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PHY-120
Refraction

Materials:
Materials:
Cup with penny
Plexiglass from optics kit

Larger Mirror
Glasses and Prisms
Straight Edge

Refraction of light refers to the bending of a light ray when it enters a medium where the speed of light is 
different. The refraction of light when it passes from a fast medium to a slow medium bends the light ray toward
the normal to the boundary between the two media. 

1.  Dissapearing Coin 
Tape a coin to the bottom of a cup. Have your partner look at the coin. Now move the glass away from your 
partner (who is also told not to move his or her head during the experiment) until she or he cannot see the coin. 
Now fill up the cup with water. What happens?

Draw a diagram of the light rays when the cup is filled with water.

2.  For a light ray incident from air to water, which of the following pictures is correct?

3.  For a light ray incident from water to air, which of the following pictures is correct?
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4. When a light beam hits with a material, some of the 
light is reflected, and some is transmitted. The 
transmitted light is refracted with an angle θtran which 
is called the angle of refraction. The subscript “tran” is
short for “transmitted”. The includes both reflection 
and refraction. Note that θin and θref are the same, while
θtran has a different angle. This angle is determined by a
property of material called the index of refraction.

Fill the square plastic with water and a pinch of 
powdered milk.  Place the square plastic container 
below, and study the path of the laser beam for a 
variety of angles, θin. Aim the laser at the star.

Can you see the refraction? 

As θin increases, what happens to θtran? 

    θin
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6. Examine the setup below.  We know that the laser beam will travel straight until it reaches 
the surface, then refraction will prevent it from following the dashed line.  Predict what path the beam will 
follow when it enters the container, and what path it will follow when it exits.  Draw your prediction, then set up
the laser and container according to the diagram.

Why does it follow this particular path?
The beam after it exits the water, is it parallel to the dashed line? Why?
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8. When the light intersects the square container from an angle perpendicular to the container, there is almost no 
refraction. For curved surfaces, determining where the perpendicular is a little more difficult. Remembering any 
geometry class from the past, which line is perpendicular to the circle, A or B? Why?

     A

     B

9. Now try it. With the round, clear plastic cup water, and a pinch of milk powder, trace the path of the 
following rays:

Do they meet at a single point? What can this be used for?
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Challenge: If we measure θin and θtran , we can also measure the index of refraction. Scientists have established a 
mathematical relationship called Snell's Law.1 This law is described mathematically as:

The index for air, nin, is about 1. We can measure θin and θtran below. We want to find the index of refraction for 
water, which is ntran in this equation.

Place square container here

1 Snell's Law is named after Willebrord Snellius, a dutch scientist who studied refraction in the early 1600's. The earliest known scientist 
to understand refraction was Ibn Sahl, a Muslim Persian scientist in Baghdad, who published about refraction in 984
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Questions

1. Why do you see blurry underwater?

2. How does the disappearing “Pirex” experiment work?

3. In the following diagrams the half circle represents glass (or a medium denser than air, like water for 
example) and the arrow is a light ray. For each of the three cases draw the trajectory of the light ray as it 
propagates into the medium and eventually out of the medium into the air. 

4. What is total internal reflection? Describe a device that works due to the phenomenon of total internal 
reflection.

5. What are mirages?

6. How does the rainbow work?

7. Why can't you see clearly underwater?


