
   

   

 

GEOMETRICAL OPTICS 

 

Discussion 

An optical lens is a piece of glass or other transparent material used to direct or control 

rays of light. The refraction of light at the surface of a lens depends on its shape, its index 

of refraction, and the nature of the medium surrounding it (usually air), in accordance 

with Snell’s Law.  

Lenses that are thicker in the center than at their edges are called positive, or converging 

lenses, because they refract incident parallel rays so that they converge on a focal point 

located on the opposite side of the lenses. A distant object viewed through such a lens 

appears smaller and inverted if the lens is held some distance from the eye. An object 

held close to the same lens appears erect and enlarged. 

Lenses that are thinner in the center than at their edges are called negative, or diverging 

lenses, because they refract incident rays so that they appear to diverge from a focal 

point located on the incident side of the lens. Any object viewed through such a lens 

always appears erect and smaller than when viewed with the unaided eye. The image 

remains erect no matter how far the object is from the lens or how far the lens is from the 

eye. 

Consider sunlight falling on a converging lens. Because the sun is so distant, the rays 

striking the lens are essentially parallel to one another. When light rays strike the lens 

parallel to the axis of symmetry, the rays converge to a point called the focal point of the 

lens. A lens whose thickness is small in comparison with its focal length is called a thin lens. 

The distance from the center of the thin lens to the focal point is the focal length of the 

lens. 

 

Objective 

To give the student an understanding of how to ray trace and to do calculations based 

on ray tracing for one and two lens systems.   

 

Equipment 

Two smoked optical converging lens, graph paper, helium neon laser, cm ruler, optical 

board, and blocks to raise board to laser beam height.   

 

Outline 

Caution: Laser light can damage your eyes! DO NOT look into the beam or at any strong 

reflections from the beam.  



   

   

Part I 

1. Tape a piece of graph paper to the optical board. Place the smoked lens with the 

longer focal length flat on your graph paper with its center line on a line on the graph 

paper. Trace around the lens on your graph paper. Make sure the board is at the right 

height so the laser shines in through the side of the lens as shown in the diagram below. 

 

2. Using the laser, shine it parallel to the lines on your graph paper and parallel to the 

optical axis of the lens, but off axis. The location of the laser beam is easily found and 

marked with a pencil by positioning the center of the pencil in the light beam and 

marking the graph paper. By marking two places for the incident and two places for the 

refracted rays, you can draw in the path of the beam.   Make the marks needed to draw 

the path of the beam. 

3. Move the laser to another position parallel to the last position, repeat the steps to trace 

the ray. Remove the lens and complete the rays by connecting the dots and notice 

where they cross. Measure and record the image distance.   

 

Part II 

4. Tape several pieces of graph paper together end-to-end and tape them to the optical 

board. Place both lenses on the optical board about 30 cm apart in the center of the 

graph paper strip, carefully aligning the optical axes. Draw around the lenses.  

5. Position the laser so that it shines parallel to the optical axis of the system and is 

displaced above the axis.  

6. Mark the location of the ray in front of the first lens, between the lenses and after the 

second lens.  

7. Turn the laser at an angle so that the beam makes an angle with the lens. The laser 

should be adjusted so that the beam passes through both lenses and crosses the line of 

the first ray before the first lens and after the second. The first intersection of the new beam 

with the old (in front of the first lens) should be about 20 cm in front of the first lens. This is 

the object position. 

8. Mark the location of the rays as before. If you find that you cannot fit the entire distance 

from the cross place before the first lens (object position) to the crossing place after the 

second lens (image position) on your graph paper strip, add another sheet of paper.    

 

 

 

 



   

   

Graphs and Diagrams 

1. Include the graph paper showing the location of the lens and the rays drawn for         

Part I.   

2. Include the graph paper showing the location of the lens and the rays drawn for         

Part 2.   

3. Make a scale drawing of the two lens system used in Part 2. Include the three rays 

discussed in the textbook. Show the location of the image produced by the first lens and 

the second lens. Indicate the focal distances for both lenses.   

 

Questions and Calculations 

1. Use the data collected in part 1 to find the focal length of the lens.   

2. From the data collected in part 2, find the location of the image produced by the first 

lens. Is this image erect or inverted? Is it enlarged or reduced. Is it real or virtual?   

 

3. Compute the location of the image produced by the second lens. What is the object 

for the second lens? Is this object real or virtual? Is the image of the second lens real or 

virtual? Is this image reduced or enlarged compared to the object for the second lens? 

Is it erect or inverted compared to the object for the second lens? Compare these results 

to the experimental data found in part 2.   

4. Compute the overall magnification of the system and compare it with the 

experimental magnification.   

5. In the first part of the lab, you measure only the image distance. Why isn't an object 

distance measurement also required? Reconcile your explanation with the thin lens 

equation.  

 

 

 

 


