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Guide to the Choice and 
Correct Use of the Microscope1

The optical microscope is as important to the pathologist now as it was 100 years ago (and 
 surprisingly still similar in function and use). Choosing an instrument of the correct quality, 
specification, construction and support is vital for obtaining good quality images, ensuring ease 
and comfort of use and maintaining the microscope over the career-life of the pathologist. The 
pathologist should have a fundamental knowledge of:

•	 How to set up a microscope to obtain the best images.
•	 How to keep the instrument in good condition.

The aim of this chapter is to give a practical pointer as to the type of microscope to purchase, what to 
look for, the questions to ask the supplier, and some tips on everyday use and care.

Everything in this guide refers to the upright or compound microscope. There are other types 
of microscopes, such as dissecting or operating microscopes, and most of the information discussed 
here is applicable to these as well. However, there are specific technical differences that will not be 
covered. This chapter will be focused on the basic brightfield technique used for examining stained 
specimens on glass slides.

1.1 Choosing a Supplier

Purchasing a microscope is much like any other large capital purchase, be it a television or a car. 
Although different models are available, it is better to purchase from the supplier that provides the 
best information, seems the most knowledgeable on the product and offers the most comprehensive 
after-sales support. Aspects to look for when purchasing a microscope should include the following:

•	 Installation and training: is this provided by the supplier?
•	 Length and level of cover of the warranty.
•	 Telephone/email support: is there a specialist at the supplier’s office who can be contacted 

for help or an area representative who can call or visit to assist?

1.2 Parts of a Microscope

Microscope head
There are four types of microscope heads:

•	 Monocular.
•	 Binocular.
•	 Trinocular.
•	 Ergonomic.
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Monocular head microscopes are very low-cost instruments and are not comfortable for 
long-term use. Therefore, a binocular head is considered a minimum requirement. A trinocular 
tube is required if there is the need to add a camera to the microscope.

The ergonomic head allows users of different height to adjust the head angle in order to 
achieve the most comfortable and safe viewing angle for prolonged microscope use.

Microscope stand
The microscope stand nearly always has a coaxial coarse and fine focusing mechanism. The il-
lumination system can be integrated within the stand or located in a lamp-house at the back of 
the microscope. More sophisticated stands, usually designed for clinical use, have a low-position 
stage and focusing controls, in order to guarantee reduced hand and wrist fatigue. Some stands 
are also equipped with an adjustable focus height safety lock, which can be set to avoid hitting 
the slide into the objective, thus destroying the specimen and potentially damaging the 
objective lenses.

There are two mechanically different versions of microscope stands, which require two different 
means of setting up the components. These are differentiated based on their type of illumination 
and are as follows:

•	 Koehler illumination microscopes
These clinical/research-grade microscopes generate an extremely even illumination of the 
sample, ensuring that an image of the light source (e.g. halogen lamp filament or LED 
light) is not visible in the resulting image.

•	 Critical illumination microscopes
These lower-cost systems rely on frosted glass diffusers. The major problem associated with 
this type of microscope is the evenness of illumination, as an image of the illumination 
source is visible in the resulting image.

Eyepieces

Camera/microscope interface

Microscope head

Stand

Focusing controls

Objectives

Stage and slide holder

Condenser and aperture diaphragm
(Illuminating aperture diaphragm)

Light exit and possible field
iris diaphragm

(Illuminating field diaphragm)

Fig. 1.1. Structure of a light microscope.
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Eyepieces
The microscope is invariably supplied with a pair of 10× eyepieces (other magnifications such as 
15× are rarely offered as an option). The magnification power is recorded on every eyepiece, followed 
by another number. The designations might look like the following:

•	 10×/20
•	 WF (widefield) 10/22
•	 WF 10×/22

The number (e.g. /20) following the power of magnification of the eyepiece (e.g. 10×) represents the 
field-of-view number, or field number, and it designates the size of the visual field (measured in 
millimetres) provided by any given objective. The larger the number, the larger is the field of view of 
the specimen. It is not recommended to purchase a microscope with a field of view less than 20 mm; 
ideally, a field of view of 22 mm guarantees a comfortable image with sufficient coverage of the spe-
cimen. Some of the eyepieces may also display an image of a pair of glasses. This indicates that they 
are high-eyepoint, designed to be comfortable when used wearing spectacles. Some of the eyepieces 
allow the insertion of a measurement scale (eyepiece scale, reticule or graticule).

Objectives
There are several different types and special variants of objectives. These can be broadly classified 
based on their qualities as:

•	 Achromatic: routine quality.
•	 Fluorite: research/clinical grade.
•	 Apochromatic: highest possible quality and resolution.

The quality of an objective depends on the degree of chromatic aberration correction, difference in 
spherical aberration and numerical aperture.

Understanding the specifications displayed on the objective is very important to ensure the 
correct use of the lens. The key elements of an objective and the identification of the technical 
points specified on the barrel are discussed below.

Flat field correction

Magnification

Tube length Cover slip correction

Numerical aperture

Plan

40x/0.65

∞/0.17

Fig. 1.2. Microscope objective.

•	 Plan
Very low-cost microscopes or teaching microscopes have objectives that are not guaranteed 
to give a flat field. In these cases, the borders of the field might look slightly blurry. An 
objective guaranteed to be flat-field is defined as plan, plano or just PL.
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•	 Magnification
This represents the magnification of the objective and, multiplied by the eyepiece magnifi-
cation (most likely 10×), gives the magnification to the eyes. Therefore, a 40× objective with 
10× eyepieces gives a total magnification of 400× to the eyes. The most common objectives 
used in biological microscopes are 4×, 10×, 20×, 40×/50× and 100×.

•	 Numerical aperture
This is a technical term and allows the calculation of the resolution of the objective. It rep-
resents the ability to gather light and resolve fine specimen details at a fixed object distance. 
High-quality objectives (in order: achromatic–fluorite–apochromatic) have a larger numer-
ical aperture guaranteeing a better resolution of the image. To reach a numerical aperture of 
1 or above, the objective must be an immersion objective.

•	 Tube length
This is a technical aspect of the optical design. Lower-quality and older models have a fixed 
tube length, usually 160 mm. Modern microscopes have an infinity-corrected tube length. 
This is not related with quality but allows insertion of accessories between the body and the 
head (e.g. dual viewing tube), without changing the magnification of the image to the eyes. 
Using both fixed tube-length and infinity objectives on the same microscope will cause very 
poor images and risks damaging the objectives.

•	 Cover slip correction
The vast majority of dry objectives of 20× magnification and above are designed to be used with 
a standard cover slip over the specimen and the cover slip acts as a lens. If the cover slip is not 
in place, the image will not be as good. The thickness of a standard cover slip is 0.17 mm.

As discussed above, in order to get the highest numerical aperture and resolution, immersion oil 
is used between the objective and the specimen. If an objective is designed for oil immersion use, 
the word Oil will be written on the barrel of the objective, after the magnification/numerical aper-
ture (e.g. Plan 100×/1.25 Oil). The choice of good-quality oil is essential, as it determines the 
quality of the image. Different oils should never be mixed, as they may react and increase the 
turbidity of the oil. The use of old, low-cost or especially viscous yellow oil should also be avoided.

If a dry objective (e.g. 40×) is contaminated with immersion oil, this can be cleaned off by using a 
mild solvent (e.g. 30% ethanol) or with a commercially available cleaning solution for camera lenses.

Condensers
The condenser and its diaphragm (or illuminating aperture) provide a cone of light at the right 
intensity and angle to ensure the best possible level of resolution of the objective. Depending on 
the type, condensers have different levels of correction and numerical apertures (NA). The most 
common condensers are:

•	 Abbe condenser:  this concentrates and controls the light that passes through the specimen 
prior to entering the objective and has no optical corrections. It has two controls, one which 
moves the Abbe condenser closer to or further from the stage, and another, the iris dia-
phragm, which controls the diameter of the beam of light. The controls can be used to opti-
mize brightness, evenness of illumination, and contrast. The Abbe condenser is adequate for 
most brightfield applications, however, its limitation comes when using high magnification 
objectives.

•	 Achromatic and aplanatic condensers: an aplanatic condenser corrects for spherical aberra-
tion in the concentrated light path, while an achromatic compound condenser corrects for 
both spherical and chromatic aberrations. This helps to achieve an optimum resolution and 
highest potential numerical NA from a microscope.
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For the routine clinical microscope, an Abbe 0.9 is considered adequate and is normally present 
on most standard microscopes. More advanced microscopes with fluorite objectives usually 
carry a higher-corrected condenser.

Microscope illumination
For a very long time, microscopes were equipped with tungsten–halogen filament lamps. The 
only disadvantage of these lamps was the short lifespan caused by the high temperatures reached 
when in use. Over the past few years, microscopes have moved to LED illumination, giving a 
bright white light without heat dissipation. However, the colour characteristics of LED lights are 
not directly comparable to halogen lights, especially with earlier LED  illumination. For this rea-
son, an adaptation time is recommended when changing from halogen to LED lighting, as the 
appearance of some stains may look different depending on the light source.

1.3 Setting up a Microscope

There is only one way a microscope should be set up for any given objective. Deviating from this will only 
reduced the quality of the image. When setting up a microscope it is important to carry out the following:

•	 Position the condenser to the correct height and centration in relation to the objective.
•	 Ensure that the diaphragm (or diaphragms) on the microscope is correctly set (see later).

Eyepieces
Often overlooked, the eyepieces need to be correctly set or eyestrain will occur. Most microscopes 
have one eyepiece with a focusing capability and markings showing + and – dioptre settings.

Procedure
•	 Focus on a specimen looking through the fixed, non-adjustable eyepiece.
•	 Looking through the adjustable eyepiece, rotate this until the focus is reached (sharp image).

Procedure
•	 Place a slide with a good contrast specimen on the stage and use the 10× objective. Focus 

on the specimen with the focus controls.
•	 Move the condenser using the condenser rack and pinion controls under the stage until 

it is about 0.5 cm from the top.
•	 Close the field diaphragm. At this point the leaves of the diaphragm (which may not be 

in the centre of the field) will become visible.
•	 Move the condenser up and down until the leaves are in focus.
•	 Use a knurled screw or Allen key (usually in the front of the condenser mount, at the left 

or right) to centre the image of the diaphragm.
•	 Open the field diaphragm until it is just out of the field of view.

In this way the condenser will be at the correct height and centred in the optical pathway, allowing 
the best illumination of the specimen to achieve the best possible image quality.

Illumination
•	 Koehler illumination
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•	 Critical illumination
This procedure is more difficult because there is no field diaphragm in the focused image. 
The illuminating aperture diaphragm (condenser diaphragm for ease of terminology) 
should be used instead. This is not usually visible. It becomes visible by removing an eye-
piece and looking into the tube (keeping a distance of 10–15 cm from the tube).

Condenser diaphragm
This is considered one of the most important parts of the setting up of a microscope. If the con-
denser diaphragm is too closed, the resolution of the image decreases significantly. The practical 
problem with this type of diaphragm is that the correct set for a lower magnification (e.g. 10× 
objective) is too closed for a higher magnification. This means that the condenser diaphragm 
should be opened when going up with the objectives.

The condenser adjusts the cone of light entering the objective. It also ensures that not too 
much light is focused on the specimen by lowering the contrast through glare. If it is too closed, 
the resolution of the image will be limited.

Fig. 1.3. Adjustment of Koehler illumination system.

Fig. 1.4. Adjustment of critical  illumination system.

Procedure
•	 Focus on a specimen on the stage and raise the condenser to the top, or very near the top 

of travel.
•	 Remove one eyepiece and look into the tube until only the edges of the condenser dia-

phragm become visible but not the image of the specimen.
•	 Centre the condenser using the front-facing centration screws on the condenser.
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A good microscope will have the correct condenser position marked on it, so it is possible to 
know exactly where to set the lever.

1.4 Care of the Microscope

In general, modern microscopes require very little maintenance. The key care point for a 
microscope is to keep it covered when not in use, as dust is the great enemy of optical 
microscopes.

The other major problem is the contamination of dry objectives with immersion oil object-
ives. The more modern and sophisticated objectives have a flat front end, which is easy to clean. 
Older objectives are concave, making cleaning much more difficult. It is important to follow the 
microscope manufacturer’s advice on what cleaning agent to use. If unknown, a dilute ethanol 
solution or proprietary camera lens solution can be used.

1.5 Taking Pictures of Microscope Images

There are two main types of camera systems than can be used: dedicated, and commercial digital 
single-lens reflex (DSLR).

Dedicated microscope camera
The advantage of using this type of camera is that it provides a full-screen live image at full (or 
selectable) resolution with many controls for setting the parameters, such as white balance 
and correct exposure. This allows the user to see exactly what is being captured by the camera. 
Moreover, nearly all microscope cameras are equipped with comprehensive software, including 
advanced processing capabilities, calibrated manual measurements and scale bars. The only 
downside is that most microscope cameras need a computer to run. However, the market also 
offers high definition multi-media interface (HDMI)-enabled cameras, which run straight out 
to a monitor, have integral set-up and control software and capture the image to an integral 
standard SD card. These cameras also have very fast frame rates and are particularly good for 
teaching/discussion applications with a seamless live image.

Commercial DSLR camera
Most modern DSLR cameras do have some form of output to a television screen or live 
to a personal computer. The images obtained can be very good but these cameras require 
much more user input to get correct and reproducible results. A major point about using 
a DSLR is that a good-quality interface to the microscope is required and incurs an add-
itional cost.

Procedure
•	 Look at a specimen in focus and open the condenser diaphragm fully.
•	 Gently close the condenser until the light just starts to decrease.
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The camera/microscope interface
To get good results is important to use the correct interface between the microscope and the 
camera. The majority of dedicated microscope cameras use a so-called C mount interface. C 
mounts come with different magnification factors, typically 1×/0.5×/0.4×/0.35×.

Early cameras had very large sensors and a 1× C mount was adequate to guarantee a large 
visual field. However, camera sensors have become smaller over time, leading to a highly magni-
fied and consequently very small proportion of visual field presented to the camera sensor. For 
this reason, reduction lenses are required.
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