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Instructions

• Reading time – 5 minutes

• Working time – 3 hours

• Write using black pen

• Draw diagrams using pencil

• Calculators approved by NESA may be used

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

Total marks:
100

SECTION I – 20 marks (pages 2– 10)

• Attempt Questions 1– 20

• Allow about 35 minutes for this section

SECTION II – 80 marks (pages 11 –30)

• Attempt Questions 21– 33

• Allow about 2 hours and 25 minutes for this section
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SECTION I

20 marks 
Attempt Questions 1–20 
Allow about 35 minutes for this section

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

1 A field hockey player scoops the ball up and over opposing players to pass to their teammate further 
up the field. The ball moves from position A to position D, as shown in the diagram.

AA

B C

D

At which position(s) would the acceleration of the ball be vertically downward?

A. D only

B. C and D only

C. B, C and D only

D. A, B, C and D

2 Two balls were simultaneously released from the same starting position. The black ball was dropped 
from rest and the white ball was projected horizontally, as shown in the diagram. The dashed lines 
represent equal distance intervals.

starting position

Which row of the table identifies the relative motions of the balls?

X position  
of the balls

Y position  
of the balls

Y velocities  
of the balls

X velocities  
of the balls

Y acceleration  
of the balls

A. different same same different same

B. same same same same same

C. different different different different different

D. different same same different different
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3 A National Aeronautics and Space Administration (NASA) scientist uses a simulator to model  

the surface gravity of four different bodies in the Solar System. The surface gravity of each body  

is shown in the table.

Body Surface gravity (m s –2)

Ceres 5.55

Icarus 0.38

Hermes 4.97

Pallas 2.49

In the first simulation, the scientist throws a small cube with a mass of 450 g upwards. The cube 

initially travels at a speed of 6.5 m s–1 and reaches a maximum height of 8.5 m. 

Which body is the scientist simulating?

A. Ceres

B. Icarus

C. Hermes

D. Pallas

4 A road has a curve of radius 63 m and is banked at an angle of 12°. The diagram shows a car 
approaching the curve in wet, slippery conditions. 

12°

63 m
C

Assuming that there is no friction, calculate the maximum speed at which the car can safely make 
the turn.

A. 6.07 km h–1

B. 11.5 km h–1

C. 36.5 km h–1 

D. 41.2 km h–1

5 What will be produced when white light is passed through a gaseous sample of an element and 
examined with a spectrometer?
A. an absorption spectrum that is shown as a series of dark lines on a coloured background

B. an emission spectrum that is shown as a series of coloured lines on a dark background 

C. an absorption spectrum that is shown as a series of coloured lines on a dark background 

D. an emission spectrum that is shown as a series of dark lines on a coloured background 
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6 Consider the current-carrying loop.

direction 
of current

W Z

X Y

B

How is torque created in the current-carrying loop?

A. There is a force on WZ out of the page and a force on XY into the page.

B. There is a force on WZ into the page and a force on XY out of the page.

C. There is a force on WZ out of the page and a force on XY out of the page.

D. There is a force on WZ into the page and a force on XY into the page.

7 A Physics teacher drew two magnetic fields and asked their students to explain the difference 
between the magnetic flux of each field. The two magnetic fields are shown in the diagram. 

Which of the following statements is correct?

A. The two magnetic fields show the same amount of flux, and the smaller magnetic field shows 
less flux density.

B. The two magnetic fields show different amounts of flux, and the smaller magnetic field shows 
less flux density.

C. The two magnetic fields show different amounts of flux, and the smaller magnetic field shows 
greater flux density.

D. The two magnetic fields show the same amount of flux, and the smaller magnetic field shows 
greater flux density.
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8 In cycling, it is important for the nuts on bike seats to be tightened appropriately so they do not come 
loose during a race. Before a race, a cyclist tightened the nuts with a 50.0 cm spanner and applied  
a force of 70.0 N at an angle of 70° to the spanner, as shown in the diagram.

spanner

nut

70.0 N

70°

What magnitude of torque has the cyclist applied to the nut?

A. 11.97 N m

B. 32.89 N m

C. 1197.07 N m

D. 3289.92 N m

9 The diagram shows a set-up that uses three rods (A–C), each carrying a current in the direction 
indicated by the arrows. 

rod A

rod B

rod C

3 A

4 A

5 A

10 cm

20 cm

What is the magnitude and direction of the force per unit length on rod C?

A. 1 × 10–5 N m–1 down

B. 1 × 10–5 N m–1 up

C. 3 × 10–5 N m–1 up

D. 3 × 10–5 N m–1 down
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10 A conducting rod slides along a metal conducting loop, as shown in the diagram.

conducting loop

direction of motion

conducting rod

Which row of the table is correct?

Direction of force on the 
conducting rod 

Direction of induced current 
in the rod

Direction of current around 
the conducting loop

A. to the left up the rod anticlockwise

B. to the left down the rod clockwise

C. to the right up the rod anticlockwise

D. to the right down the rod clockwise

11 A student carries out an investigation to find the relationship between the centripetal force, rotational 
speed and radius of an object moving in a uniform, circular motion. The student attaches a rubber 
stopper to a hanging mass using a string that passes through a tube and swings the rubber stopper 
around the tube, as shown in the diagram. As the rubber stopper is swung, the hanging mass rises 
and falls depending on the rotational speed of the stopper. When the hanging mass neither rises nor 
falls, the radius of the stopper is measured. 

radius

length of string
rubber stopper

hanging mass

tube

Which row of the table identifies the variables for this investigation?

Independent variable Dependent variable Controlled variables

A. hanging mass length of string
mass of rubber stopper, 

rotational speed

B. rotational speed length of string
hanging mass,  

rotational speed

C. mass of rubber stopper rotational speed
hanging mass, length  

of string

D. rotational speed radius
mass of rubber stopper, 

length of string
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12 As a star rotates, the observed atomic absorption bands change. Consider the statement about this 
relationship.

When a star is rotating away from an observer, light is             X           . When the star  
is rotating towards the observer, light is             Y          . The             Z            it rotates,  
the wider the absorption band will appear in its spectrum.

Which row of the table completes the statement?

X Y Z

A. blue-shifted red-shifted faster

B. red-shifted blue-shifted faster

C. blue-shifted red-shifted slower

D. red-shifted blue-shifted slower

13 Young performed an experiment where photons were beamed through a double-slit onto a screen, as 
shown in the diagram. 

light source

screen

photons

double-slits

interference
pattern

The following changes were made one at a time.

Change 1: The slit separation is changed.

Change 2: The distance between the double-slit and the screen is increased.

Which row of the table identifies what will occur after each change?

Change 1 Change 2

A. If the slit separation increases, the spacing 
between the bright bands decreases.

The spacing between the bright bands 
decreases.

B. If the slit separation increases, the spacing 
between the bright bands decreases.

The spacing between the bright bands 
increases.

C. If the slit separation increases, the spacing 
between the bright bands increases.

The spacing between the bright bands 
increases.

D. If the slit separation decreases, the spacing 
between the bright bands increases.

The spacing between the bright bands 
decreases.
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14 Light passes through a diffraction grating with a slit separation of 0.07 mm. An interference  
pattern is shown on a screen placed 105 cm from the grating. Six of the bright bands have  
a separation of 50 mm. 
What is the wavelength of the light? 

A. 5.55 nm 

B. 6.66 nm

C. 555 nm

D. 666 nm

15 A light meter measures 150 Wm–2 of unpolarised light at a fixed position from a light source. A 
polarising sheet, P1, is placed at this position with an axis of polarisation 30° to the vertical.  
A second polarising sheet, P2, is placed so that any light that passes through P1 also passes through  
the P2. P2 has an axis of polarisation oriented horizontally. The diagram shows the set-up.

P1 

30° to the vertical

unpolarised light
P2 

horizontal

NOT TO

SCALE

What intensity of light is transmitted through P2?

A. 9.38 Wm–2

B. 18.75 Wm–2

C. 37.5 Wm–2

D. 75 Wm–2

16 Most stars have at least one planet orbiting them. Two planets, Psi and Tri, have been observed  
to orbit a star. Psi has an orbital path with a radius that is four times smaller than the radius of Tri’s 
orbital path. 
Which of the following statements about Psi and Tri is correct?

A. Tri would take 8 times longer than Psi to make a full orbit of the star.

B. Psi would take 8 times longer than Tri to make a full orbit of the star. 

C. Tri would take 64 times longer than Psi to make a full orbit of the star.

D. Psi would take 64 times longer than Tri to make a full orbit of the star.
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17 A Geiger–Muller counter is an instrument that emits a beep every time a beta particle is detected. 
A radioactive sample that emits beta radiation, X, gives a reading of 2.3 counts per minute on the 
Geiger–Muller counter. Sample Y is taken from the same element as sample X, but has a more  
recent origin. Sample Y gives a reading of 18.4 counts per minute. 
If the half-life of the element is 356 years, how much older than sample Y is sample X?

A. 25 years 

B. 119 years

C. 1068 years 

D. 15 065 years

18 Stars go through a lifecycle. 
Which of the following lists the stages of a star’s lifecycle in chronological order?

A. protostar, nebula, main sequence star, neutron star, red giant

B. nebula, protostar, main sequence star, red giant, black hole

C. protostar, nebula, main sequence star, red supergiant, white dwarf

D. nebula, protostar, main sequence star, red giant, neutron star

19 The energy level diagram for mercury is shown.

level energy (eV)

n � 1

n � 2
n � 3
n � 4
n � 5
n � 6
n � 7
n � 8
n � 9

n � 10

–5.74

–10.38

–5.52

–2.68

–1.57
–2.48

–1.56

0.00

–3.71
– 4.95

ground state

ionisation

What frequency of light would be emitted as an electron falls from the n = 5 state to the n = 3 state?

A. 1.81 eV

B. 2.89 × 10–19 J 

C. 4.4 × 1014 Hz

D. 7.4 × 1014 Hz 
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20 The following schematic diagrams represent two models of the atom, one of which was proposed  
by Ernest Rutherford and the other by Joseph Thomson. 

Model 1 Model 2

Geiger and Marsden were asked by Rutherford to test Thomson’s model of the atom. The 
experiment shown in the diagram below was carried out in a vacuum. 

radiation source 
(radium)

alpha 
particle 

beam

gold foil

fluorescent screen

Which row of the table identifies the atomic model of each scientist and explains the results obtained 
by Geiger and Marsden?

Thomson’s model and explanation Rutherford’s model and explanation

A. Model 1 

Some alpha particles go through the gold 
foil undeflected as they are attracted to the 
positive particles scattered throughout  
the atom. 

Model 2 

Most alpha particles are deflected as they 
hit the positively charged nucleus inside the 
mostly empty atom. 

B. Model 1 

Most alpha particles go through the gold 
foil undeflected as they are attracted to the 
negative particles scattered throughout  
the atom.

Model 2 

Some alpha particles are deflected as they 
hit the positively charged nucleus inside the 
mostly empty atom.

C. Model 2 

Most alpha particles are deflected as they 
hit the positively charged nucleus inside the 
mostly empty atom.

Model 1 

Some alpha particles go through the gold 
foil undeflected as they are attracted to the 
positive particles scattered throughout  
the atom.

D. Model 2 

Some alpha particles are deflected as they 
hit the positively charged nucleus inside the 
mostly empty atom.

Model 1 

Most alpha particles go through the gold 
foil undeflected as they are attracted to the 
negative particles scattered throughout  
the atom.
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HSC Year 12 Physics
Section II Answer Booklet 

Section II

80 marks
Attempt Questions 21–33
Allow about 2 hours and 25 minutes for this section

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

• Show all relevant working in questions involving calculations.
• Extra writing space is provided at the back of this booklet. If you use this space, clearly indicate  

which question you are answering.

Please turn over
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Question 21 (5 marks)
The diagram shows a totem tennis set-up, as viewed from above. A tennis ball is tied to a pole with a cord 
so that it moves in a clockwise, circular motion around the centre pole. 

(a) Label the velocity of the ball and the forces acting on it at the point shown in the  2 
diagram above. Explain your answer.

 

 

 

 

(b) The ball has a mass of 60.0 g and the cord is 1.80 m long. The ball rotates around  1 
the centre pole at an angle of 45° to the pole. 

Calculate the radius of the ball’s circular path.

 

 

 

 

 
Question 21 continues on page 13
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Question 21 (continued)

(c) Determine the magnitude of the net force acting on the ball at the point shown.  2

 

 

 

 

 
End of Question 21
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Question 22 (3 marks) 
A student kicks a ball at a speed of 8.3 m s–1 at an angle of 35° above the ground.  3

What is the range of the ball?

 

 

 

 

 

 

 

 

 

 

Question 23 (4 marks) 
A communications company launched a satellite of mass 250 kg. The satellite is in an orbit  4 
with a uniform circular radius of 33 500 km around Earth. 

Calculate the gravitational potential energy of the satellite and its escape velocity. In your  
response, explain what the term ‘escape velocity’ means.
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Question 24 (8 marks) 

(a) Supertankers are large cargo ships that often transport oil. The supertankers TI Europe  2 

and TI Oceania are two of the largest man-made objects. They float with their centres  

100.00 m apart and each has mass of 5.00 × 108 kg.

Calculate the gravitational force between the two supertankers.

 

 

 

 

The centre of a planet of mass 1.00 × 1024 kg is a distance, d, from the centre of one of its moons. The table 
shows the gravitational force of attraction between the planet and this moon.

F (× 103 N) 37 32 23 17 11 6

d (× 106 m) 3.43 3.70 4.34 5.06 6.32 8.45

–14 –2
2

1  ( 10  m )
d

×
 

8.5 7.3 5.3 3.9 2.5 1.4

(b) Plot the graph of F versus 2
1 .

d
 3

 
Question 24 continues on page 16
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Question 24 (continued)

(c) Find the gradient of the graph drawn in part (b) and use the relationship 2
kF

d
=   3 

to determine the mass of the moon.

 

 

 

 

 

 

 
End of Question 24
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Question 25 (9 marks) 
The diagram shows the wire loop of a motor in a magnetic field. The loop carries a current of 8 A  
and the magnetic field intensity is 0.025 T.

I

B

25 cm

30 cm

(a) Compare the structural features and physics principles that are involved in DC motors  5 
and AC induction motors to explain how the motor effect is used in both motors.

 

 

 

 

 

 

 

 

(b) Calculate the magnitude of the torque experienced by the wire loop.  2

 

 

 

 

 
Question 25 continues on page 18
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Question 25 (continued)

(c) Identify TWO modifications to the wire loop that would increase the torque. 2 
Explain your answer.

End of Question 25
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Question 26 (5 marks) 
Scientists including Faraday and Lenz investigated the relationship between electricity and magnetism 
through a series of experiments. The diagram shows the set-up of Faraday’s first and second experiments. 

Experiment 1 Experiment 2

soft iron ring

coil 2coil 1

AC lightbulb

S N

galvanometer

magnet

coil

(a) Label the diagram below to show the direction of current and induced magnetic  1 
field in experiment 1.

S N

(b) Assess the contribution of Faraday and Lenz to our understanding of how electric  4 
and magnetic fields are related in terms of the Law of Conservation of Energy. Refer  
to the diagrams in your response.
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Question 27 (3 marks) 
For electricity to be transmitted over the large distances between generators and households, 3  
transformers are used. Two transmissions take place over the same transmission lines.

• In transmission A, energy is transmitted at 28 kV AC. 

• In transmission B, the same amount of energy is transmitted at 280 kV AC. 

Compare the power losses that occur in transmissions A and B. Include relevant equations and  
calculations in your response.

 

 

 

 

 

 



HSC Year 12 Physics Trial Examination 

Copyright © 2022 Neap Education Pty Ltd TEN_Y12_Phys_QB_2022 21

Question 28 (9 marks)
‘Prior to the twentieth century, physicists developed theories and models under the banner of classical 9 
physics that were able to make predictions. However, developments in the twentieth century saw these 
models and theories being challenged by quantum physics.’

Analyse this statement with reference to the photoelectric effect and the work of Bohr, de Broglie  
and Schrödinger.
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Question 29 (4 marks)
Two theories of light were proposed by Newton and Huygens in in the seventeenth century:  4 
the corpuscular theory and the wave theory. Two properties of light are depicted in the diagrams.

medium 1

medium 2

boundary

Analyse the evidence, including the determination of the speed of light, that supported the two models.  
In your response, make reference to the properties shown in the diagrams.
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Question 30 (6 marks) 
Einstein used thought experiments to explain how the behaviour of light affects the concepts of time, space 
and matter.

(a) The rest life, or proper lifetime, of a meson is 2.5 × 10–8 s. An observer measures the distance 3 

travelled by a meson moving at 2.95 × 108 m s–1 in the laboratory. 

Compare the expected distance travelled by the meson in the absence of time dilation with 

the distance that would be measured by the observer.

 

 

 

 

 

 

(b) A spacecraft of mass 79 000 kg is moving at 0.3c.  3

Compare the mass of the spacecraft measured by the spacecraft’s pilot with the mass measured  
by an external observer, and explain why objects cannot accelerate to the speed of light.
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Question 31 (8 marks) 
In science, there is a close link between developments in technology and developments  8 
in knowledge and understanding. 

Evaluate how the invention of particle accelerators has advanced our understanding of atoms  
and provided evidence that supports the Standard Model of matter.
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Question 32 (10 marks) 

(a) As part of the Physics course, you have modelled the process of nuclear fission.  4

Explain the difference between a controlled and uncontrolled fission chain reaction. In your 
response, refer to the model you studied.

 

 

 

 

 

 

 

(b) Information about an oxygen-18 atom is given in the table. 3

Mass of atom 17.99916 amu

Mass of proton 1.007276 amu

Mass of neutron 1.008664 amu

Calculate the mass defect of the nucleus of an oxygen-18 atom and provide its binding energy  
in joules AND electron volts. 

 

 

 

 

 

 

 

 
Question 32 continues on page 26
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Question 32 (continued)

(c) Identify and describe a balanced nucleosynthesis reaction that can be used to explain how 3 
energy is released by nuclear fusion in cooler main sequence stars.

 

 

 

 

 

 

 
End of Question 32
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Question 33 (6 marks)
Experimental evidence was gathered by scientists to support the existence of the electron.

(a) As part of the Physics course, you have investigated the early experiments examining  2 
the nature of cathode rays. 

Complete the table below by describing TWO observations from these experiments  
and explaining how the observed behaviour of the cathode rays supported the existence  
and properties of the electron. Your response may include diagrams.

Observation Explanation

 
Question 33 continues on page 28
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Question 33 (continued)

(b) In an experiment involving an evacuated gas tube, electrons were accelerated from rest through 2 

a voltage of 2400 V. They entered a uniform magnetic field strength of 1.8 × 10–3 T at right  

angles to the electron beam. 

Calculate the speed of these electrons upon entering the magnetic field.

 

 

 

 

(c) In science, observations lead to hypotheses and further experimentation.  2

Robert Millikan conducted experiments to determine the charge on an electron.  
One of these experiments is shown in the diagram.

2.5 cm

� � � � � � � � � �

– – – – – – – – – –

4500 V
–

Explain the observations Millikan made that led to his determination of the charge  
of an electron. 

 

 

 

 

 

End of paper
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Section II extra writing space

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

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

Charge on electron, qe –1.602 × 10–19 C

Mass of electron, me 9.109 × 10–31 kg

Mass of neutron, mn 1.675 × 10–27 kg

Mass of proton, mp 1.673 × 10–27 kg

Speed of sound in air 340 ms–1

Earth’s gravitational acceleration, g 9.8 ms–2

Speed of light, c 3.00 × 108 ms–1

Electric permittivity constant, e0 8.854 × 10–12 A2 s4 kg–1 m–3

Magnetic permeability constant, m0 4p × 10–7 N A–2

Universal gravitational constant, G 6.67 × 10–11 N m2 kg–2

Mass of Earth, ME 6.0 × 1024 kg

Radius of Earth, rE 6.371 × 106 m

Planck constant, h 6.626 × 10–34 J s

Rydberg constant, R (hydrogen) 1.097 × 107 m–1

Atomic mass unit, u 1.661 × 10–27 kg

931.5 MeV/c2

1 eV 1.602 × 10–19 J

Density of water, r 1.00 × 103 kg m–3

Specific heat capacity of water 4.18 × 103 J kg–1 K–1

Wien’s displacement constant, b 2.898 ×10–3 m K
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FORMULAE SHEET

Motion, forces and gravity

21
2

s ut at= + v u at= +

2 2 2v u as= + netF ma=
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∆
=
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=
2

c
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r

=

sinr F rFτ θ⊥= =
2

c
mvF

r
=
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T
π

= 2
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r
=
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r

= −
3

2 24
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T π
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Waves and thermodynamics

v f λ= beat 2 1f f f= −

1f
T

=
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( )
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f f
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+

′ =
−
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v

= 2

1
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n
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2
max cosI I θ= 2 2
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∆
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FORMULAE SHEET (continued)

Electricity and magnetism

VE
d

= F qE=
 

UV
q
∆

= 1 2
2

0

1
4

q qF
rπε
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W qV= qI
t

=
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STUDENTS SHOULD NOW CONTINUE
WITH SECTION II

DIRECTIONS:
Write your name in the space provided.
Write your student number in the boxes provided below. Then, in the columns of digits below each box, fill in the oval which has the same 
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Read each question and its suggested answers. Select the alternative A, B, C, or D that best answers the question. Fill in the response 
oval completely, using blue or black pen. Mark only one oval per question. 
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