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Achievement stAndArd 91523 
(Physics 3.3)

Demonstrate understanding  
of wave systems 

Externally assessed, 4 credits

Covered in Chapters 4–6 following
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Assessment criteria
Achievement Achievement with Merit Achievement with Excellence

Demonstrate 
understanding of wave 
systems.

Demonstrate in-depth 
understanding of wave 
systems.

Demonstrate comprehensive 
understanding of wave 
systems.

Notes
(1) Demonstrate understanding involves showing an awareness of how simple facets of 

phenomena, concepts, or principles relate to a given situation.
 Demonstrate in-depth understanding involves giving explanations for phenomena, 

concepts, or principles that relate to a given situation.
 Demonstrate comprehensive understanding involves connecting concepts or 

principles that relate to a given situation.

(2) Wave systems include mathematical solutions and/or written descriptions. Written 
descriptions may include graphs or diagrams.

(3) Assessment is limited to a selection from the following:

 Interference (quantitative) of electromagnetic and sound waves, including multi-slit 
interference and diffraction gratings; standing waves in strings and pipes; harmonics; 
resonance; beats; Doppler Effect (stationary observer for mechanical waves).

 Relationships:

 d sinθ = nλ    nλ = dx
L

     f ’ = f 
vw

vw ± vs
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Wave systems and interference of waves

CHAPTER

4
NCEA Level 3 Physics material covered in this chapter helps to meet the requirements for 
Achievement Standard 91523 (Physics 3.3) ‘Demonstrate understanding of wave systems’, by:
•  giving comprehensive explanations and solving problems relating to interference of 

electromagnetic and sound waves, including multi-slit interference and diffraction 
gratings.

 In addition to the Level 2 Physics relationships v = fλ, f = 1
T

 , the following Level 3 Physics 
relationships may be needed:
d sin θ = nλ, nλ = dx

L

Types of wave
Waves are important because they carry energy from one place to another without any 
transfer of matter.

Wave motion happens all around us – we receive wave energy as light, sound, traffic 
vibrations, small earthquakes, X-rays and microwaves from 
speed detectors.

There are two types of wave motion. Both types can be shown 
on a ‘slinky’ spring.

Transverse

Crest

Trough

Direction of 
wave movement

The movement of the spring is perpendicular to the direction of the wave motion.

Transverse wave
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Longitudinal

Direction of wave motion
Compression Rarefaction

The movement of the spring is parallel to the direction of the wave motion.

Longitudinal wave

For both transverse and longitudinal waves:

• wavelength, λ, is the distance between 
any two corresponding positions on the 
wave

• amplitude, A, is the maximum distance 
the medium moves from the equilibrium 
position.

Examples of waves

Water waves

Sound waves
Sound waves travel through air as a series of longitudinal vibrations of air molecules.

sound direction
vibrations of

speaker

direction of
vibration of air

molecules

compression rarefaction

Sound wave

wavelength, λ 

amplitude, A

Wave parameters
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Sound requires a medium (or substance) in which to travel. Sound cannot travel through  
a vacuum.

The speed of sound varies depending on the 
medium in which it travels. Approximate 
speed:

• in air is 330 m s–1

• in water is 1 500 m s–1

• in metal is 5 000 m s–1

Sound waves are produced over a very wide 
range of frequencies. Human hearing can 
detect only a limited range of these, but high-
frequency sound waves (called ultrasound) 
have a variety of applications.

1 10 100 1000 104 105 106 107 108

Subsonic
vibrations

20 Hz 20 kHz

Increasing
frequency

Frequency
in Hertz

Ultrasound

Range
of medical uses

Sonar

Range of
human
hearing

Spectrum of sound waves

Electromagnetic waves
The electromagnetic spectrum is a range of 
waves of different wavelength and frequency, 
in the form of oscillating electric and magnetic 
fields.

Electromagnetic waves all have the following 
common properties:

• no medium is needed, so they can travel 
through a vacuum

• they travel in a vacuum with a speed of 
3.0 × 108 m s–1 (symbol c)

• all are transverse waves
• they can be diffracted and produce interference patterns
• all carry energy from one place to another.
Different frequencies of electromagnetic waves have different effects on matter, and so are 
used for a wide variety of applications.

Ultrasound of a patient’s foot

Light effect around the Moon
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Radio and
TV waves
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VHF 
(Very high 
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(radar)

Ultraviolet
(UV)

Wavelength ( m)Frequency (Hz)

Electromagnetic spectrum

Wave speed
The frequency, f, of a wave is the number of waves per second, and is measured in hertz, 

Hz. The inverse of the frequency 1
f
 is therefore the time for one complete wave, and 

this is defined as the period, T, of the wave.

Frequency and period are related by the formulae:

 T = 1
f
 or f = 1

T

The speed of a wave can be found from the relationship v = d
t

If the distance, d, is the wavelength, then the time, t, must be the period, and so:

 v = λ
T

 or v = fλ
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Diagrammatic representation of waves
A way to diagrammatically represent a wave is to sketch a graph of the displacement 
(from the equilibrium position) of the medium through which it is travelling against the 
position along the wave direction. This gives a visual representation of what has happened 
to the medium at a particular instant in time.

A displacement position graph gives no indication of the direction of the displacement of 
the medium. Because of this, it is not possible to tell from the shape of the graph whether 
the wave is transverse or longitudinal.
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Medium displacement and displacement-position graph for a transverse wave

λ

A
0

y

C R C R C

Graph of
displacement

against
position

Displacement

Sound wave

Position  x

Undisturbed position

Speaker

The diagram above shows the undisturbed position of air particles, and then their 
positions at a particular instant as a sound wave travels from a speaker.

λ

A
0

y

C R C R C

Graph of
displacement

against
position

Displacement

Sound wave

Position  x

Undisturbed position

Speaker

Medium displacement and displacement-position graph for a longitudinal wave

When waves are represented diagrammatically, it is common to not show the axes.
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Phase
The concept of phase can be applied to the medium of two individual waves or to 
individual particles of the medium of a single wave.

Two waves are said to be in phase if the 
medium  of one wave is, at all times, travelling 
in the same direction as the medium of the 
other wave. Both waves must have the same 
frequency but do not necessarily have to have 
the same amplitude.

Two waves are out of phase if their media are  
not undergoing the same motion at the same 
time.

A special example of out-of-phase motion 
is when the particles of each medium are 
travelling in the opposite direction to each 
other. The two waves are out of phase by 
1
2  a cycle or 180°

In a single wave, the phase difference between the individual particles of the medium 
is important because it is this phase difference that causes a wave to transmit energy. A 
wave ‘travels’ because each particle of the medium is out of phase with both its adjacent 
particles – it lags the particle in front and leads the particle behind. This successive phase 
lag means that, eventually, a particle will have dropped so far behind one of the particles 
ahead that they are both moving in the same way – they are in phase. It takes one 
wavelength for this to happen, and so particles that are an exact number of wavelengths 
apart are in phase.

A common reason for comparing the phase of two waves is because while they are 
travelling through each other they combine and their phase difference will affect the way 
they combine.

The troughs and crests of the waves 
coincide, showing they are in phase.

Two waves in phase

The troughs and crests of the waves 
are displaced from each other, 
showing they are out of phase.

Two waves out of phase

1
2 λ

The crests of one wave coincide with 
the troughs of the other wave, showing 
they have opposite phase.

Two waves with opposite phase
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ANSWERS

Activity 1A: Making measurements (page 11)
1. a. 0.285 V   b. 0.0854 m2    c. 2.2 × 10−6 A
2.  The 200 Ω setting should be used because it gives a reading that has the most 

significant figures and hence the greatest accuracy.
3. 7.2 ± 0.1 V   4. 1.67 ± 0.01 cm   5. 2.82 ± 0.01 mm
6. a. 13.0 ± 0.1 cm   b. 11.0 ± 0.1 cm
7. a. −2 mm     b. 8.8 ± 0.1 cm

Activity 1B: Processed measurements and their uncertainties (page 17)
1. a. 22 ± 1 mL
 b. i. 9 ± 2 mL
  ii.  Although each measurement is correct to 2 sf, because the calculation is 

subtraction, the answer must be to the same number of decimal places, and 
this gives only 1 sf.

  iii.  To get the volume of the Plasticine, two measurement values had to be 
subtracted. Each measurement had an instrument uncertainty of 1 mL and 
the uncertainty in the processed measurement is the sum of the individual 
uncertainties.

2. a. 0.0746 ± 0.0002 g
 b.  Although the instrument measures to 2 dp, because the calculation is division, the 

answer will have the same number of sf as the measurement.
3. 17.2 ± 0.1 mL  4. 1.6 ± 0.1 cm3  5. 0.05504 ± 0.00004 mm
6. a. 10.3 ± 0.1 s  b. 0.862 ± 0.008 s
 c.  If only one swing had been measured, the measurement would have been correct 

to only 1 significant figure. By timing multiple swings, the period can be measured 
to an increased number of significant figures.

 d.  Starting and stopping the timer involves judgement, and so each measurement 
will have a random uncertainty. Individual measurements are likely to be spread 
either side of the true measurement, and so the average will be closer to the true 
measurement than any individual measurement will be.
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Activity 2A: Types of relationship (page 25)
1. a. i. Inverse.    ii. m−1

 b. i. Inverse square.  ii. m−2

 c. i. 2.7 × 10−6   ii.  Ω m2   iii. R = 2.7 × 10−6

d2
 

2. 1.1 × 10−6 Ω m

Activity 2B: Uncertainties in graphs (page 29)
1. a. 4    b. 0.02   c. 4 squares
 d. i. 2 squares ii. 1 square   iii. 1

2
 square (indistinguishable)

  iv. 1 1
2

 squares.

 e. i. 4 squares ii. 1 square   iii. 3 squares
2. a. 38.5 m s−1  b. 5 m s−1   c. 39 ± 5 m s−1

3. a. 
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distance (m)  b. 4.7 ± 0.5 m s−1

4. a. 
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1.5

1.0

0.5

1 2 3 4
a (m s–2)

F (N)

00

  b.  0.49 ± 0.04 N s2 m–1 (or kg)

Activity 2C: Relationship equations and physical constants (page 37)
1. a. See completed data table following.
 b. See graph following. The graph shape suggests a square root relationship. 
 c. See completed data table following.
 d. Time (s) against distance (m

1
2 )

 e. See graph following.
 f.  The absolute uncertainty in the smallest d  value is ± 0.002. The scale interval 

on the graph for d is 0.02. The length of the error bar (0.004) is therefore 
indistinguishable.

 g. 0.47 ± 0.03 s m−
1
2  

 h. 9 ± 1 m s−2
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