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SECTION A – Multiple-choice questions

Instructions for Section A
Answer all questions in pencil on the answer sheet provided for multiple-choice questions.
Choose the response that is correct or that best answers the question.
A correct answer scores 1; an incorrect answer scores 0.
Marks will not be deducted for incorrect answers.
No marks will be given if more than one answer is completed for any question.
Unless otherwise indicated, the diagrams in this book are not drawn to scale.
Take the value of g to be 9.8 m s–2.

Question 1
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

A. either attract or repel only attract

B. only repel neither attract nor repel

C. only attract only attract

D. either attract or repel either attract or repel

Question 2
The electric fi eld between two parallel plates that are 1.0 × 10–2 m apart is 2.0 × 10–4 N C–1. 
Which one of the following is closest to the voltage between the plates? 
A. 2.0 × 10–8 V
B. 2.0 × 10–6 V
C. 2.0 × 10–4 V
D. 1.0 × 10–2 V
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Question 3
Three charges (–Q, +2Q, –2Q) are placed at the vertices of an isosceles triangle, as shown below.

–Q

–2Q+2Q

Which one of the following arrows best represents the direction of the net force on the charge –Q?
A. B.

C. D.

Question 4
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?

A. 1
2

g

B. 1 g

C. 4 g

D. 8 g
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Use the following information to answer Questions 5 and 6.
A 40 VRMS AC generator and an ideal transformer are used to supply power. The diagram below shows the generator 
and the transformer supplying 240 VRMS to a resistor with a resistance of 1200 Ω.

 40 VRMS AC

1000 turns 6000 turns

X Y

1200 

transformer

Question 5
Which of the following correctly identifi es the parts labelled X and Y, and the function of the transformer?

Part X Part Y Function of transformer

A. 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 6
Which one of the following is closest to the RMS current in the primary circuit?
A. 0.04 A
B. 0.20 A
C. 1.20 A
D. 1.50 A
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Question 7
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

time

1

0

–1

Which one of the following graphs best represents the output voltage if the rate of rotation is changed to 
25 revolutions per second?

voltage

time

1

0

–1

voltage

time

1

0

–1

voltage

time

1

0

–1

voltage

time

1

0

–1

A.

C.

B.

D.
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Question 8
An electrical generator is shown in the diagram below. The generator is turning clockwise.

N S

P

Q

The voltage between P and Q and the magnetic fl ux through the loop are both graphed as a function of time, with 
voltage versus time shown as a solid line and magnetic fl ux versus time shown as a dashed line.
Which one of the following graphs best shows the relationships for this electrical generator?

time

time

time

time

Key
voltage
magnetic flux

A.

B.

C.

D.
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Question 9
A monochromatic light ray passes through three different media, as shown in the diagram below. 

Medium 1

Medium 2

Medium 3

Assume that v1 is the speed of light in Medium 1, v2 is the speed of light in Medium 2 and v3 is the speed of light in 
Medium 3. 
Which one of the following would best represent the relative speeds in the media?
A. v1 > v2 > v3 
B. v1 > v3 > v2

C. v3 > v2 > v1

D. v3 > v1 > v2

Question 10
The horizontal face of a glass block is covered with a fi lm of liquid, as shown below.
A monochromatic light ray is incident on the glass–liquid boundary with an angle of incidence of 62.0°.

liquid

glass block

glass n = 1.75

62.0°

The minimum value of the liquid’s refractive index, so that some light will just cross the interface into the liquid, is 
closest to
A. 1.33
B. 1.55
C. 1.88
D. 1.98
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Question 11
An ultralight aeroplane of mass 500 kg fl ies in a horizontal straight line at a constant speed of 100 m s–1.
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 12
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.
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Question 13
Joanna is an observer in Spaceship A, watching Spaceship B fl y past at a relative speed of 0.943c (γ = 3.00). She 
measures the length of Spaceship B from her frame of reference to be 150 m.

Spaceship A

Spaceship B

Which one of the following is closest to the proper length of Spaceship B?
A.  50 m
B. 150 m 
C. 450 m
D. 900 m

Question 14
Electrons of mass 9.1 × 10–31 kg are accelerated in an electron gun to a speed of 1.0 × 107 m s–1.
The best estimate of the de Broglie wavelength of these electrons is
A. 4.5 × 10–6 m
B. 7.3 × 10–8 m
C. 7.3 × 10–11 m
D. 4.5 × 10–12 m

Question 15
Electrons pass through a fi ne metal grid, forming a diffraction pattern.
If the speed of the electrons was doubled using the same metal grid, what would be the effect on the fringe spacing?
A. The fringe spacing would increase.
B. The fringe spacing would decrease.
C. The fringe spacing would not change.
D. The fringe spacing cannot be determined from the information given.
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Question 16
Students are conducting a photoelectric effect experiment. They shine light of known frequency onto a metal and 
measure the maximum kinetic energy of the emitted photoelectrons.
The students increase the intensity of the incident light.
The effect of this increase would most likely be
A. lower maximum kinetic energy of the emitted photoelectrons.
B. higher maximum kinetic energy of the emitted photoelectrons.
C. fewer emitted photoelectrons but of higher maximum kinetic energy.
D. more emitted photoelectrons but of the same maximum kinetic energy.

Question 17
Which one of the following is true when incandescent light is compared to laser light?
A. Laser light has a very wide spectrum; incandescent light has a very narrow spectrum.
B. Both laser light and incandescent light have a very narrow spectrum.
C. Laser light is incoherent; incandescent light is coherent.
D. Laser light is coherent; incandescent light is incoherent.

Use the following information to answer Questions 18 and 19.
As part of an experimental investigation, Physics students use a pendulum, as shown below, to indirectly measure the 
magnitude of Earth’s gravitational fi eld at their location.

length

mass
amplitude

The students use a constant mass and a constant amplitude of swing, changing only the length of the pendulum and 
then measuring the time for fi ve oscillations. They obtain four different time readings for four different lengths of the 
pendulum.
By using the relationship

T l
g

= 2π

where T is the period and l is the length of the pendulum, the students obtain four values for the magnitude of Earth’s 
gravitational fi eld.
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Question 18
Which of the following best identifi es the independent, dependent and controlled variables in the students’ 
experimental investigation?

Independent Dependent Controlled

A. length time mass, amplitude

B. time length mass, amplitude

C. mass time length, amplitude

D. amplitude length time, mass

Question 19
Which one of the following best explains why the students measured the time for fi ve oscillations rather than the time 
for one oscillation?
A. One oscillation is too quick to see.
B. Five oscillations reduce the effect of air friction.
C. Five oscillations reduce the uncertainty of the measured period.
D. Five oscillations reduce the uncertainty of the measured length.

Question 20
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 fi nd the following statement.

It happens in a fl ash: 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, 
<https://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 identifi es 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 …’
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SECTION B – continued

Question 1 (3 marks)
A particle of mass m and charge q travelling at velocity v enters a uniform magnetic fi eld B, as shown in 
Figure 1.

particle

Bv

 Figure 1

a. Is the charge q 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 fi eld. 2 marks

SECTION B

Instructions for Section B
Answer all questions in the spaces provided. Write using blue or black pen.
Where an answer box is provided, write your fi nal answer in the box.
If an answer box has a unit printed in it, give your answer in that unit.
In questions where more than one mark is available, appropriate working must be shown.
Unless otherwise indicated, the diagrams in this book are not drawn to scale.
Take the value of g to be 9.8 m s–2.
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Question 2 (2 marks)
Figure 2 shows two equal positive stationary point charges placed near each other.

Figure 2

Sketch on Figure 2 the shape and direction of the electric fi eld lines. Use at least eight fi eld lines.
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SECTION B – Question 3 – continued

Question 3 (6 marks)
Figure 3 shows a schematic diagram of a DC motor. The motor has a coil, JKLM, consisting of 100 turns. 
The permanent magnets provide a uniform magnetic fi eld of 0.45 T. The commutator connectors, X and Y, 
provide a constant DC current, I, to the coil. The length of the side JK is 5.0 cm.
The current I fl ows in the direction shown in the diagram.

N

S

J

K

M

L

X

Y

I

5.0 cm

 Figure 3

a. Which terminal of the commutator is connected to the positive terminal of the current supply? 1 mark

b. Draw an arrow on Figure 3 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
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d. A current of 6.0 A fl ows 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 Figure 3. Show your 
working. 2 marks

N
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SECTION B – Question 4 – continued

Question 4 (5 marks)
Assume that a journey from approximately 2 Earth radii (2RE) down to the centre of Earth is possible. The 
radius of Earth (RE) is 6.37 × 106 m. Assume that Earth is a sphere of constant density.
A graph of gravitational fi eld strength versus distance from the centre of Earth is shown in Figure 4.

gravitational field strength
(N kg–1)

Y

RE 2RE

distance from the 
centre of Earth (m)

Figure 4

a. What is the numerical value of Y? 1 mark

 N kg–1

b. Explain why gravitational fi eld strength is 0 N kg–1 at the centre of Earth. 2 marks
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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

J
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SECTION B – continued

Question 5 (5 marks)
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 IIIA 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 signifi cant fi gures. You may use data from the table below 
in your calculations. Show your working. 3 marks

Data

mass of satellite 2.27 × 103 kg

mass of Earth 5.98 × 1024 kg

radius of Earth 6.37 × 106 m

altitude of satellite above Earth’s surface 2.00 × 107 m

gravitational constant 6.67 × 10–11 N m2 kg–2

s
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Question 6 (7 marks)
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 VRMS. The 
lighting system has a resistance of 12 Ω.

a. Calculate the power drawn by the lighting system. 1 mark

W

To operate the lighting system, the home owner installs an ideal transformer at the house to reduce the 
voltage from 240 VRMS to 12 VRMS. The home owner then runs a 200 m long heavy-duty outdoor extension 
lead, which has a total resistance of 3 Ω, 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
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SECTION B – Question 7 – continued

Question 7 (11 marks)
Students in a Physics practical class investigate the piece of electrical equipment shown in Figure 5. It 
consists of a single rectangular loop of wire that can be rotated within a uniform magnetic fi eld. The loop 
has dimensions 0.50 m × 0.25 m and is connected to the output terminals with slip rings. The loop is in a 
uniform magnetic fi eld of strength 0.40 T.

N

output

S

Figure 5

a. Circle the name that best describes the piece of electrical equipment shown in Figure 5. 1 mark

alternator   DC generator   DC motor   AC motor

b. i. What is the magnitude of the fl ux through the loop when it is in the position shown in Figure 5? 1 mark

Wb

 ii. Explain your answer to part b.i. 1 mark
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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

s

d. Calculate the maximum fl ux through the loop. Show your working. 2 marks

Wb

e. The loop starts in the position shown in Figure 5. 

 What is the average voltage measured across the output terminals for the fi rst quarter turn? Show your 
working. 2 marks

V

f. State two ways that the amplitude of the voltage across the output terminals can be increased. 2 marks
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SECTION B – continued

g. Figure 6 shows the output voltage graph shown on the oscilloscope for two cycles. 

V (volts)

time

Figure 6

 The students now replace the slip rings in Figure 5 with a split-ring commutator.

 On Figure 7, 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)

time

Figure 7
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SECTION B – Question 8 – continued

Question 8 (9 marks)
A 250 g toy car performs a loop in the apparatus shown in Figure 8.

A

B

h 0.40 m

 Figure 8

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 h. Show your working. 3 marks

m

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

N
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c. Explain why the car does not fall from the track at point B, when it is upside down. 3 marks
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SECTION B – continued

Question 9 (3 marks)
A proton in an accelerator detector collides head-on with a stationary alpha particle, as shown in Figure 9a and 
Figure 9b. After the collision, the alpha particle travels at a speed of 4.0 × 106 m s–1. The proton rebounds at 
6.0 × 106 m s–1. 

m 4m

proton alpha particle

m 4m

6.0 × 106 m s–1 4.0 × 106 m s–1

proton alpha particle

Before

Figure 9a

After

Figure 9b

Find the speed of the proton before the collision, modelling the mass of the alpha particle, 4m, to be equal to four 
times the mass of the proton, m. Show your working. Ignore relativistic effects.

m s–1
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Question 10 (4 marks)
A projectile is launched from the ground at an angle of 39° and at a speed of 25 m s–1, as shown in 
Figure 10. The maximum height that the projectile reaches above the ground is labelled h.

25 m s–1

h

39°

R

Figure 10

a. Ignoring air resistance, show that the projectile’s time of fl ight from the launch to the highest point 
is equal to 1.6 s. Give your answer to two signifi cant fi gures. Show your working and indicate your 
reasoning. 2 marks

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

m
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SECTION B – continued

Question 11 (3 marks)
What is the second postulate of Einstein’s theory of special relativity regarding the speed of light? Explain how the 
second postulate differs from the concept of the speed of light in classical physics. 

Question 12 (3 marks)
A sinusoidal wave of wavelength 1.40 m is travelling along a stretched string with constant speed v, as shown in 
Figure 11. The time taken for point P on the string to move from maximum displacement to zero is 0.120 s.

P
v

 Figure 11

Calculate the speed of the wave, v. Give your answer correct to three signifi cant fi gures. Show your working.

m s–1
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Question 13 (3 marks)
In an experimental set-up used to investigate standing waves, a 6.0 m length of string is fi xed at both ends, 
as shown in Figure 12. The string is under constant tension, ensuring that the speed of the wave pulses 
created is a constant 40 m s–1. 

6.0 m

fixed end fixed end

 Figure 12

In an initial experiment, a continuous transverse wave of frequency 7.5 Hz is generated along the string.

a. Determine the wavelength of the transverse wave travelling along the string. 1 mark

m

b. Will a standing wave form? Give a reason for your answer. 2 marks
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SECTION B – Question 14 – continued

Question 14 (6 marks)
Students have set up a double-slit experiment using microwaves. The beam of microwaves passes through 
a metal barrier with two slits, shown as S1 and S2 in Figure 13. The students measure the intensity of the 
resulting beam at points along the line shown. They determine the positions of maximum intensity to be at 
the points labelled P0, P1, P2 and P3. Take the speed of electromagnetic radiation to be 3.00 × 108 m s–1.

P3

P2

P1

P0
S1

S2

microwave
source

 Figure 13

The distance from S1 to P3 is 72.3 cm and the distance from S2 to P3 is 80.6 cm.

a. What is the frequency of the microwaves transmitted through the slits? Show your working. 2 marks

Hz

b. The signal strength is at a minimum approximately midway between points P0 and P1.

 Explain the reason why the signal strength would be a minimum at this location. 2 marks
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c. The microwaves from the source are polarised.

 Explain what is meant by the term ‘polarised’. You may use a diagram in your answer. 2 marks
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SECTION B – continued

Question 15 (4 marks)
A student sets up an experiment involving a source of white light, a glass prism and a screen. The path of a 
single ray of white light when it travels through the prism and onto the screen is shown in Figure 14.

screen

ray of 
white light

glass prism

X

Y

 Figure 14

A spectrum of colours is observed by the student on the screen, which is positioned to the right of the prism.

a. Name and explain the effect observed by the student. 3 marks

b. Points X and Y on Figure 14 represent either end of the visible spectrum observed by the student.

 Identify the two visible colours observed at point X and at point Y. 1 mark

 Point X  Point Y 
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SECTION B – Question 16 – continued

Question 16 (6 marks)
Students are studying the photoelectric effect using the apparatus shown in Figure 15.

V
A

light source
filter

photocell

variable
source

Figure 15

Figure 16 shows the results the students obtained for the maximum kinetic energy (Ek max) of the emitted 
photoelectrons versus the frequency of the incoming light.

1 2 3 4 5 6 7 8 9 10 f (×1014 Hz)

Ek max (eV)

2.0

1.5

1.0

0.5

0

–0.5

–1.0

–1.5

–2.0

Figure 16

a. Using only data from the graph, determine the values the students would have obtained for

 i. Planck’s constant, h. Include a unit in your answer 2 marks
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SECTION B – continued
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 ii. the maximum wavelength of light that would cause the emission of photoelectrons 1 mark

nm

 iii. the work function of the metal of the photocell. 1 mark

eV

b. The work function for the original metal used in the photocell is ϕ.

 On Figure 17, draw the line that would be obtained if a different metal, with a work function of 1
2

 ϕ, 
were used in the photocell. The original graph is shown as a dashed line. 2 marks

1 2 3 4 5 6 7 8 9 10 f (×1014 Hz)

Ek max (eV)

2.0

1.5

1.0

0.5

0

–0.5

–1.0

–1.5

–2.0

Figure 17
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SECTION B – continued

Question 17 (7 marks)
Students are comparing the diffraction patterns produced by electrons and X-rays, in which the same 
spacing of bands is observed in the patterns, as shown schematically in Figure 18. Note that both patterns 
shown are to the same scale.

electrons X-rays

 Figure 18

The electron diffraction pattern is produced by 3.0 × 103 eV electrons.

a. Explain why electrons can produce the same spacing of bands in a diffraction pattern as X-rays. 3 marks

b. Calculate the frequency of X-rays that would produce the same spacing of bands in a diffraction 
pattern as for the electrons. Show your working. 4 marks

Hz
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Question 18 (5 marks)
The energy level diagram for a hydrogen atom is shown in Figure 19.

ionisation energy
n = 6
n = 5

n = 4

n = 3

n = 2

n = 1  ground state

13.6
13.2
13.1

12.8

12.1

10.2

0

energy (eV)

Figure 19

a. A hydrogen atom in the ground state is excited to the n = 4 state. 

 Explain how the hydrogen atom could be excited to the n = 4 state in one step. 2 marks

b. List the possible photon energies that could be emitted as the atom goes from the n = 4 state to the 
n = 2 state. 3 marks
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SECTION B – Question 19 – continued

Question 19 (18 marks)
As part of their practical investigation, some students investigate a spring system consisting of two springs, A and B, 
and a top platform, as shown in Figure 20. The students place various masses on the top platform. Assume that the 
top platform has negligible mass.

A B

top platform

60 mmx

 Figure 20

With no masses on the top platform of the spring system, the distance between the uncompressed Spring A and the 
top of Spring B is 60 mm.
The students place various masses on the top platform of the spring system and note the vertical compression, Δ x, of 
the spring system.
They use a ruler with millimetre gradations to take readings of the compression of the spring(s), Δ x, with an 
uncertainty of ±2 mm.
The results of their investigation are shown in Table 1 below.

Table 1

Mass (g) Compression, Δ x 
(mm)

0 0

300 21

600 40

900 60

1300 68

1700 75

1900 80
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SECTION B – Question 19 – continued
TURN OVER

The students plot a force (F) versus compression (Δ x) graph for the spring system and use g = 10 N kg–1 for 
the value of the magnitude of the gravitational fi eld strength.

a. On the axes provided below:
• plot a graph of force (F) versus compression (Δ x) for the spring system
• include scales and units on each axis
• insert appropriate uncertainty bars for the compression values on the graph
• draw lines that best fi t the data for:

– the effect of Spring A alone
– the effect of Spring A and Spring B. 6 marks

x( )

F( )
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SECTION B – Question 19 – continued

b. i. Determine the spring constant for Spring A, kA. Show your working. 2 marks

N m–1

 ii. Determine the spring constant for Spring B, kB. Show your working. 2 marks

N m–1
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c. Using the area under the force (F) versus compression (Δ x) graph, or otherwise, determine

 i. the potential energy (PEA) stored in Spring A when the spring system is compressed by 80 mm. 
Show your working 2 marks

J

 ii. the potential energy (PEA + B) stored in the spring system when the spring system is compressed 
by 80 mm. Show your working 2 marks

J

 iii. the work done to compress Spring B when the spring system is compressed by 80 mm. Show 
your working. 2 marks

J

d. Explain how this type of spring system could be used in car spring suspension systems to enable the 
car to negotiate small bumps and more severe bumps in the road. 2 marks

END OF QUESTION AND ANSWER BOOK
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Physics formulas

Motion and related energy transformations

velocity; acceleration v s
t

a v
t

= =
∆
∆

∆
∆

;

equations for constant acceleration

v u at

s ut at

s vt at

v u as

s v u t

= +

= +

= −

= +

= +( )

1
2
1
2

2
1
2

2

2

2 2

Newton’s second law ΣF = ma

circular motion a v
r

r
T

= =
2 2

2
4π

Hooke’s law F = –kΔ x

elastic potential energy
1
2

k(Δ x)2

gravitational potential energy near the  
surface of Earth mgΔh

kinetic energy
1
2

2mv

Newton’s law of universal gravitation F G M M
r

= 1 2
2

gravitational field g G M
r

= 2

impulse FΔ t

momentum mv

Lorentz factor
γ =

−

1

1
2

2
v
c

time dilation t = toγ

length contraction L L
= o

γ

rest energy Erest = mc2

relativistic total energy Etotal = γmc2

relativistic kinetic energy Ek = (γ – 1)mc2
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Fields and application of field concepts

electric field between charged plates E V
d

=

energy transformations of charges in an  
electric field

1
2

2mv qV=

field of a point charge E kq
r

= 2

force on an electric charge F = qE

Coulomb’s law F kq q
r

= 1 2
2

magnetic force on a moving charge F = qvB

magnetic force on a current carrying conductor F = nIlB

radius of a charged particle in a magnetic field r mv
qB

=

Generation and transmission of electricity

voltage; power V = RI; P = VI = I2R

resistors in series RT = R1 + R2

resistors in parallel
1 1 1

1 2R R RT
= +

ideal transformer action
V
V

N
N

I
I

1

2

1

2

2

1
= =

AC voltage and current V VRMS peak=
1
2    

I IRMS peak=
1
2

electromagnetic induction  Β
 ΒEMF: flux:N B A

t
Φε Φ ⊥

∆
= − =

∆

transmission losses Vdrop = Iline Rline  Ploss = I 2line Rline

Wave concepts

wave equation v = f λ

constructive interference path difference = nλ

destructive interference path difference = −





n 1

2
λ

fringe spacing ∆x L
d

=
λ

Snell’s law n1 sinθ1 = n2 sinθ2 

refractive index and wave speed n1 v1 = n2 v2
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END OF FORMULA SHEET

The nature of light and matter

photoelectric effect E hfk  max = −φ

photon energy E = hf

photon momentum p h
=

λ

de Broglie wavelength λ =
h
p

Data

acceleration due to gravity at Earth’s surface g = 9.8 m s–2

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

magnitude of the charge of the electron e = 1.6 × 10–19 C

Planck’s constant h = 6.63 × 10–34 J s   h = 4.14 × 10–15 eV s

speed of light in a vacuum c = 3.0 × 108 m s–1

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

mass of Earth ME = 5.98 × 1024 kg

radius of Earth RE = 6.37 × 106 m

Coulomb constant k = 8.99 × 109 N m2 C–2

Prefixes/Units

p = pico = 10–12 n = nano = 10–9 μ = micro = 10–6 m = milli = 10–3

k = kilo = 103 M = mega = 106 G = giga = 109 t = tonne = 103 kg
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