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Refraction 

The speed of light in vacuum is 2.998 x 108 m/s. However, when light travels in a 
medium, it slows down. When light travels from one medium to another, it bends due to 
the change in velocity from one medium to another. The amount of bending can be 
described by Snell’s Law  

𝑛𝑛1 sin𝜃𝜃1 = 𝑛𝑛2 sin𝜃𝜃2 

where n1 and n2 are the indices of refraction for the different media and θ1 and θ2 are 
the angles that the light makes with respect to the normal in the media. In the first part 
of this week’s lab, you will measure how light bends as it goes from air to glass and 
back to air. One of the many common places you see refraction is when you look at a 
straw in a glass of water. The straw does not appear to be straight when you look at the 
water-air interface. 

 



Polarization 

Light is an electromagnetic wave and has wave properties. In an electromagnetic wave, 
the electric field, magnetic field, and direction of travel are all perpendicular to each 
other (See Figure 1 on page 293 of your lab manual.1). The electric and magnetic fields 
oscillate in time. The polarization direction of the light wave is defined as in the direction 
of the electric field since the electric field will affect the charges that the light wave 
interacts with (Recall that magnetic fields exert a perpendicular force on moving 
charges.). For example, microwaves interact with water molecules when heating your 
food. Recall that oxygen atoms in water molecules are very electronegative, meaning 
they pull strongly on the electron that is shared by the hydrogen atoms. This imbalance 
of sharing causes the water molecules to be polarized. The oscillating electric field of 
the microwaves causes the water molecules to rotate around as they align with the 
oscillating electric field.  

 

 

 

 

When the water molecules rotate, they bump into each other, and energy is converted 
to heat. You may notice that frozen food takes longer to heat than food with liquid water. 
The water molecules are more rigid in ice and cannot move as well to bump into each 
other so that it takes longer for your frozen food to heat. (Here is a Phet that simulates 
microwaves heating water https://phet.colorado.edu/en/simulation/legacy/microwaves,2 
but it requires Java to be installed unlike the other Phets we have used thus far. If you 
do not want to install Java, then you can ignore this link.) 

Sunlight is unpolarized. There are many rays of light that are coming to you in all 
directions. If all of the light rays have their electric field vectors in the same direction, 
then the light is considered linearly polarized. Your sunglasses are polarized to block 
the horizontal polarization of sunlight that reflects off of water or glass or the ground. 
During the polarization part of the lab, you will use a polarizer to polarize the light 
coming from a diode laser. You will then use a second polarizer called an analyzer to 
measure the intensity of light transmitted by the analyzer as a function of the analyzer 
angle. You should find that almost 100% of the light is transmitted when the polarizer 
and analyzer are rotated so that they align with each other and almost 0% of the light is 
transmitted when the analyzer is aligned 90° to the polarizer. See Figure 4 in the lab 
manual to make sure you understand how the experiment works.1 
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https://phet.colorado.edu/en/simulation/legacy/microwaves


Questions: 

1. What was the improved version of polarizing material that Edwin Land invented 
in 1938 (see page 292 of the lab manual1)? 

2. What is the intensity of light proportional to? 
3. Explain where Malus’ Law comes from. 
4. What is Brewster’s angle? 
5. How can we find Brewster’s angle for light incident on a glass slide?  

Things to remember during the lab: 

1. DO NOT TOUCH THE OPTICS WITH YOUR FINGERS!!!! Touch the black 
holders not the optics. 

2. Try to touch the frosted sides of the glass block for the index of refraction. Be 
careful not to drop or hit the block against anything. 

3. You can rotate the front piece of the laser to decrease the light intensity on your 
detector to 85%. 

4. Make sure you rotate the analyzer (and not the polarizer) in 5° increments when 
doing the experiment (see Figure 5 in the lab manual1). 
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