An Introduction to Microscopes

Microscopes are instruments designed to produce magnified visual or photographic images of objects too small to be seen with the naked eye. The microscope must accomplish three tasks: 

· produce a magnified image of the specimen, 

· separate the details in the image, and 

· render the details visible to the human eye or camera. 

This group of instruments includes not only multiple-lens (compound microscopes) designs with objectives and condensers, but also very simple single lens instruments that are often hand-held, such as a loupe or magnifying glass.

The Compound Microscope

Modern biologists work with fairly small components of living organisms, tissues, cells and biomolecules. To actually see them, one needs optical instruments which can magnify (or more properly, make magnified images) of these components. The compound microscope is the instrument designed for this task. 

To magnify an image, you need a magnifier or a lens, a piece of glass which makes everything appears larger. But there is a limit to how far a simple magnifier can make things bigger; that is about 8-10-fold. Lenses must be added, one behind another, (compounded) to increase this magnification. Then one can magnify the image up to 2000 times life size. The classic compound microscope magnifies in two steps: first with an objective lens that produces an enlarged image of the object in an "intermediate" image plane. This intermediate image is then magnified by the ocular lens or eyepiece. 

The primary image-forming component of the compound microscope is the objective lens. Knowledge about objective lenses is crucial to selecting the proper one for the microscopic technique being used and the particular specimen being observed. The most important consideration for image formation with the objective lens other than its magnification or power is its numerical aperture. This is a number that is directly related to the resolving power of the objective. It is a critical aspect in obtaining a useful microscopic image. 


Light Interaction with the Biological Specimen

Any consideration of microscopy must begin with an understanding of how we perceive light and how light interacts with matter. Light has both a particle and a wave nature. For most of this discussion, it is the wave property of light that is of interest to us. Our eyes perceive certain properties of light; wavelength is perceived as colour and amplitude is seen as brightness. 
Most of the objects that biological microscopists observe are transparent; therefore there is very little innate change in light amplitude or wavelength in a biological specimen observable to us. These properties are however; taken advantage of by creating changes in the light passing through the specimen. 
We can stain the specimen and see it in a different colour than the surrounding microscopic field. This is the simplest approach because one does not need to change much about the light path in the microscope, at least for transmitted light microscopy. Some techniques that depend on specimen staining are brightfield and fluorescence microscopy. 

We can also alter the light path by some tricks to change the amplitude of the light passing through the specimen relative to the surrounding field. These amplitude differences created in the specimen then allow us to see it much better. Techniques that use this approach are phase, darkfield, polarisation, reflection contrast, and different types of interference microscopy. 

High power light microscopes use a combination of lenses to magnify objects up to several hundred times. Because there are two or more lenses involved, they are called compound microscopes. The specimens viewed with this type of microscope have to be thin and mostly transparent. Light is focused up from beneath the stage by a mirror and a condenser so that it passes through the specimen. If the specimen is too thick or opaque, little or no detail will be visible. 
Monocular microscope

[image: image5.emf]
Stereo or dissection microscope
Microscopes used for dissecting are sometimes called stereo microscopes (below). There are two objective lenses used together to give a 3-D or stereoscopic image. They do not require a light source to be passed through the specimen - the object being viewed is usually illuminated from above and does not need to be transparent. This kind of microscope can also be used for looking at the external structure of larger objects such as whole insects, but because the lenses remain some distance from the viewing object, resolution is never as high as for other types of light microscopes.
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Microscope parts and their function:

	Name of part
	Function

	Ocular lens or eyepiece
	The eyepiece or ocular, which fits into the body tube at the upper end, is the farthest optical component from the specimen 
The eyepiece serves to further magnify the real image projected by the objective. 

In visual observation, the eyepiece produces a secondarily enlarged virtual image. 

In photomicrography, it produces a secondarily enlarged real image projected by the objective. This augmented real image can be projected on the photographic film in a camera or upon a screen held above the eyepiece. 

The eyepiece can be fitted with scales, markers or crosshairs (often referred to as graticules, reticules or reticles) in such a way that the image of these inserts can be superimposed on the image of the specimen.

	Tube
	Connects the eyepiece to the objective lenses.

	Arm
	Supports the tube and connects it to the base.

	Objective lens
	The first lens of a microscope is the one closest to the object being examined and, for this reason, is called the objective. Light from either an external or internal (within the microscope body) source is first passed through the substage condenser, which forms a well-defined light cone that is concentrated onto the object (specimen).
Usually you will find 3 or 4 objective lenses on a microscope.  They almost always consist of 4X, 10X, 40X and 100X powers.  When coupled with a 10X (most common) eyepiece lens, we get total magnifications of 40X (4X times 10X), 100X , 400X and 1000X.  To have good resolution at 1000X, you will need a relatively sophisticated microscope with an Abbe condenser. 
The objective must gather the light coming from each of the various parts or points of the specimen. 

The objective must have the capacity to reconstitute the light coming from the various points of the specimen into the various corresponding points in the image. 

The objective must be constructed so that it will be focused close enough to the specimen so that it will project a magnified, real image up into the body tube.

	Base:  


	The bottom of the microscope, used for support. Power switches, globe and rheostat usually found here.

	Stage:  


	The flat platform where you place your slides.  Stage clips hold the slides in place.  If your microscope has a mechanical stage, you will be able to move the slide around by turning two knobs.  One moves it left and right, the other moves it up and down.

	Revolving Nosepiece or Turret:  
	This is the part that holds two or more objective lenses and can be rotated to easily change power.

	Illuminator:  


	A steady light source used in place of a mirror.  If your microscope has a mirror, it is used to reflect light from an external light source up through the bottom of the stage.

	Rack Stop:  


	This is an adjustment that determines how close the objective lens can get to the slide.  It is set at the factory and keeps students from cranking the high power objective lens down into the slide and breaking things.  You would only need to adjust this if you were using very thin slides and you weren't able to focus on the specimen at high power. (Tip: If you are using thin slides and can't focus, rather than adjust the rack stop, place a clear glass slide under the original slide to raise it a bit higher)

	Condenser Lens:  


	The purpose of the condenser lens is to focus the light onto the specimen.  Condenser lenses are most useful at the highest powers (400X and above).  Microscopes with in stage condenser lenses render a sharper image than those with no lens (at 400X).  If you go to 1000X then you should have a focusable condenser lens with an N.A. of 1.25 or greater.  Most 1000X microscopes use 1.25 Abbe condenser lens systems.  The Abbe condenser lens can be moved up and down.  It is set very close to the slide at 1000X and moved further away at the lower powers.  

	Diaphragm or Iris:  


	Many microscopes have a rotating disk under the stage.  This diaphragm has different sized holes and is used to vary the intensity and size of the cone of light that is projected upward into the slide.  There is no set rule regarding which setting to use for a particular power.   Rather, the setting is a function of the transparency of the specimen, the degree of contrast you desire and the particular objective lens in use.


Resolution and Magnification

Resolution and magnification generally work hand in hand. Magnification produces an enlarged image of small objects, enabling you to resolve objects you cannot normally see. Resolution is defined as the ability of a lens to distinguish between small objects. Obviously, this differs greatly from magnification that is just the ability of the lens to enlarge the image of an object. It does not mean that you will necessarily be able to resolve details in the object. You will find that increasing magnification does not always improve resolution.

Magnification and Objective Lenses

How does one go about properly selecting an objective for a microscopic task at hand? The first consideration is the type and size of the specimen. What microscopic technique is to be employed and how large do you wish to magnify the specimen? Magnification is fairly simple and straightforward. We all know that 10X means that the objective lens has an effective magnification of ten times life size and when combined in the compound with a 10X ocular lens will give a final magnification of 100X (10 X 10). But what are all the other markings on the lens and how can they help us in selecting the objective lens suited to our needs? 

Lens Type. 
	Marking on Objective lens
	Meaning

	Plan
	The term stands for flat field. Lenses that are uncorrected for flatness of field will have the center of the field in focus and the outer edges out of focus (or vice versa depending on how you focus the lens). So Plan means the lens is corrected to allow the whole field to be in focus

	Achroplans
	These lenses are best for transmitted light

	Epiplans
	Lenses that are designed for reflected light use

	Achromat
	Has good colour correction for two wavelengths of light. They are budget priced lenses.

	Planachromats
	These are achromats with correction for flatness of field as well as the aforementioned colour correction.

	Plan-Neofluar 
or Plan-Fluotar
	They have good colour correction for at least three wavelengths and also have the all around flatness of field. They are excellent for polarisation microscopic techniques such as differential interference. As they also transmit UV very well, they are excellent lenses for all types of fluorescence microscopy.

	fluar
	This lens has fluorite elements in it and all of these are very good for fluorescence work.

	Apochromatic
	These are the most highly colour corrected objectives: they are corrected for four wavelengths and are top of the line in objective lenses. They do not transmit UV light. They work very well for visible light excitation in the blue and green ranges.

	(Oel) or (Oil)
	Used for oil immersion. 

	(W)
	Used for water immersion.

	(Imm)
	Multi-immersion, for oil, water, and glycerin. 

	Phase 
	If the lens has a phase ring and can be used for darkphase illumination, the lens will be marked "Ph" above the lens type with a followed by a number corresponding to the manufacturer's phase ring number system for matching to a ring in the condenser. Phase lenses are generally not as good for fluorescence applications as the light transmission is reduced by the presence phase ring inside the lens.

	Magnification.
	This is self-explanatory X4, x10, x40, x100 etc 

	Numerical Aperture.
	A number that may be anything from 0.035 to 1.4. This number is the numerical aperture (N.A.) of the lens. This number is directly related to the resolution and related to the amount of brightness of the specimen brought into the lens. The higher the N.A. of a lens the better it’s resolving power and the brighter the image it can produce. 

	Tube Length and Coverslip Thickness. 


	The marks on the line below the magnification and the numerical aperture are the tube length/coverslip thickness. 

The mechanical tube length (between the objective flange and the eyepiece seating face) is normally 160 (in mm) for older objective lenses or (infinity for infinity-corrected objectives). The number after the slash is the thickness in millimetres of the cover glass for which the objective was designed and corrected. For most objectives for close working distance, this number is 0.17. This designation means that you should use No. 1½ coverglasses that range between 0.16 and 0.19 mm in thickness. No. 0, 1, and 2 coverglasses are not recommended. Some lenses will have a - sign. This means that the objective is meant to be used with no coverglass. LD (long working distance) objectives may go up to 1.5 mm so that one may look through slides or tissue culture flasks or dishes. 


Contrast 

Another central limitation of an imaging system is the 'contrast' it is able to generate. Contrast is defined as the ratio of the 'density' of neighboring points in an image. For example a feature will show high contrast if it is much lighter or darker than its surroundings and will show low contrast if its density is so close to that of its surroundings that it is barely discernible. In general, the contrast with which a structural feature can be distinguished is linked to the size of that feature, so that large features are represented with high contrast but small ones have low contrast. In fact, in some cases poor contrast may be the principal factor limiting the resolution of the image. The resolving power of an instrument may be high enough for the feature to be imaged, but in fact the contrast generated by the smallest features may be so weak that they cannot be seen. 
The iris diaphragm is used to control the contrast of an image on the optical microscope. In such cases stains may be used to increase the contrast so that these features can be discerned. 

Depth of Focus 

If an image of a small object is formed with a lens system onto a screen and then the object is moved away from the position of exact focus, its image on the screen will be seen to blur into a disc. If the object is moved far enough away, then the blurring will be so bad and the disc so large that it will become invisible. However, there will be a range of distances through which the object can be moved on either side of focus, called the depth of focus of the imaging system, where the blurring of its image will be sufficiently small that all important details in the object can still be distinguished satisfactorily. In general the depth of focus of the imaging microscope depends on the numerical aperture of the objective. If the numerical aperture is large the depth of focus will be very small and a clear image will be formed only of structures in or near the object plane of the imaging system. If the numerical aperture of the objective is small then the depth of focus will be large and a large volume of the specimen will be in focus. The image will show a sharp image of the structure of the specimen over a range of depths all superimposed on one another. 

Measurements used in Microscopy
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Typical Resolving Powers of Various Optical Systems
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Köhler Illumination for Bright-Field Microscopy 

In bright-field mode the microscope is used simply to magnify the area of the specimen, and to present it to the eye. The only function of the microscope is magnification, and all the light that passes through the specimen is used to form the image. 

In bright-field mode, structures that scatter light appear darker than the background, and the contrast that a structure can generate depends on the amount of light it can scatter. Small structures are therefore unlikely to have high contrast since they are likely to be swamped by the background illumination. Because the bright-field imaging mode provides no additional contrast, specimens must usually be stained so that the relevant structures in it can be observed. In many cases, however, staining is inappropriate or ineffective, such as when living cells are to be observed, and alternative methods must be used. 

The goal of Köhler illumination is to create a bright and even illumination around the specimen to be examined without illuminating any unnecessary areas or causing excess flare. This is achieved through aligning the light rays from the source so as they project onto certain planes, namely the plane of the field diaphragm and the plane of the specimen. Because of the converging nature of the light rays as they fall on the specimen and the fact that each light ray originated from a different point on the light source, an even illumination is achieved providing maximal resolution and contrast with only a minimum of flare.

SET UP A MICROSCOPE PROPERLY USING KÖHLER ILLUMINATION 
In order to get the best image possible from brightfield, phase contrast, differential interference contrast, or polarization optical setups with the light microscope, it is crucial that the light path be set up properly. 

The method for doing this is called Köhler illumination after August Köhler, the man who invented it. It is also know as double diaphragm illumination because it employs both a field and an aperture iris diaphragm to set up the illumination. If the light path is set up properly, you will have the advantages of an evenly illuminated field, a bright image without glare and minimum heating of the specimen. 

The following instructions apply to any microscope, upright or inverted which is equipped for transmitted light bright field illumination. Focusing of the field diaphragm as discussed here should be done for phase and differential interference optics as well. 

1. Switch on the light source and make sure that light is coming through the field diaphragm at the base (upright microscope) or the top (inverted microscope) of the microscope stand. It may help to place a piece of paper over the field stop to see the light. 
Place your specimen on the stage and turn the nosepiece (which holds the objective lenses) to the 10X or 20X lens. Open the field diaphragm as far as it will go. 

2. Notice whether or not your specimen is illuminated. It will help to place a piece of paper over the top of the specimen to see if light is getting through to it. If you are using the brightfield condenser stop, open the iris diaphragm (or aperture diaphragm) on the condenser turret (which contains the stops for brightfield and phase, etc) wide open to give the maximum illumination. 
The front lens should be about 1-3 mm above or below the specimen. There are condenser focusing knobs to do this. 

3. Light should now already be discernable in the eyepieces. If the light is too bright, reduce it with the rheostat on the light source. Then set the interpupillary distance via the folding bridge of the binocular tube. The correct setting is reached when you see one light circle instead of two. Now check whether you are using focusing eyepieces (labelled “foc”, also recognizable by a white scale). 
4. Now bring your specimen into focus with the coarse and fine focusing knobs. The best way to do this is to rack the lens as close possible to the specimen watching the objective lens all the time (and NOT looking into the oculars) to make sure that the lens does not run into the slide. Then rack the lens away from the stage (or vice versa) while looking through the oculars to bring the specimen into focus (details are as sharp as they can be). 

5. When the specimen is in focus, start to close the field diaphragm and also begin to carefully move the condenser up and down with the condenser focusing knobs. Look for a sharp image of the edge of the field diaphragm. This may be a little with a long working distance condenser. Also, if the iris diaphragm in the condenser turret is open wide, the glare may obscure the edge of the field diaphragm silhouette somewhat. Furthermore, you may find that this edge is not centered.
6. When the edge of the field diaphragm silhouette is sharply defined, center it with the two knobs (usually knurled knobs) coming out diagonally from the condenser. Close down the field diaphragm most or all the way to get it centered properly. When it is centred, open the field diaphragm until its edge is outside the field. If you are doing brightfield or differential interference microscopy, do not yet open the field diaphragm. 

7. As stated before, you may notice some glare around the edge of the field diaphragm, that the edge area outside the edge is not completely dark like the outer part of the whole field as you should see it now. This glare comes from light bouncing around in the light path and going in and illuminating the specimen in such a way as to obscure detail in the specimen. To reduce this glare, close down the iris aperture in the condenser turret until all of the dark area outside of the field stop silhouette is evenly dark. Now open up the field diaphragm until the edge of the diaphragm silhouette is outside the field of view. You should also now be able to turn up the light at the power source. 

8. Your specimen should be properly illuminated and should give you a great image. If it does not, check to make sure your lenses and other optical components are clean. Then recheck to see that you have followed each step properly.

Care and Cleaning of Microscopes 
A planned approach to the care and cleaning of microscopes will prolong the service interval and life of the microscope.
The Work Environment

The environment where the microscope is to be used should not be too highly illuminated; ideally the work area should not receive direct sunlight. The bench should be vibration free and should be large enough to accommodate accessories and work material.

Some ergonomic considerations will greatly reduce fatigue. The bench should not be too high and seating arrangements should be vertically adjustable. This will allow the user to assume a relaxed and slightly forward inclined position.

Rooms which are subject to significant changes in ambient temperature or humidity should not be used for microscopy. If a microscope is moved from a cold environment to a warmer one, time should be allowed for condensation to evaporate.

Storage

The microscope should be stored in their cabinets and for prolonged storage good ventilation and a relative humidity of less than 64% is recommended. When the microscope is not in use (even for a few hours) it is best left with a dust cover placed over it to reduce dust build-up. Used objectives (e.g. x 100) should be stored in their original containers. In humid climates spare objectives are best stored in a desiccator containing a hydroscopic substance such as blue silica gel. Silica gel in a dust-proof but porous bag can be placed into the storage cabinets for long periods of storage.

Microscope transformer rheostats should be adjusted to the lowest setting before the power is switched on or off. This will avoid transient power surges which may damage power unit and may decrease the life span of the globe (especially the tungsten-halogen ones). Microscopes with built in transformers have an on/off switch on the rheostat. Always turn these on or off at the microscope rather than at the mains power supply.

Transportation

Transportation of microscopes from one location to another is best done by packing the instrument in the cabinet provided. If that is not available then carry with two hands holding the microscope by the arm with one hand (not the stage or other parts) and supporting the base with the other hand. Hold the microscope close to your body to prevent strain to your back. Place the microscope carefully on a level surface away from the edge of the bench. If moving large numbers of microscopes use a trolley with good wheels that do not jar or jolt the microscopes and avoid rough or uneven surface when pushing the trolley.
Cleaning
Whist extolling the virtue of cleaning, it should be emphasized that this can equally cause as much damage if done incorrectly. There are three ways that lenses are commonly damaged during cleaning. 

(1) Grinding microscopic grit into the soft glass and causing scratches. 

(2) Using caustic agents that remove the anti-reflection coatings.  

(3) Applying too much solvent to the glass surface so that the solvent flows around the edge of the lens and attacks the cement between the various components causing "delamination". 

Cleaning as described below should be carried out every three to six months depending on the degree of contamination.

Optical Surfaces: Do not attempt to dismantle any optical components for cleaning. Ensuring the cleanliness of the external surfaces should be sufficient for routine use. Dust may be removed with a blower or a soft, grease-free camel hair brush. Compressed air sources are suitable as are blower brushes, provided that the bristles are washed and grease removed with an appropriate solvent.

Polystyrene foam may be used to remove grease from optical surfaces. The lipophilic properties of this material greatly assist in the removal of grease. A freshly broken surface should be used to avoid the possibility of scratching particles remaining on the surface of the polystyrene. The foam should be pressed against, and turned coaxially with the axis of the lens. 

More severe contamination (e.g. fingermarks, immersion oil, grease from eyelashes and make-up) may be removed by precleaning the surfaces with distilled water containing an alkali-free detergent (eg RBS Neutral from Lomb Scientific). Final cleaning should follow using an optics cleaning solution (see later) or solvent such as methylated spirits or ethanol. These should be used sparingly on cotton swabs or well rinsed linen. Care should be taken to avoid flood the optical surfaces.
Instrument surfaces: Do not attempt to dismantle mechanical parts for cleaning. To remove severe contamination (including caked-on dirt) use a solution of equal parts distilled water and alcohol to which detergent may be added. Less severe contamination may be removed by using a clean cloth, cellulose tissue or cotton wool dampened with petroleum ether. The surface may be polished, if desired, with a good quality, low abrasive car polish. 
Daily Maintenance
· Clean the top plate of the microscope stage and remove mounting medium and immersion oil together with any dust or glass fragments.

· Check the condenser front lens for cleanliness.

· Check the glass above the field diaphragm (light source) for cleanliness.

· Check all objective front lenses for freedom from dirt and grease (especially the high power objectives). Cleaning these is facilitated by their removal from the objective turret. 

· Check all external glass/air interfaces for cleanliness.
Full Service

A periodic total service of each microscope by an external agency is still recommended to ensure proper functioning. If the procedures described here are followed then the appropriate service interval may be prolonged. Depending on usage and the proficiency of the individual laboratory, intervals of two or three years between services may be realistic.

Microscope Cleaning Sugeestions:

	Purpose
	Suggested cleaning equipment, solutions and methods

	Routine Removal of Loose Particulate Matter - Dust
	Such debris is often highly abrasive; it must be removed from the microscope frame and mechanical parts with care, using a small vacuum cleaner or by dabbing with a moist paper towel. Dirt that is non-adherent may be removed from less delicate lens surfaces by gentle brushing with a clean camelhair brush. Blow all loose dust particles away with a dust blower (available from good camera stores). 



	Cleaning lenses with water soluble contamination
	Pure distilled water is the safest cleaning fluid for any contamination that is water soluble; if that is inadequate, commercial photographic lens cleaning liquids are very effective and are safe for precision optics when used sparingly. This type of cleaning agent consists primarily of water to which is added a small percentage of surfactant and alcohol. Commercial window cleaning products (such as Windex and Sparkle) are used by some microscopists, with no reported damage to optical components, and isopropyl alcohol is employed successfully by others.

An effective method of preparing lens paper for this cleaning is to fold all four corners of a piece of tissue together, leaving the untouched center of the tissue bulging out. The corners can be twisted together slightly to form a stem for handling the tissue. When the tissue is held by this stem, and wiping performed with the puffed-out tissue center, the force that can be applied to the objective is limited by the springiness of the tissue. Circular wiping motion can be applied in this manner, with very little direct force on the lens surface

	Cleaning non-water soluble contaminants e.g. Fingerprints, grease, from lenses
	Recommended by Zeiss:
Petroleum ether 

85 %

Isopropanol

15 %

Histolene and Histoclear are gaining popularity as replacements for xylene in microscopy laboratories, and have been found to be effective for instrument cleaning as well. These solvents are based on the naturally-occurring compound d-limonene, which is the major constituent of citrus peel oils and other ethereal oils.

	For the removal of immersion oil from the 100x objective lens
	Immersion oil is most safely removed using only lens tissue, without employing any solvents. Lens cleaning paper that is specifically for use on high quality optics must be employed, and it should be stored in a covered container to prevent contamination with airborne particulates. 

A folded piece of lens tissue is drawn across the objective front lens to absorb the oil, and repeated with a new area of the tissue. This gentle wiping of the lens surface should be repeated, with as many tissues as required, until no oil streaks are seen on the tissue, and each tissue discarded immediately to avoid inadvertently reusing contaminated tissues on the objective. The folded tissues can be held under light tension with two hands while wiping or pulled across the lens like a paper swab.

When no residual traces of immersion oil are apparent on the final tissue paper, another tissue should be employed to wipe the lens with moisture from the breath.
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Cleaning materials:

The following equipment is recommended by Zeiss for cleaning:

· Long, thin wooden sticks, preferably of bamboo or a comparable not too flexible material (orange sticks).

· High purity cotton (e.g. that used in ophthalmology) or WHATMAN lens cleaning tissue 105.

· Absorbent polyester swabs for cleaning optical components.

· Soft cosmetic cellulose tissue (e.g. Kim Wipes soft, KLEENEX).

· Dust blower (laboratory suppliers, pharmacies, camera suppliers).

· Distilled water.

· Freshly prepared solution of 5 –10 drops of a washing-up liquid in 10 ml distilled water.

· Solvent for the removal of greasy or oily dirt,

· such as the Optical Cleaning Solution L (recipe from Zeiss), pure petroleum ether(analytically pure, boiling point <44º C) 
Coated Lenses:

Before cleaning the microscope lens identify if the eyepiece lens is coated or not. Usually the lenses of Chinese microscopes are non-coated. Japanese, American or Indian microscopes are coated. If the reflection from a lamp on the surface of the lens is white, the lens is non-coated type. If the reflection is coloured (purple, green, red), the lens is coated type.

If the lens is coated type, you should not use strong solvent to wipe the lens. But if your lens is

non-coated type, you can maintain it by yourself.
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