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PHYS 110U - PHYSICS


Lesson 6: Light waves II

·  Objectives
· Explain with the aid of diagrams what is meant by ‘critical angle’ and ‘total internal reflection.

· Calculate critical angles and relate to total internal reflection

· Draw diagrams illustrating applications of total internal reflection

· Describe how a prism may be used to produce a spectrum from a source of white light 

· Discuss the significance of Newton’s prisms experiments for scientific methodology
Total internal reflection (TIR) is the phenomenon which involves the reflection of all the incident light off the boundary. TIR only takes place when both of the following two conditions are met:

· a light ray is in the more dense medium and approaching the less dense medium. 

· the angle of incidence for the light ray is greater than the so-called critical angle. 

In our introduction to TIR, we used the example of light traveling through water towards the boundary with a less dense material such as air. When the angle of incidence in water reaches a certain critical value, the refracted ray lies along the boundary, having an angle of refraction of 90-degrees. This angle of incidence is known as the critical angle; it is the largest angle of incidence for which refraction can still occur. For any angle of incidence greater than the critical angle, light will undergo total internal reflection.


So the critical angle is defined as the angle of incidence which provides an angle of refraction of 90-degrees. 
Make particular note that the critical angle is an angle of incidence value. For the water-air boundary, the critical angle is 48.6-degrees. For the crown glass-water boundary, the critical angle is 61.0-degrees. The actual value of the critical angle is dependent upon the combination of materials present on each side of the boundary.
The critical angle can be found from Snell's law, putting in an angle of 90° for the angle of the refracted ray. This gives: 
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Applications of total internal reflection
(1)Optical Fibres


Optical fibres are fibres or thin rods of glass glass fibers which can transmit light with no reduction in intensity. Optical fibres make use of total internal reflection, as seen in Diagram 6. 
[image: image6.png]Diagram 6: Side view of an optical fibre




A digital light signal is given. The light that travels inside the fiber hits the surface with an angle of incidence greater than the critical angle so that all light is reflected toward the inside of the fibre. By repeating this process thousands of times, light can be transmitted over long distances.

Endoscopes, which are able to transmit light to certain locations that otherwise are hard to reach, uses optical fibres and total internal reflection. Diagram 7 shows how a doctor will be able to see inside a human knee..
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Diagram 7: Medical use of optical fibres




Optical fibres are also in the heart of communication networks including the Internet and local area networks (LAN).

(2) Binoculars
Binoculars are optical instruments that are able to magnify distant objects. They are actually compact telescopes. Interestingly enough, it makes use of total internal reflection. A pair of right-angled prisms is often used to bend the path of light. It is the work of total internal reflection that shortens the length of the light.

Diagram 8 shows the path of a light ray after entering the binocular.

[image: image2.png]Diagram 8: Total Internal Reflection in binoculars (image courtesy of
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(3) Periscope
Periscope is an instrument for observation from a concealed position. In its simplest form it is a tube in each end of which are mirrors set parallel to each other and at an angle of 45° with a line between them.

A periscope may be used as a toy or for seeing over people's heads in a crowd. This form of periscope, with the addition of two simple lenses, was used for observation purposes in the trenches during World War I. Periscopes are also used in some gun turrets and armored vehicles.

More complex periscopes, using prisms instead of mirrors, and providing magnification, are used on submarines. The overall design of the classical submarine periscope is very simple: two telescopes pointed into each other. If the two telescopes have different individual magnification, the difference between them causes an overall magnification or reduction

[image: image3.png]Periscope

Light Ray

Eye





Dispersion
Newton had shown that light rays that we obtain from the sun consist of seven different colours – red, orange, yellow, green, blue, indigo and violet. When rays of the sun are made to pass through a glass prism, we will see the seven different colours.
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The splitting of a ray into its component colours is known as dispersion of light and the band of colours is known as a spectrum. A spectrum of yellow light from a sodium lamp will remain yellow itself. This means that light rays from a sodium lamp do not show dispersion. 

To understand how white light is made up of seven different colours, do the following. Take a disc and mark seven sectors on it. Colour each sector as red, orange, yellow, green, blue, indigo and violet. Now rotate the disc at a high speed. You will notice that the disc, instead of showing seven colours, will start looking white to your eyes.

White light consists of photons of various wavelengths (or colours). The wavelength of red photon is the longest and the wavelength of the violet photon is the shortest. Thus when a white light passes through a glass medium like a prism, different photons cross the medium at different speeds. The red colour appears at the top of the spectrum because it is deviated the least or it is refracted the least (less bending). On the other hand, the violet end of the spectrum is bent the most or refracted most, as it takes longer to traverse the glass medium. 

When two prisms are placed with their vertices and bases in the opposite direction as shown below, a ray of white light will come out as a white light only.   
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The first prism PQR disperses the white light into seven different colours. The second prism P’Q’R’ recombines the dispersed light rays into one white light again. The emerging white light appears to be the same. This is the reason why we do not see any spectrum with a glass block. 

The rainbow :  A rainbow is seen when the sun appears in the sky after the rains. The moisture in the atmosphere behaves like tiny prisms, dispersing the sun’s rays into seven colours (Vibgyor). The red colour appears on the top of the rainbow and the violet colour appears at the bottom. 
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