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THE NATURE OF WAVE MOTION 

by 

UGECHI, PEACE N. &  OSU, AZUNAMIBEBI DERIKUMA 
 

Abstract 

Wave motion is the transfer of energy and comprises wave, water wave, cord wave and so on. 
The paper highlights on wave motion and emphasizes on properties of wave: reflection of 
waves, refraction of wave's diffraction of waves and interference. This paper also discusses 
the production and propagation of waves, the different types of waves, the mathematical 
relationship between the frequency, wavelength, period and velocity of waves, and light will 
also be treated as wave phenomena. 

Introduction 

Wave motion is a means of transferring energy. In such a motion in material medium, 
particles of the medium vibrate about their positions of equilibrium. The wave energy is carried 
forward but not the medium. When we throw a stone into a pool of water, circular waves form 
and move outward. Waves will also travel along a cord or rope that is stretched out straight on a 
table if we vibrate one end back to forth. Water waves and waves on a cord, are two common 
example of wave motion. 

Wave Motion 

A wave motion is the transmission of energy from one place to another through a material 
medium or a vacuum. Note, wave motion may occur in many forms such as: 

1. Water waves 
2. Sound waves 
3. Radio waves 
4. Light waves 

Waves are basically of only two types. They are; 
- Transversal waves 

- Longitudinal waves 

- Transversal waves: The oscillation is at right angle to the direction of propagation of 
the wave. Example of this wave is, water waves and most electromagnetic waves. 
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Propagation of wave along water fig. 1-1 
It is typical example of transversal waves. Note that transversal waves are waves that 

require material medium for their propagation. 

Longitudinal waves: the oscillation is along the direction of the propagation of the wave. 
Example of this is the sound wave. 
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Transversal wave Fig. 1 – 2 

Longitudinal wave Fig. 1 – 2 

 

In course of the study of wave, there are basic terms we have to be familiar such as; 
1. Wave length ( ): The wave length is the distance between any two successive 

corresponding points on the wave that is between two materials or two in all. It is the 
distance between two crest and trough. 

2. Displacement: The displacement is the distance from the mean, the central, undisturbed 
position at any point on the wave (y) 

3. Amplitude (A): Is the maximum displacement. 

4. Frequency (f): The frequency is the number of vibration per second made by the 
wave. 

5. Period (T): 
1
Is the time taken for one complete oscillation. 

T= 

1. Phase: Is a term related to the displacement at O time. If we consider here the motion of 
a sine wave, since this type is the most fundamental. It can be shown that any other wave 
may be built up from a sense traveling in a positive x direction by the equation. 
y=a sin (wt-kx) 

While for the one traveling in the opposite direction 
y=a sin (wt-kx) 
Where; k is a constant 
w=2 f 
Note that one the sign gives the direction of the motion. We can state each equation into 
two terms; 

a. A term showing the variation of displacement with time at a particular place for 
example: 
x=o 
y=a sin (wt) 
I.e. the variation of displacement with time at a particular place x=o 
A term showing the variation of displacement with distance at a particular time. 
t=o 
y=a sin (kx) 
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I.e. the variation of displacement with distance at a particular time =o 

An alternativf e form of the equation can proved as follows, 
?f?

 

F and w =2𝜋 
We have; 

 T=   
2𝜋    

𝑤
     

 
t= o, y = o at x = o 

and so on. 

K= 
Y= a sin2  

Properties of Waves 

Reflection of waves: All waves undergo reflection. The angle which the direction of motion of 
the plane wave front mares with the normal to the metal surface is known as angle of incidence 
(i). 

The angle between the direction of motion of the reflected plane wave front and the 
angle of reflection (r). Experiment show that in such reflections the angle of incident is equal to 
the angle of reflection. This is the law of reflection. The plane metal surface is known as a plane 
reflector. If circular waves are produced in the ripple tank and made to fall on the plane metal 
surface held vertically in water, the waves are also reflected and spread out as spherical or 
circular wave as though they originate from a point I behind the plane metal surface. 

Sound and light waves also undergo reflection at plane surface; the sound heard after 
reflection of sound waves is called on Echo. Echo phenomenon is used in underwater 
exploration for oil and gas and in the mapping of the depths of the bed. 

Reflection of heat Radiation: Heat radiation is much like light and radio wave. All three 
are example of electromagnetic radiation, like other waves, heat radiation can be demonstrated 
using a simple set-up. The heat wave originates from the hot metal ball and is directing along a 
cardboard tube to a polished metal plate which acts as the reflector. The reflected wave is 
detected by the thermopile, an instrument whose action depends on the electromotive force 
which appears between the junctions of two different metals at different temperature. The tubes 
are adjusted until the thermopile registers the maximum deflection. At this point it is found that 
the angle of reflection is equal to the angle of incident. 

Refraction of Waves: Refraction is the change in the speed and direction of the waves as they 
cross the boundary between two media of different densities. The angle of incidence (i) is the 
angle the direction of the incident wave front makes with the normal at the boundary surface. 
The angle of refraction (T) is the angle the direction of the refracted ray makes with the normal 
to the plane boundary. The refractive index, 

n   
of medium 1 with respect to medium 2 is rela 

ted 

 

 

 

 

         to the speeds of the wave in the two Media as follows; For light waves 
n 

= Velocity of light in medium 1 

Velocity of light in medium 2 
For water waves passing deep to shallow water refractive index is given by; 

n 
= Velocity in deep water 

              Velocity in shallow water Refractive index is also given  
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Diffraction of Waves 

When travelling waves pass through narrow openings or moves round obstacles, they 
tend to spread out in different directions. This phenomenon is known as diffraction. It occurs 
when the wavelength of the wave is longer than the width of the opening or size of the obstacle. 
Diffraction is the ability of waves to bend around obstacles in that path. Light and sound waves 
show the diffraction phenomenon. Light waves are diffracted through very narrow openings of 
about 1 cm but sound waves are diffracted 5000t hrough wider openings of about 50 cm. These 
are the order of that wavelength. The reason why we do not notice the diffraction of light in our 
daily experience is that the wavelength of light is very small and so the effects is unobservable 
except when the light passes through very narrow openings. 

Interference 

Is the effect produced when two waves of the same frequency, amplitude and 
wavelength travelling in the same direction in a medium are superposed – as they 
simultaneously pass through a given point. When the superposition of the two identical waves 
results in increased disturbance (i.e. they reinforce each other) it is known as constructive 
interference 

 
. Constructive interference occurs when the path difference between two identical 

waves at a point, is 

When the resultant effect of the combination of the two identical waves result in that 
annihilation or complete cancellation of the effect of each other (i.e. zero or minimum 
disturbance), 

 it is called destructive interference. This occurs when the path difference between the 
two identical waves at a point is; 

Two waves sources producing waves that have the same frequency wavelength and 
amplitude and which are always in phase with each other or have a constant phase difference are 
said to be coherent sources. Such waves are coherent waves. Light and sound waves show the 
interference effect. 

Reflection: When light is incident on a smooth or polished surface, it is reflected (it changes its 
direction in the same medium) but for rough or irregular surfaces it will be scattered in different 
directions. 

Plane Mirrors: Plane mirrors are considered as being smooth and polished surface, when a ray 
of light is incident on a plane mirror, the ray is reflected at an angle. The perpendicular line 
drawn at the point of incident is called the normal. The angle between the normal and the 

 

 The angle between the surface of the mirror and i
0
, or r

0 
or r is called the glancing angle. Note that PAB is equal to 2 

r (is the angle of deviation) the angle of deviation is twice the glancing angle. If a ray is directed toward the 
normal to plane mirror it is reflected along the normal (N). 
 

Laws Of Reflection 

Reflection of light is governed by two laws; 

1. One of the laws states that, the angle of incident (i
0
) is equal to the angle of reflection (r 

0
) 

2. The second law says, the incident rays, reflected ray and the normal at the point of 

incident all lye in the same plane. 
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Diversion of Reflected Ray by Rotated Mirror 
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If we consider a ray OA, incident on the plane mirror M1 at a glancing angle r, angle of 

deviation DAB = 2 r. When the mirror is rotated to the new position M2 through an angle β, the 

angle of deviation as DAC = 2 (r + β), since the position of O remains constant, BAC = 2 (r + β), - 

2 r = 2 β. Note that angle BAC is the angle through which the reflected ray is rotated; we 

concluded that if the direction of an incident ray is constant, the angle of rotation of the reflected 

ray is twice the angle of the rotation of the mirror. 

 
Optical lever in Mirror Galvanometer 

Some instruments use a beam of light as a pointer. An example of this is the mirror 

galvanometer also called the tangent galvanometer. 
It is used in measuring small currents. 
A small mirror x1 is attached rigidly to a system that rotates when an electric current flows 
through it. A light beam is directed normally to the mirror from a fixed lamp S and the light is 
reflected back to S. 

When an electric current is passed through the system, X1, now moves to a new 
position X2 and the light moves over a vertical scale C to the position B. 
Angle OAB = 2β 

 

If OB = y and the distance OA = d 
then tan 2β =  y 

d 

since 2β is small, 
tan 2β = 2β in radians 
:- 2β = y 

d 
β = y 

2d 
β can be calculated. 

This enables the current passed to be calculated from the manufacturers specifications. 
This optical lever can also be used to measure small increases of length to expansion or 
contraction of a solid. 
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Image Form by Plane Mirrors 
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O is a point object placed in front of the plane mirror. An observer with his eye at E, sees a 
virtual image of O formed at I. The image distance MI = MO (the object distance). The image is 
of the same size as the object and erect. The left hand side of the image is the mirror, corresponds 
to the right hand side of the image this is termed as “Lateral Inversion” 

Inclined Mirror 

The number of image formed in two plane mirror inclined Ø
0 
= 3600 − 𝜃 

Formation of Real Images by a Plane Mirror 

If a convergent beam is incident on a plane mirror M, the reflected ray passes through a point 
P in front of mirror and a real image is formed. 

 

O – Real Object 



 

THE  COLLOQUIUM  A multidisciplinary thematic Journal  6 (2), 2018 Page 55  

I – Virtual Image 
 

P – Real Image 

I – Virtual Image 

When the rays are produced they meet at N to form a virtual object (an object formed by 

apparent intersection of rays). The real object and virtual image are distances are equal from the 

mirror 

Uses of Plane Mirror 

1. Optical lever 

2. Kaleidoscope 

3. Sextant 

4. Periscope 

5. Seeing sound 

6. Coiners 

 
Reflection at Curved Mirrors 

Curved mirrors are parts of spherical surfaces. There are two types: 

- Convex Mirrors 

- Concave Mirrors 

 

Essential Features of Spherical Mirrors 

1. The mid-point (P) of the mirror is called the pole 

2. C is the centre of curvature, the center of a large sphere of which the mirror forms part 

3. KL is called the aperture 

4. PC is the principle axis, measurement are taken on this line 

5. F is the principle focus, a point where rays which are very close and parallel, to the 

principle axis converge and diverge. 

6. The distance CP, is equal to the radios of curvature = R. 

7. The distance PF is equal to the focal length of the mirror which is equal to F. 

-  
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8. They can produce real images which are images formed in a screen or formed by actual 

interception of rays. They also form virtual images which cannot be formed on a screen 

Deviation of U, V, F and R relation for curved mirror. 
 

O 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

1. Relation between R and F = we consider a ray OA, very close and parallel to the principle axis 

N and P incident on the curved mirror. If Ø is the angle of incident and NA is the normal, 

then; 

NB = BA (since DNBA is isosceles) 

BP = BA (since 2Ø is small) 

2Ø = AP .............. (1) 

BP 

Ø = AP for small Ø…     (2) 

NP 

  K 

C F 

F 

L 

Ø 

C 
2 Ø P 

N 
B 
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I 

From equ. 1 and 2 

2Ø = 2AP = AP 

NP BP 

NP = 2BP……(3) 

NP r = and BP = F 

:- r = 2f 

Where F = focal length of the mirror and 

r = the radius of the curvature 

1. Mirror Formula 

A 

Ø Ø 

 
 

 

r  β r 
B 

o N 

 

 

U 
V

 

 

O is a point object placed on the principle axis OB 
r
 

Where B is the pole of the curved mirror. The ray OA incident on the mirror forms a point image 

I. NA is the normal at A and passes through the centre of curvature of the mirror at N. Angles 

and β and Y are small. 

+ Ø = Y (exterior angle DOAN)…….(1) 

β+ Ø = Y (exterior angle DODI)……(2) 

If we substitute or subtract (2) from (2) we have; 

r - β = Y 
r + r = 2 β… .................... (3) 
r (radians) = AB =AB 

OB U 
Β (radians) = AB = AB 

NB r 
V(radians) = AB = AB 

IB v 
Substituting for r, β and v in (3) using the above expression, we have; 
AB + AB = 2AB 
U V v 
Dividing both sides by AB  
1

𝑈
 +

1

𝑉
=

2

𝑉
     --------(4)                                                   

Since 2f = r 
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𝟏

𝑼
 +

𝟏

𝑽
=

𝟏

𝒇
    mirror formula  

 

 Sign Convention 

When using optical formula, we apply a sign convention. For now, we shall 
adopt the real is positive convention for a real object, U is positive and a virtual object, U 
is negative. For a real image, V is positive and negative for a virtual image. F is positive 
for a concave mirror and negative for a convex mirror. 
The linear magnification (m) = height of image 

Height of object 

=  Image 
distance 
(v) Object 
distance (u) 

 

Conclusion 

All waves are due to vibration. Water and sound waves are due to vibrations of 

layers of particles in a medium concerned. Light and radio waves which do not require 

material medium are due to electromagnetic vibrations. Therefore, this paper concludes 

that the nature of wave motion is in three words; disturbance, propagate, and medium. 
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