
Wave motion
Waves carry energy from one place to another. Waves can be either mechanical or electromagnetic. 
Examples of mechanical waves are sound, earthquake, and water waves; examples of electromagnetic 
waves are radio, microwave, light, heat, ultraviolet, X-ray, and gamma ray waves. Mechanical waves need 
a substance, called a medium, through which to travel; electromagnetic waves do not need a medium to 
travel through.

When a mechanical wave travels through a medium, each part of the medium is made to vibrate about a 
fixed point, but when the wave has passed through, the medium is left in the same position as it was before 
the wave arrived – the medium does not travel with the wave.

Creating waves
A wave is created by making the medium, in which the wave is to travel, vibrate at some point. A vibration 
is a movement out from the rest position, back to the rest position and then out and back in the opposite 
direction.

When a medium is vibrated, the wave the vibration causes sometimes travels parallel to the direction of the 
vibration and sometimes travels at right angles to the vibration.

If the wave travels at right angles to the local movement of the medium, the wave is called transverse. An 
example of a transverse wave is a wave on the surface of water.

Direction of movement
of the water wave

Direction of vibration
of the water

If the wave travels parallel to the local movement of the medium, the wave is called longitudinal. An 
example of a longitudinal wave is a sound wave travelling through the air.

Direction of vibration of the air 

Direction of movement of sound wave
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Properties of waves
The amplitude (symbol A) of a wave is the maximum distance the medium goes out, in either direction, from 
its middle (rest) position. The amplitude of a wave is a measure of the amount of energy the wave is carrying.

In a transverse wave, the positions of maximum displacement are called crests and troughs.

In a longitudinal wave, the positions of maximum displacement are called compressions and rarefactions.

Transverse wave Longitudinal wave

trough

crest

A

amplitude

A

compression
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The amplitude of a wave sometimes determines the way the wave is experienced.

• The greater the amplitude of a sound wave, the more energy it is carrying and so the louder the sound.

• The greater the amplitude of a light wave, the more energy it is carrying and so the brighter the light.

The wavelength (symbol λ) of a wave is the distance from any point on a wave to the next equivalent 
point on the wave.

Transverse wave Longitudinal wave

wavelength

λ

wavelength

λ

Wavelength is usually measured from crest to crest (or trough to trough) in a transverse wave and from 
compression to compression (or rarefaction to rarefaction) in a longitudinal wave.

The frequency (symbol f) of a transverse wave is the number of crests (or troughs) of the medium that pass 
a point every second. The frequency of a longitudinal wave is the number of compressions (or rarefactions) 
of the medium that pass a point every second. The unit of measurement for frequency is the hertz, Hz.

The frequency of a wave sometimes determines the way it is experienced.

• The frequency of a sound wave determines its pitch. The higher the frequency, the higher the pitch.

• The frequency of a light wave determines its colour. The colours of the rainbow are red, orange, yellow, 
green, blue, indigo, violet (ROYGBIV). The list is in the order of increasing frequency, so blue light has a 
much higher frequency than red light has.

The frequency of an electromagnetic wave determines what type of wave the electromagnetic wave is. 
Electromagnetic waves can be:
• radio waves
• microwaves
• infrared (radiant heat) waves
• light waves
• ultraviolet waves
• X-ray waves
• gamma ray waves
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The list is in order of increasing frequency, so gamma rays have a much higher frequency than radio waves 
have.

The period (symbol T) of a wave is the time it takes for two adjacent crests (troughs) or compressions 
(rarefactions) to pass a point. The unit of measurement for period is the second, s.

Frequency and period have an inverse relationship:

f = 
1
T

, or T = 
1
f

The frequency, and hence period, of a wave does not change if the wave goes from one medium to another.

Speed of waves
The speed of a wave is constant in any particular medium, but if the wave travels from one medium into 
another the wave’s speed changes.

A change in medium is not always obvious. For example, for both sound waves and light waves, hot air is a 
different medium from cold air; for a water wave, deep water is a different medium from shallow water.

Electromagnetic waves travel fastest when there is no medium to go through; that is, when they are 
travelling through a vacuum. The speed of all electromagnetic waves in a vacuum is 3 × 108 m s−1

The speed of a wave can be calculated using the usual speed equation:

v = 
d
t

To calculate the distance travelled, use d = vt

To calculate the time taken, use t = 
d
v

. The speed of a wave can also be calculated using the wave equation:

v = f λ

To calculate the frequency of a wave, use f = 
v
λ

To calculate the wavelength of the wave, use λ = 
v
f

Reflection of waves
If a wave strikes a surface it is reflected. The wave travelling towards the surface is called the incident 
wave.

incident
wave

reflected
wave

When a wave is reflected:

• the direction changes

• the frequency stays the same

• the speed stays the same

• the wavelength stays the same.
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Transmission of waves
If the surface that a wave strikes is the boundary between two mediums, the wave, as well as being 
reflected, is transmitted into the second medium.

When a wave is transmitted from one medium into another:

• the speed changes

• the direction changes

• the frequency stays the same

• the wavelength changes

• the amplitude decreases.

Diffraction of waves
If part of a wave is stopped by a barrier, the wave that continues bends around the edge of the barrier. The 
bending of a wave around the edge of a barrier is called diffraction. The amount of bending that happens 
depends on the wavelength of the wave: the longer the wavelength of the wave, the more the wave bends 
around the edge of the barrier.

Short wavelength wave bends slightly  
around the edge of the barrier

Longer wavelength wave bends much  
more around the edge of the barrier

If a wave passes through a gap in a barrier, diffraction occurs at both edges of the gap. 

If the length of the gap is about the same as the wavelength of the wave, there is a lot of diffraction, so the 
wave looks like a circular wave.
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Questions: Wave motion

Question One: Sounds
a. A sound wave can be represented as shown in the diagram below.

 Name the type of wave shown below, and draw a labelled arrow to show its wavelength.

 Type of wave:

Mike has a waterproof speaker that can be used in a 
swimming pool.

b. Mike gets into the swimming pool with the speaker. It 
is 25 m from one end of the pool to the other. If the 
sound takes less than 0.1 s to travel to the far end and 
back, the echo is indistinguishable from the original 
sound.

 If Mike and the speaker are underwater at one end of 
the swimming pool, determine whether he would be 
able to distinguish the echo of the sound off the far end 
of the pool.

 The speed of sound in water is 1 480 m s–1.

c. i. While still underwater, the radio plays a sound with a frequency of 1 500 Hz.

  Calculate the wavelength of the sound wave.

  State your answer in centimetres.

  Wavelength =  cm

 Year 2017  
Ans. p. 120
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 ii.  When the speaker is floating on the surface of the water, it emits sound waves into the air and into 
the water.

   Describe how the sound waves in the water are different from the sound waves in the air, and 
explain why this happens.

d. Mike gets out of the pool. He decides to experiment and asks his friend Paddy to stand behind a wall.

 Complete the diagram below to show how the sound waves travel from the speaker to Paddy, and 
explain why Paddy can hear the sound from the speaker, even though the wall is in the way.

Mike

PaddyW
al

l

speaker
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Question Two: Wave properties
a. There are two types of waves, longitudinal and transverse. Give an example of each.

 Longitudinal: 

 Transverse: 

b. Explain the differences between a longitudinal and a transverse wave. Your answer should include: 

 • how the particles in the wave move 

 • how the wave travels.

c. A circuit that has an alternating current is connected to an oscilloscope. The oscilloscope screen displays 
a waveform of the alternating current, as shown below. 

 i. On the diagram, draw and label the amplitude of the wave. 

1 2 3 4 5 6 7 8 9 10 11 12

–16
–12
–8
–4
0
4
8

12
16

t (s)

 ii. Use the information in the diagram above to determine the frequency of the wave. 

  Give a unit with your answer. 

   

Frequency:  Unit:                      

 Year 2016  
Ans. p. 121
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d. Scientists have been able to calculate the distance between the Earth and the Moon by shining a red 
laser from Earth and reflecting the red laser on a mirror left on the Moon by the Apollo 11 mission back 
to a receiver on Earth. 

Earth

Moon

d = 384 467 km

 i. The scientists are using a red laser with a wavelength of 6.5 × 10–7 m and a period of 2.17 × 10–15 s. 

  Show that the speed of the red laser light is 3.0 × 108 m s–1.

 ii. The distance between the Earth and the Moon is 384 467 km. 

  Calculate the time it takes for the laser light to leave Earth and return to hit the receiver. 

           Time:
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Note : The Achieved (A), Merit (M) and Excellence (E) ratings 
given with answers supplied are based on professional 
judgements made by the author.

Achievement Standard 90937  
(Physics 1.3): Demonstrate understanding 
of aspects of electricity and magnetism

1.3 Static electricity

Question One: Spray painting
a.  Metal is a conductor, so electrons can move freely through 

the metal.  (A)

b. i. 

The arrows show that there is a repulsive force 
between the two droplets. (A)

 ii.  During the time that the droplets are travelling from the 
spray gun to the metal surface, they are experiencing 
repulsive forces from the other droplets around them. 
The droplets in the centre of the stream are repelled 
equally in all directions so do not deviate. The droplets 
further towards the edge of the spray have more droplets 
repelling them ‘out from the middle’ than repelling them 
‘in to the middle’, so tend to move outwards. By the time 
the droplets reach the metal surface they have spread 
out enough to cover a wider area.  (M)

c.  The metal surface is connected to the positive terminal of the 
power supply so will become positively charged. The distance 
from the spray gun to the metal sheet must be large enough 
for the droplets, even though there will be an attractive force 
pulling them towards the front surface, to be sufficiently 
spread out that some of them miss the edges of the metal 
sheet and get attracted by the back of the sheet.  (M)

d. P = E
t  = 3.8

2.0
 = 1.9 W

 P = IV ⇒ I = P
V

 = 1.9
20 000

 = 9.5 × 10−5 A

  9.5 × 10−5 A is less than 1.0 × 10−4 A – so the spray gun is 
operating within safe limits.  (E)

Question Two:  Static electricity with the 
Fun-Fly-Stick

a.  A conductor is a material in which the electrons are free to 
move. The electrons in an insulator are tightly bound to the 
nuclei so cannot move easily. (A)

b. Positive charge on the control tube attracts the negative 
electrons in the cupcake pans and because aluminium is a 
conductor, the electrons move out of the pans and into the 
control tube. This leaves all the pans with a positive charge. 
Because like charges repel and because the cupcake pans 
are free to move, they move upwards away from the control 
tube. (M)

p. 4
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c. i.

Plate 1 Plate 2 Plate 1 Plate 2 Plate 1 Plate 2

Position One: 
Moving towards Plate 2

Position Two: 
Touching Plate 2

Position Three: 
Touching Plate 1 (E)

 ii.  When the metal bead touches Plate 2, electrons are 
conducted out of the metal bead into the plate, leaving 
the metal bead with a positive charge. The positively 
charged metal bead is repelled by the positively charged 
plate and so swings across towards Plate 1. When it 
touches Plate 1, electrons from Earth are conducted up 
through the student’s finger into the metal bead until it 
becomes neutral. Gravity causes the neutral metal bead 
to swing back across towards Plate 2 again, and the 
process is repeated. (E)

d. P = 
E
t

 = 
0.002

1.5 × 10–5

 = 7.5 × 10–3 W = 
1 000

7.5 × 10–3

 = 7.5 mW (M)

Question Three: Grooming the dog
a.  The rubbing action of brushing causes electrons to be 

transferred between the brush and the dog’s hair. This makes 
the hair charged and as each strand of hair has the same 
charge and as like charges repel, each strand moves as far 
apart from adjacent strands as possible, so the strands stick 
out. This will happen only if the air is dry so that the excess 
charge is not immediately lost to the water vapour in the 
air. (E)

b.  Because electrons (which are negative) have been transferred 
between the brush and the hair, either the brush is left with 
a positive charge while the hair has a negative charge, or 
vice versa (i.e. the hair is left with a positive charge while the 
brush has a negative charge). As opposite charges attract, 
when the brush gets close to the dog’s hair, the brush pulls 
the hair towards it. (M)

c.  Zoe’s hand is neutral, but since anybody’s hand will have 
moisture on it, the moisture on Zoe’s hand makes her hand 
slightly conducting. The repulsive force between the excess 
charges on the dog’s hair causes a transfer of charge from 
hair to hand, which is conducted away by Zoe’s hand. The 
hairs will lose their charge and so will no longer stand up. (E)
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d. i. 

+ + + ++ +

 (A)

 ii.  Because the lightning conductor is earthed and because 
it is pointed at the top end, there will be a strong positive 
charge at the tip of the lightning conductor – i.e. at the 
top of the lighthouse. Therefore, the charge distribution 
between lighthouse and cloud will consist of a positive 
charge close to the cloud and a negative charge at the top 
of the lighthouse. (M)

 iii.   The negative charge on the cloud pushes electrons in 
the lightning conductor and in the lighthouse down into 
the earth, leaving both the conductor and the lighthouse 
with a positive charge. This positive charge is greatest at 
the top of the conductor because charges accumulate on 
pointed objects. There is now an attractive force between 
the electrons in the cloud and the positively charged tip 
of the lightning conductor and the positively charged 
lighthouse. Because the tip of the conductor has a 
greater positive charge than the lighthouse and because 
the tip of the conductor is closer to the cloud than the 
top of the lighthouse, the force on the electrons in the 
cloud is much greater from the lightning conductor than 
from the lighthouse; so, if the insulation of the air breaks 
down and electrons start to flow, they will go to the 
lightning conductor, not to the lighthouse. The lightning 
conductor is made from a conducting metal such as 
copper so any discharge from the cloud is conducted 
down into the earth without too much heat being 
produced. (E)

Question Four: Jumping Jack toy
a.  The rubbing of the cloth against the lid causes electrons to 

be transferred from the cloth to the lid. Thus, after rubbing, 
because electrons are negatively charged, the lid now has 
more negative charge than positive charge; so, overall, it is 
negatively charged. (M)

b.  The negatively charged lid repels the electrons in the balls 
and so the electrons move downwards, giving each ball a 
positive charge at the top and an equally sized negative 
charge at the bottom. Opposite charges attract and negative 
charges repel. Because the positively charged top surfaces 
of the balls are closer to the lid than the negatively charged 
bottom surfaces, the overall force is attraction so the balls 
jump up and stick to the lid. (E)

c. i. The metal coated polystyrene balls will fall first.

 ii.  Electrons in the lid are attracted to the positively charged 
surface of both types of ball. Because the uncoated 
balls are made of insulating material, electrons do not 
flow across from the lid to the ball. Because metal is a 
conductor, when a metal-coated ball comes into contact 
with the lid, electrons from the lid will be conducted into 
the positively charged upper surface of the ball, making 
this part of the surface neutral. Overall, the ball is now 
negatively charged and as like charges repel, the ball will 
be repelled back downwards. (E)

d.  The child’s hand is neutral and skin is a relatively good 
conductor, so when the hand comes in contact with the lid 
electrons will flow from the lid into the child’s hand until the 
lid is neutral. There is now nothing to push electrons in the 
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balls downwards, so the balls go back to being neutral all 
over. As neither balls nor lid are charged, there is nothing to 
hold the balls up so they fall down. (E)

1.3 Electric circuits

Question One: Thermostat
a. 12.0 V

Thermistor

V

180 Ω 

 (A)

b. i. V = IR ⇒ R = V
I
 = 12.0

0.014
 = 857.14 = 860 Ω  (A)

 ii. Rtotal = Rthermistor + Rresistor ⇒ Rthermistor = 860 – 180 = 680 Ω  (A)

c.  If the temperature decreases, the resistance of the thermistor 
increases, and so the total resistance of the circuit increases. 
As V = IR, if R increases with V constant, then I must decrease.  
(M)

d. P = IV, V = IR ⇒ P = I2R

  The resistance of the resistor stays constant at 180 Ω – so, 
if the current decreases, the power expended must also 
decrease.  (E)

Question Two: Circuits with a children’s toy
a. i. Parallel. (A)

 ii.  If one bulb blows the other two will continue to glow 
and will have the same brightness as before. (A)

b. i.  In a parallel circuit, each of the parallel branches has the 
same voltage. As the voltage of the top branch is 4.0 V, 
the voltage of the other branches, and therefore across 
bulb B, is also 4.0 V.

 Or:

Because the bulbs have the same resistance the current 

divides equally between the branches and so the current 

through bulb B is 
2.0
3

.

  V = IR = 
2.0
3

 × 6.0 = 4.0 V (A)

 ii. P = IV = 
2.0
3

 × 4.0 = 2.667 = 2.7 W (M)

c. i. V = IR ⇒ I = V
R

 = 4.0
18

 = 0.2222 = 0.22 A (A)

 ii. 
4.0 V

V

A

  

(M)

d. P = IV, I = 0.2222 A, V = 
4.0
3

In a series circuit, the source voltage is shared amongst the 
resistors. Because resistances are the same, the voltage is 
shared equally.

 ⇒ P = 0.2222 × 
4.0
3

 = 0.2963 = 0.30 W

  In the parallel circuit the power used by bulb B was 2.7 W, so 
bulb B uses more power in the parallel circuit than it uses in the 
series circuit. This is because power usage depends on current 
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