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Objective:
To predict the location and size of real images formed by spherical lenses and spherical mirrors from real objects.

Theory:  
Light leaving any point on an incandescent or illuminated object spreads out in spherical waves, unless obstructed.

The curvature of a spherical wave is measured by the reciprocal of the radius of the wave. t At any distance from its starting point:



curvature = 1/R

Thus, as R increases the curvature of the wave becomes less.  The wave front becomes flatter until, at very large distance, the wave front is flat.  A wave with zero curvature is called a plane wave.

When a wave (plane or curved) passes through a lens or is reflected from a mirror, the curvature of the wave is changed by the lens or mirror.  The resulting curvature due to the effect of the lens or mirror determines where the image will be located.  The simplest relationship describing this process can be written:



incident curvature + effect of lens = resultant curvature
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1/do + 1/f = 1/dI
The effect of a lens or mirror on the incident wave depends upon how they are made.  The effect is easily determined experimentally by allowing light from a very distant object (a plane wave) to fall on the lens of the mirror.  The resulting curvature must then be due to the effect of the lens or mirror, since the incident curvature would be zero.  The effect of the lens is measured as the focal length, and is equal to the image distance for a very distant object.
 Light coming from the object incident upon a convex lens is spreading out in all directions, or diverging.  Light leaving the convex lens is converging onto the scream to form the image.  The different behavior is recognizable by giving the diverging light negative curvature.  The lens equation is replaced with a negative sign for 1/do.  This yields the correct formula, 1/do + 1/di = 1/f for thin lenses.
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PART I: Converging lenses and Diverging lenses

Setup:
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Procedure:


Determine the focal length of the lens using a very distant object.  As do approaches infinity di 
approaches f.  Record the measurements for each trial and compute an average focal length.


f =   _____________________________

Measure do and di for three real image sizes, greater than, equal to, and less than the object size.  
Measure directly the object and image for each case.
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Use the thin lens equation:

 1/do + 1/di = 1/f
 to determine the focal length for each case.
The ratio of the image height, I, to the object height, O, is the magnification:  M = I/O

Test the magnification relationship, M = I/O = di/do from direct measurement of object and image 
size and the corresponding distances:
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Description of the images:

An image is inverted if it is upside down, erect if the opposite.

An image is real if light converges on a screen to form an image.

If no light converges but diverges, the image is virtual.

Place a diverging lens at your middle do value from the first data table.  Move the view screen and 
try to find an image.  You can’t because it is virtual! Not real.

PART II:  

Chromatic aberration.  
OBJECTIVE:
To determine the focal length of the lens for red light and blue light, using primary 
filters and the lens equations.

THEORY: 
Different colors (frequencies) refract or bend light differently resulting in different 

focal lengths.
PROCEDURE:

Place the color filters on the light source.  Choosing your middle value of do from the first data 
table in part I.  Adjust the screen to determine di for both red and blue light.

Use do​ and di to calculate f from the lens equation for both blue and red light below.
Spherical aberration.  
OBJECTIVE:
To determine the focal length of the lens for non- central rays.

THEORY:

The thin lens equation contains mathematical approximations for small angles with respect to the 

central axis.  By blocking out the central rays we will be violating the approximations which 

should lead to a slightly different focal length. 

PROCEDURE:

Cut out a circle about ½ the size of the lens.  

Tape it to cover the center of the lens.

Place the object at the SAME do as in the chromatic aberration section, and measure di for the 
outer rays.  

Use your do and di values to calculate f in the space below and compare this focal length with part 
I and the chromatic aberration results.

Astigmatism.  
OBJECTIVE:  

To determine the horizontal focus and the vertical focus for a lens rotated about the central axis. 
PROCEDURE:

Twist the lens 20o – 30o about its vertical axis. 

Use the same do as in the procedure above and all measurements with respect to the center of the 
rotated lens.  Measure di for the vertical part of the image.  Measure do for the horizontal part of 
the image.

These two focal distances should not be equal.  This condition is similar to one common to human 
eyes.  Calculate in the space below the horizontal and vertical focal lengths using the same object 
distance as in the last procedure and compare the result with the three previous results. 

PART III:  Image formation by a spherical concave mirror.

OBJECTIVE:

To determine the focal length of a curved mirror.

Procedure:  

Place the mirror a few meters from a light source and reflect an image onto the view screen that is sharp.  Measure the distance from the mirror to the screen.  Apply the curved mirror equation  3 times using:

1/f =2/R = 1/do + 1/di

Mirror Position


Screen Position


Focal Length








average focal length:___________________

Summary of Results:
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