
Lab-VI Converging Lens
Goal
To determine the focal lengths of converging lenses by different methods, and to learn the structure of simple optical instrument such as microscope and telescope.

Related topics

Geometrical optics, optical instrument

Introduction

First, some definitions: a converging lens is defined as a lens with two convex surfaces. A diverging lens is a lens with two concave surfaces. An object is any article that is being viewed through an optical system; e.g., when one looks at a tree through a camera lens, telescope, or the naked eye (all are examples of optical systems), the tree is referred to an optical object. 

There are many arrangements of lenses and mirrors that will redirect light in this manner. Telescopes that use lenses as their objective, or light-gathering element, are called refractive telescopes. The refractive telescope that Galileo constructed, for instance, uses two converging lenses in series. Telescopes that use mirrors as their objective are called reflective telescopes. Sir Issac Newton was the first to figure out that mirrors could be used to focus light instead of lenses.   Over the years, reflective telescopes have come to dominate the field of astronomy, resulting in many improvements. 

The lenses and mirrors that make up telescopic systems have two key characteristics. The first is the focal length (f ) of a lens. Focal length may be loosely defined as the distance from a lens at which a distant object will produce an image.  Object Distance (do) is the distance from an object to the lens. An image is the likeness of an object produced at a point in space by a lens or system of lenses, again, a lens, a telescope, a pair of binoculars or your eye. Image Distance (di)  is the distance from a lens or other optical element to an image.

Focal length (f)  is related to the object distance (do) and the image distance (di) by the following thin lens equation:
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Rewriting we get Equation 1:                     
                                                    f = (di*do)/(di + do)  
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Example: Suppose that you compute an average object distance for a lens of 90 cm, and an average image distance of 10 cm. In this case, do (the object distance) is 90 cm and di (the image distance) is 10 cm. You need to solve:

Or in the alternative form:            f = (90*10)/(90+10)

[image: image4]The answer is the focal length of the lens. In this case, f = 9.0 cm. 

Once you measure the image distance, you can calculate the magnification of the object with the following equation:
Magnification = di/do.




(2)
Equipment

Optical bench, converging lens, light source with an arrow opening, image screen, mirror, diverging lens.

Procedure

[image: image5]Focal length by using the thin lens equation:

Place the object (a light source with an arrow opening), the converging thin lens (with the f ~ 20cm) and an image screen at proper positions of the optical bench.

For four different do values find their related di values when you see sharp images on the screen. Fill out the following table and finish the evaluation.
Table 1 

	Object distance (do)
	Image Distance (di)
	Focal Length (f)
	Magnification (M)

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Average Focal Length: _______________

Question 1: What happens to the magnification as the object distance decreases?

Question 2: How does your measured focal length change with the increasing do? 
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Autocollimation approach

Align the object, the converging thin lens and a mirror on the optical bench as illustrated by the figure on the right. Adjust the distance between the object and the thin lens, so that a sharp image is formed on the object plane. This distance between the object and the thin lens is the focal length f.

Focal Length: _______________

Question 3: Can you understand this approach? How large is the magnification?
[image: image7.wmf]
3. Bessel approach
Fix the distance between the object and the image screen as D, where D should be larger than 4f. As shown in the figure on the right, move the converging thin lens between the object and the image screen to find two positions for the lens(indicated by "L P1" and "L P2" in the figure) so that sharp images are formed on the screen. Write down the two positions of the lens and find its position change d.

Table 2

	D/cm
	Position 1/cm
	Position 2/cm
	Position change d/cm
	Focal length/cm

	
	
	
	
	


Calculate the focal length with the following equation:
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Focal Length: _______________
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Question 4: Try to derive the above equation.

Measure the focal length of a diverging lens. (Optional)

Try the measurement with the method illustrated in the figure on the right. Evaluate with the follow equation: 
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Focal Length: _______________

Question 5: Do you have another method for the determination of the focal length of a diverging thin lens?

Try to build a telescope with two converging lenses. (Optional)

Discussion:

What have you learned from this lab?

How do you evaluate each method?
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