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#EO-10 DAEDALON BASIC OPTICS SET

INTRODUCTION:
The EO-10 Basic Optics Set provides all of the components needed for an introductory course in optics. 

EXPERIMENTS COVER:
Snell's Law
Image Formation
Gaussian Optics
Interference
Diffraction
Polarization

The experiments are described separately so that topics may be omitted without loss in continuity.
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Thin Lenses

The formation of images is a fundamental concept of optics. The EO-10 Basic Optics set includes a box of six lenses having positive 
and negative powers. The lenses represent all of the permutations of surfaces: biconvex, plano-convex,  a positive concavo-convex, 
biconcave,  plano-concave and a negative concavo-convex. The two strong positive lenses are +5 diopters, while the two strong 
negative lenses are -5 diopters. A diopter is a convenient measure of the strength of a lens and is equal to the reciprocal of the focal 
length in meters. Stronger lenses that form an image closer to the lens have greater diopter numbers. 

The experiment with thin lenses deals with the basic image forming qualities of lenses.  The most important single parameter is the 
measurement of focal length. This is relatively easy for positive lenses, but a little more complicated for negative lenses.

Positive Lenses 

Measurement of Focal Length

1. Select the biconvex lens and install it in the EO-20 Lens Holder. The three posts on the Lens Holder have V 
grooves to hold the edge of the lens. They should be adjusted so that the lens is centered in the ring, then 
gently tightened. For these experiments exact centering is not required. 

2. Place a Daedalon Air Track on a laboratory bench so that it can point at a distant object. Looking out a 
window is the best location since the scene out of the window is distant and bright. 

3. Place the Lens Holder with the biconvex lens into an EO-01 Optical Bench Carrier and place it onto an Air 
Track. The hole in the skirt of the Carrier should be on the meter tape side of the Track. 

4. Place an EO-26 Opaque Screen in a second Carrier and place it on the Track. The Lens Holder should be at 
the and of the Track pointed at the window with the Screen behind it. The scale on the screen should face 
the Lens. 

5. Slide the screen back and forth on the Track until an image of the scene outdoors appears on the Screen. 
The distance will be about 20cm.  Does the orientation of the image surprise you? 

 Record the position of the Lens Holder and the Screen as measured on the meter tape. Since only a little of 
the scale can be seen through the hole, it is useful to lift the Carrier up a little to make sure of the position 
on the scale. 

6. Repeat the measurement several times. 

The focal length of a lens is the distance behind the lens where parallel rays are brought together at a point. Since the light coming 
from an outdoor scene is almost parallel, the separation of the lens from the screen is the focal length of the lens. The power of the 
lens is  

Ø = 1/f (1) 

where  Ø is the power in diopters and  f  is the focal length in meters. Repeat the measurement for the planoconvex and the positive 
concavoconvex lenses.

Image Formation by Thin Lenses

Most of the time lenses are not forming images from parallel light. An astronomical telescope is an exception to this, of course. It is 
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important to see how a lens forms images when the object is closer than infinity where the rays are parallel. The relationship between 
object and image is given by 

1/ s' = 1/ f + 1/s (2) 

where s is the distance from the object to the lens and s' is the distance from the image to the lens, while f is the focal length of the lens 
measured in the same units. The sign convention in this equation is important. In this manual the following sign convention will be 
used: 

A. Heights about the optical axis are positive. Heights below the optical axis are negative. 

B. Distances to the left of a reference point are negative, to the right positive. The center of a thin lens will be 
the reference point for the next experiment. 

C. The focal length of a converging lens is positive and the focal length of a diverging lens is negative. 

Other conventions can be used but these will be used throughout this manual. 

7. Place the EO-75 Target in one of the Carriers. The Target has two  arrows so that the orientation of the 
image can be easily determined. It also has a 1cm long double arrow which can be used to measure 
magnification.  

8. Place the Target  on the Track at about 120cm on the scale. Record its position carefully. 

9. Place the Lens at about 90 cm 

10. Place the Opaque Screen at about 30cm with the scale side facing the lens. 

11. Place the ES-16 High Intensity Light Source on the Track about 5cm behind the Target. This is the only 
position that is not important to the experiment. 

12. Turn on the Light Source so that it illuminates the Target. 

13. Slide the Lens Carrier back and forth until an image of the Target is formed on the Screen. Adjust the 
vertical height of the components until the Target one centimeter image falls on the Screen's centimeter 
scale.

14. Record the positions of the Screen Carrier, the Lens Carrier and the Target Carrier on the meter scale. 

15. Record the length of the 1cm image on the Screen. 

16. Move the Screen closer to the Lens, refocus and repeat the measurements. Four or five Screen positions are 
enough. 

Since the distance from the lens to the target and the lens to the image have both been measured, Equation 2 permits the calculation of 
the focal length.  Typical results  are shown in the following Table. 
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Target Position 125.0cm 125.0cm 125.0cm 125.0cm 

Object Distance 30.0 32.0 33.0 34.0 

Lens Position 95.0 93.0 92.0 91.0 

Image Distance 62.0 54.3 51.5 49.0 

Screen Position 33.0 38.7 40.5 42.0 

Focal Length 20.2cm 20.1cm 20.1cm 20.1cm 

Image Width 2.1cm 1.8cm 1.7cm 1.5cm 

Magnification 2.1 1.8 1.7 1.5 

The focal length was calculated from Equation 2. It is constant within the experimental error. It should be the same as measured in the 
first part of the experiment as well. When making this calculation remember that according  to our sign convention, the object distance
is negative. 

The magnification of the image can be determined by measuring the length of the 1 cm target by the scale on the screen. There is a 
second method of measuring the magnification which will give the same result. The magnification is also given by 

M = s / s' (3) 

where s is the distance from the lens to the object and s' is the distance from the lens to the image. Since s is negative, the
magnification is negative which defines the image as inverted, which is true. The value in the Table is only the magnitude of the
magnification and has ignored the sign. Compare the magnification determined in these two ways  from the measurements.

Negative Lenses

Negative lenses act somewhat differently than positive lenses but the same laws can be applied.  The principal difference between 
positive and negative lenses is that a negative lens is a diverging lens that does not produce a real image. A real image is an image that 
can be focused on a screen as shown in the first part of this experiment. 

17. Use the same set-up as in the first part of the experiment, but replace the biconvex lens with the biconcave 
lens. Since its edge is thick, it doesn't fit into the Lens Holder as well as the biconvex lens. It will hold the 
lens but installing it is a little awkward.  

18. Move the Lens Carrier back and forward on the Track. There is no place where an image is formed on the 
screen.

19. Remove the Screen from the Track and look at the target through the negative lens. As the lens is moved 
forward, the image of the target gets smaller.  

Clearly, the negative lens is forming an image but, because it is smaller than the target, the magnification is less than unity. This can 
only be true if the image is farther away than the target. This suggests that this image, called a virtual image, is formed behind the 
target. Furthermore, it is not inverted, as the image formed by the positive lens was, but erect. Consequently, the magnification is 
positive but less than unity. 

These observations do not offer a method of measuring the focal length of a negative lens. We will have to seek another method.



               

©2016 - v 7/16 

SCIENCE FIRST® | 86475 Gene Lasserre Blvd., Yulee, FL 32097 | 800-875-3214 | www.sciencefirst.com | info@sciencefirst.com E

       

                

Two Thin Lenses

Most optical systems have more than a single component. The purpose of this part of the experiment is to see the effect of adding a 
second lens to the image forming characteristics of the system. 

20. Set-up the components in the same positions used in Step 8 through 12 with the lens at 90 cm on the Track. 

21. Mount the planoconvex lens in a Lens Holder and place it on the Track at 85 cm. 

           22. Move the Screen until a sharp image is found. Record its position. 

23. Move the first lens to 95 cm. the second lens at 85cm and record the position of the Screen image. 

24. Repeat for two more positions. 

When the two lenses are very close together, closer than we can get them in the Lens Holders, their powers add, so that the 
combination has a power equal to their sum as measured in diopters. This is the principal reason for using diopters: it makes it easy to 
estimate the power of a combination. The power of the combination is given by 

Øab = Øa + Øb - d Øa Øb (4) 

where Øa and Øb are the  powers of the two lenses in diopters and d is the separation between them (in meters). From this formula, the 
power of the combination equals their sum if d is small. As d increases, the power is less than the sum. 

Calculate the power of the system for each of the arrangements in the previous part of the experiment. Does the power decrease as the 
lens separation increases? 

This suggests a way to measure the power of negative lens elements. If a negative lens is added to a known positive lens, the overall 
power of the combination makes it possible to calculate the power of the negative lens. A simple example of this can be produced
using the lenses in the EO-48 Lens Set. The biconvex lens has been measured in the first part of this experiment to have a power of 
about +5 diopters. If the biconcave lens is placed close to it, the power of the combination is approximately 0, showing that the 
biconcave lens has -5 diopters power. If there is time, it is worth setting this up on the Track to make careful measurements. If not, 
holding them up to your eye and looking through them demonstrates the principle.

Telescopes

Despite the simplicity of the combination of a positive and a negative lens, there are a number of useful applications. A simple
telescope can be made by placing a positive lens at one end and a negative lens at the eyepiece end. It was with a telescope of this sort 
that Galileo discovered the moons of the planet Jupiter. It is a simple telescope of limited magnification but it served the purpose. 

To set up a Galilean Telescope on the Track select one +3 lens (fl = 0.33 m) and two -5 lenses ( fl combination =  0.1 m). The 
magnification is equal to  

M = -fo / fe (5) 

where fo is the focal length of the objective lens, fe is the focal length of the eyepiece lens and M is the magnification. The
magnification is positive which means that the image is not inverted because the eyepiece lens has a negative focal length. 

25.      Place the positive concavoconvex lens which has a power of about +3 in a Lens Holder at a convenient     
           place on the Track i.e., 75 cm. Tighten the locking screw. 

26. Place the two -5 lenses in separate Lens Holders and Carriers at about 100cm. The two carriers should be as 
close together as they can be. This will leave the lenses about 4cm apart.  Tighten the locking screws on 
each. These two negative lenses will act as a single lens having a power of about -10. 

27. It is helpful to have a light shield in front of the positive lens. An EO-28 Stray Light Screen works very 
well or a shield can be  improvised with a hole cut in a piece of cardboard. 
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28. Point the Track with the optical components at a distant object. With your eye close to the negative lenses, 
move them back and forward until the image comes into focus. Estimate its size. Is the magnification about 
what was predicted? 

Looking through this telescope points up its greatest weakness. Notice how small the field of view is. As the magnification increases, 
the field of view gets smaller and smaller. This telescope has a magnification of about three. Try to imagine the telescope that Galileo 
used which had a magnification of twenty. The field of view for such a telescope is extremely small. Galileo's telescopes are in good 
repair and on display in the Museum of Science in Florence Italy. If you ever have a chance, you should make a point of seeing them. 

Two of the telescopes used by Galileo are in the museum. The first has a magnification of 14x with a biconvex lens with a focal length 
of 1.53 m and an aperture of 2.6 cm. The eyepiece lens of this telescope is planoconcave. The second telescope has a magnification of 
20x but the objective lens is biconvex and only 1.6 cm in diameter and has a focal length of 96 cm. The eyepiece lens in this telescope 
is biconcave. Can you explain how the second telescope has a shorter focal length objective but has higher magnification? 

Because of the small field of view, Galilean telescopes are only used in Opera Glasses where a magnification of two or three is
satisfactory. 

Used in reverse with the light entering the negative lens end, this optical system is used as a laser beam expander. The telescope forms 
no real image: parallel light enters and parallel light leaves. Hence the image is upright which is a considerable simplification.

Astronomical Telescopes

Telescopes used for astronomical observations form a real image which is viewed with an eyepiece. The advantage of this design is a 
much wider field of view and the possibility of placing a reticule in the image plane for measurement purposes. The image is inverted 
but this makes little difference for astronomical purposes. Surveying instruments also use this simple design with an inverted image. 

To set up this telescope 

29. Place the positive concavoconvex lens which has a power of about +3 in a Lens Holder at a convenient 
place on the Track i.e., 40 cm.  Tighten the locking screw. Point the end of the Track at a distant object: out 
a window is the best idea. 

30. Place the EO-27 Diffusing Screen in a carrier and move it back and forth to find the focus of the lens. This 
is the position of the real image in the telescope. It will be at about 72 cm on the meter scale. If a reticule 
were to be used, this is the point in the system where it would be placed. After the position of the real 
image is determined, remove the Diffusing Screen. The Carrier can be left there if you wish. 

31. Place two +5 lenses in separate Lens Holders and Carriers at about 81 and 85 cm. The two carriers should 
be as close together as they can be. This will leave the lenses about 4 cm apart.  Tighten the locking screws 
on each. These two positive lenses will act as a single lens having a power of about +10. 

32. It is helpful to have a light shield in front of the positive lens. An EO-28 Stray Light Screen works very 
well, but it can be improvised with a hole cut in a piece of cardboard.  

33. Point the Track with the optical components at a distant object. With your eye close to the eyepiece lenses, 
move them back and forward until the image comes into focus. Estimate its size. Is the magnification about 
what was predicted? Is the image upright or inverted? 

The field is much larger than for the Galilean telescope and the design has the possibility of much higher magnifications, several
hundred times in fact. Actual telescopes of this type have a field lens placed at the image position to improve the uniformity of 
illumination across the field. Since this field lens has no effect on image formation, we can omit it for this experiment. In addition the 
objective lens would not be a simple concavoconvex lens but would have two or more elements designed to correct aberrations in the 
image. 

The equations used in this manual can be found in most text books of introductory optics. The specific reference used for this manual was: 

Modern Optical Engineering, Smith Warren J. McGraw-Hill Book Co. New York (1966) 
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