  Compound Microscope Lab
A simple compound microscope is constructed from tow convex lenses and is shown schematically below. The first lens is called the objective lens, and the second, the eye piece.
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The objective lens has a shorter focal length than the eye piece.  In constructing and using a microscope, the object is placed at a distance just a little greater than the focal length away from the objective lens. An enlarged real image is then formed on the other side of the objective lens. An eye piece is then placed such that this image is just inside the focal length of the eye piece, which means that the eye piece is acting as a magnifying glass that produces a final image that is enlarged and virtual. Since the final image is virtual you cannot project it to determine its final distance or image size. Thus, a ray diagram is used to find the final image distance and to determine the total magnification. The overall magnification of a compound microscope is the product of the individual magnifications of each lens:
m = mome                 (1)
where the magnification of either lens is given by: 
m = - di/do          (2)
The magnification of the microscope can also be expressed in terms of the object height and the final image height as formed by the eyepiece: 

m =  hi-eyepiece/ho-objective          (3)

In today’s lab you will construct this simple compound microscope using two convex lenses and determine its magnification. In sum, here is what you will be doing: 
1. Measure the focal length of each lens. 
2. Construct the microscope and measure the distance of the object to the objective lens and the distances between the lenses to bring the final image into focus. 
3. Make a ray diagram of your microscope based on the measurements found in steps 1 & 2 and measure the distance to the final image and the height of the final image. 
4. Calculate the magnification of your microscope using equation (1) and (3) above.
5. Use the thin lens equation to derive the final image distance and compare to what you measured from your ray diagram.

6. Write a brief summary of your results. 
Measuring the Focal Length of a Lens
1. Place the illuminated object, lens holder with lens, and hooded screen on the optical bench. Set the object distance and lens. Adjust the position of the screen until a sharp image of is formed. Record the position of the object, lens and image. Calculate the object distance and image distance in cm. 

2. Use the thin lens equation to calculate the focal length. 

3. Keeping the lens in place, change the object distance and refocus the image. Do this twice times and take readings. Use the average of these three readings for your focal length.  Repeat for the second lens.

Constructing the Microscope

The shortest focal length lens is the objective lens and the longer focal length lens is the eye piece. You will be constructing the microscope as shown in the previous diagram so refer to it for clarification. 

1. Place the illuminated object at a distance 2 cm greater than the focal length. Record the position of the object and the objective lens.
2. Locate the real image formed by the objective lens on the hooded screen. (Again it might help to use a small circular aperture on the objective lens. Record the location of the screen. This is the image distance.

3. Place the eyepiece on the optical bench so that the image formed by the objective lens falls inside the focal length by about 2 cm. Remove the screen and look toward the object through the eye piece. The eye should be close to the eye piece. The image will exhibit a large amount of spherical aberration but it should remain sharply focused. Adjust the focus and record the position of the eye piece. 

Interpretation of Data
Construct a ray diagram of your microscope to scale and locate the final image. Use your data (position of object and lenses only and not screen positions) to calculate the total magnification of your microscope. Derive equation (3) above – and then use your data to determine the total magnification using equation (3) and equation (1).
Use the thin lens equation to derive a value for the final image distance. Use this value to derive the magnification of the microscope. Conclude with a brief summary of your results. Be sure to compare and discuss the magnification derived from the ray diagram and from the lens equation! 
All about Ray Diagrams:  http://hyperphysics.phy-astr.gsu.edu/hbase/geoopt/raydiag.html






