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Care and Feeding of the Compound Microscope

Introduction

Microscopes are arguably the most important tools in biological investigation. While modern molecular techniques allow for the creation of large and analytically powerful data sets, microscopy gives us the ability to enter a world of structural and organismal diversity that surpasses the most vivid imagination. The publication of Micrographia by Robert Hooke in 1665, presented the scientific community with its first glimpse into the previously unseen microscopic world. Though Hooke was initially ridiculed as having simply imagined what he saw, his discovery of the unexpected complexity of biological minutia established his place as a pioneer of scientific investigation. For nearly four centuries, microscopes and biology have been inextricably linked. 

Microscopes are simply instruments used to magnify samples to facilitate the viewing of small objects. There are two basic types of light microscope – dissecting microscopes and compound microscopes. Dissecting microscopes are basically fancy mounted magnifying glasses and are quite straightforward to use. They do not require special preparation of the specimen and it is easy to change the magnification and to focus a dissecting microscope. If you are skilled at using a compound microscope, you should have no problem using a dissecting microscope. For that reason, we will work only with compound microscopes during this microscopy exercise.

The compound microscopes use multiple lenses in combination to optimize magnification and clarity of images. One set of lenses are near your eyes – these are called the ocular lenses. Another set of lenses are near the sample or object – these are called objective lenses. You will notice that the compound microscopes provide an inverted image – what you see when you look in the ocular lenses will be upside down from the way that it is actually oriented on the slide. Both the ocular and objective lenses contribute to the total magnification of the image. To calculate the total magnification you must multiply the magnification of the ocular lenses by the magnification of the objective lens you are using. For example, if the magnification of the ocular lens is 10X and you are using the 40X objective lens, the total magnification is 400x.

Pigmented specimens are easily viewed without applying special enhancements. Light is absorbed as it passes through the specimen creating a dark image on a light background or field – this is called brightfield microscopy. However, many specimens are not naturally pigmented but are colorless. This means that they exhibit little or no contrast when viewed in ordinary brightfield. For such specimens, there are several optical techniques that can be applied to enhance visibility. The easiest to understand is staining – adding pigment. Most of the prepared slides have stained specimens. 

Presumably, most of you have used a microscope at some point. Instead of going through all of the basics here, we will stick to the most important aspects of using the particular microscopes we will have available in lab and hopefully avoid the most common mistakes that students make using these microscopes. Look at your microscope. It may be slightly different from the one pictured here. See if you can identify all of the parts of the microscope shown in these diagrams on your microscope.



The following are a few tips for using the microscopes. This is not a protocol or procedure, but a simple list of important things for you to keep in mind:

· Always carry the microscope upright and with both hands – one hand on the handle and one hand on the base. Always handle the microscope gently. Dragging a microscope across the lab bench causes vibrations and can jostle lenses. Always lift your microscope to move it.

· Remember that specimens must always be mounted on a slide and covered by a coverslip. Specimens must generally be either very small (on the order of individual cells) or very thin in order for light coming up through the specimen to resolve in a magnified image. When preparing wet mount slides, less specimen material is almost always better than more.

· When positioning your slide on the stage, be sure that it is correctly placed within the brackets such that you can move it easily using the positioning knobs. These microscopes do not use stage clips – the slides do not go under the brackets, they fit within the brackets. 

· Make sure that the rheostat (brightness control knob) is turned all the way down before you turn on the light. Turning on the light when the rheostat is cranked up will shorten the life of the bulb. Gently increase the light intensity after the bulb is turned on. On many of these microscopes, you may have to increase the intensity significantly before you even see the light. Turn it up all of the way before you conclude that the bulb is blown.

· In order to control the amount of light hitting the specimen, you should open and close the iris (substage) diaphragm by sliding the small lever or metal slide on the condenser. You should start with the diaphragm almost completely closed, but you will notice that as you move to higher power objective lenses, the aperture of each lens gets progressively smaller so you will have to open the diaphragm slightly as you increase magnification. The diaphragm will never be fully open. You will notice that the crispness of fine structures is lost the more you open the diaphragm.

· Always start on the lowest power objective lens and increase magnification by moving to the next highest objective lens. These microscopes are parfocal which means that all of the objective lenses are approximately in focus at the same position of the focusing knob. However the higher power objective lenses will be much closer to the coverslip than the lower power objective lenses when in focus. This gives you much less room to maneuver. By getting a focused image on a lower power objective lens, you significantly reduce the risk of breaking a slide when you increase to a higher power objective lens.

· Always focus away from the slide. On these microscopes, the focusing knob moves the stage, not the tube. Before you look in the ocular lenses, look to the side of the stage. Make sure that the portion of your slide containing the specimen is directly over the cone of light coming up through the hole in the stage. Raise the stage as far as it will go. (It will not touch the objective lens if you start on the lowest power lens.) Now look into the ocular lenses and back the stage away from the objective lens. If you always focus away from the lens, you will not break slides. 

· Only use lens paper and lens cleaning fluid on objective and ocular lenses. Any other paper, even something that might seem soft to you like Kleenex or Kimwipes, could scratch the lenses and destroy them.

· If you are not sure about anything when using the microscopes, please ask. Asking for help is always a good thing.

Materials

compound light microscope


lens paper

selected prepared slides


lens cleaning fluid

Procedure

After going over the nuts and bolts of using a compound microscope, your instructor will give you a few prepared slides so that you can practice using the microscope. You should start by making sure all of the lenses are clean. Correctly position the condenser to approximate Köhler Illumination. Place the slide on the stage, position it, and focus. You should practice using the three lowest power objective lenses and make sure that you are able to see a good image at each different magnification. Answer the questions on the next page.

1.  Make a simple sketch of one of the objects you observed here. Your instructor will tell you which object you should sketch. Be sure to label your drawing. We will make formal scientific illustrations in lab 11. 

2. Distinguish between the OBJECTIVE LENS and the OCULAR LENS of the microscope and explain what each one does. 
3.   What are the MAGNIFICATIONS of the ocular and various objective lenses? 
4.    Define COARSE and FINE adjustment. 
5.    What does the DIAPHRAGM do?

6. Why do you let in more light with the diaphragm when you go from a low magnification objective to a higher magnification objective? 
After every lab when microscopes are used, you must be sure that you follow protocol in cleaning up and putting your microscope away. In order to help you remember all that you need to do to put the microscopes back properly, the following checklist is provided. You should use this checklist every time until you can follow the protocol easily from memory.

Microscope Put-Away Checklist

· there is no slide on the stage (all slides are clean and returned)

· oil is cleaned from the immersion lens with cleaner and lens paper

· the lowest power objective lens is down

· the stage is lowered

· the power switch is off

· the rheostat is turned all the way down

· the cord is wrapped gently around the base
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