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What is Plasma?

• The term was first used by two American Physicist      
Langmuir and Tonks in 1923.

• Plasma is state containing charged particles(electrons &
ions) as well as neutral particles and hence they are
broadly defined as an ‘ionized state of matter’
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How Plasma occurs?
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• We know that as temperature of a gas increases no

of atoms having higher velocity increases. As the

temperature increases the probability of collision

between the atoms increases and so they after

collision at higher temperature convert into an

‘ion’



How Plasma occurs?
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Since no of ions increase as temperature increases  because of electrons  ejected 

from atoms a process of recombination of these electrons with ion also takes place 

simultaneously.

If the no of  +ve ions are denoted by ni and electrons are denoted by ne than  and 

some no. of neutral atoms are there and if  ni = ne than we can call that state as  ‘plasma’.

In plasma state electrons and ions are continuously in motion and ions are heavier 

than electrons as a result of which motion of electrons generates electricity. Hence  even 

though plasma is electrically neutral it can interact with electric and magnetic field 



Why the need of ‘fourth state’ label?

• Though plasma is called as gaseous state of
matter at high temperature, its differences
rather than similarities from a normal
gaseous state are so prominent that it was
compelled to be called as the ‘fourth state
of matter’.
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How Plasma state differs from neutral gaseous 
state?

Gaseous state

• E & M field effect low

• Scattered motion of 
atoms-obey Maxwell –
Boltzmann Law

• Short range forces-strong-
Vander Waal forces

• Hard collisions

Plasma State

• Effect of E-M field very high

• All the three particles viz.
ions, electrons and neutral
ions move with varying
speed

• Long range forces-weak-
Coulomb forces

• Soft collisions
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How Plasma state differs from neutral gaseous 
state?

Gaseous state

• Good insulator  at 
normal temperature 
and pressure

• The average kinetic 
energy of all the 
atoms or molecules 
is same.

Plasma State

• Conductivity like 
Copper at high 
temperature(~1Kev) 
because of ionization

• Average kinetic
energy of electrons,
ions and plasma are
different.
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Various Definitions of Plasma

• A fluid containing sufficiently large no. of charged particles causing its 
dynamical behavior to be dominated by electromagnetic fields.

• A ‘quasi-neutral’ gas of charged and neutral particles.

• A fully ionized gas of low density

• A Coulomb gas

• A fourth state of matter resembling gaseous state at high temperature
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Multi disciplinary and Inter disciplinary Approach

• In multidisciplinary research, the subject under study is
approached from different angles, using different
disciplinary perspectives. However, neither the
theoretical perspectives nor the findings of the various
disciplines are integrated in the end.

• An interdisciplinary approach, on the other hand,
creates its own theoretical, conceptual and
methodological identity. Consequently, the results of an
interdisciplinary study of a certain problem are more
coherent, and integrated.
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• Multi- (or pluri-) and interdisciplinary research are often used
interchangeably, but originally they referred to different approaches.

• When experts from different fields work together on a common subject
within the boundaries of their own discipline, they are said to adopt a
multidisciplinary approach.

• However, if they stick to these boundaries they may reach a point
where the project cannot progress any further. They will then have to
bring themselves to the fringes of their own fields to form new
concepts and ideas--and create a whole new, interdisciplinary field.

• A transdisciplinary team is an interdisciplinary team whose members
have developed sufficient trust and mutual confidence to transcend
disciplinary boundaries and adopt a more holistic approach.
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Why this Approach is now encouraged?

• It strongly recommended that undergraduate science
education should incorporate mathematics, physics,
chemistry, computer science, and engineering until
interdisciplinary thinking and work become second nature.

• We have to encourage young physicists and chemists to
think about the opportunities waiting for them at the
interface with the life sciences.
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Plasma: An Interdisciplinary Approach

PLASMA

ASTROPHYSICS

ENVIRONMENT

ENERGY
NUCLEAR 
PHYSICS

Medical 
Science
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Study of Plasma in various fields

• Astrophysics

• Study of Plasma in interstellar space (99% of Universe is made of plasma)

• Study of planets indicate participation of CH, CH+,CN,NaH and OH atoms in 
plasma formation.

• Environment

• Due to solar radiation, a weak plasma is produced at a height of 70 Km 
above earth’s surface .

• Study reveals entry of electrons and ions from space in earths atmosphere 
at the poles results in formation of Van Allen Radiation belt

• Lightining in atmosphere also produces plasma.

• Solar Flare when captured by earth’s magnetic field , the y produce strong 
glows known as Aurora Borealis and Aurora Australis at North and South 
Poles.
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Study of Plasma in various fields

• Energy and Nuclear Physics

• Nuclear Fusion is the process in which the Sun and the stars produce the 
energy by fusing light nuclei of hydrogen.

• Unlike in the Sun, where particles are tightly bound together by the 
enormous gravitational pull of the huge mass of the Sun, on earth, it takes 
enormous effort to keep the charged particles together (note that like 
charges repel).

• This is the major area of fusion research - that of confinement, i.e., how 
to maintain a plasma of  large enough density at a high enough temperature 
for a sufficiently long time so that the particles fuse and produce net 
energy, larger than that required to produce and hold the plasma in the 
first place.
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Study of Plasma in various fields

• Medical Sciences
• Plasmas have been used for a long time for sterilization of medical

equipment, packaging in the food industry, implants, blood coagulation, etc.

This is partly due to their high bactericidal effectiveness and partly due to

their easy access into narrow and confined spaces.

• Antifungal treatment

• It has been shown that plasmas can be employed efficiently to combat 
fungal diseases 

• Common diseases such as tinea pedis (athlete’s foot), can therefore be 
treated quite effectively using appropriate plasma devices in the home or in 

medical practices.
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Study of Plasma in various fields

• Health care

It is an emerging field that has its roots, quite
naturally, in plasma science. It has grown rapidly,
however, and is now the subject of a broad
interdisciplinary research effort involving medicine,
biology, physics, chemistry and engineering.
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Study of Plasma in various fields

• Hospital Hygiene

Particularly, the growth of resistant bacteria (e.g. MRSA) poses a problem that
requires fast and efficient sterilization .

It will not be restricted to hospitals only but..

• All public buildings, children nurseries, nursing homes, etc would benefit from
such a device.
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Study of Plasma in various fields

Cosmetics:

• Plasma treatment for cosmetic re-structuring of tissue as well as skin 

rejuvenation using nitrogen plasmas. 

• Tooth bleaching is also enhanced by plasmas, mainly due to the in situ 
production of hydrogenperoxide .

Plasma Physics-An Interdisciplinary Approach,                                 Dr T.R.Trivedi,                                       Bhavan's College, Dakor



Study of Plasma in various fields

Displays:

Plasma Physics-An Interdisciplinary Approach,                                 Dr T.R.Trivedi,                                       Bhavan's College, Dakor

Though simpler in concept, the design of a

plasma-display panel is no less complex. As in a

fluorescent tube, an electric field is made to pass

through a gas (usually a mixture of xenon and

neon) that is held at a low pressure inside a glass

vessel lined with a phosphor coating. The electric

field ionises the gas, turning it into a hot,

electrically conducting plasma. The excitement

causes ultraviolet radiation to be emitted. This

strikes the phosphor on the glass walls and makes

it glow brightly. But instead of using a large tube,

as in fluorescent lighting, a plasma display uses

millions of tiny glass bubbles coated with coloured

phosphors



ITER-INDIAN PERSPECTIVE

Plasma Physics-An Interdisciplinary Approach                                Dr T.R.Trivedi Bhavan's College, Dakor



ITER-INDIAN PERSPECTIVE      
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• ITER, meaning the way in Latin, is an experimental Fusion
Reactor being constructed presently at Cadarache, in the
South of France. ITER is a step towards future production of
electricity from fusion energy.

• An unprecedented international scientific and technological
collaboration representing more than half the worlds human
population is presently involved towards construction of ITER.
The ITER partners are presently the People's Republic of China,
the European Union, India, Japan, the Republic of Korea, the
Russian Federation and the United States of America.

• ITER will be built mostly through in-kind contributions from 
the participant countries (Parties) in the form of components 
manufactured by the Parties and delivered/installed at ITER.

• ITER-India is the Indian Domestic Agency (DA), formed with the 
responsibility to provide to ITER the Indian contribution.



Aurora : Borealis, Australis

• Auroras are associated with the solar wind, a flow of ions
continuously flowing outward from the Sun. The Earth's
magnetic field traps these particles, many of which travel
toward the poles where they are accelerated toward Earth.

• Collisions between these ions and atmospheric atoms and
molecules cause energy releases in the form of auroras
appearing in large circles around the poles. Auroras are more
frequent and brighter during the intense phase of the solar
cycle when coronal mass ejections increase the intensity of
the solar wind.
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Q & A on Plasma

• How do you know plasma is real if you can't see it?

• This might be a surprise, but we can see plasma. Or,
technically, you can see the energy (light) given off by a
plasma. The sun and all stars are composed of plasma.
The excited charged particles radiate light and other
forms of electromagnetic radiation.
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Q & A on Plasma

• Is any fire occurring be called as ‘Plasma’?

• Broadly speaking, fire is a fast exothermic oxidation reaction.
The flame is composed of hot, glowing gases, much like a metal
that is heated sufficiently that it begins to glow. The atoms in
the flame are a vapor, which is why it has the characteristic
wispy quality we associate with fire, as opposed to the more
rigid structure we associate with hot metal.

• Now, to be fair, it is possible for a fire to burn sufficiently hot
that it can ionize atoms. However, when we talk about common
examples of fire, such as a candle flame, a campfire, or
something of that kind, we are not dealing with anything
sufficiently energetic to ionize atoms
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Q & A on Plasma

• Are there any different types of ‘Plasma’?

• Based on the relative temperatures of the electrons, ions and neutrals,
plasmas are classified as "thermal" or "non-thermal". Thermal plasmas
have electrons and the heavy particles at the same temperature, i.e.,
they are in thermal equilibrium with each other. Non-thermal plasmas
on the other hand have the ions and neutrals at a much lower
temperature (sometimes room temperature), whereas electrons are
much "hotter" (Te >> Tneutrals).
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Lightning is an example 

of plasma present at 

Earth's surface. 

Typically, lightning 

discharges 30,000 

amperes at up to 100 

million volts, and emits 

light, radio waves, X-

rays and even gamma 

rays. Plasma 

temperatures in lightning 

can approach 28,000 

kelvin and electron 

densities may exceed 

1024 m−3.



Q & A on Plasma

• What is ‘ Cold Plasma’?

• A plasma is sometimes referred to as being "hot" if it is nearly
fully ionized, or "cold" if only a small fraction (for example 1%)
of the gas molecules are ionized, but other definitions of the
terms "hot plasma" and "cold plasma" are common. Even in a
"cold" plasma, the electron temperature is still typically several
thousand degrees Celsius. Plasmas utilized in "plasma
technology" ("technological plasmas") are usually cold plasmas in
the sense that only a small fraction of the gas molecules are
ionized.
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Debye-Length
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n a quasi-neutral plasma, the mobile electrons and ions respond to an electric 

field in such a way to reduce that electric field. This means the plasma is a 

dielectric. For example, a positive charge placed in the center of a plasma will 

attract more electrons towards it on average, and push more ions away from it. 

The electrons will increase the negative charge near the positive charge, so 

that from far away it appears that there is no charge there. This is known as 

Debye shielding. The length scale on which it happens is the Debye length. The 

most commonly used length is given only by the electron shielding, which 

happens on a faster timescale than the ion shielding:
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Plasma and Medical Science

• Hospital hygiene: Particularly, the growth of
resistant bacteria (e.g. MRSA) poses a problem that
requires fast and efficient sterilization .

It will not be restricted to hospitals only but..

• All public buildings, children nurseries, nursing
homes, etc would benefit from such a device.Plasma Physics-An Interdisciplinary Approach, Dr T.R.Trivedi, Bhavan's 
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Plasma and Medical Science

• • Antifungal treatment: It has been shown that 
plasmas can be employed efficiently to combat 
fungal diseases 

• Common diseases such as tinea pedis (athlete’s 
foot), can therefore be treated quite effectively 
using appropriate plasma devices in the home or 
in medical practices.
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Plasma and Medical Science

• Chronic wounds: There are different causes, 
e.g. venous diseases, arterial diseases,diabetes
mellitus, pyoderma gangraenosum, carcinoma. As 
the population ages, the occurrence is likely to 
increase.

• Plasmas may help with the :it is unlikely that 
plasmas will ‘cure’ the underlying disease. But by 
eliminating bacterial and fungal infections, 
plasmas may well reduce the suffering, support 
the treatment and speed up the recovery.Plasma Physics-An Interdisciplinary Approach, Dr T.R.Trivedi, Bhavan's 

College, Dakor



Plasma and Medical Science

• Cosmetics: Plasma treatment for cosmetic re-
structuring of tissue as well as skin rejuvenation 
using nitrogen plasmas. 

• Tooth bleaching is also enhanced by plasmas, 
mainly due to the in situ production of 
hydrogenperoxide .
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Plasma and Medical Science

• This is basically similar to the usual antibiotic
applications, the difference being the (at present)
restriction of plasma treatment to the body
surface, the almost instantaneous (few seconds)
bactericidal response to the plasma application,
the lack of a microbial defence system (and hence
resistance build-up) to plasmas and the
comparatively low level (or even absence) of
unwanted side-effects, as far as we know, to
suitably designed plasmas.
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Q & A on Plasma

• How do you know plasma is real if you can't see it?

• This might be a surprise, but you can see plasma. Or, technically, you can see the energy (light) given 
off by a plasma. The sun and all stars are composed of plasma. This strange "4th state of matter" is 
actually the most common form of matter in the universe. A plasma is a collection of atoms (think of 
a container filled with a gas) which has absorbed enough energy to cause the electrons to become 
separated from their nuclei. These electrically charged particles are called ions. When this happens, 
the plasma no longer acts like a gas. This "charged particle soup" now has electrical properties, and 
creates a magnetic field (because of the electrical field). The excited charged particles radiate light 
and other forms of electromagnetic radiation.

• So what can cause a container of gas to act this way? It takes energy to ionize the gas and create the 
plasma. We can make it happen on Earth in neon lamps and other devices by using electrical energy. 
In a star, it works something like this. Large clouds of gas in space are thought to have "condensed" 
into more dense blobs due to gravitational attraction within the gas. As the blobs grow more dense, 
the gravitational pull is stronger. Eventually, the atoms of gas are forced into such tight spaces that 
they can't exist as atoms, and become ionized (the electrons are stripped away), forming a plasma. It 
doesn't stop there in a star. All this motion causes friction and heating. The heat helps ionize more 
atoms, causing more plasma to form. Deep in the core of this hot blob of plasma the nuclei of the 
atoms are squeezed more tightly together by gravity. Then at some point, those nuclei 
(protons and neutrons) can join together in the process called nuclear fusion. When fusion takes 
place, it releases large amounts of energy. This energy keeps heating the plasma, giving rise to more 
fusion, etc. So the sun is a great "plasma/fusion furnace."
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Q & A on Plasma

• Some flames are hot enough to have ionized gaseous components of
sufficient density to be consideredplasma. However, a candle flame
which has a temperature below 1500 °C produces too low an ion
density to be considered a plasma.

• Tip of a burning cigarette:

Temperature without drawing:
Side of the lit portion: 400 deg C (or 752 deg F)
Middle of the lit portion: 580 deg C (or 1112 deg F)

Temperature during drawing:
Middle of the lit portion: 700 deg C (or 1292 deg F)

A standard Fe-CuNi digital thermocouple thermometer is used.
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Q & A on Plasma

• Is any fire occurring be called as ‘Plasma’?

• The key concept to defining plasma is the Debye distance/length/radius. If the particles 
are so close the Debye distance plays little or no role in particle interaction, than it is not 
a plasma. This Debye distance depends on the charge of the particles, so if their is no 
charge...

• Though temperatures like 3,000 Fahrenheit would force a separation between particles of 
a gas to distances on the order of the Debye, for a solid, like lava, this is not the case. Fire 
is a very sm

• le of a plasma for kids, I'm afraid fire wouldn't be an accurate choice.

• (In plasmas and electrolytes the Debye length (also called Debye radius), named after the 
Dutch physicist and physical chemist Peter Debye, is the measure of a charge carrier's net 
electrostatic effect in solution, and how far those electrostatic effects persist. A Debye 
sphere is a volume whose radius is the Debye length, in which there is a sphere of 
influence, and outside of which charges are electrically screened. The notion of Debye 
length plays an important role in plasma physics,electrolytes and colloids (DLVO theory).)
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Q & A on Plasma
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• Sometime a plasma is called the fourth state of matter, in the sense that to go from 
the gaseous phase to the plasma phase you have to provide enough energy to ionize 
the atoms/molecules of the gas; this energy can be seen as the "Latent Heat" you need 
for the phase transition.

• However, this is not a satisfactory way of thinking of a plasma. For instance, the 
plasmas created in high power laser-matter interaction (as a reference, this is a very 
good book by P. Gibbon), have number densities of the order of 1023cm−3, so well in 
the solid state density regime. Anyway, at even higher densities (and very high 
temperature) a plasma (the solar plasma, for instance) can have dynamical properties 
which resembles very much those of a liquid, in the sense that a fluid mechanical 
description (or MHD, if the plasma is magnetized) captures its dynamics.

• For the sake of curiosity, there are even studies on "ultracold plasmas", which have 
very remarkable properties like the fact that if they are let expand while cooling, they 
can crystallize and form ordered structures called Coulomb crystals (you can look here 
if you're curious). A phase transition like that, from plasma to solid, is an even higher 
step than sublimation!


