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Convex and Concave Lenses
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Introduction

When an object and its image are arranged at distances of so and si, respectively, from a lens of focal length f, the relation between the three quantities is given by
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It is important to follow these sign conventions for lenses.  

1.  Converging lenses are assigned positive focal lengths while diverging lenses are assigned negative focal lengths.  

2.  The object distance, so, is positive if it is on the same side of the lens from which the light is coming.  This is usually the case.

3.  The image distance, si,  is positive if it is on the opposite side of the lens from where the light is coming.  If the image is on the same side, si is negative.  Thus, a real image is positive and a virtual image is negative.

4.  Object and image heights, ho and hi, are positive for points above the axis, and negative for points below the axis. 
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The magnification of an object is related to the object and image distances as follows:


[image: image3.wmf]o

i

h

h

M

=


Thus, a negative magnification is one for which the image is inverted relative to the object.

Materials:  converging and diverging lenses, optical bench, 15 W light bulb (object)

Procedures
A.  Object at Infinite Distance

Mount the given lens at the zero position on the optical bench and direct the lens towards a distant object through the window.  Place the screen on the bench behind the lens and clearly focus the distant object.  What is the approximate focal length?

B.  Object at a Finite Distance

Place the illuminated object at the zero position on the optical bench.  The convex lens is placed at 1.5f from the object.  Adjust the screen until a well-defined image is formed.  Using a data table, record the positions of the object, lens, and screen (image), and the relative size (i.e., larger, smaller) of the image.  Repeat for object distances of so = 2f, 2.5f, and 4f.  


Calculate the focal length of the lens for the four data sets.  Calculate an average and compare with the focal length found in Part A. 

C.  Conjugate Points

Place the illuminated object at the zero position of the optical bench.  Arrange the screen at a distance of about 5f.  Record the screen position.  Keeping the distance between the object and the screen fixed (D), find the two positions of the lens that give sharply defined images.  Record these two positions.  The difference between these two positions will be the distance, d.  The focal length can found using the equation
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Compare with previously calculated focal lengths.

D.  Concave Lens

Set up the convex lens to produce an image on the screen approximately 20 cm from the lens and record the position of the lens, object, and image.   This image will be used as a virtual object for the concave lens.  Next place the concave lens between the convex lens and the screen and then move the screen back 10 to 12 cm.  By adjusting the position of the concave lens you should get an image on the screen.  [DO NOT ADJUST THE POSITION OF THE OBJECT OR THE CONVEX LENS.]  Record the position of the concave lens and the position of the screen.  Calculate the focal length of the concave lens using the lens equation.  Note that the object and image distances are measured from the concave lens, and that the object distance is negative because it is a virtual object.

Analysis
1.  When does a convex lens act like a magnifying glass?

2.  Name two ways to determine the focal length of a convex lens without using the lens equation.

3.  Describe the conditions for forming a virtual image with lenses.
4.  Discuss the two basic types of vision problems, farsightedness and nearsightedness, and describe the lens prescription for each.  Use diagrams of the eye to show the light paths before and after remediation.  

5.  What is astigmatism?

6.  How does the image of a concave lens always appear?  Where is it located with respect the lens and the object?

7.  Research the concept of conjugate points for finding the focal length of a lens.  Sketch the ray diagrams for both conjugate positions, and outline the theory in deriving the equation above.
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