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OutlineOutline

� The Nature of Light
� Electromagnetic Waves

� Faraday’s Law of Induction
� Maxwells’ law of induction

� The Speed of Light
� Light and Energy

� Reflection and Refraction Basics
� Law of Reflection
� Law of Refraction (Snell’s Law)

� A Closer Look at Refraction
� Chromatic Dispersion
� Total Internal Reflection
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The Nature of LightThe Nature of Light

� Isaac Newton
� Showed that a prism could break up white light into a 

range of colors, which he called the spectrum.

� The recombination of these spectral colors re-created 
the white light. 

� Used the seven color names Red, Orange, Yellow, 
Green, Blue, 

Indigo, and Violet by 
analogy with the seven 
notes of the musical 
scale.
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Electromagnetic (EM) WavesElectromagnetic (EM) Waves

Electric Field: ( )sinmE E kx tw= -

Magnetic Field: ( )sinmB B kx tw= -
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Induced Electric FieldInduced Electric Field
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� Faraday’s law of induction
� Changing magnetic fields produce electric fields
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Induced Magnetic FieldInduced Magnetic Field
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� Maxwell’s law of induction
� Changing electric fields produce magnetic fields
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The Speed of LightThe Speed of Light

� Fizeau and Foucault (1850)
� Improved upon Galileo’s two lanterns…

� Used one light and a mirror to reflect back…
� Gives speed with accuracy of ~1000 mi/s…

� Albert Einstein’s Theory of Relativity
� The speed of light is the same for all observers, no matter 

what their relative speeds. 
� The laws of physics are the same in any non-accelerating 

(or inertial) reference frame.
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The wavelength/frequency range in which 
electromagnetic (EM) waves (light) are visible is 
only a tiny fraction of the entire electromagnetic 
spectrum.

The Spectrum of LightThe Spectrum of Light
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Light and EnergyLight and Energy

� The wavelength of light determines the color we see .
� The energy of light is determined by its frequency.

l
hc

hfE ==

Thermal images often use 
false or Inverted colors…

A greater wavelength corresponds 
to  a lower energy…

This is Einstein’s 
Photo-electric Effect
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Although normal light waves spread (disperse) as they move away 
from a source, we can approximate its travel as being a straight line 
(a “ray”). This approximation is referred to as geometrical optics.

Reflection and RefractionReflection and Refraction

When a narrow beam of light encounters 
a glass surface part of the ray reflects
from the surface and part refracts through 
the surface.

1 1'q q=

Law of Reflection:

2211 sinsin qq nn =

Law of Refraction:
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� When light travels in a material its’
velocity is slowed down.

� The index of refraction measures the relative speed 
of light in different materials:

� When light travels from one material to 
another it bends by an angle that depends 
on the index of both materials.

� Snell’s law allows one to calculate the angles that light 
is bent by when going from one material to another:

Refraction of LightRefraction of Light

v
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2211 sinsin qq nn =
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For light going from n1 to n2:

(a)  n2 = n1 ® q2 = q1
(light not bent)

(b)n2 > n1 ® q2<q1
(light bent toward normal)

(c) n2 < n1 ® q2 > q1
(light bent away from normal)

Refraction ScenariosRefraction Scenarios ……
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Refraction Refraction PhysletPhyslet

Adapted from Physlets at Davidson  College.

View Physlet Online at: http://www.evsis.org/applets/Refraction.html
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The index of refraction n encountered by light in any medium except 
vacuum depends on the wavelength of the light. So if light consisting 
of different wavelengths enters a material, the different wavelengths 
will be refracted differently; this phenomenon is referred to as
Chromatic Dispersion.

Chromatic DispersionChromatic Dispersion
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Consequences of DispersionConsequences of Dispersion

Chromatic dispersion can be good (e.g., rainbows)

or bad (e.g., chromatic aberration in lenses)

When viewing a specimen under a 
microscope, for instance, vapor 
may cause dispersion of light from 
and produce multiple images of the 
specimen…

lens

Water is very dispersive, so when sunlight is 
refracted as it enters water droplets, it is reflected 
off the back surface, and again is refracted as it 
exits the water drops… blue is refracted more 
strongly than red… droplets that are closer to the 
rainbow center refract/reflect blue light and 
droplets at larger angles will refract/reflect red 
light...
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For light that travels from a medium with a larger index of refraction to 
a medium with a smaller index of refraction n2>n1 ® q2 >q1, as q1

increases, q2 will reach 90o (the largest possible angle for refraction) 
before q1 does.

Total Internal ReflectionTotal Internal Reflection

1 2 2sin sin90cn n nq = ° =

n1
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Critical Angle:
1 2
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When q2 > qc no light is 
refracted (Snell’s law does 
not have a solution!) so no 
light is transmitted; this is 
referred to as Total Internal 
Reflection.
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Total Internal ReflectionTotal Internal Reflection

�90sinsin 21 nn C =q

Snell’s Law:

Internal Reflection:

1

2sin
n
n

c =® q

Total internal reflection can be used, for example, to guide/contain light along an optical fiber; 
applications for this abound from telecommunications to medicine…

View Physlet Online at: http://www.evsis.org/applets/Internal.html
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Activity Activity –– Applets & ProblemsApplets & Problems

� Take a look at the online 
applets…

� Try some refraction problems 
too…

Your Name (Print ):         Date:    
Group Members:                 
                  Group:    
 
 

Reflection and Refraction Applets 
 

1. Reflection: 
Go to:  http://micro.magnet.fsu.edu/primer/java/scienceopti csu/reflection/   

 
What do you notice about what happens when you change the angle of incidence? 
 
 
 
What do you notice about what happens when you change the wavelength? 
 
 
 

 
2. Refraction: 
(a) Go to:  http://micro.magnet.fsu.edu/primer/java/scienceopti csu/refraction/    

 
When the applet begins, it shows white light passing through a prism. Begin by switching to 
monochromatic light = light of one color (one wavelength).  
 
What do you notice about what happens when you change the angle of incidence? 
 
 
 
What do you notice about what happens when you change the wavelength? Pay attention to the numbers 
too! 
 
 
 
What do you notice about what happens when you change materials? How does refraction (the amount 
the light is bent) vary with n? 
 
 
 
Now change back to white light , and explore dispersion. Note the dispersion = different angles for 
different colors (or wavelengths or frequencies).  
 
How does the dispersion change if you switch from ice �  crown glass �   diamond �   lead sulfide? 
[Each material has a number next to it which is its value of n = the index of refraction.] How does 
dispersion seem to vary with i? 
 
 
 
 
What do you notice about what happens to the dispersion when you change the angle of incidence? Be 
certain to look at 0
. 


