
Thin Lenses and Image Formation

Materials/Equipment:

Optical bench with lens assortment 


1 short focal length convex lens (fshort of approx. 5 to 10 cm) 


1 long focal length convex lens (flong of approx. 10 to 15 cm)


1 negative focal length concave lens (fneg of approx. -15 to -20 cm)

Lens holders and image screen

Light source, such as a goose-neck lamp with 40W clear bulb

Meter stick and/or ruler

Transparent plastic film, marking pen, 3x5 cards 

Objectives:  

Observe the behavior of lenses and lens combinations and to understand it in light of the thin-lens equation.    

Thin-lens equation and magnification

The thin-lens equation relates the focal length f of a lens to the object distance o and the image distance i:  
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When a lens forms an image of an object, the size of the image is generally different from the size of the object.  We define the lateral magnification m to be the ratio of image height hi to object height ho. If an image or object is inverted, we take its height to be negative.
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Measurements

1. Set up the long focal length lens so it forms an image of a distant object on the screen. Make a careful measurement of the distance from the image to the centerline of the lens.  Since the object is far away, record this result as the focal length of the lens:





f =_________________
2. Set up the object and lens so that they have a separation of more than 1.5 times the focal length that you found above. Find the location of the image that is formed and measure the object and image distances:



o = ​​​​​_________

i =_________ 

3.  Use the thin lens equation to compute the focal length from the measurements you just made for I and o, and record the result here.  How closely does this agree with your measurement from step 1?  
4.  Measure the height (or width) of the paperclip used as the object and measure the diameter of its image.  Compute the magnification:

ho =
_________

hi  = 
_________
 
m =_________
5.  Compare this value of the magnification to the negative of the ratio of the image and object distances. (Remember that an inverted image has a negative height.)
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6.  Repeat steps 2 - 5 for the same lens, but for a different combination of object and image distance. 
7.  Notice that the thin lens equation is symmetric in the variables o and i.  Set up the object and the image screen so that the distance between them is at least 3 times the focal length of the longer focal length lens. Now, without moving the object nor the screen, find two positions at which a sharp image is formed. For each of these positions, determine the object and image distances as well as the heights of the images formed.
Object  position=_________  
Image position  =_________
Lens position1   =_________  
Lens position2   =_________
i1 =_________


i2 =_________
o1 =_________


o2 =_________
h’1 =_________


h’2 =_________
Demonstrate that these magnifications are consistent (or not) with m = - i/o.
9.  Put the short focal length lens in a holder and place it approximately a distance of 3 fshort from the lamp filament.  Using the screen, locate the image of the filament.  Determine the location of this image.
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Put the long focal length lens in a holder and place it approximately a distance of 1.33 flong from the image.  Using the screen, locate the image created by the long focal length lens (see diagram above).  Measure this image distance and compare it to what you calculate using the thin-lens equation and knowing the focal length of the second lens.  Is the resulting image due to the two-lens system inverted or erect?  Why is that so?
10. Leave the short focal length lens where it is and remove the long focal length lens from the setup.  Place the negative lens in a holder and arrange it between the short focal length lens and the image position you found earlier for the short focal length lens. (Note: you will need to turn the lens holders so that the shorter “foot” of each holder is facing the other holder. This will allow you to place the two lenses closer to one another) Using the screen, locate the image formed by this two-lens system.  

Is the resulting image due to this two-lens system inverted or erect?  Measure the image and object distances for the negative lens (note that its object and image are both on the same side of the lens!  Is that important ?!?).  Use the 
thin-lens equation to calculate the focal length of the negative lens.  
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