Optical Illusions

In class we have studied the physics of refraction and thin lenses.  In lab, you will analyze both converging (biconvex lenses) and diverging (bi-concave) lenses, as well as the behavior of light with various prisms.  You will be using an optic bench with a light box.  The lens, object, and image screen, will be placed on a meter stick so that it  may be repositioned easily. The meter stick is used to determine the position of the image or object.  Your object, will be a light source with an arrow.  Light from the object passes through the lens and the resulting image is focused onto a white screen. 

One characteristic of all thin lenses is the focal length (f), and is defined as the image distance of an object that is positioned infinitely far way.  The converging lens can produce both real and virtual images, whereas the diverging lens can only produce virtual images.  When a real image is produced it can be projected.  If an image is not produced on the screen then there is no image or the image is virtual.  You can determine if the image is virtual by looking through the lens at the object, positioning your eye at the same point as the paper or beyond.  The ability of a lens to change the way an image appears is based upon the index of refraction.
Materials

Light Box w/prisms
Prisms

Set of lenses
Protractor

Procedure
Determining index of Refraction
1. Turn the power source on.  Do not change the voltage setting.

2. Slide the single slit cover in the ray box, so that only one thin ray of light is produced.

3. Place a piece of white paper halfway under the ray box.

4. Place the rectangular prism in front of the ray box and adjust the ray of light so that it hits the prism at an angle of 25°.

5. Trace the incident ray and the refracted ray (inside the prism) also trace around the rectangular prism.

6. Draw the normal line for each of the rays (see diagram below).

7. Measure the incident and refracted rays from the normal and record.

8. Repeat for 2 other angles and record their corresponding refracted angles.

Determining the focal point of a converging lens:
1. Slide the triple slit cover in the ray box, so that only 3 thin lines of light are produced.

2. Place a piece of white paper halfway under the ray box.

3. Place the converging lens (prism) in front of the rays.  

4. Move the prism until the rays converge and are in focus.

5. Measure the distance from the point of convergence (the focal point) to the prism.  This is the focal length of this lens, record.

6. Remove the converging lens.

7. Now place the diverging lens (prism) in front of the rays.

8. Focus the diverging rays and trace them on paper.

9. To find the focal point, trace the rays backward until they converge.  Record the focal length of the diverging lens.
Total Internal Reflection

The phenomenon of total internal reflection can be seen using any of the triangular prisms.

1. Keeping the triple slit cover in the ray box, you will now look at internal reflection.

2. Choose one of the triangular prisms and obtain an instance of total internal reflection, where all of the rays are reflected within the prism.

3. Try to set up 3 prisms in a way that the three rays are reflected internally by all 3 prisms.

4. Try to obtain at least 5 positions using any of the 3 prisms to achieve total internal reflection. 
5. Trace 2 of these using different colored pencils to represent each ray.
Converging lens
1. Find the focal length of your lens (bi-convex) by letting light from a far away source pass over your shoulder through the lens and onto a screen.  Focus the image on the screen and measure the distance from the lens to the screen.  This is your focal length.

2. Place the light box at the end of the meter stick with the cut out in the slot.  This will serve as the object.  

3. Place the screen at the other end of the meter stick.

4. Place the lens in between.

5. Now move the lens to accomplish the following distances from the object:  p   2f , p = 2f , 2f    p    f , p = f , p   f.  At each of these positions, you will need to move the screen to obtain an image.  If no projected image can be obtained, then you can look back through the lens at the object and see a clear and enlarged image.
6. At each of the above positions, record the object distance (p), the image distance (q), whether the image is real or virtual, upright or inverted, and the magnification.

Diverging Lens
1. Now change the lens to the diverging (double concave) lens.

2. Start with the lens about 25 cm from the object.

3. Place your eye where the paper was and look back toward the lens. 

4. Identify the location of the image (q) as seen by your eye.  Describe the magnification and orientation of the image as compared to the original object.  

5. Record this information and repeat for 3 more positions.
Analysis
1. Using nair = 1.00 and your measured angles, calculate the index of refraction for the rectangular prism.  Average your values to accommodate for experimental error.

2. Using the p and q values from the converging lens data, calculate an average focal length.
3. Draw ray diagrams showing the object at 2f, between 2f and f, and between the lens and f.

4. Using the p and q values from the diverging lens data, calculate an average focal length.

5. Draw a ray diagram showing the object at 2 different points.

Conclusion
Discuss how the index of refraction may have differed if the rectangular prism was thicker? Thinner?  How would the angles differ in each case?  How do you suspect the focal length would have differed if the converging lens (prism) would have been thicker? Thinner?  What are some uses that take advantage of total internal reflection?  Compare your estimated focal length and your calculated focal length of the converging lens.  How did the images change or differ as the object distance changed?  What can you conclude about the images formed by a double concave lens?
