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TOPIC 9
The wave model of light

9.1 Overview
9.1.1 Module 7: The nature of light
The wave model of light
Inquiry question: What evidence supports the classical wave model of light and what predictions can be
made using this model?
Students:

• conduct investigations to analyse qualitatively the diffraction of light (ACSPH048, ACSPH076)
• conduct investigations to analyse quantitatively the interference of light using double slit apparatus and

diffraction gratings d sin 𝜃 = m𝜆 (ACSPH116, ACSPH117, ACSPH140)
• analyse the experimental evidence that supported the models of light that were proposed by Newton

and Huygens (ACSPH050, ACSPH118, ACSPH123)
• conduct investigations quantitatively using the relationship of Malus’s Law (I = Imaxcos2𝜃) for plane

polarisation of light, to evaluate the significance of polarisation in developing a model for light
(ACSPH050, ACSPH076, ACSPH120).

FIGURE 9.1 Laser light being fired through
a diffraction grating.
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9.2 Competing theories of light
9.2.1 Newton and Huygens

FIGURE 9.2 Huygens proposed that light travelled
outwards from a source like circular ripples on a
pond.

Physicists were once convinced that light was made
up of a shower of tiny particles flying together
through space. What was it that changed their minds
and started the world talking about light waves
instead?

In the seventeenth century, there were two compet-
ing theories of light. The first theory was put forward
by the esteemed Isaac Newton, and it stated that
light consisted of small particles. Newton called them
‘corpuscles’ and his theory meant that, on the smal-
lest scale, a light ray consisted of a shower of tiny
particles. Newton was well respected, and, in his
book Opticks, he used his theory to explain beha-
viours of light. Consequently, his theory was quite
convincing. The alternate theory of light was put
forward by Dutch physicist Christiaan Huygens. He
argued that light consisted of waves, which was able to explain diffraction and interference — something that
Newton’s theory could not do. Unfortunately, the necessary experimental evidence for Huygens’s theory did
not come until well after his death, and so Newton’s argument prevailed at the time. However, that situation
changed over the following century due to the work of Young and Fresnel.

This topic focuses on the wave model of light. Diffraction and interference, as well as polarisation,
remain phenomena that can only be satisfactorily explained and analysed using wave theory. Diffraction and
interference are strong evidence in favour of this model.

9.3 Diffraction and interference
9.3.1 Diffraction

FIGURE 9.3 This aerial photograph shows water
waves passing through a gap in a breakwater. The
waves that have already passed through can be
seen to be fanning out in semicircular shapes. This is
dispersion.

Diffraction and interference are closely linked, and
usually occur together. Diffraction of a waveform
is the spreading out of that wave when it passes a
barrier or passes through a small opening. It can
be difficult to observe light diffraction, because the
size of the opening or barrier must be similar to the
wavelength of the wave. Diffraction of water waves
is much easier to observe, as shown in figure 9.3. The
reason is that water waves have much longer waves
than light.

9.3.2 Huygens’s Principle
Christiaan Huygens proposed what has become
known as Huygens’s Principle, which states ‘Every
point on a wavefront may be considered to act as a
source of circular secondary wavelets that travel in the direction of the wave. The new wavefront will be
tangential to the wavelets.’ Huygen’s Principle is shown in figure 9.4.
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FIGURE 9.4 (a) Huygens’ Principle explains the propagation of a plane
wave. Each point acts as a point source and a new plane wave is formed.
AA’ is the original wavefront and the new wavefront is BB’. (b) Each point
on the curved wavefront acts a point source and a new curved wavefront is
formed.
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This principle can be used to derive the laws of reflection and refraction. It also helps to explain diffraction.
If we Huygen’s Principle to explain the propagation of a wave (the formation of a new wavefront), it is

necessary that all the point sources contribute to the production of the new wavefront. When a barrier blocks
part of the wave, not all the point sources will be able to contribute to the new wavefront and the new wavefront
on the edge is able to form a circular shape that fans out.

9.3 Exercise 1
1 Draw a barrier with a gap in it. Next draw a wavefront approaching the barrier and then add successive

wavefronts that show how they progress through and diffract out of the gap.
2 Draw a series of wavefronts that show how waves can diffract around an obstacle.

 

9.3.3 Constructive and destructive interference
Diffraction rarely occurs without some interference. Look again at figure 9.3. The waves caused by the dif-
fraction through the gap in the breakwater are intersecting one another. They interfere with each other. When
two waves try to act upon the same point in a medium, they combine. They add up so that two crests intersect-
ing will produce an extra high crest and two troughs intersecting produce an extra low trough. This is called
constructive interference. If a crest from one wave interferes with the trough of another identical wave, then
the result will be no wave displacement at all. This is called destructive interference.

Interference is a wave effect. Two identical water waves interfering will produce patches of extra high
waves and patches of no waves at all. Two identical sound waves interfering will produce areas of extra loud
sound and areas of silence. If interference occurred with light then it should produce bands of light and dark,
and this would prove that light consists of waves. Huygens did observe these bands faintly around the edges
of shadows, and he correctly explained them in terms of light diffracting around the edges of obstacles and
then interfering to form patterns. See figure 9.6 for examples of this optical effect. However, Huygens was
not able to analyse the interference patterns quantitatively, so his explanations were not sufficiently strong.
The definitive quantitative evidence of the interference of light was provided by Thomas Young almost ninety
years later. He achieved this by designing an experiment that used just two point sources of monochromatic
(single-wavelength) light.

TOPIC 9 The wave model of light 3

UNCORRECTED P
AGE P

ROOFS



i
i

“c09TheWaveModelOfLight” — 2018/3/31 — 5:57 — page 4 — #4 i
i

i
i

i
i

FIGURE 9.5 Interference of two identical waves. (a) Where the crest of one
wave meets the crest of another wave, constructive interference occurs and the
resultant displacement will be twice that of one wave. (b) Where a crest from one
source meets a trough from the other source, destructive interference occurs and
there will be no displacement.

Source 1

(a)

(b)

Source 2

Source 1

Source 2

P

Source 1

Source 2

P

=+

Constructive
interference

Source 1

Source 2

=
+
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FIGURE 9.6 (a) Diffraction of monochromatic light by a straight edge, a razor blade. (b) An enlargement of the
shadow shows bright and dark lines. The arrows indicate the edge of the geometric shadow. A small amount
of light passes behind the straight edge but this is too faint to be observed. A series of bright and dark lines are
observed next to the edge. (c) Diffraction of light by a small circular opening. This time a series of bright and
dark circles is observed.

(a)

(b)

(c)
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9.3.4 Young’s experiment

FIGURE 9.7 Young’s experiment.

Parallel beam
of light

Screen

Two pinholes
in a card

Window
blind
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lens

2 m

Light and
dark bands

Thomas Young (1773–1829) was
keenly interested in many things. He
has been called ‘the last man who
knew everything’. He was a practising
surgeon as well as a very active sci-
entist. He analysed the dynamics of
blood flow, explained the accommoda-
tion mechanism for the human eye and
proposed the three-receptor model for
colour vision. He also made significant
contributions to the study of elasticity
and surface tension. His other interests
included deciphering ancient Egyptian
hieroglyphics, comparing the grammar
and vocabulary of over 400 languages,
and developing tunings for the twelve notes of the musical octave. Despite these many interests, the wave
explanation of the nature of light was of continuing interest to him.

Young had already built a ripple tank to show that the water waves from two point sources with synchronised
vibrations show evidence of interference. He was keen to see if he could observe interference with two beams
of light. He held a fine hair close to his eye while staring past it at a distant candle. The light from the candle
flame passed on both sides of the hair to reach his eyes. He did not notice a scattering of light in all directions
as predicted by the particle model. Instead, a beautifully coloured pattern of bands parallel to the hair spread
out across his view of the candle. Young’s interpretation of what he saw was that light behaved like waves as
it spread out from the candle.
It occurred to me that their cause must be sought in the interference of two portions of light, one reflected

from the fibre, the other bending round its opposite side, and at last coinciding nearly in the direction of the
former portion.

FIGURE 9.8 Young’s pinhole
arrangement to obtain two
coherent point sources of
light.

Young described this and other experiments in lectures at the Royal
Institution in London in 1801 and 1802. He did not convince his audi-
ence! His listeners were reluctant to remove their confidence from the
particle model that Newton apparently supported. Young was determined
to produce quantitative evidence of the phenomenon that he had observed.
He analysed the published results of similar experiments performed by
Newton and made further measurements of his own.

In one of his experiments Young made a small hole in a window blind.
He placed a converging lens behind the hole so that the cone of sunlight
became a parallel beam of light. He then allowed light from the small hole
to pass through two pinholes that he had punctured close together in a card.
On a screen about two metres away from the pinholes he again noticed
coloured bands of light where the light from the two pinholes overlapped.
The diagram below shows Young’s experimental arrangement.

Young deliberately had just one source, the hole in the blind, because
he wanted the one wavefront to arrive at the two pinholes, so that light coming through one pinhole would
be synchronised with the light coming though the other pinhole. Today we would describe light coming from
the two pinholes as coherent. In the language of the previous chapter, the two waves are in phase. If Young
had used two separate sources of light, one for each pinhole, their light would have been incoherent, with a
random relationship between the light coming from the two pinholes and no discernible pattern on the screen.
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FIGURE 9.9 A light pattern produced by a modern performance of
Young’s experiment.

Watch this eLesson: Young’s experiment (interference effects with white light)
Searchlight ID: (eles-0027)
Try out this Interactivity: Young’s experiment (interference effects with white light)
Searchlight ID: (int-0051)

9.3.5 Interpreting Young’s experiment
Young used the wave model for light to analyse his observations. Each hole in the window blind is a source
of spherical waves. When these waves pass through the pinholes, each pinhole becomes a source of spherical
waves. Waves from the two pinholes overlap on the screen, and their effects add together to produce the
pattern. In reaching a particular point on the screen, waves have travelled from the source along two alternative
routes, through one pinhole or the other. The difference between the lengths of the two paths is called the
path difference. If the path difference results in the crests of the wave from one pinhole always meeting the
troughs of the wave from the other pinhole (that is, exactly out of phase) then destructive interference occurs
and that place on the screen is a dark band. Destructive interference occurs when the path difference is a whole
number, minus one half, multiplied by the wavelength of the light: (n−0.5)𝜆 where n = 1, 2, ... is the number
of bright bands from the central bright band. A bright band occurs when, in spite of a path difference, the
waves are in phase: crests reinforcing crests and troughs meeting troughs.

This constructive interference occurs when the path difference is a whole number multiple of the wavelength
of the light, n𝜆, again where n = 1, 2, ... is the number of bright bands from the central bright band.

Refer to figure 9.10 for the geometry of Young’s experiment. This figure shows two rays D1 and D2 meeting
at point P and interfering constructively to produce a maximum, that is, a bright spot. The extra distance
travelled by ray D2 must be equal to m𝜆. It can also be seen that this path difference is equal to d sin 𝜃 by
trigonometry. Hence, for constructive interference or maximum, d sin 𝜃 = m𝜆wherem = 1, 2, 3 …

For small angles, sin 𝜃 ≈ tan 𝜃, so the following formula also works well in practice:

sin 𝜃 =
m𝜆
d

=
x
L
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For destructive interference, or minimum, d sin 𝜃 = (m −
1
2) 𝜆wherem = 1, 2, 3 …

FIGURE 9.10 The geometry of Young’s experiment.
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9.3.6 The diffraction grating
A diffraction grating for visible light is a device for producing interference effects such as spectra. A grating
consists of a large number of equidistant parallel lines engraved on a glass or metal surface. The distance
between the lines is of the same order as the wavelength of the light. Note that the larger the number of slits
on a grating, the sharper the image obtained. This is why a diffraction grating produces a well-separated
pattern of narrow peaks (see figure 9.11).

FIGURE 9.11 A diffraction grating is a set of accurately ruled lines on a glass that
produces a sharp pattern of maxima and minima.
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A transmission diffraction grating is a transparent material that has many fine ruled across it. (A grating
may have many thousands of lines per centimetre.) These lines can be considered to be breaking the wavefront
into point sources. The interference of light from these many point sources produces a diffraction pattern.

Figure 9.1, at the start of this chapter, shows a laser being directed into a diffraction grating. The rays
emerging from the grating are actually very distinct maxima in the interference pattern.
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9.3.7 Diffraction and interference patterns with white light

FIGURE 9.12 White light results in dispersion of the maxima
as each colour has its own wavelength and dispersion angle.

Second-order
rainbow

Second-order
rainbow

Central
white

(a) (b)

First-order
rainbow

First-order
rainbow

What would happen if you did not use mono-
chromatic light but used white light instead?
Red light has a longer wavelength than blue
light, which leads to larger diffracting angles
than blue. For example, if using a gap sep-
aration of 10 𝜇m the first maximum for each
colour can be calculated:

d sin 𝜃 = m𝜆 so 𝜃 = sin−1

(
m𝜆
d )

𝜃red = sin−1

(
1 × 700 × 10−9

10 × 10−6 ) = 4.0°

𝜃blue = sin−1

(
1 × 450 × 10−9

10 × 10−6 ) = 2.6°

The result is that each maximum is dispersed into a small spectrum of colours maxima, beginning with blue
and running out to red. The diffraction grating does this very effectively and is often used in spectrometers
just for its dispersing capability.

9.3.8 Diffraction at a single slit
With better technology, interference patterns were found in some very interesting places. It turned out that
interference patterns similar to those in Young’s experiment are even produced by a single slit or pinhole, as
each point across the width of a gap acts as a point source of light that will interfere with all the others. This
also happens at the edge of a shadow. Looking back to figure 9.6 these interference patterns can be identified.

9.3 SAMPLE PROBLEM 1

A sodium lamp produces almost-monochromatic light of wavelength 589 nm. If this light falls on par-
allel, vertical slits that are 0.100 mm apart, the light will produce an interference pattern on a screen
1.50 m away. The pattern shows a series of bright and dark bands.
(a) Determine the angle of the first-order maximum, and the distance on the screen of that maximum

from the central maximum.
(b) Determine the distance from the central maximum to the third-order maximum.

SOLUTION:

(a) d sin 𝜃 = m𝜆 so 𝜃 = sin−1

(
m𝜆
d )

𝜃 = sin−1

(
1 × 589 × 10−9

1.0 × 10−4 ) = 0.337°

The distance to the first order maximum can be found using

x = L sin 𝜃 = 1.5 × sin 0.337°

= 0.0088 m = 8.8 mm
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(b) The maxima are equally spaced, so the distance to the third maximum is three times the distance
to the first.
∴ distance to 3rd maximum = 3 × 8.8 mm = 26.4 mm

 

9.3 Exercise 2
1 Light of wavelength 625 nm is incident on a pair of vertical slits. The distance between the centre of the two

slits is 46.0 𝜇m. The screen is placed 0.920 m from the slits. What is the distance from the central maximum
to the first-order bright spot on the screen?

2 A diffraction grating is made with 3000 lines per cm. A green laser of wavelength 530 nm is directed at the
grating.
(a) What is the distance between each diffraction grating line? Since the gaps between the lines

function as slits, this value is the slit separation, d.
(b) What is the angular deviation of the first-order maximum?
(c) The pattern

on a screen 1.25 m away will appear as a row of dots. Calculate the separation, x, of the dots.

9.4 Comparing the experimental evidence for the
two models of light

HOW DO THE TWO MODELS EXPLAIN THE PROPERTIES OF LIGHT?
How light travels

FIGURE 9.13 Every
point in the wavefront
is a source of a small
wavelet. The new wave-
front is the envelope of
all the wavelets.

Source

S

Newton’s particle model: Once ejected from a light source the particles
continue in a straight line until they hit a surface.
Huygens’s wave model: Huygens proposed a basic principle: ‘Every point

in the wavefront is a source of a small wavelet. The new wavefront is the
envelope of all the wavelets.’

Reflection of light
Newton’s particle model: As particles approach a surface they are repelled
by a force at the surface that slows down and reverses the normal component
of the particle’s velocity, but does not change its tangential component.
The particle is then reflected from the surface at an angle equal to its angle
of approach. The same process happens when a billiard ball hits the cushion.
Huygens’s wave model: As each part of the wavefront arrives at the

surface, it produces a reflected wavelet. The new wavelets overlap
to produce the next wavefront, which is travelling away from the surface
at an angle equal to its angle of approach.

FIGURE 9.14 Newton’s
particle model of reflection

mirror

i i'

Refraction of light
Newton’s particle model: In approaching a denser medium,
the particles experience an attractive force which increases
the normal component of the particle’s velocity, but does not affect
the tangential component. This has the of changing the direction of the
particles, bending them towards the normal where they are now travelling
faster in the denser medium. Snell’s Law can be explained by this model.
Huygens’s wave model: When the wavefront meets a heavier medium

the wavelets do not travel as fast as before. This causes the wavefront
to change direction. In this case the wavefront bends towards
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the normal when it enters a medium where the wave is slowed
down. Snell’s Law can be explained by this model. FIGURE 9.15 The wave model of

reflection. C and D are parallel, incom-
ing rays. AB is the wavefront. When
A hits the mirror a circular wavelet is
produced. By the time B has reached
the mirror at E, the reflected wavelet
has travelled out to F. The line EF is the
reflected wavefront.

mirror
AE

B F

D C

A point of difference
Now, with these two explanations of refraction, there is a
clear distinction between the two models. When light bends
towards the normal as it enters water (a denser medium),
the particle model says it is because light travels faster
in water (the denser medium), whereas the wave model says
it is because the light is travelling slower.
In the seventeenth century they did not have the technology
to measure the speed of light in water. However, the particle
model became the accepted explanation, partly because of
Newton’s status, and partly because Huygens’s principle
suggested that light should bend around corners like sound, and
there was no evidence of this at the time. (Newton himself
actually thought that the particles in his model needed to have
some wave-like characteristics to explain some of his other
observations of light and colour.) FIGURE 9.16 The particle

model of refraction. The
particles are pulled towards
the denser medium, resulting
in a change in direction.

water
r

i

air

New evidence emerges
In 1802, Thomas Young (1773–1829) showed that in fact light could bend
around an edge. This was convincing evidence for the wave model, as
the particle model had no mechanism to explain how particles could bend
around a corner. However, the status of Newton was such that not all were
convinced by Young’s results. It was suggested that conclusive evidence
would be to measure the speed of light in water and see if it was faster
or slower than that in air. Jean Bernard Leon Foucault (1819–1868) and
Hippolyte Fizeau (1819–1896) competed to measure the speed of light in
water; in 1850, both of them showed that light was slower in water, though
Foucault won by seven weeks.

FIGURE 9.17 The wave model of refraction. C and D are parallel, incoming rays. AB is the wavefront. When
A hits the surface a circular wavelet of slower speed and so smaller radius is produced. By the time B
has reached the surface at E, the refracted wavelet has only gone as far as F. The line EF is the refracted
wavefront, heading in a direction bent towards the normal compared to the incoming wavefront, AB.

water

air
A

E

B

F

D

C

9.5 Polarisation
9.5.1 Polarisation and transverse waves
The work of Huygens, as well as Young and Fresnel, convinced the scientific world that light is a form of wave,
but what type of wave? Huygens had actually proposed that light travelled as longitudinal waves, like sound
waves. However, early nineteenth-century physicists experimenting with light became aware of polarisation,
a phenomenon that can only occur with transverse waves. A transverse wave has a plane of oscillation — the
plane along which the wave oscillates as it travels.
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FIGURE 9.18 Waves in a vertical plane pass through
the slit. The waves in a horizontal plane cannot pass
through.

Figure 9.18 shows what happens when a trans-
verse wave in a vertical plane passes through a
vertical slit. A transverse wave in a horizontal
plane is unable to pass through a vertical slit. If
transverse waves in many planes were to approach
the slit, only the waves in the vertical plane would
pass through. This blocking of waves except for
a single plane is called polarisation. Figure 9.19
shows how a longitudinal wave can pass through
both slits. Longitudinal waves cannot be polarised.
Polarisation only works with transverse waves.

FIGURE 9.19 Longitudinal waves can pass through both
vertical and horizontal slits.

Observations of the polarisation of light show
that light is a transverse wave rather than a lon-
gitudinal wave, as longitudinal waves cannot be
polarised. The polarisation of light is observed
when it passes through some materials. These
materials, which allow light waves in one plane
to pass while blocking light in all other planes,
are called polarising filters.

Light from a common source (the Sun or a
lamp) is unpolarised light. Every plane of os-
cillation is represented in a ray of unpolarised
light. In figure 9.20, unpolarised light is passed
through a polarising filter with a vertical axis,
and only waves with vertical axes of oscillation pass through unimpeded. If a wave has an axis at an angle
different to the filter’s axis, only the vertical component of the wave is passed through. The result is that the
intensity of the light passing through the filter is half the intensity of the original light:

I =
1
2
IO

where I = the intensity if the emerging polarised light
IO = the intensity of unpolarised light falling on the polariser

FIGURE 9.20 Light passed through crossed polarisers — polarising
filters at right angles to each other

Unpolarised light

Vertical
polarising �lter Horizontal

polarising �lter

No light

Vertically
polarised light

 
In a double filter arrangement, such as that shown in figure 9.20, the first filter is usually called the polariser

and the second is the analyser. When the polariser and the analyser are crossed, as shown, then none of the
polarised light will be able to pass through the analyser. If the analyser were rotated 90°, the two filters would
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be aligned and all the polarised light would pass through the analyser. If there is some other angle 𝜃 between
the axes of the polariser and the analyser, the intensity of light emerging from the analyser is given by the
following equation, discovered by Etienne Malus and known as Malus’s Law.

I = IO cos2 𝜃

where I = the intensity if the emerging polarised light
IO = the intensity of polarised light falling on the

analyser
= the maximum light intensity available Imax

𝜃 = the angle between the axis of the incident polarised
light and the axis of the analyser

= the angle between the axes of the two filters.

FIGURE 9.21 Light can be polarised
by reflection off hard surfaces such as
water, glass or plastics.

Polarisers can be made of certain crystals or filters constructed
of stretched long-molecule plastics (sometimes called polaroid
filters). Light can also be polarised by reflection off hard sur-
faces such as water or glass, and by scattering from atoms or
molecules. FIGURE 9.22 This polarising

filter for a camera deepens the
blue colour of the sky and sea.

As a result, polarising sunglasses (which have a vertical axis) can cut
though the horizontally polarised glare off a pond but not through the
vertically polarised glare off a shop window. In addition, as blue sky
is partially polarised due to the scattering of sunlight, polarising filters
can be fitted to camera lenses to deepen this colour for effect.

9.5 SAMPLE PROBLEM 1

(a) Unpolarised light falls upon a polariser with intensity IO. What will be the intensity of the
emerging polarised light (call this Ia) expressed as a percentage of the original light?

(b) The polarised light then falls upon an analyser with an axis at 60° to the polariser. What will be
the intensity (call it Ib) of the emerging light, again expressed as a percentage of the original light?

(c) The emerging light then falls upon a second analyser with an axis 30° to the first analyser (90° to
the polariser). Once more, find the intensity (Ic) of the emerging light as a percentage of IO.

(d) The first analyser is now removed. What will be the relative intensity (Id) of the light emerging
from the remaining analyser as a percentage of IO?

SOLUTION:

(a)
Ia
Io

= 0.5 = 50%

(b) Ib = Ia cos2
(60°

)
Ib = 0.25Ia and Ia = 0.5Io, so Ib = (0.25 × 0.5) Io

∴
Ib
Io

= 0.125 = 12.5%

(c) Ic = Ib cos2
(30°

)Ic = 0.75Ib and Ib = 0.125Io, so Ic = (0.75 × 0.125) Io

∴
Ic
Io

= 0.094 = 9.4%
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(d) Id = Ia cos2
(90°

)

Id = 0

 

∴
Id
Io

= 0 = 0%

You should be able to confirm this experimentally but bear in mind that plastic polarising filters are not
perfect polarisers.

9.5 Exercise 1
1 Sheryl decided that she would use two polaroid filters to observe a very bright light source. She placed the

filters together and rotated them so that their axes were at 45° to each other, then looked at the light source
through them.
(a) What fraction of the original intensity of the light will Sheryl observe?
(b) This light was

much too bright and so Sheryl rotated the second filter until the intensity of the transmitted light
was one-tenth of the unfiltered light. What was the new angle between the axes of the two filters?

(c) This light was still too bright so she continued rotating the second filter to reduce the intensity of the
light to one-twentieth of the original intensity. What is the final angle between the axes of the filters?

9.6 Review
9.6.1 Summary

• In the seventeenth century, there were two competing models of light — Isaac Newton’s particle model
and Christiaan Huygens’s wave model.

• The variety of known behaviours of light at that time could be explained by both theories.
• Experiments that followed in the eighteenth century demonstrated light behaving as a transverse wave.

The phenomena investigated were diffraction, interference and the polarisation of light.
• Diffraction is the spreading out of a wave after it has passed through a gap or around an obstacle. It can

be used to create multiple coherent waves from a single source.
• Interference occurs when two or more waves act on a point at the same time. It may be constructive,

creating a net wave with greater amplitude, or destructive, creating a net wave with smaller amplitude
or zero amplitude.

• Young’s experiment used two coherent point sources of light to show that the light waves from the two
sources interfered with each other to produce a pattern of bright and dark spots, referred to as maxima
and minima. The formula that describes this behaviour is d sin 𝜃 = m𝜆.

• A diffraction grating is a piece of glass with many fine lines ruled upon it. There may be thousands of
lines per centimetre. When a beam of light is shone into the grating, the gaps between the lines act as
point sources of light and a very sharp interference pattern is produced.

• If white light is used, each maximum is dispersed into a spectrum since each wavelength of light has a
different diffraction angle.

• Even a single source of light will produce an interference pattern that blurs the edges of shadows and
images.

• Plane polarisation is a wave behaviour specific to transverse waves; it is the restricting of the plane of
oscillation of a transverse wave to just one direction. Light from common sources is unpolarised, with a
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planes of oscillation represented. Passing that light through a polarising filter produces light that has
just one plane present. Passing this polarised light through another polarising filter, called an analyser,
will produce polarised light with intensity given by I = IO cos2 𝜃, known as Malus’s law.

9.6.2 Questions

FIGURE 9.23 Examples of diffraction and interference in water waves.

1. Refer to the images in figure 9.23. Identify the areas where you can see evidence of diffraction and
also areas showing interference. Explain what is happening in the areas you have identified.

2. It is said that one of the side effects of building a breakwater next to a beach is that it turns the waves
around to face the beach. Discuss this suggestion.

3. White light passed through a narrow slit and projected onto a distant screen shows bright and dark
bands with coloured fringes.

(a) Explain how the coloured fringes arise.
(b) Red fringes are observed at the further extent from the central white maximum. Why?

4. List several different path differences that would produce constructive interference for infra-red
radiation with a wavelength of 1.06 𝜇m. No w list several path differences that would produce
destructive interference.

5. A student shines a helium–neon laser, which produces light with a wavelength of 633 nm, through two
slits and produces a regular pattern of light and dark patches on a screen as shown below. The centre
of the pattern is the band marked A. Using a wave model for light we can describe light as having
crests and troughs.

FIGURE 9.24

C
•

A
•

B
•

(a) Use these terms to explain:
i. the bright band labelled A in the diagram above

ii. the dark band labelled B.
(b) What is the difference in the distance light has travelled from the two slits to:

i. the bright band labelled A
ii. the dark band labelled B

iii. the bright band labelled C?
(c) Using the same experimental setup, but replacing the laser with a green argon ion laser emitting

515 nm light, what changes would occur to the interference pattern?
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(d) The helium–neon laser is set up again. The distance between the two slits is now increased. What
changes to the interference pattern shown in the diagram above would occur?

(e) The screen on which the interference pattern is projected is moved further away from the slits.
What changes to the interference pattern shown in the diagram would occur?

6. Light of wavelength 430 nm falls on a double slit of separation 0.500 mm. What is the distance
between the central bright band and the third bright band in the pattern on a screen 1.00 m from the
double slit.

7. A double slit is illuminated by light of two wavelengths, 600 nm and the other unknown. The two
interference patterns overlap with the third dark band of the 600 nm pattern coinciding with the fourth
bright band from the central band of the pattern for the light on unknown wavelength. What is the
value of the unknown wavelength?

8. Diffraction and interference are wave properties, so the theory in this chapter also applies to other
waveforms, such as sound. A stage is set up for an outdoor performance. Two large speakers are
positioned 13 m apart and point out towards the audience area. If the speakers play a note of 500 Hz
and are in phase with each other (and so are coherent), an interference pattern will be created in the
audience space.

(a) If a person were to walk across the audience area from left to right, what would they observe?
(b) Assume that the speed of sound is 340 m s−1. What is the wavelength of this sound?
(c) Assume the audience area is 95 m deep. Identify three locations at the back of this area that would

be particularly good for hearing this sound.
9. Two colours of light are shone onto a diffraction grating with exactly 5000 lines per cm. One colour is

violet of wavelength 398 nm and the other is red of wavelength 652 nm. The resulting pattern falls on
a screen 89.0 cm from the grating.

(a) What will be the colour of the central bright spot?
(b) What is the distance from the central maximum to the first-order bright spot of the violet light on

the screen?
(c) What is the distance from the central maximum to the first-order bright spot of the red light on the

screen?
(d) What is the separation of the second order of each colour on the screen?

10. A polariser and analyser are set up so that the intensity of the light emerging from the analyser is 20%
of the original unpolarised light striking the polariser. Determine

(a) the intensity of the light between the two filters
(b) the angle between the polarising axes of the two filters.

11. A polaroid filter is used to produce polarised light of intensity Io. Another polaroid filter is placed in

front of that light and the intensity drops to
1
8
Io. What is the angle between the axes of the two filters?

12. Three polaroid filters are stacked so that the angle between each is 45°, with 90° between the first and
the last. An unpolarised beam of light is shone into the stack. What proportion of the original beam
emerges from the stack?

Complete this digital doc: Investigation: The diffraction of light
Searchlight ID: doc-26598

Complete this digital doc: Investigation: The interference of light with diffractiongratings
Searchlight ID: doc-26599

Complete this digital doc: Investigation: The interference of light — Double slits
Searchlight ID: doc-26600

Complete this digital doc: Investigation: The plane polarisation of light
Searchlight ID: doc-26601
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PRACTICAL INVESTIGATIONS
Investigation 9.1: The diffraction of light
Aim
To qualitatively observe the diffraction of light by using a single slit.

Apparatus
A laser pointer
A single slit apparatus — this may be a purpose-built mechanism that can vary the size of the slit, or a simply a
tuning fork that can be turned to change the apparent size of the gap between the tines.

Theory
Diffraction refers to the ability of the waves to spread out after passing through a gap or going past an obstacle.
The gap needs to be comparable to the wavelength of the wave for this to occur. Consequently, it is relatively
easy to demonstrate the diffraction of water or sound waves. Diffraction of light is more difficult but can be
shown by incorporating an interference effect.

If monochromatic light, such as that from a laser, shines on a narrow single slit or gap in a barrier, then each
point along the width of the slit will act as a new source of secondary wavelets of light, each of which will spread
out and then interfere with one another. Under the right conditions, this will produce a pattern on a screen. In this
case, the pattern will consist of a bright central band flanked by fainter, closely spaced bright bands. This pattern
is evidence of the diffraction and then interference of the laser light.

Method
1. Set up the laser pointer so that it shines onto a screen at least a metre away.
2. Mount the single slit in front of the laser so that the beam shines through the slit.
3. Darken the room and then adjust the size of the slit until the diffraction pattern appears on the screen.

Questions
1. Describe the appearance of the diffraction pattern.
2. Measure the distance between the central bright band and the adjacent band, and then between the fainter

bands. How do these gaps compare?
3. If time permits, you may research the equation that mathematically describes this pattern and then compare

this to the equation that describes double-slit and diffraction grating interference.

Investigation 9.2: The interference of light with diffraction gratings
Aim
To observe the diffraction and interference of light using diffraction gratings.

Apparatus
A laser light source such as a laser pointer
A diffraction grating set (many of these have three different rulings on one slide)
Metre rule or tape measure

Theory
A diffraction grating has many fine lines etched onto a glass surface. When monochromatic light shines through
the glass, the gaps between the lines act as sources of secondary wavelets that interfere to produce a pattern of
light and dark bands, called an interference pattern. If a laser is used, the pattern will be a series of bright dots on
a screen. The geometry of the pattern is described mathematically by

sin 𝜃 = m𝜆
d

= x
L 

where 𝜃 is the angle of deviation to the first-order bright spot, m is the order (so 1 for the first-order bright
spot), 𝜆 is the wavelength of the light used, d is the distance between adjacent lines on the grating, x is the

16 Jacaranda Physics 12

UNCORRECTED P
AGE P

ROOFS



i
i

“c09TheWaveModelOfLight” — 2018/3/31 — 5:57 — page 17 — #17 i
i

i
i

i
i

distance between the dots, and L is the distance from the grating to the screen. From this, an expression can be
derived to determine the wavelength of the laser light:

𝜆 = dL
x

The relationship between the number of lines per centimetre on the grating N and the distance in metres

between the bright dots d is given by d = 1
100 N

.

Method
1. Use supports such as retort stands to set up the laser pointer so that it shines perpendicularly onto a screen,

wall or board at least one metre away.
2. Mount the diffraction grating directly in front of the laser pointer so that a regular row of dots appears on the

screen.
3. Measure the values of x and L, and record these in your results table, along with the N value for your grating.
4. Repeat this procedure for each grating of different N value.
5. Analyse the data to determine the wavelength of the laser pointer.

Results

Diffraction grating N (lines per cm) d(m) x(m) L(m) 𝜆(m) 𝜆 (nm)

A

B

C

Questions
1. Calculate an average value for 𝜆 from the data table. Does this value fit within the accepted range of

wavelengths for visible light of the colour of your laser?
2. If you have been able to use a number of gratings, use the greatest deviation from the average value to

determine the accuracy of your measurement. If you only have one grating available, use the number of
significant figures within your data to estimate the accuracy of your measurement.

3. Rearrange the formula used here to make x the subject. How would x change if a different colour laser was
used? Extend this idea to explain what would happen to the interference pattern if a beam of white light was
used instead of the monochromatic laser.

4. The formula sin 𝜃 = m𝜆
d

= x
L

makes an assumption. What is that assumption and is it valid in this experiment?

Investigation 9.3: The interference of light — Double slits
Aim
To use the diffraction and interference of monochromatic light, as observed by Thomas Young, to determine the
separation of two close slits.

Apparatus
A laser light source such as a laser pointer, of known wavelength
A double-slit apparatus, such as a prepared photographic slide
Metre rule or tape measure

Theory
Thomas Young first discovered that monochromatic coherent light shone on two closely separated slits would
produce an interference pattern on a screen. The pattern consists of a series of light and dark bands and is
caused by the slits acting as new sources of secondary wavelets, which then diffract and interfere with each
other. Young needed a clever arrangement to produce the monochromatic coherent light, but we can simply use
a laser pointer for the same purpose, provided that the width of the laser beam can cover both slits.

TOPIC 9 The wave model of light 17

UNCORRECTED P
AGE P

ROOFS



i
i

“c09TheWaveModelOfLight” — 2018/3/31 — 5:57 — page 18 — #18 i
i

i
i

i
i

The separation of the bright bands in the interference pattern is described mathematically by

sin 𝜃 = m𝜆
d

= x
L

where 𝜃 is the angle of deviation to a bright band, m is the order number of that band, 𝜆 is the wavelength of the
light used, d is the slit separation, x is the distance between the bands on the screen, and L is the distance from
the grating to the screen. From this, an expression can be derived to determine the separation of the slits:

d = 𝜆L
x

Here we are considering the distance on the screen of the first-order band from the central band, so that
m = 1.

Method
1. Set up the laser pointer so that it shines perpendicularly onto a screen, wall or board approximately two

metres away.
2. The double-slit slide may have a selection of slits available. Choose the closest pair of slits and mount the

slide in front of the laser pointer so that an interference pattern appears on the screen. You should be able to
discern a distinct series of closely spaced bright spots.

3. Identify the central (brightest) spot and measure the values of x (distance to the next bright spot) and L
(distance from the slits to the screen), and record these in your results table, along with the wavelength of
your laser light.

4. Repeat this procedure for other slit sets that may be available.
5. Analyse your data to determine the slit separations.

Results
Wavelength of laser light 𝜆 = __________ m
Distance from slits to screen L =__________ m

Slit set Band separationx(m) Slit separationd(m)

A

B

C

Questions
1. If several slit sets were available, describe how the pattern changes as the slit separation increases. A useful

activity is to graph the slit separation d against
1
x

. This should be a linear relationship with a gradient

equal to 𝜆L.
How does the pattern change if the wavelength is different? You can try this if you have a laser pointer with a
different colour.

Investigation 9.4: The plane polarisation of light
Aim
To observe plane polarisation of light using polarising filters, and to verify Malus’s law.

Apparatus
A light source, such as an LED torch
A light sensor
3 polarising filters
A protractor
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Theory
A polarising filter produces plane polarised light from unpolarised light by restricting the electric field vector in the
electromagnetic waves to one plane. This necessarily cuts down the intensity of the transmitted light to half of
the original intensity. If the polarised light is directed into another polarising filter with an axis at an angle 𝜃 to the
first filter, the intensity of the transmitted light should be I = Imax cos2 𝜃. This is Malus’s law.

Method
1. Work out the axes of polarisation of your polarising filters. The easiest way to do this is to observe light from

a ceiling lamp reflecting off a shiny desk surface. The light will be partially polarised horizontally. Place a
polarising filter in front of your eyes so that the reflected glare is seen through the filter, and then rotate the
filter. You should notice that the transmitted light is darker or lighter depending on its orientation. Find the
darkest position. In this orientation, the axis of polarisation of the filter is vertical. Use a marker to draw a
vertical line along on side of the filter so that you can identify the axis. Repeat this process for each of your
filters.

2. Darken the room.
3. Use the light sensor to measure the light intensity produced by the light source.
4. Place one of the polarising filters in front of the light source and measure the intensity of the transmitted light.

This value should be about half the value of the original value. Call this new value I0.
5. Place a second polarising filter behind the first. The second filter is called an analyser. Keep the axes of the

filters parallel and measure the intensity of the transmitted light. Note this value in the results table.
6. Rotate the axis of the analyser to 30° from the polariser and measure the light intensity again. Repeat this

process for each of the angle indicated in the result stable.
7. Use Malus’s law to calculate the theoretical value for the intensity of the transmitted light for each of the

angles in the results table.
8. Finally, place the two polarizing filters together with their axes 90° apart so that minimal light is transmitted.

Slide a third polarising filter between them, with its axis at 45° to each of the others. What do you observe?

Results

Angle between filters Measured intensity Calculated intensity

0°

30°

45°

60°

90°

Questions
1. The first filter polarises the light and should reduce the light intensity by 50%. Did your measurements

confirm this in step 4 above?
2. Referring to the results table, how did your measured intensities compare to those calculated using

Malus’s law?
3. Do your results support or refute Malus’s law? Justify your answer.
4. Malus’s law assumes ideal polarisers; however, plastic polarising filters are less than ideal. Research the

reasons for this.
5. In the final part of this experiment, you slide a third polarising filter between two other crossed filters. Explain

the effect that you observed.
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