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Chapter 14: Superposition of waves 
Chapter 13 explores the production of waves and the difference between longitudinal and transverse waves. It then 

discusses the interaction between two or more waves at a point in space. Unlike particles, waves pass through 

each other without affecting each other. When two waves meet, they combine, with the displacements of the two 

waves adding together. The resultant displacement is determined by adding the displacements of the two waves at 

different positions. 

 
The idea that we can find the resultant of two waves which meet at a point simply by adding up the displacements 

at each point is called the principle of superposition of waves. This principle can be applied to more than two 

waves and also to all types of waves. A statement of the principle of superposition is shown below: 

 

Diffraction of waves 

Diffraction is the spreading of a wave as it passes through a gap or 

around an edge. It is easy to observe and investigate diffraction effects 

using water waves, as shown in Box 14.1. 

Diffraction of sound and light 

Diffraction effects are most noticeable when waves pass through a gap 

with a width equal to their wavelength. Sound waves, with 

wavelengths from a few millimetres to a few meters, can be easily 

observed due to their diffractivity. Visible light, with shorter 

wavelengths, is not diffracted by doorways due to their larger gap 

width. However, diffraction can be observed by passing light through a 

narrow slit or hole, as seen in laser light smearing onto a screen. 

Diffraction of radio and microwaves 

Radio waves have wavelengths of a kilometer and 10 cm, diffracted by hills and buildings. Microwaves, used by 

mobile phones, have shorter wavelengths and travel in straight lines. Cars require external radio aerials to diffract 

longer wavelengths, while FM signals can be picked up weakly, while AM signals cannot. 
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Explaining diffraction 

Diffraction is a wave effect explained by the principle of superposition. 

When a plane ripple reaches a gap in a barrier, each moving point creates 

new ripples, which can be calculated using the principle of superposition. In 

some directions, the ripples add, while in others, they cancel out. 

Interference  

Adding waves of different wavelengths and amplitudes results in complex 

waves. We can find some interesting effects if we consider what happens 

when two waves of the same wavelength overlap at a point. Again, we will 

use the principle of superposition to explain what we observe. 

Explaining interference  

Figure 14.14 shows how interference arises. The loudspeakers in Figure 14.11 

(Box 14.2) are emitting waves that are in phase because both are connected to 

the same signal generator. 

 

Where two waves arrive at a point in phase with one another so that they add 

up, we call this effect constructive interference. Where they cancel out, the 

effect is known as destructive interference. 

 

How can we explain the interference pattern observed in a ripple tank (Box 

14.2)? Look at Figure 14.15 and compare it to Figure 14.13. Figure 14.15 shows 

two sets of waves 

 

These conditions apply to all waves (water waves, light, microwaves, radio 

waves, sound, etc.) that show interference effects. In the equations below, 

n stands for any integer (any whole number, including zero). 

 

 

 

 

 

 

 

 

Coherence 

We are surrounded by various types of waves, including light, 

infrared radiation, radio waves, and sound. However, we don't always 

observe interference patterns, and specialized equipment is needed 

to measure these effects. In everyday life, we can observe 

interference effects like haloes around streetlamps or the Moon. To 

measure these effects, we need specially arranged conditions, as 

seen in a demonstration with loudspeakers. 
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We say that they act as two coherent sources of sound waves 

(coherent means sticking together). Coherent sources emit waves 

that have a constant phase difference 

 

The laser experiment involved two lasers producing identical 

frequency and wavelength of light. To observe interference, a 

single laser was divided into two slits, which act as coherent 

sources of light. These slits are always in phase, ensuring a 

constant phase difference between them. Without these sources, 

the interference pattern would be too fast for our eyes to detect, 

resulting in a uniform light band. 

The Young double-slit experiment  

Now we will take a close look at a famous experiment which Thomas 

Young performed in 1801. He used this experiment to show the wave 

nature of light. A beam of light is shone on a pair of parallel slits placed at 

right angles to the beam. 

Explaining the experiment  

In order to observe interference, we need two sets of waves. The sources 

of the waves must be coherent – the phase difference between the waves 

emitted at the sources must remain constant 

Point A 

Point A, opposite the slits midpoint, receives two light rays from slit 1 and 

slit 2, resulting in zero path difference. Assuming phase, they will interfere 

constructively, causing a bright fringe at A, indicating their phase difference. 

Point B, 

Point B, at the midpoint of the first dark fringe, receives two rays of light from 

each slit. As they travel further than the other, they become in antiphase, 

causing a half-wavelength path difference, resulting in destructive 

interference. 

Point C  

This point is the midpoint of the next bright fringe, with AB = BC. Again, ray 1 

has travelled further than ray 2; this time, it has travelled an extra distance 

equal to a whole wavelength λ. 

 

The complete interference pattern (Figure 14.21) can be explained in this way. 

Determining wavelength λ  

The double-slit experiment can be used to determine the wavelength λ of light. The following three quantities have 

to be measured:  
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■ ■ Slit separation a – This is the distance between the centres of the slits, which is the distance between slits 1 

and 2 in Figure 14.22.  

 

■ ■ Fringe separation x – This is the distance between the centres of adjacent bright (or dark) fringes, which is the 

distance AC in Figure 14.22.  

 

■ ■ Slit-to-screen distance D – This is the distance from the midpoint of the slits to the central fringe on the screen 

 

Once these three quantities have been measured, the wavelength λ of the light can be found using the 

relationship: 

 

Diffraction gratings 

A transmission diffraction grating is a large number of lines on a slide that 

diffract light, producing interference fringes when shone through. A 

reflection diffraction grating, like the shiny surface of a CD or DVD, reflects 

and diffuses light, producing coloured bands. These lines carry digital 

information and are reflected on the surface, creating a pattern of 

interference fringes. 

Observing diffraction with a transmission grating 

The fringes are also referred to as maxima. The central fringe is called the 

zeroth-order maximum, the next fringe is the first-order maximum, and 

so on. The pattern is symmetrical, so there are two first-order maxima, 

two second-order maxima, and so on. 

Explaining the experiment 

The principle of light passing through multiple slits results in overlapping 

beams of light that interfere with one another. To achieve constructive 

interference, all beams must be in phase. The zeroth-order maximum 

occurs in the straight-through direction, where rays travel parallel to one 

another and in phase. The first-order maximum forms when all rays must 

be in phase. Rays 1 and 2 travel the smallest distance, while ray 3 travels 

two extra wavelengths and is in phase with rays 1 and 2. 

Determining wavelength λ with a grating  

By measuring the angles at which the maxima occur, we can determine 

the wavelength of the incident light. Th e wavelength λ of the 

monochromatic light is related to the angle θ by: d sin θ = nλ 
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Diffracting white light 

On either side, a series of spectra appear, with violet closest to the centre 

and red furthest away. We can see why different wavelengths their 

maxima at different angles have if we rearrange the equation d sin θ = nλ 

to give: 

 

Chapter 15: Stationary waves 
From moving to stationary  

The waves we have considered so far in Chapters 13 and 14 have been 

progressive waves; they start from a source and travel outwards, 

transferring energy from one place to another. A second important 

class of waves is stationary waves (standing waves). 

 

To create interesting patterns, move the spring end with the right 

frequency, and the pattern disappears with slight increase or 

decrease in shaking frequency. 

Nodes and antinodes 

A stationary wave on a long spring is represented by a series of loops 

separated by nodes. The wave profile is not traveling along the spring's 

length, making it a standing wave. The phase difference between nodes 

is 180°, causing adjacent loop sections to move in antiphase, half a cycle 

out of phase with one another. 

 

Formation of stationary waves 

A stationary wave is formed whenever two progressive waves of the same amplitude and wavelength, travelling in 

opposite directions, superpose. Figure 15.5 uses a displacement–distance graph (s–x) to illustrate the formation of 

a stationary wave along a long spring (or a stretched length of string):  

 

■ ■ At time t = 0, the progressive waves travelling to the left and right are in phase. The waves combine 

constructively, giving an amplitude twice that of each wave. 
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A closer inspection of the graphs in Figure 15.5 shows that the 

separation between adjacent nodes or antinodes is related to the 

wavelength λ of the progressive wave. The important conclusions 

are: 

 
It is worth noting that a stationary wave does not travel and therefore has no speed. It does not transfer energy 

between two points like a progressive wave. Table 15.1 shows some of the key features of a progressive wave and 

its stationary wave. 

 

Stationary waves and musical instruments 

When the string is plucked half-way along its length, it vibrates with an 

antinode at its midpoint. This is known as the fundamental mode of 

vibration of the string. The fundamental frequency is the minimum 

frequency of a standing wave for a given system or arrangement. 

 

Harmonic sounds are produced by vibrating the air column in wind 

instruments, resulting in a note with a frequency twice the 



www.focuscollege.lk  +94 74 213 6666  
   

8 
 

fundamental frequency. The note can be altered by changing the air column length or exposing holes for more free 

vibration. The musician's skill lies in stimulating the string or air column to produce a desired mixture of 

frequencies, with harmonic frequency always being a multiple of the fundamental frequency. 

Determining the wavelength and speed of sound  

Since we know that adjacent nodes (or antinodes) of a stationary wave are separated by half a wavelength, we can 

use this fact to determine the wavelength λ of a progressive wave. If we also know the frequency f of the waves, we 

can f ind their speed v using the wave equation v = f λ 
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