19 

A.  + 2 000 V
B.  – 2 000 V
C.  + 15 000 V
D.  – 15 000 V
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SECTION B – Detailed study 1 – continued

Use the following information to answer Questions 3 and 4.
Electrons with a velocity of 1.30 × 106 m s–1

–31 kg and charge –1.6 × 10  C.

× × × × ×
× × × × ×
× × × × ×
× × × × ×
× × × × ×
× × × × ×
× × × × ×
× × × × ×
× × × × ×
× × × × ×
× × × × ×
× × × × ×
× × × × ×

0.350 m

v = 1.30 × 106 m s–1

 Figure 3

Question 3

A. –13

B. 2.1 × 10–5

C. 4.2 × 10–2

D.

Question 4

A. 0 m s–1

B. much less than 1.30 × 106 m s–1

C. 1.30 × 106 m s–1

D. greater than 1.30 × 106 m s–1

Question 5

A. slowing down of electrons in the storage ring.
B. change of direction of electrons in the storage ring.
C. linear acceleration of electrons in the storage ring.
D. linear acceleration of electrons in the booster ring.
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SECTION B – Detailed study 1 – continued
TURN OVER

Question 6

A.
B.
C.
D.

Question 

A.
B. increasing the speed of the electrons in the storage ring.
C.
D.
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SECTION B – Detailed study 1 – continued

Use the following information to answer Questions 8–10.
X-rays of wavelength 0.140 nm emerge from a synchrotron beam line onto a crystal under investigation.

Question 8
Which of the following best gives the energy, in eV, of these X-rays?
A. 1.7 × 10–15 eV
B. 8.9 × 10–6 eV
C. 3450 eV
D. 8900 eV

Question 9

A.  0.072 nm
B.  0.27 nm
C.  0.54 nm
D.  2705 nm

Question 10

A. 5.0° and 7.5°
B. 30° and 45°
C. 31° and 51°
D. 45° and 89° 
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END OF DETAILED STUDY 1
SECTION B – continued

TURN OVER

Question 11

A.
B.
C.
D.

Question 12

A. 0.025 nm
B. 0.24 nm
C. 0.25 nm
D.



N
O

 W
R

IT
IN

G
 A

L
L

O
W

E
D

 I
N

 T
H

IS
 A

R
E

A

SECTION B – Detailed study 2 – continued

Detailed study 2 – Photonics

Question 1

A. wide spectrum and coherent.
B. narrow spectrum and coherent.
C. wide spectrum and incoherent.
D. narrow spectrum and incoherent.

Question 2

A. thermal motion of valence electrons
B.
C.
D.

Use the following information to answer Questions 3 and 4.

Question 3

A. –21 eV
B. –19 eV
C. –9 eV
D. 2.0 eV

Question 4

increasing

A.
B.
C.
D.
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SECTION B – Detailed study 2 – continued
TURN OVER

Use the following information to answer Questions 5 and 6.

–4 –3 –2 –1
1 2 2.2 3 4

40

30

20

10

–10

–20

–30

O

I (mA)

V (volt)

Figure 1

3.0 V

LED
R

 Figure 2

Question 5

A.
B.
C.
D.
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SECTION B – Detailed study 2 – continued

Question 6

3.0 V
LED 1

LED 2

R

  Figure 3

A.
B.
C.
D.

Question 

A.
B.
C.
D.

Question 8

n = 1.36

n = 1.42

not to scale

air  n = 1.00 cladding

core

Figure 4

A. 17°
B. 45°
C. 47°
D. 73°
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SECTION B – Detailed study 2 – continued
TURN OVER

Use the following information to answer Questions 9 and 10.

n = 1.32

n = 1.48

not to scale

n = 1.00

cladding

light source

core

Figure 5

Question 9

A.
B.
C.
D.

Question 10

n = 1.33

light source

 Figure 6

A.
B.
C.
D.
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END OF DETAILED STUDY 2
SECTION B – continued

Question 11

A.
B. modal dispersion.
C. material dispersion.
D.

Question 12

A.
B.  8.0 
C.
D.  20 
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SECTION B – Detailed study 3 – continued
TURN OVER

Detailed study 3 – Sound

R S

P

Q

Figure 1

The speed of sound in air is 320 m s–1.

Question 1

A.
B. It moves in direction S with a constant speed less than 320 m s–1.
C.
D. It moves in direction S at a constant speed of 320 m s–1.

Use the following information to answer Questions 2 and 3.

–4 –2.

Question 2
sound intensity le el

A.
B.
C.
D.

Question 3

sound intensity
A. –5 –2

B. –5 –2

C. –4 –2

D. –4 –2
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SECTION B – Detailed study 3 – continued

Use the following information to answer Questions 4 and 5.
Ashley is doing an experiment at school using audio equipment. The equipment includes an oscillator that provides 

oscillator amplifier

Figure 2

20 100 500 1 000 5 000 10 000

120
110
100
90
80
70
60
50
40
30
20
10
0

120

100

80

60

40

20

0

sound intensity level
(dB)

frequency (Hz)

lines of equal
loudness (phon)

Figure 3

Question 4

A. 30
B. 37
C.
D.
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SECTION B – Detailed study 3 – continued
TURN OVER

Question 5

A.
B.
C.
D.
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SECTION B – Detailed study 3 – continued

Use the following information to answer Questions 6 and 7.

1.1 m

water

gas

loudspeaker

transparent box

  Figure 4

Lee has been given the task of determining the speed of sound in a particular gas. The equipment he uses is shown in 

above it. The water level is set as shown in Figure 4 to give a length of gas column of 1.1 m. The frequency of the 

Figure 5 below shows possible standing pressure waves in the top section of the tube. The pressure scale represents the 
amount the pressure in the tube differs from the normal pressure of the gas in the transparent box.

water water water water

A. B. C. D.

1.1 m

0 0 0 0

Figure 5
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SECTION B – Detailed study 3 – continued
TURN OVER

Question 6
pressure ariation  P,

Question 

A. 300 m s–1

B. 320 m s–1

C. –1

D. 400 m s–1

Question 8

rst lowest  
resonance

tube

A.

  

0

B.

  

0

C.

  

0

D.

  

0
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SECTION B – Detailed study 3 – continued

Question 9
Robin is asked to address a large crowd on an oval at the school athletics day. There are two public address systems; 
each system has a total power output of 160 W. Option A (see Figure 6a) has a single loudspeaker of diameter 0.10 m 
that can handle 160 W. The other system, option B (see Figure 6b), has a long line of 32 speakers of total length 3.2 m 
connected in parallel. Each speaker is 0.10 m in diameter and capable of handling 5 W.
The long line of speakers can be treated as a single wide source.
The layout of the oval and two possible public address systems are shown in Figures 6a and 6b.

0.10 m 3.2 m

single 160 W speaker line of 32 speakers handling 5 W each

Option A Option B

crowd crowd

Figure 6a Figure 6b

Robin must choose the system that will ensure that most of the people, dispersed all over the oval, will be able to hear.
Which of the statements below gives the correct choice, and the best reason for the choice?
A. System A, since diffraction effects produce a wide maximum.
B. System A, since a single loudspeaker produces a better quality sound.
C. System B, since it produces more audio power.
D. System B, since diffraction effects produce a wide maximum.
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SECTION B – Detailed study 3 – continued
TURN OVER

Question 10
Microphones are transducers that convert sound energy into electrical energy; loudspeakers convert electrical energy 
into sound energy. The method used to make such conversions depends on the type of microphone or loudspeaker used. 

Which one of the following statements is correct?
A. Crystal microphones rely on electromagnetic induction for their operation.
B. Velocity microphones rely on the piezo-electric effect for their operation.
C. Electret-condenser microphones rely on electromagnetic induction for their operation.
D. Dynamic loudspeakers rely on electromagnetic forces for their operation.

Question 11
A band is marching down a narrow street, as shown from above in Figure 7. Meredith is standing at position X in another 
street and can hear the music. However, the sound is not what Meredith expected.
The sound of the bass drum and the low-frequency instruments is relatively loud, but the high-frequency instruments,  

band

X

high building

high building

street

 Figure 7

Which of the following statements best explains Meredith’s observation?
A. Long wavelength sound diffracts more readily than shorter wavelength sound.
B. High-frequency sound is diffracted around the corner of the street.
C.
D. Short wavelength waves are diffracted around the corner of the street.
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Question 12

angled front view side view

sheet of timber

timber

Figure 8

A.
B.
C.
D.

END OF QUESTION AND ANSWER BOOK
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1 photoelectric effect E hf WKmax = −

2 photon energy E = hf

3 photon momentum p h
=
λ

4 de Broglie wavelength λ =
h
p

5 resistors in series RT = R1 + R2

6 resistors in parallel
1 1 1

1 2R R RT
= +

7 magnetic force F = I l B

8 electromagnetic induction emf :ε = −N
t

ΔΦ
Δ   

flux: Φ = BA

9 transformer action
V
V

N
N

1

2

1

2

10 AC voltage and current V VRMS peak
1
2   

I IRMS peak
1
2

11 voltage; power V = RI  P = VI

12 transmission losses Vdrop = Iline Rline  Ploss = I2
line Rline

13 mass of the electron me = 9.1 × 10–31 kg

14 charge on the electron e = –1.6 × 10–19 C

15 Planck’s constant
h = 6.63 × 10–34 J s

h = 4.14 × 10–15 eV s

16 speed of light c = 3.0 × 108 m s–1

17 Acceleration due to gravity at Earth’s surface g = 10 m s –2

Detailed study 3.1 – Synchrotron and applications

18 energy transformations for electrons in an 
electron gun (<100 keV)

1
2

2m v eV

19 radius of electron beam r = m v/eB

20 force on an electron F = evB

21 Bragg’s law n  = 2dsin 

22 E V
d
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Detailed study 3.2 – Photonics

23 band gap energy E hc
=
λ

24 Snell’s law n1 sin i = n2 sin r

Detailed study 3.3 – Sound

25 speed, frequency and wavelength v = f 

26 intensity and levels

sound intensity level

(in dB) = 10 10
0

log I
I

⎛

⎝
⎜

⎞

⎠
⎟

where I0 = 1.0  10–12 W m–2

Pre xes/Units

 p = pico = 10–12

 n = nano = 10–9

 = micro = 10–6

 m = milli = 10–3

 k = kilo = 103

 M = mega = 106

 G = giga = 109

 t = tonne = 103 kg

END OF FORMULA SHEET
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