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Subject: Physics 
 
Grade Level: 9-12 
 
Standards: Next Generation Science Standards (www.nextgenscience.org) 
 
HS-PS4-1     Use mathematical representations to support a claim regarding  
                     relationships among the frequency, wavelength, and speed of waves  
                     traveling in various media. 
 
 
 
Schedule: 2-3 60 minute classes 
 
CCMR Lending Library Connected Activities: 
Diffraction 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Objectives: Vocabulary: 
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Learn definitions for absorption, 
transmission, reflection, refraction, 
scattering, and diffraction through 
hands-on experiments. 
 
Calculate the angle of refraction using 
Snell’s Law. 
 

 
Absorption Diffraction 
Transmittance Refractive Index 
Reflection Snell’s Law 
Refraction Angle of Incidence 
Scattering Angle of Refraction 
 

Students Will: 
 
By working in independent groups, 
students will: 
 

1. Learn more about how light behaves. 
 

2. Use experimental observations to 
define new vocabulary. 

 
3. Calculate the angle of refraction using 

Snell’s Law. 
 

4. Learn about non-destructive testing 
for materials by determining the size 
of an air gap between two acrylic 
blocks. 

 
 
 
 

Materials: 
 
For each group: 
-Plastic box 
-Laser 
-Incense stick 
-Aluminum foil 
-Tissue paper 
-Wax paper 
-Cardboard 
-Acrylic Blocks 
-Poster board 
-Pins 
-Protractors 
-Color paddle set 

For each student: 
-Light activity sheet 
-Refraction lab sheet 
-Reading 
 
For teacher: 
-Explanation of gap 
distance program 
-Links for 
presentation and 
program 

Provided by teacher/student: 
-Notebook paper 
-Graph or printer paper 
-Rulers 
-Lighter 
-Milk 

 

Safety 

Laser pointers provided with the kits are       
Class IIIb lasers. These pose a hazard if the         
eye is exposed to the direct beam. Diffuse        
reflections from other surfaces are not      
harmful. Advise students not to stare      
directly into the beam. 

 
Science Content for the Teacher: 
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“Light” (more precisely, visible light) a form of electromagnetic radiation detectable by the             
human eye. Visible light comprises only a small portion of the electromagnetic spectrum, with              
wavelengths 400-700 nm. As with all matter, light can be described either as a wave or as a                  
particle (a “photon”). In this module, we focus on the wave properties of light. 
 
Absorption 
Light is absorbed by a material if the frequency of the wave is near some resonant frequency that                  
is characteristic of the material. This frequency can describe the difference between atomic             
energy levels, the vibration of molecular bonds, or the vibration of atoms in a crystal lattice.                
When we are outside on a summer day, our bodies absorb sunlight, the molecules in our skin                 
begin to vibrate, and we start heating up.  
 
Reflection  
Perhaps the most important wave-like behavior of light is reflection.          
We see objects around us via the light that they reflect, and the color of               
an object is determined by the wavelength of light that is reflected. An             
example of a nearly perfect reflector of visible light is a mirror, which             
reflects all wavelengths uniformly. The sketch to the side illustrates the           
law of reflection, which states that light is reflected at the same angle as              
it came in at. The angle of incidence (the top θ in the diagram) equals               
the angle of reflection (the bottom θ). Reflection occurs at any           
boundary between two different materials, and the physical properties         
of the materials determine intensity of frequency of reflected light. 
 
Transmission 
Any light that is not absorbed or reflected at a boundary between two materials is transmitted                
through the interface. This transmitted light passes through the material undisturbed because its             
frequency is not resonant with some energy transition in the material.  
 
Refraction  
Light travels at different speeds in different mediums. This causes the path of the light to                
change directions, or refract as it passes from one material to another. A classic example of                
refraction is a straw sticking out of a glass of water. 
 
Scattering  
Scattering describes the interaction of light with a non-uniform distribution small particles.            
Because particles are distributed randomly, light is reflected in all directions more or less              
uniformly. This effect allows us to see dust particles floating in air when they are illuminated. 
 
Diffraction  
When light interacts with a narrow slit, it forms distinct diffraction patterns that             
reveal the wave-like nature of light. Diffraction is not something usually seen in             
everyday life, but its properties have both a physical and technological importance.  
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Snell’s Law: The Law of Refraction 
When light travels from one medium to another, the path of the light changes direction, or                
refracts following Snell’s law. The angle of refraction describes the direction of the refracted              
light coming from the interface, and depends on the angle of incidence, the direction the light is                 
sent into the interface. We measure the angles from the normal (perpendicular) to the interface.  
 
The refractive index, n, is a material property that characterizes the speed of light in each                
medium, and these refractive indices are used to determine the angle of refraction.  
 

Example refractive indices for 600 nm (red-orange) light 

Substance Refractive Index, n 

Air (1 atmosphere pressure, 0°C) 1.00029 

Water (20°C) 1.33 

Crown Glass 1.52 

Flint Glass 1.66 

 
The basic definition of Snell's Law is illustrated in the following diagram. Note that Snell’s law                
does not require a flat interface, but it is shown this way for clarity. 

 
 
In our example above, suppose that we shine a light of wavelength 600 nm from water into air, so                   
that it makes a 30° angle of incidence θ1. We want to find the angle of refraction θ2.  
 
Snell's Law gives: 
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A more complicated illustration of Snell's Law proves something that may seem intuitively             
correct, but is not directly obvious. If you stand behind a glass window, then the images of                 
objects on the other side of the window are not exactly where they appear, because the light has                  
been refracted inside the glass. If we have a piece of glass with refractive index n2 between two                  
regions of air, with refractive index n1, we have the following situation: 

 
Using Snell’s law, we can figure out the angle θ3: 

 
We find that the incoming and outgoing light beams are actually parallel in this case. 
 
We can rearrange Snell’s Law to arrive at a qualitative description of refraction: 

 
If light travels from a region with higher refractive index n1 to a lower refractive index n2, then                  
the ratio n1/n2 is greater than 1, so that means that θ2 is greater than θ1. This tells us that the                     
refracted ray is bent away from the normal. The opposite is true if light travels from a region with                   
lower refractive index to higher refractive index; the refractive way is bent towards the normal. 

Calculating the refractive index 
Given a sufficiently transparent material, we can always find its refractive index by using a setup                
like the example above, where we surround the unknown material with a medium of known index                
of refraction. We can then measure angles and apply Snell's Law to determine the unknown index                
of refraction. 
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Software for calculating air gap between acrylic blocks (to accompany “Refraction and Its             
Applications” activity): 
A web-based interactive applet used to calculate the size of the air gap between two blocks of                 
acrylic can be found at the link below. This applet runs best in Safari or Firefox (At this time,                   
support for Google Chrome, Internet Explorer, and Edge is not available). Press the “play” (▶)               
button in the upper left hand corner, and a new window will open. If you accidentally type in the                   
box with the code before you open the applet, refresh the page and you should be good to go.                   
Please report any bugs, issues, or suggestions to Brian Schaefer (bts72@cornell.edu). We have             
also provided a link to a spreadsheet that does a similar calculation. Please use this if you have                  
any trouble with the applet. 
 
To calculate the gap size, input the angle of incidence, refractive index, and then the horizontal                
displacement. To further explore the refraction of light in this system, you can also change the                
gap size to observe how the path of the light changes. Note that changing the angle of incidence                  
or refractive index will keep the gap size constant. 
 
Link to applet: https://goo.gl/QSpj5F 
Full URL: http://www.codeskulptor.org/#user43_roht0LO5Xd_55.py 
Link to spreadsheet: goo.gl/tE290x 
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Classroom Procedure: 
 

Formative: Activity 1 - Properties of Light 
Have students do the pre-lab activity the day before, either in class or at home (they will                 
require a computer with Internet access). 
 

Link: http://goo.gl/eH0k80 
Full URL: http://www.pbslearningmedia.org/asset/npe11_int_lightbehaviors/ 
 

Have the students follow the Properties of Light activity and perform the demos,             
investigating examples of each of the properties of light.  
 
* Note for Teacher - If students are having difficulty seeing the path of the laser in the                  
water, then add a few drops of milk. 
 

Summative: Activity 2 - Refraction and Its Applications 
Note: this activity is fairly long, and may require multiple class periods to complete.              
Make sure to budget your time accordingly. 
 
Before starting, review terms from Activity 1 again to make sure students understand             
their definitions and common examples. 
 

Introduce Snell’s Law to the class and perform the Refraction and Its Applications             
activity to investigate one practical use of refraction. Discuss as a class why results did               
not match predictions perfectly, and determine sources of any discrepancies. 
 

* Note for Teacher - For the activity on determining the gap distance, 3 worksheets               
have been provided with different distances (1=1.1cm, 2=1.6cm, 3=2cm). 
 
Results will vary slightly (about 0.1cm) due to student placement of blocks! 
 

Have students read about non-destructive testing and discuss. 
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Resources: 
Illustrations of absorption, reflection, transmission for different colors of light: goo.gl/H44ShM 
http://www.easycoursesportal.com/basicphotographycourseiii/coursec/Less-8.htm 
 
Overview of refraction/Snell’s Law from HyperPhysics: goo.gl/g9H3iP 
http://hyperphysics.phy-astr.gsu.edu/hbase/geoopt/refr.html 
 
Sample Snell’s Law problems: goo.gl/kzaMXw 
http://www.rpi.edu/dept/phys/ScIT/InformationTransfer/reflrefr/rr_sample/rrsample_15.html 
 
Non-destructive testing overview (handout provided): goo.gl/AMkOF9 
https://www.nde-ed.org/AboutNDT/aboutndt.htm 
 
YouTube video about non-destructive testing: goo.gl/bnZZQB 
https://www.youtube.com/watch?v=tlE3eK0g6vU 
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Assessment: 

The following rubric can be used to assess students during each part of the activity. The term                 
“expectations” here refers to the content, process and attitudinal goals for this activity. Evidence              
for understanding may be in the form of oral as well as written communication, both with the                 
teacher as well as observed communication with other students. Specifics are listed in the table               
below. 
  
1= exceeds expectations 
2= meets expectations consistently 
3= meets expectations occasionally 
4= not meeting expectations 
  

  Engage Explore Explain 

4 Shows leadership in the 
discussion and activity, 
displays good 
understanding of physic 
terms. 

Completes work accurately 
while providing an 
explanation for what is 
observed.  Works very well 
with partners. 

Provides an in-depth explanation of 
findings. Makes excellent and 
thoughtful comparisons to everyday 
life. Completes activity sheet. 

3 Participates in the 
discussion and activity; 
shows an understanding of 
physic terms. 
 

Completes work accurately 
and works cooperatively 
with partners. 

Provides clear explanation of 
findings. Notes good correlations to 
everyday life. Completes activity 
sheet. 

2 Contributes to the 
discussion and activity, but 
shows little understanding 
of physic terms. 
 

Works cooperatively with 
partners, but makes some 
mistakes with the procedure. 

Provides a limited explanation of 
findings. Struggles to make 
comparisons to everyday life. 
Completes some of the activity sheet. 

1 Does not participate in 
discussion and/or activity.. 
Shows no understanding of 
physic terms. 
 

Has trouble working 
cooperatively. Does not 
complete work.. 

Provides little to no explanation of 
findings. Struggles to make 
comparisons to everyday life.  Does 
not complete the activity sheet. 
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