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Exercise 1: The Brightfield or Optical Light Microscope
Introduction 
The compound light microscope is widely used in biological laboratories and it is essential to know how to set up and use a microscope correctly.

The following exercises will allow you to become familiar with the components and their functions and know how to set up the microscope for optimal viewing of the specimens.

Materials required
compound light microscope

slides

cover slips 

scissors           

newsprint   

coloured magazine picture

pasteur pipette

small plastic transparent ruler

stage micrometer 

prepared stained slide 

Method
1. Identify all the components of the microscope - ocular lenses, objective lenses, iris and field diaphragm, sliding voltage control, power switch, mechanical stage, fine and coarse focus, base, condenser, condenser focus knob, iris diaphragm, field diaphragm, light source and filter holder. Use the microscope components diagram on a later page to help you.

2. Use Kolher’s illumination technique (as outlined in the workshop’s power-point talk) to set up the illumination correctly and to focus on the slide provided. Make sure that you focus first on low power (use the 4x and/or the 10x objective lens).

3. Try swinging the high power lens (40x) into position once you have focused on low power - you should not need to adjust more than the fine focus if your instrument is parfocal. Note what happens to the size of the field of view and light intensity  when this is done.

4. Prepare a slide using a small piece of newsprint - make sure there are letters visible. Place a small drop of water on the slide and add the newsprint and a coverslip or use a small piece of sticky tape to fix the letter in place.

5. Now examine this under the microscope and note what happens to the image. Then move the slide to one side using the mechanical stage and note in which direction the image moves.

6. Make another slide using the coloured picture from a magazine – note  the appearance of the solid colour when it is viewed with a lens which increases the resolution of the image.

7. As accurately as possible measure the working distance for each objective lens
(mm).
8. Using the stage micrometer measure the diameter of field of view (FoV) for each objective and record your results in the table in the report:
Results
Record the make and model number of the microscope used and all measurements and observations taken.

Discussion

1. What relationship is there between magnification and field of view?

2. What adjustments must be made to the light control as you move from low to high power? 
3. What other adjustments may need to be made?

4. How is the working distance affected by altering the magnification?

5. List some of the precautions you should take when handling, setting up cleaning and storing a compound microscope (use the microscope manual to guide you).      

Parts of the Compound Microscope

Examine the diagram of the microscope below and complete the following questions.
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1. Label the main parts of this microscope. Which microscope did you use, record the name and model number.
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2. Fill in the following table.

	Microscope part name
	Location on the microscope
	Function

	Field diaphragm
	
	

	Iris diaphragm
	
	

	Condenser
	
	

	Coarse focus
	
	

	Fine focus
	
	

	Diopter ring
	
	


3. Your observations of newsprint and coloured picture should be recorded here.

4. Measurement table:

	Ocular

Lens Mag 
	Objective

Lens Mag
	Total Magnification


	Diameter of FoV (mm)

Measured by stage micrometer
	Working Distance (mm)



	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


Discussion Questions:

1. What relationship is there between magnification and field of view?
2. What adjustments must be made to the light control as you move from low to high power? 
3. What other adjustments may need to be made?
4. How is the working distance affected by altering the magnification?
5. List some of the precautions you should take when handling, setting up, cleaning and storing a compound microscope (use the microscope manual to guide you).      
Exercise 2: Oil Immersion

Introduction

A general definition of microbes includes all those living organisms that can not be viewed (seen) in any detail by the human eye. Alternatively, a microbe is any living creature that must be examined with a magnifying lens in order to see its unique physical characteristics (size, shape, motility, and colour). Magnifying systems come in two general forms; simple magnifying glasses or lenses that consist of a single lens of polished, rounded glass or plastic and compound microscopes that use two lenses, an objective lens and an eyepiece lens to magnify the sample. The best single lenses are limited to magnifications of 500x or less and most only magnify 10 to 25x. The better compound microscopes are capable of magnifications of up to approximately 1,200x, but the average compound microscope only magnifies 1,000x. The first man credited with seeing microbial life was Leeuwenhoek who performed this amazing feat with simple lenses and a keen eye. 
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 Oil Immersion and improved resolution:

The ability of a microscope objective to capture deviated light rays from a specimen is dependent upon both the numerical aperture and the medium through which the light travels.
The principle of oil immersion is demonstrated in Figure 1 where individual light rays are traced through the specimen and either pass into the objective or are refracted in other directions. 
Figure 1(a) illustrates the case of a dry objective with five rays (labeled 1 through 5) shown passing through a sample that is covered with a coverslip. These rays are refracted at the coverslip-air interface and only the two rays closest to the optical axis (rays 1 and 2) of the microscope have the appropriate angle to enter the objective front lens. The third ray is refracted at an angle of about 30 degrees to the coverslip and does not enter the objective. The last two rays (4 and 5) are internally reflected back through the coverslip and, along with the third ray, contribute to internal reflections of light at glass surfaces that tend degrade image resolution. 
When air is replaced by oil of the same refractive index as glass, shown in Figure 1(b), the light rays now pass straight through the glass-oil interface without deviation due to refraction. The numerical aperture is thus increased by the factor of n, the refractive index of oil.

It can be seen from the diagram and from the formula for resolution that using immersion oil: 


1. Bends more light into the lens capturing more orders of diffraction from the object. (Keep in mind that finer details or more closely spaced objects will give much higher angles of diffraction than will larger objects with less fine details).


2. Will allow a lens to have a N.A. greater than one. It is not possible for a dry lens to have a N.A. greater than one. (see next diagram).
Notice the third image in the diagram showing the case of the immersion lens with the N.A. of 1.3. 
Procedure
Pond water: A complete microbial world of bacteria, green algae, cyanobacteria, protozoa and fungi. You may see something no one else has ever seen. 

· With a plastic pipette bulb pick up the sample and place a small drop of on the slide. Try to put a chunk of material you can see by eye on the slide. Place a cover glass over the sample and observe it under the microscope first using the 10x objective.
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USE OF THE OIL IMMERSION LENS

View the sample first through the 40x lens and then through the oil immersion lens. To use the oil immersion lens proceed as follows: 

Procedure 1:

· Focus the 40x lens on the sample and examine it. If you are having difficulty seeing 
something, decrease the amount of light by closing the iris diaphragm below the stage on 
the condenser. 
· Turn the barrel of the microscope so that the 40x and 100x lens are ½ way between 
and directly over the coverslip. 
[image: image7.emf]
· Place a drop of oil on the middle of the coverslip. 

· Carefully turn the objective lens until the 100x lens contacts the oil and snaps into 
position.
· Examine the lens; it should almost touch the coverslip and the oil should fill the 
space between the coverslip and the lens.
· If it touches the coverslip carefully back the lens off until it is about 1 mm above the 
coverslip. 

· While looking through the eyepieces use the FINE ADJUSTMENT knob to move 
the lens up and down in tiny increments; this action should bring the organisms into 
focus. This should not require much adjustment because the lenses are parfocal.

· If you can’t see anything initially try varying your lighting. 

· If you are still having trouble seeing something try to center a piece of debris directly 
under the lens by eye and then focus on it. Once that is done carefully move away and 
examine other areas of the slide. 

· Do not rotate the high power objective back into the oil – only the oil immersion 
objective is meant to be submerged in oil.

Record your observations.

When finished examining slide 

· rotate nosepiece half way between low power and oil immersion objective – never 
rotate from oil immersion objective to high power objective 

· remove slide from stage and lightly wipe the oil from it using kimwipes or lens tissue
· clean the oil immersion objective with lens paper and lens cleaner (methylated spirits, 
ethanol or windex)
· clean oil from stage and condenser if necessary 

· finish rotating nosepiece until low power objective clicks into place 

· using coarse adjustment, adjust low power objective to the furthest point away from 
the stage 

· cover and store 
Precautions 

· Use the Coarse adjustment only with the low power objective. 

· Use oil each time the oil immersion lens is used. 

· Use immersion oil with the oil immersion objective only. 

· Clean all oculars and objectives with lens paper after each use. 

· Move or transport the microscope with one hand under the base and the other hand 
gripping the arm. 

· Avoid jarring or bumping the microscope. 

· Store the microscope covered in a protected area. 

Procedure 2:

View under the microscope a prepared slide of bacteria. 

Locate the bacteria under the low power and then high power. 

Once you have the specimen focused under 40x you can then use the oil immersion lens to examine the bacteria. 

Remember to clean the oil off the slide before you return it to the slide box.

Record your observations.

Procedure 3:

In this procedure you will examine day old milk and attempt to count the number of bacteria in a field of view.

A container of milk has been left open for 48 hours at room temperature.

1. Spread 0.01ml of the milk onto a 1cm square of the microscope slide and let air dry.

2. Immerse the slide in 100% methanol for 5 minutes and the let dry.

3. Immerse the slide in 100% xylene for 2 minutes and then let dry.

4. Wash the slide twice in 100% ethanol. Rinse in water.

5. Immerse the slide in methylene blue for 30 seconds, rinse with water.

6. Allow slide to air dry.

7. Examine under the oil immersion lens (100x).
8. Estimate the number of bacteria (stained blue).
Record your results.

Keep the Lenses Clean and Oil-Free
 

Always strive to make sure that your microscope objective and substage condenser front lenses are kept clean and free of immersion oil. Many manufactures advertise non-drying immersion oils that are reported to have such a high vapor pressure that solvents will not evaporate, leaving crystalline residue on optical surfaces. 

This may be almost true in some instances, but it is dangerous to gamble with expensive optical equipment. Use lint-free paper or cloth to gently wipe excess oil from the lenses and microscope slide after experiments are finished. 

After the oil is removed, use a suitable solvent to remove traces of immersion oil from the lenses. 
Failure to clean lenses properly may result in small crystallites forming on the coated surfaces when immersion oils either dry or collect dust and other contaminating particles from the atmosphere.
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