
Models of Motion – Spring, 2014-15    

 

 

Lab 36: Refraction of Light 
 

Equipment, Groups & Lab Notebook: There are some demonstration stations set up around the room. Use them as directed. You’ll be working in 
pairs at computers for simulations. Update Table of Contents. General Lab Notes guidelines. 
 
NOTE:  all the angles in Snell’s Law are with respect to the normal, i.e., from a line that is perpendicular to 
the interface. 
 
CAUTION: Make sure not to look directly at laser beams and take care that beams are not aimed at other 
people 
 
Part 0: Theory 

1.  We’ll have a brief class discussion on the theory behind refraction. By the end of the discussion, you should be 
able to define the index of refraction of a material as the ratio of the speed of light in vacuum to the speed of light 
in the material, define the Law of Reflection, define the Law of Refraction (Snell’s Law), and draw appropriate 
sketches which show incident, reflected, and transmitted (refracted) beams along with surfaces, normal, and 
angles. You’ll see some equipment demonstrated as well. 

 
Part 1 Reflection and Refraction 
0. Make sure you are using the Firefox or Mozilla web browser. When launching the PhET simulation, do not accept 

any prompts to update Java but accept other prompts to run the simulation.  
1. Run the simulation Bending Light at https://phet.colorado.edu/en/simulation/bending-light Enlarge the 

window so that it fills your screen. 
2. Start in the Intro tab. Note the two mediums. In Laser View, click on Wave, and then hit the (red) button on the 

Laser to turn it on. What do you observe? Identify the incident wave, the reflected wave, and the transmitted 
(refracted) wave. Can you tell if the wave is moving faster in air than in water? How is speed represented in the 
wave view? Use the intensity tool, and measure the intensity of the incident, reflected, and transmitted beams. 
What do you notice? Does that make sense? What physics principle is this consistent with? For the rest of the 
lab, switch into Ray mode. 

3. Turn on and off Show Normal. Make sure you understand that the Normal is perpendicular to the interface 
between the two mediums. End up with Show Normal turned on. 

4. In Ray mode, turn on the laser. Again identify incident, reflected, and transmitted (refracted) beams. Using the 
protractor tool, carefully measure the incident angle, the reflected angle, and the transmitted (refracted) angle. 
Make sure that you are measuring all angles with respect to the normal! Draw a sketch, and carefully label the 
beams and angles. 

5. Verify that your results are consistent with the Law of Reflection and the Law of Refraction. Note that the indices 
of refraction of the two mediums are given. 

6. Use the Law of Reflection and the Law of Refraction to fill out the following table (copied into 
your lab notebook), in which the angle of incidence is set and you are calculating the angle of 
reflection (rfl) and the angle of refraction (rfr). 

7. Test out your predictions using the simulation. How did you do? Any surprises? 
8. Change water to the Mystery A material. Use the simulation to determine the index of 

refraction of the Mystery A material. 
9. Switch to the More Tools tab, and set up so the beam is incident in air and refracted in Mystery 

A material. Use the Speed tool to determine the speed of the incident beam and the refracted 
beam and compare to your previous results for the index of refraction of Mystery material A. 

10. Discuss with your instructor. 
 
Part 2 Total Internal Reflection 
1. Return to the Intro tab. Set the incident medium to be water and the refracting medium to be air. As 

you did in step 6 for Part 1, try to fill out the following table (copied into your lab notebook).  
2. You likely ran into some difficulties when you tried to complete this table. Describe what math 

problem you ran into. How does this manifest itself in the physical behavior of the beams? Test this 
out in the simulation. Then, test it out on one of the demo tanks; ask for help if you need it. 

3. Based on what you observed, give a definition (in your own words) of total internal reflection. In 
addition, answer the following questions:  A. What is the angle of the refracted beam just at the 
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point at where you first observe total internal reflection?  B. Use Snell's Law to determine the critical angle of 
incidence c for total internal reflection as a function of the indices of refraction of the two media.  

4. Discuss with your instructor. 
 
Part 3 Light Bending Machines 
1. Using a combination of geometry and material, we can take advantage of Snell’s Law to produce light bending 

machines (more commonly called prisms or lenses). Switch to the Prism Break (hah!) tab. Turn on Multiple Rays. 
Turn on the laser. Place the different prisms (one at a time) in the beam paths. As needed, change their 
orientation. Play around: turn on Show Reflections. Use more than one prism at a time. See what you can see. 

2. Are there prisms where the outgoing beams are parallel to the incoming beams? Are there prisms where the 
outgoing beams aren’t parallel to the incoming beams but are parallel to each other? Are there prisms where the 
outgoing beams converge to nearly a single point? Are there prisms where the outgoing beams diverge? 

3. What’s the most intriguing combination of two prisms that you discovered? What’s interesting about it? What can 
you explain about that pair’s light-bending ability based on what you’ve learned so far? 

4. Just have out the triangular prism. Shift the color from red down to violet. What do you notice? Turn on White 
Light; what do you observe? How can you explain this? 

5. We have several acrylic prisms of various shapes in the room. Play around with some actual light-bending 
machines. 

6. Discuss with your instructor. 
  
Part 4 Lenses and Geometrical Optics 
1. Run the simulation Bending Light at https://phet.colorado.edu/en/simulation/geometric-optics . 
2. As directed, move the object around. In particular, move it so that it is not symmetrically located in the vertical 

direction with respect to the light blue horizontal line. Also move it so that it is closer and further from the lens, 
and also to the right and the left of the x. When you are between the x and the lens, you might not see an image. 
Turn on Virtual Image in that case. What sorts of things do you notice as you play around with the simulation? 

3. Turn on Many Rays and move the object around. What do you notice? 
4. Turn on Principal Rays and move the object around. Discuss with your instructor what you think is true about the 

principal rays. 
5. Use the ruler. Carry out a systematic investigation where you relate the distance of the object from lens to the 

distance of the image (either real or virtual) from the lens. If you can, also measure the size of the image (at least 
track if the image size is larger than or smaller than the object size). 

6. Look up the lens equation (either from your book or a reputable internet source – and cite the source). Use this 
and your investigations to determine the focal length of the lens.  

7. Look up the magnification formula. Are the results of your investigation consistent with this? 
8. Test out a real lens system. 
9. Discuss with your instructor. 
 


