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REFREACTION OF LIGHT WAVES                

Definition: This is the bending of light rays as they cross the boundary between two media of 

different densities, thus causing a change in their direction. 

  

i = angle of incidence 

r = angle of refraction  

The diagram above described the refraction of light wave from one medium to another. 

Angle of incidence: This is the angle the incident ray makes with the normal. 

Angle of refraction: This is the angle the refracted ray makes with the normal. The phenomenon 

of refraction of light has the following consequences. 

a. A rod or spoon appears bent or broken when it is partially immersed in water or any 

liquid. 

b. The bottom of clear river or pond appears shallower than it really is. 

c. Letters in print seem to be nearer when we place a thick block of glass over them. 
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Refraction through rectangular glass block 

                                                                                

i = angle of incidence 

r= angle of refraction 

e = angle of emergence 

The diagram above described the refraction of light through rectangular glass block. 

 

Laws of refraction 

i. The incident ray, the refracted ray and the normal at the point of incidence all  lie 

on the same plane. 

ii. The ratio of the sine of the angle of incidence to the sine of the angle of refraction 

is a constant for a given pair of media. 

The second law is known as Snell’s law: 

Thus, sin i    = n, a constant for a given pair of media.  

           Sin r 

The constant n is known as the refractive index of the second medium with respect 

to the first medium. If light travels from air to glass, the n, refractive index of glass 

is given by: 

aηg = sine of angle of incidence in air 

           sine of angle of refraction in glass 

if light travels from glass to air, then the refractive index gna is given by 

gna = sine of angle of incidence in glass  

            sine of angles of refraction in air 

from the principle of the reversibility of light, we have that: 

ang = 1 

          gna 

but refraction is due to the change in the speed of light as it travels from one medium 

to another, therefore refractive index can be given as  

ang = speed of light in air (vacuum) 

          speed of light in glass 

 

Real and apparent depth 
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We know that refraction of light causes the depth of a river or swimming pool to 

appear shallower than it actually is. The actual depth of the water is called the real 

depth while the depth of the water as it appears when viewed from above is called 

the apparent depth. Hence, the refractive index will be given as: 

n = real depth 

       apparent depth 

 

Critical angle and Total internal reflection 

 

Critical angle: This is the angle of incidence in the denser medium when the angle of refraction 

in the less dense medium is 900. This is the case of angle T in the diagram b above. 

Total internal reflection: This is the reflection of an incident ray of light at the interface 

between the medium of incidence and another medium of lower refractive index when the angle 

of incidence in the denser medium exceeds the critical angle. 

Conditions for Total internal reflection 

1. Light must be travelling from an optically more dense to less dense medium. 

2. The angle of incidence in the denser medium must be greater than the critical angle. 

 

Critical angle and Refractive index 
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From the diagram above, the angle of incidence is c while the angle of refraction is 900. 

According to snell’s laws: We have: the refractive index (gna) as: 

Sine of angle of incidence = sin c = gna    = 1         =    1 

Sine of angle of refraction    sin 90              ang            n 

 

Therefore, sin c   =   1   ;  n   =  sin 90 

                    Sin 90     n        1      sin c 

Hence, n = sin 90 

                    Sin c 

But sin 900 = 1 

n = sin 90  =  1   

       sin c        sin c 

n = 1 

     sin c 

where, n = refractive index for a ray passing from air to glass 

c = the critical angle 

c is approximately equal to 420. So for angle of incidence in glass greater than 420, there will 

be total internal reflection. 

 

 

Total internal reflection in nature 

1. Mirages: This is a natural effect due to total internal reflection occurring at the boundary 

of a hot and cooler air. We can observe this when we are travelling along a tarmac road 

on a hot day. The road appears wet and shiny as if after rain. Sometimes the road ahead 

appears like a pool of water. This pool of water disappears as we approach them. We 

can also observe mirage when we see a distant tree as well as its inverted image on the 

water surface. 

2. Field of view of a fish or swimmer under water: A fish or swimmer moving on his back 

under water, can have a full view of everything above the water surface. 
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WEEK 4 

REFRACTION OF LIGHT THROUGH TRIANGULAR PRISM 

 

 

 

The diagram above described refraction of light through triangular glass prism.  

The refractive index of a triangular glass prism can be obtained using the formula : 

𝑛 = 𝑠𝑖𝑛
1

2
(𝐴 + 𝐷) 

                                                                    𝑠𝑖𝑛
1

2 
 𝐴 

Where, n   ─   refractive index of the triangular glass prism. 

EXAMPLE: 

The angle of incidence of a ray of light striking an equilateral triangular prisms ABC of 

refracting angle 60ᵒ is 50ᵒ. Calculate  
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i) The angle of refraction at the first face 

ii) The angle of emergence 

iii) The angle of minimum deviation 

                  [Take refractive index (n) = 1.5] 

 

Solution; 

 

n= 1.5, i= 50ᵒ, r=? 

Using Snell’s law 

n = sin i 

      sin r 

1.5 = sin 50 

          sin r 

Therefore; sin r = sin 50    = 0.5107 

                              1.5 

                 sin r = 0.5107 

                      r = sin -1(0.5107) 

                      r = 30.7ᵒ 

We shall observe that HP is normal to AB while GR is normal to AC. Therefore, angle APQ 

and angle ARQ equal to 90ᵒ each. Angle APQ +Angle ARQ = 180ᵒ 

ᵒBut, PǬR + r + x = 180 (sum of angles in triangle PQR) 
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And PǬR = 120ᵒ, r = 30. 7ᵒ, x=? 

Therefore; 120ᵒ + 30.7ᵒ + x = 180 

                   150.7ᵒ + x = 180 

                   x = 180 – 150.7ᵒ = 29.3ᵒ 

                   x = 29.3ᵒ 

However, this x can be given as the angle of incidence while ℮ as the angle of refraction from 

glass to air. 

Again, using Snell’s law, 

gna  = sin x 

         sin℮ 

We shall recall that gna = 1/ang  

Where gna is the refractive index when light travels from glass to air while ang is the refractive 

index when light travels from air 

But ang = 1.5 

Thus, gna  = 1   

                 1.5 

Therefore,  gna  = sin x        ,    x = 29.3ᵒ 

                             sin ℮ 

1 =  sin 29.3ᵒ 

                1.5       sin ℮ 

           Sin ℮ = 1.5 ˟ sin 29.3ᵒ 

                     = 1.5 ˟ 0.4894 

            sin ℮ = 0.7341 

                   ℮ = sin-1 (0.7341) = 47.2ᵒ 

iii)  

𝑛 = 𝑠𝑖𝑛
1

2
(𝐴 + 𝐷) 

                                                                    𝑠𝑖𝑛
1

2 
 𝐴 

Here, n = ang = 1.5, A = 60ᵒ, D =? 
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1.5 = 𝑠𝑖𝑛
1

2
(60 + 𝐷) 

                                                                    𝑠𝑖𝑛
1

2 
˟ 60 

1.5 = 𝑠𝑖𝑛
1

2
(60 + 𝐷) 

                                                                    sin 30 

1.5 = 𝑠𝑖𝑛
1

2
(60 + 𝐷) 

                                                                        0.5 

Cross multiply both sides; 

𝑠𝑖𝑛
1

2
(60 + 𝐷)  = 0.5 ˟ 1.5 = 0.75 

𝑠𝑖𝑛
1

2
(60 + 𝐷)  = 0.75 

1

2
(60 + 𝐷)   = sin -1 (0.75) = 48.6ᵒ 

1

2
(60 + 𝐷)  = 48.6ᵒ 

60 + D = 48.6ᵒ 

     2          1 

60ᵒ + D = 2 ˟ 48.6 = 97.2 

D = 97.2ᵒ – 60ᵒ = 37.2ᵒ 

 

 

TOTALLY REFLECTING PRISMS 

Glass prisms with angles 90ᵒ, 45ᵒ, 45ᵒ can be used as reflectors. They can be used to construct 

high quality periscopes better than plane mirror. The plane mirrors may not be best for 

constructing high quality periscope. This is because, plane mirrors form multiple images as a 

result of multiple refractions of light at the plane surface. But right angle isosceles triangular 

prism is used to construct quality periscope. The diagram of periscope using two isosceles 

triangular prisms is shown below. 
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Dispersion of white light : This is the separation of white light into its component colours of 

red, orange, yellow, green, blue, indigo and violet. The dispersion of light by the triangular 

prism is described by the diagram given below; 

 

 

 

 

 

 

 

 

The diagram above shows dispersion of white light through triangular prism. This dispersion 

is as a result of the fact that different colours of white light travel at different speeds through 

the glass. Thus, each colour is refracted in different direction or angle through the glass. The 

coloured pattern is known as the spectrum of white light. The red colour deviates least while 

the violet colour deviates most. But the red colour travels with the greatest speed while the 

violet travels with the least speed. All the colours travels with the same speed. We have seen 

dispersion of white light in the diagram above, if another prism is placed to intercept the 

refracted rays as shown below 
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The same arrangement of colours emerge on the screen but the colours are now more widely 

separated. 

If the second prism is inverted as shown below: 

 

 

 

The colours disappear and only a patch of white light will be visible on the screen. The 

disappearance of the colours is due the recombination of the colours to produce white light. 

Monochromatic light: This is light of one wavelength when it passes through a prism, 

refraction occurs without any dispersion. 

Monochromatic light of a yellow colour can be obtained from a sodium lamp, a special lamp 

containing sodium vapour. 

Production of a pure spectrum: A pure spectrum is that in which the colours are clearly 

separated or distinct from each other. The spectrum produced by a prism is an impure spectrum 
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because different colours overlap. To produce a pure spectrum, we use two converging lenses 

and a prism in an arrangement as shown below: 

 

 

The experiment is as described above, a narrow slit is made and illuminated by a bright source 

of white light. The slit is placed at the principal focus of the lens L1 to ensure that parallel rays 

are produced by the lens L1. The slit produces narrow coloured images to reduce chances of 

overlapping colours. A 60ᵒ prism disperses the white light into beams of coloured light in the 

form of parallel rays but at an angle to other beams. Another converging lens L2 brings parallel 

beams of different colours to a separate focus in the focal plane of the lens. Hence a pure 

spectrum is formed. Thus, to obtain a clear spectrum, we use a very fine slit and a bright light 

source. If the second lens L2 is removed, we can obtain a fairly pure spectrum as shown below: 

 

   

Colours of objects 

The colour of an object depends on the colours in the light incident falling on the object. A 

white object appears white because it reflects all the colours of the spectrum. If a red light is 

incident on it, it appears red. A black object in the day time appears black because it absorbs 

all the colours and reflects none. If it is illuminated by any colour eg blue light, it still appears 

black. However, green leaf appears green in the day time because it absorbs all the other colours 

of the white light but reflects the green. This is because it is in a day time and there is presence 
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of white light. But in a dark room, the green leaf looks dark or black if illuminated by any other 

colour. 

Additive mixing of colours 

We can obtain various colours by mixing the different colours of the spectrum. There are three 

colours we cannot obtain by mixing other colours. Hence, we have primary and secondary 

colours: 

i) Primary colours:  These are independent colours which cannot be obtained by mixing 

other colours. They are; Red, Blue and Green. 

ii) Secondary colours: These are the colours obtained by mixing or additive combination 

of two of primary colours. 

Examples: Red + Green = Yellow 

                  Green + Blue = Cyan 

                  Red + Blue = Magenta 

Hence, yellow, cyan, magenta are examples of secondary colours. 

EXERCISES: 

1) Under what conditions does total internal reflection occur 

2) Describe one phenomenon of total internal reflection in nature 

3) Describe and derive a relationship between critical angle and refractive index 

4) Explain what is meant by the pure spectrum 

5) Explain the following: 

a) Why does green grass appear green in daylight 

b) Why does red flower appear black in a dark room when illuminated by a blue light. 

 

 

 

 

WEEK 5 

REFRACTION OF LIGHT THROUGH LENSES 

LENS: This is a transparent material with two faces of which at least one is curved and a beam 

of light passing through it either converge or diverge. 

TYPES OF LENSES: 

i) Converging or Convex lens and  

ii)  Diverging or Concave lens. 

The converging (convex) lens makes a parallel beam of light to converge to a point. The convex 

lenses are thicker at the centre than at the edges. However, a diverging (concave) lens makes a 
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parallel beam of light to diverge from a point. The diverging lens are thinner at the centre than 

at the edges. 

Below are various types of lenses. 

 

 

Most lenses are made from glass but a few are made with quartz or plastic. 

PARAMETERS OF LENSES 

Optical centre: This is the point through which rays of light pass without being deviated by 

the lens. 

Principal axis: This is the line joining the optical centre of the lens and centre of curvature of 

its surface. 

Principal focus of a converging lens: This is a point to which all rays parallel and close to the 

principal axis converge after refraction through lens. 

Principal focus of a diverging lens: This is the point from which all rays parallel and close to 

the principal axis appear to diverge after refraction through the lens. 

Focal length: This is the distance between the optical centre and the principal focus of the lens 

Power of a lens: This is equal to the reciprocal of the focal length of the lens and it is measured 

in dioptres when f is in metres 

Mathematically, we have that 

P = 1/f where, P = Power, f = focal length. 

Note: light may pass through a lens in either direction, thus lens has two principal foci. 

We shall be dealing mainly with the biconcave and biconvex which are the most common in 

the school laboratory experiment 
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The diagrams below show how beams of light are converged by converging lens or diverged 

by diverging lens 

 

 

From the diagrams above, the principal focus of a converging lens is real while the principal 

focus of a diverging lens is virtual 

Formation of images by lenses:  

Construction of a ray diagrams: Three classes of rays are used to obtain the position and nature 

of the image: 

a) A ray from the object, parallel to the principal axis which refracts through the lens 

passes through the principal focus. 

b) A ray from the object passing through the optical centre of the lens , passes through 

undeviated. 

c) A third ray may also be used, A ray from the object passing through the principal focus, 

emerges parallel to the principal axis after refraction. 

The intersection of the three rays give the position of the image. The rays in this case are the 

emergent rays. Whenever we want to construct a ray diagram to locate the position and nature 

of image, we choose suitable scale and apply the above conditions. Diagrams below show 

formation of images by convex lens when the objects are placed at different position 
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When; 

Object is behind 2F: image between F1 and 2F1, image is real, inverted and diminished. 

Object is at 2F: the image is at 2F, real, inverted and the same size as the object. 

Object is between F and 2F: The image is beyond 2F, real, inverted and magnified 

Object is at F: The image is at infinity, the image is real, inverted and magnified. 

Object is at infinity: the image is at F1, the image is real, inverted and diminished. 

Object is between C and F: The image is beyond the object, the image is virtual, erect and 

magnified. 

 

 

 

 

Images formed by diverging or concave lens described in the diagram below 
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Note: for all positions of the object, the image formed by concave lens is erect, virtual and 

diminished. 

Simple problems on lenses 

The magnification (M) is defined as  

 

M =  Image height 

        Object height 

     =  distance of image from lens 

         distance of object from lens 

M = V 

        U 

The relationship between object distance u, image distance v and the focal length f, of a lens is 

given by the formular: 

1  +  1  =  1 

U     V      F 

Example1: 

An object placed 5cm in front of a converging lens of focal length 10cm produces a magnified 

image 8cm high find the size and position of the image 

Solution: 

U = 5cm, f = 10cm, height of the image = 8cm 

1  +  1  =  1 

V    U      F 
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1  +  1  =  1 

V     5      10 

1 = 1 – 1 = 1 – 2 = -1 

V  10   5       10      10   

1 = -1 

V   10 

V =  -10cm 

The image is virtual since the distance of the image is negative 

But M = V/U, where V = 10, U =5 

Therefore, M = 10/5 = 2 

Also, M = height of image 

                 height of objects  

         2 = 8 

               h 

         2h =8 

          h = 8/2 = 4cm    

Example 2: 

Find the nature and position of the image of an object placed 4cm from a diverging lens of 

focal length 10cm 

Solution: 

U = 4CM, f = -10cm, the focal length for diverging lens is negative 

Using; 

1  +  1  =  1 

V    U      F 

1  +  1  =  1 

V    4      -10 

1 = 1 – 1 = -2 – 5 = -7 

V  -10   4       20      20   

V = -20 

1       7 

V = -20/7 = - 2.86cm 
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The image is virtual and the same side with the object. 

EXERCISES: 

1) Distinguish between a real image and a virtual image and draw ray diagrams to illustrate 

how a converging lens can be used to produce each type of image. 

2) An object 1cm high is placed on the axis of a converging lens at a distance 7.5cm from 

the centre of the lens. If the focal length of the lens is 15.0cm, find by scale drawing 

the position , height, magnification and the nature of the image to be expected. 

 

 

 

 

 

WEEK SIX 

APPLICATIONS OF LENSES 

1) MICROSCOPES 

a) Simple microscope: This is a convex lens used to produce a magnified images of 

small objects. It can be used to read small prints and study biology specimen. 

 

 

  

 

 

 

from the diagram above, we have seen that when a converging lens is used as a simple 

microscope, the object is placed between the principal focus and the optical centre. The image 

formed will be virtual, magnified and erect.  
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b) Compound microscope: This consist the combination of two convex lenses of 

short focal lengths. The lens closer to the object is known as the objective lens while 

the lens through which final image is seen is known as the eyepiece. This compound 

microscope can be used to produce a higher magnification than that obtained from 

a simple microscope 

 

 

 

Note:O – Objective lens 

E – Eyepiece 

Fo – Focal length of the objective lens 

Fe – Focal length of eyepiece 

I1 – image of objective lens (magnified, inverted and real) 

I2 – magnified and virtual image of I1 

The magnifying power M of the compound microscope is given by the formular; 

M = M1 ˟ M2 

Where, M = magnifying power of compound microscope 

M1 = magnification produced by the objective lens, 

M2 = magnification produced by the eye piece. 

2) TELESCOPE: This is an instrument used to observe distant object. Types of 

telescopes include Astronomical telescope and Galilean telescope. 

The astronomical telescope uses two converging lenses, the objective lens has a long 

focal length while the eyepiece has a short focal length. 

The astronomical telescope is used in viewing distant objects like stars and planets. 

Galilean telescope uses a convex lens of long focal length as the objective lens while a 

concave lens of short focal length as the eyepiece. It is also used to observe a distant 

object. The magnifying power of the telescope is given by 

M = focal length of the objective = fo  

        Focal length of the eyepiece    fe 

3) SIMPLE LENS CAMERA: 
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This consist of a light-proof box with a converging lens in front and a light sensitive film at the 

back. The lens is used to focus images of the object to be photographed onto the light-sensitive 

plate or film. The simple lens camera has a fixed distance between lens and the film which is 

equal to the focal length of the lens. For simple cameras, this distance can be adjusted. 

However, to take a photograph, the camera lens is pointed at the object and the focusing ring 

is used to adjust the distance of the lens from the film until a sharp image is seen on the film. 

The exposed film can be treated by the chemical process known as developing and the image 

on the film can be printed on a special paper as picture. 

4) PROJECTOR: This is an instrument used for projecting on the screen an enlarged 

image of a transparent object. The projector consist of: small but powerful light source 

to illuminate the object which is usually non luminous, a converging mirror placed 

behind the light sources, a condenser consisting of two Plano-convex lens etc. 

HUMAN EYE 

 

 

The diagram of human eye is given above. However, the essential parts of the eye and their 

functions are given below: 

1) Ciliary muscles: They support the lens and attached it to the wall of the eye. They 

alter the focal length of the lens changing its shape by their contraction and 

expansion. 
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2) Iris: It is behind the cornea. It gives the colour of the eye. It acts as a stop or 

diaphragm of variable size. 

3) Lens: It focuses the light from the object onto the sensitive retina. 

4) Retina: This is the light sensitive area of cells at the back of the eye. The image is 

formed on the retina. 

5) Cornea: This is thick transparent bulge in the front part of the eye. It serves as a 

protective covering in front of the lens and allows light into the eye. 

6) Aqueous Humour (AH) and Vitreous Humour (VH) are liquids in front of and 

behind the eye lens in which the eye lens is suspended. 

7) Pupil: this is the circular opening or diaphragm in the iris through which light 

passes. 

8) The yellow spot (fovea centralis): This is the most light sensitive spot on the retina. 

9) Sclerotic layer is the outer covering of the eye. 

10) The blind spot is the point of exit of the optic nerve from the retina. It is insensitive 

to light. 

COMPARISON OF THE EYE AND CAMERA 

We can compare human eye and camera by listing their similarities and their differences. 

SIMILARITY BETWEEN EYE AND CAMERA 

1. Both the eye and the camera have converging lens to focus rays from an external object. 

2. Pupil in the eye serves the same function as the aperture of the camera. 

3. Both the eye and camera have light sensitive material on which rays are focused, the retina 

in the eye and the film in the camera. 

4. The iris in the eye serves the same function as the diaphragm in the camera, to regulate the 

amount of light entering the equipment. 

 DIFFERENCE BETWEEN EYE AND CAMERA 

1. The eye is a biological organ while the camera is a mechanical device.  

2. The eye can suffer from defects of vision unlike the camera. 

3. The distance between the lens and film in a camera can be varied while the distance between 

the lens and retina is fixed in the human eye. 

4. The eye lens has variable focal length while the camera lens has fixed focal length. 

ACCOMODATION: This is the ability of the eye to alter the focal length of the lens so as to 

form clear images of objects at different distances on its retina. This adjustment is through the 

action of the ciliary muscles. 

BINOCULAR VISION: This is the overlapping of the two images formed by both eyes which 

gives an impression of depth and solidity and makes it possible for us to see things in relief. 

NEAR POINT AND FAR POINT:  
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The nearest point at which an object can be clearly seen is called the near point. The farthest 

point at which an object can be clearly seen is called the far point. For a normal eye, the near 

point is about 25cm from the eye while the far point is at infinity. 

 

 

DEFECTS OF VISION: This is when the eye cannot function normally. Thus it occurs when 

the eye lens is unable to accommodate effectively .Two common types of defects of vision are 

long sight and short sight. 

LONG SIGHT (hypermetropia): This happens when the eye can see far objects but cannot 

see near objects clearly. This implies that near point of such eye is farther away than 25cm 

which is the near point to normal eye. An object at normal near point cannot be seen by this 

eye because the rays from the object are brought to focus at a distance behind the retina because 

the lens is not convergent enough or the eyeball is being too short. 

CORRECTION OF LONG SIGHT: This defect can be corrected with the help of a suitable 

converging lens placed in front of the eye. This converging lens helps to make the rays that 

would have formed behind the retina to form on the retina. 

Correction of long sight using convex lens. 

However, this convex lens makes the rays coming from the near point (N) to appear as if they 

are coming from the point (B) farther away from N. 
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EXAMPLE: 

A man has defect of vision, if his near point is 50cm, assume the least distance of vision of the 

normal eye to be 25cm. find the focal length of the lens required to correct his defect of vision. 

SOLUTION: 

For him to see object at 25cm clearly, the image must appear to be at 50cm 

Therefore U= 25cm, V = -50cm 

Using  1 = 1 + 1 

           F     U   V 

1 = 1 – 1 = 1 

F    25  50  50 

F = 50cm  

SHORT SIGHT (myopia): 

A short sighted person cannot see distant objects clearly. This is because the eyeballs are too 

long or the crystalline lens is too converging that rays from distant objects are brought to a 

focus in front of the retina. 

CORRECTION OF SHORT SIGHT: 

The defect can be corrected by placing a suitable concave or diverging lens in front of the eye. 

 

 

EXAMPLE: 

A short sighted man cannot see clearly object beyond 90cm from his eye. How can this defect 

be corrected 

SOLUTION: 

This defect can be corrected using a diverging lens and the image of the distant object must be 

made to appear to be at 90cm 

Therefore U = ∞ ( infinity) 
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V = -90cm  

 Using  1 = 1 + 1 

           F     U   V 

1 = 1  + 1  

F    ∞  -90   

But 1/∞= 0 

1/F = 0 + 1/-90▬► 1/F = -1/90 

Hence F= -90cm 

Thus, a diverging lens of focal length 90cm will be used to correct the defect. 

 

  Exercises 

1) List 3 similarities between the human eye and lens camera 

2) Give four differences between the eye and the camera 

3) What are the two common defects of vision and explain their method of correction. 

 

 

 

 

 

 

WEEK SEVEN 

SOUND WAVE 

This is an example of longitudinal wave. It is a disturbance which is produced by vibrating 

bodies. The vibrations cause the surrounding air to vibrate also producing a disturbance of 

the air 

SOURCES OF SOUND: Sound can be produced by almost any object that can vibrate. 

Some simple sources of sound include: vibrating tuning fork, drum, guitar, piano, etc. 

TRANSMISSION OF SOUND: Sound wave is a longitudinal wave. Also, it is a 

mechanical wave. Thus, sound travels through a material medium. The medium through 

which sound can travel includes solid like metal rod, liquids like water and gases like air. 

However, sound cannot travel in a vacuum. Vacuum implies environment where there is 

no air. This can be verified using electric bell experiment. 

EXPERIMENT: To show that sound cannot travel through a vacuum but requires a 

transmitting medium. 
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The apparatus is shown above. It consists of electric bell covered with a bell jar placed on 

a plate of a vacuum pump. The jar is made of air tight. When the electrical connection is 

switched on the bell is ringing and making some sound which is clearly audible. The pump 

is then switched on to remove air gradually. As the air is pumped out from the bell jar, the 

sound of the bell becomes fainter and fainter while the clapper is still seen to be striking 

the bell. No sound is heard when all the air is removed though the clapper is still seen 

striking the bell. When there is no air in the glass jar, it is said to contain vacuum which 

cannot transmit sound. When air is re-introduced in the bell jar, the sound is heard again. 

Hence, sound travels through a material medium and air is a material medium. 

 

PROPAGATION OF SOUND WAVE IN AIR 

The sound wave propagate through air by the vibration of the air molecules which is in the 

direction parallel to the direction of the travel of the sound wave. 

MUSIC AND NOISE 

Music is produced by vibrations of regular or constant frequency while noise is produced 

by the vibration of irregular frequency causing unpleasant mixture of sound. For example, 

the sound produced by a grinding machine is noise and not music. 

But music has regular vibration of frequency. 

CHARACTERISTICS OF SOUND 

There are three characteristics of musical note: pitch, loudness and quality 

1) PITCH: this is the feature of a musical note which enables one to differentiate a 

high note from a low note. E.g. on the piano keyboard, the right hand keys produce 

notes of high pitch while the left hand keys produce notes of low pitch. The pitch 

depends on the frequency of the sound wave. The pitch of a sound increases as the 

frequency increases and decreases as the frequency decreases. 

We can demonstrate that pitch depends on the frequency by using (a) a disc siren 

or (b) a toothed wheel 
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METHOD OF TOOTHED WHEEL 

 
 

As shown in the diagram above, a piece of cardboard is held against the rotating wheel. The 

frequency of the note produced is given as 

F = no of revolutions ˟ no of teeth in the wheel 

                             Time in second 

As the wheel rotates faster and faster, the pitch produced becomes higher and 

higher. 

 

METHOD OF DISC SIREN 

 
 

Disc siren consist of a circular metal plate with holes punched at regular intervals as shown 

above. When the plate is rotated and a jet of air is directed onto the holes on the disc, a note is 

heard. The frequency of the wave produced is given as 

F = no of revolutions ˟ no of holes in the ring 

             Time of revolution in second 

As the disc rotate faster and faster, the note emitted becomes of higher pitch and 

higher. If the air jet blows harder through the holes, a louder note is heard but its 

pitch remains the same. Hence, the pitch of a note depends only on the frequency. 

 

 

EXAMPLE: 

In an experiment to determine the frequency of a note, it was observed that the 

counter records a revolution of 600 for a time of 5minutes.if the disc siren has 50 

holes in a ring, what is the frequency of the note emitted? 

F = no of revolutions ˟ no of holes in the ring 

             Time of revolution in second 
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    =   600 ˟ 50 

          5 ˟ 60 

F =  100 vibrations per second or 100 Hz 

2) LOUNDNESS AND INTENSITY 

The intensity of sound is the rate of flow of energy per unit area perpendicular to 

the direction of propagation of sound wave. However, loudness is the magnitude 

of the sensation resulting from a sound reaching the ear. Thus, loudness depends 

on the intensity of the sound reaching the ear. Loudness also depends on the mass 

of air set into vibration. The greater the mass of air set into vibration, the louder 

will be the sound produced 

3) QUALITY OR TONE (TIMBRE) 

This is the characteristic of musical note which distinguishes it from another note 

of the same pitch and loudness produced by different instruments. The quality of a 

musical note depends on the overtones present in the note. Thus, a note played by 

a musical instrument is always a blend of the fundamental frequency and the 

overtones or harmonics of higher frequency. 

 

Exercises 

1. Give five sources of sound you know 

2. Explain the three characteristics of musical note 

3. Differentiate between music and noise 

 

 

 

 

 

 

WEEK EIGHT 

FORCED VIBRATION 

DEFINITION: Forced vibrations are those vibrations that result from an external periodic force 

acting on a system setting the system vibrating at the same frequency as the external periodic 

force. Examples of forced vibrations include; when a vibrating tuning fork is placed in contact 

with a table, the sound is observed to become louder because a greater mass of air in contact 

with the table has been set into vibration. Another example of forced vibration is the vibration 

of the cone of a loud speaker caused by the fluctuations in the current flowing through the 

adjoining voice coil. 

NATURAL FREQUENCY: This is the frequency with which the body or system will vibrate 

when it is left undisturbed after being set into oscillatory motion. E.g. the natural frequency of 

a simple pendulum depends only on the length of the pendulum according 
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 to the formular 

𝑇 = 2𝛱√𝑙/𝑔                       Where T = 1/f 

 

RESONANCE 

DEFINITION: Resonance is a phenomenon which occurs whenever a particular body or 

system is set in oscillation at its own natural frequency as a result of impulses or signals 

received from some other system or body which is vibrating with the same frequency. We have 

mechanical resonance and Acoustical resonance 

MECHANICAL RESONANCE: Example of mechanical resonance is observed when a diver 

jumping up and down at one end of a diving board sets the board into resonance and so gain a 

high uplift before diving. 

 

 

 

The diagram above shows four pendulums. If the pendulum B is set oscillating at its natural 

frequency, shortly, it will be observed that other pendulums will begin to swing slowly except 

C which will swing in unison with B. eventually, all the pendulums will swing in unison with 

B due to resonant vibration in the case of C, but due to forced vibration in the case of D and A. 

 

ACOUSTICAL RESONANCE: Example of acoustical resonance can be described with 

tuning fork and a burette tube as shown below 
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When the tuning fork is set into vibration and held over the top of burette tube containing water, 

as the water runs out slowly through the tap, there will be associated increase in the loudness 

of the sound from the air column of the tube until a stage when the loud sound produced is 

loudest. At this stage of loudest sound, resonance is said to occur. At this stage, the air 

molecules in the air column of the tube are set at their own natural frequency as a result of the 

forced vibrations received from the prongs of the tuning fork which are vibrating at the same 

frequency. Resonance can be applied in the tuning of a radio set to a broadcasting station. 

However, the radio is tuned to a station when the frequency of its receiver circuit is set in 

resonance by the incoming radio wave. 

VIBRATIONS IN STRINGS AND PIPES 

a. Vibration of strings (transverse waves): If a string fixed at both ends B and C, is plucked 

gently in the middle as shown below 

 

 

A stationary and transverse wave is set up in the string with nodes at B and C while the antinode 

is at the middle where the string is most free to move. In this mode of vibration, the vibrating 

string produces a sound of the lowest possible note whose frequency is called the fundamental 

frequency. Distance between two consecutive nodes is λ/2 and is equal to the length (l) of the 

string. 
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Therefore L = λ/2 or λ = 2L 

But for any wave, V = fλ where V = velocity, f = frequency and λ = wavelength 

We have V = f λ = f2L 

Therefore V = f2L or f = V/2L 

Hence, the fundamental frequency produced by a length L, is given as fo = V/2L 

HARMONICS AND OVERTONES IN A STRETCHED STRING 

We have seen that fundamental frequency is the lowest frequency obtained from a plucked 

string when the string vibrates in one loop. However, higher frequencies which are whole 

number multiples of the fundamental frequency can also be produced in the string. These 

are called the harmonics or overtones of the fundamental eg 2fo, 3fo, 4fo, etc. if a stretched 

string is fixed at both ends B and C, to obtain the harmonics, we can touch the string with 

finger at the centre O and plug the string at P such that BP = L/4 and L is the length of the 

string. The string vibrates in two loops or segments as shown below  

 

  
The nodes are at the points B, C and O. The two antinodes which are the points of maximum 

displacement are at P and Q. But BO = OC = λ/2 

Here, L = λ/2 + λ/2 = λ 

Therefore, L = λ 

The note produced in this mode is called first overtone or second harmonic and the frequency 

(f1) of this overtone is given as: 

F1 = V/λ = V/L         (since   λ  = L) 

For second overtone, the string can vibrate in three segments as shown below: 
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In this second overtone, L =   λ + λ/2 = 3λ/2       

But V= fλ 

Therefore, the frequency of second overtone (f2) is given as:  

f2 = 3V/2L 

In summary we have: 

F0 = V/2L         Fundamental frequency or 1st harmonic 

F1 = V/L          2nd harmonic or 1st overtone 

F2 = 3V/2L    3rd harmonic or 2nd overtone and so on. 

If f0 is the fundamental frequency, the harmonics are:  2f0, 3f0, 4f0, etc. 

Sonometer: It consists of a hollow sounding-box with a wire stretched along its length. It can 

be used to study the frequency of the note produced by a plucked string. The diagram of 

sonometer is shown below: 

 

 

Experiment shows that the frequency of the vibrating wire is inversely proportional to its 

length,  

F ∝
1

𝑙
     𝑜𝑟    𝑓 =

𝑘

𝑙
 

Where K is constant. 

Also, the frequency of a vibrating wire is directly proportional to the square root of its tension 

when length is constant, that is,  

F  ∝  √𝑇 

The frequency of a vibrating wire is inversely proportional to the square root of its mass per 

unit length when other factors are kept constant. Hence,  

F ∝
1

√𝑚
 

Thus, a thinner wire produces sound of higher frequency or pitch than a thicker wire.  

The frequency of a vibrating stretched wire depends on three factors: 

1. Length of the string L, 

2. Tension T, and 
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3. Mass per unit length, M.  

The three are combined to give: 

f ∝
1

𝑙

√𝑇

𝑚
   n      or f = 

𝑘

𝑙

√𝑇

𝑚
 

Where K is the constant, T is the tension  in Newtons, M is mass per unit length in kilogram 

per metre, L is length in metre. For the fundamental mode of vibration, K= ½  

Therefore, f0 = 
1

2𝑙

√𝑇

𝑚
 

Where  f0    is the fundamental frequency, the frequency of first overtone is given as  

F1 = 
1

𝑙

√𝑇

𝑚
 = 2𝑓0 

Also, frequency of second overtone is: 

F2 = 
3

2𝑙

√𝑇

𝑚
= 3𝑓0 

 

Example: 

A metal wire of mass 2g and length 20cm is under a tension of 64N. Compute 

i. The fundamental frequency 

ii. The first and second overtones 

iii. The speed of a transverse wave in the string. 

Solution  

L = 20cm = 0.2m, T = 64N, m = 2 x 10-3/ 0.2 kgm-1 

a. From f0 = 
1

2𝑙
 √64/( 2 x 10 − 3/ 0.2 kgm − 1) 

= 
1

0.4
𝑥 √(64𝑥100) 

1/0.4 x 80 = 200 per sec or 200Hz 

b. 1st overtone = 2 x 200 = 400Hz 

2nd overtone = 3 x 200 = 600Hz 

c. From V= f0λ and  λ= 2l, we have V=f0 2l = 200 x 2 x 0.2 

= 80ms-1 

 

Vibrations of air columns (Longitudinal waves in pipes) 

An air column is air contained in a tube or pipe. When one end is open and one is closed , it is 

called a closed pipe. But when both ends are open, it is called an open pipe. 

Vibrations produced in closed pipes: When air vibrates inside a closed pipe (that is, pipe closed 

at one end). The waves produced are reflected at the ends producing a longitudinal stationary 
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wave along the length of the pipe. The air particles at the closed end cannot move, there is a 

node at the closed end and antinode at the open end. When we blow gently at the open end, the 

wave created at this open end travels through the air column and reflected back at the closed 

end. The note produced is of fundamental frequency. By blowing harder across the open end 

of the pipe we generate a note of higher frequency as shown in the diagrams below: 

 

 

The diagrams above describes modes of vibration in a closed pipe. In the diagram (a) L = λ/4 

or λ= 4L  

Fundamental frequency (f0) will be given as : 

F1 = V/λ = V/4L = 3f0 

In the diagram (b), L = 3λ1 /4 or λ1 = 4L/3 

Therefore, frequency (f1) of the first overtone will be given as: 

F1 = V/λ1 = 3V/4L = 3f0 

In the diagram ©, L = 5λ2 /4 or λ2 = 4L/5 

Therefore, frequency (f2) of the second overtone will be given as: 

F2 = V/λ2 = 5V/4l = 5f0 

Also, the frequency of third overtone will be:  

F3 = V/λ3 = 7V/4l = 7f0 etc.  

Hence for closed pipes, the possible harmonics are: f0, 3f0, 5f0, 7f0, etc. 

 

Vibrations in open pipes:  

Stationary waves set up in an open pipe has antinodes at both ends. For the fundamental mode 

of vibration, the midprint is a node while the open ends are the antinodes as shown below 
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In the diagram (a) L = λ /2   or       λ  =2L 

The fundamental frequency f0 is given as:  

f0 = V/ λ = V/2l 

In the diagram (b) L = λ1 

The frequency (f1) of the first overtone is given as:  

F1 = V/λ1 

In the diagram © L = 3λ2/2 or λ2 = 2L/3 

The frequency (f2) of the second overtone is given as:  

f2 = V/λ2  = V/( 2/3l)  = 3V/2l = 3f0 

Hence, in open pipe, the harmonics present are: 2f0, 3f0, 4f0, etc both even and odd harmonic 

are present as overtones 

 

Resonance tube method of determining velocity of sound in air:  

The velocity of sound in air can be determined by resonance tube as shown in the diagrams 

below 

 

 

 

When the tuning fork of known frequency is set into vibration and brought close to resonance 

tube filled with water as shown above, as the water is gradually letting out through the tap, the 

length of air column increases. The first resonance occurred when a loud sound is heard. The 
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length of air column at first resonance is measured as l1. By further letting the water out through 

the tap, at the second resonance, another loud sound is heard again and the length of the air 

column at this stage can be measured as l2  . Thus, we have as follows: 

At first resonance, we have that:  

λ/4 = l1 + c --------------- (1) 

where c is the end correction 

at second resonance, we have that: 

3λ/4 = l2 + c -------- (2).  

C implies that antinode does not exactly coincide with top of tube… 

Therefore, (2) – (1)  ------ λ/2 = l2 – l1   

Or λ = 2 (l2 – l1) : ( but V = fλ) 

Therefore, V = 2f(l2 – l1) 

 

Example: 

In the experiment to determine velocity of sound in air using a resonance tube, a student 

observes that a loud sound is heard when  water level was 30cm below open end. Another loud 

sound was heard when the level of water was 60cm below the open end. If the frequency of 

tuning fork is 100hz, find the velocity of the sound obtained. 

Solution: 

Using: V = 2f (l2 – l1) 

Where, f = 100Hz, l2 = 60cm = 0.6m, l1 = 30cm = 0.3m 

Therefore, V = 2 x 100 x (0.6 – 0.3) = 2 x 100 x 0.3 = 60ms-1 

Applications of sound waves in musical instruments 

Sounds are produced by vibrating bodies. Musical instruments can produce sound by setting 

the source into vibration either by striking, plucking etc. Thus, musical instruments are 

classified as: 

a. wind instrument: examples are; flutes, trumpets, pipe organs, etc. 

b. stringed instrument: examples are ; guitar, sonometer, piano, violin, etc. 

c. percussion instruments: examples are; bells, gongs, talking drums, xylophones etc. 

 

Velocity of sound waves: 

Velocity of sound wave is given as:  

V = fλ where V = velocity in metre per second, 
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F = frequency in Hertz 

λ = wavelength in metre 

 

Example: 

Calculate the velocity of wave whose frequency is 200Hz and wavelength is 1.5m. 

Solution: 

V = fλ = 200 x 1.5 = 300ms-1 

 

Echo: This is a sound heard after the reflection of sound waves from a plane surface. However, 

if one stands at a distance d, from a wall and claps hand, when the echo of the clap is heard, 

the distance travelled by the sound will be given as 2d. Hence, the velocity of the sound for 

receiving the echo will be:  

V= 2d/t 

Application of echoes 

1. determination of speed of sound in air. 

2. determination of the depth of a sea. 

3. detection of submarine 

4. exploration for gas and oil. 

Sound waves have some characteristics like other waves such as: refraction, diffraction and 

interference. 

Note: Polarisation is not a characteristics of sound wave since sound wave is a longitudinal 

wave but polarisation is a characteristics of transverse wave. 

 

Inverse square law in relation to transmission of sound wave: The intensity (E) of sound at 

any point is inversely proportional to the square of the distance of the point from the source of 

the sound given as:  

E = E0/d
2  

Where E0 = Intensity at source of the sound (d=0) 

E = Intensity at a distance d from source 

 

WEEK TEN  

ENERGY AND SOCIETY 
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Energy can be defined as the capacity to do work. On the other hand, society can be defined as 

the people living together in a community. Energy exists in many different forms: Examples 

of these are : Light energy, heat energy, mechanical energy, chemical energy, nuclear energy, 

sound energy etc. 

Renewable energy: 

This is energy generated from natural processes that are continuously replenished. This 

includes sunlight, water, wind etc. 

Non-renewable energy: 

This is energy which cannot be replenished in a short period of time. Such energy can be 

obtained from crude oil, coal, etc. 

Sources of Energy 

1. solar energy: this is the energy obtained from the sun. the energy can be harvested using 

collector panels to create conditions that can be turned into a kind of power. However, many 

homes use solar system to supplement their electricity. 

2. wind energy: wind power can be used in the production of electricity. The wind power can 

be used to turn the turbine which can then turn a generator to produce electricity. 

3. fossil fuels: these include coal, petroleum,etc. They are non-renewable resources. The 

combustion of these fuels releases their  chemical energy which can power machines such as 

electric generators, vehicles, etc. 

4. nuclear energy: this is a form of energy obtained from nucleus of some heavy elements such 

as Uranium. The reaction are of two types; Fusion and Fission. But fusion has not been 

performed. Thus, only fission reaction can be used to produce electricity. Fission reaction 

involves the splitting of the nuclei of heavy elements. This reaction produces greater energy 

content than  fossil fuels. 

Diversification and Conservation of Energy. 

Energy diversification means using different energy sources to run public services while enrgy 

conservation is the act of reducing consumption through using less of an energy service. 

However, conservation of energy is the principle that energy is not created or destroyed but 

can change from one form to another. 

Environmental impact of energy use 

Global warming: This is the gradual heating of earth’s surface as a result of too much carbon 

dioxide (CO2) in the atmosphere, which acts as a blanket, trapping heat and warming the planet. 

For example, when we burn fossil fuels like coal, oil and natural gas for energy or cut down 

and burn forests, carbon accumulates and overloads our atmosphere.  

Greenhouse effect: this is a natural process that warms the earth’s surface. However, 

greenhouse effect is the process by which radiation from a planet’s atmosphere warms the 

planet’s surface to a temperature above what it would be without its atmosphere. This 

greenhouse effect is caused by greenhouse gases which include water vapour, carbon dioxide, 

methane, nitrous oxide, etc. 
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The following steps are involved in the greenhouse effect: 

Step 1: Solar radiation reaches the Earth’s atmosphere – some of this is reflected back into the 

space. 

Step 2: The rest of the sun’s energy is absorbed by the land and the oceans, heating the earth. 

Step 3: Heat radiates from Earth towards space. 

Step 4: Some of this heat is trapped by greenhouse gases in the atmosphere, keeping the Earth 

warm enough to sustain life. 

Step 5: Human activities such as burning fossil fuels, agriculture and land clearing are 

increasing the amount of greenhouse gases releases into the atmosphere. 

Step 6: This is trapping extra heat and causing the Earth’s temperature to rise. 

Hence, Global warming is gradual increase in the overall temperature of the Earth’s atmosphere 

as a result of greenhouse effect caused by increased levels of carbondioxide and other 

pollutants. 

 

Oil spillage: This is the release of a liquid petroleum hydrocarbon into the environment due to 

human activity and is a form of pollution. Oil spillage is usually applied to marine oil spills, 

where oil is released into the ocean or coastal waters, but spills may also occur on land. Also, 

oil spills may be due to releases of crude oil from tankers as well as spills of refined petroleum 

products (E.g diesel), or spill of any oily refuse or waste oil. Thus, oil spillage is one of the 

impact of energy use to the environment. 

 

Energy crises: An energy crisis is any significant (bottleneck; logistics; or price rise) in the 

supply of energy resources to an economy.  

 

Conversion of Energy 

Definition: This is the process of changing one form of energy into another form.  However, 

some forms of energy are given below: 

Mechanical energy, Electrical energy, heat energy, sound energy, chemical energy, radiation 

energy, etc. 

Energy can be transformed from one form to another. Examples of energy conversion are given 

below: 

1. Mechanical energy can be converted to electrical energy. For example, A generator 

converts mechanical energy to electrical. Also, electrical energy can be converted to 

mechanical energy e.g. Electric motor converts electrical energy to mechanical energy 

etc. 

 

However, energy conversion can be described as shown below:  
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Mechanical to Electrical  e.g. Generator 

Mechanical energy to heat energy e.g. heat engine (car engines) 

Mechanical energy to sound energy e.g. when you clap your two hands, your 

mechanical energy will be converted to the sound energy of the sound of the clap. 

Electrical energy to heat energy e.g. Electric heat converts energy for electricity to heat. 

Electrical energy to mechanical energy e.g. Electric motor converts electrical energy to 

mechanical energy. 

Electrical energy to light energy e.g. Using electric bulb 

Radiation energy to electrical energy e.g. using solar panel. 

Chemical energy to Electrical energy e.g. using batteries such as dry cells, lead acid 

accumulator, etc. which converts chemical energy of the acid to electrical energy. 

Electrical energy to chemical energy e.g. when recharging batteries such as lead acid 

accumulator. 

Chemical energy to mechanical energy e.g. Our bodies convert chemical energy from 

the food into mechanical energy to allow us work. 

Mechanical energy to chemical energy e.g. when charging batteries through wind mills, 

etc. 

 

 

 


