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Preface

This book is a collection of over 1000 practice/review questions for the VCE Physics written examinations to
be held in 2024. The examination covers content in the areas of Newtonian mechanics, field models of
gravitation, magnetism and electrostatics, generation and transmission of electric power, mechanical waves,
light modelled as both waves and particles, wave properties of matter, special relativity, and principles of
practical investigation.

This book is designed to serve as a comprehensive source of practice questions in the same style as the
VCAA Units 3 and 4 examination questions. As such, it contains the combined wisdom of many Physics
educators over a long period.

The examination is out of 120 marks and is of two and a half hours duration with an extra quarter of an hour
reading time. The examination contains a block of 20 multiple-choice questions, each worth one mark. Short
answer questions (normally worth between 1 and 18 marks) make up the rest of the paper and total 100
marks. Each chapter mirrors this general format, including almost all the past VCAA questions from 2016 to
2023. A copy of the examination data sheet is included as well.

In addition to past VCAA Victorian End of Year and NHT (Northern Hemisphere Timetable) examination
questions, there are about 500 original questions in the same range of formats and styles, covering all
examinable concepts in the study design. Some teachers and students have found these questions a useful first
step before past exam questions are tackled.

The questions have been grouped into 20 chapters. The chapter titles do not correspond exactly to study
design headings, but they have been arranged for an effective and reasonably logical approach to teaching
and learning the content. Teachers will no doubt arrange their own courses in a variety of ways.

Answers and short solutions have been provided to all questions.

Marks have been attached to all the questions to indicate the weighting (or likely weighting) each question or
question part have had or would have in the actual examination.

About the authors

Dr Syd Boydell has had a long association with university and Years 11 and 12 Physics, including
involvement in course design, teacher preparation and evaluation, classroom teaching, together with setting,
vetting and marking examinations.

Dr Eddy de Jong has been involved with science and physics education at the secondary and tertiary level for
many years. He has taught science at all levels, senior HSC/VCE Physics and university physics. He was
involved in the Victorian Gifted Students Physics Network, has had a long association with Year 12 Physics,
including involvement in course design; classroom teaching; and setting, vetting and marking the
examinations. He is a successful author of numerous science and physics texts, including Cambridge
Victorian Science Years 7—10, Cambridge Senior Science Physics Units 1&2 and Cambridge Senior Science
Physics Units 3&4.
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Chapter 1 Motion basics

Question 1/ 11

Which one of the following is closest to the final speed and distance travelled of a ball dropped from a height
on the surface of Mars and falls for 3.5 s?

(gon Mars = 3.7 m s~ 2)

A Final speed = 35 m s~!; distance = 61 m
B Final speed = 35 m s !; distance = 123 m
C Final speed = 13 m s™!; distance = 46 m

D Final speed = 13 m s !; distance = 23 m

Question 2/ 11

25 km h ! is closest to which one of the following?
A6.9ms!

B69ms!

C90ms!

D250 ms!

Question 3/ 11

A car accelerates at 2.0 m 872 for 5.0 s, and at the end of this time is moving at 30 m s~1. Which one of
the following is closest to the distance covered in this time?



A20m

B125m

C 150 m

D175m

Question 4/ 11

Which one of the following is the closest to the speed of the car at the start of the 5.0 s period?
Abms!

B10m s !

C1l5ms!

D20m s !

Question 5/ 11

A ball is thrown directly upwards with an initial speed of 25 m s1. (Neglect air resistance in the following
three questions.)

Question 6/ 11

Which of the following best describes the minimum speed of the ball during its flight and the time it occurs?

A Minimum speed = 0m s 'att=2.6s



B Minimum speed =0ms 'att=4.9s
C Minimum speed = 10ms ' att = 2.6 s

D Minimum speed = 10 m s 'att =4.9s

Question 7/ 11

Which of the following best describes the distance and displacement of the ball during its flight?
A Distance = 0 m and displacement = 0 m

B Distance = 31 m and displacement = 32 m

C Distance = 64 m and displacement = 32 m

D Distance = 64 m and displacement = 0 m

Question &/ 11

Which one of the following best describes the acceleration of the ball during its flight?
A The acceleration direction reverses halfway through the flight.

B The acceleration direction is constant throughout the flight.

C The acceleration magnitude decreases during the flight.

D The acceleration magnitude increases during the flight.

Question 9/ 11



The speed—time graph below describes the motion of an object.

speed
(m/s) 4
30 +

Question 10/ 11

Which one of the following best describes the motion of the object att = 5 s?

A Speed = 15 m s~ 1; acceleration increasing; distance travelled = 150 m
B Speed = 15 m s~ !; acceleration constant; distance travelled = 38 m

C Speed = 10 m s~ !; acceleration constant; distance travelled = 38 m

D Speed = 15 m s~ !; acceleration constant; distance travelled = 75 m

Question 11/ 11

The distance-time graph below describes the motion of an object.



distance
A

> time (s)

Question 12/ 11

Which one of the following best describes this motion?

A Constant speed followed by no motion

B Increasing speed followed by constant speed

C Increasing acceleration followed by constant acceleration

D Increasing distance followed by constant speed

Question 13/ 11

Two trains travel along the same track at 40 m s~ ! towards each other. At a separation of 1 km, they start to
brake, each with a constant deceleration of 1.7 m s~2. Which one of the following describes what happens?

A The two trains collide.
B The two trains stop with less than 1 m between them.
C The two trains stop with about 30 m between them.

D The two trains stop with about 60 m between them.




Question 14/ 11
[Adapted VCAA 2018 NHT SA Q8]

A 1.0 kg mass attached to a string hangs 4.0 m from the ground. The string is massless. The string is
connected to a 4.0 kg mass on a horizontal frictionless table. The masses are released from rest and accelerate

at 1.96 m s 2.

4.0 kg

1.0 kg
-

4.0m

T

Which one of the following best gives the speed of the 4.0 kg mass when the 1.0 kg mass strikes the ground
after falling 4.0 m?

A2.0ms !
B4.0ms !
C8.0ms !

D16ms !

Question 1/ 22

A speeding motorbike travels past a stationary police car at a speed of 35 m s~! The police car starts

accelerating immediately at 4.0 m S_2, and it keeps accelerating at this rate until it has passed the bike.
a. At what time does the police car overtake the motorbike?

(2 marks)

b. How far does the police car travel before it overtakes the motorbike?

(2 marks)



Question 2/ 22

A golf ball rolls across a smooth grass ‘green’ towards a hole. It is heading straight for the hole. The hole is
24 m distant from the ball, as shown below.

The aim is to make the ball fall in the hole. If it is travelling faster than 2 m s~! when it reaches the hole, it
will not fall in. If the ball is slowing down at 0.7 m 872, will it fall in the hole?

(3 marks)

Question 3/ 22

A baseball player slides across the ground towards third base. There is considerable friction; he slows down

quickly. He slides a distance of 4 m and then stops. Before the slide, he was moving at 9 m s~1.

a. What was his average deceleration during the slide?
(2 marks)
b. How long (in time) did the slide last?

(2 marks)

Question 4/ 22

The graph shows the speed of two cars. The local speed limit is 90 km ht.
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a. By how much is the speeding car exceeding the speed limit?
(2 marks)

b. The police car gives chase to the speeding car 10 s after it passes. What is the acceleration of the police car
attime t = 45 s s on the graph?

(2 marks)
c. Using the graph, calculate whether the police car has passed the speeding car by the time of 100 s.

(4 marks)

Question 5/ 22

A cyclist accelerates constantly from rest for 10 s at 2.5 m s~ 2. In the next 20 s she rides at constant speed,
and then slows to rest in the next 5 s, at a uniform rate.

a. Sketch a graph of her speed against time.

(3 marks)

b. What is the magnitude of her braking deceleration?

(2 marks)

c. What distance does she cover in the total time interval of 35 s?

(2 marks)




Question 6/ 22

The graph models the motion of a runner during a race. She starts from rest.

A
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a. Calculate the speed of the runner at time t = 2 s.

(2 marks)
b. During which time interval is the runner travelling at constant speed?

(2 marks)
c. Calculate the speed of the runner at time ¢ = 10 s.

(2 marks)

Question 7/ 22

Cyril’s new car accelerates away from rest. Its speed-time graph is shown.
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a. Estimate when he first breaks the suburban speed limit of 60 km h !

(2 marks)

b. Estimate the distance travelled in the first 4.0 s.
(2 marks)

c. What was the car’s initial acceleration?

(2 marks)

Question &/ 22

At a dragster race, the winner finishes at 40 m s~1. She was accelerating at 10 m 572 for the last second.
How much distance did the dragster cover in this last second?

(2 marks)

Question 9/ 22

During a golf shot, the ball rolls across a flat green, gradually slowing down on account of rolling friction.
Ashley strikes the ball 32 m from the hole. The ball just reaches the hole. The rolling friction decelerates the

ball at 1 m s~2. What speed did Ashley give the ball at the start of the shot?

(2 marks)



Question 10/ 22

Oscarina slides down a snow slope on a toboggan. The total mass of Oscarina and the toboggan is 40 kg. The
slope makes an angle of 15° to the horizontal.

S

The toboggan starts from rest and takes 17 s to reach the bottom of the slope. Calculate the acceleration of the
toboggan from these numbers.

(2 marks)

Question 11/ 22
[Adapted VCAA 2016 SA Q1]

A train consists of an engine of mass 20 tonnes (20 000 kg) towing one wagon of mass 10 tonnes (10 000
kg), as shown in the diagram.

coupling

direction of motion

i, =

The train accelerates from rest with a constant acceleration of 0.10 m s~2. Calculate the speed of the train
after it has moved 20 m.

(2 marks)




Chapter 2 Forces

Question 1/ 22

The diagrams following show possible forces acting on a cricket ball, after leaving a bat, by means of arrows.
The ball is moving to the right.

o ¢ 9

Question 2/ 22

Which diagram best describes a cricket ball moving with very little air resistance?

Question 3/ 22

Which diagram best describes a cricket ball moving with substantial air resistance?

Question 4/ 22

The tennis ball shown is striking the ground. Before it strikes the ground, it is not spinning, but afterwards it
is.



"

Which is the best reason why the ball is spinning after hitting the ground?
A The friction exerts a force on the ball towards the right.

B The normal reaction exerts a force on the ball towards the right.

C The friction exerts a force on the ball towards the left.

D The normal reaction exerts a force on the ball towards the left.

Question 5/ 22

The wheel of a car is shown in the diagrams. The wheel is connected to the car’s engine through an axle. The
arrows indicate the main forces acting on the wheel from the road. ‘N’ stands for normal reaction, ‘Fr’ stands
for friction. (The rolling friction is negligible.) The car is moving to the right.

N N

Fr Fr

Which of the following is correct? Give a reason for your answer.
A A shows the car accelerating. B shows the car braking.

B A shows the car braking. B shows the car accelerating.

C A shows the car accelerating hard. B shows the car accelerating.

D A shows the car braking hard. B shows the car braking gently.




Question 6/ 22

John and Betty are riding in a ‘dodgem’ car at a fair. A car behind them bumps into them. (They are not
injured.) Which one or more of the following best describes what they feel at the start of the collision? Give
your reasons.

A John and Betty felt the seatbelts pushing them more strongly.
B John and Betty felt the seatbelts pushing them less strongly.
C John and Betty felt the seats pushing them more strongly.

D John and Betty felt the seats pushing them less strongly.

Question 7/ 22

Theo is riding down a hill on his bike. It is a steep hill, and he has the brakes of the bike on so that he does
not accelerate.

Theo suddenly removes the brakes and accelerates downhill. Which of the following gives the best estimate
of his initial acceleration?

A 100% of g
B 75% of g
C50%ofg

D 25% of g



Question &/ 22

A player swings hard at a baseball and sends it a long way. This is a picture of what happened, as seen by a
passing bird high overhead.

the ball goes over
here at 10 m 51

at 10 m s

ap®
2\ |
’// ball comes from pltcher

Which one of the arrows in the diagram best describes the direction of the change in the velocity of the ball?

B
A
\ C
K
—
7 ball comes

D from pitcher




Question 9/ 22

A ball falls vertically from few metres and bounces up. The ‘bounce time’ is small. Select the best statement
about forces on the ball during the bounce.

A During the bounce, the weight of the ball is equal to the normal reaction from the ground.
B During the bounce, the weight of the ball is larger than the normal reaction from the ground.
C During the bounce, the weight of the ball is less than the normal reaction from the ground.

D During the bounce, the normal reaction from the ground increases with the length of the bounce time, but
is always less than the ball’s weight.

Question 10/ 22
[VCAA 2017 SA Q7]

A model car of mass 2.0 kg is propelled from rest by a rocket motor that applies a constant horizontal force of
4.0 N, as shown below. Assume that friction is negligible. Which one of the following best gives the
magnitude of the acceleration of the model car?

rocket motor

,_—_ [ | direction of motion

>

model car
A0.50 m s 2
B1.0ms2
c2.0ms 2

D4.0 m s 2




Question 11/ 22
[VCAA 2017 SA Q12]

A model car is on a track and moving to the right. It collides with and compresses a spring that is considered
ideal, as shown in the diagram below.

The car compresses the spring to 0.50 m when the car comes to rest. The force-distance graph for the spring
is also shown below.

Assume that friction is negligible.

model car
m_ > /\/\/\/\/\/\é
A
400
300 ‘ ]
7
F(N) 200
el
|~
100 ‘
//
0 » Ax(m)
0 0.20 0.40 0.60 0.80 1.0

Based on the graph above, what is the best estimate of the spring constant, k?

A100 Nm™*
B200 Nm !
C400 Nm !
D800 N m

Question 12/ 22
[Adapted VCAA 2018 NHT SA Q8]

A 1.0 kg mass attached to a string hangs 4.0 m from the ground. The string is massless. The string is



connected to a 4.0 kg mass on a horizontal frictionless table. The masses are released from rest and accelerate
at1.96 m s—2.

4.0 kg

1.0 kg
£

4.0m

The tension in the string is closest to

A19.6 N

B 156N

C98N

D78N

Question 13/ 22
A book rests on a table. A normal reaction force from the table pushes vertically upward on the book.

A

The action-reaction force pair to this force (according to Newton’s third law) is
A the force of gravity acting downwards on the book.

B a normal reaction force on the table from the book.

C a F' = mg force acting on the book.



D a compression force on the book pushing the pages together.

Question 14/ 22
[VCAA 2018 SA Q5]

Four students are pulling on ropes in a four-person tug of war. The relative sizes of the forces acting on the
various ropes are Fyy = 200 N, Fx = 240 N, Fy = 180 N and F7 = 210 N. The situation is

shown in the diagram below.

F‘W
A

-

v
Fy
Which one of the following best gives the magnitude of the resultant force acting at the centre of the tug-of-
war ropes?
A 283N
B30.0N
C36.1 N

D50.0N




Question 15/ 22

[VCAA 2018 SA Q6]

Lisa is driving a car of mass 1000 kg at 20 m 5! when she sees a dog in the middle of the road ahead of
her. She takes 0.50 s to react and then brakes to a stop with a constant braking force. Her speed is shown in
the graph below.

Lisa stops before she hits the dog.
speed (m s7?)
A
204
154
10 4
5 -

0 T 1 T 1 T T P time (s)
0 05 10 15 20 25 3.0

Which one of the following is closest to the magnitude of the braking force acting on Lisa’s car during her
braking time?

A6.7TN
B 6.7 kN
C 8.0kN

D 20.0 kN

Question 16/ 22

[VCAA 2019 SA Q11]

An ultralight aeroplane of mass 500 kg flies in a horizontal straight line at a constant speed of 100 m s71.

The horizontal resistance force acting on the aeroplane is 1500 N. Which one of the following best describes
the magnitude of the forward horizontal thrust on the aeroplane?

A 1500 N

B slightly less than 1500 N



C slightly more than 1500 N

D 5000 N

Question 17/ 22
[VCAA 2019 SA Q12]

A small ball is rolling at constant speed along a horizontal table. It rolls off the edge of the table and follows
the parabolic path shown in the diagram below. Ignore air resistance.

_—
table . ball

floor

Which one of the following statements about the motion of the ball as it falls is correct?
A The ball’s speed increases at a constant rate.

B The momentum of the ball is conserved.

C The acceleration of the ball is constant.

D The ball travels at constant speed.

Question 18/ 22
[VCAA 2020 SA Q9]

Two blocks of mass 5 kg and 10 kg are placed in contact on a frictionless horizontal surface, as shown in the
diagram below. A constant horizontal force, F, is applied to the 5 kg block.



F
5ke 10 kg

Which one of the following statements is correct?

A The net force on each block is the same.

B The acceleration experienced by the 5 kg block is twice the acceleration experienced by the 10 kg block.
C The magnitude of the net force on the 5 kg block is half the magnitude of the net force on the 10 kg block.

D The magnitude of the net force on the 5 kg block is twice the magnitude of the net force on the 10 kg
block.

Question 19/ 22
[VCAA 2021 SA Q11]

A force versus compression graph for a suspension spring is shown below.

force (kN)
A
B

3.0 1

1.0

2.0 -

. . . » compression (m)
0.01 0.02 0.03 0.04 0.05

Which one of the following is closest to the spring constant of the spring?

A0.16 Nm!
B1.0 x 10 Nm!

C1.6 x 102 Nm™*



D1.0 x 10° Nm ™!

Question 20/ 22
[VCAA 2022 NHT SA Q8]

Maya is given a light spring with an unstretched length of 20 cm. The force versus extension graph for the
spring is shown below. Maya hangs the spring vertically and attaches a mass to it so that the new length of
the spring is 30 cm.

F(N)
A

80 /

60

40

20

e

0 » Ax (cm)
0 10 20 30 40 50

The spring constant, k, of Maya’s spring is closest to

A16Nm!
B40 Nm™!
C160 Nm!
D 4000 N m™*

Question 21/ 22

[VCAA 2022 NHT SA Q9]



Assuming that the spring has no mass, the value of the mass Maya attached to it is closest to
A l.6kg
B49kg
C6.6 kg

D8.2kg

Question 22/ 22
[VCAA 2022 SA Q9]

Two students pull on opposite ends of a rope, as shown in the diagram below. Each student pulls with a force
of 400 N. Which one of the following is closest to the magnitude of the force of the rope on each student?

AON

B 400 N

C 600 N

D 800 N

Question 23/ 22



At a swimming pool, Sharukh and Sam, shown below, step off the low diving board at the same time. Over
the small distance they fall, air resistance may be ignored. Sharukh and Sam have masses of 80 kg and 60 kg
respectively.

Sharukh  Sam

AT~
A

Which one of the following best explains what happens to Sharukh and Sam as they drop straight down into
the water?

A Sharukh reaches the surface first because she has a larger mass.
B The net force on Sharukh is larger than that on Sam, so Sharukh reaches the surface first.
C They both reach the surface together because they both experience the same downward force.

D They both reach the surface together because they both experience the same downward acceleration.

Question 1/ 49

Jemima is planning a ‘bungee jump’. She will jump off a high tower, attached to her starting position by a
strong elastic cord, with k = 147 N m ', Before she hits the ground, the cord will stop her downwards
motion.

Bungee

/ rope

Tower




Where the bungee cord stops her downwards motion, there are two forces acting on her, one up, and one
down. Identify these two forces and calculate their magnitudes. Include units in your answer.

(3 marks)

Question 2/ 49
Read the following.

Crash barriers on freeways are designed to ‘absorb the force’ of cars crashing into them. To do this, they
should not be too strong, and must be designed to crumple slowly under impact. This reduces the average
force exerted on the car during a crash.

Use Newton’s second law to explain why a crash barrier that ‘crumples slowly’ will reduce the average force
exerted on a car during a crash.

(4 marks)

Question 3/ 49

The makers of a 1200 kg car claim it has an acceleration of 9.0 m s 2.

a. Calculate the size of the friction between the car tyres and the road if the car accelerates at this rate.
(Assume air resistance and rolling resistance are both very small.)

(2 marks)

b. Calculate the ratio:

frictional force whilst accelerating at 9.0 m s—2

ormal reaction force

(2 marks)

(Total 4 marks)



Question 4/ 49

A train of mass 600 kg travels up a hill at a constant speed of 10 m s~ There is very little friction
opposing the motion.

Identify the driving force that the wheels of the train are exerting on the track to keep the train travelling up
the hill.

(1 mark)

Question 5/ 49

A car towing a trailer along a road is accelerating at 1.0 m s~2. Take opposing friction as zero. The tension
in the coupling is 1000 N.

1.0ms™

a. What is the mass of the trailer?

(2 marks)
b. If the mass of the car is 1500 kg, what is the driving force that the wheels are exerting on the road?

(2 marks)



c. What is the frictional force that the road is exerting on the driving wheels of the car?
(2 marks)

(Total 6 marks)

Question 6/ 49

Theo is riding down a hill on his bike. It is a steep hill, and he has the brakes of the bike on so that he does
not accelerate. Ignore air resistance and rolling resistance.

30°

a. Draw arrows representing these three forces on Theo and his bike: weight (mg); normal reaction (N);
braking friction between the tyres and the road (£7).

(3 marks)

b. What is the vector sum of these three forces?

(1 mark)

¢. Theo will feel ‘lighter’ than normal while he is accelerating with his brakes off. Explain.
(4 marks)

d. If the hill was a long one, his acceleration would decrease as he travelled further down the hill with his
brakes off. Explain.

(3 marks)

(Total 11 marks)



Question 7/ 49

Julia accelerates on her bike. The mass of Julia and her bike is 80 kg. The net force acting on her and her bike
for the first 3 seconds is shown in the graph.

A

250
200
force
(N) 150
100
50
0 1 2 3 > time (s)

What is her acceleration at t = 2.5 s?

(2 marks)

Question 8/ 49

A player swings hard at a baseball and sends it a long way. This is a picture of what happened, as seen by a
passing bird high overhead.

the ball goes over
here at 10 m s~

ap”
2\ |
// ball comes from pitcher

at10m s

a. What is the size of the magnitude of the change in velocity?

(2 marks)



b. The ball mass is 250 g. Calculate the size of the impulse on the ball.
(2 marks)
c. Calculate the size of the impulse on the bat. Describe the direction of this impulse.

(2 marks)

Question 9/ 49

Jacinta is rollerblading along a straight flat road at a steady speed of 15 m s71. The average force of rolling
friction from the wheels is around 5.0 N, and the total air resistance force is around 55 N.

a. What is the net force acting on her?
(2 marks)

b. What is the average force the ground is exerting on her rollerblades, in the same direction that she is
travelling?

(2 marks)

Question 10/ 49

A bike accelerates from rest, covering 16 m in 4 s. The total mass of the bike and its rider is 90 kg.
a. What is its average acceleration?

(2 marks)

b. What is the average net force acting on the bicycle and its rider?

(2 marks)

The bike and rider have three external friction forces on them while accelerating: rolling friction, air
resistance, and static friction between the tyres and the road.

¢. Rolling friction and air resistance are very small. Estimate the size of the static friction between the tyres
and the road.



(3 marks)

Question 11/ 49

A 500 g block slides down a plane surface inclined at 12° to the horizontal, as shown. It accelerates at a

constant rate of 1.5 m s~ 2.

Calculate the size of the friction acting on the block as it slides.

(3 marks)

Question 12/ 49

Two masses are connected by a light non-extensible string as shown in the diagram below. There is no
friction in the pulley or the surface of the table under the 800 g mass. The local gravitational field is found to

be 9.81 N kg .
800 g

frictionless

pulley w

1509

a. Calculate the gravitational force acting on the 150 g mass, to three significant figures.

(1 mark)



b. Calculate the acceleration of the two masses, to three significant figures.
(3 marks)
c. Calculate the net force acting on the 150 g mass as it falls.

(3 marks)

Question 13/ 49

Two masses are connected by a light strong string in a frictionless situation shown in the diagram below. The
1.0 kg mass is released from rest.

4.0kg

(1.0kg

Calculate the time it takes for the 1.0 kg mass to fall 4.0 m. Show all the steps of your working.

(3 marks)

Question 14/ 49

An ideal spring has an unstretched length of 50 cm. A mass of 80 g stretches it to a length of 55 cm.



50cm 55 cm

80 g

Calculate the mass required to stretch the spring to a length of 70 cm.

(2 marks)

Question 15/ 49
[Adapted VCAA 2016 SA Q3]

To determine the spring constant, &, of a spring, students attach 50 g masses to it consecutively and measure
the extension, Ax. This is shown below.

tAx
h A

The students’ results are shown in the table below.

Number of masses Extension from unstretched length, Ax

0 0 cm
1 25 cm
2 50 cm
3 75 cm

Calculate the value of the spring constant, k, to two significant figures.



(2 marks)

Question 16/ 49
[Adapted VCAA 2016 SA Q4]

A small model car of mass 4.0 kg is propelled by a compressed spring.

m=4.0kg

It leaves the spring with a speed of 2.0 m s~ ! and travels along a flat surface that has a frictional resistance
of 2.0 N. Calculate how far the car travels before it stops. Show your working.

(3 marks)

Question 17/ 49

[Adapted VCAA 2016 SA Q1]

1

An engine of mass 20 t, moving at 3.0 m s~
-2

, 1s towing a wagon of mass 10 t, as shown. It is accelerating

with a constant acceleration of 0.10 m s

direction of motion

Calculate the tension in the coupling between the engine and the wagon.

(2 marks)




Question 18/ 49
[VCAA 2018 SB Q8]

Two blocks, A of mass 4.0 kg and B of mass 1.0 kg, are being pushed to the right on a smooth, frictionless
surface by a 40 N force, as shown below.

40N

a. Calculate the magnitude of the force on block B by block A (Fon B by A)- Show your working.

(2 marks)

b. State the magnitude and the direction of the force on block A by block B (Fon B by A)-

(2 marks)

Question 19/ 49

[Adapted VCAA 2019 NHT SB Q5]

Students conduct an experiment in which a mass of 2.0 kg is suspended from a spring with a spring constant
k=100Nm ' Ignore the mass of the spring.

Take the gravitational field, g, to be 10 N kg_l. Take the zero of gravitational potential energy when the
mass is at its lowest point. The experimental arrangement is shown in the diagram below.



unstretched - %o &

position Y
_______ ¥_

equilibrium
position

The mass is attached to the spring and slowly lowered to its equilibrium position. Calculate the extension, y,
of the spring from its unstretched position to its equilibrium position. Show your working.

(2 marks)

Question 20/ 49
[VCAA 2019 NHT SB Q9]

The diagram below shows two masses. Mass A has a mass of 10 kg. It rests on top of Mass B, which has a
mass of 20 kg.

Calculate the magnitude and direction of the force on Mass A by Mass B. Take g = 9.8 N kg_l.

(2 marks)

Question 21/ 49
[VCAA 2021 NHT SB Q8]

A car is driving up a uniform slope with a trailer attached, as shown below. The slope is angled at 15° to the



horizontal. The trailer has a mass of 200 kg and the car has a mass of 750 kg. Ignore all retarding friction
forces down the slope.

a. On the diagram below, draw labelled arrows to indicate the direction of the forces acting on the trailer. The
labels should also indicate the kind of force that each arrow represents.

(3 marks)

b. The car and trailer are travelling at a constant speed of 8 m s! up the slope. Calculate the magnitude of
the force that the car exerts on the trailer. Show your working.

(2 marks)

(Total 5 marks)

Question 22/ 49
[Adapted VCAA 2021 NHT SB Q18]

A small rubber ball of mass 50 g falls vertically from a given height and rebounds from a hard floor. The
ball’s speed immediately before impact is 3.6 m s™'. The ball rebounds upward at a speed of 3.3 m s~
immediately after it leaves the floor. The ball is in contact with the floor for 40 ms.

1

Calculate the magnitude and direction of the net average force acting on the 50 g ball while it is in contact
with the floor. Show your working.

(4 marks)



Question 23/ 49
[Adapted VCAA 2021 NHT SB Q9]

In a model of a proposed ride at a theme park, a 5.0 kg smooth block slides down a ramp from point W and
into an ideal spring bumper without any friction or air resistance, as shown below. The final section of the
ramp, between points X and Y, is horizontal. The block comes to an instantaneous stop at point Y.

w block
A

ideal spring bumper

X Y
Describe the acceleration of the block at points W, X and Y.

(4 marks)

Question 24/ 49
[VCAA 2021 SB Q4]

Liesel, a student of yoga, sits on the floor in the lotus pose, as shown below. The action force, F, g, ON Liesel
due to gravity is 500 N down.



500N

Identify and explain what the reaction force is to the action force, F'y, shown above.

(2 marks)

Question 25/ 49
[Adapted VCAA 2021 SB Q8]

On 30 July 2020, the National Aeronautics and Space Administration (NASA) launched an Atlas rocket
containing the Perseverance rover space capsule on a scientific mission to explore the geology and climate of
Mars, and search for signs of ancient microbial life.



~_

s

Perseverance
capsule

Atlas rocket

At lift-off from launch, the acceleration of the rocket was 7.20 m s 2. The total mass of the rocket and
capsule at launch was 531 tonnes.

Calculate the magnitude and the direction of the thrust force on the rocket at launch. Take the gravitational
field strength at the launch site to be g = 9.80 N kgil. Give your answer in meganewtons. Show your
working.

(3 marks)

Question 26/ 49
[Adapted VCAA 2022 SB Q7]

Kym and Kelly are experimenting with trolleys on a ramp inclined at 25°, as shown below. They release a
trolley with a mass of 2.0 kg from the top of the ramp.

The trolley moves down the ramp, through two light gates and onto a horizontal, frictionless surface. Kym
and Kelly calculate the acceleration of the trolley to be 3.2 m s 2 using the information from the light
gates.



light gate

stationary light gate

trolley
horizontal,
frictionless surface o— = B o\

a. Show that the component of the gravitational force of the trolley down the slope is 8.3 N. Use g =
9.8 ms 2.

(2 marks)

b. Assume that on the ramp there is a constant frictional force acting on the trolley and opposing its motion.
Calculate the magnitude of the constant frictional force acting on the trolley.

(2 marks)

Question 27/ 49
[Adapted VCAA 2023 SB Q8]

Maia is at a skatepark. She stands on her skateboard as it rolls in a straight line down a gentle slope at a

constant speed of 3.0 m s~1, as shown. The slope is 5° to the horizontal.

The combined mass of Maia and the skateboard is 65 kg.

large
pole

a. The combined system of Maia and the skateboard is modelled as a small box with point M at the centre of
mass as shown below.



Draw and label arrows to represent each of the forces acting on the system — that is, Maia and skateboard, as
they roll down the slope.

(3 marks)
b. Calculate the magnitude of the total frictional forces acting on Maia and the skateboard.

(2 marks)

Chapter 3 Energy

Question 1/ 19

A climber ascends a mountain of height 4300 m, starting at a height of 1300 m. She has a mass (including her
pack) of 66 kg. Which one of the following is closest to the gravitational potential energy she gains during
this climb?

A 130kJ
B 280 kJ
C195MJ]

D 2.80 MJ

Question 2/ 19

Lucy slides down a snow slope on a toboggan. She has a mass of 35 kg.



Question 3/ 19

The gravitational potential energy she loses as she moves from the top of the slide to the bottom is closest to
A13Kk]

B 13kJ

C52Kkl

D52kJ

Question 4/ 19

She reaches the bottom of the slide with a speed of 20 m s~!. The thermal energy generated during her slide
is closest to

A13KkJ
B 6.3 k]
C70kJ

D13 kJ




Question 5/ 19

A netball is thrown towards the net. It is shown below at the highest point of its flight. Air resistance is
negligible.

Which one or more of the following best describes the ball at its highest point?
A At this point its kinetic energy is a minimum.

B At this point its kinetic energy is a maximum.

C At this point its potential energy is zero.

D At this point its potential energy increasing.

Question 6/ 19

Frankie drops from a height of several metres onto a trampoline. When he makes contact with the trampoline,
he is travelling at 10 m s7!. The trampoline then stops his motion momentarily. Which of the following
best describes his energy changes throughout this process?

A His initial potential energy has been changed into kinetic energy.
B His initial potential energy has been changed directly into elastic potential energy.
C He has gained extra energy from the trampoline.

D His initial potential energy has been changed into kinetic energy and then into elastic energy.

Question 7/ 19

A mass is attached to the end of a spring of unstretched length 40 cm, and then it is released. It oscillates up
and down elastically.



40 cm 40 cm
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Question &8/ 19
Which of the following best describes the energy changes?
A The sum of the initial potential energy and the kinetic energy is constant.

B The sum of the initial potential energy, the elastic energy and the kinetic energy varies during the
oscillation.

C The kinetic energy is a maximum in the centre of the motion.

D The sum of the initial potential energy and the elastic energy is constant.

Question 9/ 19

The spring constant is 20 N m ', The mass is 1.2 kg. The amplitude of the oscillation is closest to
A0.12m

B 0.6 m

Cl2m

D14m




Question 10/ 19

In real life, the mass would come to rest eventually. At this point, the extension of the spring would be closest
to

A0.12m
B 0.6 m
C0.7m

D12m

Question 11/ 19

At this final rest point, the total energy dissipated to the environment would be closest to
A35]

B691]

Cl11J

D 14]J

Question 12/ 19

Students conduct an experiment in which two blocks of equal mass are attached and placed as shown in the
diagram. The surface has some friction, but the string does not stretch. The blocks are then released.



frictionless

pulley w

After a short time, both blocks have gained kinetic energy. Which of the following statements best describes
the situation?

A The kinetic energy of the falling mass is equal to the kinetic energy of the sliding mass.
B The kinetic energy of the falling mass is less than the kinetic energy of the sliding mass.
C The kinetic energy of the falling mass is greater than the kinetic energy of the sliding mass.

D The kinetic energy of the falling mass increases more quickly than the kinetic energy of the falling mass.

Question 13/ 19
[VCAA 2017 SA Q13]

A model car is on a track and moving to the right. It collides with and compresses a spring that is considered
ideal, as shown in the diagram. The car compresses the spring to 0.50 m when the car comes to rest. The
force-distance graph for the spring is also shown. Assume that friction is negligible.

model car
> /\/\/\/M
A
400
e
300 <
///
F(N) 200 /
[
100 //
» Ax(m
g 0 0.20 0.40 0.60 0.80 1.0 (m)

What is the initial kinetic energy of the car?



A25]

B50J

C1001J

D 20017J

Question 14/ 19
[VCAA 2017 Sample SA Q11]

A test car is equipped with a crash-test dummy and an airbag. The car comes to a sudden stop when it
collides with a solid wall, causing the airbag to inflate. The airbag then compresses by 0.10 m when the
crash-test dummy hits the airbag. The diagram below shows the relative position of the crash-test dummy’s
head to the airbag and steering wheel.

crash-test

dummy’s

head S
1
)
)

steering wheel

/1

The graph of retarding force on the crash-test dummy’s head versus compression distance is shown below.

retarding force (N)

A
16 000 | - ; =
8000
$» compression distance (m)
0 0.10 0.20

Which one of the following best gives the work done on the airbag in this collision?

A80J



B 400)J

C800J

D 8000 J

Question 15/ 19
[VCAA 2020 SA Q10]

Two blocks of mass 5 kg and 10 kg are placed in contact on a frictionless horizontal surface, as shown in the
diagram below. A constant horizontal force, F, is applied to the 5 kg block.

F
5kg 10 kg

/

If the force F has a magnitude of 250 N, what is the work done by the force in moving the blocks in a straight
line for a distance of 20 m?

A5kl
B25kJ
C50kJ

D 500 kJ

Question 16/ 19
[VCAA 2021 NHT SA Q11]
A mass at the end of an ideal spring is oscillating freely up and down.

Which one of the following best describes the motion of this oscillating mass?



top of motion -g-------
bottom of motion -¥------

A Tts speed is a minimum only at the top of the motion.
B Its speed is a maximum when its acceleration is a maximum.
C Its acceleration has a minimum value at both the top and the bottom of the motion.

D Its acceleration has a maximum value upward when the mass is stationary at the bottom.

Question 17/ 19
[VCAA 2021 SA Q12]

A force versus compression graph for a suspension spring is shown below.

force (kN)

A
4.0 F----mmmemm o

3.0 1

1.0

2.0 1

—» compression (m)
0.01 0.02 003 004 0.05

The spring is compressed to 0.02 m. Which one of the following is closest to the potential energy stored in
the spring?

A0.04]



B 0.20J

Cc207J

D401J

Question 18/ 19

[VCAA 2022 NHT SA Q7]

A car travelling at 60 km h™! brakes to a complete stop of a distance of 18 m under a constant braking
force. Which one of the following is closest to the braking distance required for the same car to come to a
complete stop when travelling at 40 km h™'and braking with the same constant braking force?

A&8m
B9m
Cl2m

D15m

Question 19/ 19
The graph below shows force versus compression for a spring used in a Physics investigation.

force (N)

L—p compression (m)
0 0.02 0.04 0.06 0.08 0.10



Which one of the following is closest to the compression required to store 0.9 J of potential energy in the
spring?

A 0.05m
B 0.06 m
C0.07m

D 0.08 m

Question 20/ 19
[VCAA 2023 SA Q10]

A force versus compression graph for a car spring is shown below.

force (kN)
¥ 3
40.0

» compression (mm)
0 20 40 60 80 100

Which one of the following is closest to the spring constant of the car spring?

A50Nm .

B5.0 x 10° Nm .
5.0 x10° Nm ™.
D5.0 x 105 Nm™!




Question 21/ 19
[VCAA 2023 SA Q11]

When the car is sitting on a level surface, the car spring is compressed by 4.0 mm from its natural length, as
shown below.

natural length of car spring car spring compressed by 4.0 mm

As the car goes over a bump in the road, the car spring compresses an additional 4.0 mm from the initial
compression of 4.0 mm, to a total compression of 8.0 mm.

Which one of the following is closest to the additional potential energy stored in the car spring when the car
goes over the bump?

A4.0 x 101J
B1.2 x 10%2J
C1.6 x 10%2J

D 3.2 x 102]

Question 1/ 52

A car (mass 900 kg) brakes steadily from 20 m s to restin 4.0 s. It is on a level road, and its brakes are
the cause of its decrease in speed.

a. What is the braking distance?

(2 marks)



b. At what rate is thermal energy being dissipated in the brakes?

(2 marks)

Question 2/ 52

A 500 kg car moving at 5.0 m s~ ! runs into the back of a stationary truck of mass 3.0 t. The truck moves

forward at 1.0 m s™1; the car rebounds backwards at 1.0 m s™1. Show that the combined KE of the car
and truck after the collision is less than the combined KE of the car and truck beforehand.

(2 marks)

Question 3/ 52

During a golf drive, the ball changes speed very rapidly. The forces involved deform the ball considerably.
The graph below shows the force on a 50 g golf ball as a function of its deformation.
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In a particular drive, Georgia strikes the ball so that it deforms by 8.0 mm during the collision with the club
head. Assume that this deformation is elastic.

a. What is the force constant of the golf ball?
(2 marks)

b. How much work has been done in deforming the ball?



(2 marks)

¢. How much elastic potential energy is stored in the deformed ball?
(2 marks)

d. Estimate the speed of the ball as it leaves the club head.

(3 marks)

Question 4/ 52

The collision between two snooker balls can be modelled by two isolated masses colliding.

before the collision after the collision
2ms! stationary 05ms’ 1.5ms’

a. Show that this collision is not elastic.
(2 marks)

b. Calculate the ratio:

kinetic energy before the collision
kinetic energy after the collision

(3 marks)

Question 5/ 52

A pole-vaulter achieves much of her height by converting stored elastic energy in the pole into gravitational
potential energy. Her mass is 60 kg. She needs to raise her centre of mass by 7.0 m to vault a bar. 90% of her
potential energy needs to be supplied from the elastic potential energy in the pole.

a. How much elastic potential energy needs to be stored in the pole?

(2 marks)



After a successful vault, she falls onto a pile of mats to cushion her fall. The compression-force graph for the
pile of mats is shown below.

A
4_
3_
force (kN)
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1 2 3 compression (m)

b. Estimate the maximum compression she causes in the mats.

(3 marks)

Question 6/ 52

A basketball player bounces a 450 g ball on the court floor. Just before the ball hits the ground, it is travelling

at 8 m s~ 1. After it bounces, it leaves the floor at 6 m s~ 1.

a. How much kinetic energy has been converted into other forms of energy during the bounce?
(2 marks)

b. ‘Energy cannot be created or destroyed.” Account for the ‘missing’ kinetic energy in terms of this
statement.

(3 marks)

Question 7/ 52
Explain what is meant by the statement that ‘a collision is elastic’.

(2 marks)



Question 8/ 52

A train of mass 600 kg travels up a hill at a constant speed of 10 m s 1. The only friction is between the
track and the driving wheels. Give all your answers to this question to two significant figures.

a. The train reaches the top of the hill at 10 m s~!. What is its kinetic energy?
(2 marks)

The train coasts down the hill on the other side into a valley.

:l:::: l@; ﬁ\\

20 m height

b. If there was no opposing friction, what would its speed have been at the bottom of the hill?

(2 marks)
c. In fact, its speed was only 18 m s~1. How much energy has been transformed into thermal energy?

(2 marks)

d. Later, the train travels up a slope slowly. It gains 4.0 MJ of gravitational PE. The efficiency of its engines
is 20%. How much chemical energy (in MJ) did it transform from its fuel in climbing the hill?

(3 marks)

Question 9/ 52

Going up a hill, Sally’s car generates a power of 35 kW (35 kJ S_l).



a. How much mechanical energy does it generate every minute?
(2 marks)

b. The car uses 3 litres of petrol every 10 minutes. Each litre of petrol contains 30 MJ of energy. Estimate the
car’s efficiency.

(3 marks)

Question 10/ 52

"\/“ A

90" ‘o0

Two cars travel at 5 m S_l, collide head on and lock together. Straight after the collision they travel at

1.5 m s . What percentage of the KE before the collision transforms into other forms during the collision?
Show your working.

(3 marks)

Question 11/ 52
Pole-vaulters use mats to absorb their kinetic energy (KE) when they fall.

a. How much KE would need to be absorbed by a mat under an 80 kg pole-vaulter whose centre of mass has
fallen a distance of 7.0 m?

(2 marks)

The compression graph of a proposed pole-vault mat is shown below.
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b. What is the force constant of this mat?
(2 marks)
c. Estimate the compression of this mat when it absorbs 6000 J of KE.

(2 marks)

Question 12/ 52

The graph below shows how the stopping distance of a car varies with its speed in good conditions. The car
brakes are in good condition.

stopping A
distance (m)
60 -
40 ' 3 ?
20 » ° |
? car speed (km h=1)
° [ ] »

0 20 40 60 80 100

When the speed doubles (e.g. from 40 to 80 km h_l), the stopping distance increases by much more than a
factor of two. Outline how physics principles apply to this situation.

(3 marks)




Question 13/ 52

A mass of 4.5 kg is oscillating on the end of an ideal spring, as shown in the diagram. The amplitude of the
oscillation is 40 cm. The spring constant is equal to 90 N m ™.

40cm |--

Y

a. Show that the stretch of the spring at the centre of the oscillation is equal to 49 cm.
(2 marks)

b. Take the lowest point of the oscillation as the zero of gravitational potential energy (GPE). Calculate the
GPE at the top of the oscillation.

(1 mark)

c. Calculate the elastic potential energy stored in the system at the centre of the oscillation.
(2 marks)

d. Calculate the maximum elastic potential energy of the system.

(3 marks)

Question 14/ 52

A horizontal spring launcher is used to fire ball bearings along a frictionless tube, as shown in the diagram,
with the spring compressed and ready to fire. The spring is ideal.

IO

The speed and acceleration of the ball bearing change as the spring expands.




a. Describe when the acceleration of the ball bearing is a maximum.
(1 mark)
b. Describe when the speed of the ball bearing is a maximum.

(1 mark)

c. A launcher of this design propels a 10 g ball bearing to a maximum speed of 1.5 m s~! when the

maximum compression of the spring is 9.0 cm. Calculate the spring constant. Include a unit in your answer.
(3 marks)

Question 15/ 52

A spring is resting against a fixed wall. The spring is compressed by a distance of 10.0 cm from its
uncompressed length. A block of mass 1.0 kg is placed against the compressed spring as shown in the
diagram and then released. The block leaves the spring with a kinetic energy of 6.0 J and slides along a
frictionless surface at a constant speed.

fixed wall ‘ Ok
ixed wa CWIOkg

a. Calculate the speed of the block as it slides along the frictionless surface.
(2 marks)
b. Calculate the spring constant, &, of the spring. Assume that the spring obeys Hooke’s law.

(2 marks)

Question 16/ 52
A car has a braking distance of 18 m when travelling at 60 km h ™'

Determine the braking distance for the same car under the same braking conditions and the same road
conditions if the car is travelling at 40 km h !

(2 marks)



Question 17/ 52
[Adapted VCAA 2016 SB Q3]

Students investigate masses oscillating on the end of a spring. They add masses and the spring extends, as
shown in Diagram 1. Then they lift the masses up and release them from the spring’s unstretched length, as
shown in Diagram 2.

T Ax

o -

Diagram 1

Which of the graphs on the next page best shows the speed as a function of extension Ax as the masses move
from top to bottom? Explain your answer.

A. B. C.
speed (v) speed (v) speed (v)
Ax Ax Ax
D. A E.
speed (v) speed (v)
P Ax Ax
(2 marks)

Question 18/ 52
[Adapted VCAA 2016 SB Q4]

In a test, an unpowered toy car of mass 4.0 kg is held against a spring, compressing the spring by 0.50 m, and



then released, as shown below. There is negligible friction while the car is in contact with the spring.

LN N Y

m=4.0kg
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The diagram below shows the force—extension graph for the spring.
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a. Determine the energy stored in the spring before release.
(2 marks)
b. Calculate the speed of the car as it leaves the spring. Ignore any frictional forces.

(2 marks)

Question 19/ 52

[Adapted VCAA 2017 SB Q8]

A roller-coaster is arranged so that the car at point P, shown below, is travelling at 4.0 m s 1.



Calculate how fast the car would be moving when it reaches the bottom at point Q, 5.0 m below point P.
Assume that there is no friction and no driving force on the car.

(2 marks)

Question 20/ 52

[VCAA 2017 SB Q13]

Pat and Robin hang a mass of 2.00 kg on the end of a spring with spring constant K = 20.0 N m " They

hold the mass at the unstretched length of the spring and release it, allowing it to fall, as shown in the
diagram.

Lz

Tas

a. Determine how far the spring stretches before the mass comes momentarily to rest at the bottom. Show
your working.

(3 marks)

b. Explain how the three energies involved and the total energy of the system vary as the mass falls from the
top to the bottom. Calculations are not required.

(4 marks)



Question 21/ 52
[VCAA 2018 SB Q7]

Students study the behaviour of a golf club hitting a golf ball. They treat it as a collision between the head of
the golf club and the golf ball only, as shown.

j"’ \‘\

golf club  golf ball

The students take the following measurements.

mass of head of golf club 0.50 kg
mass of golf ball 0.040 kg
initial speed of golf club 45 m s !

final speed of golf club after hitting golf ball 40 m s~ !

The golf ball is stationary before being hit. The ball’s speed immediately after being hit is 63 m s~1. Use
calculations to determine whether the collision is elastic or inelastic. Show your working.

(3 marks)

Question 22/ 52



[VCAA 2018 SB Q9]

A spring launcher is used to project a rubber ball of mass 2.0 kg vertically upwards. The arrangement is
shown below. The ball is driven by a spring, which is compressed and released. When the spring reaches the
top, point X, it is held stationary, but is still partly compressed as the ball leaves the launcher. Assume the
spring has no mass.

uncom prcsscd e

position g

1.0 m = =X = = X
‘ “ball leaves
0.50 m spring
¥ ) ) v e v v launcher
% here
uncompressed spring compressed spring ball launched

The force—distance graph of the spring is below, on which the lower and upper positions of the spring in the
spring launcher are marked.
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a. Calculate the spring constant, k, of the spring.
(2 marks)

b. Calculate the change in spring potential energy of the spring as it goes from the lowest point, Y, to the
highest point, X.

(3 marks)

c. The spring, with a ball in place, is released from Y. It moves up to X, where it is stopped and the ball is
launched. Calculate the speed of the ball when it leaves the spring launcher. Show the steps in your working.

(4 marks)




Question 23/ 52
(Adapted VCAA 2017 Sample SB Q11)
Students observe two trolleys collide elastically on a horizontal surface.

before the collision after the collision

—> stationary —> —>

I [ 1

They know that the collision is elastic but are unsure how the kinetic energy varies with time. One student,
Pat, thinks that it will vary as shown in the left-hand graph below. Another student, Alex, thinks that it will
vary as shown in the right-hand graph below. Who is correct? Explain your answer.

4 A

—

(2 marks)

Question 24/ 52
[VCAA 2018 SB Q6]

A ball of mass 2.0 kg is dropped from a height of 2.0 m above a spring, as shown below. The spring has an
uncompressed length of 2.0 m. The ball and the spring come to rest when they are at a distance of 0.50 m
below the uncompressed position of the spring.



25m

a.Useg =9.8N kg_l to show the spring constant, k, is equal to 392 N m ', Show your working.
(3 marks)

b. Determine the acceleration of the ball when it reaches its maximum speed. Explain your answer.

(2 marks)

c. Calculate the compression of the spring when the ball reaches its maximum speed. Show your working.

(2 marks)

Question 25/ 52

[Adapted VCAA 2019 SB Q5]

Students conduct an experiment in which a mass of 2.0 kg is suspended from a spring with spring constant
k=100 Nm ' Ignore the mass of the spring.

Take the gravitational field, g, to be 10 N kg_l. Take the zero of gravitational potential energy when the
mass is at its lowest point. The experimental arrangement is shown below.



unstretched -—-——-S o B e e 1 rele'a.';e
position Vi _ | position

1

I

1

1

1

1

I

[

I
-

S

equilibrium ,r-'—ﬂ: lowest_ poipt
positon = of oscillation

The mass is raised to the unstretched length of the spring and released so that it oscillates vertically.

a. Determine the distance, x, from the release position to the point at which the mass momentarily comes to
rest at the lowest point of oscillation. Ignore frictional losses. Show your working.

(2 marks)
b. Calculate the maximum speed of the mass. Show your working.

(4 marks)

Question 26/ 52
[Adapted VCAA 2020 SB Q9]

An ideal spring is compressed by 0.15 m. A ball of mass 0.20 kg is placed in contact with the compressed
spring. The spring is then released, causing the ball to move horizontally, with a velocity of v, across a
smooth surface, as shown below.

spring _v»

MAWWAVWAL O

+
3.0m
v

ground

If the spring constant is 1250 N m ™}, show that the magnitude of the initial velocity, v, of the ball is

12 m s, correct to two significant figures. Show your working.

(2 marks)



Question 27/ 52
[Adapted VCAA 2021 NHT SB Q8]

A car is driving up a uniform slope with a trailer attached, as shown below. The slope is angled at 15° to the
horizontal. The trailer has a mass of 200 kg and the car has a mass of 750 kg. Ignore all retarding friction

forces down the slope. The car and trailer are travelling at a constant speed of 8 m s! up the slope.

Calculate the gravitational potential energy gained by the car and trailer when they have travelled 100 m
along the slope. Show your working.

(3 marks)

Question 28/ 52
[VCAA 2021 SB Q9]

In a model of a proposed ride at a theme park, a 5.0 kg smooth block slides down a ramp from point W and
into an ideal spring bumper without any friction or air resistance, as shown below. The final section of the
ramp, between points X and Y, is horizontal. The block comes to an instantaneous stop at point Y.



W block

ideal spring bumper

X Y
The maximum compression of the spring is measured as 3.0 m and its spring constant, k, is 100 N m '
Calculate the release height, 4. Show your working.

(3 marks)

Question 29/ 52
[Adapted VCAA 2021 SB Q18]

A small rubber ball of mass 50 g falls vertically from a given height and rebounds from a hard floor. Just
before the ball hits the floor, it has a certain amount of kinetic energy, Ey. The ball’s speed immediately

before impact is 3.6 m s~ and it rebounds upward at a speed of 3.3 m s~1. At one instant when the ball
is in contact with the floor, it is stationary before it rebounds. Explain what has happened to the kinetic
energy, Ey, of the ball when it is stationary.

(2 marks)

Question 30/ 52

[Adapted VCAA 2021 SB Q8]

On 18 February 2021, the Perseverance rover space capsule, travelling at 20000 km h™!, entered Mars’s
atmosphere at an altitude of 300 km above the surface of Mars. The mass of the capsule was 1000 kg.

a. Calculate the kinetic energy of the capsule at this point. Show your working.

(2 marks)



The graph below shows the gravitational field strength of Mars (g) versus altitude (4).
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b. Calculate the gravitational potential energy of the capsule relative to the surface of Mars at an altitude of
300 km. Show your working.

(3 marks)

c. The capsule used aerodynamic braking as it descended through Mars’s atmosphere to reduce its speed from

20000 km h™" to 1600 km h ™. The capsule was then at an altitude of 10 km above the surface of Mars
and had ~1% of its original combined gravitational potential energy and kinetic energy remaining. Describe
how ~99% of the gravitational potential energy and kinetic energy of the capsule was transformed and
dissipated as the capsule descended from an altitude of 300 km above the surface of Mars to an altitude of 10
km above the surface of Mars. No calculations are required.

(3 marks)

Question 31/ 52
[Adapted VCAA 2021 SB Q9]

Abbie and Brian are about to go on their first loop-the-loop roller-coaster ride.



The highest point of the roller-coaster (point A) is 15 m above point B and the car starts at rest from point A.
Assume that there is negligible friction between the car and the track. What is the speed of the car at point B?
Show your working.

(2 marks)

Question 32/ 52
[VCAA 2022 NHT SB Q7]

A spherical mass of 2.0 kg is attached to a piece of string with length of 2.0 m. The spherical mass is pulled
back until it makes an angle of 60° with the vertical, as shown below. The spherical mass is then released.
Ignore the mass of the string.

a. Show that the maximum speed of the spherical mass is 4.4 m s~ L.

(2 marks)

b. At what part of its path is the spherical mass at its maximum speed? Explain your reasoning.

(2 marks)



Question 33/ 52

[Adapted VCAA 2022 NHT SB Q9]

A small ball of mass 0.30 kg travels horizontally at a speed of 6 m sL. It enters a vertical circular loop of
diameter 0.80 m, as shown below. Assume that the radius of the ball and that the frictional forces are
negligible.

position B
_______________________ y —
i
|
0.80 m

6ms! i

— i

_® .
position A

Show that the kinetic energy of the ball at position A is 5.4 J.

(1 mark)

Chapter 4 Momentum and collisions

Question 1/ 20

Two rollerbladers (Jack and Jill) are skating with very little frictional resistance to their motion. Jack rolls up
to Jill, who is skating more slowly in the same direction. They join hands and roll on in the same direction,
without accelerating.

Which of the following describes the physics of this ‘collision’ best?



A The combined momentum and KE has not changed.
B The combined KE has remained constant.
C The combined momentum has remained constant.

D Both the combined momentum and KE have changed.

Question 2/ 20

Two snooker balls of unknown quality travel directly towards each other, as shown below. They have the
same mass.

3ms1 6msT
=

®

Which one of the combinations in the table below is impossible immediately after the collision? Take right as
positive.

Velocity of ball A (ms_l) Velocity of ball B (ms_l)

+4 —-1.0
—-3.0 00
—-1.5 —-1.5
—5.9 +2.5
Question 3/ 20

Two blocks have a collision on a frictionless surface.



3m/s )
stationary

Before
1.2kg 24kg frictionless surface

Question 4/ 20

In one instance, the blocks stick together after the collision, due to (very) quick-acting glue. Their speed after
the collision is closest to

Al.Oms™ !
B1.2ms™ !
Clhms!

D1.8ms!

Question 5/ 20

On another occasion, the blocks collide elastically. The speed of the two blocks is closest to the following
speeds (the 1.2 kg block speed is written first; the units are m Sfl).

A2, 1)
B(1,2)
C(1.5,1.5)

D (0, 1.5)




Question 6/ 20

A golf club head (mass 250 g) travelling at 30 m s~ 1 strikes a stationary golf ball (mass 50 g). During the

collision, the golf club head slows to 22 m s~1. Which of the following is closest to the impulse acting on
the golf ball during the collision?

A02Ns
B04Ns
C2Ns

D4Ns

Question 7/ 20

The speed of the golf ball after the collision is closest to

A22ms !
B28 ms!
C40m s~ !

D240 m s !

Question 8/ 20

The collision could best be described as
A elastic, with no loss of KE.

B inelastic, with a loss of 12 J.

C inelastic, with a loss of 40 J.

D inelastic, with a loss of 60 J.



Question 9/ 20

In a collision between two objects, where they stick together after the collision, it is true to say that
A all the KE is always lost to other forms.

B sometimes all the KE is lost to other forms.

C sometimes the collision is elastic.

D sometimes some of the momentum is changed to other forms.

Question 10/ 20

A model car of mass 2.0 kg is propelled from rest by a rocket motor that applies a constant horizontal force of
4.0 N, as shown below. Assume that friction is negligible.

rocket motor

— direction of motion
—_—

e

model car

Question 11/ 20
[VCAA 2017 SA Q7]

Which of the following best gives the magnitude of the impulse given to the car by the rocket motor in the
first 5.0 s?

A40Ns



B8.ONs

C20N's

D40N's

Question 12/ 20
[VCAA 2017 SA Q9]

With the same rocket motor, the car accelerates from rest for 10 s. Which one of the following best gives the
final speed?

A6.3ms !
B10m s}
C20m s !

D40 ms!

Question 13/ 20

An X-ray photon with a momentum of 6.0 X 10723 N s collides with a stationary electron. The electron’s

momentum gain is 1.0 X 10722 N s, and it is in the same direction as the X-ray photon. Which of the
following is closest to the magnitude of the momentum of the scattered photon?

Adx1071INs
B4 x1071"Ns
C4x1028Ns

D4x 103" Ns




Question 14/ 20

Two atoms travelling at the same speed towards each other collide and bounce off at the same speed, going in
opposite directions. Which of the following statements is correct?

A The collision increases the total amount of energy.
B Kinetic energy is conserved throughout the collision.
C The collision reduces the total momentum.

D The total momentum before the collision is zero.

Question 15/ 20

[VCAA 2018 SA Q8]

A railway truck X of mass 10 tonnes, moving at 6.0 m S_l, collides with a stationary railway truck Y of
mass 5.0 tonnes. After the collision, the trucks are joined together and move off as one. The situation is
shown below.

Before the collision

6.0ms!
10 tonnes ——Pp
N 5.0 tonnes
X Y
a o . .

stationary

After the collision

P -
X Y

L — i —

The final speed of the joined railway trucks after the collision is closest to
A20ms !
B3.0ms!

C4.0ms !



D6.0ms!

Question 16/ 20

[VCAA 2018 SA Q9]

A railway truck X of mass 10 tonnes, moving at 6.0 m S_l, collides with a stationary railway truck Y of
mass 5.0 tonnes. After the collision, the trucks are joined together and move off as one. The situation is
shown below.

Before the collision

6.0ms!
10 tonnes ———p
TN 5.0 tonnes
X Y
A . a "
stationary
After the collision
ettt
X Y

N vy e

The collision of the railway trucks is best described as one where
A kinetic energy is conserved but momentum is not conserved.
B kinetic energy is not conserved but momentum is conserved.

C neither kinetic energy nor momentum is conserved.

D both kinetic energy and momentum are conserved.

Question 17/ 20
[VCAA 2019 SA Q20]

As part of their Physics course, Anna, Bianca, Chris and Danshirou investigate the physics of car crashes. On
an internet site that describes what happens during car crashes, they find the following statement.



1t happens in a flash: your car goes from driving to impacting ... As the vehicle crashes into something, it
stops or slows very abruptly, and at the point of impact the car s structure will bend or break. That
crumpling action works to absorb some of the initial crash forces, protecting the passenger compartment
to some degree.

Source: Kathleen Poling, ‘Crash Dynamics for Dummies’, Car Seats for the Littles, 3 January 2018,
www.csftl.org/crash-dynamics-dummies/

The students disagree about the use of the word ‘forces’ in the statement,

‘That crumpling action works to absorb some of the initial crash forces, protecting the passenger
compartment to some degree’.

Which one of the following students best identifies the physics of how the crumpling action protects the
passengers?

A Anna ‘to absorb some of the initial crash speed, protecting ...’

B Bianca ‘to absorb some of the initial crash kinetic energy, protecting ...’
C Chris ‘to absorb some of the initial crash momentum, protecting ...’

D Danshirou ‘to absorb some of the initial crash forces, protecting ...’

Question 18/ 20
[VCAA 2021 SA Q3]

A 45 g golf ball, initially at rest, is hit by a golf club. The contact time between the club and the ball is 0.50
ms. The magnitude of the final velocity of the ball is 41 m s~1. Which one of the following is closest to the
average force experienced by the golf ball?

A 0.18 kN
B 0.37 kN
C1.8kN

D 3.7kN




Question 19/ 20

[VCAA 2022 SA Q6]

A railway truck (X) of mass 10 tonnes, moving at 3.0 m S_l, collides with a stationary railway truck (Y), as
shown in the diagram below. After the collision, they are joined together and move off at speed v =
2.0ms 1.

Before collision

X 30ms! Y
(10 tonnes) >

A R

stationary

After collision

v

X Y 20ms’!
—

o & & &

Which one of the following is closest to the mass of railway truck Y?
A 3 tonnes

B 5 tonnes

C 6.7 tonnes

D 15 tonnes

Question 20/ 20

[VCAA 2022 SA Q7]

Which one of the following best describes the force exerted by the railway truck X on the railway truck
Y (Fx on v) and the force exerted by the railway truck Y on the railway truck X (Fy oy, x ) at the instant
of collision?

AFxony < Fyonx

BFXonY - FYonX



C-FXonY - _FYonX

DFXonY > FYonX

Question 21/ 20
[Adapted VCAA NHT 2023 SA Q9]

The diagram below shows two stationary trolleys on a smooth surface, with an ideal spring compressed
between them. Trolley A has mass of 1.0 kg and Trolley B has mass of 2.5 kg. The spring is released and the
trolleys move off in opposite directions. The spring falls straight down.

Trolley A moves to the left at 0.80 m s .

Which one of the following is closest to the speed of Trolley B?

A0.32ms !
B0.80ms!
C2.0ms !

D3.1ms!

Question 22/ 20
[VCAA 2023 SA Q4]

The diagram below shows the force versus time graph of the force on a tennis ball when it is hit by a tennis
racquet. The tennis ball is stationary when the tennis racquet first comes into contact with the ball.
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Which one of the following is closest to the impulse experienced by the tennis ball as it is hit by the tennis
racquet?

A0.50Ns
B50Ns
C10Ns

D5S0ONs

Question 1/ 46

Students are studying collisions between blocks of wood on a flat frictionless table. The blocks slide towards
each other as shown in the diagram.

5ms!
_— <+
A B

Block A is travelling to the right at 5 m S_l; block B is moving to the left. Block A has a mass of 4 kg, and

block B has a mass of 8 kg. After they collide, block A moves to the left with a speed of 5 m S_l, and block
B is stationary.

a. Calculate the speed of block B before the collision. Show your reasoning.
(2 marks)
b. Does this collision conserve kinetic energy? You must justify your conclusion with calculations.

(2 marks)



Question 2/ 46

A 500 kg car travelling at 5 m s~ ! runs into a stationary truck of mass 3.0 t. The truck moves forward at

1.0 m S_l, and the car rebounds in the opposite direction. What is the speed of the car straight after the
collision? (Ignore external forces during the collision.)

(3 marks)

Question 3/ 46

The collision between two snooker balls can be modelled by two isolated masses colliding.

before the collision after the collision
—_—> ) > >
2m st stationary 0.5m s 1.5m s

Show that momentum is conserved in this collision.

(2 marks)

Question 4/ 46

Two rollerbladers (Jack and Jill) are skating with good skates on a surface that has virtually no frictional
resistance to their rolling. Jack has a mass of 55 kg. He rolls up to Jill at 5 m s~L. Jill has a mass of 45 kg,
and she is rolling at 1 m s~ ! in the same direction as Jack.

a. They join hands and roll on in the same direction. They do not skate. How fast will they be moving?

(2 marks)



b. Without pushing or pulling, Jack and Jill let go of each other. Describe what happens immediately after
they let go. Justify your description with relevant physics.

(3 marks)

Question 5/ 46
A car travelling at 6 m s~ crashes into two stationary cars. All the cars have the same mass (150 kg). They
stick together and travel in the same direction as before. There is very little friction and no injuries.

6ms_1

> stationary
im oY ‘ﬂ < “‘ﬂ oY

a. How fast are they all travelling after the crash?

(2 marks)

b. How much momentum has the first car lost in the crash?
(2 marks)

c. What impulse did the first car exert on the other two cars?

(2 marks)

Question 6/ 46

Two cars, both travelling at U m Sfl, collide head on and lock together. The right-hand car has mass M and
the left-hand car has mass m.

e oTm—

Straight after the collision, the wreckage travels leffat V m s~ .




a. What is the magnitude of the total momentum before the collision? (Give your answer in terms of M, m,
and U.) (2 marks)

b. Derive an expression for V' in terms of U, m and M. (2 marks)

Question 7/ 46

In a car, the driver’s head collides horizontally with an airbag at 8.0 m s~1. The driver’s head stops in 0.16
s. This can be modelled as a horizontal collision between the head (mass 7.0 kg) and the airbag.

o

a. Calculate the magnitude of the impulse that the airbag exerts on the driver’s head during this collision.
(2 marks)

b. Compare the impulse that the airbag exerts on the driver’s head with the impulse that the driver’s head
exerts on the airbag.

(1 mark)

Question &/ 46

[Adapted VCAA 2016 SB Q8]

An X-ray photon with a momentum of 6.6 x 10723 N s collides with a stationary electron. The electron’s

momentum gain is 1.1 X 10722 N s in the same direction as the incident X-ray photon. Calculate the
magnitude of the momentum of the photon after the collision.

(2 marks)



Question 9/ 46

A basketball is bounced on a floor, striking the floor at 8 m S_l, and rebounding at 6 m s~ Its mass is
400 g. The collision takes 80 ms.

a. What is the change in velocity of the ball during its bounce?

(2 marks)

b. What is the impulse of the net force on the ball during its bounce?
(2 marks)

¢. What is the average net force exerted on the ball during its bounce?

(2 marks)

Question 10/ 46

Airbags in cars are designed to lengthen the time of collisions of people with parts of the car in accidents.
Explain why this should lead to fewer injuries to people in cars.

(4 marks)

Question 11/ 46

A mass collides with another mass in deep space (where g = ). Magnets ensure the masses stick together.

They move off at the same speed (conservation of momentum). In a similar collision on a table on Earth, both
masses come to a stop quickly.

Explain why.

(3 marks)



Question 12/ 46

The law of conservation of momentum applies in isolated systems. Explain what is meant by an isolated
system.

(2 marks)

Question 13/ 46

[Adapted VCAA 2016 SA Ql]

An engine of mass 20 tonnes and moving at 3.0 m s~ 1 collides with a stationary wagon of mass 10 tonnes.
They couple together and move off at 2.0 m s, as shown.

. )

G-VA'-.

before the collision after the collision

Determine whether the collision is elastic or inelastic. Show your working.

(2 marks)

Question 14/ 46
A physics student, Sam K, is playing soccer.

a. Calculate the impulse she gives to a stationary soccer ball of mass 400 g that is kicked and moves off at a

speed of 30 m s~ (108 km h™1).

(2 marks)



b. Determine the average force of her kick if the impact between her foot and the soccer ball lasts 6.0 ms.

(2 marks)

Question 15/ 46

[Adapted VCAA 2016 SA Q1]

An engine of mass 20 t moving at 3.0 m S_l, collides with a stationary wagon of mass 10 t. They couple
and move off together, as shown.

—» 30ms’

before the collision after the collision

a. Calculate the speed of the engine and the wagon after the collision.

(2 marks)

b. In another situation the engine, moving to the right at 2.0 m s~ 1, collides with but does not couple with

the stationary wagon. After the collision, the wagon moves off to the right at 2.0 m s~1. Calculate the
velocity (speed and direction) of the engine after the collision. Show your working.

(3 marks)

Question 16/ 46
[Adapted VCAA 2016 SA Q4]

A toy car of mass 4.0 kg is held against a compressed spring, and released. Friction is negligible. The car

moves offat 2.0 m s~ 1.




Calculate the impulse given to the car by the spring. Include a unit.

(2 marks)

Question 17/ 46
[VCAA 2017 SB Q12]

Students are using two trolleys, Trolley A of mass 4.0 kg and Trolley B of mass 2.0 kg, to investigate kinetic

energy and momentum in collisions. Before the collision, Trolley A is moving to the right at 5.0 m s~ ! and

Trolley B is moving to the right at 2.0 m s~ !
together, as shown on the next page.

, as shown in the diagram. The trolleys collide and lock

5.0ms! 20ms! E
A40kgl—pB20kg—> | A B
before the collision after the collision

Determine, using calculations, whether the collision is elastic or inelastic. Show your working and justify
your answer.

(3 marks)

Question 18/ 46
[VCAA 2017 Sample SB Q11]

Students conduct an experiment using two trolleys, A and B, of mass 6.0 kg and 2.0 kg respectively. In the
experiment, Trolley A moves at 2.0 m s~ !and Trolley B is stationary before they collide. There is a spring
between the two trolleys, attached to Trolley B. When the trolleys collide, they compress the spring and then
move apart. After the collision, Trolley A moves at 1.0 m s71. The experimental set-up is shown below.
Ignore the mass of the spring.



Before After

u=20ms! u=0ms! v=10ms! v=7?ms"!
o >

A 6.0 kg MWW B 2.0 kg A 6.0 kg MWW B 2.0 kg

Calculate the speed of Trolley B immediately after the collision.

(2 marks)

Question 19/ 46
[VCAA 2019 NHT SB Q7]
Students use high-speed photography to analyse a collision between a bat and ball. The experiment is

arranged so that the bat and ball are both moving horizontally just before and just after the collision, as shown
below. Assume that the bat and ball are point masses. The students record the following.

« Mass of bat = 2.0 kg

« Mass of ball = 0.20 kg

- Speed of bat immediately before collision = 10 m s~ (bat is stationary after collision)
- Speed of ball immediately before collision = 60 m s~! (towards bat)

- Speed of ball immediately after collision = 40 m s~! (away from bat)

« Time ball is in contact with bat = 0.010 s

Before the collision After the collision

_"_

: , bat 1s
10ms™* 60ms™

stationary ms-



a. Calculate the magnitude of the impulse given by the bat to the ball. Include an appropriate unit. Show your
working.

(3 marks)
b. Calculate the average force of the bat on the ball during the collision. Show your working.
(2 marks)

¢. Use calculations to determine whether the collision between the bat and the ball is elastic or inelastic.
Show your working.

(2 marks)

Question 20/ 46
[VCAA 2019 SB Q9]

A proton in an accelerator collides head-on with a stationary alpha particle, as shown below. After the
collision, the alpha particle travels at a speed of 4.0 X 10% m s™!. The proton rebounds at 6.0 X
109 m s~ 1.

Before After
6.0 x 105m st 4.0x105ms!
O (im) O (im)
proton alpha particle proton alpha particle

Find the proton speed before the collision. Model the alpha particle mass as 4m, and the proton mass as m.
Show your working. Ignore relativistic effects.

(3 marks)

Question 21/ 46
[VCAA 2020 SB Q10]

Jacinda designs a computer simulation program as part of her practical investigation into the physics of



vehicle collisions. She simulates colliding a car of mass 1200 kg, moving at 10 m s~ intoa stationary van
of mass 2200 kg. After the collision, the van moves to the right at 6.5 m s~ . The situation is shown below.

Before collision

—>» 10ms!

1200 kg 2200 kg

5 (o I )
car van

After collision

0 —» 6.5ms!
V!
1200 kg 2200 kg
5 O 0 _©
car van

a. Calculate the speed of the car after the collision and indicate the direction it would be travelling in. Show
your working.

(4 marks)

b. Explain, using appropriate physics, why this collision represents an example of either an elastic or an
inelastic collision.

(3 marks)

c. i. The collision between the car and the van takes 40 ms. Calculate the magnitude and indicate the direction
of the average force on the van by the car.

(3 marks)
ii. Calculate the magnitude and indicate the direction of the average force on the car by the van.

(2 marks)

Question 22/ 46
[Adapted VCAA 2021 SB QY]

In a model of a proposed ride at a theme park, a 5.0 kg smooth block slides down a ramp from point W and
into an ideal spring bumper without any friction or air resistance, as shown below. The final section of the
ramp, between points X and Y, is horizontal. The block comes to an instantaneous stop at point Y. The

maximum compression of the spring is 3.0 m and the spring constant is 100 N m L.



W block

ideal spring bumper

X Y
a. Calculate the magnitude of the maximum momentum of the block. Show your working.
(2 marks)

b. When the block comes to rest, its momentum is zero. In terms of the principle of conservation of
momentum, state what has happened to the momentum of the block as it comes to rest.

(1 mark)

Question 23/ 46
[Adapted VCAA 2021 NHT SB Q18]

A small rubber ball of mass 50 g falls vertically from a given height and rebounds from a hard floor. Just
before the ball hits the floor, it has a certain amount of vertical momentum, p. At one instant when the ball is
in contact with the floor, it is stationary before it rebounds.

What has happened to the vertical momentum, p, of the ball when it is stationary?

(1 mark)

Question 24/ 46
[Adapted VCAA 2021 SB Q17]

A ‘space sail’ on a tiny interstellar cylindrical probe relies on the momentum of photons from a nearby star to
exert a propulsive force, as shown.

Missing Image



2.0 x 10'8 photons strike the sail at 90° to its surface every second and reflect elastically. The photons have

a momentum of 1.55 x 10720 kg m s~ L. Calculate the force that the reflecting photons exert on the space
sail. Show your working. Give your answer correct to two significant figures.

(3 marks)

Question 25/ 46
[Adapted VCAA 2022 SB Q7]

Kym and Kelly are experimenting with trolleys on a ramp inclined at 25°, as shown below. They release a
trolley with a mass of 2.0 kg from the top of the ramp. The trolley moves down the ramp, through two light

gates and onto a horizontal, frictionless surface. Kym and Kelly calculate the acceleration of the trolley to be
3.2 m s~ 2 using the information from the light gates.

light gate

stationary light gate

_ trolley
horizontal,

frictionless surface 5 E

When it reaches the bottom of the ramp, the trolley travels along the horizontal, frictionless surface at a speed
of 4.0 m s~ ! until it collides with a stationary identical trolley. The two trolleys stick together and continue
in the same direction as the first trolley.

a. Calculate the speed of the two trolleys after the collision. Show your working and clearly state the physics
principle that you have used.

(3 marks)
b. Determine, with calculations, whether this collision is an elastic or inelastic collision. Show your working.

(3 marks)




Question 26/ 46
[Adapted VCAA 2023 SB Q8]

Maia is at a skatepark. She stands on her skateboard as it rolls in a straight line down a gentle slope at a
constant speed of 3.0 m s, as shown. The slope is 5° to the horizontal.

The combined mass of Maia and the skateboard is 65 kg.

0

large
pole

o
_______________________________________________ 5_ N S ey, S

Near the bottom of the ramp, Maia takes hold of a large pole and comes to a complete rest while still standing
on the skateboard. Maia and the skateboard now have no momentum or kinetic energy.

Explain what happened to both the momentum and the kinetic energy of Maia and the skateboard. No
calculations are required.

(2 marks)

Chapter S Projectile motion

Question 1/ 15

A netball is thrown towards the net. It is shown below at the highest point of its flight. Air resistance is
negligible.

Which one or more of the following best describes the ball at its highest point?

A It is travelling at the fastest speed of its flight.



B At this point it stops momentarily.
C The net force on the ball is vertically downward.

D At this point there is no net force on the ball.

Question 2/ 15

A ball flies through the air following the path shown in the diagram. Air resistance has been ignored.

v? sin 20
g

The range R for these symmetrical flights is given by R =

Students experimenting with different values of 6 find that the range, R, is the same for two different angles
of 6. One of the values is 35°.

Question 3/ 15

The other angle is closest to
A 65°

B 60°

C 55°

D 50°




Question 4/ 15

They also find that, for a given value of v, the angle that gives the greatest range is closest to
AQ°

B 30°

C 45°

D 60°

Question 5/ 15

Forv = 20 m s~ ! and @ = 30°, which of the following is closest to the time for the complete flight
shown above?

Al10s
B18s
C20s

D35s

Question 6/ 15

If air resistance was significant and taken into account, the shape of the trajectory would change. Which of
the following arrows would best describe the direction of the resultant force acting on the ball at the highest
point in its flight?
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Question 7/ 15

A car is demonstrating its safety features. Air resistance is very small. It follows a parabolic path before
crashing.

Throughout the flight, its horizontal component of velocity remains very close to 10 m s~ 1. This means that
A the force of gravity is very small.

B air resistance is very small.

C there is a strong wind against the car.

D air resistance is balanced by the force of the car’s engine.




Question 8/ 15

Students are running along a pier whose end is 7.0 m above the water.

f?;
¥

sea

One student leaves the end of the pier at 10 m s~ and drops into the water. (Ignore air resistance.)

Question 9/ 15

Which of the following is closest to the time that it takes him to strike the water?
Alls

Bl2s

Cl13s

D14s

Question 10/ 15

Which of the following is closest to the horizontal distance (from the end of the pier) that he strikes the
water?

Allm
B12m

Cl3m



D14 m

Question 11/ 15

A second student reaches the end of the pier at 8 m s~1. Which of the following is closest to the time it
takes her to strike the water?

Alls
Bl12s
Cl3s

D14s

Question 12/ 15

A ball is thrown vertically into the air from a height of 1.0 m. It remains in the air for 6.1 s. (Ignore air
resistance for the next two questions.)

Question 13/ 15

Which of the following is closest to the speed it is thrown at?
A20ms?
B30ms !
C40m s !

D60ms™!



Question 14/ 15

Which of the following is closest to the distance it travels before it returns to a height of 1.0 m?
A30m

B45m

C60m

D90 m

Question 15/ 15

[VCAA 2021 NHT SA Q10]

Melissa launches a ball from height 4 above the ground at a speed of 8.0 m s~ and at an angle of 30°
above the horizontal. The time of the ball’s flight is 1.0 s. The diagram below shows the trajectory of the ball.

8.0ms!

ball — @ liioac s

trajectory

ball lands here

ground level

Ignoring air resistance, which one of the following is closest to the horizontal distance that the ball landed
from Melissa?

A4.6m
B50m
C69m

D 8.0m



Question 16/ 15
[VCAA 2021 NHT SA Q11]

Which one of the following diagrams best shows the direction of the resultant force, F, on the ball at the
position of maximum height in the real situation where air resistance is not ignored?

F
A/__.\
B F

C Missing Image

i

Question 17/ 15

Lucy is running horizontally at a speed of 6 m s1 along a diving platform that is 8.0 m vertically above the
water. Lucy runs off the end of the diving platform and reaches the water below after time ¢. She lands feet
first at a horizontal distance d from the end of the diving platform.
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Question 18/ 15

[VCAA 2021 SA Q9]

Which one of the following expressions correctly gives the distance d?
A 0.8¢

B 6¢

C 5t2

D 6t + 5t2

Question 19/ 15

[VCAA 2021 SA Q10]

Which one of the following is closest to the time taken, #, for Lucy to reach the water below?
A038s

Bl.1ls



Cl3s

D1.6s

Question 1/ 35

Jim (50 kg) dives off a diving board 10 m above the water surface. He hits the water 2.0 s later, a horizontal
distance of 6.0 m from his starting point. The situation is shown in the diagram below. Air resistance forces
are negligible.

parabolic
. path of diver

diving board N

10m .

6.0m N

water surface
a. Calculate the horizontal component of Jim’s velocity during his flight.
(2 marks)
b. Calculate the magnitude of the vertical component of Jim’s velocity at the time he jumps off the board.
(3 marks)
c. Calculate Jim’s total energy (PE + KE) just before he hits the water.

(3 marks)

Question 2/ 35



A model aeroplane flies an upside-down ‘loop the loop’. A metal part comes loose from the model, at point
A. Later it strikes the ground.

Which point (P, Q, R, S, T) is closest to where it strikes the ground? Justify your answer.

(2 marks)

Question 3/ 35

A 60 kg high jumper leaves the ground with 1860 J of kinetic energy. At the top of her flight she has a kinetic
energy of 660 J. Her centre of mass is now higher than it was on take-off from the ground. Give all your
answers to two significant figures.

a. By how much has the height of her centre of mass increased from take-off to the top of her flight?
(2 marks)
b. At what speed is she travelling at the top of her flight?

(2 marks)

Question 4/ 35

Kirsty is throwing a shotput from shoulder height, about 1.5 m above the ground. She launches at
6.5 m s~ ! at an angle of 30°.



a. What is the vertical displacement of the ball between launch and where it strikes the ground? Give size and
direction.

(2 marks)

b. Calculate the time of travel for the ball. Show your working.
(3 marks)

c. Calculate the range of the ball. Show your working.

(3 marks)

Question 5/ 35

A golfer hits off from an elevated tee, as shown in the diagram.

tee

2>

45m

l(—155m >

The ball leaves the tee horizontally and lands in the hole. The horizontal distance between the tee and the
hole is 155 m; the vertical distance is 45 m. There is a tailwind that cancels any air resistance.

a. Calculate the speed of the ball leaving the tee.

(2 marks)



As a result of another shot, a ball flies off the same tee at a speed of 50 m s1, travelling at 30° to the
horizontal. Ignore air resistance.

b. How high does it go above the tee?

(2 marks)

¢. How long is it in the air?

(2 marks)

d. What is the horizontal distance of the shot?

(2 marks)

Question 6/ 35

The table below gives data from the flight of a soccer ball. Positive readings mean velocity directed upwards
(vertical components) or to the right (horizontal components). There is some air resistance present.

Time (s)  Vertical velocity (ms ') Horizontal velocity (ms ')

0.00 20.0 20.0
0.10 18.6 19.6
0.20 17.3 19.2
0.30 16.1 18.9
0.40 14.9 18.6
0.50 13.8 18.4

a. At what angle to the horizontal is the ball moving at time t = 0 s?
(2 marks)
b. What was the speed of the ball at time ¢ = 0.50 s?

(2 marks)



Question 7/ 35

Tam throws a ball a horizontal distance of 100 m. She throws it at an angle of 30°. It lands at the same height.
(Ignore air resistance.) Give all your answers to two significant figures.

a. At what speed does the ball leave her hand?
(2 marks)

b. If she throws it at 45° to the horizontal, how fast will she have to throw it to ensure that it still travels 100
m?

(2 marks)

Question &8/ 35

A netball player shoots for goal.
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—_— ~ <

/
/
O 3.4
- >
51 3.5
v v

a. What is the vertical displacement involved in the throw?
(2 marks)

b. What is the total displacement involved in the throw?

(2 marks)

c. The ball takes 1.1 s for the journey. What is the horizontal component of its velocity?



(2 marks)

d. What is the vertical component of its launch velocity?
(2 marks)

e. What is its launch speed?

(2 marks)

f. What angle to the horizontal was it launched at?

(2 marks)

Question 9/ 35

A car in a ‘diving’ demonstration is demonstrating its safety features. It takes a parabolic path before crashing
to the ground, 1.8 s later. No-one is in the car.

a. What is the initial vertical velocity component of the car?

(2 marks)

b. What is the vertical component of the car’s velocity just before it hits the ground?
(2 marks)

c. What is the vertical distance that the car falls through?

(2 marks)




Question 10/ 35

A ball flies through the air following the path shown in the diagram.

The ball’s mass is 550 g. Its initial kinetic energy is 110 J. The initial angle is # and maximum height is 4.
a. What is the speed of the ball at the start of its flight?

(2 marks)

b. If A = 8.0 m, calculate the KE of the ball at maximum height.

(2 marks)

c. Calculate the speed of the ball at maximum height.
(2 marks)

d. Calculate the angle 6.

(2 marks)

Question 11/ 35

Charlie kicks a football at an angle of 60° to the horizontal on level ground. It rises a vertical distance of 15
m above the point from where he kicks it as shown in the diagram. Ignore air resistance.

a. Calculate the initial speed of the football.



(2 marks)

b. Calculate the time the football is in the air.

(2 marks)

c. Calculate the horizontal distance the ball travels.

(2 marks)

Question 12/ 35

[VCAA 2016 SA Q5]

A ball is projected from the ground at an angle of 30° to the horizontal and at a speed of 40 m S_l, as

shown. Ignore any air resistance.

a. Calculate the distance, d, to the point where the ball hits the ground. Show your working.
(3 marks)

b. Which one of the graphs below best shows the kinetic energy of the ball as a function of horizontal
distance, d, from the launching point? Explain your answer.

A Ey B. Ej
F 3
» distance P distance
C EK D E K
A
» distance p distance

(2 marks)



Question 13/ 35
[Adapted VCAA 2017 SB Q9]

Students use a catapult to investigate projectile motion. A ball of mass 0.10 kg is fired from the catapult at an
angle of 30° to the horizontal. The ball leaves the catapult at ground level with a speed of 20 m s~ 1. Instead

of reaching the ground, the ball strikes a wall 26 m from the launching point, as shown in the first diagram.
The second diagram shows an enlarged view of the catapult. Ignore air resistance.

u=20ms! —
catapult i le—— wall
- .
S L EE R 26 M -----mmmm e »
trajectory
20ms!
catapult 2
% )30°
firing angle from
horizontal

Calculate the height of the ball above the ground when it strikes the wall. Show your working.

(3 marks)

Question 14/ 35

[VCAA 2018 NHT SB Q6]

A rock of mass 2.0 kg is thrown horizontally from the top of a vertical cliff 20 m high with an initial speed of
25 m s~ !, as shown.



= » u=25ms’!

trajectory

base of chiff
a. Calculate the time taken for the rock to reach the sea. Show your working.

(3 marks)

b. Calculate the horizontal distance from the base of the cliff to the point where the rock reaches the sea.
Show your working.

(2 marks)
c. Calculate the kinetic energy of the rock as it reaches the surface of the sea. Show your working.

(2 marks)

Question 15/ 35

[VCAA 2018 SB Q7]

A small ball of mass 0.20 kg rolls on a horizontal table at 3.0 m s ™1, as shown. The ball hits the floor 0.40 s
after rolling off the edge of the table. The radius of the ball may be ignored. In this question, take the value of

gtobe 10 m s~2.

O —» 3.0ms!

a. Calculate the horizontal distance from the right-hand edge of the table to the point where the ball hits the
floor.

(1 mark)



b. Calculate the height of the table. Show your working.
(2 marks)
c. Calculate the speed at which the ball hits the floor. Show your working.

(3 marks)

Question 16/ 35

[VCAA 2019 SB Q10]

A projectile is launched from the ground at an angle of 39° and at a speed of 25 m s~1, as shown below.
The maximum height that the projectile reaches above the ground is labelled 4.

25ms!

a. [gnoring air resistance, show that the projectile’s time of flight from the launch to the highest point is equal
to 1.6 s. Give your answer to two significant figures. Show your working and indicate your reasoning.

(2 marks)
b. Calculate the range, R, of the projectile. Show your working.

(2 marks)

Question 17/ 35
[Adapted VCAA 2020 SB Q9]

An ideal spring is compressed by 0.15 m. A ball, mass 0.20 kg, is placed in contact with a compressed spring.
The spring is then released, making the ball move horizontally with a speed of 12 m s~ across a smooth
surface, as shown.



ground

Calculate the speed of the ball after it has fallen a vertical distance of 2.5 m. Show your working.

(3 marks)

Question 18/ 35

[VCAA 2022 NHT SB Q10]

A basketball player throws a ball with an initial velocity of 7.0 m s latan angle of 50° to the horizontal,
as shown on below. The ball is 2.2 m above the ground when it is released. By the time the ball passes
through the ring at the top of the basket, it has travelled a horizontal distance of 3.2 m. Ignore air resistance.

7,

a. Show that the time taken for the ball’s flight from launch to passing through the ring is 0.71 s. Show your
working.

(2 marks)

b. How far above the ground is the ring at the top of the basket? Show your working.



(4 marks)

Question 19/ 35
[VCAA 2023 NHT SB Q12]

Two students investigate the physics of long jumps. They analyse a video of their friend Jemina as she runs
along a track and then jumps. She lands in a sand pit that is level with the track.

Jemina’s horizontal speed at the moment she jumps is 8.0 m s~1. She is in the air for 0.6 s before landing in
the sand pit. The students use g = 10 m s~ 2 for their calculations. The motion is modelled as that of a
point mass, as shown below.

v

a. Calculate the horizontal distance that Jemina would be expected to travel if her motion were modelled as a
projectile with point mass, as shown above.

(2 marks)
b. Calculate Jemina’s vertical speed as she takes off from the track.
(2 marks)

c. Calculate Jemina’s velocity as she launches. Include both the magnitude and the angle from the horizontal
of her velocity at take-off.

(3 marks)

d. The students use a tape measure to check the horizontal distance that Jemina actually jumps, and find that
it is less than the distance they calculated in part a. Suggest one possible reason for this.

(1 mark)




Question 20/ 35
[Adapted VCAA 2023 SB Q9]

Giorgos is practising his tennis serve using a tennis ball of mass 56 g.

The ball leaves Giorgos’s racquet with an initial speed of 24 m s~ in a horizontal direction, as shown
below.

—————— initial speed of ball =24 m s7!

»

18m

net
18m

090m

D et e e

B T

How far above the net will the ball be when it passes above the net? Assume that there is no air resistance.
Show your working.

(3 marks)

Chapter 6 Circular motion

Question 1/ 13 [VCAA 2023 SA Q9]



In uniform circular motion of an object travelling at constant speed, which of the following statements is
true?

A The object is travelling with zero acceleration.
B The object is travelling with constantly changing velocity.
C The object is accelerating away from the centre of the circle.

D The kinetic energy of the object is changing in direction.

Question 2/ 13 [VCAA 2023 SA Q9]

In the sketch, Jim is sitting in a carriage going through a ‘valley’ on a rollercoaster.
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In the “valley’, Jim feels heavier than usual. This is because
A his mass has increased.

B his weight has increased.

C the normal reaction force from the seat has increased.

D he is accelerating downwards.

Question 3/ 13 [VCAA 2023 SA Q9]



Train tracks and high-speed roads are often banked to assist trains and cars when taking corners. A view
behind a car on the corner of a high-speed road shows banking of 15° degrees as shown below.

rear view of car

. _ lothe centre of the comer

The car is going fast enough so that there is no friction between the tyres and the road acting down the slope
sideways. The weight of the car is mg, and the normal reaction from the road is N.

Question 4/ 13 [VCAA 2023 SA Q9]

Which of the following gives the magnitude of the net force on the car towards the centre of the corner at this
speed?

A mg cosl5
B mg sinl5
C N cosl5

D Nsinl5

Question 5/ 13 [VCAA 2023 SA Q9]

Which of the following gives the best relationship between N and mg?
Amgcosld =N
B N cos15 =mg

C Nsin15 =mg



Dmgsinld = N

Question 6/ 13 [VCAA 2023 SA Q9]

A planet of mass 10° kg is circling a dwarf star, at a radius of 10% m. The planet’s period is 10° s.

Question 7/ 13 [VCAA 2023 SA Q9]

Which of the following is closest to the speed of the planet in its circular orbit?
A60ms?

B 600 m s

C 6000 m s~}

D 60000 m s}

Question 8/ 13 [VCAA 2023 SA Q9]

Which of the following is closest to the gravitational force between the planet and the star?

A4 x10°N
B4 x 10° N
C4x10°N
D4 x 105N



Question 9/ 13 [VCAA 2023 SA Q9]

A section of a rollercoaster is sketched below.

A

Students compare the normal reaction force between the rollercoaster car and the rails at the top of the ‘hills’
to the normal reaction force in the ‘valleys’. Which of the following student opinions is accurate?

A The two normal reaction forces are the same; they are equal to the gravitational force on the car in both
cases.

B The normal reaction force on the hills is the same as that in the valleys; they are both equal centripetal
forces.

C The normal reaction force on the hills is greater than that in the valleys; the centripetal accelerations are in
different directions.

D The normal reaction force in the valleys is greater than that on the hills; the centripetal accelerations are in
different directions.

Question 10/ 13 [VCAA 2023 SA Q9]

Which of the following identifies a centripetal force?

A the outward force felt by car passengers whilst rounding a corner
B the force on the Moon that balances gravity

C the force that sends a car skidding off the road on a sharp corner

D the tension in a string whirling a stone in a circle



Question 11/ 13 [VCAA 2023 SA Q9]

A toy car does a loop the loop in the apparatus sketched below.

A

Which of the following best describes the conditions that ensure that the car does not fall off at the point D?
A The gravitational force on the car must be greater than the centripetal force on the car.

B The reaction force from the rails must be equal to the centripetal force on the car minus the weight of the
car.

C The reaction force from the rails must be equal to the centripetal force on the car plus the weight of the car.

D The reaction force on the car must be directed upwards.

Question 12/ 13 [VCAA 2023 SA Q9]

A toy truck travels on a track around a vertical loop of radius 1.6 m, as shown below. Assume that the toy
truck is a point mass.



The minimum speed at which the toy truck must be moving at point X for it to stay on the track is closest to

Al.6ms!
B3.2ms !
C4.0ms !

D16ms!

Question 13/ 13 [VCAA 2023 SA Q9]

A ball is attached to the end of a string and rotated in a circle at a constant speed in a vertical plane, as shown
in the diagram below.
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The arrows in options A. to D. below indicate the direction and the size of the forces acting on the ball.
Ignoring air resistance, which one of the following best represents the forces acting on the ball when it is at
the bottom of the circular path and moving to the left?

A




()







Question 14/ 13 [VCAA 2023 SA Q9]

The International Space Station (ISS) is travelling around Earth in a stable circular orbit, as shown in the
diagram below.
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Which one of the following statements concerning the momentum and the kinetic energy of the ISS is
correct?

A Both the momentum and the kinetic energy vary along the orbital path.
B Both the momentum and the kinetic energy are constant along the orbital path.
C The momentum is constant, but the kinetic energy changes throughout the orbital path.

D The momentum changes, but the kinetic energy remains constant throughout the orbital path.

Question 15/ 13 [VCAA 2023 SA Q9]
An engineer is designing a banked circular curve of radius 25 m in a new bicycle velodrome.

Diagram A shows the bicycle approaching the banked section, and diagram B shows the front view of a
bicycle moving out of the page as it rounds the banked bend.



velodrome

9 «—— angle of banked bend

Diagram A

Diagram B

The bicycle is travelling at 11 m s on the banked section. At this speed there are no sideways frictional

forces between the wheels and the road surface.

Which one of the following is closest to the angle of the banked bend?
A2.6°

B 10°

C26°

D 30°

Question 1/ 41 [Adapted VCAA 2023 SB Q9]

A cyclist of mass 60 kg is riding along the path shown in the diagram. From point A to B the path is a straight

line, from B to C the path is circular, and from C to D it is a straight line. She rides at a constant speed of 10

m s~! throughout. Between points B and C, the cyclist is accelerating at 5.0 m s~2.

A B



a. Explain how the cyclist can be accelerating between B and C when she is travelling at constant speed.
(2 marks)
b. Calculate the radius of the circular section between B and C.

(2 marks)

Question 2/ 41 [Adapted VCAA 2023 SB Q9]

Griselda throws the ~sammer (a mass on the end of a chain) in an athletic contest. Just before she lets go, it is
moving in a circle, as shown (from above). The length of the chain between Griselda and the mass is 1.2 m,

the tension in the chain is 720 N and the mass is 4.0 kg. Just before she lets go, the mass is moving at

vms_l.

A\

Griselda
is here

a. Describe the direction of the net force acting on the round ball of the hammer. Assume that the chain is
horizontal.

(2 marks)
b. Find v.
(2 marks)
¢. Describe the horizontal motion of the centre of mass of the hammer after release.

(1 mark)

Question 3/ 41 [Adapted VCAA 2023 SB Q9]



In a ‘loop the loop’ novelty ball game, a ball is fired along the track below. The ball has a mass of 50 g.

vms™! C

‘77

50cm

A B

a. What is the minimum speed it needs to have at point C?

(3 marks)

b. In another trial, the ball is travelling at 2.0 m s~! at point C. What is the reaction force between the track
and the ball at point C?

(2 marks)

Question 4/ 41 [Adapted VCAA 2023 SB Q9]

Kermit Cookie rides his pony in a very tight circle of radius 5 m. The friction force between the pony’s
hooves and the ground cannot exceed 8000 N. The mass of the pony and Kermit is 400 kg. What is the
maximum speed they can achieve without slipping during this turn?

(2 marks)

Question 5/ 41 [Adapted VCAA 2023 SB Q9]

Rollercoaster rides often have a high hill at the start, followed by a series of smaller ones. At the tops of the
hills, passengers feel lighter than usual; at the bottom of the valleys, they feel heavier.

AN



In the sketch, Jim is sitting in a car going through one of the valleys. Jim has a mass of 65 kg, and the valley
is close to circular, with a radius of 20 m. The carriage he is sitting in is travelling at 10 m s~1. The
gravitational field is g.
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a. Draw arrows on the diagram to represent the forces acting on Jim. Label the arrows clearly so that it is
clear what force each arrow represents.

(3 marks)

b. What is the magnitude of Jim’s acceleration at the bottom of the valley?

(2 marks)

c. Describe how ‘heavy’ Jim feels at the bottom of the valley, compared to his normal weight.
(2 marks)

d. A little later, Jim travels over a hill on the rollercoaster. He feels lighter than usual. Explain why. Include a
force diagram in your explanation.

(3 marks)

Question 6/ 41 [Adapted VCAA 2023 SB Q9]

A circular humpback bridge has a sign warning that ‘Cars may lose contact with the road surface at the crest
if they exceed a speed of 36 km h ™.

The bridge radius (at its crest) is 10 m.

a. What would be the acceleration of the truck if it travelled at 10 m s~! at the crest of the bridge (and did not
lose contact with the surface)?



(2 marks)

b. Explain why the truck is likely to lose contact with the road surface at a speed of 10 m s1.

(4 marks)

Question 7/ 41 [Adapted VCAA 2023 SB Q9]

A ride at an amusement park involves passengers ‘looping the loop’ in a car, as shown. The car starts from
rest at A, which is 22 m above C. The car and its passengers have a combined mass of 250 kg. The circular
part of the track (with C at the bottom and D at the top) has a radius of 8.0 m.

A

C

a. Calculate the speed of the car at C. Ignore friction and air resistance.
(2 marks)

b. What speed will the car be going at D (if the car stays on the track)?
(2 marks)

c. What will be the normal reaction on the car from the track at D?

(2 marks)

d. The passengers feel lighter than usual at D. Explain why this is so. Include an estimate of their perceived
percentage weight reduction.

(4 marks)




Question 8/ 41 [Adapted VCAA 2023 SB Q9]

Jemima and Fred are riding a Ferris wheel at a park. These are large vertical wheels that rotate slowly. This
Ferris wheel is, however, travelling faster than normal. It completes a whole revolution in 20 s, and it has a
radius of 10 m.

a. What speed is the perimeter of the wheel travelling at?

(2 marks)

b. What is the net force acting on a 60 kg passenger who is 10 m from the centre of the wheel?
(2 marks)

¢. Jemima and Fred notice that they feel lighter at the top of the wheel, compared with the bottom of the
wheel. Give physics reasons to explain their observations.

(4 marks)

Question 9/ 41 [Adapted VCAA 2023 SB Q9]

High-speed roads are often banked to assist cars when cornering. A view behind a car on the corner of a high-
speed road shows banking of 15°.



rear view of car

to the centre of the corner

.................. )

The car is going fast enough so that there is friction between the tyres and the road acting down the slope
sideways. The bend it is taking is approximately circular and has a radius of 167 m.

a. Draw arrows representing the following forces acting on the car:
» weight, mg

* normal reaction, N

* friction, Fr.

(3 marks)

The car now slows, until it travels at the speed where sideways friction is no longer needed to assist the car to
turn the corner; at this speed F'r = 0.

b. Calculate the speed required to reduce the sideways friction to zero. The radius of the curve is 167 m.

(2 marks)

Question 10/ 41 [Adapted VCAA 2023 SB Q9]

The diagram shows the rear view of a car travelling around a corner on a banked road. The car is travelling
away from us (into the page). The banking has been designed so that cars that travel at 28 m s~! do not
require any sideways frictional force between their tyres and the road to travel around the corner safely.

A
D

car (rear view)
B X
[ ]

C

a. When the car is travelling faster than the recommended speed, which of the arrows above best corresponds
to the direction of these forces?



* Gravity force on the car

 Normal reaction force of the road on the car

* The sideways frictional force on the tyres from road
(3 marks)

b. When the car is travelling slower than the recommended speed, which of the arrows above best
corresponds to the direction of these forces?

* Gravity force on the car
 Normal reaction force of the road on the car
* The sideways frictional force on the tyres from road

(3 marks)

Question 11/ 41 [Adapted VCAA 2023 SB Q9]

In an adventure ride, riders are strapped in a cage moving in a vertical circle on cables. These are at an angle
of 30° to the vertical. The radius of the circle is 8.0 m. The cage has a total mass of 250 kg.

At the top of the circular path, the cage is travelling at 10 m s~ L.

a. Calculate the net force acting on the cage at this point.



(2 marks)
b. Show that the tension in each of the cables at the top of the circle is close to 390 N.
(2 marks)

c. At the bottom of the circle, the gravitational potential energy (GPE) of the car has decreased. This loss in
GPE has been converted to KE. Calculate the speed of the car at the bottom of the circular path.

(2 marks)

d. The owners of the ride are concerned that the cables are safe. They believe that the tension in the cables
will be greater at the bottom of the circular path. Are they correct? Justify your answer with reasons drawn
from your knowledge of physics principles.

(3 marks)

e. As the ride slows to a stop, it is travelling at 8 m s~ at the lowest point of the circular path. Calculate the
tension in the cables at this point.

(2 marks)

Question 12/ 41 [Adapted VCAA 2023 SB Q9]

A small car of mass 600 kg travels in a horizontal circle of radius 20.0 m at a constant speed of 10 m s 1.

a. Calculate the magnitude of the centripetal acceleration acting on the car.
(2 marks)

b. Calculate the magnitude of the centripetal force acting on the car.

(2 marks)

¢. In which direction does the centripetal force on the car act?

(2 marks)

Question 13/ 41 [Adapted VCAA 2023 SB Q9]



A steel ball of mass 2.0 kg is swinging in a circle of radius 0.50 m at a constant speed of 1.7 m s~ at the
end of a 1.0 m long string, as shown.

|

string

ball

- - -

D

a. Draw all the forces acting on the ball as lines with arrows. Also draw the resultant force as a dotted line
(with arrow), labelled FR.

(2 marks)
b. Calculate the tension in the string. Show your working.

(3 marks)

Question 14/ 41 [Adapted VCAA 2023 SB Q9]

According to one model of the atom, the electron in the ground state of a hydrogen atom moves around the
stationary proton in a circular orbit with a radius of 53 pm (53 X 10712 m). The force acting between the

proton and the electron at this separation is equal to 8.2 X 10~® N. Calculate the speed of the electron in
this circular path. The mass of the electron is 9.1 x 1073! kg.

(3 marks)

Question 15/ 41 [Adapted VCAA 2023 SB Q9]

A bicycle and its rider have a total mass of 100 kg and travel around a circular banked track at a radius of 20



1

m and at a constant speed of 10 m s~ ", as shown. The track is banked so that there is no sideways friction

force applied by the track on the wheels.

10ms!

a. On the diagram below, draw all the forces on the rider and the bicycle, considered as a single object, as
arrows. Draw the net resultant force as a dashed arrow labelled FNET.

(2 marks)

b. Calculate the correct angle of bank for there to be no sideways friction force applied by the track on the
wheels. Show your working.

(2 marks)

Question 16/ 41 [Adapted VCAA 2023 SB Q9]

A roller-coaster is arranged so that the normal reaction force on a rider at the top of the circular arc at point P,
shown below, is briefly zero. The section of the track at point P has a radius of 6.4 m.



Calculate the speed that the car needs to have to achieve a normal reaction force on the rider at point P. (2
marks)

Question 17/ 41 [Adapted VCAA 2023 SB Q9]

In an experiment, a ball of mass 2.5 kg is moving in a vertical circle at the end of a string, as shown. The
string has a length of 1.5 m.

m=25kg

a. Calculate the minimum speed the ball must have at the top of its arc for the string to remain tight (under
tension). (2 marks)

b. In another experiment, the ball is moving at 6.0 m s~ at the top of its arc. Calculate the speed of the ball
at the lowest point.

(3 marks)




Question 18/ 41 [Adapted VCAA 2023 SB Q9]

A 600 g ball swings in a horizontal circle on the end of a 1.5 m cord attached to a pole, as shown below. The
string makes an angle of 30° with the vertical pole.

300

a. Calculate the magnitude of the tension in the cord.

(2 marks)

b. Calculate the size of the centripetal acceleration of the ball.
(3 marks)

c. Calculate the speed of the ball.

(3 marks)

Question 19/ 41 [Adapted VCAA 2023 SB Q9]

Members of the public can now pay to take zero gravity flights in specially modified jet acroplanes that fly at
an altitude of 8000 m above Earth’s surface. A typical trajectory is shown below. At the top of the flight, the
trajectory can be modelled as an arc of a circle.
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a. Calculate the radius of the arc that would give passengers zero gravity at the top of the flight if the jet is
travelling at 180 m s ~!. Show your working.

(2 marks)

b. Is the force of gravity on a passenger zero at the top of the flight? Explain what ‘zero gravity experience’
means.

(2 marks)

Question 20/ 41 [Adapted VCAA 2023 SB Q9]

A 250 g toy car performs a loop in the apparatus shown below.

A

A
I
|
|
|
I
ho
: 0.40 m
I
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v

The car starts from rest at point A and travels along the track without any air resistance or retarding frictional

forces. The radius of the car’s path in the loop is 0.20 m. When the car reaches point B it is travelling at a

speed of 3.0 m s~ 1.

a. Calculate the value of 4. Show your working.
(3 marks)

b. Calculate the magnitude of the normal reaction force on the car by the track when it is at point B. Show



your working.
(3 marks)
¢. Explain why the car does not fall from the track at point B, when it is upside down.

(3 marks)

Question 21/ 41 [Adapted VCAA 2023 SB Q9]

The diagram below shows a small ball of mass 1.8 kg travelling in a horizontal circular path at a constant
speed while suspended from the ceiling by a 0.75 m long string.

ceiling

ball

a. Use labelled arrows to indicate on the diagram the two physical forces acting on the ball.
(2 marks)
b. Calculate the speed of the ball. Show your working.

(4 marks)

Question 22/ 41 [Adapted VCAA 2023 SB Q9]

Abbie and Brian are about to go on their first loop-the-loop roller-coaster ride. As competent Physics
students, they are working out if they will have enough speed at the top of the loop to remain in contact with



the track while they are upside down at point C, shown below. The radius of the loop CB is r.

A

15
- X metres

R o

B

The highest point of the roller-coaster (point A) is 15 m above point B and the car starts at rest from point A.
Assume that there is negligible friction between the car and the track.

a. By considering the forces acting on the car, show that the condition for the car to just remain in contact
with the track at point C is given by v? / T = g. Show your working.

(2 marks)

b. What is the maximum height of the loop (X metres) that will ensure that the car stays in contact with the
track at point C? Show your working.

(3 marks)

c. If friction is taken into account, will Abbie and Brian need to increase or decrease their predicted value for
the radius of the loop? Explain your answer.

(3 marks)

Question 23/ 41 [Adapted VCAA 2023 SB Q9]

A small ball of mass 0.30 kg travels horizontally with a kinetic energy of 5.4 J. It enters a vertical circular
loop of diameter 0.80 m, as shown below. Assume that the radius of the ball and that the frictional forces are
negligible.
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Will the ball remain on the track at the top of the loop at position B? Give your reasoning.

(4 marks)

Question 24/ 41 [Adapted VCAA 2023 SB Q9]

A spherical mass of 2.0 kg is attached to a piece of string of length of 2.0 m. The spherical mass is pulled
back until it makes an angle of 60° with the vertical, as shown below.

}

g

The spherical mass is then released. Ignore the mass of the string. The maximum speed of the spherical mass
is 4.4 m s~ . Calculate the maximum tension in the string.

(3 marks)



Question 25/ 41 [Adapted VCAA 2023 SB Q9]

A satellite is moving in a stable circular orbit 25 Earth radii from the centre of Earth, as shown below. The
period of the satellite is 7.
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Indicate the direction of the acceleration of the satellite by drawing an arrow on the satellite in the diagram
above.

(1 mark)

Question 26/ 41 [Adapted VCAA 2023 SB Q9]

A Formula 1 racing car is travelling at a constant speed of 144 km h ~! (40 m s~!) around a horizontal
corner of radius 80.0 m. The combined mass of the driver and the car is 800 kg. The left-hand diagram below
shows a front view and the right-hand diagram shows a top view.



144 km h!

a. Calculate the magnitude of the net force acting on the racing car and driver as they go around the corner.
(2 marks)

b. On the right-hand diagram, draw the direction of the net force acting on the racing car using an arrow.

(1 mark)

¢. Explain why the racing car needs a net horizontal force to travel around the corner and state what exerts
this horizontal force.

(2 marks)

Question 27/ 41 [Adapted VCAA 2023 SB Q9]

Lee ties a small ball of mass 100 g to a string and rotates it in a vertical circle, as shown in the left-hand
diagram below. Assume that the ball is rotated at a constant speed of 3.0 m s~1. The radius, r, of the circle
is 0.60 m. The right-hand diagram below shows a side view.

A A

r=060m




a. On the right-hand diagram, draw arrows to represent each of the forces acting on the small ball at position
A, at the top of the circle, and at position B, at the bottom of the circle. Label each arrow clearly and use the
lengths of the arrows to show the relative approximate magnitudes of the forces. No calculations are required.

(4 marks)

b. Calculate the tension force in the string when the ball is at position B.
Useg = 10 m s~2.

(2 marks)

¢. Lee now increases the speed of the ball to a new constant speed, which is greater than 3.0 m S_l, and

notices that the string breaks when the ball is at position B. Explain why the string is more likely to break at
position B than at position A.

(3 marks)

Question 28/ 41 [Adapted VCAA 2023 SB Q9]
Giorgos is practising his tennis serve using a tennis ball of mass 56 g.

a. Giorgos practises throwing the ball vertically upwards from point A to point B, as shown below.



18m

18m

His daughter Eka, a physics student, Models the throw, assuming that the ball is at the level of Giorgos's
shoulder, point A, both when it leaves his hand and also when he catches it again. Point A is 1.8 m from the
ground. The ball reaches a maximum height, point B, 1.8 m above Giorgos's shoulder.

Show that the ball is in the air for 1.2 s from the time it leaves Giorgos's hand, which is level with his
shoulder, until he catches it again at the same height.

(2 marks)

b. Giorgos swings his racquet from point D through point C, which is horizontally behind him at shoulder
height, as shown below, to point B. Eka models this swing as circular motion of the racquet head. The centre
of the racquet head moves with constant speed in a circular arc of radius 1.8 m from point C to point B.



The racquet passes point C at the same time that the ball is released at point A and then the racquet hits the
ball at point B.

Calculate the speed of the racquet at point C.

(2 marks)

Chapter 7 Fields and their patterns

Question 1/ 18
Which of the following best describes the force between two isolated positive point charges?
A There is an attractive force caused by the direct interaction of the two charges.

B There is a repulsive force caused by the direct interaction of the two charges.



C There is an attractive force caused by the interaction of the electric field of one charge with the other
charge.

D There is a repulsive force caused by the interaction of the electric field of one charge with the other charge.

Question 2/ 18

A key difference between the electrostatic forces between two positive charges and magnetic forces between
two bar magnets is that

A electrostatic forces rely on electric fields, but magnetic forces are direct interactions between magnets.
B the electrostatic forces can be either attractive or repulsive, but the magnetic forces are always attractive.
C the electrostatic force will always be positive, but the magnetic force can be attractive or repulsive.

D both forces can be attractive or repulsive, but magnetic forces only work at short ranges.

Question 3/ 18

At the time of writing this question, magnetic monopoles have not been observed. However, if they were
discovered, the pattern of their magnetic field would likely be most similar to the field pattern of

A a moving isolated electric charge.
B a bar magnet.
C an isolated point mass.

D a closely spaced pair of positive and negative electric charges.

Question 4/ 18



The following kinds of monopoles have not yet been observed.
A positive electric

B negative electric

C magnetic north

D gravitational

Question 5/ 18

Which of the following statements is correct?

A FElectrostatic and magnetic fields are vector fields; gravitational fields are not.
B Electrostatic and gravitational fields are vector fields; magnetic fields are not.
C Magnetic and gravitational fields are vector fields; electrostatic fields are not.

D Electrostatic, magnetic and gravitational fields are all vector fields.

Question 6/ 18

Which of the following is closest to a uniform field?

A the electric field between two large charged parallel plates
B the electric field close to an isolated positive charge

C the magnetic field close to a current in a long straight wire

D none of the above is close to a uniform field




Question 7/ 18

The inverse square law does not apply to which of the following?
A the gravitational field of a point mass

B the electric field of an isolated positive charge

C the electric field of an isolated negative charge

D the magnetic field of a bar magnet

Question 8/ 18

Which of the following could be described as a static field?
A the gravitational field of the Moon as it passes overhead
B the electric field of a vibrating positive charge

C the magnetic field around a coil carrying AC current

D the magnetic field around a coil carrying DC current

Question 9/ 18

Which of the following interactions always produces repulsive forces?
A electrostatic charges of opposite sign

B electrostatic charges of same sign

C two bar magnets

D masses of matter and anti-matter




Question 10/ 18

Which of the following diagrams shows the situation in which the vector sum of fields produces a zero field
at P? Diagram A shows two masses, diagrams B and C show electric charges, and diagram D shows two bar
magnets.

@4 2d ye—d —>@
A
e
B @ (P equidistant from charges) @
S ' ®
C (P equidistant from charges)

P
.
D (P equidistant from magnets)

Question 11/ 18

Which of the following statements best summarises current information about monopoles and dipoles?
A Dipoles are only possible in electric fields.

B Monopoles are never observed in gravitational fields.

C Monopoles are not observed in electric fields.

D Dipoles exist in electric and magnetic fields.

Question 12/ 18

Which one of the following diagrams best shows the electric field pattern surrounding two equal, positive



point charges?
‘@
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Question 13/ 18

The three diagrams X, Y and Z below represent different types of fields.



©

Which one of the following statements about these diagrams is correct?

A X could be an electric field, Y could be a gravitational field and Z could be a magnetic field.
B X could be a gravitational field, Y could be an electric field and Z could be a magnetic field.
C X could be a magnetic field, Y could be a gravitational field and Z could be an electric field.

D X could be a gravitational field, Y could be a magnetic field and Z could be an electric field.

Question 14/ 18

A straight wire carries a current of 10 A. Which one of the following diagrams best shows the magnetic field
associated with this current?

A

» 10A



s 10A

i

C 10A



D 10 A

Question 15/ 18

Two identical bar magnets are placed end to end, as shown below. Point X is midway between the bar
magnets. Which direction best shows the direction of the magnetic field at point X?

S N X S N

>

O <
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Question 16/ 18

Magnetic and gravitational forces have a variety of properties. Which of the following best describes the
attraction/repulsion properties of magnetic and gravitational forces?

Magnetic forces Gravitational forces
either attract or repel  only attract
only repel  neither attract nor repel
only attract  only attract

either attract or repel  either attract or repel

Question 17/ 18

The diagram below shows the electric field lines between four charged spheres: P, Q, R and S. The magnitude
of the charge on each sphere is the same.
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N

Which of the following correctly identifies the type of charge (+ positive or — negative) that resides on each
of the spheres P, Q, R and S?

)

P Q R 8
-+ - 4+
+ - o+ -
- - + +
+ + - -

Question 18/ 18

Consider the diagram below, which shows a stationary object with field lines that extend outwards from the
object.



The field shown is most likely to be identified as an example of
A an electric field that is uniform.

B an electric field that is non-uniform.

C a gravitational field that is uniform.

D a gravitational field that is non-uniform.

Question 1/ 29 [VCAA 2020 SB Q1]

Three charges are arranged in a line, as shown below.

O p O O
-Q +Q -Q

Draw an arrow at point X to show the direction of the resultant electric field at X. If the resultant electric field
1s zero, write the letter ‘N’ at X.

(1 mark)

Question 2/ 29 [VCAA 2020 SB Q1]



Two small equal masses are shown in the diagram below. They can be considered to be point masses.

a. Identify any point(s) where the combined gravitational field of the two masses is zero, by marking it on the
diagram.

(1 mark)

b. Sketch the pattern of the gravitational field between the masses, using at least four field lines. Mark each
field line with an appropriate arrow to show the direction of the field.

(2 marks)

Question 3/ 29 [VCAA 2020 SB Q1]

Two small charges of opposite sign are shown in the diagram below. They can be considered to be point
charges.

a. Sketch the pattern of the electric field between the charges, using at least four field lines. Mark each field
line with an appropriate arrow to show the direction of the field.

(2 marks)

b. Students are debating whether the point midway between the two charges is a point of zero field strength.
Give your judgement on this, including reasons.

(2 marks)

Question 4/ 29 [VCAA 2020 SB Q1]

The diagram below shows a solenoid. Draw five lines with arrows to show the magnetic field of the solenoid.



(2 marks)

Question 5/ 29 [VCAA 2020 SB Q1]

Two long straight wires are parallel, as shown in the left-hand diagram below. Viewed from below, they can
be shown as in the right-hand diagram. Note that the currents are in the same direction.

A A © o)

a. Sketch the pattern of the magnetic field lines as seen from below the wires. Use six (or more) lines.
(2 marks)
b. The current in one wire is reversed. Sketch the field pattern now.

(2 marks)

Question 6/ 29 [VCAA 2020 SB Q1]



a. Give an example of a non-uniform magnetic field. Include a pattern of field lines.

(2 marks)

b. Give an example of a non-uniform electrostatic field. Include a pattern of field lines.
(2 marks)

c. Give an example of a non-uniform gravitational field. Include a pattern of field lines.

(2 marks)

Question 7/ 29 [VCAA 2020 SB Q1]

An electrostatic field line pattern is shown below.

%

:

a. Use the field pattern to compare the direction of the field at points A and E. Explain your reasoning.
(2 marks)
b. Use the field pattern to compare the direction of the field at points B and C. Explain your reasoning.
(2 marks)

c. Use the field pattern to compare (qualitatively) the strength of the field at points B and D. Explain your
reasoning.

(2 marks)



Question 8/ 29 [VCAA 2020 SB Q1]

Two bar magnets are arranged in three different ways, as shown.

N S

S S

In the space between the magnets in each arrangement, draw at least four magnetic field lines. Attach
arrowheads to each field line, showing its direction.

(3 marks)

Question 9/ 29 [VCAA 2020 SB Q1]

Compare and contrast the shapes and directions of the fields from a single isolated positive point charge and a
single isolated point mass.

(3 marks)

Question 10/ 29 [VCAA 2020 SB Q1]

Gravitation, magnetism and electricity can be explained using a field model. According to our understanding
of physics and current experimental evidence, these three field types can be associated with only monopoles,
only dipoles or both monopoles and dipoles. In the table below, indicate whether each field type can be



associated with only monopoles, only dipoles or both monopoles and dipoles by ticking the appropriate box.

Field type  Only monopoles Only dipoles Both monopoles and dipoles
gravitation
magnetism

electricity

(3 marks)

Question 11/ 29 [VCAA 2020 SB Q1]
Two bar magnets are placed close to each other, as shown below.

Sketch the shape and the direction of at least four magnetic field lines between the two poles within the
dashed border shown.

(2 marks)

Chapter 8 Gravitational fields



Question 1/ 24

Which of the below gives the correct units for G?
ANkg!

Bm3s 2 kg !

CNmkg?2

D none of the above

Question 2/ 24

Scientists want to put a satellite into an orbit where the gravitational field of Earth is half its value at Earth’s
surface. The altitude of this orbit above Earth’s surface will be

A 3R
Bv2R—- R
C4R

D+/2R
Question 3/ 24

If the Moon were to be put into a new orbit of twice its current radius, its potential energy would
A increase.

B decrease.

C remain unchanged.

D increase or decrease, depending on its speed in the new orbit.



Question 4/ 24

Two satellites are in orbit at the same height around Earth. Satellite 1 has a mass 10 times that of satellite 2.
Determine which option is closest to the ratio:

period of satellite 1
period of satellite 2

A 100

B 10

Cl

D 0.10

Question 5/ 24

A Moon transfer vehicle has a weight of 625 000 N on Earth’s surface. On the surface of the Moon a possible
value for its approximate weight could be

AON
B 625 000 N
C 62 500 kg

D 100 000 N

Question 6/ 24

The acceleration due to gravity on the surface of Mars is close to 3.8 m s72. Which of the following is
closest to the weight of an object on Mars that weighs 76 N on Earth?

A7.6kg



B29N

C290N

D 760 N

Question 7/ 24

Which of the following best describes the forces acting on a satellite in stable orbit around Earth?
A The gravity force from Earth

B The gravity force from Earth, balanced by an equal outwards force

C No force is required; conservation of momentum ensures its motion

D A force from the engines of the satellite

Question &/ 24

A satellite in orbit around Earth is at a height where the value of g = 4.9 m s~2. Which of the following is
closest to the centripetal acceleration of the satellite while in this orbit?

AQms2
B4.9ms 2
C9.8ms 2

D19.6 m s 2




Question 9/ 24

Which of the following is closest to the period of a geostationary satellite?
A 12 hours

B 86 400 s

C 1 year

D 0 s because it is stationary

Question 10/ 24

Two satellites are in orbit at the same height. Satellite 1 has a mass of 100 kg; satellite 2 has a mass of 1000
kg. Which statement below is correct?

A They have the same potential energy and orbital period.
B They have different potential energies and the same orbital period.
C They have the same potential energy and different orbital periods.

D They have the different potential energies and orbital periods.

Question 11/ 24
[VCAA 2018 NHT SA Q2]

DATA

Mass of Mercury = 3.34 x 10 kg

Radius of Mercury = 2.44 x 106 m

Universal gravitational constant G = 6.67 x 107! N m? kg2

The gravitational field strength at the surface of Mercury (assumed spherical and uniform) is close to



A9.00 x 10% N kg ™!
B9.81 N kg *
C3.74 Nkg*

D3.74 x 102N kg !

Question 12/ 24

Two satellites in circular orbits around Earth have different masses but are travelling at the same speed. This
means that

A they will travel at different radii.
B they will circle Earth with different periods.
C they will have the same potential energy.

D the gravitational force on them will be different.

Question 13/ 24
[VCAA 2018 SA Q7]

At one point on Earth’s surface at a distance R from the centre of Earth, the gravitational field strength is
measured as 9.76 N kg_l. Which one of the following is closest to Earth’s gravitational field strength at a
distance 2R above the surface of Earth at that point?

A1.08 Nkg!
B2.44 Nkg '
Cc3.25kg !

D4.88 Nkg !



Question 14/ 24

[VCAA 2019 NHT SA Q4]

The gravitational field strength at the surface of Mars is 3.7 N kgil. Which one of the following is closest
to the change in gravitational potential energy when a 10 kg mass falls from 2.0 m above Mars’s surface to
Mars’s surface?

A3.7]
B7.4]
C37]

D74])

Question 15/ 24
[VCAA 2019 SA Q4]

The magnitude of the acceleration due to gravity at Earth’s surface is g. Planet Y has twice the mass and half
the radius of Earth. Both planets are modelled as uniform spheres. Which one of the following best gives the
magnitude of the acceleration due to gravity on the surface of Planet Y?

1
Blg
Cdg

D 8¢

Question 16/ 24



[VCAA 2020 SA Q2]

Jupiter’s moon Ganymede is its largest satellite. Ganymede has a mass of 1.5 X 10%3 kg and a radius of
2.6 x 10%m. Which one of the following is closest to the magnitude of Ganymede’s surface gravity?

A0.8 m s 2
B1l.5ms 2
C3.8ms 2

D9.8 m s 2

Question 17/ 24
[VCAA 2021 NHT SA Q4]

A person has a mass of 60.0 kg. Which one of the following is closest to the weight of this person on Earth’s
surface?

A 60.0 kg
B 60.0N
C 588 kg

D 588 N

Question 18/ 24

[VCAA 2021 NHT SA Q5]

When a spacecraft orbits Earth, its orbital period is not a function of the
A mass of Earth.

B mass of the spacecraft.



C velocity of the spacecraft.

D height of the spacecraft above Earth.

Question 19/ 24
[VCAA 2021 SA Q4]

The planet Phobetor has a mass four times that of Earth. Acceleration due to gravity on the surface of
Phobetor is 18 m s 2. If Earth has a radius R, which one of the following is closest to the radius of
Phobetor?

AR
B 1.5R
C2R

D 4R

Question 20/ 24

[VCAA 2022 NHT SA Q3]

The gravitational field strength at the surface of a uniform spherical planet of radius R is g N kg_l. Ata
distance of 3R above the planet’s surface, the strength of gravity will be closest to

A0

B

wlie

@
o




Question 21/ 24
[VCAA 2022 NHT SA Q4]

The Mars Odyssey spacecraft was launched from Earth to explore Mars. The graph below shows the
gravitational force acting on the 700 kg Mars Odyssey spacecraft plotted against its height above Earth’s
surface.
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Which one of the following is closest to the minimum launch energy needed for the Mars Odyssey spacecraft
to ‘escape’ Earth’s gravitational attraction?

A4.0x 104 7T
B1.5 x 10°J
C4.0 x 1010 J

D1.5 x 1011 J

Question 22/ 24
[VCAA 2023 NHT SA Q3]

Two identical satellites, S1 and S, each of mass m, are placed into two circular orbits around Earth. Satellite
S has an orbital radius of 5R. Satellite S2 has an orbital radius of R.



£ gravitational force exerted on S; by Earth

Which one of the following best gives the value o gravitational force exerted on S, by Earth

Question 23/ 24

[VCAA 2023 NHT SA Q8]

Saturn has 83 moons. One of them, Enceladus, has a mass 1.08 x 1020 kg and a circular orbit of radius

2.38 x 108 m.

The mass of Saturn is 5.68 x 10?0 kg.
Which one of the following is closest to the gravitational force of attraction between Enceladus and Saturn?
AON

B 1300 N
C4.9x 108N

D7.2 x 10 N

Question 24/ 24
[VCAA 2023 SA Q3]

Space scientists want to place a satellite into a circular orbit where the gravitational field strength of Earth is
half of its value at Earth’s surface.

Which one of the following expressions best represents the altitude of this orbit above Earth’s surface, where



R is the radius of Earth?
A(vV2R/2)-R
Bv2R

c(v2R) - R

D2R — V2R

Question 1/ 56
Calculate the gravitational force attracting two masses of 1 kg, separated by 0.40 m.

(2 marks)

Question 2/ 56

A space shuttle of mass 200 t is in circular orbit around Earth, at a height of 200 km.
DATA: mass of Earth = 6.0 x 10?* kg; radius of Earth = 6.4 x 10 m

Calculate the kinetic energy of the space shuttle in this orbit. Show your working.

(4 marks)

Question 3/ 56

From the frame of reference of Earth, the Moon orbits it once every 27.3 days. The orbit circumference
(assumed circular) is equal to 2.4 X 10° km. Calculate the acceleration of the Moon in this frame of
reference. Show your working.



(3 marks)

Question 4/ 56

A geosynchronous satellite is one with a period of 24 h positioned exactly above the equator. It appears
motionless viewed from the surface of Earth. Explain why it must be in an orbit above the equator.

(4 marks)

Question 5/ 56

A rocket is disabled at a height of nine Earth radii above the surface of Earth. It is at rest. By how much will
its velocity change in the next 200 s?

(Take g at Earths surface = 10 m s~2; assume g does not change in 200 s.)

(2 marks)

Question 6/ 56

Between the Sun and Earth, there will be a point where the sum of their gravitational fields will be zero. This
point is a distance x from the centre of Earth, and the radius of Earth’s orbit about the Sun is R. Write down
an equation that would enable you to find x, in terms of R, M, (the mass of Earth), and M (the mass of the

Sun). Do not attempt to solve the equation.

(2 marks)




Question 7/ 56

A small satellite orbits Mars. It has a kinetic energy of 3.0 x 10! J, and it is at a constant distance of
8.0 x 107 m from the centre of Mars. What is the weight of the satellite at this height? Show your working.

(3 marks)

Question 8/ 56

An Earth-calibrated balance, which compares a known mass with an unknown mass by a balancing
mechanism, will work satisfactorily on the Moon but not in a satellite in stable orbit. Explain why this is so.

(4 marks)

Question 9/ 56

An experiment fires a mass of 50 kg vertically from the surface of the Moon to a maximum height of 180 km.
There is no air resistance.
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Use the graph to deduce the velocity of the mass. Explain your method.

(4 marks)



Question 10/ 56

One of Kepler’s laws for planetary motion of planets around the Sun can be expressed in the form T? x R?
. Show that this holds for planets in circular orbits around the Sun.

(3 marks)

Question 11/ 56
Read the following extract.

Jupiter, the largest planet in the solar system, has several moons. Galileo discovered four of them in 1610/11
AD. They are lo, Europa, Ganymede and Callisto; more details about them are shown in the table below.

Moon name Distance from centre of Jupiter = Mass (relative units) Period of rotation (days)

Io 4.2 x 108 m 1.0 1.77
Europa 6.7 x 108 m 0.7 3.55
Ganymede 1.1 x 10° m 3.7 7.16
Callisto 1.87 x 10° m 2.6

a. Explain why the period of rotation of the three closest moons increases with the distance from the centre of
Jupiter, and it is not related to the masses of the moons involved.

(4 marks)

b. Calculate the period of rotation of Callisto. Express your answer to two significant figures. Show your
working.

(4 marks)




Question 12/ 56

a. Calculate the gravitational field g on the surface of Phobos (a moon of Mars). Assume it is uniform and
spherical. Show your working.

DATA: mass of Phobos: 1.07 x 101® kg; radius of Phobos: 11.3 km
(2 marks)

b. Assuming constant density, state g at the centre of Phobos.

(1 mark)

Question 13/ 56

Calculate the mass of Earth from the following data. Show your working.
Radius of Moons orbit = 3.8 x 108 m; period of Moon = 28 days

(3 marks)

Question 14/ 56

Show that two satellites of different mass with the same radius orbit about Earth must have the same speed
and period. Assume circular orbits.

(3 marks)




Question 15/ 56

A spacecraft is placed in orbit around Saturn so that it always over the same point on Saturn’s surface on its
equator.

Saturns mass = 5.68 x 10%% kg, Saturns period of rotation = 10.25 h
a. Calculate the period, in seconds, of the spacecraft’s orbit.

(1 mark)

b. Calculate the radius of the orbit of the spacecraft. Show your working.

(3 marks)

Question 16/ 56

Two students discuss the gravitational field inside Earth (assumed to be a uniform sphere). Jacinta says that
the field will increase towards the centre of Earth, but Josie says that it will decrease to zero. Evaluate these
statements.

(4 marks)

Question 17/ 56
[VCAA 2016 SA Q6]

a. Explain the conditions for a satellite to be in a geostationary orbit (that is, stationary over a fixed point on
Earth’s surface). There is no need to calculate the actual radius of the orbit.

(3 marks)

b. Roger states that there are a number of situations on or near Earth’s surface where a person may feel
‘weightless’. Emily states that this is impossible. It is only possible to feel ‘weightless’ in deep space where
there is no, or very little, gravitational force on a person. Is Emily correct or incorrect? Explain your answer.

(3 marks)



Question 18/ 56
[VCAA 2017 SB Q4]
Charon, a moon of Pluto, has a circular orbit.

DATA

Mass of Pluto = 1.3 x 10?2 kg; radius of Pluto = 1.2 x 10° m

Mass of Charon = 1.6 x 10%! kg; radius of Charons orbit = 1.8 x 10" m
Universal gravitational constant (G) = 6.67 x 10"'' N m? kg >

Assume that Pluto is a uniform sphere.

a. Calculate the gravitational field strength on the surface of Pluto. Show your working and include an
appropriate unit.

(3 marks)
b. Calculate the period of orbit of Charon. Show your working.
(3 marks)

¢. Scientists wish to place a spacecraft, of mass 1000 kg, in an orbit of the same radius as Charon. Three
students, Rick, Melissa and Nam, are discussing the situation and have different opinions. Rick says as the
spacecraft is lighter, it will have to move at a greater speed than Charon to achieve the same orbit. Melissa
says the spacecraft would need to move at the same speed as Charon. Nam says the spacecraft would need
only to move at a lower speed as it is lighter than Charon. Evaluate these three opinions. Detailed calculations
are not necessary.

(3 marks)

Question 19/ 56
[Adapted VCAA 2018 SB Q1]

A 1500 kg satellite is in a circular orbit around Earth at an altitude of 850 km.



Earths radius = 6400 km; its mass = 6.0 x 102* kg; G = 6.67 x 107! N m? kg 2.
a. Calculate the period of the satellite in seconds.

(3 marks)

b. The controllers of the satellite use its motors to move the satellite into a higher, but still stable, orbit.
i. Will this increase, decrease or have no effect on the speed of the satellite? Justify your answer.

(3 marks)

ii. Will this increase, decrease or have no effect on the gravitational potential energy of the satellite? Take the
surface of Earth as the zero of gravitational potential energy. Justify your answer.

(3 marks)

Question 20/ 56

In December 2003, a spacecraft was put into orbit around Mars. The orbital period was 7.5 h. Assume that
the orbit was circular, and use the data below.

Mass of Mars = 6.4 x 10% kg; radius of Mars = 3.4 x 10 m.

a. Calculate the speed of the spacecraft when in orbit around Mars. Show the steps of your working.
(3 marks)

b. Calculate gravitational field due to Mars acting on the spacecraft. Show your working.

(3 marks)

c. Calculate the height of the orbiting spacecraft above the surface of Mars. Show your working.

(4 marks)

Question 21/ 56

[Adapted VCAA 2017 Sample SB Q1]



A probe of mass 0.20 kg is released from 10 m above Mars’s surface. Assume the gravitational field strength
is uniform (the same as at the surface). Ignore air resistance. Graph the probe’s gravitational potential energy
against the height above the Martian surface on the grid below: label it as Uy. Take potential energy at the

surface of Mars as zero. Include the initial potential energy value. On the same axes, sketch the kinetic energy
of the probe; label this as Ex.

DATA

Masspars = 6.4 x 102 kg; Radiusyars = 3.4 X 106 m; G = 6.67 x 10 N m? kg 2.

A

energy (J) 4 . 4
3
1
0 >
0 1 2 3 R 5 6 7 8 9 10
height (m)
(3 marks)
Question 22/ 56
[VCAA 2018 SB Q9]

The spacecraft Juno has been put into orbit around Jupiter. The table below contains information about the
planet Jupiter and the spacecraft Juno. The graph below shows gravitational field strength (IN kg_l) asa
function of distance from the centre of Jupiter.

Data
mass of Jupiter 1.90 x 10%" kg
radius of Jupiter 7.00 x 10" m

mass of spacecraft Juno 1500 kg



— —
(3] +
Lt

._.
o
L]

gravitational field 8 v
strength (N kg1)

4 \
2 AN
e

0 | —

T T

0 1 2 3 E 5 6
distance from the centre of Jupiter (x10% m)

v

a. Calculate the gravitational force acting on Juno by Jupiter when Juno is at a distance of 2.0 x 108 m
from the centre of Jupiter. Show your working.

(2 marks)

b. Use the graph on the previous page to estimate the magnitude of the change in gravitational potential
energy of the spacecraft Juno as it moves from a distance of 2.0 x 108 m to a distance of 1.0 x 10® m
from the centre of Jupiter. Show your working.

(3 marks)

c. Europa is a moon of Jupiter. It has a circular orbit of radius 6.70 X 108 m around Jupiter. Calculate the
period of Europa’s orbit. Show your working.

(3 marks)

Question 23/ 56

[VCAA 2019 NHT SB Q10]

A spacecraft with astronauts on board is in orbit around Mars at an altitude of 1.6 X 10% m above the
surface of Mars. The mass of Mars is 6.4 x 1023 kg and its radius is 3.4 X 10% m. Take the universal
gravitational constant, G, to be 6.7 X 1071 Nm? k g_2. The mass of the spacecraft is 2.0 X 104 kg.

a. Calculate the period of orbit of the spacecraft around Mars. Show your working.
(4 marks)

b. The altitude of the spacecraft above the surface of Mars is doubled so that the spacecraft is now in a new



stable orbit. Will the speed of the spacecraft be greater, the same or lower in this new orbit? Explain your
reasoning.

(2 marks)

Question 24/ 56
[VCAA 2019 SB Q4]

Assume that a journey from approximately 2 Earth radii (2Rg) down to the centre of Earth 1s possible. The

radius of Earth (Rg) is 6.37 X 10% m. Assume that Earth is a sphere of constant density. A graph of
gravitational field strength versus distance from the centre of Earth is shown below.
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a. What is the numerical value of Y?

(1 mark)
b. Explain why the gravitational field strength is 0 N kg_1 at the centre of Earth.

(2 marks)

c. Calculate the increase in potential energy for a 75 kg person hypothetically moving from the centre of
Earth to the surface of Earth. Show your working.

(2 marks)




Question 25/ 56
[VCAA 2019 SB Q5]

Navigation in vehicles or on mobile phones uses a network of global positioning system (GPS) satellites. The
GPS consists of 31 satellites that orbit Earth. In December 2018, one satellite of mass 2270 kg, from the GPS
Block IITA series, was launched into a circular orbit at an altitude of 20 000 km above Earth’s surface.

a Identify the type(s) of force(s) acting on the satellite and the direction(s) in which the force(s) must act to
keep the satellite orbiting Earth.

(2 marks)

b Calculate the period of the satellite to three significant figures. You may use data from the table below in
your calculations. Show your working.

(3 marks)

Data
mass of satellite 2.27 x 10% kg
mass of Earth 5.98 x 10% kg
radius of Earth 6.37 x 10 m

altitude of satellite above Earth’s surface  2.00 x 10” m

gravitational constant 6.67 x 10711 N m? kg_2

Question 26/ 56
[VCAA 2020 SB Q4]

The Ionospheric Connection Explorer (ICON) space weather satellite, constructed to study Earth’s
ionosphere, was launched in October 2019. ICON will study the link between space weather and Earth’s
weather at its orbital altitude of 600 km above Earth’s surface. Assume that ICON’s orbit is a circular orbit.

Use Rg = 6.37 x 10 m.
a. Calculate the orbital radius of the ICON satellite.
(1 mark)

b. Calculate the orbital period of the ICON satellite correct to three significant figures. Show your working.

(4 marks)



c. Explain how the ICON satellite maintains a stable circular orbit without the use of propulsion engines.
(2 marks)

d. The graph on the next page shows the strength of Earth’s gravitational field, g, as a function of orbital
altitude, 4, above the surface of Earth.
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Determine the change in gravitational potential energy of the ICON satellite as it travels from Earth’s surface
to its orbital altitude of 600 km above Earth’s surface. The mass of the ICON satellite is 288 kg.

(3 marks)

Question 27/ 56
[VCAA 2021 NHT SB Q3]

The motion of Earth’s moon can be modelled as a circular orbit around Earth, as shown below.
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Data:
mass of Earth 5.98 x 10%* kg
mass of the moon 7.35 x 10?% kg

radius of the moon’s orbit around Earth  3.84 x 10® m

universal gravitational constant (G) 6.67 x 1071 N m2 kg_2

a. Calculate the magnitude of the gravitational force that Earth exerts on the orbiting moon. Give your answer
correct to three significant figures. Show your working.

(3 marks)

b. The average orbital period of Earth’s moon is 27.32 days. The moon is moving slightly further away from
Earth at an average rate of 4 cm per year. Given this information, will the average orbital period of Earth’s
moon decrease, stay the same or increase? Explain your answer.

(3 marks)

Question 28/ 56
[VCAA 2021 SB Q3]

To calculate the mass of distant pulsars, physicists use Newton’s law of universal gravitation and the



equations of circular motion. The planet Phobetor orbits pulsar PSR B1257 + 12 at an orbital radius of

6.9 x 10'% m and with a period of 8.47 x 109 s. Assuming that Phobetor follows a circular orbit,
calculate the mass of the pulsar.

Show all your working.

(3 marks)

Question 29/ 56
[VCAA 2022 SB Q2]

There are over 400 geostationary satellites above Earth in circular orbits. The period of orbit is one day (86
400 s). Each geostationary satellite remains stationary in relation to a fixed point on the equator. The diagram
below shows an example of a geostationary satellite that is in orbit relative to a fixed point, X, on the equator.

satellite \_/

a. Explain why geostationary satellites must be vertically above the equator to remain stationary relative to
Earth’s surface.

(2 marks)

b. Using G = 6.67 x 1071 N m? kg2, Mg = 5.98 x 10%* kg and Rg, = 6.37 x 10° m, show
that the altitude of a geostationary satellite must be equal to 3.59 X 107 m.

(4 marks)
c. Calculate the speed of an orbiting geostationary satellite.

(3 marks)

Question 30/ 56



[VCAA NHT 2023 SB Q5]

The diagram below shows the sun, the moon and Earth.

The mass of the sun is approximately 3.3 X 10° times the mass of Earth.

The distance from the sun to the moon is approximately 390 times the distance from Earth to the moon.

Missing Image

magnitude of the sun’s gravitational force on the moon
magnitude of Earth’s gravitational force on the moon *

Calculate

(3 marks)

Question 31/ 56
[VCAA NHT 2023 SB Q6]

Measuring very small changes in Earth’s surface mass, the 600 kg satellite GRACE-FOI is in a circular orbit
around Earth at an altitude of 500 km. The radius of Earth is 6.37 x 10° m.

a. Calculate the magnitude and direction of the satellite’s centripetal acceleration. Give your answer correct
to three significant figures.

(3 marks)

b. The diagram below shows a graph of the gravitational force that would act on GRACE-FO1 for a range of
altitudes.

force (N)
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Estimate the energy required to lift the satellite from its present orbit at an altitude of 500 km to a new orbit at
an altitude of 1400 km.



(2 marks)

Question 32/ 56
[VCAA 2023 SB Q2]

Phobos is a small moon in a circular orbit around Mars at an altitude of 6000 km above the surface of Mars.
The gravitational field strength of Mars at its surface is 3.72 N kgfl. The radius of Mars is 3390 km.

a. Show that the gravitational field strength 6000 km above the surface of Mars has a value of 0.48 N kg_l

(2 marks)

b. Calculate the orbital period of Phobos. Give your answer in seconds.
(3 marks)

¢. Phobos is very slowly getting closer to Mars as it orbits.

Will the orbital period of Phobos become shorter, stay the same or become longer as it orbits closer to Mars?
Explain your reasoning.

(2 marks)

Chapter 9 Electric fields

Question 1/ 25

Two equal positive isolated electric charges separated by a distance d and exert a force F on each other. To
decrease the force to F/3, the distance would have to increase to

A 3d

B +/3d
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Question 2/ 25

Two equal positive isolated electric charges of value ¢ are separated by a distance d and exert a force F on
each other. One of the charges is increased to 2¢g; the other is increased to 3¢. The force will change to

A 6F
B 3F

C2F

F
D35

Question 3/ 25

A uniform electric field can be produced by two large parallel conducting plates with a small spacing
between them, as shown in the diagram below. Points A and D are midway between the plates.
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The direction of the field between the plates at points A, B, C and D is best described as
A towards the right at all points.

B towards the left at all points.

C zero at points A and D, but towards the right at B and C.

D zero at points A and D; towards the left at B and towards the right at C.

Question 4/ 25

The potential energy of a negative charge would
A increase as charge moves from B to C.

B decrease as charge moves from B to C.

C decrease as charge moves from A to D.

D increase as charge moves from A to D.

Question 5/ 25

The size of the electrostatic force acting on a small negative charge at each of the points A, B, C and D can be
described as

A largest at B, zero at A and D, and smallest at C.
B largest at C, zero at A and D, and smallest at B.
C largest at B, equal at A and D, and smallest at C.

D equal at all four points.




Question 6/ 25

The direction of the electrostatic force acting on a small positive charge at each of the points A, B, C and D
can be described as

A to the right at B, zero at A and D, and to the left at C.
B to the right at C, zero at A and D, and to the left at B.
C to the right at all four points.

D to the left at all four points.

Question 7/ 25

Two large parallel conducting plates are separated by 15 cm. A potential difference of 225 V is applied across
the plates. Which of the following best describes the electric field in the space between the plates?

A There is a uniform field of 1500 V m~! from the + plate to the — plate.
B There is a uniform field of 1500 V m~! from the — plate to the + plate.
C There is a uniform field of 15 V m~! from the + plate to the — plate.

D There is a uniform field of 15 V m~! from the — plate to the + plate.

Question &/ 25

An alpha particle (charge = +3.2 x 1071°C, mass = 6.6 x 1027 kg) is placed midway between
the plates. Which of the following best describes the force on the particle?

A There is a force of 7.2 X 10717 N towards the — plate.
B There is a force of 7.2 x 10717 N towards the + plate.

C There is a force of 4.8 x 10716 N towards the — plate.



D There is a force of 4.8 X 1071® N towards the + plate.

Question 9/ 25

The magnitude of the acceleration of the alpha particle described in the previous two questions is closest to

Al.1x 1019 ms2
B7.3 x 101 m s2
C1.4x 10719 mg2

D3.0 x 108 m s 2

Question 10/ 25
If a stationary alpha particle were placed at the positive plate, it would

A remain there, as it is a position of minimum potential energy.
B move at a constant speed of 1500 m s~ towards the negative plate.
C move towards the negative plate and gain 7.2 X 1077J of kinetic energy.

D oscillate about the midpoint, with a kinetic energy of 7.2 x 10717J.

Question 11/ 25

Electrons are accelerated from rest in an electron gun by a potential difference of 50 kV. What is their final
speed? (Ignore relativistic effects.)



A1.0 x 10°ms™?
B4.7 x 10" m s~ 1
C1.3x108ms?!

D2.9x 108 ms!

Question 12/ 25
[VCAA 2017 SA Q2]

Millikan, a famous scientist, measured the size of the electron charge by balancing an upwards electric force
with a gravitational force on a small oil drop. In a repeat of this experiment, an oil drop with a charge of

9.6 x 1071 C was placed in an electric field of 10* V m ™. Which one of the following is closest to the
electrical force on the oil drop?

A9.6x 107N
B9.6 x 107° N
C9.6 x 1072 N
D9.6 x 1073 N

Question 13/ 25
[VCAA 2017 SA Q3]

Two large charged plates with equal and opposite charges are placed close together, as shown in the diagram
below. A distance of 5.0 mm separates the plates. The electric field between the plates is equal to

1000 N C 1,



+ + + + + +

Which one of the following is closest to the voltage difference between the plates?
AS50V

B 200V

C 5000 V

D 5000 000 V

Question 14/ 25
[Adapted VCAA 2018 NHT SA Q3]

A Van de Graaft generator, a piece of electric field demonstration equipment, consists of a small electrically
charged sphere, as shown in the diagram.
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A Van de Graaff generator has a sphere with a charge of 5.0 X 107 coulombs on it. Take the Coulomb’s
law constant as & = 9.0 x 10° N m? C™2. Which one of the following best gives the magnitude of the
electric field at point X in the diagram above, 0.50 m from the sphere?

A1.8%x102Vm!

B3.6x102Vm™*



C1.8x 104 Vm™

D3.6x10*Vm!

Question 15/ 25

An electron is accelerated to a speed of 3.0 x 10" m s™*

in a vacuum by a voltage V.
Which of the following is closest to the value of V'? (Ignore relativistic effects.)
A250V

B 2500 V

C25000V

D 250 000 V

Question 16/ 25

[Adapted VCAA 2017 Sample SA Q5]

A small sphere with a charge of +1.0 x 107? C is placed 30 cm from a metal sphere with a charge of
+1.0 x 1078 C on it. Both act as point charges. Which of the following best gives the magnitude of the
force between the spheres? Take & = 9.0 x 10° N m?C 2.

Al.lx 107N
B1.0x 108N
Cc3.0x10 %N

D3.0x 107°N




Question 17/ 25

[VCAA 2018 SA Q4]

A small sphere has a charge of 2.0 X 1079C. Take k = 8.99 x 10° N m? C 2. The strength of the
electric field due to this charge at a point 3.0 m from the sphere is best given by

A29%x103Vm!
B6.0x 103 Vm!
C9.0x103Vm!

D2.0x103Vm!

Question 18/ 25

[VCAA 2019 SA Q2]

The electric field between two parallel plates that are 1.0 X 10~2m apartis 2.0 x 107* N C~ L. Which
one of the following is closest to the voltage between the plates?

A2.0x 1078V
B2.0x107¢V
C2.0x107*V
D1.0x 1072V

Question 19/ 25

[VCAA 2019 SA Q3]



Three charges (—Q, + 2Q, — 2Q) are placed at the vertices of an isosceles triangle, as shown below.

_Q

T2Q —2Q

Which one of the following arrows best represents the direction of the net force on the charge —(Q?
A4
B >




Question 20/ 25
[VCAA 2020 SA Q1]

The diagram below shows the electric field lines between two charges of equal magnitude.

The best description of the two charges is that the

A charges are both positive.

B charges are both negative.

C charges can be either both positive or both negative.

D left-hand charge is positive and the right-hand charge is negative.

Question 21/ 25

[VCAA 2021 SA Q2]

Three charges, —Q, +2Q and +2Q), are placed at the vertices of an equilateral triangle, as shown below.



+2Q +2Q
Which one of the following arrows best represents the direction of the net force on the charge —(Q?

A

B




Question 22/ 25
[VCAA 2021 SA Q3]

The diagram below shows two parallel metal plates with opposite charges on each plate. X, Y and Z represent
different distances from the positive plate.

- - + -

X
Y
Z

Which one of the graphs below best shows the electric field strength, £, versus the position, X, between the
two parallel plates?
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Question 23/ 25
[VCAA 2022 NHT SA Q1]

Two parallel plates that are 10 mm apart have a potential difference of 5.0 kV between them. Which one of
the following best gives the strength of the electric field between the plates?

A5.0x107'Vm™?
B5.0 x 10' Vm™*
€5.0x10>°Vm*
D5.0 x 10° Vm™!




Question 24/ 25
[VCAA 2022 SA Q4]

Two point charges, Q and 4Q, are placed 12 cm apart, as shown in the diagram below.

On the straight line between the charges O and 40, the electric field is
A non-zero everywhere.

B zero at a point 2.4 cm from Q.

C zero at a point 3 cm from Q.

D zero at a point 4 cm from Q.

Question 25/ 25

[VCAA 2023 SA Q2]

The diagram below shows two charges, ()1 and (09, separated by a distance, d.

There is a force, F, acting between the two charges.

Which one of the following is closest to the magnitude of the force acting between the two charges if both d
and the charge on (Q; are halved?

A F/4
BF
C2F

D 4F



Question 1/ 46

Three point charges, each of 6 uC, are separated along a line, as shown in the diagram.

O © O
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12cm 12cm

a. Sketch the shape of the electric field in the vicinity of these three charges, using field lines. There should
be at least four lines starting or finishing on each of the charges.

(3 marks)

b. The two left-hand charges are secured in place. Calculate the force acting on the right-hand charge, giving
its direction. Show your working.

(3 marks)

Question 2/ 46

A tiny charged oil drop is suspended by the electric field midway between two large parallel plates, as shown
in the diagram below.

+++++++++++

a. State the sign of the charge on the oil drop.

(1 mark)

b. The electric field has strength 10000 V m " and the charge on the particle is 3.2 x 10712 C.
Calculate the mass of the charged particle. Show your working.

(3 marks)

c. One student (Amy) discussing the experiment suggests that if the particle were closer to either plate, the



particle would accelerate upwards. Her friend (Xu) disagrees and says that the particle would still remain
suspended. Evaluate these two responses.

(3 marks)
d. The distance between the plates in 2.0 cm. Calculate the potential difference between the two plates.

(2 marks)

Question 3/ 46

Two point charges, of +2 nC and —8 nC, are placed 12 cm apart as shown in the diagram below.

2nC -8 nC
O O
P { 12cm >

a. Calculate the strength of the electric field at a point exactly midway between the two charges. Show your
working.

(3 marks)
b. Describe the direction of the electric field at this point.

(1 mark)

¢. There is a point x cm to the left of the +2 nC charge where the electric field is zero. Show that this point
is givenby £ = 12 cm.

(3 marks)

d. If the charges were moved towards each other, would the total potential energy increase, decrease or
remain the same? Explain.

(3 marks)

Question 4/ 46



A schematic diagram of the injector into a synchrotron is shown below.
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The electrons are emitted from the hot filament at very low speeds and can be considered to be at rest. The
electric field between the anode and the filament can be considered uniform. The space between the anode
and the filament is 4.0 cm. (Relativistic effects can be ignored in this question.)

a. If the accelerating voltage between the anode and the filament is 2500 V, calculate the speed of the
electrons as the reach the anode.

(2 marks)

b. Calculate the size of the electric field acting on the electrons when they are emitted from the filament.
(1 mark)

c. Calculate the acceleration of the electrons between the filament and the anode.

(2 marks)

d. A scientist proposes increasing the distance between the anode and the filament but leaving the
accelerating voltage unchanged. Discuss the effect on the electrostatic force on the electrons, their
acceleration, and their speed as they reach the anode.

(3 marks)

Question 5/ 46
The diagram below shows part of a linear electron accelerator.

hot
filament

E- - -O ------- P electron beam



The electrons pass through plate X with a speed of 5.0 X 10% m s™!. They reach plate Y with a speed of
1.0 x 10" ms~L.

a. Calculate the magnitude of the potential difference between plates X and Y.
(2 marks)

b. If the distance between plates X and Y is 1.5 mm, and the electric field is uniform, calculate the magnitude
of the field in this region.

(2 marks)

Question 6/ 46

In an electrostatic paint sprayer, droplets of paint are accelerated by an electric field onto the paint target. In
one application, the droplets have a mass of 5.0 mg and each are given a kinetic energy of 15 J. The

accelerating field is uniform and covers a distance of 1.2 cm. The charge on the droplets is 3.2 x 107° C.
a. Calculate the strength of the electric field acting on the paint droplets.

(2 marks)

b. Calculate the accelerating voltage involved.

(2 marks)

Question 7/ 46

In a variation of Millikan’s famous experiment to determine the quantum of charge (the charge on a single
electron), a charged oil drop is held stationary against gravity in an electric field.

A drop of mass 1.6 x 1079 kg is held stationary by an electric field of 1.0 x 102 V m™1, directed
downwards.



A electric force

dcr)ci>lp GD

V weight
a. State whether the oil drop has excess electrons or a shortage of electrons, giving a reason for your answer.
(2 marks)

b. Calculate the number of excess or shortage of electrons on the oil drop.

(3 marks)

Question 8/ 46

Students are conducting an experiment with two equally charged particles suspended on insulating strings, as
shown in the diagram below. There is a tension, 7, acting in each string.

a. Sketch the direction of the two electrostatic forces acting as arrows attached to the particles.
(1 mark)

b. The angle between the two strings is equal to 30°. If the mass of each particle is 0.5 mg, calculate the
tension in each string. Show your working.



(3 marks)
c. Show that the size of the electrostatic force, Fg, on each particle is given by Fg = T sin 15.

Show your reasoning clearly and in detail.

(3 marks)

Question 9/ 46

An electron is fired between two charged parallel plates, as shown in the diagram below. The electron is

travelling horizontally to the right with a speed of 5.0 x 10% m s~

++++++++++++

a. Calculate the kinetic energy of the electron in eV to two significant figures.
(2 marks)

b. The voltage across the two plates is 5000 V; their spacing is 0.25 cm. State the magnitude and direction of
the electric field between the plates.

(2 marks)

c. Calculate the magnitude of the acceleration of the electrons when they are between the plates.

(2 marks)

d. Describe (in words) the direction of the acceleration of the electrons while they are between the plates.

(1 mark)

Question 10/ 46



[Adapted VCAA 2016 SB Q2]

In the electron gun of a synchrotron, electrons are accelerated from rest to reach a final speed of 8.0 X
107 m s~ . Ignore relativistic effects.

a. Calculate the electron gun accelerating voltage in kilovolts.

(2 marks)

A magnetic field of 4.0 X 10~ T causes these electrons to turn through a part of a circle.
b. Calculate the radius of the circle.

(2 marks)

c. Calculate the magnitude of the force acting on these electrons.

(2 marks)

Question 11/ 46
[Adapted VCAA 2017 SB Q2]

According to one model of the atom, the electron in the ground state of a hydrogen atom moves around the
stationary proton in a circular orbit with a radius of 53 pm (53 x 10712 m) Show that the magnitude of
the force acting between the proton and the electron at this separation equals 8.2 x 1078 N. Take k =

9.0 x 109 N m? C 2 and the magnitude of the electron and proton charges as 1.6 x 1071 C. Show all
the steps of your working.

(2 marks)

Question 12/ 46
[VCAA 2018 NHT SB Q2]

The electron gun of a particle accelerator accelerates electrons between two plates that are 10 cm apart and
have a potential difference of 5000 V between them.



DATA

mass of electron 9.1 x 103! kg

charge onelectron —1.6 x 10719 C

a. Calculate the magnitude of the electric field between the plates. Include an appropriate unit.
(2 marks)

b. Calculate the magnitude of the force on an electron between the plates.

(2 marks)

c. Calculate the speed of the electrons as they exit the electron gun. Ignore relativistic effects. Assume that
the initial speed of the electrons is zero.

(2 marks)

Question 13/ 46
[Adapted VCAA 2018 SB Q1]

An electric field accelerates a proton between two plates. The proton exits into a region of uniform magnetic
field at right angles to its path, directed out of the page, as shown on the next page.

Data
mass of proton 1.7 x 107%" kg
charge on proton +1.6 x 10712 C
accelerating voltage 10 kV
distance between plates 20 cm

strength of magnetic field 2.0 x 1072 T
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a. Calculate the strength of the electric field between the plates.
(1 mark)
b. Calculate the speed of the proton as it leaves the electric field. Show your working.

(2 marks)

Question 14/ 46
[VCAA 2019 SB Q2]

The diagram below shows two equal positive stationary charges placed near each other.

Sketch on the diagram the shape and direction of the electric field lines. Use at least eight field lines.

(2 marks)




Question 15/ 46

[VCAA 2021 NHT SB QI]

A small sphere carrying a charge of —2.7uC is placed between charged parallel plates, as shown below.

The potential difference between the plates is set at 15.5 V, which just holds the sphere stationary. The
electric field between the plates is uniform.

/
£ Z

® 2.7uC //_
L P

a. In which direction (up, down, right, left) will the sphere move if the voltage is increased?
(1 mark)

b. Calculate the value of the electric force that is holding the sphere stationary if the plates are 2.0 mm apart.
Show your working.

(2 marks)

Question 16/ 46

[Adapted VCAA 2021 NHT SB Q2]

An electron is accelerated from rest by a potential difference of V. It emerges at a speed of 2.0 X
107 m s~ ! into a magnetic field.

electron
source



Calculate the value of the accelerating voltage, V{y. Show your working.

(3 marks)

Question 17/ 46

[Adapted VCAA 2021 SB Q5]

The diagram following shows a stationary electron (e—) in a uniform magnetic field between two parallel

plates. The plates are separated by a distance of 6.0 X 1073 m, and they are connected to a 200 V power

supply and a switch. Initially, the plates are uncharged. Assume that gravitational effects on the electron are
negligible.

magnetic field

4 L
. +200 V
€ ¢ ¢+« 160x10°m

|
v

o_0

The switch is closed. Determine the magnitude and the direction of any electric force now acting on the
electron. Show your working.

(3 marks)

Question 18/ 46
[VCAA 2022 NHT SB Q1]

A particle with mass m and charge ¢ is accelerated from rest by a potential difference, V. The only force
acting on the particle is due to the electric field associated with this potential difference.



a. Show that the speed of the particle is given by v = 4/ % and state the principle of physics used in your
answer.

(2 marks)

b. Calculate the speed of an electron accelerated from rest by a potential difference of 200 V.

(2 marks)

Question 19/ 46
[VCAA 2023 NHT SB Q1]

Two small charges, A and B, are placed 6.0 cm apart in a straight line, as shown below.

D 60cm - >
+5q *q
___________ ..._--_-__-_--_-__-__-_-__-__-_-__-__-_’_-__-_--_--
A B

Charge A has a magnitude of +5¢q coulombs and charge B has a magnitude of 4q coulombs.

If the force exerted by charge A on charge Bis 5.1 x 10724 N to the right, determine the value of g.

(3 marks)

Question 20/ 46

[VCAA 2023 NHT SB Q2]

A positively charged particle carrying a charge of +1.5 X 1078 Centersa region between two large,
charged plates with opposite charges, as shown below.

The potential difference between the plates is 2.0 kV, and the kinetic energy of the charged particle as it
enters the hole is 2.8 X 107° J. Ignore gravitational effects and air resistance.



Ariel and Jamie discuss what they think will happen to the particle after it enters the region between the two
equally but oppositely charged plates.

Ariel says that the particle has insufficient kinetic energy to reach the positively charged plate and will travel
part of the way before returning towards the negatively charged plate.

Jamie says that the particle will collide with the positively charged plate and then head back towards the
negatively charged plate.

Evaluate Ariel and Jamie’s statements, giving clear reasons for your answer.

(3 marks)

Question 21/ 46
[VCAA 2023 SB Q1]

Some physics students are conducting an experiment investigating both electrostatic and gravitational forces.
They suspend two equally charged balls, each of mass 4.0 g, from light, non-conducting strings suspended
from a low ceiling.

The charged balls repel each other with the strings at an angle of 60°, as shown below.



low ceiling

60°

There are three forces acting on each ball:

* a tension force, T’

* a gravitational force, Fy
» an electrostatic force, Fg

a. On the diagram shown above, using the labels T, F; g and F%, draw each of the three forces acting on each
of the charged balls.

(2 marks)

b. Show that the tension force, T, in each string is 4.5 X 1072 N. Use g=98N kg_l.
(2 marks)

c. Calculate the magnitude of the electrostatic force, FE.

(2 marks)

Chapter 10 Magnetic fields

Question 1/ 23



Electrons moving through a resistor experience a force if the resistor is in a magnetic field. A resistor is
oriented east—west as shown, with Earth’s magnetic field into the page. The current is to the right.

) current

An electron travelling through the resistor will experience a force due to the magnetic field; the direction of
the force will be

B field into the page

X
X
X

X

X | X X

X [X X X
X [X X X

x

A up.
B down.
C into page.

D out of page.

Question 2/ 23

A vertical lightning conductor gets a ‘bolt from the blue’ — a discharge from thunderclouds above. This sends
electrons in the conductor rushing downwards. Assume Earth’s magnetic field is horizontal. In which
direction does Earth’s magnetic field push the lightning conductor?

A North
B South
C East

D West

Question 3/ 23

The Earth’s magnetic field in Question 2 is horizontal and has a value of 2 X 1075 T, and the lightning
conductor is 2.5 m long; the current in the conductor is close to 200 000 A. The magnetic force is closest to

A 10N



B1.6N
Cl.0x10*N

D25 x 107N

Question 4/ 23

During a severe storm, the lightning conductor is tipped over towards the north, so that it now makes an angle
of 30° to the horizontal and is no longer at right angles to the magnetic field. Which of the following best

describes the new magnetic force on the lightning conductor when a current of around 10% A flows through
it?

A It is the same as before.
B It is greater than before.
C It is less than before, but not zero.

D There is now no magnetic force on the conductor.

Question 5/ 23

When a wire is pushed by a magnetic force perpendicular to the field, which of the following can you be sure
about?

A A current is flowing in the wire.
B The force F on the wire is given by the formula F' = B1.
C The force on the wire is equal to the sum of all the magnetic forces on the protons inside the wire.

D The wire is in the same direction as the magnetic field.




Question 6/ 23

Jon is investigating fields produced by magnets as research for a model electric motor. One arrangement of
magnets is shown. The magnets are identical; P is exactly midway between the two N poles.

p
S N ° N S

Which of the following best describes the magnetic field at P?
A Tt is stronger than the field due to one magnet only.

B It is about the same as the field due to one magnet only.

C It is weaker than the field due to one magnet only.

D It is close to zero.

Question 7/ 23

The figures below show a single turn loop of wire in a uniform magnetic field. The loop’s position can be
altered; three orientations are shown. In each case there is a current flowing in the coil from K to L to M to N.

B0 G

orientation 1 orientation 2 orientation 3

Question 8/ 23
What is the direction of the force on the side KL in each of the three orientations?

A

Orientation 1 Orientation 2  Orientation 3



Orientation 1 Orientation 2  Orientation 3

up up Zero

down down down

up down zero

D

up up up

Question 9/ 23

Is the force on side LM ever zero?
A In all three orientations

B In orientation number 1

C In orientation number 2

D In orientation number 3

Question 10/ 23

A group of students is considering how to create a magnetic monopole. Which one of the following is
correct?

A Break a bar magnet in half.

B Pass a current through a long solenoid.



C Pass a current through a circular loop of wire.

D It is not known how to create a magnetic monopole.

Question 11/ 23

An electron is travelling in a circle of radius 1.0 cm at right angles to a magnetic field of 5 mT. Which of the
following is closest to its speed?

A10°ms?
B10° ms!
Cc10"ms!

D108 ms!

Question 12/ 23

[VCAA 2018 SA Q1]

A wire carrying a current of 10 A is placed in a uniform magnetic field of B = 4.0 x 10~* T, as shown
below. 10 cm of the wire is in the field.

10A into page

| /
J left < » right
S N 10 em /

A
I
|
1

out of page

Which one of the following best gives the magnitude of the force acting on the wire?

A4.0x 102N

B40x 104N



C1l6x10°N
D4.0 x 10712 N

Question 13/ 23

[VCAA 2018 SA Q2]

Which one of the following best gives the direction of the force acting on the wire?
A out of page

B into page

C right

D left

Question 14/ 23

A powerline carries a current of 1000 A DC in the direction east to west. At the point of measurement,
Earth’s magnetic field is horizontally north, and its strength is 5.0 x 10~°T.

Question 15/ 23

[VCAA 2019 NHT SA Q2]

Which one of the following best gives the direction of the electromagnetic force on the powerline?
A horizontally west

B horizontally north



C vertically upwards

D vertically downwards

Question 16/ 23
[VCAA 2019 NHT SA Q3]

The magnitude of the force on each metre of the powerline is best given by

A5.0 x 103N
B5.0 x 102N
C5.0x 102N
D5.0 x 10° N

Question 17/ 23

[VCAA 2020 SA Q3]

A positron with a velocity of 1.4 x 108 m s~ is injected into a uniform magnetic field of 4.0 x 102 T
, directed into the page, as shown in the diagram below. It moves in a vacuum in a semicircle of radius 7. The
mass of the positron is 9.1 X 103! kg and the charge on the positron is 1.6 x 1071 C. Ignore
relativistic effects.



X X X X X

< X X X X X
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X X X
v=14x10ms! X X %
X X X

Which one of the following best gives the speed of the positron as it exits the magnetic field?
AO0ms™!
B much less than 1.4 x 10 m s~ !

C1.4 x10°ms™!

D greater than 1.4 x 10® m s~ !

Question 18/ 23

[VCAA 2020 SA Q4]

The speed of the positron is changed to 7.0 X 10° m s~ . Which one of the following best gives the value
of the radius r for this speed?

T
Ag

B

N3



D 2r

Question 19/ 23

[VCAA 2021 NHT SA Q1]

A wire carrying a current, /, of 6.0 A passes through a magnetic field, B, of strength 1.4 X 1079 T, as
shown below. The magnetic field is exactly 1.0 m wide.

B=14x10"T

YNV 1 VY
|f

The magnitude of the force on the wire is closest to

AON

B2.3x 107N
C84x10°N
D4.3 x 10°N

Question 20/ 23
[VCAA 2022 NHT SA Q2]

A loudspeaker consists of a current carrying coil within a radial magnetic field, as shown in the diagram
below. The direction of the current in the coil is also shown.



current carrying coil

Which one of the following best describes the direction of the force on the coil?
A out of the page

B down the page

C into the page

D up the page

Question 21/ 23
[VCAA 2022 SA Q1]

A single loop of wire carries a current, /, as shown in the diagram below.

1

Which one of the following best describes the direction of the force on the coil?

A to the left



B to the right
C into the page

D out of the page

Question 22/ 23
[VCAA 2022 SA Q2]

The diagram below shows the magnetic flux variation through the coil of an AC generator.

¢ (Wb)
A

» 1 (s)
0.01 0.02 0.03 0.04 0.05

Which one of the following is closest to the frequency of the magnetic flux variation through the coil of the
AC generator?

A 0.04 Hz
B 10 Hz
C20Hz

D 20 Hz




Question 23/ 23
[VCAA 2022 SA Q3]

Particles emitted from a radioactive source travel through a magnetic field, Bj,, directed into the page, as
shown schematically in the diagram below. Three particles, K, L and M, follow the paths indicated by the
arrows.

lead shield
| K
¢ X X X X X
X X X X » L (travels in a straight line)
X X X X X
radioactive source M B,

Which of the following correctly identifies the charges on particles K, L and M?

K L M
positive  no charge negative
positive negative negative
negative no charge positive

no charge no charge no charge

Question 24/ 23
[VCAA NHT 2023 SA Q3]

Which one of the following diagrams best represents the magnetic field between two magnets?




Question 25/ 23
[VCAA 2023 SA Q1]

One type of loudspeaker consists of a current-carrying coil within a radial magnetic field, as shown in the
diagram below. X and Y are magnetic poles, and the direction of the current, /, in the coil is clockwise as
shown.

current-carrying coil

The force, F, acting on the current-carrying coil is directed into the page.
Which one of the following statements correctly identifies the magnetic polarities of X and Y?

A X is a north pole and Y is a south pole.



B X is a south pole and Y is a north pole.
C Both X and Y are north poles.

D Both X and Y are south poles.

Question 1/ 48

A bending magnet in an accelerator causes a beam of electrons moving at 1.5 X 10" ms ™! tomoveina
circular path of radius 0.25 m. Calculate the magnitude of the magnetic field.

(2 marks)

Question 2/ 48

A wire of length 2 m in a magnetic field of 0.15 T experiences a sideways magnetic force of 3 N. What is the
current flowing in it?

(2 marks)

Question 3/ 48

Two coils, shown below, provide separate magnetic fields. A current is flowing through both coils. As a
result, they exert forces on each other.



coil 1 coil 2

1|
What is the direction of the force on coil 1?7 Show your reasoning.

(3 marks)

Question 4/ 48

Students measure the field of a current-carrying solenoid by comparing it to Earth’s magnetic field. A
balanced compass needle is pivoted about its centre and put in the position shown below. With the current off,
the needle points to north.

solenoid

FaN ANANANANANANANANAN A

A

compass needle
/ (shown in direction
/ when current is off)

TN
a. When the current is switched on, the needle turns through 30°. Describe, with reasons, the direction it
turns.

UUUUUUUUUN

(2 marks)

b. Earth’s magnetic field at the location is 30 puT. Calculate the strength of the magnetic field of the solenoid
at the position of the compass needle. Show your working.

(3 marks)



Question 5/ 48

The Aurora Australis is a display of light above the south pole, caused by the spiralling paths of charged
particles emitting photons. A proton travels at 40 km S_l, at right angles to a magnetic field of 5.0 X
10> T. The mass of a proton is 1.7 x 102" kg, and its charge is +1.6 x 1071 C.

a. Calculate the magnetic force acting on the proton.
(2 marks)

b. Calculate the radius of the circular path of the proton.

(2 marks)

Question 6/ 48

The speed of charged particles can be measured by passing them through a combination of electric and
magnetic fields at right angles to each other. An electron is shown entering the space between two parallel
charged plates, where there is such a combination of fields.

Al ]
electron X X X %

=1 -

» pd x b 4
Bl ]

a. Determine which plate, A or B, must be at the highest potential if the electron is to pass though the space
undeflected. Show your reasoning.

(2 marks)

b. At a speed of 200 000 m s~ 1, the electron passes through undeflected. If the magnetic field is of
strength 0.2 T, calculate the strength of the electric field between the plates.

(2 marks)

c. The voltage across the plates is equal to 1000 V. Calculate the spacing of the plates.



(2 marks)

d. Suppose an alpha particle (charge: +3.2 x 1071? C; mass: 6.6 x 10727 kg) replaces the electron and
is travelling at the same speed. Discuss the changes required to ensure that it also remains undeflected.

(3 marks)

Question 7/ 48

The outline of a simple mass spectrometer is sketched below. An ion source provides ionised atoms that are
then accelerated through a potential difference of V" volts, as shown. The ions then enter a region of uniform
magnetic field and are bent into a circular path (region B). (The whole apparatus is evacuated.)
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a. State the sign of the ions in this arrangement, giving a reason for your answer.

(2 marks)

b. Explain why the ions travel in a circular path in region B.

(3 marks)

c. Identify the direction of the uniform magnetic field in region B. Give a reason for your answer.

(2 marks)

d. In a particular experiment, ions of mass 11.6 X 10-%7 kg carrying one electronic charge are accelerated
by a voltage of 4000 V. Calculate the speed that they enter region B. (Assume that their speed is zero as they
pass through the anode and constant from the point they leave the hole in the cathode.) Show your working.



(3 marks)

e. The ions strike the detecting plate a distance I) = 27 from their entry into region B, as shown in the

diagram. In one experiment ) = 12.8 cm. Calculate the value of the magnetic field in region B. Include a
unit. Show your working.

(4 marks)

f. In another experiment, the speed of the ions entering region B and the strength of the magnetic field in
region B both remain the same, but the value for D halves. Students discussing this result suggest the
following possibilities:

Student A: these ions have the same mass but double the charge.
Student B: these ions have the same charge but half the mass.
Student C: these ions have both double the charge and half the mass.
Evaluate these responses.

(4 marks)

Question &/ 48

Scientists investigate magnetic forces acting on electrons flowing through a conductor in a magnetic field.
The conductor, a bar of copper of width 5.0 cm, and the magnetic field are at right angles to each other, as
shown below. The magnetic field is 0.75 T.

15A 5.0 cm

X
§ l > 15A

X
»X

X
/

Copper \
pp B

conductor

When the scientists connect a sensitive voltmeter between points A and B, they measure a voltage, but only
when a magnetic field is present.

a. Explain why the voltage occurs across the conductor only when a magnetic field is present, in terms of the
electrons in the conductor.

(3 marks)



b. Identify whether point A or point B is at the higher potential, giving reasons.
(2 marks)

¢. The voltage they measure is equal to 0.75 pV. Calculate the electric field across the conductor, between
points A and B, assuming a uniform field.

(2 marks)

d. Assume that the force on the electrons from the electric field (¢£) balances the magnetic force on the
electrons to show that the voltage, V, between A and B is equal to Bvd, where d is the distance between A and
B, and v is the speed of the electrons flowing in the conductor. Show your reasoning.

(2 marks)
e. Use the result in part d. to calculate the speed of the electrons.

(2 marks)

Question 9/ 48

The path of a charged particle in a particle detector is shown in the diagram below. There is a strong uniform
magnetic field at right angles to the page, directed into the page, and the particle travels through a piece of
lead, where it loses some kinetic energy.

particle path

lead sheet

a. The particle is moving upwards. Explain why this must be the case, using physics principles.
(3 marks)

b. Determine the sign of the charge of the particle, giving a reason for your answer.

(2 marks)

¢. The radius of the curvature of the path (») can be measured, as can the strength of the magnetic field (B)



and the charge of the particle (¢). Write an equation for the momentum of the particle in terms of these
variables. Show your reasoning.

(3 marks)

Question 10/ 48
[Adapted VCAA 2016 SA Q13]

A 3.0 m long, vertical, copper lightning conductor is located in a region where Earth’s magnetic field is
horizontal and pointing north. A current of 2000 A flows down the conductor to Earth during an electrical
storm. Force detectors measure a force on the lightning conductor of 0.32 N.

a. Calculate the magnitude of Earth’s magnetic field acting on the lightning conductor.
(2 marks)
b. Describe the direction of the force on the lightning conductor. Explain your reasoning.

(2 marks)

Question 11/ 48

[VCAA 2018 NHT SB Q3]

A uniform electric field accelerates protons from rest to a speed of 5.00 X 10" m s L.

DATA

mass of proton  1.67 x 10727 kg

charge on proton  +1.60 x 10712 C

a. The protons then pass into a region of uniform magnetic field that is at right angles to their velocity. They
are bent into a circular path. Explain why the path is circular in shape.



(3 marks)

b. The strength of the uniform magnetic field is 500 mT. Calculate the magnitude of the magnetic force on
the protons.

(3 marks)

Question 12/ 48
[Adapted VCAA 2017 Sample SB Q2]

A beam of electrons travelling in a particle accelerator are deflected by a uniform electric field (left-hand
diagram below). In another situation they are deflected by a uniform magnetic field (right-hand diagram
below).

X X X X X
X X X X
X X X X
X X X X
X X X X X

e 2 K 20 K K K
Explain why the paths of the electrons in the two situations have different shapes.

(2 marks)

Question 13/ 48

[Adapted VCAA 2018 SB Q1]

A proton enters a region of uniform magnetic field with a speed of 1.0 X 10° m s™! and moves ina
circular path.
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Calculate the radius of the path of this proton in the magnetic field. Show your working. (Use B = 20 mT,
proton charge = 1.6 x 107! C, proton mass = 1.7 x 10~?" kg.

(2 marks)

Question 14/ 48
[Adapted VCAA 2019 NHT SB Q1]

Electrons move into a region of uniform magnetic field. The field is perpendicular to the velocity of the
electrons. Will their path be a straight line, part of a parabola or part of a circle? Give a reason for your
answer.

(2 marks)

Question 15/ 48

[VCAA 2019 SB Q1]



A particle of mass m and charge ¢ travelling at velocity v enters a uniform magnetic field B, as shown below.

X X X

, X XB X
O

~

particle S
X XN X

X
X
X

a Is the charge g positive or negative? Give a reason for your answer.
(1 mark)
b Explain why the path of the particle is an arc of a circle while the particle is in the magnetic field.

(2 marks)

Question 16/ 48
[VCAA 2020 SB Q3]

Electron microscopes use a high-precision electron velocity selector consisting of an electric field, £,
perpendicular to a magnetic field, B. Electrons travelling at the required velocity, v, exit the aperture at point
Y, while electrons travelling slower or faster than the required velocity, vg, hit the aperture plate, as shown
below.



i ® ® ® ® ® ® E aperture plate
®|®|®|®|®|8t] *
o0 |elele el
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a. Show that the velocity of an electron that travels straight through the aperture to point Y is given by vg =
E

E .
(1 mark)

b. Calculate the magnitude of the velocity, v, of an electron that travels straight through the aperture to point
Yif E =500 kVm ™! and B = 0.25 T. Show your working.

(2 marks)
c. i. At which of the points — X, Y or Z — in the diagram could electrons travelling faster than v arrive?
(1 mark)

ii. Explain your answer to part c.i.

(2 marks)

Question 17/ 48

[Adapted VCAA 2021 NHT SB Q2]

An electron is accelerated from rest by a potential difference of V{y. It emerges at a speed of 2.0 X
107 m s~ ! into a magnetic field, B, of strength 2.5 x 1073 T and follows a circular arc, as shown below.



electron @ @ @
source

a. Explain why the path of the electron in the magnetic field follows a circular arc.
(2 marks)

b. Calculate the radius of the path travelled by the electron. Show your working.

(3 marks)

Question 18/ 48
[VCAA 2021 SB Q2]

A schematic side view of one design of an audio loudspeaker is shown in the diagram below. It uses a current
carrying coil that interacts with permanent magnets to create sound by moving a cone in and out.

(r <+«—COne

L

{ S [«————central pole

<

coil

\—_ ring pole

LR

current




The diagram below shows a schematic view of the loudspeaker from the position of the eye shown in in the
previous diagram. The direction of the current is clockwise, as shown.

current carrying coil
ring pole

central pole

a. Draw four magnetic field lines on the diagram above, showing the direction of each field line using an
arrow.

(1 mark)

b. Which one of the following gives the direction of the force acting on the current carrying coil?
A left

B right

C up the page

D down the page

E into the page

F out of the page

(1 mark)

¢. The current carrying coil has a radius of 5.0 cm and 20 turns of wire, and it carries a clockwise current (/)
of 2.0 A. Its magnetic field strength (B) is 200 mT. Calculate the magnitude of the force, F, acting on the
current carrying coil. Show your working.

(2 marks)




Question 19/ 48
[VCAA 2021 SB Q1]

Two identical bar magnets of the same magnetic field strength are arranged at right angles to each other and
at the same distance from point P, as shown.

S N e P

N

a. At point P on the diagram above, draw an arrow indicating the direction of the combined magnetic field of
the two bar magnets.

(1 mark)

b. Calculate the magnitude of the combined magnetic field strength of the two bar magnets if each bar
magnet has a magnetic field strength of 10.0 mT at point P.

(2 marks)

Question 20/ 48

[Adapted VCAA 2021 SB Q5]

The diagram below shows a stationary electron (e—) in a uniform magnetic field between two parallel

plates. The plates are separated by a distance of 6.0 X 1073m, and they are connected to a 200 V power
supply and a switch. Initially, the plates are uncharged. Assume that gravitational effects on the electron are
negligible.
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a. Explain why the magnetic field does not exert a force on the electron. Justify your answer with an
appropriate formula.

(2 marks)

b. Ravi and Mia discuss what they think will happen to the size and direction of the magnetic force on the
electron after the switch is closed. Ravi says that there will be a magnetic force of constant magnitude, but it
will be continually changing direction. Mia says that there will be a constantly increasing magnetic force, but
it will always in the same direction. Evaluate these two statements, giving clear reasons for your answer.

(4 marks)

Question 21/ 48
[VCAA 2022 NHT SB Q3]

A positron and an electron are fired one at a time into a strong uniform magnetic field in an evacuated
chamber. They are fired at the same speed but from opposite sides of the chamber. Their initial velocities are
initially perpendicular to the magnetic field and opposite in direction to each other, as shown in the diagram

below. A positron has the same mass as an electron (9.1 X 10731 kg) and has the same magnitude of
electric charge as an electron (—1.6 x 1071 C) but is positively charged (+1.6 x 1071% C).

On the diagram, sketch and label the respective paths that the positron and the electron will take while in the
uniform magnetic field.
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Question 22/ 48

[VCAA 2022 SB Q3]

A schematic diagram of a mass spectrometer that is used to deflect charged particles to determine their mass
is shown in the diagram below. Positive singly charged ions (with a charge of +1.6 X 1071°C) are
produced at the ion source. These are accelerated between an anode and a cathode. The potential difference
between the anode and the cathode is 1500 V. The ions pass into a region of uniform magnetic field, B, and
are directed by the field into a semicircular path of diameter D.

region of uniform
magnetic field, B

anode cathode |
positive I I l
110 H R . B .
source | N
1 AY
!
i \
D !
! |
| ,I
i /
1 ’
! ’
1 ,’
| -
¥V Jeoue=""
1500V

a. Calculate the increase in the kinetic energy of each ion as it passes between the anode and the cathode.
Give your answer in joules.

(2 marks)

b. Each ion has a mass of 4.80 X 10727 kg. Show that each ion has a speed of 3.16 X 10° m s~! when
it exits the cathode. Assume that the ion leaves the ion source with negligible speed. Show your working.

(2 marks)

c. The current carrying coil has a radius of 5.0 cm and 20 turns of wire, and it carries a clockwise current (/)
of 2.0 A. Its magnetic field strength (B) is 200 mT. Calculate the magnitude of the force, F, acting on the



current carrying coil. Show your working.

(3 marks)

Question 23/ 48
[VCAA NHT 2023 SB Q3]

Two thin, light aluminium tubes, A and B, are supported in a vertical wooden rack, as shown below. Both of
the aluminium tubes rest horizontally on wooden pegs.

aluminium tube A

aluminium tube B
wooden pegs

DC power supply wooden rack

The two thin, light aluminium tubes form a series circuit with a DC power supply. It was observed that one of
the tubes jumped upwards when the DC power supply was switched on.

Identify which tube jumped upwards and explain why this occurred.

(3 marks)

Question 24/ 48
[VCAA NHT 2023 SB Q4]

Two electrons, e and ej, are emitted, one after the other, from point P in a uniform magnetic field, as shown
below.

Both electrons travel perpendicular to the magnetic field, but in opposite directions. Throughout their
journey, both electrons remain within the magnetic field.

Electron e travels at twice the speed of e,. Relativistic effects can be ignored as both electrons are travelling



at low speeds. Electrostatic effects at point P can be ignored as the two electrons are emitted at different
times.
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Which one of the following three outcomes occurs?

* Outcome 1 — Electron e returns to point P in the shortest time.

* Outcome 2 — Electron e; returns to point P in the shortest time.

* Outcome 3 — Both electrons take the same time to return to point P.

Explain your answer.

(3 marks)

Question 25/ 48
[VCAA 2023 SB Q3]

Two long, straight current-carrying wires, P and Q, are parallel, as shown below (left diagram). The current in
the wires is the same in magnitude and opposite in direction.

The diagram on the right shows the wires as viewed from above.
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a. On the right hand diagram, sketch the magnetic field around the wires, showing the direction of the
magnetic field. Use at least five field lines.

(3 marks)
b. Do the two wires, P and Q, attract or repel each other? Explain your reasoning.

(2 marks)

Chapter 11 DC electric motors

Question 1/ 7

A simple DC motor, like the one shown below, has one rotating coil. Its field is supplied by permanent
magnets.

D battery

The clockwise direction of the current in the coil is shown by the arrow in the diagram. The shaded end of
each magnet is a south pole, and the clear part of each magnet is a north pole.

The arrangement at the top of the coil where current from the battery is transferred to the coil is called the
commutator.



Question 2/ 7

When current flows through the coil, the coil will (viewed from above)
A rotate clockwise.

B rotate anticlockwise.

C rotate either way, depending on the initial direction of motion.

D not rotate, it will simply vibrate about the position shown.

Question 3/ 7

Which of the following would be likely to increase the speed of the motor? (Assume that the coil is very
light.)

A Decrease the number of turns of the rotating coil.
B Increase the area of the rotating coil.
C Decrease the area of the rotating coil.

D Decrease the current in the rotating coil.

Question 4/ 7

If the permanent magnets were replaced by DC electromagnets with the same poles, which of the changes
below would be necessary to keep the motor rotating as above?

A Replace the commutator with sliprings.

B Rectify the DC current.



C Reverse the direction of the poles.

D No changes are required.

Question 5/ 7
A coil on an axle is placed between the poles of an electromagnet.

coll
|
I
A

axle
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A current is flowing in the coil between the electromagnets. The coil is rotating like a motor (a commutator is
fitted). Side AB of the coil is rotating towards us. Which of the following best describes the current in the
coil?

A Tt is flowing from A to B along this side.
B It must be alternating.
C It is flowing from B to A along this side.

D It could be flowing in either direction, one cannot tell.

Question 6/ 7

A DC motor with permanent magnets is shown. The coil of the motor has 75 turns. The dimensions of the



coil (which is free to turn) are shown. The direction of the magnetic field is shown.
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S
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Question 7/ 7

With the coil in the position shown, and with the current flowing as shown, the coil is likely to
A remain in the position shown, as the BI/ forces are balanced.
B rotate in a clockwise direction (viewed from the battery), due to opposite Bl/ forces on sides X and YZ.

C rotate in an anticlockwise direction (viewed from the battery), due to opposite Bl/ forces on sides X and
YZ.

D rotate only if one of the magnets is reversed in direction.

Question 8/ 7

The primary function of the split-ring commutator is to

A prevent the wires from the power supply becoming tangled.
B increase the size of the turning force on the coil.

C convert the DC from the battery into an AC voltage.



D ensure that the coil rotates continuously in one direction.

Question 9/ 7
[VCAA 2021 SA Q5]

The diagram below shows a small DC electric motor, powered by a battery that is connected via a split-ring
commutator. The rectangular coil has sides KJ and LM. The magnetic field between the poles of the magnet
is uniform and constant.

split-ring commutator

<«— battery

The switch is now closed, and the coil is stationary and in the position shown in the diagram. Which one of
the following statements best describes the motion of the coil when the switch is closed?

A The coil will remain stationary.
B The coil will rotate in direction A, as shown in the diagram.
C The coil will rotate in direction B, as shown in the diagram.

D The coil will oscillate regularly between directions A and B, as shown in the diagram.




Question 1/ 19

A simple DC motor, like the one shown below, has one rotating coil. Its field is supplied by permanent
magnets.

1o DC battery

Jimmy thinks that reversing the poles of one of the magnets would increase the magnetic field and hence the
speed of the motor. Analyse this idea.

(2 marks)

Question 2/ 19

The coil and permanent magnets of a DC motor are sketched below.

3.5A

The magnets shown above have a field of 45 mT between the poles. The 30-turn coil WXYZ has a current of
3.5A ineachturn. WX and YZ = 10 cm, and XY and ZW = 5 cm.



a. Describe the directions of the forces acting on the sides WX and YZ.
(2 marks)

b. Calculate the magnitude of the total force on the side WX.

(2 marks)

c. Calculate the magnitude of the total force on the side XY.

(2 marks)

d. For the coil to continue to rotate, a commutator is needed between points WZ and the DC supply. Explain
its function.

(3 marks)

Question 3/ 19

The diagram below shows a coil free to rotate about a horizontal axis with little friction. The coil is
completely immersed in a uniform magnetic field.

, -0
axis A

If the points A and B are connected to a source of DC current, and suitable connections are made between A
and B and the coil (not shown), a DC motor can be constructed. Outline the function of these connections.

(3 marks)




Question 4/ 19

Explain what would happen to the torque, (), of a simple DC motor if the current, /, external magnetic field,
B, and the number of loops of wire in the coil, N, were all in turn increased.

(3 marks)

Question 5/ 19
[Adapted VCAA 2016 SA Q14]

Students build a simple electric motor, as shown.

axis of rotation

commutator

a. Describe the position(s) where the magnetic force on side XY is zero.
(2 marks)

b. The students discover that the motor starts moving more readily from some positions that from others.
Describe the best orientation(s) for starting the motor to move from rest, and explain why.

(2 marks)

c. To increase the speed of the motor, the students suggest a number of improvements. The following
improvements are suggested:

i increase the battery voltage

ii replace the single turn coil with a multiple turn coil



iii increase the resistance of the coil
iv reverse one of the poles of the permanent magnets.
Evaluate these suggestions.

(4 marks)

Question 6/ 19
[VCAA 2017 SB Q3]

A schematic diagram of a simple DC motor is shown below. It consists of two magnets, a single 9.0 V DC
power supply, a split-ring commutator and a rectangular 10 loop coil of wire. The resistance of the coil of
wire is 6.0 Q. The length of the side JK is 12 cm and the length of the side KL is 6.0 cm. The strength of the
uniform magnetic field is 0.50 T.

A
B
N F C
/s /
[ &

B split-ring commutator

@_ DC power supply
, 1%

a. Determine the size and direction (A—F) of the force acting on side JK.

(3 marks)

b. What is the size of the force acting on the side KL in the orientation shown in the diagram above? Explain
your answer.

(2 marks)




Question 7/ 19

A diagram of a simple DC motor is shown below. It has a 20-turn square coil free to rotate in a uniform
magnetic field. Two electromagnets supply the field. The commutator and brushes are not shown. The arrow
shows the current in the rotating coil.

20 turns
\ | square
A B

X Y I W Z

a. At one time, side AD moves out of the page, and BC is moves into the page. What is the direction of the
current in the two electromagnets?

(2 marks)

b. The uniform magnetic field between the electromagnet coils is 200 mT. The square coil has a 5.0 cm side.
Calculate the maximum and minimum values of the size of the magnetic flux through the square coil during a
full rotation of the coil. Include a unit in your answer.

(3 marks)

c. When the coil is in the position shown, the current flowing in the coil is 1.2 A. Calculate the size of the
force on side AD, the size of the net force on the square coil, and the size of the force on the side AB.

(3 marks)

Question &8/ 19
[VCAA 2018 SB Q3]

Students build a model of a simple DC motor, as shown below.



a. The motor is set with the coil horizontal, as shown, and the power source is applied. Will the motor rotate
in a clockwise (C) or anticlockwise (A) direction? Explain your answer.

(3 marks)

b. One student suggests that slip rings would be easier to make than a commutator and that they should use
slip rings instead. Explain the effect that replacing the commutator with slip rings would have on the
operation of the motor, if no other change was made.

(2 marks)

Question 9/ 19
[VCAA 2019 SB Q3]

The diagram below shows a schematic of a DC motor. The motor has a coil, JKLM, consisting of 100 turns.
The permanent magnets provide a uniform magnetic field of 0.45 T. The commutator connectors, X and Y,
provide a constant DC current, /, to the coil. The length of the side JK is 5.0 cm. The current / flows in the
direction shown in the diagram.



Y

a. Which terminal of the commutator is connected to the positive terminal of the current supply?

(1 mark)

b. Draw an arrow on the diagram to indicate the direction of the magnetic force acting on the side JK.
(1 mark)

c. Explain the role of the commutator in the operation of the DC motor.

(2 marks)

d. A current of 6.0 A flows through the 100 turns of the coil JKLM. The side JK is 5.0 cm in length.
Calculate the size of the magnetic force on the side JK in the orientation shown in the diagram. Show your
working.

(2 marks)

Question 10/ 19
[VCAA 2021 SB Q4]

The diagram below shows a schematic diagram of a simple one-coil DC motor. A current is flowing through
the coil.



split-ring commutator

#—— DC power supply

a. Draw an arrow on the diagram to indicate the direction of the force acting on the side JK of the coil.
(1 mark)
b. Explain the purpose of the split-ring commutator.

(2 marks)

Question 11/ 19
[VCAA 2022 SB Q1]

The diagram below shows four positions (1, 2, 3 and 4) of the coil of a single-turn, simple DC motor. The
coil is turning in a uniform magnetic field that is parallel to the plane of the coil when the coil is in Position
1, as shown. When the motor is operating, the coil rotates about the axis through the middle of sides LM and
NK in the direction indicated. The coil is attached to a commutator. Current for the motor is passed to the
commutator by brushes that are not shown in the diagram.

Position 1 Position 2 Position 3 Position 4

—
N

—>

— —> 7 5
—_— —

—_— —>

— —>

— —> M

—_ —> p

- ®

— Y V

B /
/

uniform magnetic

field

a. When the coil is in Position 1, in which direction is the current flowing in the side KL — from K to L or
from L to K? Justify your answer.



(2 marks)

b. When the coil is in Position 3, in which direction is the current flowing in the side KL — from K to L or
from L to K?

(1 mark)

¢. The side KL of the coil has a length of 0.10 m and experiences a magnetic force of 0.15 N due to the
magnetic field, which has a magnitude of 0.5 T. Calculate the magnitude of the current in the coil.

(2 marks)

Question 12/ 19
[VCAA NHT 2023 SB Q7]
A schematic diagram of a simple DC motor, powered by a battery is shown below.

The motor has a rectangular coil, WXYZ, consisting of 45 turns. The side WX has a length of 6.0 cm and the
side XY has a length of 4.0 cm. The coil is connected to a split-ring commutator. Two permanent magnets
provide a uniform magnetic field of 80 mT. Both the coil and the commutator are free to turn. The switch is
now closed.

switch split-ring commutator

battery

a. Will the motor spin clockwise, spin anticlockwise or remain stationary when viewed from the battery side?
(1 mark)

b. Calculate the magnitude of the force on the side YZ if a current of 3.2 A flows through the coil.



(2 marks)

Chapter 12 Generation principles

Question 1/ 22

A magnet drops through a coil of area 0.2 m?. Which of the graphs below best describes how the flux
through the coil changes with time?

S
N

A
B
flux
0 \ time
A A
flux
0 /_\ time
B B
flux
0 time
C
C




flux

0 time

Question 2/ 22

Which of the following best describes how the emf changes with time?

A It rises from zero to a maximum and then drops back to zero.

B It rises from zero to a maximum and then drops back to zero. It does this twice.

C It rises from zero to a negative maximum, drops back to zero, increases to a maximum in the opposite
direction, and then drops back to zero.

D It rises from zero to a maximum and stabilises on that value.

Question 3/ 22

A simple DC motor has one coil and permanent magnets.

output voltage




Question 4/ 22

If spun by hand, it produces an output voltage. The best reason for this is that
A the flux through the coil changes.

B the attraction of the two permanent magnets forces electrons to move.

C this action will cause an equal and opposite reaction.

D friction generates heat which accelerates the electrons.

Question 5/ 22

The connection between the coil and the output is a split-ring commutator. This means that the output voltage
is best described as a

A sinusoidal voltage.
B steady DC voltage.
C varying AC voltage.

D DC voltage whose size varies with time.

Question 6/ 22

If the commutator were replaced with slip-rings, which of the following would now best describe the output
voltage?

A A sinusoidal AC voltage
B A steady DC voltage
C A varying AC voltage

D A DC voltage whose size varies with time



Question 7/ 22

The DC output of a photovoltaic cell (left) is shown below (right).
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The output of the photovoltaic cell is now connected to an inverter in a household rooftop system. Which one
of the following graphs best represents the output of the inverter?
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Question &/ 22
[VCAA 2017 SA Q6]

The graph below shows the change in magnetic flux (®) through a coil of wire as a function of time ().
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Which one of the following graphs best represents the induced EMF (¢) across the coil of wire as a function
of time (¢)?
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Question 9/ 22
[VCAA 2018 NHT SA Q4]

A simple DC generator consists of two magnets that produce a uniform magnetic field, in which a square
loop of wire of 100 turns rotates at constant speed, and a commutator, as shown in the diagram below.

oscilloscope




Which one of the following graphs on the next page best shows the display observed on the oscilloscope?
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Question 10/ 22
[VCAA 2019 NHT SA Q7]

An alternator is rotating at 10 revolutions per second. Its output is measured by an oscilloscope. The signal
produced is shown below.
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The alternator is then slowed so that it rotates at five revolutions per second. Which one of the following
graphs best shows the display observed on the oscilloscope?
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Question 11/ 22
[VCAA 2019 SA Q7]

The coil of an AC generator completes 50 revolutions per second. A graph of output voltage versus time for
this generator is shown below.

voltage
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Which one of the following graphs best represents the output voltage if the rate of rotation is changed to 25
revolutions per second?
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Question 12/ 22
[VCAA 2019 SA Q8]

An electrical generator is shown in the diagram below. The generator is turning clockwise.



The voltage between P and Q and the magnetic flux through the loop are both graphed as a function of time,
with voltage versus time shown as a solid line and magnetic flux versus time shown as a dashed line. Which
one of the following graphs on the next page best shows the relationships for this electrical generator?
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Question 13/ 22

[VCAA 2020 SA Q5]

A coil consisting of 20 loops with an area of 10 cm? is placed in a uniform magnetic field B of strength 0.03
T so that the plane of the coil is perpendicular to the field direction, as shown in the diagram below.

VVVVYYVYY

What is the value of the flux through the coil?

A 0 Wb

B 3.0 x 107> Wb
C6.0 x 107 Wb
D3.0 x 1071 Wb

Question 14/ 22

[VCAA 2020 SA Q6]

A single loop of wire moves into a uniform magnetic field B of strength 3.5 X 10™* T over time t =

0.20 s from point X to point Y, as shown in the diagram below. The area 4 of the loop is 0.05 m?.

X X XYX X X X
X X X ¥ X X
X__X_X_% XBX
X X X X X X
X X X X X X



The magnitude of the average induced EMF in the loop is closest to
A0V

B3.5x10°6V
C88x10°V

D88 X103V

Question 15/ 22

[VCAA 2021 NHT SA Q8]

In the diagram below, the solid line represents the graph of output EMF, ¢, versus time produced by an AC

generator. A single change is made to the AC generator and its operation, and the new graph of output EMF,
&, versus time is shown as a dashed line.
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Which one of the following best describes the change made to the AC generator?
A The area of the coil was doubled.

B The speed of rotation was halved.

C The speed of rotation was doubled.

D The number of turns of the wire in the coil was doubled.




Question 16/ 22
[VCAA 2021 SA QY]

The diagram below shows a bar magnet moving upward into a coil. Which of the following correctly
identifies the direction of the induced current, as viewed from the top of the coil, and the direction of the
magnetic field produced by the induced current inside the coil?

N
S

N

Current direction Magnetic field direction
clockwise l

clockwise 1

anticlockwise 1

anticlockwise |

Question 17/ 22
[VCAA 2021 SA Q6]

A magnet approaches a coil with six turns, as shown in the diagram below. During time interval Az, the
magnetic flux changes by 0.05 Wb and the average induced EMF is 1.2 V.



coil with six turns
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Which one of the following is closest to the time interval Az?
A0.04s
B 0.01s
C0.25s

D 0.50 s

Question 18/ 22

[VCAA 2021 SA Q8]

The diagram below shows a simple electrical generator consisting of a rotating wire loop in a magnetic field,
connected to an external circuit with a light globe, a split-ring commutator and brushes. The direction of
rotation is shown by the arrow.

Which one of the following best describes the function of the split-ring commutator in the external circuit?
A Tt delivers a DC current to the light globe.
B It delivers an AC current to the light globe.

C It ensures the force on the side of the loop nearest the north pole is always up.



D It ensures the force on the side of the loop nearest the north pole is always down.

Question 19/ 22
[VCAA 2022 NHT SA Q6]

Two concentric loops of conducting wire are placed on a flat horizontal surface. The outer loop contains an
open switch and a battery cell. The inner loop consists of a single closed loop of wire. The diagram below
shows the arrangement of the two loops, as viewed from above. Which one of the following best describes
the induced current in the inner loop when the switch is closed in the outer loop, as viewed from above?

l

A a steady clockwise current
B a steady anticlockwise current
C a momentary clockwise current

D a momentary anticlockwise current

Question 20/ 22

A simple electricity generator is shown in the diagram below. When the coil is rotated, the output voltage
across the slip rings is measured. The graph shows how the output voltage varies with time.



output

The frequency of rotation of the generator is now doubled. Which one of the following graphs best represents
the output voltage measured across the slip rings?




Question 21/ 22

[VCAA 2023 NHT SA Q7]

Electrical generators may use slip rings or split-ring commutators when generating electricity. When
operating at equal frequencies, the output voltages of these two types of generators can be displayed together
on an oscilloscope screen.

The output of the split-ring commutator is displayed as a dotted line.

The output of the slip rings is displayed as a solid line.

Which one of the following diagrams best represents the two outputs?

---------------------------




Question 22/ 22
[VCAA 2023 SA Q5]

The diagram below shows a stationary circular coil of conducting wire connected to a low-resistance globe in
a uniform, constant magnetic field, B.

X X X X X X X X
X X X X X X
B
X X X X X X X
globe

The magnetic field is switched off.

Which one of the following best describes the globe in the circuit before the magnetic field is switched off,
during the time the magnetic field is being switched off and after the magnetic field is switched oftf?

Before During After

Off On Off
On On Off
On Off Off
Off On On
Question 23/ 22

[VCAA 2023 SA Q6]

The radius of the coil is 5 cm and the magnetic field strength is 0.2 T. The coil has 100 loops. Assume that
the magnetic field is perpendicular to the area of the coil.



Which one of the following is closest to the magnitude of the magnetic flux through the coil of wire when the
magnetic field is switched on?

A 0.0016 Wb
B 0.16 Wb
C16 Wb

D 1600 Wb

Question 1/ 50

A coil is stationary in a steady 0.15 T magnetic field (at right angles to its area). The strength of the field

changes to 0.10 T in a time of 0.15 s. The area of the coil is 0.20 m? and it has 100 turns. Calculate the
average emf induced during this time. Show your working.

(3 marks)

Question 2/ 50

A single coil of area 0.15 m? of wire lies flat between the poles of an electromagnet, as shown. The field of
the magnet changes as shown in the left-hand graph below. The emf between A and B is also shown as a
function of time.

N
A
-——————————
B



magnetic emf A
field 4 between
] A and B

t L o’ >
! 2 time b L time

a. Explain why the induced voltage varies with time as shown.
(3 marks)

b. In a second experiment, the magnetic field is exactly halved, and the time interval between ¢; and #, is
exactly doubled. Sketch the graph of the emf between A and B as a function of time.

(3 marks)

c. If the time interval between £1 and t9 is 25 ms and the initial value of the magnetic field is 200 mT,
calculate the maximum value of the emf between A and B.

(2 marks)

In a third experiment, the field in the electromagnet is reduced to zero, reversed and increased again, as
shown in the graph below.

4 magnetic field

d. Sketch the shape of the emf induced between A and B in this case and explain your answer.

(4 marks)




Question 3/ 50

The diagram below shows a coil free to rotate about an axis with little friction. The coil is completely
immersed in a uniform magnetic field.

- -0
axis A

a. If the coil is made to spin by an external force, the arrangement can produce an AC voltage between A and
B. Such an arrangement is described as an alternator. Outline the nature of the connections between A and B
and the coil for this to occur.

(3 marks)

b. Alternatively, with another kind of connection, a DC voltage can be produced between A and B. Outline
the nature of the connections between the coil and A and B for this to occur.

(3 marks)

Question 4/ 50

A magnet on the end of a lever oscillates up and down through a coil, as shown. The coil has an area of
0.20 m? and 50 turns.



S to oscillating piston —
N

B

The graph on the next page shows how the magnetic flux through the coil changes with time as the magnet
moves into and out of the coil.

average flux through each turn

0.03
7N N
0.02 / 1T\ \\ / 1\
] ]
flux (Wb) / \ -/ / \
0.01

i
0 02 04 06 08 10 1.2 ime (s)

a. Sketch the emf across the coil against time, fromt = Otot = 0.4 s.
(3 marks)
b. Calculate the average emf betweent = 0.4 sandt = 0.6 s.

(2 marks)

c. If the generator is attached to a load of resistance 4.5 Q, find the average current. The resistance of the coil
is very low.

(2 marks)

Question 5/ 50
[VCAA 2016 SA Q15]

A coil is wound around a cardboard cylinder, as shown in the diagram.



MMM NANNN

resistor

The cross-sectional area of the coil is 0.0060 m2. There are 1000 turns in the coil. The coil is immersed in a

uniform external magnetic field of strength 0.0050 T. Its direction is shown by the arrow labelled B in the
diagram.

a. Calculate the magnitude of the flux through the first turn of the coil. Include an appropriate unit.
(2 marks)

b. The external magnetic field is now reduced to zero. This results in an emf in the coil. Describe the
direction of the current in the resistor during this time (use the words ‘left’ and ‘right’). Give reasons for your
answer.

(3 marks)

Question 6/ 50
[VCAA 2016 S Q17]

Samira and Mark construct a simple slip-ring alternator, as shown.

slip rings

When the coil is rotating steadily, it takes 40 ms for each complete rotation and produces a peak emf of 3.5 V.
a. Calculate the frequency of the AC emf.
(2 marks)

b. Calculate the RMS value of the AC emf.



(1 mark)

c. Describe the orientation of the rotating coil when the magnitude of the emf is a maximum. Give reasons for
your answer.

(2 marks)

d. To increase the magnitude of the emf produced by the alternator, a student suggests making a number of
changes to the alternator. He suggests these changes:

* increase the number of turns in the rotating coil
« increase the frequency of the rotating coil

* increase the strength of the permanent magnets
» reduce the resistance of the resistor R.

Evaluate these responses.

(4 marks)

Question 7/ 50
[Adapted VCAA 2017 SB Q5]

The alternator in the diagram has a 10 turn rectangular coil with sides of 0.30 m and 0.40 m. The coil rotates

four times a second in a uniform magnetic field. The magnetic flux through the coil in the position shown is
0.20 Wb.

output via slip rings

a. Calculate the magnitude of the magnetic field. Include an appropriate unit.



(3 marks)

b. Calculate the magnitude of the average EMF (¢) generated in a quarter of a turn. Show all the steps of your
working.

(3 marks)

c. The graph below shows the output EMF (¢) versus time graph of the alternator for two complete cycles.

EMF (g) ¢
/\ /\

» ti
0 0 T 5T ime (s)

—£
The two slip rings are now replaced with a split-ring commutator.

On the diagram below, sketch the EMF (&) versus time graph of this new arrangement for two complete
cycles.

EMF (e) ¢

0 » time (s
>T (s

(2 marks)

Question &/ 50

[VCAA 2018 NHT SB Q4]

Students move a square loop of wire of 100 turns and of cross-sectional area 4.0 X 10~*m?. The loop
moves at constant speed from outside left, into, through and out of a magnetic field, as shown in the left-hand
diagram. The area between the poles has a uniform magnetic field of magnitude 2.0 x 1073T. The right-
hand diagram shows the view from above.

from above
N N X X X
b—} A T e gran™ ¥ X i X_é’x ; é_’
S » .-.).(.-. o




a. On the axes provided below, sketch the magnetic flux, @p, through the loop as it moves into, through and
out of the magnetic field.

o "
A

(2 marks)

b. On the axes provided below, sketch the EMF induced through the loop as it moves into, through and out of
the magnetic field.

EMF
A

(2 marks)

c. The loop takes 2.0 s to move from completely outside to completely inside the magnetic field. Calculate
the magnitude of the induced EMF in the loop as it moves into the magnetic field.

(2 marks)

d. Determine the direction of the induced current in the loop as it moves into the magnetic field as viewed
from above (clockwise or anticlockwise). Justify your answer.

(3 marks)

Question 9/ 50

A generator coil of area 0.2 m? with 7 turns, has an associated magnet that oscillates up and down through
it, as shown in the diagram.



% c] A

B
a. Describe the direction of the induced current through the resistor between A and B when the magnet is
travelling down towards the coil.

(2 marks)

b. The graph below shows how the average flux through each turn changes with time. Identify when the
magnet is momentarily stationary. Give your answers to one significant figure.

(2 marks)
Missing Image

c. Sketch the variation of the current in the resistor between A and B as a function of time (no need to
indicate direction through the resistor).

(2 marks)
d. Calculate the average emf across the coil between time t = 0.4 sandt = 0.6 s.

(2 marks)

Question 10/ 50
[VCAA 2017 Sample SB Q4]

The diagram below shows a simple alternator. The strength of the magnetic field is 0.50 T, the loop has 20
turns, the area of the loop is 0.020 m? and the rate of rotation is 10 Hz.



oscilloscope

a. Calculate the magnitude of the average EMF induced as the loop turns from the instant shown to a point
one-quarter of a period later. Show your working and include an appropriate unit.

(3 marks)

b. The alternator gradually slows to a stop. On the grid provided below, sketch the voltage output expected.
Scale values are not required on the axes.

voltage output

0 » time

(3 marks)

Question 11/ 50

[VCAA 2018 SB Q2]



A square loop of wire of 10 turns with a cross-sectional area of 1.6 X 1073 m? passes at a constant speed

into, through and out of a magnetic field of magnitude 2.0 X 1072 T, as shown below. The loop takes 0.50
s to go from position X to position Y.

L~
rq‘ side-on view
S

direction of motion
—

XXX X
XXX X
X XX X
XXX X

view from above

—

position X|

i

Iposition Y

a. Calculate the average EMF induced in the loop as it passes from just outside the magnetic field at position
X to just inside the magnetic field at position Y. Show your working.

(3 marks)

b. Sketch the EMF induced in the loop as it passes into, through and out of the magnetic field. You do not
need to include values on the axes.

(3 marks)



EMF

p time
loop inside ! loop leaving ! loop outside
field field field

loop outside
field

loop entering
field

loop at loop at
posttion X position Y

Question 12/ 50
[VCAA 2018 SB Q4]

The diagram shows a simple AC alternator with the output connected to an oscilloscope and a light globe.
The oscilloscope can be considered as having a very large resistance. The coil is rotated, as shown.

le— oscilloscope

The output on the oscilloscope is shown in the diagram below.
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a. The AC alternator is to be replaced with a battery. What voltage should the battery have for the light globe
to light up with the same average brightness as it did with the alternator? Show your working.

(2 marks)

b. The rate of rotation of the loop is doubled. On the diagram below, sketch the output that will now be seen
on the oscilloscope. The original waveform is shown as a dashed line.

(2 marks)
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Question 13/ 50

[Adapted VCAA 2019]

A square loop of wire with a cross-sectional area of 0.010 m? and 20 turns rotates in a magnetic field of

strength 4.0 X 1072 T. The wires of the loop are connected to two slip rings and an oscilloscope, as shown
below.



[:] oscilloscope

* 9 OO0

The loop takes 0.10 s to make a quarter rotation (from a position at right angles to the field to a position
parallel to the field). On the axes provided below, sketch the output signal that would be displayed on the

oscilloscope over 1.0 s. A value or scale on the y axis is not necessary. Take the position of the loop att = 0
to be that shown in the diagram above.

V (volts)
A

0 1 1 1 1 1 1 1 1 1 1 : f(SeCOIldS)
01 02 03 04 05 06 07 08 09 1.0

(2 marks)

Question 14/ 50
[VCAA 2019 SB Q7]

Students in a Physics practical class investigate the piece of electrical equipment shown below. It consists of
a single rectangular loop of wire that can be rotated within a uniform magnetic field. The loop has

dimensions 0.50 m X 0.25 m and is connected to the output terminals with slip rings. The loop is in a
uniform magnetic field of strength 0.40 T.



output

a. Circle the name that best describes the piece of electrical equipment shown in the diagram.
alternator DC generator DC motor AC motor

(1 mark)

b. i. What is the magnitude of the flux through the loop when it is in the position shown in the diagram?
(1 mark)

ii. Explain your answer to part bi.

(1 mark)

The students connect the output terminals of the piece of electrical equipment to an oscilloscope. One student
rotates the loop at a constant rate of 20 revolutions per second.

c. Calculate the period of rotation of the loop.

(1 mark)

d. Calculate the maximum flux through the loop. Show your working.
(2 marks)

e. The loop starts in the position shown in the diagram. What is the average voltage measured across the
output terminals for the first quarter turn? Show your working.

(2 marks)
f. State two ways that the amplitude of the voltage across the output terminals can be increased.

(2 marks)

g. The diagram below shows the output voltage graph shown on the oscilloscope for two cycles.



V (volts)
A

» time

The students now replace the slip rings in the earlier diagram with a split-ring commutator.

On the diagram below, sketch with a solid line the output that the students will now observe on the
oscilloscope. Show two complete revolutions. The original output is shown with a dashed line.

(1 mark)

V (volts)
A

» time

Question 15/ 50

[VCAA 2020 SB Q5]

A rectangular wire loop with dimensions 0.050 m X 0.035 m is placed between two magnets that create a
uniform magnetic field of strength 0.2 mT. The loop is rotated with a frequency of 50 Hz in the direction
shown in the diagram. The ends of the loop are connected to a split-ring commutator to create a DC
generator. The loop is initially in the position shown in the diagram.



a. In which direction — clockwise or anticlockwise — will the induced current travel through the loop for the
first quarter turn as seen from above?

(1 mark)
b. Calculate the average EMF measured in the loop for the first quarter turn.
(3 marks)

¢. On the axes provided below, sketch the output EMF versus time, ¢, for the first two rotations. Include a
scale on the horizontal axis.

(3 marks)

EMF

| g

d. Suggest two modifications that could be made to the apparatus shown in the initial diagram that would
increase the output EMF of the DC generator.

(2 marks)

Question 16/ 50
[VCAA 2020 SB Q6]

Two Physics students hold a coil of wire in a constant uniform magnetic field, as shown in the left-hand
diagram. The ends of the wire are connected to a sensitive ammeter. The students then change the shape of
the coil by pulling each side of the coil in the horizontal direction, as shown in the right-hand diagram. They
notice a current register on the ammeter.



X X X X X
X X X X X

ammeter ammeter

a. Will the magnetic flux through the coil increase, decrease or stay the same as the students change the shape
of the coil?

(1 mark)

b. Explain, using physics principles, why the ammeter registered a current in the coil and determine the
direction of the induced current.

(3 marks)

c. The students then push each side of the coil together, as shown in the diagram below, so that the coil
returns to its original circular shape, as shown, and then changes to the shape shown in right-hand diagram
below.

X X X

XXlXX
X
XWX X XjJ X

ammeter ammeter ammeter

Describe the direction of any induced currents in the coil during these changes. Give your reasoning.

(2 marks)

Question 17/ 50
[VCAA 2021 NHT SB Q5]

Physics students who are investigating the generation of electricity spin a coil at a constant 10 rotations per
second in a uniform magnetic field. They observe the output on an oscilloscope. The experimental set-up is



shown on the next page. The peak voltage produced by the coil is 5 mV.

%
o
q

On the axes below, sketch the voltage versus time graph observed on the screen of the oscilloscope for one
complete rotation of the coil from the position shown in the diagram. Include appropriate scales on each axis.

(3 marks)

¥ (mV)
A

1 1 1 1 1 1 » t(S)

Question 18/ 50

[VCAA 2021 NHT SB Q6]

Gir and Kau are investigating electromagnetic induction. They have a single wire loop of dimensions

XY = 0.030 m long and YZ = 0.020 m wide, which is placed in a uniform magnetic field of strength
0.20 T. The loop is rotated clockwise about an axis, as shown below.



a. Explain the purpose of the slip rings in the apparatus shown in the diagram above.
(2 marks)

b. Calculate the size of the magnetic flux through the loop when it is oriented as shown in the diagram above.
Show your working.

(2 marks)

The loop is rotated by Kau at a constant frequency, f, and an EMF, ¢, is generated. The diagram below shows
the generated EMF versus time trace observed on the screen of an oscilloscope.

¢ (mV)
A

L7 \\\ I/ \\ bt(s)
- 4

c. Calculate the frequency of the rotation from the oscilloscope trace shown in the diagram above.
(1 mark)

d. Gir now doubles the number of turns in the loop from one turn to two turns, creating two loops. The loops
are again rotated at the same constant frequency, /. On the diagram on the next page, sketch a graph that
shows the resulting variation of the EMF with time between points A and B. The original output is shown as
a dashed line.

(2 marks)
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Question 19/ 50
[VCAA 2021 SB Q6]

The diagram below shows a simple AC generator. A mechanical energy source rotates the loop smoothly at
50 revolutions per second and the loop generates an RMS voltage of 4.25 V. The magnetic field, B, is
constant and uniform. The direction of rotation is as shown in in the diagram below.

-

a. Sketch the output EMF between P and Q versus time, #, on the grid below, starting with the loop in the
position shown in in the diagram. Show at least two complete revolutions, and include the maximum voltage
on the vertical axis and a time scale on the horizontal axis.

(4 marks)



0 » 1(s)

b. Describe the function of the slip rings shown in the diagram.
(1 mark)
c. i. How could the AC generator shown be changed to a DC generator?

(1 mark)

ii. Sketch the output EMF versus time, #, for this DC generator for at least two complete revolutions on the
grid below. Include a time scale on the horizontal axis. No scale is required for the vertical axis.

(2 marks)

EMF (V)
A

> 1(s)




Question 20/ 50
[VCAA 2022 NHT SB Q4]

The diagram below shows a schematic diagram of a simple DC generator with the output connected to a
cathode ray oscilloscope (CRO). The DC generator consists of a rectangular wire coil of 200 turns placed in a
uniform magnetic field of strength 5.0 mT. The coil is rotated with a frequency of 60 Hz in the direction
shown in the diagram The average EMF generated in the coil for the first quarter turn is 35 mV. The coil is
initially in the position shown in the diagram.

CRO

a. When viewed from above, will the induced current in the coil be clockwise or anticlockwise during the
first quarter turn?

(1 mark)
b. Calculate the area of one loop of the rectangular wire coil. Show your working.
(3 marks)

c. The graph on the next page shows the EMF induced in the coil over two full turns. On the same axes,
sketch the output EMF that would result if the number of turns in the coil is changed to 100 turns and the
frequency of rotation is changed to 30 Hz.

(2 marks)

EMF (V)
A

» 7(s)




Question 21/ 50
[VCAA 2022 NHT SB Q5]

A bar magnet is moved towards a single closed loop of conducting wire with the bar magnet’s south pole
closest to the loop, as shown in the diagram below. The loop is stationary.

N

The area and the shape of the loop remain constant and the magnet is not changed. Explain, in terms of
magnetic flux, how a current is induced in the loop.

(2 marks)

Question 22/ 50
[VCAA 2022 SB Q4]

A square loop of wire connected to a resistor, R, is placed close to a long wire carrying a constant current, /,
in the direction shown in the diagram below.

The square loop is moved three times in the following order:

* Movement A — Starting at Position 1 in the diagram, the square loop rotates one full rotation at a steady
speed about the x-axis. The rotation causes the resistor, R, to first move out of the page.

* Movement B — The square loop is then moved at a constant speed, parallel to the current carrying wire,
from Position 1 to Position 2 in the diagram.

* Movement C — The square loop is moved at a constant speed, perpendicular to the current carrying wire,
from Position 2 to Position 3 in the diagram.



constant A&
current, /

Position 1

Position 2 Position 3
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Complete the table below to show the effects of each of the three movements by:

* sketching any EMF generated in the square loop during the motion on the axes provided (scales and values
are not required)

» stating whether any induced current in the square loop is ‘alternating’, ‘clockwise’, ‘anticlockwise’ or has
‘no current’.

Movement

A

rotation about
Xx-axis

B

moving from
Position 1 to
Position 2

C

moving from
Position 2 to
Position 3

Possible induced EMF

EMF (V)
A

time (s)

v

EMF (V)

time (s)

v

EMEF (V)

time (s)

v

Direction of any induced current
(alternating/clockwise
/anticlockwise/no current)




Question 23/ 50

[VCAA 2022 SB Q6]

The diagram below shows a simple alternator consisting of a rectangular coil of area 0.060 m? and 200
turns, rotating in a uniform magnetic field. The magnetic flux through the coil in the vertical position shown

in diagram is 1.2 x 10"3Wb.

a. Calculate the strength of the magnetic field in the diagram. Show your working.
(2 marks)

b. The rectangular coil rotates at a frequency of 2.5 Hz. Calculate the average induced EMF produced in the
first quarter of a turn. Begin the quarter with the coil in the vertical position shown in the diagram.

(3 marks)

Question 24/ 50

One particular photovoltaic (PV) cell, shown below, produces 0.5 V and generates a current, in full sunlight,
of 3.0 A.



3.0 A

+ //

05V

05V
a. Calculate the power output of a single photovoltaic (PV) cell operating at optimum conditions.
(2 marks)

b. Draw a circuit showing two of these PV cells wired in series. Calculate the output voltage, current and
power of this series combination.

(2 marks)

c. Draw a circuit showing two of these PV cells wired in parallel. Calculate the output voltage, current and
power of this parallel combination.

(2 marks)

d. How many PV cells, and in what configuration (series or parallel), would you need to generate 36 W at 3.0
A and 12.0 V?

(2 marks)

Question 25/ 50
[VCAA NHT 2023 SB Q8]

Sarah and Raminda construct a simple alternator, as shown below.



clockwise rotation

When the coil is rotating steadily, it takes 50.0 ms to complete one revolution and the peak EMF generated is
430 V.

a. Calculate the frequency of the alternator.
(1 mark)

b. Calculate the EMF, Vrms, generated. Show your working and give your answer correct to three significant
figures.

(2 marks)

c. To increase the magnitude of the EMF produced by the alternator, Raminda suggests making a number of
changes to the alternator.

Sarah insists that each change be investigated one at a time.

In the spaces provided, indicate whether each suggestion will increase, decrease or have no effect on the EMF
produced by the alternator.

Suggested change Effect on EMF (increases, decreases or has no
effect)

reduce the resistance of resistor R
increase the strength of the permanent magnets

reduce the period of rotation of the coil to 25
ms

increase the number of turns of the rotating
coil



(4 marks)

Question 26/ 50
[VCAA NHT 2023 SB Q10]

A single rectangular loop of wire containing a cut out section labelled EF moves to the right at a constant
speed of 2.4 m S_l, as shown below. At time ¢ = 0, the right-hand edge of the loop enters a constant
magnetic field into the page.

Missing Image

The induced EMF produced as a function of time is shown in the graph below.

Missing Image

While the loop enters, and is partially within, the field, an EMF is generated between points E and F.
a. Which point, E or F, is positive?

(1 mark)

b. Explain why the induced EMF is constant during the time period 0.00 s to 0.025 s.

(2 marks)

c. Calculate the strength of the magnetic field through which the rectangular loop travels.

(3 marks)

Question 27/ 50
[Adapted VCAA 2023 SB Q5]

The diagram below (left) shows a single square loop of conducting wire placed just outside a constant
uniform magnetic field, B. The length of each side of the loop is 0.040 m. The magnetic field has a magnitude
0f 0.30 T and is directed out of the page.

Over a time period of 0.50 s, the loop is moved at a constant speed, v, from completely outside the magnetic



field to completely inside the magnetic field as shown below.
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a. Calculate the average EMF produced in the loop as it moves from the position just outside the region of the
field to the position completely within the area of the magnetic field. Show your working.

(2 marks)

b. On the small square loop in the diagram below, show the direction of the induced current as the loop
moves into the area of the magnetic field.

(1 mark)
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Question 28/ 50

[VCAA 2023 SB Q6]

Kim and Charlie are attempting to create a DC generator and have arranged the magnets along the axis of
rotation of the wire loop, J, K, L and M, as shown below. They are having some trouble getting it to work.
They rotate the loop in the direction of the arrow, as shown.



] loop K
commutator /
a \/ a.le ]
M L
north pole south pole

a. Using physics concepts, explain why this orientation of the magnets will not generate an EMF.
(2 marks)

b. Kim and Charlie decide to move the magnets so that an EMF is generated. On the diagram above draw the
positions of the magnets to ensure that an EMF is generated.

(1 mark)

Chapter 13 Transformers and transmission

Question 1/ 28

The key principle involved in the operation of an electrical transformer is
A electromagnetic induction.

B Ohm’s law.

C conservation of energy.

D conservation of momentum.

Question 2/ 28

An ideal transformer is required to transform 210 Vrums to 7 VRMs.



Question 3/ 28

The ratio of primary turns/secondary turns is closest to
A 0.03

B 0.3

C3

D 30

Question 4/ 28

When a current of 600 mA flows in the primary coil, the current in the secondary is equal to (without energy
losses)

A 18 mA
B 20 mA
CI8A

D20 A

Question 5/ 28

210 Vrus is equal to
A 149 Vppak

B 297 VprAk



C 297 VpEAK-PEAK

D 594 VPEAK

Question 6/ 28

One form of household safety device, sometimes described as RCI, relies on detecting an inequality between
the active and neutral currents in a circuit.

One method of detecting any inequality is shown in the diagram following. The active and neutral wires are
both wound around the transformer core in opposite directions to each other.

active N
current 7 transformer
] / core
appliance 1
neutral I
current —<

When the AC active current is greater than the AC neutral current, which of the following best describes the
situation in the transformer core?

A There is no flux through the transformer core.
B There is an increasing flux through the transformer core.
C There is a decreasing flux through the transformer core.

D There is a changing flux through the transformer core.

Question 7/ 28

Electricity for a light in a shed is supplied via a long piece of 2-core flex connecting the lighttoa 6 V
transformer output.



transformer

shed
® light
/
240V 6V
input output

When the shed light is turned on, it draws a current of 3.5 A RMS. Which of the following best describes the
current in the shed light?

A A steady current of 3.5 A
B A varying current with a peak value of +3.5 A
C A varying current (peak value ~ 5 A) but an average of 0 A

D A varying current (peak value ~ 5 A) but an average of 3.5 A

Question 8/ 28

A DC motor with R = 0.80 €2 needs at least 15 kW of electric power. Which of the following voltage
values would be suitable?

A24V
B 60V
CooVv

D120V

Question 9/ 28

High AC voltages are used for the long-distance transmission of a fixed amount of electrical energy primarily
because

A high voltages deter damaging bird strikes on the equipment.



B high voltages can mean higher currents and lower losses.
C high AC voltages are efficiently obtained using transformers.

D high voltages can mean lower currents and lower losses.

Question 10/ 28

Which one of the following voltage and current combinations would produce a power output closest to 120
Wrms?

A 12V DCand 10 A DC

B 12 VPEAK AC and 10 APEAK AC

C 18 Vpgak AC and 15 Apgak AC

D34 Vp_p ACand 10 Ap_p AC

Question 11/ 28

Students doing a VCE Physics practical investigation use a step-down transformer with 240 Vrpms AC to 12
VrMms AC.

Question 12/ 28
[VCAA 2017 SA Q4]
Which one of the following best gives the ratio of the number of turns, Nprimary: Nsecondary?

Al4



B 1:20

C4:1

D 20:1

Question 13/ 28
[VCAA 2017 SA Q5]

The transformer delivers 48 WRrys to a resistor. The transformer is ideal. Which one of the following best
gives the peak current in the secondary coil?

A02A
B4.0A
CS57A

D113 A

Question 14/ 28

A step-down transformer is used to convert 240 Vrpms AC to 16 Vrivs AC. Assume that the transformer is
ideal.

Question 15/ 28
[VCAA 2018 NHT SA Q5]

Which one of the following best gives the peak voltage of the input to the transformer?



Al171V

B 240V

C339V

D 480V

Question 16/ 28

[VCAA 2018 NHT SA Q6]

The ratio of turns in the primary (input) to turns in the secondary (output) is best given by
A 15:1

B 1:15

C24:1

D 1:24

Question 17/ 28
[VCAA 2018 NHT SA Q7]

The power input to the primary of the transformer is 30 W. Which one of the following best gives the RMS
current in the secondary (output)?

A 0.50 A
B19A
C80A

DI5A




Question 18/ 28

A proposed transformer will take 220 kV AC power and transform it to 66 kV, with an output power of 100
kW. There are 120 turns in the secondary coil. Which of the following gives the closest values for the number
of turns in the primary coil, and the current in the secondary coil? (All values are RMS.)

A36turns, 1.5 A
B 400 turns, 1.5 A
C 400 turns, 0.7 A

D 36 turns, 0.7 A

Question 19/ 28

Which of the following combinations will give a value of output power closest to 100 W (RMS)?
A 70 V (peak) and 2 A (RMS)

B 50 V (RMS) and 1.4 A (peak)

C 50 V (peak) and 2 A (peak)

D 100 V (peak to peak) and 2 A (peak)

Question 20/ 28

When a DC supply (instead of AC) is connected to the primary coil of a transformer, there will be no
continuous voltage generated in the secondary coil. The best reason for this is that

A the flux in the primary coil does not transfer to the secondary coil.
B the flux transfers to the secondary coil, but it does not vary with time.

C AC is required in the primary to generate any flux at all.



D DC causes a very high resistance in the coils as it is not time varying.

Question 21/ 28
[Adapted VCAA 2019 NHT SA Q6]

A light globe operates correctly at 12 Vrys AC power supply. If the light globe is operated using a battery
instead of the mains supply, what voltage should the battery have for the light globe to operate correctly?

Al2V
B17V
C85V

D60V

Question 22/ 28

A 40 Vrums AC generator and an ideal transformer are used to supply power. The diagram below shows the
generator and the transformer supplying 240 Vys to a 1200 Q resistor.

1000 turns 6000 tums

X
40 Vgy s AC 6—-')\(

1200 Q

[N R N N
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Question 23/ 28
[VCAA 2019 SA Q5]
Which of the following correctly identifies the parts labelled X and Y, and the function of the transformer?

A

Part X PartY Function of transformer

primary coil secondary coil step-down
B

primary coil  secondary coil  step-up
C

secondary coil  primary coil step-down
D

secondary coil  primary coil  step-up

Question 24/ 28

[VCAA 2019 SA Q6]

Which one of the following is closest to the RMS current in the primary circuit?
A0.04 A

B0.20 A

Cl120A

D 1.50 A



Question 25/ 28
[VCAA 2020 SA Q7]

An ideal transformer has an input DC voltage of 240 V, 2000 turns in the primary coil and 80 turns in the
secondary coil. The output voltage is closest to

A0V

B9.6V
C6.0 x 103V
D3.8 x 10"V

Question 26/ 28
[VCAA 2021 NHT SA Q6]

The mains voltage in a particular part of Australia is AC with a voltage of 240 Vrys. Which one of the

following is closest to the peak-to-peak voltage, Vp_p, for this mains voltage?
A170 V
B340V
C480V

D 680V

Question 27/ 28

[VCAA 2021 NHT SA Q7]



Electrical power stations are often situated far from the cities that require the power that they generate. Which
one of the following best describes the reason for the high-voltage transmission of electrical energy?

A Transformers can be used to increase the voltage in the cities.
B High voltages reduce the energy losses in the transmission lines.
C High voltages provide the large currents needed for efficient transmission.

D High voltages can reduce the overall total resistance in the transmission lines.

Question 28/ 28
[VCAA 2021 SA Q7]

A mobile phone charger uses a step-down transformer to transform 240 V. AC mains voltage to 5.0 V. The
mobile phone draws a current of 3.0 A while charging. Assume that the transformer is ideal and that all
readings are RMS.

Which one of the following is closest to the current drawn from the mains during charging?
A48 A
B16 A
Cl2A

D 0.06 A

Question 29/ 28
[Adapted VCAA 2022 NHT SA Q5]

The ratio of the number of turns in an ideal step-up transformer is 1:350. An alternating RMS current of 30.0
mA is supplied to the primary coil. The RMS current in the output will be closest to

A 0 mA

B 0.086 mA



C30.0 mA

D1.1 x 10*mA

Question 30/ 28
[VCAA 2023 NHT SA Q5]

The diagram below shows an ideal transformer in which the primary coil is connected to a battery and a
switch. An ammeter is connected to the secondary coil.

soft iron core
oy 7
| [ ammeter
Moy L=
primary coil secondary coil

When the switch is closed, the pointer on the ammeter momentarily deflects. How could the deflection on the
ammeter be made larger?

A decrease the number of primary coils
B decrease the number of secondary coils
C increase the number of secondary coils

D place a resistor in series with the ammeter

Question 31/ 28
[VCAA 2023 NHT SA Q6]

An RMS current of 15.6 A is equivalent to a peak-to-peak current of



Al1l1.0A

B221A

C44.1A

D552 A

Question 32/ 28
[VCAA 2023 SA Q7]

An oscilloscope is connected to a sinusoidal AC voltage source. The resulting trace on the oscilloscope
screen is shown on the next page. One vertical division on the oscilloscope screen represents a potential
difference of 20 V, and one horizontal division represents a time interval of 10 ms.

\ [ /
/

Which one of the following is closest to both the peak-to-peak voltage and the frequency of the signal shown
in the diagram?

A 42 Vand 10 Hz
B 60 V and 25 Hz
C 120 Vand 10 Hz

D 120 V and 25 Hz




Question 1/ 54

A transformer is used to provide a low voltage supply for decorative lighting on a tree in Syd’s backyard. The
circuit is represented below.

B ¢ @ ¢

The input of the transformer is connected to 240 V AC. The globes in the circuit are designed to operate
properly from 12 V AC.

a. If the transformer can be considered ideal, calculate the ratio:

primary turns
secondary turns

(2 marks)

b. Explain why the input of the transformer must be AC rather than smooth DC. Refer to the basic principle
of physics involved.

(3 marks)

Question 2/ 54

Electric power is delivered to an overseas city with a range of different transmission voltages. All the
voltages and currents are RMS.

|120km|5km | 1 km | 20m |
| [ [ |
45 kV 9 kV 110V
suburban
house
switchyard transformer terminal Station suburban street pole transformer
transformer transformer

The power station generator produces energy at 15 kV. In the adjacent switchyard this is stepped up to 330
kV before transmission to the outer suburban area. The diagram shows the output voltages of the various
transformers before delivery to each household at 110 V.

a. Calculate the value of the ratio:



number of turns on secondary of switchyard transformer
number of turns on primary of switchyard transformer

(1 mark)

At the primary of the street pole transformer, the current is 1.5 A, and the voltage is very close to 9 kV. The
transformer can be assumed to have no significant power losses within it.

b. What RMS current flows in the secondary of the street pole transformer?
(2 marks)

c. Although the switchyard transformer produces electricity at 330 kV, the input voltage to the next
transformer is 325 kV. Explain why this occurs, quoting relevant formulas. Use the symbol R for the
resistance of the transmission lines.

(2 marks)

Question 3/ 54

A house in the country receives its electricity some kilometres from the main supply cables. The cables
involved have resistance, which means that some voltage is ‘lost’ along them. The diagram below outlines
the situation.

supply cables
with resistance

7\

240V \ house

a. The voltage received at the country house changes, depending on the current being drawn by the house.
Explain why this occurs.

(3 marks)

b. On one occasion, the voltage received at the house is measured as 225 Vrys. The current being drawn at
the time is 45 Ajys. Calculate the resistance of the supply cables.

(2 marks)




Question 4/ 54

Electricity for a light in a shed is supplied via a long piece of 2-core flex connecting the lightto a 6 V
transformer, whose output power is 21 W.

transformer
: i shed
z_ |j ® light
/
240V 6V
input output

a. If the transformer input coil contains 960 turns, how many turns are there on the output coil?
(1 mark)

b. The wires to the shed have some resistance, with the result that the shed light operates off /ess than 6.0 V.
The voltage at the light is 5.0 V. Calculate the total resistance of the wires leading out to the shed.

(2 marks)
¢. Calculate the power dissipated in the wires leading out to the shed when the shed light is switched on.

(2 marks)

Question 5/ 54

A system for delivering power to an isolated pump from the 240 V generator that supplies a cattle station is
shown below.

240V P 240 V

Ta 0.8 A Tg| 20A
Q pump

station
generator

Transformers T 5 and T'g were installed to reduce the power loss in transmission (assume no power is lost in
the transformers).

a. Explain why T'p and T'g increase the fraction of generator output power transferred to the pump. Your
answer should clearly show the nature (step-up or step-down) of the transformers, and the physics involved.



(3 marks)
b. The RMS current in the transmission wires is 0.8 A. What is the output voltage VPQ from T'5?
(2 marks)

¢. The primary coil of T p consists of 100 turns of wire. How many turns of wire are in the secondary coil of

Tp?

(2 marks)

d. If the transmission wires have a combined resistance of 4.0 QQ, what power is dissipated in these?
(2 marks)

Before the transformers were installed, wires connected the generator and pump directly. In this arrangement
the pump drew 10 A.

generator | 240 V 4.0 Q 10 A pump

e. Under this arrangement, how much power was lost in the cables?

(2 marks)

Question 6/ 54

A step-down transformer has a turns ratio of 20:1. It is designed to operate from the mains supply (240 V). It
is used to produce higher currents than would normally be available from the mains supply.

a. The mains supplies 10 Agps at 240 Vrvs. What is the maximum RMS current the step-down transformer
could supply from its secondary coil?

(2 marks)

b. It is undesirable to connect the secondary of such a transformer to high resistance loads if large currents
are required. Explain why.

(3 marks)




Question 7/ 54
Explain why high voltages are used for the transmission of AC electricity over long distances.

(2 marks)

Question &/ 54
Transformers are often treated as being ‘ideal’ transformers.

a. With regard to the ratio of the power in: power out for a transformer, what is meant by saying a transformer
is an ‘ideal’ transformer?

(2 marks)

b. A typical transformer for a smart phone feels warm when in use. Explain why this smart phone transformer
is not an ‘ideal’ transformer.

(2 marks)

Question 9/ 54

Early domestic electricity was supplied as DC. AC soon became preferred. Outline one key advantage that
AC has over DC for domestic power supplies.

(2 marks)

Question 10/ 54

[Adapted VCAA 2016 SA Q16]



Ruby and Max investigate transmission of electric power with a model system.

transmission lines

The circuit of the arrangement is shown below.

1.5Q

18V DC Globe A Globe B
supply 9Q 90

1.5Q

total resistance of
transmission line = 3 Q

Ruby and Max use an 18 V DC power supply, as shown. The transmission lines have a fotal resistance of 3.0
Q. The resistance of the globes is a constant 9.0 €, and that the other connecting wires have zero resistance.

a. Calculate the power delivered to Globe A.

(2 marks)

b. Calculate the total voltage drop over the transmission lines. Show your working.
(2 marks)

¢. Calculate the power delivered to Globe B.

(3 marks)

Ruby notices the voltage supply to houses is AC and there are transformers used (on street poles and at the
city edge). Ruby and Max next investigate the use of transformers to reduce power losses in transmission.
They have two transformers — a 1:10 step-up transformer and a 10:1 step-down transformer.

d. Redraw the circuit above with an 18 V AC supply and with the transformers correctly connected. Label the
transformers as step up and step down.

(2 marks)

e. Explain why transformers would reduce transmission losses. Your answer should include reference to key
physics formulas and principles.

(3 marks)



Question 11/ 54
[VCAA 2017 SB Q6]

The diagram shows a generator at an electrical power station that generates 100 MWy s of power at a
voltage of 10 kVRrums AC. Transformer 17 steps the voltage up to 500k Vgrys AC for transmission
through transmission wires that have a total resistance, R, of 3.0 Q. Transformer 15 steps the voltage down
to 50 kVRs AC at the substation. Assume that both transformers are ideal.

T, transmission wires T,

generator § E R;r=3.0Q % E substation

100 MW at 10 kV 500 kV 50kV

a. The current in the transmission lines is 200 A. Calculate the total electrical power loss in the transmission
wires.

(2 marks)

b. Transformer 17 stepped the voltage up to 250 kVrysAC instead of 500 kVgrms AC. By what factor
would the power loss in the transmission lines increase?

(2 marks)

Question 12/ 54

A computer transformer rated at 140 Wgyg is connected to the mains 240 Vyryg electricity. It transforms the
voltage to 28 VRps. Assume the transformer is ideal.

a. Calculate the current supplied to the transformer by the mains electricity.
(2 marks)
b. Calculate the current supplied to the computer by the transformer.

(2 marks)



Question 13/ 54
[VCAA 2018 NHT SB Q5]

Students construct a model to show the transmission of electricity in transmission lines. The apparatus is
shown below.

wIres
AC power supply ||| | @
2.0 V light globe
T, T, cT
1:8 8:1

2.0 Viys AC

The students use two transformers, 17 and T5, with ratios of 1:8 and 8:1 respectively, and a 2.0 Vryms AC

power supply. Assume that the transformers are ideal. The students use a light globe that operates correctly
when there is a voltage of 2.0 V across it. The wires of the transmission lines have a total resistance of 4.0 Q.
The students measure the current in the wires to be 0.50 A.

a. Calculate the power loss in the wires.

(2 marks)

b. Calculate the voltage across the light globe.
(4 marks)

c. The light globe does not operate correctly, as it would with a voltage of 2.0 V. Describe one change the
students could make to the model to make the light globe operate correctly.

(2 marks)

Question 14/ 54
[Adapted VCAA 2017 Sample SB Q5]

An oscilloscope is connected to a sinusoidal AC source. The trace obtained on the oscilloscope screen, where
one horizontal division represents a time of 20 ms and one vertical division represents 10 V, as shown below.



a. Calculate the RMS voltage for the signal shown in the diagram
(2 marks)
b. Calculate the frequency for the signal shown in the diagram.

(1 mark)

Question 15/ 54

[Adapted VCAA 2017 Sample SB Q10]

A rural town is supplied with electricity from a small hydro-electric power plant 20 km from the town. The
alternator generates electricity at 5000 V. This is stepped up in a transformer to 50 000 V. Electricity is
transmitted to the town through a two-wire high-voltage transmission line. The input voltage to the

transmission line at the alternator end is 50000 Vs AC. The

current in the line is 15 Arps. At the edge

of the town, a transformer converts the voltage to 250 Vrums AC for use in the town. The total resistance of

the transmission line is 40 Q. The system is shown on the next pa
transmission line

50000 Vgys AC
power plant

transformer

ge. The transformers are ideal.

-
250 Vs AC
L totown

1515

coils coils

primary |secondary

a. Calculate the total power loss in the transmission line. Show your working.



(3 marks)

b. Calculate the voltage input from the transmission line to the step-down transformer at the town end of the
line.

(3 marks)

c. Explain why AC rather than DC is generally used for long-distance power transmission. Include the steps
involved in the process of long-distance power transmission.

(3 marks)

Question 16/ 54
[VCAA 2018 SB Q5]

A Physics class is investigating power loss in transmission lines. The students construct a model of a
transmission system. They first set up the model as shown below. The model consists of a variable voltage
AC power supply, two transmission lines, each of 4.0 2 (total resistance = 8.0 ), a variable ratio
transformer, a light globe and meters as needed. The purpose of the model is to operate the 4.0 V light globe.
A variable ratio transformer is one in which the ratio of turns in primary windings to turns in secondary
windings can be varied. The resistance of the connecting wires can be ignored.

variable voltage
power supply

4.0V light globe

AC
(X

transmission variable ratio
lines transformer

In their first experiment, the transformer is set on a ratio of 4:1 and the current in the transmission lines is
measured to be 3.0 A. The light globe is operating correctly, with 4.0 VRmg across it.

a. Calculate the power dissipated in the light globe. Show your working.

(2 marks)

b. Calculate the voltage output of the power supply. Show your working.

(3 marks)

c. Calculate the total power loss in the transmission lines. Show your working.

(2 marks)



In a second experiment, the students set the variable ratio of the transformer at 8:1 and adjust the variable
voltage power supply so that the light globe operates correctly, with 4.0 Vgus across it.

d. Calculate the total power loss in the transmission lines in this second experiment. Show your working.
(3 marks)

e. Suggest two reasons why high voltages are often used for the transmission of electric power over long
distances.

(2 marks)

Question 17/ 54
[VCAA 2019 NHT SB Q4]

An electrician is installing a power supply to a yard located 500 m from a farmhouse in order to operate a 240
VRruMs, 480 W light globe, as shown in the diagram. The connecting wires have a total resistance, R, of 40
Q. At the farmhouse, the electrician provides the required input voltage, Vi, to the connecting wires for the
light globe to operate at 240 Vrys and 480 W.

light globe

240 Vgyy
farmhouse 80w

D yard

a. When the light globe is operating at 240 Vrys and 480 W, what is the power loss in the connecting wires?
Show your working.

(2 marks)
b. Calculate the RMS voltage of Vi,. Show your working.

(3 marks)

¢. To reduce the power loss in the connecting wires, the electrician changes the input voltage, Viy, and

installs an 8:1 step-down transformer at the yard. After these changes, the light globe still operates at 240
VRrums and 480 W, as shown in the diagram below.



light globe

” EHE 240 Vgyge
farmhouse u 480 W
|:| 8:1 || yard

Calculate the RMS power loss in the connecting wires for this new situation. Show your working.

(3 marks)

Question 18/ 54
[VCAA 2019 SB Q6]

A home owner on a large property creates a backyard entertainment area. The entertainment area has a low-
voltage lighting system. To operate correctly, the lighting system requires a voltage of 12 Vgrus. The
lighting system has a resistance of 12 Q.

a. Calculate the power drawn by the lighting system.
(1 mark)

To operate the lighting system, the home owner installs an ideal transformer at the house to reduce the
voltage from 240 VRus to 12 VRrus. The home owner then runs a 200 m long heavy-duty outdoor
extension lead, which has a total resistance of 3 €, from the transformer to the entertainment area.

b. The lights are a little dimmer than expected in the entertainment area. Give one possible reason for this and
support your answer with calculations.

(4 marks)

c. Using the same equipment, what changes could the home owner make to improve the brightness of the
lights? Explain your answer.

(2 marks)

Question 19/ 54



[VCAA 2020 SB Q7]

A rechargeable electric toothbrush uses a transformer circuit, as shown in the diagram below. A secondary
coil inside the toothbrush is connected, via an iron core, to a primary coil that is connected to the mains

power supply. The mains power is 240 Vrus and the toothbrush recharges at 12 Vgys. The average power
delivered by the transformer to the toothbrush is 0.90 W. Assume that the transformer is ideal.

toothbrush
transformer circuit to
recharge toothbrush
primary coil 12 Vs
—_J secondary coil
240 Vs = _‘ inside toothbrush

iron core
a. Calculate the peak voltage in the secondary coil. Show your working.
(2 marks)

. . N,
b. Determine the ratio of the number of turns Fp.

(1 mark)
c. Calculate the RMS current in the primary coil while the toothbrush is charging. Show your working.

(2 marks)

Question 20/ 54

[VCAA 2021 NHT SB Q7]

Angela and Janek are installing two low-voltage lights in their outdoor garden. They have a 240 Vgyyg AC

transformer with an output voltage of 12 Vgyg AC. Each light has a constant resistance of 6.0 Q. For the
purposes of calculations, assume that the transformer is ideal.

a. Describe what is meant by an ideal transformer in terms of the input power and the output power.

(1 mark)



b. Calculate the ratio of the number of turns of the primary coil to the number of turns of the secondary coil.

(1 mark)

c. Each light is designed to operate at 12 VRus. Calculate the power dissipated in one light when it is
operated at 12 VRng. Show your working.

(2 marks)

Angela and Janek now connect the first light, Light 1, to the transformer using two wires, each 12.0 m long,
as shown below. Each wire has a resistance of 0.05 Q per metre.

240 Vipys AC 15 Wigypp AL Light 1 ®

transformer

d. Calculate the RMS voltage across Light 1. Show your working.
(3 marks)

e. Angela and Janek now connect the second light, Light 2, directly across the secondary of the transformer,
as shown below.

transformer

They thought that with the circuit shown above, Light 1 and Light 2 would be equally bright. However, they
observed that Light 2 was brighter than Light 1.

Explain why Light 2 was observed to be brighter than Light 1.

(3 marks)

Question 21/ 54
[VCAA 2021 SB Q7]

The generator of an electrical power plant delivers 500 MW to external transmission lines when operating at



25 kV. The generator’s voltage is stepped up to 500 kV for transmission and stepped down to 240 V 100 km
away (for domestic use). The overhead transmission lines have a total resistance of 30.0 Q. Assume that all
transformers are ideal.

a. Explain why the voltage is stepped up for transmission along the overhead transmission lines.
(2 marks)

b. Calculate the current in the overhead transmission lines. Show your working.

(2 marks)

c. Determine the maximum power available for domestic use at 240 V. Show all your working.

(3 marks)

Question 22/ 54
[Adapted VCAA 2022 NHT SB Q6]

A laptop computer requires a transformer to reduce the voltage to its rechargeable battery while the battery is
charging. The power point supplies an RMS voltage of 240 V and delivers an RMS current of 0.35 A. The
transformer converts the voltage to an RMS voltage of 8.0 V. Assume that the transformer is ideal.

a. Calculate the ratio of the number of turns Nprimary / Vsecondary- Show your working.

(2 marks)
b. Calculate the RMS current delivered by the power point while the battery is charging.

(2 marks)

Question 23/ 54
[VCAA 2022 SB Q5]
A wind generator provides power to a factory located 2.00 km away, as shown below.

When there is a moderate wind blowing steadily, the generator produces an RMS voltage of 415 V and an



RMS current of 100 A. The total resistance of the transmission wires between the wind generator and the
factory is 2.00 Q.

415V 100 A

factory

a. Calculate the power, in kilowatts, produced by the wind generator when there is a moderate wind blowing
steadily.

(1 mark)

b. To operate correctly, the factory’s machinery requires a power supply of 40 kW. Determine whether the
energy supply system, as shown, will be able to supply power to the factory when the moderate wind is
blowing steadily. Justify your answer with calculations.

(3 marks)

c. The factory’s owner decides to limit transmission energy loss by installing two transformers: a step-up
transformer with a turns ratio of 1:10 at the wind generator and a step-down transformer with a turns ratio of
10:1 at the factory. Each transformer can be considered ideal. With the installation of the transformers,
determine the power, in kilowatts, now supplied to the factory.

(3 marks)

Question 24/ 54
[VCAA NHT 2023 SB Q9]

A local community wishes to power its town hall using hydro-electricity. A waterfall drives an AC generator,
with power delivered to the hall via transmission lines, as shown below.

The generator has an RMS power output of 4.2 kW when operating normally.



AC generator
town hall

The town hall’s electrical loads have a total resistance of 20 Q and require 2.6 kW of RMS power when
operating normally.

a. Calculate the RMS voltage at the town hall under these conditions. Show your working.
(2 marks)

b. Calculate the resistance of the transmission lines.

(3 marks)

¢. Suggest two changes the community could make to the system that would reduce power losses without
changing the output of the AC generator or the load at the town hall.

(2 marks)

Question 25/ 54
[VCAA 2023 SB Q4]

A transformer is used to provide a low-voltage supply for six outdoor garden globes. The circuit is shown
below. Assume there is no power loss in the connecting wires. All voltage values are RMS values.

126666 o

primary secondary

The input of the transformer is connected to a power supply that provides an AC voltage of 240 V. The
globes in the circuit are designed to operate with an AC voltage of 12 V. Each globe is designed to operate
with a power of 20 W.

a. Assuming that the transformer is ideal, calculate the ratio of primary turns to secondary turns of the



transformer.

(1 mark)

The globes are turned on.

b. Calculate the current in the primary coil of the transformer.
(2 marks)

¢. Explain why the input current to the primary coil of the transformer must be AC rather than constant DC
for the globes to shine.

(2 marks)

Question 26/ 54
[VCAA Adapted 2023 SB Q7]

Two high-voltage transmission lines span a distance of 260 km between Power Plant A and Town B, as
shown on the next page. Power Plant A provides 350 MW of power. The potential difference at Power Plant
A 1s 500 kV. The current in the transmission lines has an RMS value of 700 A and the power loss in the
transmission lines is 20 MW.

@ high-voltage transmission lines

Power Plant A

a. Show, using calculations, that the total resistance of the two transmission lines is 41 Q
(2 marks)

b. Town B needs a minimum of 480 kV.

Determine whether 480 kV will be available to Town B. Show your working.

(3 marks)

c. Explain what would happen if the electricity between Power Plant A and Town B were to be transmitted at
50 kV instead of 500 kV. Assume that the resistance of the transmission lines is still 41 Q and the power



supplied by Power Plant A is 350 MW.

(2 marks)

Chapter 14 Interference, diffraction, standing
waves

Question 1/ 30

When two sound waves meet, they

A pass through each other without being changed.

B reflect off each other.

C pass through each other, combining effects when they overlap.

D diffract off each other.

Question 2/ 30

A very large pipe in a science museum is open at both ends, as shown. It is large enough for people to walk
inside it. A large loudspeaker faces one end. Jin is walking along the pipe.

& pi

During a demonstration, one frequency resonates strongly in the pipe.

Which of the following best explains the cause of this resonance?

A A standing wave is generated in the loudspeaker.



B Waves moving to the left from the loudspeaker reflect from Jin.
C Waves moving to the left from the loudspeaker reflect from the far end.

D Odd harmonics are formed in the pipe.

Question 3/ 30

An orchestra is playing in a hall with an open door; it is 80 cm wide. The speed of sound is 320 m s~ L.

Which of the following statements is likely to be true?

( /
/ A
/S }
loud - 80 cm
orchestra wide B
N
TN N \ C

g

A Listeners at A and C can hear all notes below 400 Hz clearly.
B Listeners at B can only hear frequencies above 400 Hz.
C Listeners at A and C can hear all frequencies clearly.

D Listeners at A and C can only hear frequencies above 400 Hz.

Question 4/ 30

Telescopes observing distant stars produce sharper images when the diameter of their viewing aperture is
increased. This is likely to because

A they gather sharper light.
B the larger aperture reduces spread due to diffraction.
C the larger area smooths out minor fluctuations.

D the larger aperture prevents interference effects.



Question 5/ 30

Sound barriers at the side of freeways are more effective at reducing high-frequency sounds (e.g. 2000 Hz
sirens) than low-frequency noises (e.g. 200 Hz noises from trucks). Which one or more of the following best
explains this?

sound
‘ barrier

IE1

A Sounds of 200 Hz have a relatively long wavelength.
B Sounds of 200 Hz have a relatively short wavelength.
C Short wavelength sounds diffract easily around the barrier.

D Long wavelength sounds diffract easily around the barrier.

Question 6/ 30

A loudspeaker is operating to the left of a barrier with a gap in its centre.

barrier

!

large loudspeaker
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T

1.5m

barrier

The frequency of the sound is 1200 Hz. The width of the gap is 0.5 m. At some distance from the gap, the



students note that the edge of the diffraction pattern is 1.5 m from the centre line, as shown.

Question 7/ 30

[Adapted VCAA 2015 SB Q10]

The students increase the frequency to 3000 Hz. Which one of the following is most likely to be observed?
A The edge of the pattern will still be about 1.5 m from the centre line.

B The edge of the pattern will be closer to the centre line.

C The edge of the pattern will be further out than 1.5 m.

D There will now be no edge of the pattern.

Question 8/ 30
[VCAA 2015 B Q11]

The students now repeat the experiment in their classroom, but do not observe such a clear edge to the
pattern. Which one of the following is the most likely reason for this?

A The room is too big for the wavelength.
B The room is too small for the wavelength.

C The doorway allowed a proportion of the sound to escape and so destructive interference did not occur
completely.

D Reflection from walls and ceiling of the classroom mean that destructive interference does not occur
completely at the edge of the pattern.




Question 9/ 30

The distance from Earth to the Moon is measured using a laser beam focused by a mirror. The beam is aimed
at a reflector on the Moon surface; the time for the journey is measured. When the beam leaves Earth, it is a
few metres wide, but when it reaches the Moon it is over 6 km wide. The best explanation is that

A the vacuum of space allows the beam to spread over the long distance.
B the aperture of the focusing mirror gives rise to diffraction.
C there is a limit to the ability of the mirror to focus.

D the diameter of the focusing mirror is too great.

Question 10/ 30

When cars with two headlights are a long way away on a straight road, it is hard to tell that there are two
headlights; our eyes cannot resolve the two objects.

close for away

If the headlights gave out violet light, they would be easier to resolve, because

A the wavelength of violet light is less than the average wavelength of white light.

B the wavelength of violet light is longer than the average wavelength of white light.
C the speed of violet light is the faster than the speed of white light.

D the speed of violet light is slower than the speed of white light.

Question 11/ 30



A beam of electromagnetic radiation of frequency 1 X 10'Hz is directed at a hole of diameter 0.1 mm. A
circular diffraction pattern is detected 10 m from the hole, with a diameter of 6 mm. When the hole is
changed for one of diameter of 0.2 mm, and the radiation is changed to a frequency 5 x 10'4Hz, the pattern
is likely to be circular, with a diameter close to

A 3 mm
B 6 mm
C 12 mm

D 60 mm

Question 12/ 30

When small water waves are directed at a barrier with a small gap, diffraction results, as shown in the
somewhat idealised diagram below.

[l

Students decrease the period of the water waves. Which of the following best describes what they are now
likely to see in the waves to the right of the gap?

A The pattern will be unchanged.
B The pattern will spread further.
C The pattern will become narrower.

D The wavelength will increase, but the spread will remain the same.




Question 13/ 30

Water waves striking a barrier can change direction, as in the diagram below.

!IIHHJ))

This is most likely an example of
A diffraction

B refraction

C reflection

D dispersion

Question 14/ 30

Plucking a guitar string causes a resonance in that string. This is due to a
A standing wave in the string due to superposition of longitudinal waves.
B standing wave in the string due to superposition of transverse waves.
C transverse and a longitudinal wave superimposing.

D string being of a special length.

Question 15/ 30

Marching soldiers crossing bridges are asked to ‘break step’ to avoid large amplitude oscillations. Which of
the following best describes the conditions for this?

A Such resonances only occur when the bridge is of a special length.



B A large number of people walking can, on its own, cause resonances.
C A regular marching frequency always causes resonances of this kind.

D The marching frequency corresponding to the natural vibration frequency.

Question 16/ 30

Which of the following best describes what happens to a two-slit interference pattern when the slits are
moved apart?

A The dark and light bands become less widely separated.
B The dark and light bands become more widely separated.
C The wavelength of the light is increased.

D The wavelength of the light is reduced.

Question 17/ 30

Which one or more of the options above describes what happens to a two-slit interference pattern when the
medium is changed to one of greater refractive index (for example, air is changed to water)?

Question 18/ 30
[VCAA 2017 SA Q14]

A teacher stands in the corridor a short distance from the open door of her classroom, as shown in the
diagram. She can hear the students, but cannot see them.
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Which one of the following best explains why the teacher can hear her students?

A The speed of sound is much greater than the speed of light.

B The speed of sound is comparable with the speed of light.

C Sound diffracts because the wavelength of sound is much smaller than the width of the door.

D Sound diffracts because the wavelength of sound is comparable with the width of the door.

Question 19/ 30

Jannie is standing between two loudspeakers at a sporting ground. They are being tested with a note of a
single frequency of 340 Hz. The loudspeakers emit sound reasonably well in all directions.

When she stands midway between the speakers the sound is quite loud, but as she moves away from this
point towards either speaker the sound gets softer. Which of the following best helps explain why this
happens?

A Waves from each speaker arrive at the central point in phase.
B Waves from each speaker have a path difference of an exact whole number of wavelengths everywhere.
C Waves from each speaker have a path difference of exactly zero everywhere.

D The speakers are specially designed to keep in phase everywhere.



Question 20/ 30

Kim plucks one of his guitar strings, causing it to vibrate as shown below. Two extreme positions of the
resulting standing wave in the string are shown. For the purpose of the following questions, the amplitude of
the vibrations has been exaggerated.

ends of guitar string

Question 21/ 30
[VCAA 2017 Sample SA Q15]

Which one of the following statements best indicates how we interpret the motion of the guitar string shown
above?

A It is the result of two transverse waves travelling along the string in the same direction.
B It is the result of two transverse waves travelling along the string in opposite directions.
C It is the result of two longitudinal waves travelling along the string in the same direction.

D It is the result of two longitudinal waves travelling along the string in opposite directions.

Question 22/ 30
[VCAA 2017 Sample SA Q16]

S is a point on the guitar string, as on the previous page. For the instant immediately after that shown on the



previous page, the direction in which point S on the guitar string will move is
A upwards.

B to the left.

C to the right.

D downwards.

Question 23/ 30
[VCAA 2018 SA Q12]

A teacher sets up an apparatus to demonstrate Young’s double-slit experiment. A pattern of bright and dark
bands is observed on the screen, as shown below.

_ screen _
double slits ~a Ax
e

|

Which one of the actions below will increase the distance, Ax, between the adjacent dark bands in this
interference pattern?

RN

laser

A Decrease the distance between the slits and the screen.
B Decrease the wavelength of the light.
C Decrease the slit separation.

D Decrease the slit width.




Question 24/ 30
[VCAA 2019 NHT SA Q15]

Monochromatic laser light of wavelength 600 nm shines through a narrow slit. The intensity of the
transmitted light is recorded on a screen some distance away, as shown below in the diagram on the left. The
intensity graph of the pattern seen on the screen is shown below on the right.

AX
narrow slit

/ ;

laser

screen A L » X

Which one of the following intensity graphs best represents the pattern that would be seen if a slightly wider
slit were used?

~
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Question 25/ 30
[VCAA 2020 SA Q14]

Students are investigating the diffraction of waves using a ripple tank. Water waves are directed towards
barriers with gaps of different sizes, as shown below. In which one of the following would the greatest
diffraction effects be observed?
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Question 26/ 30
[VCAA 2021 NHT SA Q14]

The diagram below represents a standing wave.
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The point P on the standing wave is

A anode resulting from destructive interference.

B a node resulting from constructive interference.

C an antinode resulting from destructive interference.

D an antinode resulting from constructive interference.

Question 27/ 30
[VCAA 2021 NHT SA Q16]

A red laser used in a double-slit experiment creates an interference pattern on a screen, as shown below.

bright band
dark band

S, S, screen

laser beam _y jits

laser

The red laser is replaced with a green laser. Which one of the following best explains what happens to the
spacing between adjacent bright bands when the green laser is used?

A The spacing increases.

B The spacing decreases.



C The spacing stays the same.

D The spacing cannot be determined from the information given.

Question 28/ 30
[VCAA 2022 NHT SA Q12]

The diagram below represents a standing wave on a string fixed at both ends, with a node at the centre. The
wave has a frequency of 5.0 Hz and the distance between the two fixed ends is 2.0 m.

Question 29/ 30
[VCAA 2022 NHT SA Q19]

Diffraction is a property of waves. Electrons display wave-like properties when producing diffraction
patterns. This is because electrons

A always carry an electric charge.
B can move around nuclei in fixed orbits.

C have a wavelength related to their momentum.



D can jump between energy levels within an atom.

Question 30/ 30
[VCAA 2022 SA Q13]

A travelling wave produced at point A is reflected at point B to produce a standing wave on a rope, as
represented in the diagram below.

The distance between points A and B is 2.4 m. The period of vibration of the standing wave is 1.6 s. The
speed of the travelling wave along the rope is closest to

A0.75ms™!
B1.0ms !
Cl.5ms!

D2.0ms !

Question 31/ 30
[VCAA 2022 NHT SA Q19]

A standing wave is produced on a flexible string, as shown in the diagram below. The diagram shows the
wave at two different times — the solid line represents what the wave looks like at a particular time and the
dotted line represents what the wave looks like exactly half a cycle later.




Which one of the following is closest to the wavelength of the standing wave?
A0.5m
B1.0m
Cl5m

D20m

Question 32/ 30
[VCAA 2023 SA Q16]

Water waves travelling at constant speed and hitting a barrier can change direction, as shown in the diagram
below.

1))

Which one of the following best identifies this phenomenon?
A diffraction

B dispersion

C refraction

D resonance

Question 1/ 67

Jan is standing midway between two speakers. They are emitting sound in phase, at 175 Hz, and she hears a
loud sound of that frequency. Assume that Jan does not have any effect on the sound waves.



K A

Jan

The speakers are 10 m apart. As she moves to the left, the sound intensity falls. When she is 4.5 m from the
left-hand speaker, the intensity reaches a minimum.

a. Explain why the intensity drops to a minimum.

(3 marks)

b. Calculate the wavelength of the 175 Hz sound.

(2 marks)

c. Use this data to calculate the speed of sound.

(2 marks)

d. Describe the nature of the sound wave that forms in the space between the two loudspeakers.

(2 marks)

Question 2/ 67

Dan is listening to a ship whistle coming from the docks.

/

sound from docks

left ear right ear

Dan can tell where the sound is coming from by comparing the intensities in each of his ears. Explain why
Dan would find it harder to locate low-frequency sound than high-frequency sound.

(2 marks)




Question 3/ 67
Two dippers make circular waves in phase in a shallow tank of water, as shown.

nodal lines

Dlp% pOlnt B
Dipper, S,

Water

The dark lines in the diagram show areas of water where there is no wave motion in the water. Between these
dark lines (nodal lines), water waves are travelling away from the dippers; the bright sections are wave crests.
Point B is equidistant from X and Y.

a. Explain why there are travelling waves in some parts of the tank and flat water in other parts.

(3 marks)

X is the point where dipper S1 touches the water, and Y the point where So touches. The wavelength of the
travelling water waves is 1 cm.

b. Find the distance (AX — AY) in cm.

(1 mark)

c. Describe the movement of the water along the line joining points X and Y, giving your reasoning.
(3 marks)

d. The speed of the water waves is O cm s, Calculate the period of the dippers (in seconds).

(2 marks)

e. Discuss the effect on the pattern of nodal lines if each of these changes was implemented:

* reducing the distance XY

* increasing the frequency of the dippers.

(4 marks)



Question 4/ 67

Straight water waves are incident on a narrow opening at a harbour, as shown.

Boat owners in the harbour would like to reduce the amount that the waves spread out as they travel through
the opening. Some suggest that a narrower opening would reduce both the spreading and the amount of wave
energy entering the harbour. Evaluate this response.

(3 marks)

Question 5/ 67

Sound travels along a tube sketched below. At point A, about half the sound travels along the curved section,
the other half is undeflected at this point, and at point B the two paths rejoin. The radius of the curved
section, 7, is 80 cm.

( ® ® )

Source A B Detector

a. Show that the path difference for the two pathways is equal to 1.14r.
(2 marks)

b. As the sound frequency from the source changes, the detector measures varying degrees of loudness. A
sound of frequency 372 Hz is generated. The speed of sound at the time is 340 m s~ 1. Evaluate whether the



sound is likely to be close to a maximum or a minimum. Show your working.

(3 marks)

Question 6/ 67

Plane water waves in a ripple tank are directed towards the flat wall of the tank.

>
reflecting
—> wall
o>
flat water waves

The waves are moving at 6.0 cm s~ towards the right. The frequency of the waves is 3.0 Hz.
a. Calculate the wavelength of the waves.
(2 marks)

b. When the waves reach the wall, they reflect (without loss), and travel back to left, interfering with waves
travelling right. Describe the resulting waves that form in the tank (including quantitative details).

(4 marks)

Question 7/ 67

A violin string is played forming a 900 Hz sound standing wave. The string is fixed at the ends, and a strobe
photo of the vibrating string reveals regions of no vibration (nodes), as shown below. The distance between
the fixed ends is 30 cm. The dashed line shows the string’s position when it is not vibrating.



nodes

fixed ends
a. Describe the mechanism leading to the formation of the standing wave.
(3 marks)
b. Calculate the period of the standing wave.
(2 marks)
c. Calculate the speed of a transverse wave along the violin string. Show your working.
(3 marks)

d. The violin player finds that they can play two other lower frequency notes on the 30 cm length string, with
the string otherwise unchanged. Calculate the frequency of these two notes, showing your working.

(3 marks)

Question 8/ 67

A light cord is hanging from a vibrating hook in the ceiling. This sets up standing waves in the cord. The
hook can be considered to be stationary, and the hanging end can be considered free. One of the possible
standing waves is sketched below. The dashed line shows the position of the cord when it is not vibrating.
The wave shown has a frequency of 150 Hz. The vertical distance between the hook and the free end is 45
cm.
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a. Sketch the shape of two other standing waves, labelling the nodes and antinodes.

(4 marks)

b. Calculate the frequency of the two standing waves that you have sketched. Show your working.
(3 marks)

c. Calculate the speed of a transverse wave along the hanging cord.

(2 marks)

Question 9/ 67

A red laser is directed at a very small width vertical slit in an opaque barrier. This is similar to a Young’s two-
slit experiment with only one slit. Diffraction effects are clearly seen. The diagram shows the apparatus
viewed from above.

small
aperture

red light laser >

screen




a. Describe the pattern seen on the screen.

(2 marks)

b. Describe the change in the pattern if the screen is moved towards the slit.

(1 mark)

c. The red laser is replaced by a green laser. Describe the pattern now. Explain your reasoning.
(2 marks)

d. The laser is now replaced with a narrow beam of white light from an incandescent light globe. Describe
the pattern now. Explain your reasoning.

(3 marks)

Question 10/ 67
[Adapted VCAA 2016 SA Q18]

Amelia and Rajesh conduct an experiment to study interference using a laser and double slits, as shown. X is
a dark band as shown.

2
laser
central bright band

double slits

screen

The path difference S;X — S9X is found to be 750 nm.

a. Calculate the wavelength of the laser.

(2 marks)
b. P is a bright band. Calculate the path difference SoP — S1P. Show your working.

(2 marks)



Amelia and Rajesh replace the double slits with a single slit of width w, as shown. They find that the width of
the central maximum of the diffraction pattern is y.

laser I

single slit

SCreen
They replace the single slit with another single slit of width 2w.

c. Describe the expected change in the width of the central maximum, including your reasoning.

(2 marks)

Question 11/ 67
[Adapted VCAA 2016 SB Q7]

Yasmin and Paul set up the following experiment in a large open area. They connect two speakers that face
each other, as shown.

The speakers are 10 m apart and connected to the same signal generator, and produce a sound with a
wavelength of 1.0 m. Yasmin stands in the centre, equidistant to speakers A and B. She then moves towards
Speaker B and experiences a sequence of loud and quiet regions. She stops at the second region of quietness.
How far is she from Speaker B? Show your working.

(3 marks)




Question 12/ 67
[Adapted VCAA 2017 SB Q15]

A Physics teacher is demonstrating wave phenomena to her students. She takes her students to the school
oval to listen to 680 Hz sound. The speed of sound in air is 340 m s~ 1. The teacher sets up two
loudspeakers placed 4.0 m apart with the 680 Hz sound in phase. Seven students are placed in a row 24 m
from the loudspeakers, as shown in the diagram below. Each student is 1.5 m away from the next student.
Student 4 is in the middle and is exactly the same distance from each loudspeaker. When a single loudspeaker
is sounding, all the students hear very close to the same intensity.

. 40m >‘
|
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The teacher now connects both loudspeakers. One student, Elli, predicts that now they will all hear a similar
sound of double the intensity. Another student, Sam, disagrees. He says the intensity of the sound will depend
on each student’s relative distance from each speaker.

a. Evaluate Elli’s and Sam’s responses.
(3 marks)

b. Will students 2 and 5 in the diagram on the previous page hear similar or different sound intensities? If you
predict that one of the students will hear a higher sound intensity, state which student and justify your
prediction. Show your working.

(3 marks)

Question 13/ 67

[VCAA 2017 SB Q16]

Standing waves are formed on a string of length 4.0 m that is fixed at both ends. The speed of the waves is

240 m s~ 1.

a. Calculate the wavelength of the lowest frequency resonance.



(2 marks)
b. Calculate the frequency of the second-lowest frequency resonance.

(2 marks)

Question 14/ 67

Students create a standing wave in an elastic cord 2.4 m long. They take video shots of the vibrating cord.
The diagram below shows the cord at one extreme of its vibration (maximum amplitude). The dashed line
shows the ‘at rest’ position of the elastic cord. The frequency of the wave is 100 Hz.

24m
a. State the wavelength of the standing wave.
(1 mark)
b. Sketch the position of the cord at a time 7.5 ms after that shown.
(2 marks)
c. Calculate the speed of a transverse wave along the cord.

(2 marks)

Question 15/ 67
[Adapted VCAA 2018 NHT SB Q11]

Students use a microwave set to study wave interference. The set consists of a transmitter set to transmit
waves of A = 3.0 or 6.0 cm, a receiver measuring the intensity and wavelength of the received signal, plates

to make single or double slits and a ruler. The speed of the waves is 3.0 X 108 m s™!. The students set up



the equipment using 3.0 cm microwaves, placing the receiver at X on the second nodal line (minimum) out

from the centre, as shown.
; j: receiver
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a. Calculate the path difference So X — S1X. Show your working.

(2 marks)

The students now replace the two slits with a single slit of width w, as shown.
microwave
transmitter I -

" K receiver
L~ )

............... W= 120 cm p | |
P v |

b. With the transmitter set to a wavelength of 3.0 cm, the width of the diffraction pattern is 20 cm at a fixed
distance from the slit. They then change the wavelength to 6.0 cm. What effect will this have on the width of
the pattern? Explain your answer.

(2 marks)

Question 16/ 67

Students perform a Young’s double-slit experiment. The diagram below shows the arrangement. Two narrow
slits (A and B) let light from a laser pass through them. The result is a pattern of light and dark bands on a
screen. The bands are numbered. The spacing between the bands, x, as also shown.
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a. One of the bands is equidistant from slit A and slit B. Explain why it is not possible for bands 1, 3, 5, 7, 9
or 11 to be that band.
(2 marks)

b. The students measure that the distance from slit A to band 11 is longer than the distance from slit B to
band 11 by 1.5 um. Use this information to calculate the wavelength of the light from the laser. (Assume that
band 6 is the central band.)

(2 marks)

c. Identify two changes to the apparatus that would increase the spacing, x. Explain your changes in terms of
a wave model of light.

(2 marks)

d. Explain why narrow slits (A and B) are necessary if the light from the slits is to spread out and overlap
after passing through them.

(2 marks)

Question 17/ 67
[Adapted VCAA 2017 Sample SB Q6]

Juan conducts an experiment using a shallow tray of water of waves. He uses two point sources of
wavelength 10 cm and frequency 5 Hz to investigate a two point source interference pattern, as shown below.

He observes lines of maxima and minima in the resultant pattern, as shown above. The lines on the diagram
represent wave crests. Point P is on a nodal line of minima. Juan measures the distance from source X to
point P as 16.0 cm. Determine the distance from source Y to point P.



(2 marks)

Question 18/ 67
[Adapted VCAA 2018 SB Q11]

The diagram following shows two speakers, A and B, facing each other. The speakers are connected to the
same signal generator/amplifier and the speakers are simultaneously producing the same 340 Hz sound.

Take the speed of sound to be 340 m s~ *.
A B

u )

A student stands in the centre, equidistant from speakers A and B. He then moves towards speaker B and
experiences a sequence of loud and quiet regions. He stops at the second region of quietness. How far has the
student moved from the centre? Explain your reasoning.

(3 marks)

Question 19/ 67
[Adapted VCAA 2018 SB Q13]

Physics students studying interference set up a double-slit experiment using a 610 nm laser, as shown in the
diagram below.
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A section of the interference pattern observed by the students is shown in the diagram below. There is a
bright band at point C, the centre point of the pattern.

C

a. Explain why point C is in a bright band rather than in a dark band.
(2 marks)

b. Another point on the pattern to the right of point C is further from S; than S by a distance of 2.14 X

10~ %m. Mark this point on the diagram by writing an X above the point. You must use a calculation to
justify your answer.

(2 marks)

Question 20/ 67
[VCAA 2019 NHT SB Q11]

Kym and Roger conduct an experiment to observe an electron diffraction pattern. 5000 eV electrons are
projected through a diffracting grid and the resulting pattern is observed on a screen. Kym and Roger want to
calculate the wavelength of X-rays that would produce a similarly spaced diffraction pattern. Kym says that
they will need X rays of 5000 eV. Roger says that X-rays of a different energy will be needed.

a. Explain why Roger is correct.

(2 marks)



b. Showing each working step involved, calculate the X-ray energy that would be required to produce the
similarly spaced diffraction pattern.

(4 marks)

Question 21/ 67
[VCAA 2019 NHT SB Q13]

A seawall that is aligned north—south protects a harbour of constant depth from large ocean waves, as shown
in the diagram on the next page. The seawall has two small gaps, S; and S,, which are 60 m apart. Inside the
harbour, a small boat sails north parallel to the seawall at a distance of 420 m from the seawall. At point C
sits a beacon, equidistant from the two gaps in the seawall. The boat’s captain notices that, at about every 42
m, there is calm water, while there are large waves between those calm points.

seawall
north
| s,
|+
I
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|
¥
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1— ——————————————————————————————————————————
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a. Will the beacon at point C be in calm water or large waves? Give a reason for your answer.
(2 marks)
b. Calculate the wavelength of the ocean waves. Show your working.

(2 marks)




Question 22/ 67
[VCAA 2019 NHT SB Q14]

The diagram below shows a simple apparatus that can be used to determine the frequency of a tuning fork.

tuning fork metal wire
under tension

fixed peg—>

/

supports for wire

hanging weight

The apparatus consists of two supports and a metal wire that is stretched between a fixed peg and a hanging
weight. The wire is under tension. The tuning fork is set vibrating and is then touched onto the wire close to
the left-hand support, which makes the wire vibrate at the same frequency as the tuning fork.

a. Draw a diagram of the simplest standing wave pattern that can exist on the vibrating section of the wire
(the fundamental) between the two supports.

(2 marks)

b. When the distance between the supports is 0.92 m, the fundamental frequency resonates in the wire.
Calculate the wavelength of the fundamental. Show your working.

(2 marks)

c. Calculate the frequency of the tuning fork if the speed of the waves in the wire is 224 m s~!. Show your
working.

(2 marks)

Question 23/ 67
[Adapted VCAA 2019 SB Q13]

In an experimental set-up used to investigate standing waves, a 6.0 m length of string is fixed at both ends, as
shown in the diagram. The string is under constant tension, ensuring that the speed of the wave pulses created

is a constant 40 m s~ 1.



fixed end fixed end

In an initial experiment, a continuous transverse wave of frequency 7.5 Hz is generated along the string. Will
a standing wave form? Give a reason for your answer.

(2 marks)

Question 24/ 67
[VCAA 2019 SB Q14]

Students have set up a double-slit experiment using microwaves. The beam of microwaves passes through a
metal barrier with two slits, shown as S and Sg in the diagram. The students measure the intensity of the
resulting beam at points along the line shown in the diagram below.

They determine the positions of maximum intensity to be at the points labelled P, P1, P5 and P3. Take the

speed of electromagnetic radiation to be 3.00 x 10 m s~

Py

microwave P,

source . I P,
1

_______ S I_--___--__---_-_----_--_-_-__-_ PD

The distance Sy to P35 is 72.3 cm and the distance Sy to P3 is 80.6 cm.
a. What is the frequency of the microwaves transmitted through the slits? Show your working.

(2 marks)

b. The signal strength is at a minimum approximately midway between points P and P1. Explain the reason
why the signal strength would be a minimum at this location.

(2 marks)



Question 25/ 67
[VCAA 2020 SB Q12]

In a Young’s double-slit interference experiment, laser light is incident on two slits, S1 and S, that are

4.0 x 10~* m apart, as shown in the diagram below.

@

1.26 x 102 m

&¢---=-=---

P

<+—— SCreen

Rays from the slits meet on a screen 2.00 m from the slits to produce an interference pattern. Point C is at the
centre of the pattern. The diagram below shows the pattern obtained on the screen.

C P

a. There is a bright fringe at point P on the screen. Explain how this bright fringe is formed.
(2 marks)

b. The distance from the central bright fringe at point C to the bright fringe at point P is 1.26 x 10~ ?m.
Calculate the wavelength of the laser light. Show your working.

(3 marks)

Question 26/ 67

[Adapted VCAA 2021 NHT SB Q16]

2.0 nm X-rays are incident on a single narrow slit of width 5 X 10~3m. Would a diffraction pattern be
observed? Justify your answer.



(3 marks)

Question 27/ 67
[VCAA 2021 NHT SB Q14]

To explain different aspects of mechanical waves, a Physics teacher sets up a demonstration in a Physics
laboratory using a 0.80 m wide loudspeaker and a microphone. The microphone measures the sound intensity
at different positions on a circle around the speaker from position A to position B, as shown in the diagram
below.

loudspeaker

N

The speed of sound in the Physics laboratory is 334 m s~!. Measurements are made at frequencies of 100
Hz and 10 000 Hz. The loudspeaker emits the 100 Hz and 10 000 Hz frequencies with equal intensity. The
graph below shows the intensity, /, measured for each frequency at positions on the semicircular line shown
in the diagram above between positions A and B.

I 10000 Hz
A
100 Hz
R /
L 2 o—
A B

Explain why the response at 10 000 Hz has a greater intensity directly in front of the loudspeaker, while the
response at 100 Hz is nearly the same at all positions.



(2 marks)

Question 28/ 67
[VCAA 2021 NHT SB Q12]

Students are testing two identical radio transmitters, R1 and R2, on a football field. The transmitters are
positioned 24 m apart, as shown in the diagram below. The transmitters are in phase, both emitting crests
simultaneously, and emit waves of wavelength 18 m in all directions. The students are standing at point X,
which is located 72 m away from the nearest transmitter, R1.

~72m e X
TTToore
24 M e ———————
v
oY

a. During testing, the radio signal received at point X is detected to be a minimum. Calculate the shortest
distance that point X could be from R2. Show your working.

(2 marks)

b. At another location on the football field, point Y, the students detect a maximum. Explain why the two
observations at points X and Y would support the wave model of light.

(3 marks)

Question 29/ 67

[Adapted VCAA 2021 SB Q13]

In a Young’s double-slit experiment, the distance between two slits, S1 and S, is 2.0 mm. The slits are 1.0 m
from a screen on which an interference pattern is observed, as shown in the left-hand diagram. The right-hand



diagram shows the position of the central maximum of the observed interference pattern.

central
maximum

= I

If a laser with a wavelength of 620 nm is used to illuminate the two slits, what would be the distance between
two successive dark bands? Show your working.

(2 marks)

Question 30/ 67
[VCAA 2022 NHT SB Q13]

Students are investigating the interference of waves using a source of coherent microwaves, two narrow slits
and a microwave detector. The diagram below shows the microwaves travelling from the slits to the detector.

distance from
slits to detector

position of central
maximum

microwave

slits

source

microwave
detector

a. The frequency of the microwaves is 12.0 GHz. Calculate the wavelength of the microwaves. Show your
working.

(2 marks)

b. Using the information in the diagram and your answer to part a., calculate the path difference between the
two waves arriving at the detector. Give your reasoning.



(2 marks)

c. Will the intensity of the microwaves at the detector’s position, as shown in the diagram, be a maximum or
a minimum? Justify your answer.

(2 marks)

d. The frequency of the microwaves is now halved and the position of the detector is not changed. Describe
any changes in the intensity of the microwaves at the detector. Explain your answer.

(3 marks)

Question 31/ 67
[VCAA 2022 SB Q12]

Students conduct an experiment in a Physics laboratory using a laser light source, two narrow slits and a
screen, as shown.

screen
0.10 mm

L shit separation
——p 4~

beam of laser
light directed
at shits

Point C is at the centre of the pattern of light and dark bands on the screen. The slit separation is 0.10 mm and
the distance between the two slits and the screen is 2.00 m.

a. The band at point C is a bright band. Explain why the band at point C is bright and why there is a dark
band to the left of the centre.

(2 marks)

b. The experiment performed by the students is often described as Young’s double-slit experiment. Explain
how this experiment gave support to those who argued that light has a wave-like nature.



(2 marks)

c. The frequency of the laser light is 6.00 X 10'* Hz. Calculate the spacing of the dark bands on the screen.
Show your working.

(2 marks)

d. The students decide to safely immerse the entire apparatus in a liquid. The refractive index of the liquid is
unknown but it is greater than the refractive index of air. Using the same laser light, they notice that the
spacing of the bands changes. Describe the change observed in the spacing of the bands and explain why this
change occurred.

(2 marks)

Question 32/ 67
[VCAA 2022 SB Q16]

A small sodium lamp, emitting light of wavelength 589 nm, is viewed at night through two windows from
across a street. The glass of one window has a fine steel mesh covering it and the other window is open, as
shown. Assume that the sodium lamp is a point source at a distance.

A Physics student is surprised to see a pattern formed by the light passing through the steel mesh but no
pattern for the light pas