
Updated: Aug 2006

Course: SPH 3U1

Unit:
LIGHT

Lesson 3: Title: Critical Angle & Total internal Reflection

Apparatus needed: prisms, laser, light pipes for laser, beaker of water, ray boxes (flashlights don’t work), polar graph paper, lucite semicircles
( small aquarium with water in it (on desk), paper behind it and under it. At which positions can you not read the paper? (because it turns silvery)?
Bellwork: Light shines from water (n=1.33) to air (n=1).  If the angle of incidence in water is 55(, what is the angle of refraction? (impossible -- the refracted ray wants to bend more than 90()
What is the angle of refraction when (i = 0 ? Sketch this.

Preliminaries: check homework; take up homework
Explain what happens when incident light is perpendicular to surface.

Lesson: 

When light shines from a medium of higher index or refraction to a medium of lower index of refraction, the light bends away from the normal.  i.e. (R > (i . (Does this make sense to you?)




n=1
 (R







n=2



       (i



What is the maximum that (R can be?  90(


The maximum angle of incidence is when  (R = 90 . This angle is called the critical angle, (c.
What happens when (i > (c ?  No light is refracted.  You can’t get an angle of refraction greater than 90(.  So all of the light is reflected internally. This is called TOTAL INTERNAL REFLECTION.


(diagram - various incident angles -- critical, total internal reflection)
(diagram -- add (c and 90( ray)

NOTE: this is only possible when light goes from a higher n to a lower n.
The amazing thing about this is that it is just the glass surface that reflects. It doesn’t have to be shiny or a mirror.  The laws of physics don’t let any light get out (because you can’t get sin-1 of a number greater than 1)

DEMO: laser & light pipe, pass around prisms, looking up from underwater (can see in swimming pool or large beaker), Fibre optics.


Swimming pool -- under water looking up -- looks shiny (see bottom of p427-Martindale)

How can we find the critical angle? n1sin(1 = n2sin(2.  When (2 = 90(, (1 ( (c. 
(sin(c = n2/n1 (note that n2 > n1) for light to bend away from the normal. 


* We will only ever talk about critical angles going into air, not into other substances ( sin(c = 1/n

e.g. for diamond, n = 2.42, find (c …
…

(c = 24o

For  water (c = 49o 

Higher index of refraction ( smaller critical angle ( easier to get total internal reflection

Homework: 

Nelson: p 342 #1,2  p345 #1,2
Read section 9.7 (p 346 – 350). If you have questions on this, ask me tomorrow.


· Assignment: List at least 3 devices that use total internal refraction. Explain why T.I.R. is important to the operation of the device.
(binocular, periscope, SLR camera, fibre optics - communication as well as endoscopy, diamond sparkle).
Explain how a mirage works, based on index of refraction

· ( Fibre optic cable has a glass core with n = 1.50. The thin glass cladding has n=1.47. What is the critical angle of the glass core?
· Martindale: p428 # 1-3 Read section 15.7 and make sure that you can list 3 uses of total internal refraction.
Mini LAB: May have to leave this for tomorrow -- just instructions today?

· 

(this takes most of the period)
*** go over exactly how to do this. ***
(polar paper, semi-circle, raybox, black insert – all on blackboard …)
Purpose: Find the index of refraction for the Lucite semi circles using three measurements.

1. for some angle, find (i and (R . Calculate n

2. repeat for different angles

3. find the critical angle and use this to calculate n.

· Draw the three rays in three different colours. 

· Hand in graph paper with calculations on back.

· Explain why semicircles.

Evaluation:
(this lesson may take two days)

Illustrate this with two metre sticks (acting as the two rays)








