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Catch The Wave:  Speed of Light in Jell-O©
Pennsylvania Academic Standards:
Science and Technology: 
3.1.10.B:  Describe the use of models as an application of scientific models.
3.1.10.C:  Identify and use the elements of scientific inquiry to solve problems.
3.4.10.A:  Describe concepts about the structure and properties of matter.
3.4.10.C:  Explain how sound travels.
3.7.10.A:  Describe the safe and appropriate use of tools, materials, and techniques.
Mathematics:
2.1.8.D:  Apply ratio and proportion to mathematical situations.
2.1.8.G:  Use inverse relationships to determine unknown quantities in an equation.
2.3.8.C:  Measure angles in degrees, and determine relationships of angles.
Reading and Writing:
1.1.8.F:  Understand the meaning of key vocabulary words, and apply them. 
1.5.8.F:  Edit writing using the conventions of language. 
1.6.8AD:  Listen and contribute to discussions. 
Introduction:
Snell’s Law, or the law of refraction, describes what happens to light as it passes from one medium to another.  In general the denser the medium, the higher the refractive index.  The refractive index is a measure of how much a medium bends light.  The higher the refractive index, the slower the speed of light in the medium.  The refractive quality of a material is important to measuring the focusing power in optical instruments.
Guiding Questions:
1. What type of wave is light?  Does light need a medium to travel?
2. Why does a straw stuck in a glass of water appear to be bent?
3. What happens to the speed of a runner as he moves from one type of surface to another?
4. What happens to light when it travels from one medium to another?
5. How is a laser different from a beam of white light?
Materials:
laser pointer; protractor; laminated grid; Jell-O© in rectangular, clear-plastic container; ruler; scientific calculator, permanent marker, cotton ball dipped in acetone.
Safety:
· Before turning on the laser pointer, always be sure that it is pointed away from yourself and others.
· Never look directly into a laser pointer.
· Never direct a laser pointer at another person.
· Follow the same rules for reflections of laser light from reflective surfaces.
· Never look directly into a laser pointer or shine a laser pointer into anyone’s eye.  Laser light can be focused by the eye into an extremely small spot on the retina, causing localized burning and permanent damage in seconds.
Procedure:
1. Place the grid on a flat surface.
2. Pick a point on the surface of the grid, preferably on the corner of a square.  Using a marker draw the incident ray at this point, and mark the normal.
3. Turn off most of the lights in the lab.
4. Place the Jell-O©  onto the grid so that the angle of incidence is at the edge of the Jell-O© as noted in the figure.
5. Remember to follow the laser safety directions.  Turn on the laser, and line the beam to match the incident ray you marked on the surface of the grid.  Check the height of the laser so that the you can trace the path of the beam going right through the Jell-O©. 
6. To discover the angle of refraction, look at the path of the laser beam in the Jell-O© from above.  Mark the point at which the refracted ray seems to end.
7. Remove the Jell-O©, and draw a line from the point at which the incident ray enters the Jell-O© to the point at which the refracted ray leaves the jello; this line shows the refracted ray.
8. Extend the normal.  Measure the angle of incidence and angle of refraction.  Apply Snell’s Law to calculate the refractive index of the Jell-O©.  Apply the definition of index of refraction to find the speed of light in the Jell-O©.
9. Use acetone to clean off the grid and redo measurements, if needed.
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nr  = ni (sine i)


(sine r)

i = angle of incidence

r = angle of refraction

ni = refractive index of air (1.0008)

nr = refractive index of Jell-O©
Speed of Light in Jell-O© v = c/nr 

nr = refractive index of Jell-O©

v = speed of light in Jell-O©

c = speed of light in vacuum (299,792,458 m/s)


(The speed of light in vacuum is a constant)
Data and Calculations:
	Angle of Incidence (i) in Degrees
	Angle of Refraction (r) in Degrees
	Refractive Index of Air (ni)
	Speed of Light in Vacuum (c) (m/s)
	Refractive Index of Jell-O© (nr)  =
ni (sine i ÷ sine r)
	Speed of Light in Jell-O© 
v = c/nr  
(m/s)

	
	
	1.0008
	
	
	

	
	
	1.0008
	
	
	

	Average Speed
(m/s)
	
	
	
	
	


Analysis and Questions:
1. Why is a laser used in this experiment instead of a beam of white light?
2. Does the laser beam bend away from or toward the normal in the Jell-O©?  Explain your answer.
3. Is the speed of light faster or slower in Jell-O© than in air?  Give experimental evidence for your choice.
4. What happens to the laser beam as it leaves the Jell-O© and returns to the air?  Explain.
5. What would happen to the calculated refractive index if you used a lower concentration of Jell-O©?
6. What are some possible sources of error in this experiment?
References:
http://scienceworld.wolfram.com/physics/SnellsLaw.html 
http://hyperphysics.phy-astr.gsu.edu/hbase/geoopt/refr.html#c3
http://scienceworld.wolfram.com/physics/SpeedofLight.html
http://www.sciencebuddies.org/mentoring/project_ideasPhys_Laser_Safety.shtml
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