Optics: Reflection and Refraction

Background: Angle of incidence and reflection are nearly always the same for mirrors. This we shall see in part I of this lab. In part II we will investigate the refraction of light through different mediums and verify Snell’s law with several substances. This is a lab that gives accurate results. Students will gain a better understanding of Snell’s law as a result of this lab. Remember, when light travels from a less dense substance to more dense the light will bend toward the normal.

Keep in mind that the reason you can see an image is because light is reflecting off of the object.

Purpose: to compare angle of incidence and reflection and show they are the same

    to prove Snell’s law

Apparatus: several pins, flat mirror 3 cm x 10 cm or close to it, protractor, paper, semi-circular plastic dish,  

                    water and other transparent liquids

Procedure: 

Part I: --- plane mirror reflection

1) Set up a mirror as shown and draw a line along the back.

2) Place a pin approximately in the center against the front of the mirror.

3) Remove the pin and mirror and draw a perpendicular line through the pinhole and put the mirror and pin back.

4) Place a second pin in front of the mirror around 10 cm. and 30o from the normal.

5) Now look in the mirror and find the reflections of both pins and place a third pin so that it is aligned with the other two reflections.

6) Now remove the three pins and connect the dots. You should have an angle of incidence and an angle of reflection.

7) Measure each angle and record. Do one trial only but put in a neat chart.

Part II: --- refraction of light

1) Set a semi-circular dish in the middle of a piece of paper and trace it.

2) Place a pin in the middle of the flat side on the outside of the dish.

3) Remove the two and draw a perpendicular line through the pinhole and put the pin and dish back. The line drawn is the normal.

4) Add liquid to the dish.

5) Place a second pin around 10 cm and 30o (w/r to the normal) from the flat side.

6) Now go to the other side of the dish and look through the curved portion. Try to find both pin images. Make sure you are looking through the liquid and not above it.

7) Obtain a third pin and align it with the other two images.

8) Remove the three pins. By this time you should have three pinholes. Connect the dots and measure the angles.

Analysis: Snell’s law in essence is n  =  sin(air  /  sin(liquid. The n value for water is 1.33.

1) Determine the relative error.

2) Are your results accurate? EXPLAIN.

Part III: --- simple refraction activity

1) Place a penny inside a cup. Hold it and move your head back until the penny is no longer visible.

2) Have your partner to add water to the top of the cup. Do you see the penny now?

Discussion: You can get the same effect by inserting a pencil in a clear plastic cup full of water. You will see the image broken. A take off of this is when you are driving down the road on a hot day and notice a “wavy” look of objects at a distance. Still another idea is that stars are not exactly where you see them. As the light enters our atmosphere, which is at a different density, it is bent. Can you think of any other areas you see this.

Advanced Level (AP Physics)

Suppose that you are working for the Consumer Protection Agency and your job is to determine whether the index of refraction of a sample of Corn Syrup meets Federal standards of 1.55. You have been given the data collected by a colleague, and your job is to analyze the ray diagram and determine whether the index of refraction is 1.55 (+ or - 5%).

Materials:

Corn Syrup A, semi-circular dish, graph paper, calculator,  protractor, pencil, straight pins, cardboard, ruler, graph paper

Procedure:

1)   Set a semi-circular dish in the middle of a piece of paper and trace it.

2)   Place a pin in the middle of the flat side on the outside of the dish.

3) Remove the two and draw a perpendicular line through the pinhole and put the pin and dish back.  The line drawn is the normal.

4) Add the syrup to the dish dish.

5) Place a second pin around 10 cm and precisely at 20o (w/r to the normal) from the flat side.

6) Now go to the other side of the dish and look through the curved portion. Try to find both pin images. Make sure you are looking through the liquid and not above it.

7) Obtain a third pin and align it with the other two images.

8) Remove the three pins. By this time you should have three pinholes. Connect the dots and measure the angles.

9) Repeat this process in increments of 5o until the chart is filled out

10) Begin this experiment all over again and use water instead. Make sure the dish has been cleaned up at this point.
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Questions and Analysis:

1. Graph the results being sini y direction while sinr is the x-direction for the syrup then the water. Put both on the same graph, determine the line of best fit, then determine the slopes of each. DO NOT connect the dots!

2. Determine whether the index of refraction of the syrup is within the limits of:

1.55 (+ or - 5%). Show all calculations.

3. Determine the relative error for the water.
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