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MICROSCOPE
Introduction

Microscope that produces enlarged images of small objects, allowing the
observer an exceedingly close view of minute structures at a scale convenient for
examination and analysis.

Although optical microscopes are the subject of this article, an image may also
be enlarged by many other wave forms, including acoustic, X-ray, or electron beam, and
be received by direct or digital imaging or by a combination of these methods.

The microscope may provide a dynamic image (as with conventional optical
instruments) or one that is static (as with conventional scanning electron microscopes).

The magnifying power of a microscope is an expression of the number of times
the object being examined appears to be enlarged and is a dimensionless ratio.

It is usually expressed in the form 10x (for an image magnified 10-fold),
sometimes wrongly spoken as “ten eks”—as though the x were an algebraic symbol—
rather than the correct form, “ten times.”

The resolution of a microscope is a measure of the smallest detail of the object
that can be observed. Resolution is expressed in linear units, usually micrometers (um).
The most familiar type of microscope is the optical, or light, microscope, in which
glass lenses are used to form the image.

Optical microscopes can be simple, consisting of a single lens, or compound,
consisting of several optical components in line.

The hand magnifying glass can magnify about 3 to 20x. Single-lensed simple
microscopes can magnify up to 300x—and are capable of revealing bacteria while
compound microscopes can magnify up to 2,000x.

A simple microscope can resolve below 1 micrometre (um; one millionth of a
metre); a compound microscope can resolve down to about 0.2 pm.

Images of interest can be captured by photography through a microscope, a
technique known as photomicrography. From the 19th century this was done with film,
but digital imaging is now extensively used instead.

Some digital microscopes have dispensed with an eyepiece and provide images
directly on the computer screen. This has given rise to a new series of low-cost digital

microscopes with a wide range of imaging possibilities, including time-lapse
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micrography, which has brought previously complex and costly tasks within reach of the

young or amateur microscopist.

DISSECTION MICROSCOPE
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These are also known as stereoscopic microscopes. This is a type of digital
optical microscope designed with a low magnification power (5x-250x), by use of light
reflected from the surface of the specimen, and not the light reflected the specimen. Its
primary role is for dissection of specimens and viewing and qualitatively analyzing the
dissected samples.

It was first designed by Cherudin d’Orleans in 1677 by making a small
microscope with two separate eyepieces and objective lenses. Later in 1852, an inventor
named Charles Wheatstone describe the principle of the stereoscopic visualization and
published it with the title ‘On Some Remarkable, and Hitherto Unobserved, Phenomena

of Binocular Vision’.



It was later advanced by John Leornld Riddell who equally published it on the

Journal of Microscopical Science as * On Binocular Microscope’.

Horatio S. Greenough, an American Biologist developed the stereo Microscope,

with two separate but identical optical paths and manufactured it with the Carl Zeiss

Company, to which the scope of the Dissecting Microscope is built to date.

Principle of Dissection microscope

The working principle of the dissecting Microscope depends on the two types of
light paths used by the microscope’s objectives and eyepiece. Each light path
provides a different angle of viewing. They have the top light which is used while
dissecting and the bottom light that is used to view the images.

This lighting is enabled by the construction of two eyepieces (binocular
stereoscope) each showing a different type of light pathway, each providing a
viewing comfort area.

Being a digital microscope, the images are viewed live on a computer monitor
screen in 3-dimensional visuals. They also offer a very close observation of small
specimens such as insects where the image produced is normally larger than the
sample size, an effect known as macro-photography. The image is recorded and in
complex samples, the topography (surface) is analyzed in 3D.

The dissecting microscope works with two magnification systems: Fixed (primary)
magnification where two objective lenses provide a degree of magnification and
the Zoom (pancratic) magnification which offers a continuous magnification at
variant ranges, using the auxiliary objectives whose function is to increase total
magnification depending on some factors. The variance between the zoom and the
fixed magnification can be achieved by changing the eyepiece lenses.

Between the fixed and the zoom magnification is an optical system known as the
Galilean optical system which has fixed-focus lenses that confer fixed
magnification for different sets of magnification such as two sets of magnifications

offers four-magnifications, three sets offer six-magnifications, etc.

Applications

Like most microscopes, it is used in a wide range of fields including manufacturing,

medical, quality control, inspection and biomedical studies like the entomological study

of insects and some of its functions include:

1. Studying the topography of solid samples



2. For dissection

3. For microsurgical procedures

4. For the manufacturing of watches, circuit boards, and their inspections

5. Used for inspection of fractures (fractography)

6. Used in forensic engineering

Advantages

1. It can be used in a wide range of fields making it one of the most important
microscopic techniques.

2. The use of two light pathways offers great magnification differences for visualizing
the image.

3. The attachment of a digital camera allows recording and imaging the image
produced.

4. ltis easily portable and easy to use.

5. They are used to view whole specimens and not in pieces.

COMPOUND MICROSCOPE

A high power or compound microscope achieves higher levels of magnification

than a stereo or low power microscope. It is used to view smaller specimens such as cell

structures which cannot be seen at lower levels of magnification. Essentially, a

compound microscope consists of structural and optical components. However, within

these two basic systems, there are some essential components that every microscopist

should know and understand.

Structural Components

The three basic, structural components of a compound microscope are the head, base

and arm.

Head/Body houses the optical parts in the upper part of the microscope

Base of the microscope supports the microscope and houses the illuminator

Arm connects to the base and supports the microscope head. It is also used to
carry the microscope.

Eyepiece or Ocular is what you look through at the top of the microscope.
Typically, standard eyepieces have a magnifying power of 10x. Optional

eyepieces of varying powers are available, typically from 5x-30x.



Eyepiece Tube holds the eyepieces in place above the objective lens. Binocular
microscope heads typically incorporate a diopter adjustment ring that allows for
the possible inconsistencies of our eyesight in one or both eyes. The monocular
(single eye usage) microscope does not need a diopter. Binocular microscopes
also swivel (Interpupillary Adjustment) to allow for different distances between
the eyes of different individuals.

Objective Lenses are the primary optical lenses on a microscope. They range
from 4x-100x and typically, include, three, four or five on lens on most
microscopes. Objectives can be forward or rear-facing.

Nosepiece houses the objectives. The objectives are exposed and are mounted on
a rotating turret so that different objectives can be conveniently selected.
Standard objectives include 4x, 10x, 40x and 100x although different power
objectives are available.

Coarse and Fine Focus knobs are used to focus the microscope. Increasingly,
they are coaxial knobs - that is to say they are built on the same axis with the fine
focus knob on the outside. Coaxial focus knobs are more convenient since the
viewer does not have to grope for a different knob.

Stage is where the specimen to be viewed is placed. A mechanical stage is used
when working at higher magnifications where delicate movements of the
specimen slide are required.

Stage Clips are used when there is no mechanical stage. The viewer is required
to move the slide manually to view different sections of the specimen.

Aperture is the hole in the stage through which the base (transmitted) light

reaches the stage.
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Illuminator is the light source for a microscope, typically located in the base of
the microscope. Most light microscopes use low voltage, halogen bulbs with
continuous variable lighting control located within the base.
Condenser is used to collect and focus the light from the illuminator on to the
specimen. It is located under the stage often in conjunction with an iris
diaphragm.
Iris Diaphragm controls the amount of light reaching the specimen. It is located
above the condenser and below the stage. Most high quality microscopes include



an Abbe condenser with an iris diaphragm. Combined, they control both the
focus and quantity of light applied to the specimen.
o Condenser Focus Knob moves the condenser up or down to control the lighting

focus on the specimen.

STAGE MICROMETER

A stage micrometer is the term typically referring to a slide (1" x 3" microscope)
that comes with a scale on its surface. The sides are mounted with a reticle scale that is
used for calibrating the reticles of the eyepiece as well as the objective powers.
Although most stage micrometers are made of glass, they are also composed of metal
especially for dissecting microscopes.

While microscopes serve the primary function of enlarging objects being viewed,
they are also used to make measurements of the objects/specimen. Given that this is not
possible with the ordinary ruler, the eyepiece reticle (eyepiece scale) is used to make
such measurements.

Stage micrometers are particularly useful given that the objectives and eyepiece
reticles of a microscope are often interchanged. For this reason, there is a need to carry
out a routine calibration to ensure accuracy when measuring objects/specimen.

*A micrometer may be used by being directly mounted on the object being viewed.

However, this is expensive and impractical and thus not common.

+ The micrometer is lined up with the eye-piece graticule - e.g. at 100x magnification
as shown below..
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Measuring Using a Microscope

Assuming that in a given alignment there are 30 divisions on the stage
micrometer that has aligned with 10 on the eyepiece scale, calculating this would give us
3 units. In the event that the calculation gives a number with decimals (e.g. 3.6363) then
the number may be rounded off. For instance, 3.6363 can be rounded off to 4 or 3.6.
Here, the number obtained from the calculation is the calibration factor and gives the
number of units in each division of the eyepiece.

Here, it's worth noting that the conversion factor of each objective is different.
For this reason, it's important to calibrate each objective lens individually so as to obtain
their respective conversion factor. This becomes important particularly when making
measurements when viewing the specimen using different magnifications.

When making measurements, it's particularly important that the right units of
measurements are used. Here, 1 mm is equal to 1000 micrometers (um). The figures
obtained from the calculations should be converted to micrometers during
measurements.

When measuring the size of the object/specimen, it's always important to
measure the diameter. Here, the student may measure the longest and shortest diameter
of the specimen in the field of view. When in the field of view, the student should
calculate the eyepiece divisions, which represents the diameter of the specimen.

For instance, the diameter of the specimen here may be 12 divisions. This
number does not really represent any specific units.

In order to determine the length of the specimen, these units should be multiplied
to the conversion factor in order to get the measurements in micrometers. This makes it

possible to tell the actually length/width of the specimen/object being observed.
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CAMERA LUCIDA



Camera lucida, (Latin: “light chamber”), optical instrument patented in 1806
by William Hyde Wollaston to facilitate accurate sketching of objects.

It consists of a four-sided prism mounted on a small stand above a sheet of paper.
By placing the eye close to the upper edge of the prism so that half the pupil of
the eye is over the prism, the observer is able to see a reflected image of an
object situated in front of the prism, apparently lying on the paper.

He can then trace the image with a pencil.

In its original form the camera lucida was extremely difficult to focus properly,
and a weak spectacle lens was added between the prism and the paper.

A later form, developed about 1880 for use with a microscope, substituted two
diagonal mirrors for the prism; one transparent mirror was positioned above the

microscope eyepiece and the second at a short distance above the paper.
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Electron microscopy (EM) is a fantastic tool that enables biologists to capture
images of their samples at a greater resolution than with a light microscope.

There are several types of EM and each of these can provide different
information about your sample.

The large field of EM is expanding all the time and there are many advanced
instruments that | do not describe below.

Magnification and resolution

Often the term magnification is used when discussing the power of a microscope.
However, magnification is not the main issue affecting microscopes. It is the resolution.
Resolution is the ability to distinguish two objects as separate.

Imagine a car coming towards you at night. Initially you would see a single
headlight and at some point you would be able to separate the light into two distinct
headlights.

This is the minimum resolvable distance or resolution. In microscopy we refer to
the Airy disc, a diffraction pattern created by imaging a point object.

The resolution of two objects in a microscope depends on them being sufficiently
separate so that the diffraction patterns do not merge, known as the Rayleigh criterion.

Ernst Abbe (1873) was able to determine the optimum resolution that a
microscope can achieve, and the equation for this is the Abbe diffraction limit.

Microscopes are designed to minimize variables so that the main limiting factor
is the wavelength used to image the sample.

All electromagnetic radiation (e.g., light, x-rays, radio waves, etc.) has a set
wavelength.

Using a form of electromagnetic ration with a smaller wavelength increases the
resolution that can be achieved.

Light microscopes can achieve a resolution of 200 nm. Super-resolution light
microscopy allows some biologists to go beyond this limit and a few X-ray
microscopes are now also available.

However, EM remains the main technique used by biologists for high resolution

imaging of molecules, viruses and cells.
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Electrons

Electrons are negatively charged sub-atomic particles that have a wavelength.
The wavelength of an electron is determined by the de Broglie wavelength and is linked

to the accelerating voltage (AV) used to form the electron beam.

For example, an AV of 100,000 volts results in an electron wavelength of 0.0037
nm and a resolution that is up to 100,000 times smaller than can be achieved with light.
While it is possible to achieve sub-atomic imaging with an electron microscope,

it is not possible to image biological samples at this resolution. As we will see, the

biological tissue is always the limiting factor.
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Instrumentation

There are several different types of EM. These can be split into two main
categories, transmission electron microscopes (TEM) and scanning electron microscopes
(SEM). The main differences between these are in the optics, how the signal is detected
and the type of information you can obtain.

Both types of EM have an electron gun, which contains an electron source (a
filament that produces a cloud of electrons), a Wehnelt cylinder (to form the beam) and
an anode (to accelerate the beam).

There are three main types of electron source; a tungsten filament, a lanthanum
hexaboride (LaBs) crystal and a field emission filament.

Differences among the filaments are shown in table.

Material Tungsten (W) Lanthanum Tungsten Zirconiated

hexaboride (LaB6) (W) tungsten
(Zro/W)

Beam 1-2 pum 1-2 pym 3-5nm 10-25 nm

diameter

Brightness 108 107 10° 108

(A/cmasr)

Energy 2.0 15 0.2-0.3 0.3-1

range (eV)

Resolution <3 <2 <1 <1

(nm)

Both TEM and SEM use electromagnetic lenses to focus the beam of electrons.
Electrons travel along the magnetic field and can be focused in the same way that light is
focused using glass lenses.

Apertures are associated with the lenses and are thin plates of molybdenum with

several small bores (usually a range of 10-300 um in diameter).



Apertures are used in an EM to control the coherence of the beam, which affects
resolution, and the amount of contrast in the signal.
TRANSMISSION ELECTRON MICROSCOPE

o A TEM transmits the beam of electrons through a thin sample onto a screen or a
camera/detector (Fig. 1). It has a large number of lenses.

o The condenser lenses (2-4 depending on the microscope) are responsible for the
amount of illumination that reaches the sample and control beam intensity or
brightness.

o The objective lens focuses the beam of electrons onto the sample and applies a
small amount of magnification.

o The intermediate and projector lenses magnify the beam and project it onto the
camera (CCD or film) or screen to form an image.

o It takes only a few seconds to obtain a micrograph (microscope image). The
image is a result of the projected beam intensity:

o Transmitted electrons are detected as light areas in the micrograph; darker areas
occur where electrons have been scattered or absorbed by the sample, thus
reducing the number of electrons reaching the camera or screen.

o This is known as bright field imaging and is the most common type of imaging
for biological samples.

o TEMs are often classified based on the accelerating voltage (AV) they are
capable of.

o A routine TEM for biological imaging should be capable of an AV of up to 120
KV. Most thin-section TEM will be conducted using 80-100 kV.

o Advanced TEM techniques may require instruments capable of an AV between
200 kV and 3 MV, which represent a resolution 100,000 to 3 million times

smaller than light microscope resolution.
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A SEM focuses the beam of electrons into a small spot that scans across the

surface of a sample.

The condenser lens assembles the electrons into a fine beam. The objective lens

focuses the beam onto the sample.

Deflection coils cause the beam to move in a rectangular X and Y direction,

producing a raster scan across the surface of the sample.

The signal is transmitted to a computer screen. Reducing the area being scanned

results in an increase in magnification).

An SEM image is formed from signals that are emitted from the sample as a

result of the specimen-beam interaction.

Most biological SEM  will

generate

images using two types of

electrons. Secondary electrons (SE) are low energy electrons produced by small

energy transfers between electrons from the beam and electrons orbiting atoms in

the sample.
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The energy transfer causes the orbiting electron to leave the atom and become a
secondary electron.

An outer orbiting electron will then release some energy in order to jump into the
gap left by the secondary electron.

The second type, backscattered electrons (BSE), are high energy electrons that
have passed close to an atomic nucleus and been reflected or “back-scattered”
out of the specimen.

In addition, there are a few applications that require the detection of
characteristic X-rays (energy dispersive X-ray spectroscopy) or photons

(cathodeluminescence).
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o There are different types of detectors to collect these signals. Secondary
electrons are low energy electrons and only those produced near the surface can
be emitted.

o The signal detectors are not cameras and the resolution of an SEM image
depends on the spot size of the beam as it hits the sample and the interaction
volume between the beam and specimen.

o The interaction volume directly relates to the AV of the beam. Biological SEM
typically uses an AV of 1-5 kV for the best resolution.

o The SEM image is inverted compared to the TEM. Bright areas of the image are
the result of more electrons being scattered (from topography or heavy element
staining). Relatively large biological samples can be imaged using an SEM as we
no longer have to transmit the signal through the specimen.
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Unit 111

CHROMATOGRAPHY- DEFINITION, PRINCIPLE, TYPES, APPLICATIONS

Chromatography is an important biophysical technique that enables the separation,
identification, and purification of the components of a mixture for qualitative and
quantitative analysis.

The Russian botanist Mikhail Tswett coined the term chromatography in 1906.

The first analytical use of chromatography was described by James and Martin in
1952, for the use of gas chromatography for the analysis of fatty acid mixtures.

A wide range of chromatographic procedures makes use of differences in size,
binding affinities, charge, and other properties to separate materials.

It is a powerful separation tool that is used in all branches of science and is often

the only means of separating components from complex mixtures.
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Principle of Chromatography

Chromatography is based on the principle where molecules in mixture applied onto
the surface or into the solid, and fluid stationary phase (stable phase) is separating
from each other while moving with the aid of a mobile phase.

The factors effective on this separation process include molecular characteristics
related to adsorption (liquid-solid), partition (liquid-solid), and affinity or
differences among their molecular weights.

Because of these differences, some components of the mixture stay longer in the
stationary phase, and they move slowly in the chromatography system, while others

pass rapidly into the mobile phase, and leave the system faster.

Three components thus form the basis of the chromatography technique.

1.

3.

Stationary phase: This phase is always composed of a “solid” phase or “a layer of
a liquid adsorbed on the surface solid support”.

Mobile phase: This phase is always composed of “liquid” or a “gaseous
component.”

Separated molecules

The type of interaction between the stationary phase, mobile phase, and substances

contained in the mixture is the basic component effective on the separation of molecules

from each other.
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Types of Chromatography

e Substances can be separated on the basis of a variety of methods and the presence
of characteristics such as size and shape, total charge, hydrophobic groups present
on the surface, and binding capacity with the stationary phase.

e This leads to different types of chromatography techniques, each with their own
instrumentation and working principle.

e For instance, four separation techniques based on molecular characteristics and
interaction type use mechanisms of ion exchange, surface adsorption, partition, and
size exclusion.

e Other chromatography techniques are based on the stationary bed, including
column, thin layer, and paper chromatography.

e Column chromatography

e lon-exchange chromatography

e Gel-permeation (molecular sieve) chromatography
e Affinity chromatography

e Paper chromatography

e Thin-layer chromatography

e Gas chromatography (GS)

e Dye-ligand chromatography

e Hydrophobic interaction chromatography
e Pseudoaffinity chromatography

e High-pressure liquid chromatography (HP)

Applications of Chromatography

Pharmaceutical sector
e To identify and analyze samples for the presence of trace elements or chemicals.
e Separation of compounds based on their molecular weight and element
composition.
o Detects the unknown compounds and purity of mixture.

e Indrug development.


https://microbenotes.com/column-chromatography/
https://microbenotes.com/ion-exchange-chromatography/
https://microbenotes.com/gel-permeation-chromatography/
https://microbenotes.com/affinity-chromatography/
https://microbenotes.com/paper-chromatography/
https://microbenotes.com/thin-layer-chromatography/
https://microbenotes.com/gas-chromatography/
https://microbenotes.com/high-performance-liquid-chromatography-hplc/

Chemical industry

e Intesting water samples and also checks air quality.

e HPLC and GC are very much used for detecting various contaminants such as

polychlorinated biphenyl (PCBs) in pesticides and oils.
e Invarious life sciences applications
Food Industry
e Infood spoilage and additive detection
o Determining the nutritional quality of food

Forensic Science

e In forensic pathology and crime scene testing like analyzing blood and hair samples

of crime place.

Molecular Biology Studies

e Various hyphenated techniques in chromatography such as EC-LC-MS are applied

in the study of metabolomics and proteomics along with nucleic acid research.

e HPLC is used in Protein Separation like Insulin Purification, Plasma Fractionation,

and Enzyme Purification and also in various departments like Fuel Industry,

biotechnology, and biochemical processes.
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CENTRIFUGATION- PRINCIPLE, TYPES AND APPLICATIONS

o Centrifugation is a technique of separating substances which involves the
application of centrifugal force.

o The particles are separated from a solution according to their size, shape, density,
the viscosity of the medium and rotor speed.

Principle of Centrifugation

e In a solution, particles whose density is higher than that of the solvent sink
(sediment), and particles that are lighter than it floats to the top.

e The greater the difference in density, the faster they move. If there is no difference
in density (isopycnic conditions), the particles stay steady.

e To take advantage of even tiny differences in density to separate various particles
in a solution, gravity can be replaced with the much more powerful “centrifugal
force” provided by a centrifuge.

e A centrifuge is a piece of equipment that puts an object in rotation around a fixed
axis (spins it in a circle), applying a potentially strong force perpendicular to the
axis of spin (outward).

e The centrifuge works using the sedimentation principle, where the centripetal
acceleration causes denser substances and particles to move outward in the radial
direction.

o At the same time, objects that are less dense are displaced and move to the center.

e In a laboratory centrifuge that uses sample tubes, the radial acceleration causes
denser particles to settle to the bottom of the tube, while low- density substances

rise to the top.
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Types of Centrifuge

LOW-SPEED CENTRIFUGE

Most laboratories have a standard low-speed centrifuge used for routine sedimentation
of heavy particles
2) The low-speed centrifuge has a maximum speed of 4000-5000rpm
3) These instruments usually operate at room temperatures with no means of
temperature control. 4) Two types of rotors are used in it,

e Fixed angle

e Swinging bucket.
5) It is used for sedimentation of red blood cells until the particles are tightly packed into

a pellet and supernatant is separated by decantation.



HIGH-SPEED CENTRIFUGES

1.

High-speed centrifuges are used in more sophisticated biochemical applications,
higher speeds and temperature control of the rotor chamber are essential.

The high-speed centrifuge has a maximum speed of 15,000 — 20,000 RPM

The operator of this instrument can carefully control speed and temperature which
is required for sensitive biological samples.

Three types of rotors are available for high-speed centrifugation-

Fixed angle

Swinging bucket

Vertical rotors

Types of Centrifugation

1.

Differential Pelleting (differential centrifugation)

It is the most common type of centrifugation employed.

Tissue such as the liver is homogenized at 32 degrees in a sucrose solution that
contains buffer.

The homogenate is then placed in a centrifuge and spun at constant centrifugal
force at a constant temperature.

After some time a sediment forms at the bottom of a centrifuge called pellet and an
overlying solution called supernatant.

The overlying solution is then placed in another centrifuge tube which is then
rotated at higher speeds in progressing steps.

Density Gradient Centrifugation

This type of centrifugation is mainly used to purify viruses, ribosomes, membranes,
etc.

A sucrose density gradient is created by gently overlaying lower concentrations of
sucrose on higher concentrations in centrifuge tubes

The particles of interest are placed on top of the gradient and centrifuge in
ultracentrifuges.

The particles travel through the gradient until they reach a point at which their
density matches the density of surrounding sucrose.

The fraction is removed and analyzed.



Rate-Zonal Density-Gradient Centrifugation

Zonal centrifugation is also known as band or gradient centrifugation

It relies on the concept of sedimentation coefficient (i.e. movement of sediment
through the liquid medium)

In this technique, a density gradient is created in a test tube with sucrose and high
density at the bottom.

The sample of protein is placed on the top of the gradient and then centrifuged.
With centrifugation, faster-sedimenting particles in sample move ahead of slower
ones i.e. sample separated as zones in the gradient.

The protein sediment according to their sedimentation coefficient and the fractions
are collected by creating a hole at the bottom of the tube.

Isopynic Centrifugation

The sample is loaded into the tube with the gradient-forming solution (on top of or
below pre-formed gradient, or mixed in with self-forming gradient)

The solution of the biological sample and cesium salt is uniformly distributed in a
centrifuge tube and rotated in an ultracentrifuge.

Under the influence of centrifugal force, the cesium salts redistribute to form a
density gradient from top to bottom.

Particles move to point where their buoyant density equals that part of gradient and
form bands. This is to say the sample molecules move to the region where their
density equals the density of gradient.

It is a “true” equilibrium procedure since depends on bouyant densities, not

velocities

Eg: CsCl, Nal gradients for macromolecules and nucleotides — “self-forming” gradients

under centrifugal force.

Applications of Centrifugation

To separate two miscible substances

To analyze the hydrodynamic properties of macromolecules

Purification of mammalian cells

Fractionation of subcellular organelles (including membranes/membrane fractions)
Fractionation of membrane vesicles

Separating chalk powder from water

Removing fat from milk to produce skimmed milk

Separating particles from an air-flow using cyclonic separation

The clarification and stabilization of wine



o Separation of urine components and blood components in forensic and research
laboratories.
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