Lab 1: The Microscope
Microscopes are tools that allow us to see objects or detail too small to be seen with the unaided eye.  Two aspects of microscopy determine how clearly we can see small objects: magnification and resolving power.  

Magnification
Magnification is fairly straightforward.  It is simply the amount “bigger” a microscope makes an object appear.  For example, 10X magnification makes an object appear ten times larger in every dimension than it actually is.  Obviously, the larger the magnification, the smaller the object that can be seen. Not surprisingly, as the magnification increases, the diameter of the field of view decreases.  This phenomenon will become more important when we use compound microscopes, and is often the reason that objects or structures seemingly “disappear” when the magnification is increased.  In other words, if an object is not centered in the field of view under low magnification, it may not appear in the (more limited) field of view under higher magnification.  

Although higher magnifications will allow you to see smaller objects, being able to see an object is not equivalent to being able to see it clearly.  That is why we must consider resolving power as well as magnification.

Resolving Power
Resolving power (or resolution) is a measure of the ability to distinguish fine detail.  In other words, it is a measure of how close together two points need to be before they can no longer be distinguished as two separate points.  As the resolving power increases, this distance decreases (the points can be closer together).  Resolving power is dependent on two quantities: the numerical aperture of the lens and the wavelength of light used.  

The numerical aperture is a measure of how much light enters the microscope lens.  As the numerical aperture increases, resolution increases.  

Conversely, resolution increases as the wavelength of the light used decreases.  Visible light ranges from about 400 nanometers (1 nm = 10-9 m) in wavelength (violet light) to about 700 nm (red light).  This means that the “peaks” on a wave of violet light are closer together than the “peaks” on a wave of red light.  Because the “peaks” are closer together, violet light allows the objects we are examining to be closer together, and still be distinguished as two separate objects.  Thus, violet light allows greater resolution than does red light.  The dependence of resolving power on wavelength is the primary reason that electron microscopes allow much greater magnifications than those possible with light microscopes.  Electron beams behave like waves under some circumstances, with effective wavelengths of approximately 0.004 nm.  This is much smaller than the 400 - 700 nm possible with visible light, and thus electron microscopes allow us to resolve much smaller objects, under much greater magnification.

Types of Microscopes
There are four primary types of microscopes: dissection, compound, transmission electron, and scanning electron microscopes.  You will use the first two types today in lab to learn about microscope use. 

Using the Dissecting Microscope 

Your instructor will show you where the dissecting microscopes are located.  Being sure to carry it with both hands (one hand on the arm and one under the base), get a dissecting microscope from the cabinet and bring it back to your lab table.

The dissecting microscope is the least powerful of the four types, with maximum magnification of about 30X.  Your microscope is a stereoscopic microscope, which means that there are two oculars and the image is three dimensional.  The two oculars can be moved closer together or farther apart to suit each user.  There is a knob on the microscope that adjusts the magnification, and focusing knobs on either side.  

· Place a ruler under the dissecting microscope.  Using reflected light, and the lowest power (by turning the knob on the side of the microscope), record the diameter of the field of view in millimeters (10mm=1cm) ______________.

· Now, without moving the ruler, increase the magnification to its maximum.  Record the diameter of the field of view _____________.

Place an opaque object (there should be a box or collection of objects on your table, otherwise, use your finger or a coin, or a pencil, etc.) on the stage and examine it as you move it around on the stage, and as you change the magnification with the knob on the side of the microscope.  Using the drawing paper provided, draw a representative view of your specimen in as much detail as possible.  

· When you move the specimen to the left, in what direction does the image seen through the microscope move?

Before returning your dissecting microscope to the cabinet, clean the eyepieces, stage, wrap the cord around the base, and replace the cover.  Return your dissecting microscope to the cabinet.

Using the Compound Microscope
Get a compound microscope from the cabinet, being sure to carry it upright and with two hands.  

The compound microscope uses a variety of lenses to magnify objects up to 1000 times. Refer to figure 1 and your microscope to find the structures described on the next page.

Ocular lens
Your microscope is a binocular compound microscope.  This means it has two ocular lenses.  The oculars, or eyepieces, are located on top of the microscope and are the lenses you look through.  These lenses simply slide into their housing.  This is a good reason to keep the microscope upright when you carry it, so as to not drop and break an ocular.  The right ocular has a pointer in it, useful for specifying a certain structure on a slide (such as during a test, or when asking a question of your instructor). 

· Each ocular has a magnification printed on it.  What is the magnification of the oculars on your microscope? ______________

Objective Lenses

There are three or four objective lenses attached to a rotating nosepiece directly above the stage of the microscope.  By rotating the nosepiece, you can click each different objective lens into place.  Changing objective lenses is the way you change the total magnification on a compound microscope.  Each of the different objectives has a different magnification, which is printed on the side of the lens.  The shorter objectives are lower power and the longer objectives are higher power.  

· What are the magnifications of the objectives on your microscope? 

______________           _______________            ____________         ____________

The lowest power objective lens is called the scanning lens.  The other three are medium,  high, and oil-immersion lenses respectively.  The oil-immersion lens has the highest power.

By multiplying the power of the objective lens by the power of the ocular lens, you can determine the total magnification of an object under the compound microscope.  

· With the objective lenses on this scope, what are the possible total magnifications you might use?  

_______________           _______________        ______________      ______________

Stage
The stage is the flat area on which slides or other objects to be examined are placed.  There is a hole in the stage that allows the passage of light from below, through the slide.  This is a mechanical stage – there are knobs on the right side that allow a slide to be moved very precisely under the objectives.

Condenser 


The condenser is a lens below the stage.  It serves to focus the light from below on the slide.  This is a moveable condenser, but the best image is usually obtained by keeping it at the very top – as close to the stage as it can go.

Aperture Diaphragm
The aperture diaphragm is a feature that can increase or decrease the amount of light that passes through the stage.  On your microscope, it is a lever that sticks off of the front of the ‘condenser’ lens below the stage.  By adjusting the aperture diaphragm, you can greatly enhance the contrast between different portions of the object under view.  You will use this feature a little later.

Light Source
The light source is simply a lamp attached to the base of the microscope.  It is turned on and off by a switch on the side of the base.

Focusing Knobs
On either side of the microscope, there are two focusing knobs, one on top of the other.  The inner knob (the larger one) is the coarse focusing knob.  Turning this knob moves the stage closer or farther from the objective lens very quickly.  The coarse focusing knob should only be used when the lowest power objective lens is in place!  The outer knob (the smaller one) is the fine focusing knob and should be used after bringing the image into focus using the coarse focusing knob under low power.  When switching to higher power objectives, the fine focus is the only focus adjustment you should ever use!  Do not use the coarse focus adjustment when any ocular other than the lowest power is in place.  Because of the longer length of the higher power objective lenses, and the large amount of movement caused by the coarse focus adjustment, it is possible to break the slides (and possibly damage the objective lens) by accidentally ramming the slide into the objective lens if you use the coarse focus knob under high magnification.

Remember - 3 Rules for use of the compound microscope:


1. Always begin with the LOW power objective lens (scanning lens).

 
2. Coarse focus is ONLY used with the low power objective lens.


3. Fine focus is ALWAYS used with the higher power objective lenses.

Body Tube, Arm and Base

Use Figure 1 to become familiar with these three structural parts of the microscope.  
Operating the Compound Microscope - The Letter “e”

1.  Obtain a slide with the letter “e” mounted on it.

2.  Place the slide under the clips on the stage, with the letter “e” over the opening.

3.  Rotate the nosepiece until the scanning objective (low power) clicks into position.

4.  Turn on the lightsource.

5.  Focus:  Watch from the side as you lower the objective toward the stage as close as possible (without touching the lens).  Then, looking through the ocular, slowly rotate the coarse adjustment, lowering the stage and slide away from the objective.  Always make coarse adjustments away from the objective.  When the image is approximately focused, use the outer knob for fine adjustment

· What is the total magnification you are using at this point? _________________

· Move the letter “e” to the left by using the stage control knob (bottom knob).  
What direction does it move when viewed through the oculars? _______________

· Estimate the approximate distance (in millimeters, using the ruler provided) between the bottom of the lens and the slide.  _____________   This distance is called the working distance.  Working distance decreases as the objective magnification increases.

6. Slowly swing the next highest power objective (high power) into position and the image should still be somewhat in focus.  Make minor adjustments (with the fine focus knob only) to bring the subject into perfect focus.

· Open and close the aperture diaphragm.  What effect does this have?

· What is the total magnification you are using now? ___________________

· Estimate the working distance between the bottom of this objective and the slide.___________________   
· How does this compare to the working distance for the lower power lens?

Draw what you see through the microscope in the space labeled on the paper provided


· Why should whole mount slides (thick slides) carry the following label? “DO NOT use HIGH POWER on this SLIDE”

7.  Cleaning: A hazy image is most commonly caused by dirty lenses.  To clean a lens, ocular or objective, breathe on it, and quickly wipe with a crumpled piece of lens tissue.  USE LENS PAPER ONLY, anything else may damage the soft glass of the lens.  If this does not do the trick, your instructor may use lens tissue barely dampened with a cleaning solution.

8.  When you are ready to store the microscope (not now, but after lab), remove the slide, return the low power objective to viewing position, and wrap the cord loosely around the base.  Return the microscope to its position in the cabinet.

Your study of biology will be much more enjoyable (and less frustrating) if you understand how to use a microscope well.  Once again, here are the important steps:

1.  Always carry the microscope with two hands.

2.  Always begin with the lowest power objective lens!!

3.  Center the object under low power and focus with the coarse adjustment before moving to higher power.

4.  Never use the coarse focusing knob with any power except the lowest!

5.  Adjust the aperture disk to get the best image.

6.  Please turn off the light when the microscope is not in use.

7.  Clean the microscope before storing.  Use only lens paper on lenses

Depth of Focus - Crossed Threads

Like your eyes, the microscope cannot focus on objects near and far away at the same time.  Although objects on a microscope slide might seem to be perfectly flat (i.e. two-dimensional), they are not.  The top of the object on the slide is nearer to the objective lens than the bottom of the object.  For this reason, when using high magnifications, it is impossible to have both the top and bottom of the object under the lens in focus at the same time.  In fact, by using the fine focusing knob, it is possible to focus the microscope at different depths on the slide.  You will investigate this using a prepared slide of crossed threads of different colors.  

Either place a prepared slide of crossed threads on the stage, or make a slide from scratch and place it on the stage.   If you must make the slide, first cut three lengths of different colored thread, about 1 cm long each.  Using forceps, arrange the threads so that they all cross at one point on a clean, dry slide.  Put a drop of water on the crossing point, and place a coverslip over the threads.  Your instructor will show you how to do this.  Now - .  examine the slide under scanning power.

· How many strands are in focus at one time?  __________________

Switch to the high power objective lens.

· How many strands are in focus at one time? __________________

By focusing back and forth with  high power, try to determine which color thread is on top, which is on bottom, and which is in the middle. Is it possible to get just the top strand in focus? Just the middle one?

· List the order of colors, from top to bottom.

· What is the total magnification you are using here?  __________________

Measuring Microscopic Objects - Graph Slide

Frequently, the professional biologist needs to know the dimensions of the object examined under the microscope.  One way to do this is to know the dimension of the field of view under each magnification, and then estimate the size of the object relative to the size of the field.  

1.  Place a prepared graph paper slide over the opening in the center of the stage.

2.  Line up one of the vertical lines so that it is just visible at the left side of the circular field of view.

3.  The distance from the center of one line to the center of the next line is a MILLIMETER (mm).  Count the number of millimeters from one side of the field to the opposite side.  If the right side of the field does not coincide exactly with one of the lines, you will have to estimate to a fraction of a millimeter.

· What is the diameter (in millimeters) of the field of view under low (scanning) power?____________

Rotate the high power objective into place.  Note that the field of view is LESS than 1mm.  Instead of measuring this field directly, it is more accurate to obtain the diameter by the following method:

· divide the magnifying power of the high-power objective by the power of the low power objective

· divide the diameter of the field under low power by this quotient

· What is the diameter of the field under high power? _______________

Wet Mounts

Living material is often observed in a preparation called a “wet mount”.  This basically means that the living material is either in water, or is covered with water before adding a coverslip.  Because water is the primary constituent of living cells, this technique is necessary to be able to observe living material without the damaging effects of dehydration. The general procedure for making a wet mount is described below for the human cheek cell mount.

Human Cheek Cells
1. Place a drop of water on a clean slide.

2. Gently scrape the inside of your cheek with a clean applicator stick to harvest several dozen (probably hundreds) of cells  

3. Stir the end of the toothpick in the water on your slide. 

4. Hold a coverslip at an angle to the slide and touch one side of it to the edge of the drop of water.  This will cause the water to spread out along the place where the coverslip touches the slide.  Now, gently drop the coverslip over the water (and cells) on the slide.  This should result in a minimum of air bubbles under the coverslip.

Try to find the cheek cells under low power.  When you think you have one (or several), change to the next highest power, and finally, the highest power.

· Adjust the aperture diaphragm.  What effects do these adjustments have on your image? _________________________________________

Staining
By making the adjustment to the aperture disk above, you were attempting to obtain the best image, in part, by adjusting the contrast of the cells to the surrounding water.  Another way to improve contrast is to use a stain such as Methylene blue or Iodine.  Because cytoplasm (the stuff inside cells) is usually clear or transparent, stains are added to improve visibility and increase contrast between structures.  Different stains are absorbed by different kinds of cells and/or specific organelles.  

Remove the slide from the stage, and place one drop of stain at the edge of the coverslip.  Using a Kimwipe or a piece of paper towel, draw the stain under the slide by absorbing water from the edge of the coverslip opposite the stain.  It may not look like much stain is actually moving under the coverslip, but be assured that it is (as long as you are absorbing water from the other side).  

· Describe any changes, other than the color, in the appearance of the cells.

· Try adjusting the aperture diaphragm again.  Does this adjustment have a larger effect on stained cells?

When you have focused with the strongest objective, draw what you see now, in the space labeled “Stained Cheek Cells”.    

Object examined under the dissecting microscope:

Letter “e”:

Stained Cheek Cells:
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