SNC 2DI


 Refraction
We have discussed how light travels in a straight line as long as it stays in the same medium. But what happens when light moves into a new medium?

[image: image1]
Air

Air

Air



Air

Water

Air

When light crosses a _______ into a new medium it bends changing the ray’s direction. When a light ray _______ it is called ____________.

Light refracts because when travelling through a more _____________ medium it slows down. Optical density is a measurement of how much light is slowed down by a medium. Light travels the fastest in a vacuum like in space. The speed of light in a vacuum is ____________. In all other mediums it is slower.

First let’s review some terminology:





Air




Water

Rules of Refraction

1. When light travels from a less __________ dense medium to a more optically dense medium the refracted ray bends _________ the normal.

Air



Water

2. When light travels from a more optically dense medium to a less optically dense medium the _______________ bends away from the __________.

Water


Air

3. When the angle of incidence is 0, no ____________ occurs.

Air


Water

Light refracts because of its ______________ properties but refracting light can be thought of like a car.


Road

Mud


Road

Mud


Mud

Road
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Think of your car as a beam of light. When it comes to a barrier with mud if there is ___ angle it will ____ affect the direction of the car.

If you approach mud on an angle, the tires contacting the mud will __________ while the tires on the road will keep going the same speed. This will turn the car into the mud. The opposite will be true for leaving the mud.

Index of refraction

The index of refraction:




n = c/v
n = 
c = 

v = 

Let’s do a practice problem together.

You are told that the index of refraction for glass is 1.5. What is the speed of light in glass? (use the G.R.A.S.P. method)

Application: White Light and Prisms:

Q – How do prisms form little rainbows?



11.2 Partial Refraction and Total Internal Reflection

*When an incident ray strikes a surface, some rays reflect forming a mirror image and some rays refract, ie penetrate through the surface… this is called partial reflection and partial refraction

*As the angle of incidence increases, more light is reflected than refracted

Examples:
*sunset – lots of rays are reflected that is why the surface of a lake or pond sparkles at that time of day


*Mid day – there would be more refraction than reflection, cause the sun is directly overhead

Rear view Mirrors
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Critical Angle:

water

air

Critical Angle – the angle of incidence that produces an angle of refraction of 90 degrees

Total Internal Reflection: when the angle of incidence is greater than the critical angle, all the light is reflected within the medium and is not refracted

Applications:

*Glass Prisms: the critical angle for glass and air is 42 degrees, therefore shining a light at 45 degrees will cause all the light to be internally reflected




*Retroreflectors – bike reflectors




*light comes in and is reflected back




*Reflectors ONLY work when light is shined 




on them

*Optical Fibres aka Fibre Optics: (Total Internal Reflection)

-can carry hundreds of phone conversations, cable and tv signals and data


-used in medicine and lab procedures



Snells Law…

Review -  Draw the estimated refracted rays for the following diagrams …

Diagram A





Diagram B

n = 1.00





n = 1.33



n = 2.42





n = 1.00
*From the lab of Refraction Light we completed we know that 



sin i  =  n



sin R

Since there is a relationship of sin of the incident ray and sin of the Refracted ray the above equation can be developed further into… Snells’s Law


 n1 sin O1 = n2 sin O2
Therefore we can use this equation to determine the angle of incidence OR angle of refraction OR the critical angles.  Let’s practice with the questions below.
Ex.  Light travels from crown glass into air.  The angle of refraction in air is 60 degrees.  What is the angle of incidence in glass?

Note: Critical angle occurs when the angle of refraction is 90 degrees, therefore determine the following;

*Determine the critical angle for when light travels from crown glass into air.

Refraction Practice Questions:

1. What is the index of refraction of a solid in which the speed of light is 1.943 X 108 m/s.

2. Determine the speed of light in a diamond.

3. What is the speed of light in glycerine?

4. Determine the time taken for light to travel a distance of 3500 km along the core of an optical fibre.

5. Determine the change in the speed of light as it passes from ice into water, n for ice is 1.31.

6. What is the index of refraction of a material if the angle of incidence in air is 50 degrees and the angle of refraction in the material is 40 degrees?  What is the substance?

7. If the index of refraction for diamond is 2.42, what will be the angle of refraction in diamond for an angle of incidence, in water of 60 degrees?

8. A ray of light passes from water into carbon disulfide (n=1.63) with an angle of incidence of 30 degrees.  What is the angle of refraction in the carbon disulfide?

9. A diver shines her flashlight upward from beneath the water at an angle of 30 degrees to the vertical.  At what angle to the vertical does the beam of light emerge from the water?

10. What is the critical angle in flint glass when light passes from flint glass into air?
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Lenses

Lenses are defined as 

Converging Lenses





Diverging Lenses

NOTE: A glass block that has 2 flat sides, will cause rays of light to be __________________, but does not cause rays of light to diverge or converge, there a glass block is ____ a lens.


Aberrations:

*Spherical Aberration




*Chromatic Aberration

-applies to mirrors





-applies to lenses

-occurs when there are irregularities in an image
-the edge of a lens is similar in shape to prisms

in a curved mirror that result when reflected rays
therefore, chromatic aberration occurs when

from the outer parts of the mirror do not go 

light strikes the edge of the lens and light is

through the focal point




dispersed into its individual colours

Lenses Terminology

*Principle Axis:

*Axis of Symmetry

Ray Diagrams for Converging and Diverging Lenses

Principle Rays for Converging Lenses:



Principle Rays for Diverging Lenses:
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