TAP 317- 4: More about Snell's law

This page will help you to understand where light rays go when they are refracted; it also includes worked examples using Snell's law, and some background ideas which may answer any remaining questions you have about the way in which light rays are refracted.
More about Snell's law

Diagrams for different angles of incidence

Glass has a higher refractive index than air. It may help to think of glass as a '(optically) denser' material than air.
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Entering an optically denser material: the ray bends towards the normal.
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Greater angle of incidence i: greater angle of refraction r.
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Entering a less optically dense material: the ray bends away from the normal.

Note: There is always a partially reflected ray with the angle of incidence equal to the angle of reflection. 
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If a ray is travelling in the opposite direction, the angles are the same as before. (Compare with the diagram above.)
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For a rectangular block: the final ray is parallel to the initial ray.
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A lens: shaped so that the ray bends twice in the same direction.

Note: A ray only bends at the point where it travels from one medium to another. It doesn't curve as it passes through the glass.
Worked examples

Example 1
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Find the angle of refraction r. 

Snell's law gives: 
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EMBED Equation.3[image: image9.wmf]
Rearranging:
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Substituting in values: 
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To get sin 25 use the sin button on your calculator.
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Here, you use the unfortunately named sin–1 button on your calculator – usually inv and sin buttons.

(We say ‘r is the angle whose sine is 0.282' or ‘r is arcsin 0.282'.)

Example 2
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In example 1 the ray of light was entering glass from air. It slowed down – that's what the refractive index tells us. In this example, the ray is leaving the glass and entering air. It speeds up. In Snell's law we must put n = 1 / 1.5 (the refractive index is the reciprocal of 1.5). 'Reciprocal' means 'one over' – look for the 1 / x   key on your calculator.

Snell's law gives:
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Rearranging (as in example 1):
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Substituting in values:
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Normal incidence

What happens when a ray of light hits the glass at 90?
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The incident ray is travelling along the normal, so this is sometimes called 'normal incidence'.

The angle of incidence is 0 (not 90, because we measure from the normal to the ray).

The angle of refraction is also 0. This means that the ray passes straight through without bending.
Why we draw the normal
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If a ray of light hits a curved surface, where will it go? If we measured angles from the ray to the surface, we would have problems. The surface is not flat, so we can't say what the angle is.

For a curved surface, we can always draw the normal. Then we can be sure how big the angles are.

The same applies to reflection. When a ray strikes a curved mirror, we draw the normal to work out where the reflected ray will go.

Practical advice

Help with Snell's law, including ideas about the angles to measure, how to use the equation and the special case of normal incidence, will probably be required.

Alternative approaches

Students could be asked to set up ray boxes, glass blocks etc to reproduce the diagrams on the sheet.

Social and human Context

Newton believed that light probably travelled faster in glass than in air. Students could find out about different attempts to explain refraction and to explain Snell's law using particle and wave models. Later on, least time principles will provide a more satisfying explanation.

External references

This activity is taken from Advancing Physics chapter 4, 70S
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