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The Scale of Life



A microscope is an optical instrument consisting of

one or more lenses in order to magnify images of

minute objects. Microscopes are of two categories

viz., 1) Light Microscope and 2) Electron

Microscope.

LIGHT MICROSCOPE

In this microscopy, visible light or ultra violet light

is used to illuminate the specimen. It include i)

Bright field Microscope, ii) Dark field Microscope,

iii) Phase contrast Microscope, iv) Fluorescence

Microscope and v) UV – Microscope



BRIGHTFIELD MICROSCOPY

☼LIGHT PASSES THROUGH 
SPECIMEN



DARKFIELD MICROSCOPY

☼LIGHT HITS SPECIMEN 
FROM THE SIDES



PHASE-CONTRAST MICROSCOPY

☼SHOWS 
DENSITY 
DIFFERENCES



FLUORESCENT MICROSCOPY

Staining for antinuclear antibodies in lupus

☼ UV LIGHT SOURCE

☼ DYE



BRIGHT FIELD MICROSCOPE



A COMPOUND LIGHT MICROSCOPE



COMPONENTS OF MICROSCOPE

The supporting system

It consists of:

a) the foot,

b) the limb,

c) the revolving nosepiece (objective changer) ,

the stage, and

d) the mechanical stage (this gives controlled

movement to object on the slide)



MICROSCOPE SLIDE HOLDER

The slide goes between the two arms of the slide holder of

the mechanical stage.



COMPONENTS OF MICROSCOPE

The magnification system

It consists of:

a) eye piece, and

b) the objectives - × 10 (low power), × 40 (high

power), and × 100 (oil immersion), which is marked

with a red ring.

The recommended length between the objective and the

eyepiece is usually 160 mm.The recommended

thickness of the cover slip is 0.17 mm.



COMPONENTS OF MICROSCOPE

The illumination system

The source of light – daylight / electric light.

The mirror (planoconcave)- reflects rays from the light source

on to the object. In the absence of a condenser, the concave

surface of the mirror should be used since concave surface

forms a low power condenser. In the presence of a

condenser, the plain surface of the mirror should be used.

The condenser - bring the rays of light to a common focus on

the object to be examined; situated between the mirror and

the stage. For maximum illumination, it is raised and for

minimum illumination, it is lowered.

The diaphragm - reduce or increase the amount of light by

reducing or increasing the angle.
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Microscope Basics

• Originally conformed to the 
German DIN standard

• Standard required the following
– real image formed at a tube length 

of 160mm

– the parfocal distance set to 45 mm

– object to image distance set to 195 
mm

• Currently we use the ISO 
standards

• And of course most microscopes 
are now infinity not 160mm

Focal length

of objective

= 45 mm

Mechanical

tube length

= 160 mm

Object to

Image 

Distance 

= 195 mm



COMPONENTS OF MICROSCOPE

The adjustment system

The course adjustment screw: It is used to achieve an

approximate focus.

The fine adjustment screw: lt is used to bring the objective in

to perfect focus. lt moves the objective very slowly.

The condenser adjustment screw: This is used to adjust the

condenser.

Condenser centring screws: There are about three screws,

which are used to centre the condenser exactly in relation to

the objective.

The iris diaphragm lever: This is a small lever fixed on the

condenser. lt is used to close or open the diaphragm.





MAGNIFICATION

 The magnifying power of a compound light

microscope is the product of the individual

magnifying powers of the ocular lens and the

objective lens.

 Magnification beyond the resolving power will

result in larger images but less distinct in their

details and appearance.



RESOLVING POWER

It is the shortest distance by which two particles are

separated to give district images. The resolving

power of a lens is expressed as:

d = 0.63 / NA

where,

‘d’ is limit of resolution of a lens

‘’ is wavelength of the light used

‘NA’ is numerical aperture.



Numerical aperture is the function of the diameter of the

objective in relation to its focal length and refractive

index of the medium between specimen and the

objective.

It is represented by the angle of the beam of light, which

passes from the specimen and to the objective.

NA = n sin U

where,

• ‘n’ is the refractive index of the medium between the

object and the objective.

• ‘U’ is the angle formed by the two most divergent rays 

of light



NUMERICAL APERTURE



The resolving power of a microscope can be

increased either by :

 reducing the wavelength of the light (average

wave length of light is 546 m )

 by increasing the NA (highest NA of the objective

is 1.3 to 1.4)

d= 0.5x546/1.4 = 195-200 m

Thus, the largest particle that can be seen under

ordinary light microscope is about 0.2, i.e. 200 m

in size.



FOCUSSING THE OBJECT

1. Use of low power objective (x5 or x10)

a) Adjust the condenser to the lowest position

b) Lower the objective until it is just above the slide preparation.

c) Raise the objective by using the coarse adjustment screw, until a

clear image is seen in the eyepiece.

2. Use of high power objective (X40)

a) Adjust the condenser about half way down.

b) When the object is already adjusted on a low power objective, by

using coarse adjustment, raise the objective very slowly until a

blurred image on the field.

c) Bring the image into focus using the fine adjustment. Raise the

condenser for sufficient illumination.



FOCUSSING THE OBJECT

Use of oil-immersion objectives (x100)

a) Adjust the condenser to the uppermost position.

b) Open the iris diaphragm completely.

c) Place a tiny drop of immersion oil on the dry stained preparation

of the slide.

d) Watching the slide and objective lens carefully from the front of

the microscope, lower the oil immersion objective into the oil by

raising the stage until the lens is in contact with the oil.

e) While looking through the eyepieces, turn the fine focus towards

you at a slow steady speed until the specimen comes into focus

f) Using the iris diaphragm lever, adjust the light to obtain

optimum contrast



How to use oil immersion 



Note : It is necessary to avoid pressure on the

preparation to prevent breakage of the slide. Look

through the eyepiece and turn the fine adjustment

very slowly upwards until the image is in focus.



DARK FIELD MICROSCOPY

Principle

The light coming directly from the light source is blocked

by a stop, therefore the background is black.

The peripheral rays are directed on the slide, therefore

object in the path of light may reflect the light which then

enter the lens system and thus be visible.

Use
This type is especially useful to demonstrate very thin

organisms such as Treponema pallidum and other

spirochetes live in specimen like blood



DARK FIELD MICROSCOPY

The condenser in a bright field microscope illuminates

the specimen with a solid cone of light. By inserting an

opaque disk (called a "stop") in the light path so that

only a hollow cone of light illuminates the subject, very

fine details can be resolved. The disk may be a coin

placed below the condenser (size is dependent on the

microscope objective used). The illumination is oblique

and enters the microscope objective ONLY if refracted

by the object, the background remains dark.



PHASE CONTRAST MICROSCOPY

Principle:

The phase microscope takes advantage of the fact that

light waves passing through transparent objects such as cells,

emerge in different phases. lt depends on the densities of

materials through which they pass. A special optical system is

used to convert differences in phase into differences in

intensity, so that some structures appear darker than others;

internal structures are thus differentiated in the living cells.

Use: This type of microscopy is useful in the examination of

living, unstained material as well as fixed specimens.



The illumination for phase contrast is by means of a hollow

cone of light. This technique requires a specialized

microscope objective - "phase annulus" - a ring-shaped

coating on one of the lens elements - that must match the

incoming cone. Phase contrast greatly increases the

apparent contrast between cell organelles. As seen in the

prostate cancer cell (below) the phase contrast background

is a mid-line gray, phase-dense organelles appear dark, and

there is a bright halo around the cell.

PHASE CONTRAST MICROSCOPY





DIFFERENTIAL INTERFERENCE CONTRAST

Most involved - and perhaps the most useful because of its

high resolving power - is the method called Differential

Interference Contrast (DIC). This technique requires

polarization filters - a polarizer and an analyzer - but it also

requires additional prisms on either side of the specimen.

One beauty of DIC is that images have a three-dimensional

appearance with which we are most familiar in the real world.

The technique allows the addition of "pseudo-color" to

further improve visual contrast between organelles.



http://www.microscopy-uk.org.uk/index.html?http://www.microscopy-uk.org.uk/intro/illu/illu.html

Brightfield
Darkfield

Phase contrast D.I.C.



D.I.C.

Confocal



FLUORESCENCE MICROSCOPY

One elegant method of improving the contrast between

organelles is by fluorescence microscopy. Fluorescence is

the property of a molecule illuminated with one wavelength

(color) of light to emit a second, longer wavelength of lower

energy. An example is fluorescent paint that glows when

illuminated by a "black light". The two commonly used

fluorescent dyes are :

Fluorescein isothiocyanate (FITC)

Tetramethyl rhodamine isthiocyanate (TRITC)





A high-intensity mercury lamp is used as the light source and emits

white light. The exciter filter transmits only blue light to the

specimen and block out all other colours. The blue light is reflected

downward to the specimen by a diachronic mirror (which reflects

light of certain colours but transmits light of other colours). The

specimen is stained with a fluorescent dye: certain portion of the

specimen retain the dye, other do not. The stained specimen absorb

blue light and emit green light, which passes upward, penetrates the

dichroic mirror, and reaches the barrier filter. This filter allows the

green light to pass to the eye. However, it block out any residual blue

light from the specimen which may not have been completely

deflected by the dichroic mirror. Thus the eye perceives the stained

portions of specimen as glowing green against a jet background,

whereas the unstained portion of the specimen are invisible.



A number of fluorescent probes have been

developed that can be used to label

specific organelles, surface structures, live

versus dead bacteria (below)



An endothelial cell (above, right) from the 

bovine pulmonary artery has been labeled 

with three different fluorescent stains. The 

nucleus fluoresces blue, the microtubules 

that form the cytoskeleton fluoresce 

green, and mitochondria are red.



ELECTRON MICROSCOPE

short beam of electrons and magnetic condenser lenses

are employed to view and produce the image, respectively

electrons have short wavelength, which helps in better

resolution

resolve objects as small as 100Aº

magnify objects up to 2,00,000 X.

a hot filament of heavy metal forms the source of electrons

object is placed in the path of moving electrons

entire path of electrons should be kept under vacuum.

magnetic condenser lens causes the primary magnification

second magnetic lens amplifies the primary image





TYPES OF ELECTRON MICROSCOPE

Transmission Electron Microscope (TEM)

Scanning Electron Microscope (SEM)







Micrometry



PRINCIPLE

Micrometry is the science of measurement of the

dimensions of an object being observed under the

microscope.

The method employs some special types of

measuring devices which are attached to or put

into the microscope and observed. The object, to

be measured, is calibrated against these scales.



The measurement of microscopic objects is

accomplished with a micrometer eyepiece whose

scale is calibrated by comparison with standard

stage micrometer.

The micrometer eyepiece (ocular micrometer) is a

special eyepiece, which bears a graduated scale

mounted on its diaphragm and has a movable lens.

The stage micrometer is a microscope slide bearing

an engraved scale 1 mm in length and graduated

interval of 0.01 mm.



PROCEDURE
Insert the micrometer eyepiece into the eyepiece tube of the

microscope. Focus the eyepiece scale with the movable eyepiece lens.

Place the stage micrometer on the microscope stage in firm contact

with its surface. Center the scale in the field.

With the objective to be used for micrometer, focus the scale of stage

micrometer and move the stage so that ‘O’ scale of eyepiece

micrometer matches with ‘O’ scale of stage micrometer. (the two

scales to be superimposed on each other from their starting points)



PROCEDURE
Count the number of divisions on eyepiece scale that corresponds to a

definitive division on stage scale.

Remove the stage micrometer & replace it with a slide bearing the

specimen to be studied. The number of divisions of the eyepiece scale

which just cover object are noted.

Calculate the measurement of the object.
Suppose we have 10X objective and 5X eyepiece fitted in the

microscope with a tube of 170 mm length.

At this magnification the number of ocular divisions coinciding the stage

micrometer are observed and thence calculated for microns per ocular

divisions, e.g., let us take that 5 ocular divisions coincide with 7

divisions of stage micrometer.

One division of ocular = Number of stage micrometer divisions× 10

Number of ocular meter divisions

In the case mentioned above it will be: 7/5 × 10µ = 14µ.



Suppose the diameter of an object is observed to be

equal to 6 divisions of ocular, so the diameter of this

object in microns will be:

6 × 14µ = 84µ



Calibrate the ocular micrometer


