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✓ Hello, let me hope you are still safe and fine from wherever you are. 

✓ This topic(waves) should be written in a new book: 

✓ After copying it in your book, try to revise it on your own so as to enhance a faster 

coverage when schools resume. 

✓ Before you commit yourself into drawing any diagram, first study it carefully; this will 

save you from drawing it wrongly and hence the burden of re-drawing it when schools 

resume, however, you can reach me on 07755388099 (Erac) for any inquiry regarding 

these notes. 

WAVES 

A wave is a disturbance that propagates through a medium or space. 

CLASSIFICATION OF WAVES. 

i. Mechanical waves 

ii. Electromagnetic waves 

iii. Matter waves 

MECHANICAL WAVES. 

These are waves that need a material medium for their energy to be transferred. 

EXAMPLES OF MECHANICAL WAVES 

i. water waves 

ii. sound waves 

iii. waves in strings and pipes 

PROGRESSIVE WAVES. 

These are waves that originate from the source and spread out continuously. 

TYPES OF PROGRESSIVE WAVES. 

i. Transverse waves 

ii. Longitudinal waves 

iii. Surface waves. 

TRANSVERSE WAVES. 

These are wave in which the direction of the wave motion is perpendicular to that of the vibration 

EXAMPLES OF TRANSVERSE WAVES. 

i. water waves 

ii. wave in strings 

iii. electromagnetic waves. 
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TERMS USED IN TRANSVERSE WAVES. 

 

 

 

1.   AMPLITUDE;  

i. maximum displacement of a particle from its rest position 

ii. height of crest. 

 

2. WAVELENGTH; 

i. Distance between two successive particles in phase 

ii. Distance between two consecutive crests or troughs 

iii. Length of a complete wave cycle. 

3. CREST; Region of maximum displacement of particles in a transverse waves. 

4. TROUGH; Region of minimum displacement of particles in a transverse waves. 

5. Frequency(f) 

i. number of complete oscillations made in one second. 

ii. number of waves passing a point in one second 

• SI unit of frequency is 𝑐𝑦𝑐𝑙𝑒𝑠 𝑝𝑒𝑟 𝑠𝑒𝑐𝑜𝑛𝑑 𝑜𝑟 𝐻𝑒𝑟𝑡𝑧. 

6. Hertz; is one cycle made in one second. 

7. WAVE CYCLE; one complete to and fro movement of a wave. 

8. PERIOD(T). 

i. Time taken for a wave to complete one cycle. 

ii. Time taken for a wave to complete an oscillation 

iii. Time taken for a wave to travel one wavelength 

iv. Time taken for a complete wave to pass a given point. 

• SI unit is 𝑠𝑒𝑐𝑜𝑛𝑑𝑠 

9. WAVE FRONT; 

An imaginary line which joins the set of particles that are in phase. 

10. WAVE VELOCITY; 

i. Is the distance a wave travels in one second. 

• SI unit is 𝑚𝑠−1 

• note; wave velocity does not depend on 

✓ frequency 

✓ wavelength 
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✓ amplitude 

✓ shape of the wave. 

 

11. NODES; Points of no displacement at all 

12. ANTINODES; Points of maximum displacement. 

13. PULSE; Single non repeated disturbance. 

14. TRANSVERSE WAVE TRAIN (PERIODIC TRANSVERSE WAVES) 

 Repeated disturbance of a transverse wave. 

15. PARTICLE IN PHASE; 

 Are those particles in a wave that are in the same state of vibration. 

QUESTION. 

Explain why transverse waves can only propagate through solids and liquids but not through gases? 

For a transverse wave to propagate through any medium, the medium must be able return to its original condition after being 

displaced; this is only true for solids and liquids but not in gases, therefore transverse wave can’t propagate through gases. 

 

LONGITUDINAL WAVES. 

These are waves in which the direction of the wave motion is parallel to that of the vibration. 

EXAMPLE OF LONGITUDINAL WAVES; 

• sound waves 

• wave in pipes  

• waves in slinky springs. 

DEMONSTRATION OF LONGITUDINAL WAVES. 

i. shake a long spring to and fro when one end is fixed. 

ii. the waves travel along the spring inform of compressions and rare factions. 

 

C is compression region while R is rarefaction region 

TERMS USED IN LONGITUDINAL WAVES; 
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1. COMPRESSION REGION; 

This is a region in a longitudinal wave where the particles are close together. 

note. A particle at the Centre of compression region moves from rest position in the same 

direction as the wave. 

2. RARE FACTION REGION; 

This is a region in a longitudinal wave where the vibrating particles are further apart. 

Note; A particle at the Centre of rare faction moves opposite from rest position to that of the 

wave. 

3. WAVELENGTH; 

i. Is the distance between the centres of consecutive compressions. 

ii. Is the distance from the centres of consecutive rarefaction. 

 

Derivation of the wave equation 

From 𝑣𝑒𝑜𝑙𝑜𝑐𝑖𝑡𝑦 =
𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑐𝑜𝑣𝑒𝑟𝑒𝑑

𝑡𝑖𝑚𝑒 𝑡𝑎𝑘𝑒𝑛
 

Distance travelled by 𝑛 𝑐𝑦𝑐𝑙𝑒𝑠 = 𝑛𝜆 

time taken to make 𝑛 𝑐𝑦𝑐𝑙𝑒𝑠 = 𝑛𝑇 

⇒𝑣 = 
𝑛𝜆

𝑛𝑇
 

    𝑣 =
𝜆

𝑇
 

but 𝑓 =
1

𝑇
 

 

 

 

i. The velocity of a wave is only affected by the properties of the medium.it is not affected 

by wavelength or frequency. 

ii. This equation is true for all types of waves. 

DIFFERENCES BETWEEN TRANSVERSE WAVE AND LONGITUDINAL WAVES. 

Transverse waves Longitudinal waves. 

Particles of the medium oscillate perpendicular to 
the direction of the wave motion 

Particles of the medium oscillate parallel to the 
direction of the wave motion 

Has an alternating patters of crests and troughs Has an alternating patterns of compressions and 
rarefactions. 

Can be polarized. Cannot be polarized. 

 

DIFFERENCES BETWEEN COMPRESSION AND RAREFACTION. 

 

𝑉 = 𝑓 𝜆 
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Compression Rarefaction 

Particles are close together Particles are further apart. 

Particles at the center move from rest position I 
the same direction as the wave. 

Particles at the center of the medium move from 
rest position in the opposite direction to that of 
the wave. 

 

SIMILARITIES BETWEEN TRANSVERSE AND LONGITUDINAL WAVES. 

Both waves  

i. can be reflected 

ii. can be refracted 

iii. under go interference. 

iv. can be diffracted 

v. can be represented by 𝑠𝑖𝑛𝑒 𝑤𝑎𝑣𝑒 𝑓𝑜𝑟𝑚𝑠. 

 

 WORKED EXAMPLES 

Please, leave a space of 3 sheets (6 pages for this numbers) 

1. The figure below shows a snapshot of a wave form of frequency 50𝐻𝑧 in a string. 

 
The numbers on the string represents the distance in centimeters; for this wave motion, find 

a. wavelength 
b. Amplitude 
c. velocity. 

 
2. A rope is displaced at frequency of 3𝐻𝑧.If the distance between successive crests of the wave train 

is 0.8𝑚. Calculate the speed of the waves along the rope. 

3. A  vibrator sends out 200𝑤𝑎𝑣𝑒𝑠 in a second. If the wave length is 𝟏𝟎𝒄𝒎,determine how far the first 

wave reaches at the end of two seconds. 

   

4.     
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5. Figure above shows a circular wave moving with a frequency of 10𝐻𝑧.Ccalculate the speed of the 

wave. 

 

6.Awave has a frequency of 100𝐻𝑧.what does the statement mean? 

 b. KISS FM operates  at 88𝑚𝐻𝑧.What does the statement mean? 

c. Explain how a water wave travels when there is a source of disturbance at one point. 

PROPERTIES OF WAVES 

The properties of waves include. 

i. Reflection 

ii. refraction 

iii. Diffraction 

iv. Interference. 

There are only two properties which are used to judge whether something is a wave or just streams of 

particles; and they are 

✓ Interference 

✓ Diffraction 

All waves have the above properties 𝒃𝒖𝒕 no stream of particles has them. 

Question. 

How would you judge that, something is a wave and not just streams of particles? 

REFLECTION OF WAVES; 
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This is the change in the direction of the wave when it meets an obstacle. 

The speed and wavelength of the reflected wave is equal to that of the incident wave. 

PATTERN OF THE REFLECTED WAVES; 

The pattern of the reflected waves depends 

1. pattern of the incident wave front 

2. the shape of the barrier (reflecting surface). 

CIRCULAR WAVES: 

case one. 

Circular wave meeting a plane shaped barrier. 

 

 

case two; 

Circular waves meeting a concave reflector. 

 

 

Case three. 
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Circular waves meeting a convex reflector. 

 

 

PLANE WAVES; 

Case one. 

Plane waves meeting a plane reflector; 

 

 

 

 

 

 

 

Case two. 
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Plane waves meeting a concave reflector. 

 

Case three. 

plane waves incident onto a convex reflector. 

 

Note  

✓ The wave should be equally spaced 

✓ the distance between the spacing is the wave length of the waves. 

✓ the focal point 𝐹 is the Centre of curvature of the waves. 

Question 

Explain briefly why light can be reflected by a small mirror and yet sound requires a large surface for it to 

be reflected. 

Answer. 

Reflection of both sound and light waves depends on their wavelength; sound has a large wavelength so 

for sound to be reflected, the reflector should be of a large size compared to the wavelength of the sound; 

so only large surfaces can reflect sound while light has exceedingly small wavelength, this allows it to be 

reflected even by small mirror. 

 

REFRACTION OF WAVES 
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This is the bending of waves travelling from one medium to another. 

Refraction at plane boundary. 

Waves travel faster in a medium of high density and slowly in a medium of low density. 

when waves travel from a high density medium to a low density medium, the wavelength and wave velocity 

lowers while frequency remains constant. The refracted waves the bends towards the normal.eg waves 

travelling from deep water to shallow water. 

Note; Here, refracted waves fronts are close to one another than the incident wave fronts. 

(be careful as you draw it) 

 

 

When waves travel from a low density medium to a high density medium, the wave length and wave velocity 

increases, while frequency remains constant.eg waves travelling from shallow to deep water. 

 

Note; Here refracted waves fronts are far apart than the incident waves fronts.  

(Be careful while drawing it.) 

WATER WAVES. 
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When straight waves pass from deep to shallow water, their wave length become shorter, frequency 

remains the same and its velocity decreases; so the waves travel slowly in shallow water. 

Deep water is associated with high density while shallow water is associated with low density. 

Refraction of waves in water depends on the depth of water. 

 

REFRACTIVE INDEX; 

Is the ratio of speed of waves in the first medium to the speed of the waves in the second medium. 

or 

Is the ratio of the wave length of the wave in the first medium to the wave length in the second medium. 

Refractive index is denoted by letter, 𝑛 

Therefore 𝑛 =
𝜆1

𝜆2
 

    or    𝑛 =
𝑣1

𝑣2
. 

Question. 

Figure below shows plane waves propagating from 𝐴 𝑡𝑜 𝐵. 

 

Draw a diagram showing the behavior of  the wave fronts as they propagate from 𝐴 𝑡𝑜 𝐵. 

 

 

 

 

 

REFRACTION OF WAVES AT CURVED SURFACES: 

where 

𝜆1 =wavellength medium one 

𝜆2 =wavelength in medium two 

𝑣1 =velocity in medium one 

𝑣2 =velocity in medium two 
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i. Converging refractor: 

 
 

ii. Diverging refractor. 

 

DIFFRACTION OF WAVES. 

This is the spreading of a wave disturbance into a region behind an obstacle. 

Factors that influence diffraction. 

1. The size of the gap(opening) 

2. wavelength of the waves. 
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Diffraction by one piece of metal. 

Case one. 

When the obstacle blocks some parts of the waves. 

 

Case two. 

When the width of the obstacle is smaller than the wavelength of the waves. 

 

When the width of the obstacle is smaller than the wave length of the waves, plane waves are refracted 

as plane waves, no observable effect is realized.  

Case three. 

When the width of the obstacle is greater than the wavelength of the waves. 
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DIFFRACTION BETWEEN TWO PIECES OF METALS. 

i. Narrow gap (when the width of the gap is smaller than the wavelength of the waves). 

 

When the width of the gap(opening) is smaller than the wavelength of the waves, then the plane waves 

are diffracted as perfect circular waves. 

Diffraction increases with decrease in the width of the gap. 

 

ii. Wide gap (when the width of the gap is large than the wavelength). 

 

When the width of the gap is wider than the wavelength of the waves, then plane waves are diffracted as 

nearly plane wanes. 

Diffraction decreases with increase in the width(opening) of the gap. 

Characteristics of diffracted waves. 

1. Frequency, wavelength and speed of the waves do not change. 

2. There is change in the pattern and direction of propagation 

3. The amplitude of the diffracted waves decrease and so does its energy. 
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DIFFRACTION OF LIGHT WAVES. 

Light waves undergo diffraction just like water and sound waves, however, we don’t notice the diffraction 

of light in everyday life because the wavelength of light is exceedingly small that the effect is 

unobservable except when light passes through very narrow openings. 

Question 

1. Explain the effect of size(width) of a gap on the diffraction of waves. 

2. Briefly explain why the diffraction of light is not observable in everyday life unlike that of water 

and sound waves. 

INTERFERENCE: 

This is the super imposition of two identical waves, travelling in the same medium and in the same 

direction to form a single wave with either a larger or smaller amplitude. 

Conditions necessary for producing interference:  

1. The two waves must have the same amplitude and the same frequency 

(must be from coherent source)  

2. The distance between the sources must be very small. 

3. The two waves must be travelling in the same direction 

TYPES OF INTERFERENCE. 

1. Constructive interference 

2. Destructive interference 

Constructive interference 

Is a type of interference which occurs when two interfering waves have a displacement in the same 

direction 

or 

Is a type of interference which occurs when the two interfering waves superpose in phase. 

Example 

 

 

 



Nations that train engineers shall always prevail over those that train lawyers because no nation can sue 
its way to greatness! 
 

 

Case one 

When a crest of one wave meets a crest of another. 

 

Conditions for constructive interference to occur 

a. The two interfering waves must be moving in the same direction 

b.  Crest of one wave must meet the crest of the other wave or trough of one wave must meet the 

trough of the other wave. 

Case two 

When a trough of one wave meets the trough of another. 

 

NB. 

For light, a bright light is seen while for sound, a loud sound is heard. 

DESTRUCTIVE INTEFERENCE. 

Is a type of interference which occurs when the two interfering waves have a displacement in opposite 

directions. 

or 

Is a kind of interference which occurs when two interfering waves superpose out of phase. 

Examples. 
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Case one. 

When a crest of one wave meets a trough of another wave. 

i. crest and trough of different amplitudes. 

 

ii. crest and trough of same amplitude. 

 

GRAPHS OF DISPLACEMENT AGAINST TIME FOR INTERFERENCE. 

1. For two waves  𝑜𝑓 𝑎𝑚𝑝𝑙𝑖𝑡𝑢𝑑𝑒𝑠 𝒀𝟏 𝒂𝒏𝒅 𝒀𝟐 ,having equal frequency and producing a 

displacement in the same direction at the same time. 

 
• The resultant displacement is 𝑌  and is obtained by the addition of the two separate 

displacements due to the two waves. 

• 𝑌 is greater than the displacement due to each wave acting alone. This kind of 

interference is called constructive interference. 
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2. If the two interfering waves are of the same amplitude and in antiphase, the resultant 

displacement is 𝑧𝑒𝑟𝑜.This is a complete destructive interference. 

 
Here 𝑌1 𝑎𝑛𝑑 𝑌2 𝑎𝑟𝑒 𝑖𝑛 𝑎𝑛𝑡𝑖𝑝ℎ𝑎𝑠𝑒. 

During destructive interference, the wave pulse cancels out BUT the waves continue to travel 

with their original amplitude. 

3. If two waves of different amplitudes are in antiphase, the resultant wave is the difference 

between the two waves and is in the direction of the greater wave. 

THE PRINCIPLE OF SUPERPOSITION 

When two waves interfere, the resulting displacement of the medium at any location is the sum of the 

displacements of the individual waves at the same location. 

APPLICATIONS OF INTERFERENCE. 

1. Blooming of lenses 

2. interferometer 

3. interference fringes. 

Questions 

1. state two conditions necessary for the following to occur 

a. destructive interference 

b. constructive interference. 

2. Explain the following 

i. Two divers jumped into water at once, near two stationary boats.one boat swung higher 

than the other due to interference by waves generated by two divers. 

ii. Black out to the drivers when two cars in opposite direction with head light on meet each 

other. 
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DIFFERENCES BETWEEN CONSTRUCTIVE AND DESTRUCTIVE INTERFERENCE. 

CONSTRUCTIVE INTERFERENCE DESTRUCTIVE INTERFERENCE 

The interfering pulse have a displacement in 
the same direction 

Interfering pulse have a displacement in 
opposite direction 

Crest of one waves meets crest of another Crest of one wave meets a trough of another. 

Displacement during interference is greater 
than the displacement of the two pulses before 
interference. 

Displacement during interference is less than 
the displacement of the two pulses before 
interference. 

When two wave pulse meet, they reinforce to 
form a pulse of greater amplitude 

When two waves pulse meet, they cancel out 
but the waves continue to travel with their 
original amplitude. 

INTERFERENCE PATTERN; 

• When two wave trains cross each other, the effect at any point is the sum of the individual wave 

displacements. 

• lines of constructive interference are called anti-nodal lines while lines of destructive interference 

are called nodal lines. 

a. Interference pattern due to two wave sources placed close together. 

When the sources of the waves are placed close together, the nodal and anti-nodal lines are 

spread widely apart and the interference pattern are easy to be seen. 
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b. When the wave sources are placed far apart, the nodal and anti-nodal lines become close 

together, making the pattern more difficult to be seen 

 

N is nodal line 

A is anti-nodal line 

 

 

 

 

 

 

 

 

Note. 

When the frequency of the wave sources is increased, wave length decreases, nodal and anti-nodal lines 

become close together. 

DOUBLE SLIT INTERFERENCE 



Nations that train engineers shall always prevail over those that train lawyers because no nation can sue 
its way to greatness! 
 

When straight wave fronts reach two gaps, circular waves emerge. Where the two waves superpose, an 

interference effect is produced. 

Case one. 

 

 

 

Case two 

 

 

 

  THE RIPPLE TANK 

This device is used to demonstrate the properties of waves. 

structure. 
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construction. 

1. It consists of a shallow transparent tray of water. 

2. A point source of light is held above the tray 

3. A white screen is placed below the ripple tank. 

4. The sides are sloppy and lined with a sheet of sponge; this is mainly to 

✓ prevent reflection of water by the sides. 

✓ absorb the energy of the ripples. 

ACTION 

✓ Before the addition of water, the tray is leveled with a spirit level. 

✓ water is the added to a uniform depth 

✓ The water is given a disturbance by the dipper; the light source projects the pattern of the 

waves onto a white screen below the tray. 

✓ The crests appear bright while the troughs appear dull due to refraction of light. 

Note. 

• The wave crests act as converging lens and are seen as bright patches 

• Troughs diverge the e light and are seen as dull patches. 

 
• The shape of the waves produced depend on the types of dippers used. 

(circular dippers produce circular waves whiles straight edge dippers produce plane waves) 
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FUNCTION OF THE PARTS 

• Lamp; to cast the shadow of the waves onto the screen 

• Motor; to vibrate the dipper 

• Dipper: sets the wave’s shape 

• Rheostat; regulates the speed and hence the frequency of the waves sent out. 

How to produce circular waves in a ripple tank. 

Only the plastic ball dipper is allowed to touch the water surface and the ball dipper is set into vibration 

by the electric motor. 

How to produce plane waves 

By dipping a straight edged object into the water and setting it into vibration. 

How to increase the wave’s speed. 

By increasing on the depth of the water in the ripple tank. 

How to reduce the wave’s speed. 

A transparent plate is placed underneath water; this reduces the depth of water and lowers the wave’s 

speed 

Increasing current. 

increase in current results into an increase in the speed of rotation of the electric motor, which in turn 

leads to more pronounced waves. 

THE STROBOSCOPE 

This is a disc with a number of equidistant radial slits cut in it. 

It is used to makes the waves appear stationary(frozen) 

What makes the waves appear frozen. 

The waves appear frozen when the speed of rotation of the disc is such that; waves move forward exactly 

one wavelength between the times the slit appear.  

(If the time taken for successive slits to cross the line of sight is exactly equal to the time taken by a wave 

crest to move into the position occupied by one wave front) 

If the speed of rotation of the disc is changed slightly, the waves appear to be moving slowly backwards 

or forwards. 

Question. 

Explain how a stroboscope is used to make the waves appear frozen 

Answer. 
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When the stroboscope is made to rotate at a speed such that the waves move forward exactly one 

wavelength between the times the slit appear. 

How to measure the frequency of the waves in a ripple tank. 

By using the stroboscope, the waves are made to appear frozen. The time taken for successive slits to 

cross the line of sight is measured; This is period 𝑻 . 

From 𝑓 =
1

𝑇
, frequency 𝑓,can be obtained. 

How to measure the wave length of the waves in a ripple tank. 

By using a stroboscope, the waves are made to appear frozen. The wavelength of the waves is measured 

directly from the shadow of the waves on a white sheet of paper below the tray. 

PRODUCTION OF INTERFERENCE IN A RIPPLE TANK; 

a. Using two ball dippers 

✓ Two vibrating ball dippers are made to touch the water surface at the same time. 

Each bob produces a set of circular waves on water which moves out and pass through 

one another. 

✓ In positions where the waves are superposed in same phase, constructive interference 

occurs and in positions where the waves are superposed out of phase, destructive 

interference occurs. 

✓ Positions of constructive interference appears bright while positions of destructive 

interference appear dull; this shows interference in water. 

 

b. Using a straight dipper; 

✓ A straight edged dipper is set to vibrate perpendicular to the water surface. 

✓ The plane waves produced are made to pass through a double slit barrier 

✓ After the gap, the waves move out and pass through one another. 

✓ In positions where the waves are superposed in phase, constructive interference occurs; 

In positions where waves are superposed in out of phase, destructive interference 

occurs. 

✓ positions of constructive interference appear bright while positions of destructive 

interference appear dull. 

 

HOW TO SHOW DIFRACTION OF WAVES IN A RIPPLE TANK: 
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Diffraction of water waves in a ripple tank is achieved by placing a slit barrier in a tank. 

When advancing plane waves reach the barrier, they pass through the slit and come out as though the slit 

is a secondary wave source, producing waves of the same frequency and amplitude. 

The curvature of the waves behind the barrier depends on the width of the gap. 

HOW TO SHOW REFRACTION OF WAVES IN ARIPPLE TANK: 

 

Refraction of water waves in a ripple tank is achieved by placing a bi convex piece of Perspex in the tank. 

Plane waves approaching the piece of Perspex are refracted as shown above. 

**************************END******************************* 


