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devices into the examination room.
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SECTION A – MULTIPLE-CHOICE QUESTIONS

Instructions for Section A

Answer all questions in pencil on the answer sheet provided for multiple-choice questions.

Choose the response that is correct or that best answers the question.

A correct answer scores 1; an incorrect answer scores 0.

Marks will not be deducted for incorrect answers.

No marks will be given if more than one answer is completed for any question.

Unless otherwise indicated, the diagrams in this booklet are not drawn to scale.
Take the value of g to be 9.8 m s–2.

Question 1
A wire with a length of 0.50 m is placed in a magnetic field with a strength of 0.20 T, as shown in the diagram 
below. The current in the wire is 2.00 A.

B � 0.20 T

The magnitude of the force on the wire is

A.	 0.0 N 

B.	 0.20 N 

C.	 0.40 N 

D.	 2.0 N 

Question 2

A satellite of mass 2000 kg is in orbit around Earth at a position where Earth’s gravitational field strength 

is 0.30 N kg–1.

The weight of the satellite is 

A.	 600 N 

B.	 600 kg 

C.	 2000 N 

D.	 2000 kg 
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Question 3
Three charges, +Q, –Q and +2Q, are arranged at the vertices of a square. Position X is in the centre of the 
square, as shown in the diagram below.

–Q

X

�Q

�2Q

Which one of the following arrows best represents the direction of the net electric field at position X?

A.	

 

B.	

 

C.	  D.	

 

Question 4
A projectile is fired at an angle from a table and strikes the ground, as shown in the diagram below.  
Air resistance acting on the projectile is negligible. 

h

range

H

�

In the diagram:

•	 h represents the launch height above ground

•	 q represents the launch angle

•	 H represents the maximum height reached above ground.

Additionally, u represents the launch speed.

Which one of the following lists all variables that the range of the projectile is dependent on?

A.	 H, h, q
B.	 u, h, q
C.	 u, H, q
D.	 u, h, H
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Question 5
A spring is loaded such that it has 10 J of energy stored in it.

Which of the following graphs of force (N) versus spring extension (m) corresponds with the energy stored?

A. F (N)

x (m)

100

1.0  

B. F (N)

x (m)

100

0.1  

C. F (N)

x (m)

200

0.1  

D. F (N)

x (m)

200

1.0  

Question 6
A dynamics cart of mass 0.20 kg is pushed towards a fixed wall. The cart strikes the wall at 2.0 m s–1 and 

rebounds backwards at 1.5 m s–1, as shown in the diagram below.

Before collision After collision
wall

2.0 m s
–1

1.5 m s
–1

wall

Determine the magnitude and direction of the cart’s change in momentum. 

A.	 0.10 kg m s–1 to the left

B.	 0.10 kg m s–1 to the right

C.	 0.70 kg m s–1 to the left

D.	 0.70 kg m s–1 to the right
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Question 7
A proton of mass 1.67 × 10–27 kg is moving at a speed of 1.8 × 108 m s–1 (g = 1.25).

What is the value of the proton’s kinetic energy?

A.	 3.76 × 10–11 J

B.	 1.35 × 10–11 J

C.	 1.25 × 10–19 J

D.	 7.52 × 10–20 J

Use the following information to answer Questions 8 and 9.

The following diagram shows an AC power source supplying energy to a load via an ideal transformer.

AC voltage
source

load

100 turns

40 turns

12.00 V RMS 
 
 

Question 8
Determine the peak voltage developed in the load.

A.	 4.80 V 

B.	 6.79 V 

C.	 8.49 V 

D.	 42.43 V 

Question 9
The load experiences a peak current of 1.23 A. 

Determine the average power supplied to the load.

A.	 2.09 W 

B.	 2.95 W 

C.	 4.17 W

D.	 5.90 W 
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Question 10
A car of weight W is making a banked turn on a road, as shown in the diagram below. The angle of the 
banked turn is 12°.

12°

Which one of the following represents the centripetal force?

A.	 W × sin(88°)

B.	 W × sin(12°)

C.	 W × tan(88°)

D.	 W × tan(12°)

Question 11
A string is displaying the wave behaviour that is shown in the following diagram. The frequency of the 
wave is 700 Hz.

Which other possible frequencies can the string support if the wave is travelling at the same speed?

A.	 175 Hz, 350 Hz, 525 Hz

B.	 100 Hz, 300 Hz, 500 Hz

C.	 400 Hz, 500 Hz, 600 Hz

D.	 87.5 Hz, 175 Hz, 350 Hz

Question 12
Heisenberg’s uncertainty principle states that it is not possible to be precise about a particular quantity  
of a particle without being imprecise about another quantity. 

Two such quantities are

A.	 the particle’s position in the x-plane and the particle’s momentum in the y-plane.

B.	 the particle’s position in the x-plane and the particle’s momentum in the x-plane.

C.	 the particle’s position in the x-plane and the particle’s energy in the y-plane.

D.	 the particle’s position in the x-plane and the particle’s energy in the x-plane.

Question 13
The production of light by the transition of electrons between energy levels in a material occurs in 

A.	 light-emitting diodes.

B.	 incandescent lamps.

C.	 lasers.

D.	 synchrotrons.
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Question 14
A laser light is shone through a very small pinhole. The resulting pattern of bright and dark circular rings  
is shown in the diagram below.

dark circular ring

bright circular ringlaser light

pinhole

A change is made to the experiment. The resulting pattern is shown in the diagram below.

What change was made to the experiment?

A.	 A laser light with a smaller frequency was used.

B.	 The diameter of the pinhole was decreased.

C.	 The intensity of the laser light was reduced.

D.	 A laser light with a smaller wavelength was used.

Question 15
The diagram below shows two dynamics carts, X and Y, on a track. Cart Y has a speaker fixed on it that 
is playing a single note at a constant intensity. Cart X has a datalogger fixed on it that is connected to a 
computer and it records the frequency of the note played from the wireless speaker.

datalogger wireless speaker

X Y

A number of experiments that were conducted are described in the table below.

Experiment Conditions

1 Cart X moves to the left at 3.0 m s–1 and cart Y moves to the right at 3.0 m s–1.

2 Cart X and cart Y both move to the right at 2.0 m s–1.

3 Cart X moves to the left at 2.0 m s–1and cart Y moves to the right at 2.0 m s–1.

4 Cart X moves to the left at 4.0 m s–1 and cart Y moves to the left at 1.0 m s–1.

In which experiment did the datalogger record the lowest frequency?

A.	 1

B.	 2

C.	 3

D.	 4
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Question 16
The following diagram shows position X on a travelling wave at a particular instant.

X

If the wave moves to the left, then position X moves

A.	 left.

B.	 right.

C.	 upwards.

D.	 downwards.

Question 17
Which one of the following categories of light will undergo the least diffraction if it passes through  
a small slit?

A.	 UV

B.	 microwave

C.	 infra-red

D.	 TV

Question 18
An experiment is conducted in which an electron gun fires electrons of the same energy one at a time 
toward a double slit arrangement. The electrons produce a pattern of strikes on the screen behind the 
double-slit arrangement, as shown below.

electron gun

double slit

screen

The pattern on the screen represents evidence that the electrons act as

A.	 particles throughout the entire experiment.

B.	 waves throughout the entire experiment.

C.	 particles when they strike the screen and as waves prior to striking the screen.

D.	 particles when they pass through one of the two slits and as waves when they interfere with each 
other to produce the pattern on the screen.
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Use the following information to answer Questions 19 and 20.

Four students take turns dropping a golf ball from the same height to the ground and measuring the time  
of the fall. Each student conducts five trials. Their results are plotted on the graph below.

1
student

0 2 3 4
1.34

1.36

1.38

1.40

1.42

1.44

1.46

1.48

1.50

fall time (seconds)

The students calculate that the golf ball should take 1.43 seconds to fall the distance to ground. They have 
drawn a dotted line at this value to compare their results.

Question 19
Which student has the most precise but non-valid data? 

A.	 student 1

B.	 student 2

C.	 student 3

D.	 student 4

Question 20
Which student’s data shows systematic and random errors?

A.	 student 1

B.	 student 2

C.	 student 3

D.	 student 4

END OF SECTION A
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SECTION B

Instructions for Section B

Answer all questions in the spaces provided.

Where an answer box is provided, write your final answer in the box.

If an answer box has a unit printed in it, give your answer in that unit.

In questions where more than one mark is available, appropriate working must be shown.

Unless otherwise indicated, the diagrams in this booklet are not drawn to scale.
Take the value of g to be 9.8 m s–2.

Question 1 (7 marks)
Figure 1 shows an electron being accelerated from rest in a region of an electric field created by an 
accelerating voltage, Vacc. 

Upon reaching the grid at the accelerating voltage, the electron passes through into a region of a constant 
magnetic field. The electron’s motion changes to form an arc.

0.300 m region of magnetic field

electron

0 V
region of electric field electron passes out

through a window

r

Vacc

Figure 1 

The electron arrives at the accelerating voltage grid at a speed of 5.93 × 106 m s–1. The arc of the motion  
of the electron has a radius, r, of 1.50 cm.

a.	 Determine the magnitude of the electric field strength provided by the accelerating  
voltage. Show your working.	 3 marks

	

	

	

	

	

	

	

	

N C–1
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b.	 Determine the magnitude of the force acting on the electron while it is in the region  
of the magnetic field. Show your working.	 2 marks

	

	

	

	

N

c.	 Determine the magnitude of the magnetic field. Show your working.	 2 marks

	

	

	

	

T
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Question 2 (6 marks)
The International Space Station (ISS) is in a low-Earth orbit of approximately 400 km above Earth’s surface.

a.	 Determine the magnitude of the acceleration of the ISS in this orbit. Show your working.	 3 marks

	

	

	

	

	

	

m s–2

b.	 The orbit of the ISS decays slowly over time as the space station slowly spirals inwards  
towards Earth’s atmosphere. The ISS needs boosting a few times a year to return it to its  
original orbit. 

Without boosting, will the average orbital period of the ISS stay the same, increase  
or decrease as it spirals inwards towards Earth? Explain your answer.	 3 marks
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Question 3 (7 marks)
Figure 2 shows a schematic diagram of a simple DC motor. A current is flowing through the coil and the 
motor is turning in the direction shown. 

DC battery

split ring commutator

terminal A

rotation direction of the coil

J

K

M

L

N S

terminal B

Figure 2 

a.	 Write ‘+’ for positive and ‘–’ for negative in the boxes above to indicate which terminal  
is positive and which is negative. 	 1 mark

b.	 Using physics principles, justify your answer to part a. 	 3 marks
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c.	 The split-ring commutator consists of two copper rings that are separated by a split. 

Explain how this design enables the split-ring commutator to serve its purpose.	 3 marks
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Question 4 (8 marks)

Figure 3a shows a square coil of area 0.020 m2 and 100 turns placed between the poles of two magnets. 
The size of the magnetic field at the area of the coil is 0.50 T.

Figure 3b shows the two magnets pulled sufficiently far apart such that the resulting magnetic field  
at the position of the coil is 0 T.

slip rings

SN

oscilloscope

Figure 3a

slip rings

SN

oscilloscope

Figure 3b

In both figures, the ends of the coil are connected to two slip rings that are connected to an oscilloscope 
datalogger. The time taken to pull the magnets from the position in Figure 3a to the position in Figure 3b  
is 0.10 seconds.

a.	 Calculate the magnitude of the average EMF induced in the coil as the magnets move  
from their positions in Figure 3a to their positions in Figure 3b. Show your working.	 3 marks

	

	

	

	

	

	

V
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b.	 Draw an arrow on the coil in Figure 3b to show the direction of the induced current in the  
coil as the magnets are pulled away. Provide an explanation to justify your answer. 	 3 marks

	

	

	

	

	

	

	

	

	

c.	 The magnets are returned to the initial position shown in Figure 3a. They are moved from  
the position of Figure 3a to that of Figure 3b, then returned to Figure 3a without any pause.  
This movement is repeated once more.

Each change of position takes 0.10 seconds. At all times, the magnets maintain a constant  
speed relative to each other. The position of the coil at t = 0 is shown in Figure 3a.

On the axes provided below, sketch the output signal that would be displayed on the  
oscilloscope datalogger over the 0.40 seconds of movement. (A scale on the y-axis  
is not required.)	 2 marks

t (seconds)

V (volts)

0.050.00 0.10 0.15 0.20 0.25 0.30 0.35 0.40
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Question 5 (6 marks)
A model electrical transmission system shown in Figure 4 is created in a physics laboratory. The globe 
requires a minimum of 3.6 V to operate brightly.

 

4.0 VRMS AC

Rlines � 5.0 �AC power supply

T1
1 : 10

T2
10 : 1

wires

globe

Figure 4 

The students use two transformers, T1 and T2, with ratios of 1:10 and 10:1 respectively, and a 4.0 VRMS 
AC power supply. The transformers are assumed to be ideal. The students use a light globe that will operate 
brightly as long as a minimum voltage of 3.6 V is supplied to it. The wires of the model transmission lines 
have a total resistance of 5.0 Ω. The students measure the current in these wires to be 1.0 A.

a.	 Determine the magnitude of the power that is available to the globe. Show your working. 	 3 marks

	

	

	

	

	

	

W

b.	 State whether the globe will operate brightly. Provide a calculation to support your answer.	 3 marks
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Question 6 (3 marks)
In Figure 5a, a block is held on top of a spring and is at rest. The natural length of the spring is 1.0 m and 
the mass of the spring is negligible. The spring is compressible.

In Figure 5b, the block is released and compresses the spring such that the next time the block is momentarily 
at rest, the spring is compressed by d metres.

Figure 5a

1.0 m

d

block at rest

block at rest

Figure 5b

The spring has a spring constant of 50 N m–1. The block has a mass of 0.40 kg.

Determine the value of d, correct to two significant figures. Show your working.

	

	

	

	

	

	

m
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Question 7 (5 marks)
Figure 6 shows a spring fixed to a wall sitting on a frictionless surface. A block of mass 0.40 kg moves  

and strikes the spring at 2.0 m s–1. The stiffness constant of the spring is 50 Nm–1.

block moving at 2.0 m s
–1

wall

Figure 6

a.	 What is the magnitude of the work done by the spring on the block when the block  
compresses the spring by 0.15 m? Show your working.	 2 marks

	

	

	

	

J

b.	 Is the block able to compress the spring by 0.20 m? Provide a calculation to support  
your answer.	 2 marks
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c.	 The block comes to rest momentarily for a particular compression of the spring. 

In terms of the principle of conservation of momentum, state what happens to the momentum  
of the block as it comes to rest. 	 1 mark
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Question 8 (5 marks)
A pendulum bob of mass 0.200 kg is released from rest and swings in an arc, as shown in Figure 7. The 
string that connects to the bob and the board above it has an insignificant mass, and no frictional forces 
exist anywhere during the swing. The bob falls a distance of 0.30 m from its release point to its lowest 
point. The distance from the centre of mass of the bob along the string to the board is 1.00 m.

1.00 m

0.30 m

pendulum bob

Figure 7

a.	 Show that the speed of the bob at its lowest point is 2.42 m s–1.	 2 marks

	

	

	

	

	

	

	

	

b.	 Determine the tension of the string at its lowest position. Show your working.	 3 marks

	

	

	

	

	

	

N



VCE Physics Units 3&4 Trial Examination Question and Answer Booklet

22	 VCEPhys34_QB_2022 	 Copyright © 2022 Neap Education Pty Ltd

Question 9 (4 marks)
A golf ball is launched horizontally from the top of a platform that is 10.0 m above ground. The ball strikes 
a board 30.0 m away at a position that is 3.0 m above ground. This is shown in Figure 8.

ground

3.0 m

30.0 m

10.0 m

Figure 8

a.	 Determine the amount of time the ball takes to strike the board after being launched.  
Show your working and express your answer to two significant figures.	 2 marks

	

	

	

	

s

b.	 Determine the speed at which the ball is launched. Show your working.	 2 marks

	

	

	

	

m s–1
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Question 10 (6 marks)
Two carts, A and B, are connected by a spring and are moving as a unit. Cart A is of mass 1.5 kg. Cart B  
is of mass 2.5 kg. Cart B has a spring compressed against cart A as they travel at 2.0 m s–1 to the right  
as a single unit. This is shown in Figure 9a.

As the carts travel, the spring expands and dislodges the two carts such that cart A continues to travel  
to the right at 1.0 m s–1, as shown in Figure 9b.

2.0 m s
–1

A B

 

1.0 m s
–1

A B

 

Figure 9a Figure 9b

a.	 Determine the speed of cart B after the carts have separated. Show your working.	 3 marks

	

	

	

	

	

	

m s–1

b.	 Explain why the separation of the two carts is neither elastic nor inelastic. Calculations  
are not required.	 3 marks
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Question 11 (5 marks)
A spacecraft travels from Earth in a direct line to a star system at a speed of 0.850c. The astronauts onboard 
measure the time of travel to be 1.78 years. A command centre monitors the mission from Earth.

a.	 Determine the value of g, correct to three significant figures. Show your working.	 2 marks

	

	

	

	

g = 

b.	 How far is the star system from Earth according to the command centre? Show  
your working.	 3 marks

	

	

	

	

	

	

light years
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Question 12 (5 marks)

In a large hall, a class of Physics students sets up two large speakers, S1 and S2, that are connected to a signal 
generator. The walls of the hall have sound-absorbing surfaces that reflect little or no sound. The students 
play a single note simultaneously through both speakers. One of the students, Jane, stands at various positions 
in front of the speakers. Jane’s path (shown by the dashed line) and position A are indicated in Figure 10.

Jane

S1

S2

signal 
generator

A

Figure 10

The speed of sound in air is 340 m s–1.

Jane walks toward the speakers and observes the sound to be very soft and hardly audible for the entire walk.

a.	 Explain the observation made by Jane as she walks.	 2 marks

	

	

	

	

	

b.	 The distance from S1 to position A is 4.5 m and the distance from S2 to position A is 8.5 m.  
Jane stands at position A and her friends change the note being played through the speakers  
so that she hears the sound change in frequency as well as being high in intensity.

Determine two possible frequencies at which Jane hears a loud sound at position A.  
Show your working.	 3 marks

	

	

	

	

	

	

Hz Hz 
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Question 13 (4 marks)
A ray of white light is shone through the curved section of a plastic block so that it strikes the centre of the 
flat side. The ray originates in the air outside the block. This action is repeated twice with the angle of entry 
into the block being changed each time. The traces of the rays for all three trials are shown in Figure 11. 
The angle of 41° is shown in the middle trial.

41°

Figure 11

The refractive index of air is 1.00.

a.	 Determine the refractive index of the plastic block. Show your working.	 2 marks

	

	

	

	

 

b.	 A ray of white light is shone onto a triangular plastic prism, as shown in Figure 12. The ray  
passes through the prism and spreads into the colours of the rainbow.

white light

red
orange
yellow
green
blue
indigo
violet

glass prism

Figure 12

Explain how the spread of the colours results from the original ray of white light. As part  
of your answer, make reference to the order of the colours and the degree of the spread.	 2 marks
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Question 14 (8 marks)
A guitar string is set up on a table, as shown in Figure 13. The oscillator is tuned so that the string behaves 
as shown. The length of the string between the oscillator and the pulley is 0.650 m.

hanging 
weight

oscillator
pulley

string

0.650 m

Figure 13

a.	 Explain why the string displays the behaviour shown in Figure 13. 	 3 marks

	

	

	

	

	

	

	

	

	

b.	 Determine the speed of the wave in the string if the oscillator is vibrating at 291 Hz.  
Show your working.	 2 marks

	

	

	

	

m s–1 
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c.	 Explain the effect that changing the frequency to 388 Hz would have on the behaviour  
of the string. You may use a diagram to support your answer.	 3 marks 
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Question 15 (9 marks)
Three experiments are conducted in which light of the same colour is used to irradiate a metal cathode  
in a vacuum tube. The intensity of light is altered for each experiment. The highest intensity is I3 and 
the lowest intensity is I1.

The photoelectric current versus potential difference for the experiments are graphed in Figure 14.

stopping 
potential

photo electric current

–Vo
0

I3

�–

I2

retarding potential anode potential V

I1

Figure 14

a.	 Explain which model for light (wave or particle model) is fully supported by the results.  
In your answer, make specific reference to the graph above and include a brief description  
of the model chosen.	 5 marks
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The value of V0 in a particular experiment is 1.5 V and the work function of the metal cathode is 2.2 eV.

b.	 Determine the frequency of light used in this experiment. Show your working.	 2 marks

	

	

	

	

Hz 

c.	 Would light of frequency 2.5 × 1014 Hz cause photoelectron emission? Support your  
answer with calculations.	 2 marks
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Question 16 (3 marks) 
A photon of energy 50 eV is compared to an electron of de Broglie wavelength 0.663 nm.

Does the photon or the electron have greater momentum? Support your answer with calculations.
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Question 17 (6 marks)
Figure 15 shows the energy levels for mercury. One energy level is missing.

–10.38

energy (eV)

–3.71
–2.68
–2.48

–1.57
missing energy level

0.00 ionisation energy

ground state

–5.74
–5.52
– 4.95

Figure 15

An electron from the missing energy level falls to the energy level of –3.71 eV and emits a photon  
of wavelength 579 nm. 

a.	 Determine the value of the missing energy level. Show your working. 	 3 marks

	

	

	

	

	

	   

eV 
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b.	 	Describe how an electron occupying one of these energy levels is modelled by  
wave–particle duality.	 3 marks
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Question 18 (13 marks)
Two students, Andrew and Sarah, are investigating the spring constant, k, of a spring. A standard mass  
is held in a stationary position at the bottom of an unextended spring. When released, the mass oscillates.  
The students use a stopwatch to time 20 vertical oscillations (20 times the period, T). The arrangement  
of the spring and mass are shown in Figure 16.

range of oscillation

Figure 16

The students conduct the experiment with a series of standard masses, M, whose uncertainty is very low. 
They calculate the period from their measurements of 20 oscillations and determine the uncertainty in the 
period to be ±0.05 seconds.

a.	 Identify the independent variable, the dependent variable and one controlled variable  
involved in this experiment. 	 3 marks 

Independent variable	

Dependent variable	

Controlled variable	

b.	 i. 	 The students have recorded their data in the table below. 

Complete the table by calculating the values of ( )standard mass  .M 	 1 mark

M (kg)
 
 
 

1
2 kgM Period (seconds)

1.00 0.90

2.00 1.30

3.00 1.60

4.00 1.85
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ii.	 On the axes provided below: 

•	 plot a graph of T versus M  using the data from the table in part b.i. 

•	 include the correct uncertainty bars for the T values 

•	 label each of the axes correctly 

•	 draw a line of best fit.� 6 marks

 

iii.	 Using the line of best fit from part b.ii. and the formula 2 ,MT
k

π=  which relates  

T and M, determine the value of the spring constant, k. Show your working.	 3 marks

	

	

	

	

	

	

N m–1 

END OF QUESTION AND ANSWER BOOKLET
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