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     Electromagnetic waves and geometrical 
optics

               

                 6.1 Electromagnetic waves

           



Types of waves
There are two types of waves:- 
  Transverse wave and
  Longitudinal waves
  In transverse wave , the vibrations are at right angle to the 

direction of movement.



  Mechanical waves travel through some medium ( material) with time. 
They have frequency , period ,wavelength and amplitude.
Mechanical wave transport energy and not material.

                     Electromagnetic wave
   It comes electric current and magnetic field
  It produce when magnetic field and electric field are at right angle to 

each other.
  they carry energy and momentum.
 It is transverse waves
 Do not medium through which it travel. They can travel through vacuum



      Representing transverse wave

 Amplitude :- is the distance that the wave moves above or blow the base line.
  Frequency of the wave is the number of the complete wave passing a given point 

in a second.
 Wavelength :- is the distance between successive equivalent point ( usually taken 

as peak or trough).



Relation between frequency , wave length and speed
The frequency ,wavelength and speed of waves are related as:-
V== wave length(m) and V=speed m/s 
•  



            Some use of electromagnetic waves
used for :-
           - Visible light 
              -X-ray which used to take picture in side the body to
                    show any bone fracture
             -Infrared radiation :- used for inferred cameras

           6.2 Reflection of light
          Rectilinear propagation of light

Rectilinear propagation of light simply means that light waves travel on straight line.

 Low of reflection
Low of reflection state that :-
  When measured from the normal:-
  Angle of reflection is equal to angle of incidence(<r=<i)



 The reflected ray lies in the plane which contain the incidence 
ray and normal ray.



Concave mirror

Concave mirror is a mirror with a reflecting surface that bulges inward , away from the 
light source. 

Using the law of reflection the image formed by the plane mirror 
  Erected
  Virtual
  Laterally inverted
  The size as object

 Concave mirror and magnification.

Concave mirror forms:-
  Virtual 
   the image is larger than the object
  image formed is magnified if and only if the objets distance is less tha the focal length.



Convex mirror

  Convex mirror reflect the light as it spread out.
  convex mirror can not form a real image ,it form virtual 

which means short away behind it.



Terms used in concave and convex

  Principal axis :- is the line passing through the optical vertex 

and center of curvature of the face of curved mirror.

  Principal focus :- is the point at which all light reflecting from 

a curved mirror converges.

  Radius of curvature :-is the radius of the sphere that forms the 

basic curve of concave mirror



Terms used in relation to concave and convex 
mirrors



Distance between real and virtual image

•  



= + 

Example:- A mirror has a focal length of 200mm (0.20m) . If an object 
is placed 0.60mfrom the mirror ,where will the image is formed.

Solution :-=

                               =  -

   = -

                       =  

   = 3.33m (30cm, 300mm).

Therefore ,a screen would have placed 300mm back from the mirror.

•  



Finding the position and nature of the image formed by concave and convex mirror using the mirror 
equation and ray tracing methode

  Figure below shows how we can find the position and nature of 
the image formed by concave mirror by using a ray tracing 
method.





Example :- You stand 15cm away from a converging mirror of focal 
length of 20cm . 

a. Work out the distance of the image.

b. Given :-  f= 20cm ,  =15cm

Required :- = ?

Solution      =   -  

                     =   -  

                     =   

    =  

 =-60cm

                   =  ( 60cm there fore virtual image is formed)

•  



The magnification relationship for mirror.

 Magnification (M) = 

                          M=

From the above example what is the magnification of an object.

Solution:-  = 60cm

 =15cm

                 M=   =   = 4

Table below summarize about curved mirror 

•  



Continued….



An object is 10cm from plane mirror. The angle of incidence on a 
plane mirror is . 

Draw the diagram to show the situation and work out 

a. the angle of reflection 

b.  the position of the virtual image 

Example 2:- Find the position and the nature of the image formed by 
the concave and convex mirror in figure below.

•  





Answer sheet 1



Example 3:- An image formed on screen is three times the size of 
an object. The object and the screens are 80cm when the image is 
sharply focused. 

a . What is the type and the focal length of the lens used ? 



Example 4:- A candle of height 10cm is placed in front of concave 
mirror whose focal length is 25cm .

a. where the image is formed and what is its type



6.3 Refraction of light
  Refraction is the change in the direction of travel of a light beam 

that occurs as the light crosses the boundary between one 
transparent medium and another. This means bending of light as it 
cross between two media.

  Refraction is a bending of light as it pass from one medium to 
another of different optical density.

  Light is refracted because its speed change when it inters different 
medium.





Which way does the light get bent?
 Light is bent toward the normal  when the second medium is more denser 

than the first medium.
 Light is bent away from the normal if the first medium is more denser than 

the second medium.

 A few consequence of refraction of light :- we determine an object when the 
light enters our eyes.

The refractive index and Snell's law

Refraction index is a measure of the extent to which a medium is refract light. 
The greater the number of refractive index is the greater refraction is produce.

Water has a refractive index of 1.33 , while that of common glass has 1.5 , then 
from this light is bend toward the normal because of refractive index of glass is 
greater than water.



Snell’s law
  Whenever light cross a boundary between two transparent medium . The sine of 

the angle on each side of the boundary near a constant ratio to each other.

/ = n, is also 

 = is the incidence angle 

 = is the refracted angle

N = is the constantan of the ratio which is called refractive index.

If the boundary is with a vacuum ( or near enough with air ) the number of refractive 
index of the medium is given by

  =This is for the two

Medium have refractive index of  and 

Example :- Light travel in air meets the surface of the block of Perspex at an angle of 
incidence of Inter the block at an angle of refraction of  . Calculate the refractive 
index of Perspex.

•  



Solution./ = n

=n

n= 1.49

•  



Lateral displacement  

Lateral displacement is the perpendicular distance between the 
path way of incidence light ray and the one that emerges other 
refraction from two surface of a medium.





The extent of lateral displacement is depends on :-
  The angle at which the light is incidence on the outer surface of 

the glass block. At the angle incidence of 0o ( that is it hits the 
block at right angle to its surface) the lateral displacement is of 
course nil. At the angle of incidence increase so does the 
displacement.



Apparent depth

From figure below shows small object “O’ under water. If it is light 
bulb , it is giving off its own light; If it is the tip of fish’s tail , the 
light is being reflected off it . Light with in the cone drawn in the 
diagram ends up in your eye. 



The light comes out from the water will bent from the normal.

The relation between apparent and real depth is given by

n=   This is not the definition of refractive index, merely a way of predicting what 
is the apparent depth will be. It offers way to find the refraction index of the liquid.

Internal total reflection
 Total internal reflection of light is a phenomena which take place when light 

pass from optical denser medium in to a less denser medium  and the angle of 
incidence is greater than the critical angle  , say from water to air.

•  



Figure

  It occurs for an angle of incidence greater than the critical angle.
 Critical an angle  is defined as the angle of incidence for which the angle of refraction 

is . Using Snell's law

 = n 

The critical angle is depend on the refractive index of the materials i.e. smaller for 
material higher refractive index.

•  



 Total internal reflection is occurs if
 Light travelling in a medium such as water or glass comes to a surface 

with a medium in which it travel fast( usually air). 
 It hits the inside of this surface at an angle of incidence greater than the 

critical angle.
 Example;- An ordinary glass has a refractive index of about 1.5  . Work 

out its critical angle at boundary with air.

                                                        solution:-  = n 

 = 

                                                                                 =  

                                                                                  = 

•  



Total internal reflection and its uses in optical fibers
  An endoscope is a device used by a doctor to see inside the body. 

It consist of two bundles of plastic fiber which can be passed 
down the throat. For example to view stomach. One bundle takes 
the light down to illuminate the area , while the others takes the 
reflected light backs to construct the image.

  Telecommunication companies can use light waves to convey 
messages and in formation in much the same way as they use 
radio waves.

  A fiber can be used to monitor the temperature inside a jet engine. 
The optical cable carries the radiation from hot surface inside to a 
pyrometer mounted out side the engine.



Convex and concave lenses
Convex lenses acting on a beam of parallel light to bring it to a focuses.
 like prism , it works by refraction at the two face. 
 The principal axis of the lens is the line passing through the center of the 

lenses , perpendicular to it. 
 A convex lens focusing a beam of parallel light .
 To measure of the strength of a lens , used by opticians is to specify its 

power. 

The power of a lens  =
 So the larger number go with the stronger lens
 The unit of power in the optical lens will be which given the name 

“diopters”

•  



Thus with a lens whose focal length of 20cm would be have a 
power of   = 5 diopters.
 A concave lens is similar except that abeam of light parallel to 

its principal axis will emerge spreading out , as if coming from 
its principal focus.

•  



                Magnification(M)
 A magnification of the less than 1 means that the image is 

smaller. 
  A magnification (m) defied as the height of the image divided 

by the height of the object.



M= =  

The thin lens formula

The lens formula  is given by

= + 

Example;- An object is placed 40cm from converging lens of focal length 
20cm . Where will the image be formed and what is its magnifications?

Given ;- = 40cm             b)   M=  =  = 1

                f = 20cm

 - =  

-=

si= 40cm

•  



How to find the position and nature of image formed 
by convex lens using a tracing methods.

Convex lens are similar to concave mirror in their forming 
properties as shown below





Sign convection used in lens calculations:-

1. Focal length a convex ( converging ) lens is taken as positive , while the 
focal length of the a concave ( diverging ) lens is taken as negative.

2. The image distance  is positive for real images , and negative for virtual 
image.

3. The object distance is positive for real object and negative for virtual. 

Example :- An object 2cm long is placed on the axis of a diverging lens of 
focal length 5cm, at distance of 9cm. 

a. What is the image formed?

b. Where the nature of the image formed?

c. what is its magnifications?

d. How tall is the image

•  



Sign convection used in lens calculations:-

1. Focal length a convex ( converging ) lens is taken as positive , while the 
focal length of the a concave ( diverging ) lens is taken as negative.

2. The image distance  is positive for real images , and negative for virtual 
image.

3. The object distance is positive for real object and negative for virtual. 

Example :- An object 2cm long is placed on the axis of a diverging lens of 
focal length 5cm, at distance of 9cm. 

a. What is the image formed?

b. Where the nature of the image formed?

c. what is its magnifications?

d. How tall is the image

•  



Diffraction and interference
  The bending of light as it pass the edge of an obstacle is 

called diffraction.
  Diffraction explain the wave nature of light.

     Interference of light

Interference occurs when light pass through two slit. After the 
light pass trough the slit , there is a series of bright fringes and 
dark bands seen in the screen. The bright fringes are lines of 
constructive interference. The dark fringes are lines of destructive 
interference. 



  

END OF THE              

   UNIT
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