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Physics 2.3 Externally assessed  
4 credits

Demonstrate understanding of waves

Wave properties
Energy transfer
Wave motion, in general, is a process in which kinetic energy is transferred from one point to another without 
any transfer of matter between the points.

Wave types and characteristics
Some waves, such as mechanical waves (e.g. sound waves), require a material medium in which to travel.

There are two types of wave – longitudinal and transverse.
Waves on a slinky

A

B

motion of pulse motion of pulse

motion of particles
motion of particles

Longitudinal – the vibration is parallel 
to the direction of motion of the wave, 
e.g. sound waves. The diagram shows 
a longitudinal pulse along a stretched 
slinky spring.

Transverse – the vibration is 
perpendicular to the direction of motion 
of the wave, e.g. electromagnetic waves 
such as light. A transverse pulse is shown 
moving along a stretched slinky spring.

The amplitude, A, of a wave is the maximum  
distance a particle is displaced from its rest 
position.

The wavelength, l, is the distance between 
two successive corresponding positions in a 
wave.

The wave velocity, v, is the velocity of the 
wave shape.

λ

λ

A, amplitude

crest

trough

v, wave velocity

undisturbed position of medium

wavelength
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The number of waves passing any point each second is the frequency (symbol f) of the waves. The frequency is 
measured in hertz (symbol Hz).

1 Hz = 1 wave per second

The period, T, is the time (in seconds) taken for one wave to pass any point.

Points on a wave that are undergoing exactly the same motion at the same time are said to be in phase. When 
two points are undergoing exactly the opposite motion at the same time, they are out of phase.

Example
At the instant shown, points A, C and E are 
stationary and points B, D and F are moving 
in the directions shown. Points A and E are in 
phase and points B and F are also in phase. 
Points A and C are exactly out of phase, as are 
points B and D.

wave propagation
A

B

C

D

E

F

The relationship between the frequency, f, of a wave and its period, T, is:

T = 
1
f

or  f = 
1
T

The wave velocity, frequency and wavelength are related by the wave equation:

v = f l

where v is measured in m s–1, f in Hz and l in m. This equation can be easily derived from the 

traditional definition of v = 
d
t

Electromagnetic waves (e.g. light) are produced when electrons are made to accelerate or when electrons 
change energy levels in an atom. Electromagnetic waves are able to travel through a vacuum, i.e. they do not 
need a medium.

They all travel at the same speed in a vacuum: light speed (3.00 × 108 m s–1).

Wavelength
(in metres)

Size of a
wavelength

Common
name of wave

longer

lower

shorter

higher
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Frequency
(waves per 

second)
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Wave properties
1. Use the graph to find the amplitude and the wavelength.

Displacement (m)

0.4
0.2

0
–0.2
–0.4

Distance (m)

5 10 15 20 25 30 35 40

 Amplitude 

 Wavelength 
2. Use the graph to find the amplitude and the period.

Displacement (m)

2.5

7.5
5.0

0
–2.5
–5.0
–7.5

1 2 3 4 5 6

Time (s)

 Amplitude

 Period
3. A sound wave travelling through air has a frequency of 1 350 Hz and speed of 339 m s−1. It is transmitted 

into water, where its wavelength becomes 1.10 m.
a. Calculate the wavelength in air.

b. Calculate the time it would take the sound to travel a distance of 1 400 m through air.

c.  Would you expect the speed of sound in water to be greater than or less than the speed of sound in air? 
Explain.

d. Calculate the speed of the sound in water.

4. A wave is generated in deep water by a source which vibrates with a period, T, of 0.45 s. The wavelength of 
the wave is 1.6 m. The wave travels into shallow water, where its wavelength becomes 1.4 m.
a. Calculate the frequency of the wave in deep water.

Answers
p. 195
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b. What is the frequency of the wave in shallow water?

c. Calculate the speed of the wave in deep water.

d. Calculate the distance the wave would travel in deep water in 2.8 s.

e. Calculate the speed of the wave in shallow water.

5. A ship’s siren sounds a note of frequency 525 Hz and an echo from a  
cliff is heard 6.54 s later. The speed of sound in air is 3.39 × 102 m s–1.

a. Calculate the wavelength of the sound wave.

b. Calculate the distance the sound travels from the ship to the cliff and 
back again.

c. How far is the ship from the cliff?

6. a.  In the school holidays, Jenny worked on her uncle’s fishing boat. 
One day as the boat was stopped she noticed that one wave 
crest went past the ship every 9.0 seconds. The boat was 12 m 
long and one crest was just leaving the stern (back) as the next 
was at the bow (front). Use this information to calculate the 
speed of the wave.

b. Another day she and her cousin were swimming in the surf.
 Most of the time they could not see each other, but at regular 

intervals they would both be at the top of consecutive wave crests 
and would see each other. Jenny estimated they were 14 m apart 
and she had already calculated the speed of the waves to be 
6.0 m s–1. Use this information to calculate the frequency of the 
waves.

one crest 
passed 
every 9.0 s

12 m

14 m
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c. Calculate how much time passed between successive times when Jenny and her cousin could see each 
other (i.e. the period of the waves).

d. Two surfers were surfing down the face of 2 consecutive waves. Both surfers were travelling at 
7.0 m s–1. Jenny was observing this and timed the period of the waves to be 5.0 s (this means that the 
frequency of the waves is 0.2 Hz). Use this information to calculate the wavelength of the waves.

7. a. In the table below, state one use for each region of the electromagnetic spectrum.

Type of radiation Used for

Ultraviolet surface sterilisation

Microwaves

Visible

X-rays

Gamma

Radio waves

Infrared

b. The parts of the electromagnetic spectrum can be arranged in order of increasing frequency. Write the 
names of the electromagnetic waves listed in a. in the correct order in the table below, from lowest 
frequency at the left to highest frequency at the right.

Visible
light

frequency

8. A radio wave of wavelength 1 600 m travels at a  
speed of 3.00 × 108 m s–1. Calculate the frequency 
and period of the wave.
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Reflection and transmission of pulses
A pulse is a wave of short duration. When a pulse travels along a medium and encounters a different medium, 
reflection and transmission can take place. In a heavy string, the pulse travels slowly. In a light string, the pulse 
travels quickly.

Heavy to light strings heavy string
light string

reflected pulse transmitted pulse

boundary

before

after

Light to heavy strings 

reflected pulse

transmitted pulse

light

heavy

boundary

before

after

Reflection/transmission
1. Patrick is flying a kite. The kite has a light nylon thread attached to the  

kite and a heavier cotton thread is tied to the nylon thread.
 Patrick waves the string quickly and starts a pulse travelling along the 

cotton thread towards the kite.

 The diagram shows the pulse travelling towards the join in the two threads.

join

a. Complete the diagram below to show what happens to the pulse a short time later, after it passed the 
join.

join

Answers
p. 195

heavier cotton

light nylon thread

join
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Torque and equilibrium
Torque
Torque, t, refers to the turning effect about a pivot. The size of a torque depends on the size of the force and 
the perpendicular distance from the pivot to the point where the force is applied.

The torque, t, that a force produces about a pivot is the product of the force, F, and the perpendicular distance, 
d⊥	, of the force’s line of action from the point:

t = Fd⊥

The unit for torque is newtons × metres (symbol N m).

Torque can act in a clockwise or anticlockwise sense.

Example
A force of 10 N which acts at 8.0 cm from the 
pivot is needed to lift the cap off a bottle of 
soft drink.

The torque applied is:
t = Fd⊥
 = 10 × 0.080 [8.0 cm = 0.080 m]
 = 0.80 N m anticlockwise

This torque is the same as a force of 40 N acting 2.0 cm from the pivot.

pivot

F

d
⊥

Torque diagram

pivot

10 N
8.0 cm
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Equilibrium

Equilibium

➡ ➡

The resultant force acting on the object is zero; 
i.e. the vector sum of the forces acting is zero.

mathematically: S F = 0

The acceleration is zero so the object will either be 
stationary or have uniform motion.

The sum of all the torques acting on the object is zero.

mathematically: S t = 0

As a result, the object will not twist or rotate. The 
clockwise moments equal the anticlockwise moments 
about any point on the object.

Example
Q. A light uniform 1.0 metre ruler has 1.8 kg and 1.2 kg masses hanging at each end. Where does 

it balance?

   

x 1.0 – x

pivot1.8 kg 1.2 kg

A. Taking torques about the pivot point, using the formula t = Fd and taking g = 10 m s–2:
 clockwise torques = (1.0 – x) × 12 [using F = mg, the weight force]
 anticlockwise torques = 18x
 If the ruler is in equilibrium, 18x = 12(1.0 – x)
  18x = 12 – 12x
  30x = 12

  x = 12
30

 m

  x = 0.40 m
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Torque and equilibrium
1. John, of mass 46 kg, stands 2.0 m away from the centre of a see-saw, which is pivoted in the centre and 

perfectly balanced. The acceleration due to gravity is 9.8 m s–2.
a. Calculate the force of gravity on John.

b. His friend, Lyn, of mass 35 kg, balances John on the see-saw. Calculate the force of gravity on Lyn.

c. Draw a diagram of this situation showing all the 
information that you have been given.

d. Calculate how far Lyn is from the centre of the see-saw.

 e. Explain the physical principle you used to solve this problem.

2. It takes a 1.3 N force to open a can of drink (tear-top can).
 The can-piercing end of the tear top is 8.5 mm from the pivot 

rivet. The force is applied at the other end, 16 mm from the 
pivot.

 Calculate the force exerted by the piercing end on the can.

3. A gardener is about to shift a wheelbarrow load of dirt. 
The weight of the load acts at a distance of 0.42 m from the 
centre of the wheel.

 The gardener measures the force needed to lift the handles of 
the wheelbarrow as 370 N. The handles are 1.12 m from the 
centre of the wheel. Determine the weight of the load.

Answers
p. 205

8.5 mm

16 mm

370 N
lift force acts at 
1.12 m from wheel

Weight force of load acts
at 0.42 m from wheel
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4. a.  During a rowing race, a boat is moving at constant velocity. Determine the size of the net (or total)

 force acting on the boat.

b.  The diagram shows part of the side of the boat 
and one of Steve’s oars as seen from above. 
The oar pivots on the side of the boat.

 The oar is 4.0 m long. Steve’s hand is 0.50 m 
from the pivot.

 During a warm-up, Steve exerts a force of 450 N 
on the oar as shown in the diagram below.

side of boat
0.50 m

oar

pivot450 N

4.0 m

force
from

Steve’s
hand on
the oar

force of
oar on
the water

Steve’s oar

  Calculate the size of the force that the oar exerts on the water.

 
5. Nadia is performing an exercise on the balance beam. The beam is 5.00 m long and has two supports, 

A and B, each 0.50 m from either end. The beam is uniform and rigid and has a mass of 90 kg. Nadia’s mass 
is 55 kg and she is standing 1.50 m from the left-hand end as shown below.

5.00 m

1.50 m

0.50 m 0.50 m

floorsupport Bsupport A

beam

boat

oar

pivot

this part of the
diagram is
enlarged below

Steve’s boat
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Physics 2.3
Wave properties (page 3)
1. Amplitude = 0.4 m

 Wavelength = 20 m

2. Amplitude = 5 m

 Period = 4 s

3. a. l = v
f  = 339

1 350 = 0.251 m

b. v = d
t  , t = dv  = 1 400

339  = 4.13 s

c. Greater than – because, as frequency stays constant, speed is 
proportional to wavelength and the wavelength has increased.

d. v = f l, v = 1 350 × 1.10 = 1 490 m s–1

4. a. f = 1
T  = 1

0.45 = 2.2 Hz

b. Same as in deep water, as the frequency is determined by what 
produces the wave rather than the medium the wave is in.

c. v = f l, v = 2.2 × 1.10 = 3.6 m s–1

d. d = vt, d = 3.6 × 2.8 = 10 m

e. v = f l, v = 2.2 × 1.4 = 3.1 m s–1

5. a. l = v
f  = 339

525  = 0.646 m

b. d = vt, d = 339 × 6.54 = 2 220 m

c. 1110 m  Answer to b. is the total round-trip distance.

6. a. v = f l	 v = 
1

9.0 × 12

 The wave speed is v = 1.33 m s–1.

b. f = 
v
λ  f = 6.0

14
 The wave frequency is f = 0.43 Hz

c. T = 1
f

 T = 
1

0.43
 The period is T = 2.3 s.

d. l = v
f

 l = 7.0
0.20

 The wavelength is l = 35 m.

7. a. 

Type of 
radiation Used for

Ultraviolet surface sterilisation

Microwaves communication cooking speed detection

Visible sight laser applications photosynthesis

X-rays photographing bone and tissue

Gamma
destroying cancer cells tracing the path of 
substances around the body

Radio waves communications

Infrared heating (cooking) night vision

Answers

b. Radio Microwaves Infrared Ultraviolet X-rays GammaVisible 
light

frequency

8. Frequency: 

 v = f l

 3 × 108 = f × 1 600

 f = 1.875 × 105 Hz

 Period: 

 T = 1
f

 = 1
1.875 × 105 Hz

 T = 5.33 × 10–6 s

Reflection/transmission (page 6)
1 a. 

Reflected pulse
– above the string
– reduced amplitude

Transmitted pulse 
– above the string

b. 

Reflected pulse
– below the string
– almost same amplitude

c. 

Transmitted pulse 
– above the string

Reflected pulse
– below the string
– reduced amplitude

2.
light heavy

P

3.

B

B

A

A

(After passing into heavy)

(After passing into light)

and
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Water waves (page 10)
1. a. Nothing would change.

b. c.

2. a. frequency = numer of waves
time period  = 8

4.0
 = 2.0 Hz

b. Frequency does not change: 2.0 Hz

c. v = f l = 2.0 × 3.0 = 6.0 cm s–1

d. v = f l = 2.0 × 2.0 = 4.0 cm s–1

3. a.  From shallow to deep. The wavelength increases and wavelength 
depends on speed (v = f	l) and speed is greatest in deep water.

b. v = f	l = 11 × 2.7 = 30 cm s–1

c. v = f	l = 11 × 3.1 = 34 cm s–1

4. a. For deep water: v = f	l; l = v
f  = 3.5

60  = 0.058 m

  For shallow water: v = f l; l = v
f  = 1.5

60  = 0.025 m

b. 

    
vi

vr

 = sin i
sin 20°

  = 3.5
1.5

 ⇒ i = 53°

5. a. 5 waves in 10 cm

  l = 2 cm

b. v = f	l = 12 × 2.0 = 24 cm s–1

c. 
  

deep shallow

4 6 8 10 12 14 cm

d. 12 Hz

e. v = f l = 12 × 1.0 = 12 cm s–1

f. 1n2 = 
v1
v2

 = 24
12  = 2.0

20°
deep

53°

3.5 m s–1 0.050 m
shallow

0.025 m

1.5 m s–1

Diffraction of waves (page 12)
1. a. Diffraction

b. 

  (Wavelength is unchanged)

c. The wavelength of the water waves needs to be similar to or 
greater than the gap between the rocks.

2. a.  Since sound waves travel significantly slower than light waves, 
the speed of the waves is not a factor. Light waves do not diffract 
significantly in this situation, but sound waves do. Diffraction is 
the reason why Ben can hear Emma well before he can see her.

b. A lower frequency implies a larger wavelength (since the wave 
speed is unchanged). Larger wavelengths will diffract more, and 
will therefore be easier to detect when Emma is well out of sight.

3. 

more bending
4. a. l = v

f  = 3.00 × 108

99 × 106  = 3.0 m

b.  Wave A is National Radio since it has the longer wavelength due 
to the lower broadcast frequency.

c. Wave A can be detected since it is able to diffract over the hill 
due to its longer wavelength.

5. The longer wavelength of sound waves means that diffraction effects 
extend over greater distances and are therefore more noticeable.

6. Radio waves have a longer wavelength than light waves.

Superposition and interference (page 17)
1. 

Wave crest

t = 0

t = 1

t = 2

t = 3
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