Refraction of Light Through Solids

Developed by Nancy J. Easterly for Optics Workshop University of Houston-Downtown

February 9, 2008

Verifying Snell’s Law

Procedure:

1. Examine your glass plates.  Some plates have two of the edges frosted and the other two edges are clear.  Place the plate on your paper so that the clear sides are parallel with the top and bottom of the paper.  Trace the shape of the plate onto your paper.  Remove the plate.  Make sure that the clear edges are free from fingerprints.

2. Draw a normal line (perpendicular) at the top of the outline of the glass about 1 cm from the upper left edge of the outline.  Label the normal N.  To the left of this line draw angles that are every 10 degrees from 10o to 70o. These are the incident angles.  These angles are so named as this is the incoming angle for a light ray.  (Remember that angles are always measured from the normal.)  See Diagram #1.  You might want to use a different colored pencil for each angle to make it easier to discern.

3. Place the paper on a piece of cardboard and replace the glass plate within the outline on the paper.

4. Place a pin at the point where the normal and the 10-degree line meet.  This pin should be against the glass.  Place a second pin 1-3 cm from the first on the 10-degree line.  
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5. Looking through the glass plate, use the direct aim ruler method to align and sight the two pins along the 10-degree line.  If you are having difficulty seeing both pins move the second pin closer to the one at the normal keeping it on the 10-degree line.   Draw line CD using the same color as you used for the 10 degree incident angle along the ruler’s edge.  Label this line 10.   See Diagram #2.                                    N

                                              A

Diagram #2
6. Repeat steps 4-5 for angles 20-70 degrees marking each line with the degree measure.  Label the lines according to the angle the line corresponds with follow through with the correct colors.  Be sure that the glass plate is within the outline for each step.  If you bump the plate re-check the alignment.

7. Remove the glass plate extend each of the lines to the lower edge of the outline of the glass plate.

8. Extend the normal line through the outline of the upper edge but not to the bottom line of the outline.  Draw a connecting line for each of the lines you drew with the ruler from the lower edge to the point where the normal crosses the upper edge.  This would be from point B to point C for each of the lines.  The angle of refraction is measured from the normal line in the glass to the BC line.  See Diagram #3.

9. Measure each of the angles of refraction and record in the data table.  Remember angles are always measured from the normal line.

Diagram #3
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	Angle of Refraction
	Sine incident angle
	Sine Refracted angle

	10o
	
	
	

	

20o
	
	
	

	30o
	
	
	

	40o
	
	
	

	50o
	
	
	

	60o
	
	
	

	70o
	
	
	


	Experimental Index of Refraction
	Absolute Error
	Percent or Relative Error

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


10. Determine the experimental value for the index of refraction by using Snell’s Law.   The index of refraction for air is 1.000293; however, most physics textbooks use 1.00   Snell’s Law states that the sine of the angle of incidence sin1, times the index of refraction of material that the light is incident in (n1), is equal to the sine of the angle of refraction (sin2), times the index of refraction of the material where the refraction occurs (n2).  In this case n1 is index of refraction of air.

n1sin1  = n2sin2

11. The given value for the index of refraction of crown glass is:  1.51314  (1.51 is sufficient).  Compare your values to the given by calculating absolute and percent error.

Extending the activity:  Draw a normal at the point where each of the CD lines cross the bottom of the glass.  Re-do the  data tables above and this time fill in the angle of incidence as the angle made with the BC line and the normal on the lower edge of the glass. The angle of refraction will be the angle made with the normal and the CD line. 
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Questions:

1. Compare the refracted ray BC to an imaginary ray that would enter the glass without bending (an extension of AB).  Does the refracted ray bend toward the normal in the glass or away from the normal in the glass?

2. Look at lines AB and lines CD.  Does the light represented by these lines pass straight through the glass?  What can you say about the positions of these lines?

3. The absolute index of refraction (n) is a physical property of the material.  The absolute index of refraction is actually the ratio of the speed of light in a vacuum (c= 3.00 x 108 m/s) to the speed of light in the material (v).  

n=c/v
Based on this information, can the absolute index of refraction ever be greater than one?  Explain.

4. Calculate the speed of light in glass from your data, by using the average value for the index of refraction of glass.

5. Based on the index of refraction of the following materials.  Rank in order how much a ray of light would refract from the least refraction to the greatest refraction.

A. Water n = 1.33

B. Diamond n = 2.42

C. Carbon Tetrachloride n = 1.46

D. Carbon Disulfide n = 1.63
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