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Microscopes are tools of several lens systems (compound lenses) used for magnifying small 

specimens invisible for the naked eye. The specimen can be illuminated with electromagnetic waves 

of different wavelengths. If the wavelength of illuminating rays is within the range of the visible light 

(380-780 nm) we talk about light (optical) microscopy. 

Light microscopes of today produce image out of the object by a compound system of lenses. 

The lens lying closer to the object is the objective (nosepiece). This lens produces an inverted, 

magnified, real image of the specimen. The image produced by the objective lens is further magnified 

by another lens, being farther from the object, called ocular (eyepiece). The ocular produces the 

final image of the object, which is inverted, magnified and virtual. The total magnification of the 

microscope is determined by multiplying the objective power by that of the ocular used. 

The optical microscope is composed of two types of components: mechanical parts and 

optical parts. 

Mechanical parts are for setting the optical parts into an appropriate position for image 

production. The frame of the microscope is made of the arm (column) and the base. Specimen of 

interest is laid on the stage, where it is held fixed with the stage clips. In general, samples are 

immersed in some liquid and put onto a large glass plate called slide and is covered with the smaller 

glass sheet called coverslip. Slides are moved in the plane of the stage with two large screws (stage 

controls) on the side of or underside the stage.  The image is set focused using the coarse and fine 

adjustment (focus) knobs.  

Objective and ocular lenses are held at a proper distance from each other by the (body) 

tube. This tube of a specified length keeps the two lenses in a common optical axis and at a 

determined distance from each other. Mechanical tube length is the distance between the bearing 

surfaces of the lenses (app. 160-170 mm), whilst optical tube length is the distance of the inner focus 

points of the two lenses. Light microscopes might have a single (monocular microscope) or two 

(binocular microscope) oculars. The latter type is more comfortable when used, yet the image seen in 

the two oculars is the same, thus binocular microscope does not give a stereoscopic view (unlike the 

stereomicroscope). If the microscope has several objectives, they can be changed by using the 

revolver nosepiece. If the microscope is set properly, after changing the objectives the image 

needs minimal adjustment to be in focus. 

Optical parts are all the instruments used for producing the image. Beside the light source, 

these are lenses, mirrors, prisms (that divide the ray) and diaphragms (apertures) used for restricting 

the amount of light. Actually, the microscope does not contain individual lenses but so-called 

compound lenses, i.e. several simple lenses (‘elements’) fixed in common mount. 

The first optical part, situated inside the base is the illuminating device. This is composed of 

the wolfram-filament bulb (light source), a mirror orienting the rays onto the specimen and the 

condenser. The lenses of the condenser projects the image of the light source onto the stage so 

that to ensure proper illumination for the specimen. When the condenser is set closest to the stage, 

the illuminated area is the smallest and the intensity of illumination is the highest. When lowering the 

condenser, light intensity decreases, whilst the depth of focus and the contrast is improved. Closing 

the condenser diaphragm similarly improves the quality. The position of the condenser lens can be 

changed with the small screw positioned on the side of the arm, below the stage. 

The majority of the quality determining features of the microscope depends on the objective. 

The most important trait is the resolution (resolving power), which is the shortest distance between 

two points of the specimen that still can be observed (i.e. the two points of the object are projected 

into two distinct points of the image). The resolving power of the microscope depends basically on 

that of the objective lens, for there is no use in magnifying the image produced by the objective if 

two points are projected into one. Resolution of the objective depends on the index of refraction of 

the medium between the lens and the specimen, the maximal half-angle of the cone of light that can 

enter the lens, and the wavelength of illuminating light. (Sinus of the half-angle multiplied by the index 

of refraction gives the numerical aperture of the objective.) The formula of resolving power is as 

follows: 
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k: constant value 

d: resolution 

λ: wavelength of illuminating light 

n: index of refraction of the medium between the 

coverslip and the objective lens 

σ: half-angle of the objective 

NA: numerical aperture of the objective 

The image produced by the compound lens of the objective is further magnified by the system 

of lenses in the ocular. It is basically composed of two lenses. The ocular also contains a diaphragm 

for preventing the distorted light beans scattered form the edge of the image to enter the lenses so 

that to improve the image quality. 

 

Using light microscope 
 

Microscope must be held and elevated only by grabbing it by the column! 
 

1. Always use the objective of the lowest power first! 

2. Condenser should be set at its highest position! 

3. Check the position of the lens of the condenser! It should be in the optical axis of the 

microscope 

4. Open all the diaphragms! 

5. Switch the light on! 

6. Set the slide in a fixed position on the stage using the stage clips!! 

7. Using the stage control screws, set the specimen into the light beam! 

8. Set the image into focus by first using the coarse then the fine adjustment knobs! 

9. Set that part of the specimen into the middle of the field of view which you would like to 

investigate on! 

10. In case of improper illumination, improve the quality by elevating or decreasing the condenser 

lens or by opening the aperture of the diaphragm! (In case of proper light intensity, richness in 

details can be increased by closing the condenser diaphragm.) 

11. Change to the next objective by turning the revolver nosepiece! 

12. If the image becomes out-of-focus, use the fine adjustment knob for correction! (When using 

the objective of the highest power, if the image is out of focus, set the stage to its highest 

possible position – when the tip of the objective touches the coverslip –, then slowly lower the 

stage with the adjustment knobs till reaching the focused image! By this method you can avoid 

breaking the coverslip!) 

13. During microscopic investigations, it is recommended to keep both eyes open so as to prevent 

them from tiring. 
 

When finishing the work, take out the last slide, set the objective of lowest magnification into the 

optical axis, and set the stage at its highest possible position! Set the condenser lens at the proper 

position and switch the light off ! 
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Figure 1. Main parts of the light microscope. 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2. Relationship between focus distance and numerical aperture.  

(σ: half-angle of the objectives) 
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Figure 3. Image production by the light microscope. A) Position of the optical 

(compound) lenses in the microscope. B) Image production by the objective: inverted, 

magnified, real image produced. (Note that the produced image is within the first focal point 

of the ocular lens!) C) Further magnification of the image produced by the objective: the 

produced image of the object is inverted, magnified, virtual. (Fobj: first focal point of the 

objective; F’obj: second focal point of the objective; Fok: first focal point of the ocular; F’ok: 

second focal point of the ocular; T: object, K1: image produced by the objective lens; K2: 

image produced by the ocular lens) 
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