
Updated: Aug 2006

Course: sph 3U1

Unit: LIGHT
Lesson 2: Title: Refraction and Snell’s Law

Apparatus needed: laser, container to be filled with water (and a touch of soap) to demonstrate refraction

Bellwork: copy diagram and terminology for reflection off of a flat surface (p 329, Nelson)

Preliminaries: (can watch video “Physics Demos in Light, part 1”)
take up homework
students need to bring rulers 

Lesson:

When light goes from one medium to another it bends – this is called refraction.

What is a medium? (example: air to water or glass) 

DEMO: laser through beaker filled with water - or try plastic rectangular container.
>coin not visible in dish until water is poured in
 (spear fishing/ shooting an object underwater -- however, a laser will hit the object if you aim right at it!)

WHY DOES IT BEND? (real answer: need calculus to figure this out, has to do with the way that light travels through matter, atomic structure, etc.)
* because the index of refraction is different. This means that the speed of light is changes as it passes from one medium to the other. It is different in different media. Why? too complicated!!

Index of Refraction (symbol n)




    n = c/v


n is dimensionless and is different for different materials. What is n in vacuum? Can n be negative or less than one?
see Table 1 on page 334: what things do you notice about the various indices of refraction? 
(e.g. gases are all basically the same)
Example: nH2O = 1.33  What is the speed of light in water?

n = c/v

1.33 = 3.0 x 108 m/s  / v
.: v = 3.0 x 108 m/s  / 1.33
= 2.55 x 108 m/s

(light slows down in matter. c = maximum speed. 
Discuss Cherenkov radiation (seen at Bruce Nuclear -- cobalt samples under water)
- neutrons going faster than the speed of light in water ==> blue glow.

Refraction (the bending of light)

When light goes from a low n material (less dense) to a high n medium it bends towards the normal and vice versa.  (*** you have to memorize this ***)
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Analogy of car skidding to one side when wheels hit snow/mud.  Also soldiers marching.

(* Explain lateral displacement)

Is there any way of telling what the angle of refraction should be? Yes!

Snell’s Law (1621 A.D.)

General form of Snell’s Law:
n1sin (1 = n2 sin (2 


where the subscripts 1 and 2 indicate two different media.



(don’t worry about ‘sine’ -- just think of it as a key on your calculator)
Example: a beam of light hits the surface of a swimming pool at 60( from the normal. At what angle does the light travel in the water?

let medium 1 be air then medium 2 is water;
 
n1sin (1 = n2 sin (2
1sin60( = 1.33 sin(2



note that sine is a function
sin (2 =  sin60o / 1.33 



make sure your calculator is in degree mode.
sin (2 = 0.6511     
(2 = sin-1(0.6511)



 you have to take the inverse sine to get the angle
    = 40.6(




Is one example enough?
 
Has the light bent towards or away from the normal? What should it have done?


Principle of reversibility -- nice when it works -- light does -- if I can see you, you can see me.
(rechargeable batteries, motor/generator, heat pump, solar cells X)

Homework: Nelson: p 333 # 2,3,  p335 #1-4, p338 #1,2, p340#1

Martindale: p 423 #1-4, p 426 #1-3
Evaluation: (only do the general form of Snell’s law -- otherwise they get confused.)

Nelson has good understanding and calculation questions at the end of chapter 9. Use for review/tests.
p 352 #1, 6, 8 (n=c/v), 10 (Snell’s law), 12 (critical angle), 15

You need to know this equation.
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