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Sunlight has a “blackbody spectrum”

• All objects emit electromagnetic radiation that is associated with their 
temperature.

• The spectrum of their thermal radiation is called “blackbody radiation”.
• The surface of the sun is about 5800 C, and the associated light peaks 

in the visible range.
• To our eyes, this mixture of wavelengths appears essentially white.



What is Rayleigh scattering?

• In Rayleigh scattering, the air molecules act almost like little 
antennas, absorbing electromagnetic waves and reemitting 
them.

• The fact that the light is absorbed and reemitted slows it 
down a bit.  More on this later.  

• The amount of Rayleigh scattering depends in an important 
manner on the wavelength of light and the particles that are 
doing the scattering.



Blue skies, red sunsets

• Light from the sun transmitted through the 
atmosphere around sunset  has shorter 
wavelengths removed (because they are 
scattered away) leaving the light to appear red. 

• Light transmitted through the atmosphere 
closer to the middle of the day has some short 
wavelengths removed, giving perhaps a slightly 
yellow tint to the light.

• Parts of the sky where the sun is not present 
still give off light because of Rayleigh 
scattering.  These parts appear blue because 
these are the wavelengths that are most 
strongly scattered.



Blue skies, red sunsets

• At left, an excess of blue light is scattered by the atmosphere causing 
the sky to look blue.

• At right, light from a sunset is transmitted through the atmosphere, and 
in the process, has much of its shorter wavelengths scattered away 
leaving it looking yellowish or reddish.  The light from the area around the 
sun is first scattering off of things like dust particles, which is why 
sunsets are more dramatic when there is lots of pollution.



The refraction of light

• Refraction is the phenomenon in which light that is traveling along in 
one medium and passes into another medium has its direction changed.

• It is governed by the indices of refraction of the two media and the 
angle with which it hits the interface.  

• The index of refraction, n, is the factor by which light travels slower 
than the speed of light in a vacuum.  

speed of light in medium = c / n



The speed of light in a medium

• When an electromagnetic wave passes from vacuum into a medium with an 
index of fraction greater than one (n > 1), it slows down.

• The frequency of the light must necessarily stay the same.
• Since the frequency stays the same, the wavelength must get shorter.
• New wavelength = old wavelength / n



Refraction

• When an electromagnetic wave crosses an interface at an angle between 
vacuum and a medium with an index of fraction greater than one (n > 1), its 
direction bends into the medium.

• One way of understanding this is recognizing that even with the shorter 
wavelength, the “wavefronts” in the two media still need to line up along the 
interface.



Rainbows - how do they work?

• In a rainbow, droplets of water act both as reflectors and as natural 
prisms.

• The refraction of light rays is slightly different for different  wavelengths, 
which separates the light according to its color.

•  The phenomena of the refraction being different (because n is slightly 
different) for different colors is called dispersion.



Refraction is also how lenses work

• By sending light through a curved surface, different rays of light are all 
focused down to a single point.

• This is how light from the sun can be focused down to a small spot to ignite 
a fire.

• This is also how lenses are used to form images of things, in cameras, etc.



Interference

• Interference occurs when light waves from different places 
arrive at the same place and combine.

• If the waves are “in phase” with one another, they interfere 
constructively.

• If the waves are “out of phase” with one another, they interfere 
destructively.



Interference

• Any time we see thin films, such as in soap bubbles or oil slicks, we can see the 
effects of interference.

• Depending on the exact angle with which we view the thin film, different colors 
will be interfering constructively or destructively.

• Thus, different parts of the film (which we view from  slightly different angles) 
will appear to be different colors.




