Chapter 26

The Refraction of Light: Lenses and Optical
|nstruments



Speed of Light Inside a Material

We have already seen that the speed of light in avacuum is given by:

¢ 3.00 108%

but this speed isonly for a vacuum (it is believed thisis the fasted speed light can
have). If light passes through another medium, its velocity islessand is given by:

€ speed of light in avacuum

V - .
n index of refraction

This index of refraction varies by material and is what changes the speed of light in
various materials.



|ndex of Refraction

Refraction implies that light is bent as it passes from one medium to another. Once inside
a medium, light follows a straight path. Once it enters another medium, it is bent with an
amount according to the index of the new medium and the old medium.

As light enters the gray area, it is bent toward
\\ the normal of the material.
Norma e Notice, as the light ray leaves the gray
\ materia, it continues with the same direction it
~ originaly had before entering the material but
h not the same path.




Snell's Law

The index of refraction outside the gray
material isn, and n, isthe index of the

gray material.




Refraction is Not the Whole Story

Not only do we have afraction of
the ray entering the material but we
also have a portion which is
reflected from the front surface.

Recall the law of reflection which
states the reflected beam occurs at
the same angle as the incident ray (as
measured from the surface normal).




Light Exiting a Material

Here we see alight ray exiting from a
materia which has a higher index of
refraction than the surrounding air.

Notice how the ray bends away from
the norma to the surface when it
exits the material.

Once again, Snell's Law would give
you numbers if you knew the angle of
Incidence.
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Apparent Depth

Actual
depth

Light is reflected from the chest at the bottom of the lake.
Once the rays hit the surface, the travel from a medium
with a higher index of refraction (water = 1.33) into a
medium with alower index (air = 1.00).

L\ /,1 Thisforcesthe light to bend away from the normal.
“’/f‘“ The person standing at the back of the boat is tricked into
o ok thinking the chest is less deep than it is since the brain
: e cannot account for this refraction and believes the chest is
at a position located by following the rays to where they
() converge.
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Total Internal Reflection

Let'slook at Snell'sLaw again: n;sin ;, n, ,
and apply it to aray leaving amaterial.

What would happen if ¢, was 90°? That would

mean no light ray would leave the material. If
no light leaves, all the light must be reflected
back into the material.

Thisis called total internal reflection and occurs
for incident light with an angle greater than
some angle called the critical angle!

Fiber optic cables work using this principle.




Total Internal Reflection (2)

Snéll'sLaw: n,sin , n,sin ,
The critical angle isfound when:

. . 0
n.sn ; n,sn90
n.sn , n,

Total Internal Reflection occurs when:



Fiber Optics

Fiber optics are made of three different
layers of materials.

The core (inner most layer) is a very
thin glass fiber.

Core gotras _ _
Coating The next layer is caled the cladding.

o e This is made from a material which
http://electronics.howstuffworks.com/fiber-optic1.htmr€flects the light back into the glass

—— core.
@ The fina layer is called the buffer

@ ® coating which provides strength and
protection to the fiber allowing it to flex
Cutnel & Johnson without breaking.
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Brewster's Law

Unpolarized incident light Polarized reflected light
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2
Partially
polarized
+_ refracted
\ light

A non-metallic surface will reflect light in
such a way as to partially polarize it. This
means that normally unpolarized light will
become linearly polarized when it reflects
from something like water.

There is one particular angle which will
fully polarize light known as the Brewster
Angle given by: N,

tan ~—
n2
Since only one polarization is reflected by
the surface the remaining polarizations
continue into the reflecting material. Note

that the angle between the reflected and

refracted rays is 90° when the incident beam
Is at the Brewster angle.



Prisms

Glass prism

Up until now, we have only considered light
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@ ® What happens if you pass two different
frequency rays through a material?
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Recall the index of refraction is given by: v £ and the speed of light is
n

related to the frequency and wavelength by: v f so we can relate the

wavelength of light in a material to the index of refraction: (%) ni

The frequency of light does not change when you change materials so the

wavelength must change as you change materials. This separation of light

into its different wavelengths is called dispersion.



Thin Lenses
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Say you wish to focus an image at one particular point in space. We could use the prism
we saw in the previous dide to accomplish this except parallel rays incident on the prism
would refract into parallel beams. If we wish the parallel rays to be focused at one point,
we need something called a lens.

A lens differs from a prism by having a curved surface vs. the straight one found on a
prism. This surface curvature is what focuses parallel rays onto a single point known as the
focal point.



Diverging Lenses
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There may also be a time where you may wish to spread light rays across a given
area. A converging lens like we saw previously focuses the light to a single point

which is not what we want. Here we need a diverging lens.

Notice the curvature of this type of lensisin the opposite direction to a converging
lens. Also notice if you continue the refracted rays back to the front side of the lens,
you would find they all converge a one point on the front side of the lens. This is
the focal point of adiverging lens.



Thin Lens (2)
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lmages Formed by Converging Lens
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Follow these steps to determine the image
formed by a converging lens.

A) Draw a ray, from the object tip, parallel to
principle axis, to the center of the lens and then
through the focal point on the other side.

B) Draw a ray from the object tip through the
center of the lens.

C) If the object is such that the near focal point is
between the lens and the object, draw one last
ray from the tip through the near focal point to
the center of the lens then continue it parallel to
the principle axis.

The place where these three rays meet is the tip
of the object asfocus by the lens.




Image formed by a Diverging Lens
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To determine the image formed by a diverging lens, follow these steps:

A) Draw one ray from the object tip, parallel to the principle axis, to the
center of the lensthen follow aline from the near focal point out.

B) Draw asecond ray from the tip thought the lens center.

Theimagetip is located where the two rays intersect.



