 SEQ CHAPTER \h \r 1Lab: Refraction of Light
When light passes obliquely from one substance to another it is seen to change direction or bend. This phenomenon is called refraction. In this experiment you will determine how to predict the direction taken by a light ray passing from one substance to another.

Part One
[image: image1.wmf]As a first step in this process, you will measure the angle of refraction corresponding to various angles of incidence. As can be seen in the diagram, the angles of incidence (i) and refraction (r) are measured with respect to the normal or perpendicular to the boundary at which the refraction takes place.

To carry out these measurements, take a

[image: image2.wmf]semicircular plastic disk half-filled with water or a semicircular piece of plastic and center it carefully on a piece of polar graph paper mounted on a piece of cardboard. Place a pin at the center of the polar graph paper as close to the plastic as possible. Place a second pin some distance from the first along the perpendicular to the flat side and line up the two pins while sighting through the semicircular piece from the curved side. Take a third pin and place it in the cardboard on the curved side so that it is lined up with the other two pins. If all has gone well you will see that the third pin also lies on the

perpendicular. Thus, if the angle of incidence is 0, the angle of refraction is also 0.

Now move the second pin (on the flat side) so that light from the pin travels along an angle of incidence of 10 toward the pin at the center. Now move the third pin (on the curved side) so that it once again appears to be in a straight line with the other two. Make sure you look through the semicircular plastic while lining up the pins. Record the angle of refraction in Table I (it should be less than 10). Continue moving the flat-side pin in 10 increments and recording the angle of refraction as far as you can. If it becomes difficult to see the pins, try putting something dark behind the pins and/or moving the flat-side pin closer to the center. It is important to obtain data for the large angles of incidence.
When you have gathered the data for the semicircular dish or plastic piece, repeat the process for the other apparatus. Record the data in Table II.

To analyze the data that you have collected, do the following:

1. Plot a graph of sin(i) vs sin(r) for both materials on the same sheet of graph paper.

2. Look at the graphs. You will notice that the graph of the sines of the angles is a straight line. What are the slopes of these lines? What is the equation of the line?

Hopefully, you can now see that when light is refracted, the basic relationship that governs the path along which the light rays travel is
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where n is a constant determined by the substances involved in the refraction of the light. n is called the index of refraction and the equation is called Snell's Law.
Q1. What is the index of refraction for water? For the lucite plastic?

Part Two
For this part of the experiment, take a rectangular piece of glass and place it on top of a plain piece of paper on the cardboard. Draw around the outside of the glass block to mark its position. Mark a point near the upper left-hand corner of the glass block. Center a protractor on the point and draw the normal (N1) to the surface of the glass block. Draw a second line making an angle of 30 with the normal. This line will mark the path of the incident ray. Set up a pin so that it stands vertically at the point of intersection of the incident ray, the normal, and the glass surface. Set up a second pin so that it stands vertically on the path of the incident ray at a distance of about 5 cm from the first pin. These two pins fix the path of the incident ray.

[image: image4.wmf]From the opposite side of the glass block, sight through the glass block so that the two pins on the other side appear to be aligned. Place two pins on the side opposite the first pair so that all four appear to be aligned. Now remove the block and draw the path of the light ray through the block and out the other side. Construct a normal(N2) to the glass surface at the point where the light ray emerges from the block into the air. Measure the angles of incidence and refraction at the points of entrance and emergence and record them on your diagram.

Q2. How do the pairs of angles measured above compare?

Q3. Why should the ray emerging from the glass block come out parallel to the incident ray?

Q4. What is the index of refraction of the glass?

Q5. According to your diagrams, are light rays refracted away from or toward the normal as they pass at a angle from a substance with a lower index of refraction into one with a higher index of refraction?

Q6. According to your diagrams, are light rays refracted away from or toward the normal as they pass at a angle from a substance with a higher index of refraction into one with a lower index of refraction?

Part Three
Calculate and draw the path of the incident light ray shown in the diagram below through the glass prism (n=1.66) until it emerges into the air again. Indicate carefully the values of all angles of incidence and refraction along the path. Show all calculations. 

[image: image5.wmf]
Part One Data Tables:
Table I
Substance _____________             
	Angle of incidence (i)
	sin(i)
	Angle of refraction (r)
	sin(r)

	10
	
	
	

	20
	
	
	

	30
	
	
	

	40
	
	
	

	50
	
	
	

	60
	
	
	

	70
	
	
	

	80
	
	
	



Table II
substance ______________               
	Angle of incidence (i)
	sin(i)
	Angle of refraction (r)
	sin(r)

	10
	
	
	

	20
	
	
	

	30
	
	
	

	40
	
	
	

	50
	
	
	

	60
	
	
	

	70
	
	
	

	80
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