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Determination of Focal Length of A Converging Lens and Mirror
Objective:  

Apply the thin-lens equation and the mirror equation to determine the focal length of a converging (biconvex) lens and mirror.

Apparatus: Biconvex glass lens, spherical concave mirror, meter ruler, optical bench, lens holder, self-illuminated object (generally a vertical arrow),  screen.
Background

In class you have studied the physics of thin lenses and spherical mirrors. In today's lab, we will analyze several physical configurations using both biconvex lenses and concave mirrors. The components of the experiment, that is, the optics device (lens or mirror), object and image screen, will be placed on a meter stick and may be repositioned easily. The meter stick is used to determine the position of each component. For our object, we will make use of a light source with some distinguishing marking, such as an arrow or visible filament. Light from the object passes through the lens and the resulting image is focused onto a white screen. 

One characteristic feature of all thin lenses and concave mirrors is the focal length, f, and is defined as the image distance of an object that is positioned infinitely far way. The focal lengths of a biconvex lens and a concave mirror are shown in Figures 1 and 2, respectively. Notice the incoming light rays from the object are parallel, indicating the object is very far away. The point, C, in Figure 2 marks the center of curvature of the mirror. The distance from C to any point on the mirror is known as the radius of curvature, R. It can be shown that R is twice the focal length. 











Figure 1. The focal length of a biconvex lens.
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Figure 2. The focal length, radius of curvature and center of curvature of a concave mirror.

	Thin Lenses


A common experimental setup for a lens experiment is shown in Figure 3. 

	 

	



	Figure 3. The lens experimental setup consists of a light source (object), converging lens and image screen. These components are placed on a meter stick for easy position measurements. Notice the image is inverted. 


When the object is outside the converging lens' focal point, F, the resulting image is real, inverted and on the side of the lens opposite the object. This is shown with the geometrical ray diagram of Figure 4. 
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	Figure 4. An object outside the lens' focal point forms a real and inverted image on the side of the lens opposite the object. 


The above figure shows the object distance, p, and the image distance, q. Each of these distances are  measured from the center of the lens. In addition, the object height, ho, and the image height, hi, are also shown. 

The parameters p, q and f, are related by the thin lens equation, which is given by 
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The magnification of the lens, m, is defined as the ratio of the image height, hi, to the object height, ho, or 

	                                                       m =  
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For the thin lens, the magnification is also equivalent to the negative ratio of the image distance to the object distance, or 

	                                                        m = 
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A positive value for m  in Equation 3 indicates that the image is upright and on the same side of the lens as the object. A negative m means the image is inverted and appears on the opposite side of the lens as the object. 

The situation is very different, however, when the object is between the focal point and the lens. As shown in Figure 5, this configuration creates a virtual image on the same side of the lens as the object, which is upright and larger than the object. 
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	Figure 5. An object inside the lens' focal point forms a virtual and upright image. The image is always larger than the object and appears on the same side of the lens as the object. Here the lens is acting as a magnifying glass


	Convex Mirrors


Before reading this section, refer back to Figure 2 for a graphical description of the mirror parameters. A common experimental setup for a mirror experiment is shown in Figure 6. 
	 

	



	Figure 6. The mirror experimental setup consists of a light source (object), convex mirror and image screen. The mirror and light source are placed on a meter stick-optical for easy position measurements. The back of the mirror is shown in the foreground and the image of the filament is projected onto the white card. 



When the object is outside the concave mirror's radius of curvature, R, the resulting image is real, inverted, smaller than the object and on the same side of the mirror as the object. This is shown with the geometrical ray diagram of Figure 7. 

	 

	 

	Figure 7. When an object is placed outside the mirror's center of curvature (point C) the image that is formed is real, inverted and is smaller than the object. 



The above figure shows the object distance, p, and the image distance, q, of an object placed outside the mirror's center of curvature,C. Each of these distances are measured from the mirror's center (point V). The parameters p, q and  f, are related by the mirror equation, which is identical to the thin lens equation (Equation 1), 
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Additionally, the mirror equation may be written in terms of the mirror's radius of curvature, 
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The magnification of the mirror is determined exactly as we did with lenses and is given by Equations 2 and 3. 

Procedure
Coverging (biconvex) Lens 

A. Use a meter stick and white screen to quickly estimate the focal lengths, [image: image11.png]


of both lenses to the nearest five centimeters. Note, it is not necessary to use the optics bench for this. 

B. Setup the lens apparatus as shown in Figure 3, using the convex lens. Record p, q, and hi for four different relative positions of the object, lens and image screen. For example, choose for  p  any of these  distances: 40, 50, 60, 100 cm etc. Report these and other data in a nicely crafted Table.

Using data from step B, make a plot of q  versus  p and answer the following questions: 
I.  

What is the relationship between p and q ?

II.

As the object distance, p, becomes large, what approximate value does q    

approach? Physically, what does this value represent? Can you compare this value to a measured quantity to ascertain if you are correct? Can you verify this using Equation 1? 

III.
Using the graph, determine the range of positions for the object that will  produce  virtual images. Can you verify this using the equipment? 

IV. 
Make a plot of 
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 versus 
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p

 and determine the value of the lens' focal  length,  f. 

V. 
Make a plot of pq versus (p + q) and determine the value of the lens' focal   length,  f. 

VI. For each data point taken in step B, calculate the magnification (m) of the object size using Equation 2. Also calculate m using Equation 3 and compare your results for each data point. Report these data in your data Table.

Concave (spherical) Lens
C.
Use a meter stick and white screen to quickly estimate the focal length, f of the concave mirror to the nearest ten centimeters. Note, it is not necessary to use the optics bench for this. Make a note of this and compare it with your experimentally determined and actual (reported by manufacturer) focal length 

D.
Setup the mirror apparatus as shown in Figure 6. Record p and q three different relative positions of the object, mirror and image screen. Use this data to determine an average value of the focal length, f, and the radius of curvature, R of the concave mirror. Report your results for f along with its with mean deviation. 
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