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Objectives: 
To distinguish between the images obtain by the bright field microscopy and phase contrast microscopy.
Introduction
Light microscope
Optical microscope, often referred to as the "light microscope", is a type of microscope which uses visible light and a system of lenses to magnify images of small samples. Optical microscopes are the oldest design of microscope and were possibly designed in their present compound form in the 17th century. Basic optical microscopes can be very simple, although there are many complex designs which aim to improve resolution and sample contrast.
All modern optical microscopes designed for viewing samples by transmitted light share the same basic components of the light path, listed here in the order the light travels through them: In addition the vast majority of microscopes have the same 'structural' components:
· Ocular lens (eyepiece)
· Objective lenses
· Focus wheel to move the stage 
· coarse adjustment
· fine adjustment
· Light source, a light or a mirror 
· Diaphragm and condenser lens 
· Stage 
The actual power or magnification of a compound optical microscope is the product of the powers of the ocular (eyepiece) and the objective lens. The maximum normal magnifications of the ocular and objective are 10× and 100× respectively giving a final magnification of 1,000× .Maximum resolution power is 0.2µm
Illumination techniques
Many techniques are available which modify the light path to generate an improved contrast image from a sample. Major techniques for generating increased contrast from the sample include cross-polarized light, dark field, phase contrast and differential interference contrast illumination. A recent technique (Sarfus) combines cross-polarized light and specific contrast-enhanced slides for the visualization of nanometric samples
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Bright field illumination,
sample contrast comes from
absorbance of light in the sample.

Phase contrast illumination, sample contrast comes from interference of different path lengths of light through the sample

Dark field illumination, sample contrast comes from light scattered by the sample

Cross-polarized light illumination, sample contrast comes from rotation of polarized light through the sample






Bright Field Microscope
With a conventional bright field microscope, light from an incandescent source is aimed toward a lens beneath the stage called the condenser, through the specimen, through an objective lens, and to the eye through a second magnifying lens, the ocular or eyepiece. We see objects in the light path because natural pigmentation or stains absorb light differentially, or because they are thick enough to absorb a significant amount of light despite being colorless. A Paramecium should show up fairly well in a bright field microscope, although it will not be easy to see cilia or most organelles. Living bacteria won't show up at all unless the viewer hits the focal plane by luck and distorts the image by using maximum contrast. 
Phase contrast microscope
Phase contrast microscopy is an optical microscopy illumination technique that converts phase shifts in light passing through a transparent specimen to brightness changes in the image. The phase shifts themselves are invisible to the human eye, but become visible when they are shown as brightness changes.
Phase contrast microscopy is particularly important in biology, as it reveals many biological structures that are not visible with a simpler bright field microscope. These structures were often made visible to earlier microscopists by staining the slide. This requires additional preparation and it also kills the cell. Phase contrast microscopy of live cells without staining allowed for the in vivo study of the cell cycle.
A practical implementation of phase-contrast illumination consists of a phase ring (located in an aperture plane located somewhere behind the front lens element of the objective) and a matching annular ring, which is located in the conjugate primary aperture plane (location of the condenser's aperture).
Two selected light rays, which are emitted from one point inside the lamp's filament, are focused by the field lens exactly inside the opening of the condenser annular ring. Since this location is precisely in the front focal plane of the condenser, the two light rays are then refracted in such way that they exit the condenser as parallel rays. Assuming that the two rays in question are neither refracted nor diffracted in the specimen plane (location of microscope slide), they enter the objective as parallel rays. Since all parallel rays are focused in the back focal plane of the objective, the back focal plane is a conjugate aperture plane to the condenser's front focal plane (also location of the condenser annulus). To complete the phase setup, a phase plate is positioned inside the back focal plane in annulus.
Only through correctly centering the two elements can phase contrast illumination be established. A phase centering telescope that temporarily replaces one of the oculars can be used, first to focus the phase element plane and then center the annular illumination ring with the corresponding ring of the phase plate. In some microscopes models, an in-built Bertrand lens serves the same purpose as the telescope
Image appearance
Phase contrast images have a characteristic grey background with light and dark features found across the sample. Light and dark fringes appear around regions with a change in optical density, for example the boundary between water and a cell. This normally manifests itself as a bright halo around a dark object




Light pathway of phase contrast microscope.
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Fluorescence microscopy
Fluorescence microscopy gives information about the distribution of specific molecules within the cell. A fluorescence probe is used in this technique. Fluorescence molecules are capable of absorbing a light of a shorter wave length(high energy) and emit longer wave length light. Tissue section are usually irradiated with UV light. Most commonly the fluorescent molecules are antibody, toxins or hormones. Sometimes fluorescent compounds have affinity for specific components of the cell.
Electron microscope
Electron microscope uses a beam of electrons to illuminate a specimen and produce a magnified image. An electron microscope (EM) has greater resolving power than a light-powered optical microscope because electrons have wavelengths about 100,000 times shorter than visible light (photons)  They can achieve better than 50 pm resolution and magnifications of up to about 10,000,000x whereas ordinary, non-confocal light microscopes are limited by diffraction to about 200 nm resolution and useful magnifications below 2000x.
The electron microscope uses electrostatic and electromagnetic "lenses" to control the electron beam and focus it to form an image. These lenses are analogous to but different from the glass lenses of an optical microscope that form a magnified image by focusing light on or through the specimen.
Types of electron microscopes.
· Transmission electron microscope (TEM)
·  Scanning electron microscope(SEM)
·  Reflection electron microscope
·  Scanning transmission electron microscope
·  Low-voltage electron microscope
Transmission electron microscope (TEM)
The original form of electron microscope, the transmission electron microscope (TEM) uses a high voltage electron beam to create an image. The electrons are emitted by an electron gun, commonly fitted with a tungsten filament cathode as the electron source. The electron beam is accelerated by an anode typically at +100 keV (40 to 400 keV) with respect to the cathode, focused by electrostatic and electromagnetic lenses, and transmitted through the specimen that is in part transparent to electrons and in part scatters them out of the beam. When it emerges from the specimen, the electron beam carries information about the structure of the specimen that is magnified by the objective lens system of the microscope. The spatial variation in this information (the "image") may be viewed by projecting the magnified electron image onto a fluorescent viewing screen coated with aphosphor or scintillator material such as zinc sulfide. Alternatively, the image can be photographically recorded by exposing a photographic film orplate directly to the electron beam, or a high-resolution phosphor may be coupled by means of a lens optical system or a fibre optic light-guide to the sensor of a CCD (charge-coupled device) camera. The image detected by the CCD may be displayed on a monitor or computer.

Scanning electron microscope (SEM) 
Unlike the TEM, where electrons of the high voltage beam carry the image of the specimen, the electron beam of the scanning electron microscope(SEM)  does not at any time carry a complete image of the specimen. The SEM produces images by probing the specimen with a focused electron beam that is scanned across a rectangular area of the specimen (raster scanning). When the electron beam interacts with the specimen, it loses energy by a variety of mechanisms. The lost energy is converted into alternative forms such as heat, emission of low-energy secondary electrons and high-energy backscattered electrons, light emission (cathodoluminescence) or X-ray emission, which provide signals carrying information about the properties of the specimen surface, such as its topography and composition. The image displayed by an SEM maps the varying intensity of any of these signals into the image in a position corresponding to the position of the beam on the specimen when the signal was generated. In the SEM image of an ant shown at right, the image was constructed from signals produced by a secondary electron detector, the normal or conventional imaging mode in most SEMs.
General sample preparation protocol for electron microscopy
Biological material contains large quantities of water. Since the EM works in vacuum, the water must be removed. To avoid disruption as a result of the loss of water, the tissue is preserved with different fixatives.(buffered solution of aldehydes) These cross-link molecules with each other and trap them together as stable structures. The tissue is then dehydrated in alcohol or acetone.
After that, specimen can be embedded in plastic that polymerize into a solid hard plastic block. The block is cut into thin sections by a diamond knife in an instrument called ultra-microtome. Each section is only 50-100 nm thick.
The thin sections of the sample is placed on a copper grid and stained with heavy metals. The slice of tissue can now be studied under the electron beam
	
	TEM
	SEM

	
	Electron beam passes through the specimen.
A fluorescent screen inside the electron column at the bottom.

Thin specimens are used. Electron beam is unable to pass through a thick specimen.


	Electron beam passes over the surface of the specimen in the form of a “scanning” beam.
Provides a TV like display. Display brightness is determined by detector output, adjusted for brightness & contrast.

Electrons are reflected off the surface of the specimen, as it has been previously coated in heavy metals. So thick specimens also can be used.
3D surface of the specimen can be observed.



Cytoplasmic streaming
Cytoplasmic streaming, also called protoplasmic streaming, the movement of the fluid substance (cytoplasm) within a plant or animal cell.
The motion transports nutrients, proteins, and organelles within cells. First discovered in the 1830s, the presence of cytoplasmic streaming helped convince biologists that cells were the fundamental units of life.The movement of cytoplasm within a living cell. Cytoplasmic streaming, also called cyclosis, transports nutrients, enzymes, and larger particles within cells, enhances the exchange of materials between organelles, as well as between cells. In some unicellular organisms, such as amoeba, it provides the mechanism for cell locomotion. It is thought that microfilaments provide the driving force for, and control the direction of, the streaming. 
                                 In some plant cells there is a rapid rotatory cytoplasmic movement, limited to the peripheral parts of the cell next to the cell wall, which carries chloroplasts and granules along. This movement may be increased by light, and is dependent on temperature and pH. Auxins, or plant growth hormones, may also increase the rate of movement.  In some protozoans, such as the ciliates, slower cyclotic movements transport digestive vacuoles through the cell body. 
                     Cytoplasmic streaming is the directed flow of cytosol (the liquid component of the cytoplasm) and organelles around large fungal and plant cells. This movement aids in the delivery of nutrients, metabolites, genetic information, and other materials to all parts of the cell. Cytoplasmic streaming occurs along Actin filaments in the cytoskeleton of the cell. Cyclosis is the circulation or streaming of the cytoplasm within some living cells. In plant cells, chloroplasts may be moved around with the stream, possibly to a position of optimum light absorption for photosynthesis. The rate of motion is usually affected by light exposure, temperature, and pH levels.
Freeze fracturing
This is a relatively recent useful technique used to examine cell structure in electron microscope. Instead of sectioning; the specimen is fractured to study the interior of the specimen. Specimen is frozen in liquid N2 (-1960C). Frozen specimen is cleaved under a vacuum, followed by platinum/carbon shadowing to create a replica of the fractured surface which is often a membrane.
Procedure
[bookmark: _GoBack]Tiny portion of fungul cultures ; Mucor and Aspergillus was taken. Two fungal smears was made on two slides using above portions. They were covered with a cover slip.  Then it was observed under phase contrast microscope. Another tiny portion of fungul cultures; Mucor and Aspergillus was taken. Two fungal smears was made on two slides using above portions. They were stained by using                ………………..Then it was observed under light microscope. Thin leaf of Hydrilla was placed on the slide and covered with a cover slip and observed under high power of the light microscope. Cytoplasmic streaming was observed.
Results
    





















Discussion
Importance of cytoplasmic streaming
Cytoplasmic streaming is the movement of organelles and vesicles in a cell from one location to another via the network of actin. It would be very important in transporting proteins in a certain region of the cell where it is needed, or moving chloroplasts in plant cells to a location where they can receive light. Without cytoplasmic streaming, it would be impossible to move these organelles, making it impossible for a cell to work efficiently.

Fluorescence microscopes are specialized instruments, used for research, clinical, and industrial applications
Bright field microscopy is best suited to viewing stained or naturally pigmented specimens such as stained prepared slides of tissue sections or living photosynthetic organisms. It is useless for living specimens of bacteria, and inferior for non-photosynthetic protists or metazoans, or unstained cell suspensions or tissue sections
Electron microscopes are used to observe a wide range of biological and inorganic specimens including microorganisms, cells, large molecules, biopsy samples, metals, and crystals. Industrially, the electron microscope is often used for quality control and failure analysis
Phase contrast microscopes are used to observe live cells without staining allowed for the in vivo study of the cell cycle. It reveals many biological structures that are not visible with a simpler bright field microscope.
Killed, stained specimens and naturally coloured live specimens can be observed well with bright field microscopy. But it’s useless for unstained specimens and specimens haven’t a natural colour. Internal structures of living microbes (living specimens) can be observed with phase contrast microscopy without staining. While observing, brightness and contrast can be adjust. A photo of the specimen also can be taken.    
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