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UNIT-II
Laser Principle

Introduction  of Laser-Characteristics-High  directionality-High  Intensity-High
monochromatic-Highly Coherent-Concept of Laser-Population Inversion-Condition for
population Invertion-Methods for pumping action-Optical pumping- Electrical discharge
- Direct Conversion-Active medium-Meta stable state- Basic components of a laser
system.

LASER:

LASER stands for Light amplification by stimulated emission of radiation. Laser
is a device which emits a powerful, monochromatic collimated beam of light. The
emitted light waves are coherent in nature.

Characteristics of Laser:

Laser light has four unique

Laser light has four unique characteristics that differentiate it from ordinary light these
are

Coherence

Directionality

Monochromatic

High intensity

HonN =

Coherence

The visible light is emitted when excited electrons jumped into the lower energy
level. The process of electrons moving from higher energy level to lower energy level or
lower energy level to higher energy level is called electron transition. In ordinary light
source( lamp, sodium lamp and torch light) the electron transition occurs naturally.
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In laser, the electron transition occurs artificially. In other words ,in electron transition
occurs in specific time.All the photons emitted in laser have the same energy,
frequency,or wavelength. In laser technique called stimulated emission is used to
produce light.



Coherent light waves

Thus, light generated by laser is highly coherent. Because of this coherence, a large
amount of power can be concentrated in a harrow space.

Directionality

In laser, the electron transition occurs artificially. In Conventional light source, photons
will travel in random direction. Therefore, these light source emit light in all directions. In
other hand, in all photons will travel in same direction. Therefore, laser emits light only
one direction. This is called directionality of laser light.

Monochromatic

Laser beam is highly monochromatic (i.e) the wavelength is single, whereas in ordinary
light like mercury vapour lamp, many wavelength of light are emitted.

High Intensity

Since an ordinary light spreads in all directions, the intensity the target is very less. But
in the case of laser, due to high directionality the intensity of laser beam reaching the
target is of high intense beam. For example, 1 milli watt power of He-Ne laser appears
to be brighter than the sunlight.



Difference between ordinary light and laser light

S. No Ordinary light Laser light

1 In ordinary light the angular | In laser light the angular
spread is more spread is less

2 The are not directional The are highly directional

3 Itis less intense It is highly intense

4 It is not coherent beam and | It is not coherent beam and
is not in phase is in phase

5 The radiations are The radiations are
polychromatic monochromatic

6 Egs. Sunlight, Mercury, Egs. He-Ne laser, Co2 laser
vapour lamp etc. etc.

Basic Concept of LASER:

Laser is a narrow beam of light of a single wavelength (monochromatic) in which each
wave is in phase (coherent) with other near it.
Laser apparatus is a device that produce an intense concentrated, and highly parallel

beam of coherent light.

Basic Theory of LASER:

Atom composed of a nucleus and electron cloud

> If an incident photon is energetic enough, it may be absorbed by an atom, raising

the latter to an excited state.

» It was pointed out by Einstein in 1917 that an excited atom can be revert to a

lowest state via two distinctive mechanisms:




» spontaneous emission and

» stimulated emission.

spontaneous emission:
Each electron can drop back spontaneously to the ground state emitting photons.

stimulated emission:

Each electron is triggered into emission by the presence of electromagnetic radiation of
the proper frequency. This is known as stimulated emission and it is a key to the
operation of laser.

> e.g. emission from Laser

> Emitted photons bear no incoherent. It varies in phase from point to point and
from moment to moment.

> e.g. emission from tungsten lamp.

Absorption:

Let us consider an atom that is initially in level 1 and interacts with an
electromagnetic wave of frequency n. The atom may now undergo a transition to level 2,
absorbing the required energy from the incident radiation. This is well-known
phenomenon of absorption.

Population Inversion:

Generally electrons tends to (ground state). What would happen if a substantial
percentage of atoms could somehow be excited into an upper state leaving the lower
state all empty? This is known as a population inversion. An incident of photon of
proper frequency could then trigger an avalanche of stimulated photon- all in phase
(Laser).

» Consider a gas enclosed in a vessel containing free atoms having a number of
energy levels, at least one of which is Meta stable.

> By shining white light into this gas many atoms can be raised, through resonance,
from the ground state to excited states.

Active Medium:
A medium in which population inversion can be achieved is known as active medium.

PUMPING ACTION:
It is essential requirement for producing a laser beam.

Methods of Pumping Action:
The methods commonly used for pumping action are:



1. Optical pumping (Excitation by Photons)

2. Electrical discharge method(Excitation by electrons)

3. Direct conversion

4. Inelastic atom — atom collision between atoms

a. Optical Pumping:
When the atoms are exposed to light radiations energy /v, atoms in the lower energy
state absorb these radiations and they go to the excited state. This method is called
Optical pumping. It is used in solid state lasers like ruby laser and Nd-YAG laser. In ruby
laser, xenon flash lamp is used as pumping source.

b. Electrical discharge method (Excitation by electrons)

In this method, the electrons are produced in an electrical discharge tube.

These electrons are accelerated to high velocities by a strong electrical field. These
accelerated electrons collide with the gas atoms.
By the process, energy from the electrons is transferred to gas atoms. Some atoms

gain energy and they go to the excited state. This results in population inversion. This
method is called Electrical discharge method.

E,

Electron

It is represented by the equation

A+e*=A*+e
Where A — gas atom in the ground state

A* = same gas atom in the excited state e* = Electrons with higher Kinetic energy
e — Same electron with lesser energy.

This method of pumping is used in gas lasers like argon and CO2 Laser.
c. Direct conversion

In this method, due to electrical energy applied in direct band gap
semiconductor like Ga As, recombination of electrons and holes takes place. During the
recombination process, the electrical energy is directly is converted into light energy.



Electrical Light
Energy Energy

d. In elastic atom-atom collision:
In this method, a combination of two gases (Say A and B are used). The excited states
of A and B nearly coincides in energy.

In the first step during the electrical discharge atoms of gas A are excited
to their higher energy state A* (meta stable state) due to collision with the electrons .

At+te*=A*+e

Now A* atoms at higher energy state collide with b atoms in the lower state. Due
to inelastic atom - atom collision B atoms gain energy and they are excited to a higher
state B* . Hence, A atoms lose energy and return to lower state.

A*+B=A+B*

Meta stable state

Excited states (particularly electronic states in laser gain media) which have a
relatively long lifetime due to slow radioactive and non-radioactive decay

Solid-state gain media usually have a meta stable electronic state as upper laser level,
and often some additional meta stable states (energy levels). Such states occur in
situations where neither radiative nor non-radiative processes can lead to a rapid
depopulation of a certain state. Radiative processes can be strongly reduced if all
transitions to lower levels are so-called forbidden transitions (or weakly allowed
transitions), for which efficient dipole processes are not possible. Strong non-radiative
decay processes can arise from multi-phonon transitions and from quenching caused
by certain impurities, but such mechanisms can often be avoided. The upper-state
lifetime, i.e. the lifetime of the upper laser level, can then be microseconds or even
milliseconds — for example, typically around 8-10 ms for erbium-doped fiber amplifiers,
or roughly 1-2 ms for ytterbium-doped gain media.
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Figure 1: Level scheme of thulium (Tm>") ions in ZBLAN fluoride fiber. The




levels *Ha, °F4 and 'Ga are meta stable.

As an example, Figure 1 shows the energy level scheme of thulium (Tm*) ions.
In fluoride fibers, having very low phonon energies, the levels *Hs, °F4 and 'Gs are meta
stable, whereas e.g. *Hs is quenched by multi-phonon processes which transfer the ions
to °Ha. These circumstances make it possible to pump thulium ions efficiently into
the 'Gs level, from where blue light can be emitted. This is exploited in some up
conversion fiber lasers. For thulium ions in silica fibers, °F4 has a much shorter lifetime,
since multi-phonon processes are much stronger. Therefore, silica fibers are not usable
for such up conversion lasers.

Generally, laser gain media do not have to exhibit meta stable levels; a short-lived level
can still be used as the upper laser level provided that the emission cross sections are
large enough. (For the threshold pump power, the o~ rproduct is the essential quantity.)
However, long meta stable level lifetimes are very important for Q-switched lasers, as
they permit significant energy storage. They also have a strong impact on the laser
dynamics, including spiking phenomena. Finally, three-level laser transitions are hardly
possible without meta stable levels, since a substantial upper-state population as
needed for positive net gain would be difficult to achieve.

In laser modeling of doped-insulator solid-state lasers, one usually considers population
only of meta stable states and the ground state, because only a vanishingly small
proportion of the laser-active ions can be in other (short-lived) states. This can
substantially simplify laser models.

Basic components of LASERS
The lasers mainly consist of three major components. These are Active medium, Pump,
and resonator guide.

Active Medium

It can be in molecular or in atomic state. E.g., He, Ne, COz, etc. It does the work
of decreasing the radioactivity from E2 to E: level i.e. from higher to lower energy level.
Pump

Pump is used for the achievement of population inversion. Pumping can be done in
two ways. One is electrical discharge method and other is optical method. In optical
method a flash lamp is used. This flash lamp is also used in ruby laser. This type of
pumping is good for active gaseous medium.

Resonator guide

It basically provides the guidance about the simulated emission process. It is
induced by high speed photons. Finally, a laser beam will be generated.



In other words if we will analyze the resonator guide then we will see that it is
simply a pair of two plane mirrors M1 and M2. Both the mirrors are set up on an axis
known as optic axis. Both the mirrors are placed parallel to each other. Mirror M1 is
totally reflecting mirror but on the other hand mirror M2 is partially reflecting. An active
medium is used between the both mirrors. This whole arrangement only filters those
photons which came along the axis. All the other photons are rejected. This is the major
reason that a laser beam having very high intensity is produced.
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Unit - IV: LASER Types
Types of Lasers — Ruby laser- Helium-Neon laser- Dye laser- Nd-YAG laser

LASER stands for Light Amplification by Stimulated Emission of Radiation. A laser
is a device which produces highly directional light. It emits light through a process called
stimulated emission of radiation which increases the intensity of light. A laser is different
from conventional light sources in four ways: coherence, directionality, monochromacity, and
high intensity. The light waves of ordinary light sources have many wavelengths. Hence, the
photons emitted by ordinary light sources are out of phase. Thus, ordinary light is incoherent.
On the other hand, the light waves of laser light have only one wavelength. Hence, all the
photons emitted by laser light are in phase. Thus, laser light is coherent. The light waves from
laser contain only one wavelength or color so it is known as monochromatic light. The laser
beam is very narrow and can be concentrated on a very small area. This makes laser light
highly directional. The laser light spreads in a small region of space. Hence, all the energy is
concentrated on a narrow region.Therefore, laser light has greater intensity than the ordinary
light.

Types of lasers
Lasers are classified into 4 types based on the type of laser medium used:

e Solid-state laser

e Gas laser

e Liquid laser

e Semiconductor laser

Solid-state laser

A solid-state laser is a laser that uses solid as a laser medium. In these lasers, glass or
crystalline materials are used.

lons are introduced as impurities into host material which can be a glass or crystalline. The
process of adding impurities to the substance is called doping. Rare earth elements such as
cerium (Ce), erbium (Eu), terbium (Tb) etc are most commonly used as dopants.

Materials such as sapphire (Al203), neodymium-doped yttrium aluminum garnet (Nd:YAG),
Neodymium-doped glass (Nd:glass) and ytterbium-doped glass are used as host materials for
laser medium. Out of these, neodymium-doped yttrium aluminum garnet (Nd:YAG) is most
commonly used.

The first solid-state laser was a ruby laser. It is still used in some applications. In this laser, a
ruby crystal is used as a laser medium. In solid-state lasers, light energy is used as pumping
source. Light sources such as flashtube, flash lamps, arc lamps, or laser diodes are used to
achieve pumping. Semiconductor lasers do not belong to this category because these lasers
are usually electrically pumped and involve different physical processes.

Gas laser
A gas laser is a laser in which an electric current is discharged through a gas inside the laser
medium to produce laser light. In gas lasers, the laser medium is in the gaseous state.

Gas lasers are used in applications that require laser light with very high beam quality and
long coherence lengths.

In gas laser, the laser medium or gain medium is made up of the mixture of gases. This
mixture is packed up into a glass tube. The glass tube filled with the mixture of gases acts as
an active medium or laser medium.


http://www.physics-and-radio-electronics.com/physics/energy/what-is-energy.html

A gas laser is the first laser that works on the principle of converting electrical energy into
light energy. It produces a laser light beam in the infrared region of the spectrum at 1.15 pm.

Gas lasers are of different types: they are, Helium (He) — Neon (Ne) lasers, argon ion lasers,
carbon dioxide lasers (CO2 lasers), carbon monoxide lasers (CO lasers), excimer lasers,
nitrogen lasers, hydrogen lasers, etc. The type of gas used to construct the laser medium can
determine the lasers wavelength or efficiency.

Liquid laser
A liquid laser is a laser that uses the liquid as laser medium. In liquid lasers, light supplies
energy to the laser medium.

A dye laser is an example of the liquid laser. A dye laser is a laser that uses an organic dye
(liquid solution) as the laser medium.

A dye laser is made up of an organic dye mixed with a solvent. These lasers generate laser
light from the excited energy states of organic dyes dissolved in liquid solvents. It produces
laser light beam in the near ultraviolet (UV) to the near infrared (IR) region of the spectrum.

Semiconductor laser
Semiconductor lasers play an important role in our everyday life. These lasers are very cheap,
compact size and consume low power. Semiconductor lasers are also known as laser diodes.

Semiconductor lasers are different from solid-state lasers. In solid-state lasers, light energy is
used as the pump source whereas, in semiconductor lasers, electrical energy is used as the
pump source.

In semiconductor lasers, a p-n junction of a semiconductor diode forms the active medium or
laser medium. The optical gain is produced within the semiconductor material.

Ruby Laser

Ruby laser definition
A ruby laser is a solid-state laser that uses the synthetic ruby crystal as its laser medium.
Ruby laser is the first successful laser developed by Maiman in 1960.

Ruby laser is one of the few solid-state lasers that produce visible light. It emits deep red light
of wavelength 694.3 nm.

Construction of ruby laser
A ruby laser consists of three important elements: laser medium, the pump source, and the
optical resonator.

Laser medium or gain medium in ruby laser

In a ruby laser, a single crystal of ruby (AI203 : Cr3+) in the form of cylinder acts as a laser
medium or active medium. The laser medium (ruby) in the ruby laser is made of the host of
sapphire (AI203) which is doped with small amounts of chromium ions (Cr3+). The ruby has
good thermal properties.
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Pump source or energy source in ruby laser

The pump source is the element of a ruby laser system that provides energy to the laser
medium. In a ruby laser, population inversion is required to achieve laser emission.
Population inversion is the process of achieving the greater population of higher energy state
than the lower energy state. In order to achieve population inversion, we need to supply
energy to the laser medium (ruby).

In a ruby laser, we use flashtube as the energy source or pump source. The flashtube supplies
energy to the laser medium (ruby). When lower energy state electrons in the laser medium
gain sufficient energy from the flashtube, they jump into the higher energy state or excited
state.

Optical resonator

The ends of the cylindrical ruby rod are flat and parallel. The cylindrical ruby rod is placed
between two mirrors. The optical coating is applied to both the mirrors. The process of
depositing thin layers of metals on glass substrates to make mirror surfaces is called
silvering. Each mirror is coated or silvered differently.

At one end of the rod, the mirror is fully silvered whereas, at another end, the mirror is
partially silvered.

The fully silvered mirror will completely reflect the light whereas the partially silvered mirror
will reflect most part of the light but allows a small portion of light through it to produce
output laser light.

Working of ruby laser

The ruby laser is a three level solid-state laser. In a ruby laser, optical pumping technique is
used to supply energy to the laser medium. Optical pumping is a technique in which light is
used as energy source to raise electrons from lower energy level to the higher energy level.
Consider a ruby laser medium consisting of three energy levels E1, E2, E3 with N number of
electrons.

We assume that the energy levels will be E1 < E2 < E3. The energy level E1 is known as
ground state or lower energy state, the energy level E2 is known as metastable state, and the
energy level E3 is known as pump state.

Let us assume that initially most of the electrons are in the lower energy state (E1) and only a
tiny number of electrons are in the excited states (E2 and E3)
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When light energy is supplied to the laser medium (ruby), the electrons in the lower energy
state or ground state (E1) gains enough energy and jumps into the pump state (E3).



The lifetime of pump state E3 is very small (10-8 sec) so the electrons in the pump state do
not stay for long period. After a short period, they fall into the metastable state E2 by
releasing radiationless energy. The lifetime of metastable state E2 is 10-3 sec which is much
greater than the lifetime of pump state E3. Therefore, the electrons reach E2much faster than
they leave E2. This results in an increase in the number of electrons in the metastable state
E2 and hence population inversion is achieved.

After some period, the electrons in the metastable state E2 falls into the lower energy state
E1 by releasing energy in the form of photons. This is called spontaneous emission of
radiation.

When the emitted photon interacts with the electron in the metastable state, it forcefully
makes that electron fall into the ground state E1. As a result, two photons are emitted. This is
called stimulated emission of radiation.

When these emitted photons again interacted with the metastable state electrons, then 4
photons are produced. Because of this continuous interaction with the electrons, millions of
photons are produced.

In an active medium (ruby), a process called spontaneous emission produces light. The light
produced within the laser medium will bounce back and forth between the two mirrors. This
stimulates other electrons to fall into the ground state by releasing light energy. This is called
stimulated emission. Likewise, millions of electrons are stimulated to emit light. Thus, the
light gain is achieved.

The amplified light escapes through the partially reflecting mirror to produce laser light.
Nd:YAG laser

Nd:YAG laser definition
Neodymium-doped Yttrium Aluminum Garnet (Nd: YAG) laser is a solid state laser in which
Nd: YAG is used as a laser medium.

These lasers have many different applications in the medical and scientific field for processes
such as Lasik surgery and laser spectroscopy.

Nd: YAG laser is a four-level laser system, which means that the four energy levels are
involved in laser action. These lasers operate in both pulsed and continuous mode.

Nd: YAG laser generates laser light commonly in the near-infrared region of the spectrum at
1064 nanometers (nm). It also emits laser light at several different wavelengths including
1440 nm, 1320 nm, 1120 nm, and 940 nm.

Nd: YAG laser construction

Nd:YAG laser consists of three important elements: an energy source, active medium, and
optical resonator.

Energy source

The energy source or pump source supplies energy to the active medium to achieve
population inversion. In Nd: YAG laser, light energy sources such as flashtube or laser diodes
are used as energy source to supply energy to the active medium.

In the past, flashtubes are mostly used as pump source because of its low cost. However,
nowadays, laser diodes are preferred over flashtubes because of its high efficiency and low
cost.
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Active medium

The active medium or laser medium of the Nd:YAG laser is made up of a synthetic
crystalline material (Yttrium Aluminum Garnet (YAG)) doped with a chemical element
(neodymium (Nd)). The lower energy state electrons of the neodymium ions are excited to
the higher energy state to provide lasing action in the active medium.

Optical resonator

The Nd:YAG crystal is placed between two mirrors. These two mirrors are optically coated
or silvered.

Each mirror is silvered or coated differently. One mirror is fully silvered whereas, another
mirror is partially silvered. The mirror, which is fully silvered, will completely reflect the
light and is known as fully reflecting mirror.

On the other hand, the mirror which is partially silvered will reflect most part of the light but
allows a small portion of light through it to produce the laser beam. This mirror is known as a
partially reflecting mirror.

Working of Nd:YAG laser

Nd: YAG laser is a four-level laser system, which means that the four energy levels are
involved in laser action. The light energy sources such as flashtubes or laser diodes are used
to supply energy to the active medium.

In Nd:YAG laser, the lower energy state electrons in the neodymium ions are excited to the
higher energy state to achieve population inversion.

Consider a Nd:YAG crystal active medium consisting of four energy levels E1, E2, E3, and
E4 with N number of electrons. The number of electrons in the energy states E1, E2, E3, and
E4 will be N1, N2, N3, and N4.

Let us assume that the energy levels will be E1 < E2 <E3 <E4. The energy level E1 is known
as ground state, E2 is the next higher energy state or excited state, E3 is the metastable state
or excited state and E4 is the pump state or excited state. Let us assume that initially, the
population will be N1 > N2 > N3 > N4.

When flashtube or laser diode supplies light energy to the active medium (Nd:YAG crystal),
the lower energy state (E1) electrons in the neodymium ions gains enough energy and moves
to the pump state or higher energy state E4.
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The lifetime of pump state or higher energy state E4 is very small (230 microseconds (Aps))
so the electrons in the energy state E4 do not stay for long period. After a short period, the
electrons will fall into the next lower energy state or metastable state E3 by releasing non-
radiation energy (releasing energy without emitting photons).

The lifetime of metastable state E3 is high as compared to the lifetime of pump state E4.
Therefore, the electrons reach E3 much faster than they leave E3. This results in an increase
in the number of electrons in the metastable E3 and hence population inversion is achieved.

After some period, the electrons in the metastable state E3 will fall into the next lower energy
state E2 by releasing photons or light. The emission of photons in this manner is called
spontaneous emission.
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The lifetime of energy state E2 is very small just like the energy state E4. Therefore, after a
short period, the electrons in the energy state E2 will fall back to the ground state E1 by
releasing radiationless energy.

When photon emitted due to spontaneous emission is interacted with the other metastable
state electron, it stimulates that electron and makes it fall into the lower energy state by
releasing the photon. As a result, two photons are released. The emission of photons in this
manner is called stimulated emission of radiation.
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When these two photons again interacted with the metastable state electrons, four photons are
released. Likewise, millions of photons are emitted. Thus, optical gain is achieved.

Spontaneous emission is a natural process but stimulated emission is not a natural process. To
achieve stimulated emission, we need to supply external photons or light to the active
medium.

The Nd:YAG active medium generates photons or light due to spontaneous emission. The
light or photons generated in the active medium will bounce back and forth between the two
mirrors. This stimulates other electrons to fall into the lower energy state by releasing
photons or light. Likewise, millions of electrons are stimulated to emit photons.

The light generated within the active medium is reflected many times between the mirrors
before it escapes through the partially reflecting mirror.

Advantages of Nd:YAG laser
e Low power consumption
e Nd:YAG laser offers high gain.
e Nd:YAG laser has good thermal properties.
e Nd:YAG laser has good mechanical properties.
o The efficiency of Nd:YAG laser is very high as compared to the ruby laser.

Applications of Nd:YAG laser

Military
e Nd:YAG lasers are used in laser designators and laser rangefinders. A laser designator
is a laser light source, which is used to target objects for attacking. A laser rangefinder
is a rangefinder, which uses a laser light to determine the distance to an object.

Medicine
e Nd: YAG lasers are used to correct posterior capsular opacification (a condition that
may occur after a cataract surgery).
e Nd:YAG lasers are used to remove skin cancers.

Manufacturing
e Nd:YAG lasers are used for etching or marking a variety of plastics and metals.
e Nd:YAG lasers are used for cutting and welding steel.

Helium-Neon laser

Helium-Neon laser definition
Helium-Neon laser is a type of gas laser in which a mixture of helium and neon gas is used as
a gain medium. Helium-Neon laser is also known as He-Ne laser.

What is helium-neon laser?

At room temperature, a ruby laser will only emit short bursts of laser light, each laser pulse
occurring after a flash of the pumping light. It would be better to have a laser that emits light
continuously. Such a laser is called a continuous wave (CW) laser.

The helium-neon laser was the first continuous wave (CW) laser ever constructed. It was
built in 1961 by Ali Javan, Bennett, and Herriott at Bell Telephone Laboratories.



Helium-neon lasers are the most widely used gas lasers. These lasers have many industrial
and scientific uses and are often used in laboratory demonstrations of optics.

In He-Ne lasers, the optical pumping method is not used instead an electrical pumping
method is used. The excitation of electrons in the He-Ne gas active medium is achieved by
passing an electric current through the gas.

The helium-neon laser operates at a wavelength of 632.8 nanometers (nm), in the red portion
of the visible spectrum.

Helium-neon laser construction
The helium-neon laser consists of three essential components:

e Pump source (high voltage power supply)
e Gain medium (laser glass tube or discharge glass tube)
e Resonating cavity

High voltage power supply or pump source

In order to produce the laser beam, it is essential to achieve population inversion. Population
inversion is the process of achieving more electrons in the higher energy state as compared to
the lower energy state.

In general, the lower energy state has more electrons than the higher energy state. However,
after achieving population inversion, more electrons will remain in the higher energy state
than the lower energy state.

In order to achieve population inversion, we need to supply energy to the gain medium or
active medium. Different types of energy sources are used to supply energy to the gain
medium.

In ruby lasers and Nd:YAG lasers, the light energy sources such as flashtubes or laser diodes
are used as the pump source. However, in helium-neon lasers, light energy is not used as the
pump source. In helium-neon lasers, a high voltage DC power supply is used as the pump
source. A high voltage DC supplies electric current through the gas mixture of helium and

neon.
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Gain medium (discharge glass tube or glass envelope)

The gain medium of a helium-neon laser is made up of the mixture of helium and neon gas
contained in a glass tube at low pressure. The partial pressure of helium is 1 mbar whereas
that of neon is 0.1 mbar.

The gas mixture is mostly comprised of helium gas. Therefore, in order to achieve population
inversion, we need to excite primarily the lower energy state electrons of the helium atoms.

In He-Ne laser, neon atoms are the active centers and have energy levels suitable for laser
transitions while helium atoms help in exciting neon atoms.

Electrodes (anode and cathode) are provided in the glass tube to send the electric current
through the gas mixture. These electrodes are connected to a DC power supply.
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Resonating cavity

The glass tube (containing a mixture of helium and neon gas) is placed between two parallel
mirrors. These two mirrors are silvered or optically coated.

Each mirror is silvered differently. The left side mirror is partially silvered and is known as
output coupler whereas the right side mirror is fully silvered and is known as the high
reflector or fully reflecting mirror.

The fully silvered mirror will completely reflect the light whereas the partially silvered mirror
will reflect most part of the light but allows some part of the light to produce the laser beam.

Working of helium-neon laser

In order to achieve population inversion, we need to supply energy to the gain medium. In
helium-neon lasers, we use high voltage DC as the pump source. A high voltage DC produces
energetic electrons that travel through the gas mixture.

The gas mixture in helium-neon laser is mostly comprised of helium atoms. Therefore,
helium atoms observe most of the energy supplied by the high voltage DC.

When the power is switched on, a high voltage of about 10 kV is applied across the gas
mixture. This power is enough to excite the electrons in the gas mixture. The electrons
produced in the process of discharge are accelerated between the electrodes (cathode and
anode) through the gas mixture.

In the process of flowing through the gas, the energetic electrons transfer some of their
energy to the helium atoms in the gas. As a result, the lower energy state electrons of the
helium atoms gain enough energy and jumps into the excited states or metastable states. Let
us assume that these metastable states are F3 and F5.
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The metastable state electrons of the helium atoms cannot return to ground state by
spontaneous emission. However, they can return to ground state by transferring their energy
to the lower energy state electrons of the neon atoms.

The energy levels of some of the excited states of the neon atoms are identical to the energy
levels of metastable states of the helium atoms. Let us assume that these identical energy
states are F3 = E3and F5 = E5. E3 and E5 are excited states or metastable states of neon
atoms.
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Unlike the solid, a gas can move or flow between the electrodes. Hence, when the excited
electrons of the helium atoms collide with the lower energy state electrons of the neon atoms,
they transfer their energy to the neon atoms. As a result, the lower energy state electrons of
the neon atoms gain enough energy from the helium atoms and jumps into the higher energy
states or metastable states (E3 and E5) whereas the excited electrons of the helium atoms will
fall into the ground state. Thus, helium atoms help neon atoms in achieving population

inversion. ®
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Likewise, millions of ground state electrons of neon atoms are excited to the metastable
states. The metastable states have the longer lifetime. Therefore, a large number of electrons
will remain in the metastable states and hence population inversion is achieved.

After some period, the metastable states electrons (E3 and E5) of the neon atoms will
spontaneously fall into the next lower energy states (E2 and E4) by releasing photons or red
light. This is called spontaneous emission.

The neon excited electrons continue on to the ground state through radiative and nonradiative
transitions. It is important for the continuous wave (CW) operation.

The light or photons emitted from the neon atoms will moves back and forth between two
mirrors until it stimulates other excited electrons of the neon atoms and causes them to emit
light. Thus, optical gain is achieved. This process of photon emission is called stimulated
emission of radiation.

The light or photons emitted due to stimulated emission will escape through the partially
reflecting mirror or output coupler to produce laser light.

Advantages of helium-neon laser
e Helium-neon laser emits laser light in the visible portion of the spectrum.
e High stability



e Low cost
e Operates without damage at higher temperatures
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Disadvantages of helium-neon laser
e Low efficiency
e Low gain
e Helium-neon lasers are limited to low power tasks

Applications of helium-neon lasers
e Helium-neon lasers are used in industries.
e Helium-neon lasers are used in scientific instruments.
e Helium-neon lasers are used in the college laboratories.

Dye Laser (A Liquid Laser)

The Dye Laser is a Liquid Laser. Liquid lasers are those lasers which uses liquid as an active
medium. In dye laser the liquid material called dye (for example rhodamine B, sodium
fluoresein and rhodamie 6G) uses as an active medium, which causes to produce laser light.

Characteristics of Dye Lasers

The dye lasers produce output whose wavelengths are in the visible, ultra violet and near
infrared spectrum. Which usually depending on the dye used wave lengths therefore vary
from 390 to 1000nm.

The output power of dye lasers can be considered to start from 1 watt with no theoretical
upward limit. The output beam diameter is typically 0.5mm and the beam divergence is from
0.8 to 2 milli radians. The conversion efficiency of the light from the pumping source to an
output from the dye laser si relatively high approximately 25%.

Construction of Dye Liquid Lasers
The dye lasers can be constructed in two possible ways, according to their pumping methods.
The 1st configuration can be shown as
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In the shown configuration, the dye is pumped through the capillary tube from a storage tank.
While in capillary tubes it is optically excited by flash lamp. The output of the laser passes
through a Brewster window to the output coupler which is 50% reflective mirror. The 2nd
configuration can be shown as
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Mirror
In this shown configuration, the dye is pumped through the nozzle at high speed to form a
Brewster angle jet stream. The excitation mechanism for this laser is a second laser (e.g.
argon laser). The laser beam reflected from two HR (high Reflective) mirrors to the output
coupler again the output coupler is about 50% reflective. The birefringent filter/element is
used to tune the laser to one of a given range of frequencies.

Working / Function of Dye Lasers
We know that active medium used in a dye laser can be one of organic dyes. The medium is
dissolved in a solvent such as water, alcohol or ethylene glycol.

The organic dyes such as rhodamine B, sodium fluorsin for example chemical formula for
one of these dyes rhodamine-B is c28H31. It is therefore very difficult to determine the
element that actually lases. For this reason we will simply say that some organic dye will
lase.

Note that the organic dye laser produces a range of wavelengths. For example rhodamine-B
produces wavelengths in the 590nm to 660nm range. However the amount of amplification
varies across the range of frequencies, with max output at about 618nm.

By using the birefringent filter, it is possible to tube the laser to specific output frequency.
This filter bends the different wavelengths much the same as a prism but to as much greater
extent. This makes it possible to tube the laser with great deal of accuracy.

Application of Dye Lasers
e Dye lasers are mostly used as a research tool in medical applications

Advantages of Dye Lasers
e |tisavailable in visible form (also in non-visible)
e Range of wavelengths can be produced by the using dye lasers.
e Beam diameter is very less.
e Its beam divergence (0.8 milli radians to 2 milli radians) is also less from many lasers
beam divergence.
e Construction of dye laser is not so complex.
e Having the greater efficiency 25%.
e High output power is also possible with dye lasers

Disadvantages of Dye Lasers
e Cost of dye lasers is very high.
e Some cases need other laser beam.



To tune at one frequency, the laser uses birefringent element or filter making it more
costly.

In dye lasers it is very difficult to determine the element that actually lases because
dye has complex chemical formula.
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2 _6T6T 26TL_HHHME& MMMV QULPMHIS SLIN6ETTE] 1q ULl VeVE CeuFF 6L GUIML G6T
GuImedTm sp6rl QLMMEL ELNEVMIGET 2, MMEV ELPEVLDMTSLI LILIGOTLI(H & & L1LI(H & 6dTm6or.

&HLHS HMTVEHEFH, olermeq (BLS6T QUEGLUMSID LML epeVLnTs
LWeTUGSSILGSP DTN, gaereiled NHT Geombs eallemev. @ @LILNeD,
@LUICLMTQ&H6V6VITLD, (V=35 ML CWIML_&6iT SLemmelq 19 WhL'18560)61T el
AN BLOULILIOS 6TM 60T, FGl60T60T 160 D H60T PG QFWVH MEIT LDMHMILD & MHEH QF6V6).
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@M QFWMMsE LISL QUIT@eTTev (Yitrium Aluminium Garnet (YAG) @ Geululiluiev
2 miiyLer (BlwmenLlwih (Nd) emellLiLiG&mg!. BICW menLLilulb juwlevflsserflesr
GOMBHS MMV BleM6e) 6TVELTMETHET GQFWIN 2 6Tem 2a1_HG5FH0 GeuFml
QF WM QILPMHIG H& 3LMMEV HIeMVEHEG 2 MEFMELNMG _6T6T6oT.

Nd: YAG U198 @uevor(h & 600Te00lTI)&HEHSHEG @6 Ul6y meudhsLILIL (H6Tensl.
@Qbs @Ueor( SevoTeooT Mg &H6T  spafluilliey LFULLLema evevd  GaleTer]
@\ & IT600T L_6DI6M.

R6ICGUMIH SHevoTerorTIqU|LD QeueTerl 3jevevg aNGHWTFIDMS LLFLILL L [HEGLD.
@) G600T600TITIY. (LN(PEMDWITSE:  QeueTel, LDMAMITH &>600T600TITIY.  6T6T6Y]  GlaueiTerfl.
(WWEMWITE Qeu6Terfl Q&:MeuoTL. & 600T60oT L, ep6rfleml (LNWeMWITS: LNTH LIed & E L0
WHMILD WWeW TS LTS LIS &G D & 60oTetor LY. 6T60Tm S{enp&H&LILGSH M.

WMILMLD, @pere] GeueTefl Q&mevoTL. &HevoteoorTly. eperflulledT QUHLDLIG S em
NS L &GLD, L6e0TMeV 3i560T eLneuld eerflufledr s FIMIL LGHemwl CevsJ HMHenm
2 (HOUMHSH IDINHERMI. @HEH G600T6oor Ty eFeTe] LNTFHUed&@EGI0D & 600Te0orTI
6T6OTMI SJMPE S LIRS

Nd: YAG Gev&j BmeoT@ blemev GCeusl eminlll], STeUS BTG MMeV
LLLMBISET GeugFy QFwedlev FHUL(B6Temer. &L6Tmeq 1quLlien oj6veugl Geua
MLBWTL&6T GuUMeTm 6p6fl QLMMEL CLNEVBIGHET QFWEIN6L 2 6Tem  26a1_&HEHH MG
SLMHMENV QULPMHIS LILI6TLIHSSLILI([H S 60TM 60T

Nd: YAG Gevgiflev, mlGWMmemL WD 9weflEHefley Gemmbsd MHMmeL Hlemev
6TeVE LI MEOTSHET N&&HET HMLVBLD LW AH& MM BleMevsHE 2 MEFTHINTS
D _6iTET60T.

@@ Nd 88 HeaueflBI&HeT: YAG LG8 Q&FWedev 2 6Tem 2erl_gih E1, E2, E3 LDMHMILD
4 @ BT MMV L LBIGHeTES: Q&meooTLgl, N eTevoreoot|d 60185 Ullevmeot
6TEVS LT TEOTE6IT. L, MMEL Blemevss6rflev 2 6TeIT 6T6V& L [T M6t 61fl60T 6TevoTev0l 185608 E1, E2, E3
MHMILD E4 oS uwemet N1, N2, N3 lnmmild N4 918 @ (H&E LD.

SLMHMEL Ble06eV&EH6T E1 <E2 <E3 <E4 918 @ [HEHEGLD 6T60TMI 606USH SIS Q& TeTGaITLD.
MMEL Blemev El HemJ Blemey 6TedT SMP&GELILGRMS!, 2 0SS 2 WF MHmey



Blene SI6V6VGI 2 MEFMSHINMET Blemey, E3 6T6iTLG QL LTV LT Blemey 6vevgl
2 MEFMSHLIOMET Blemev MMID E4 6TedTLI& LIDLI Blemev eVevd 2 MEMELDTET [Hlemev.
SUTDUSH, ESHET QS5Tems&s N> N2> N3> N4 9408 @ (HSHGLD 6Term eneus S
Q& MeTGeUITLD.

SLeTmeq QUL 96veusl CeuaFr emLCWM(H QFWedev 2 aTeT 26er_HH5HME& (Nd:
YAG LIg&) s6rfl opmmeney aupmiGEUMg, BICWmamLLIAWD HJuweilseafley Genmbss
QLMMeL Blemey (E1) 6TeL&LTMeoT&H6T GLIMSIDMET QLMmmeneull QUMM UL Blemev
VG P& L,MMEL Blemev E4 &G B8 HLD.
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LD Blemey Vevgl TS MMV Blemev E4 @6t euMDBTeT W&ah Fnjlwisgl
(230 emW&HCHT NBITIQGEET () 5) 6TeoTG6U I MMEV Blemev E4 @6V 2 6T6T 6T6VE LT IT60TS: 6T
BeooTL. &HMVGEHME& SHISGMH. @ GSMORW HTuHHMHGL LM, 6Tevd L [JTeors: 6T
sHIefes gvens ammene QeelllGeugear epeld AHES SODbhE MM
Blemey Sjevevd QLT LN6T Blemev E3 @6 Wl  (SCUITL L IT6TS: 66T
QeueflGUMMITDEL SLMHMmenev QealaflulH&HMmS).
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LIDLI Blemey E4 @6 aUMDBTEHL6T el IR GLIME QoL L mervL_ L6 Blemev E3
@60T  QUITLDBITET AHHIDME 2 6TeMgl.  eTeoTCel,  6TeSHLImeiiseT E3 & el
QaueflGwmiaens L LAl& CausksInMs E3 8 SenL_HeTmerr. @& QoL LmervL L6 E3 §6v
6TV & LT TeoT8s 61Tl 60T 6T6v0T600T & 6m&HUN L PG FLIL&HEG SHTFeoTITR S, 6T6oTG6U L0& 86T
FHMVHLD S WGBSR M.

Feov HTLESEFH MG LIm&, QoL LmevL 6T Blemev E3 @6V 2_6T6T 6TeV&L [T TeoTE:6iT
SCUITL_LMTetT&H 6T 3j6vevgl eerflemwl Qeuafluli(heusset enevld HHESH GHOMBHS 3b,MHMeV
Blemev E2 @6v ellWld. @b&H WemmUley &GLITL L merderfledr 2 LOlLp6) S60T60T] & 60)8 LI 60T
2 18lpe)] eTedTl P& SELILIOGRMSI.
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@Qbs @ueor( SCUTLLMET&HEHLn  Weoor(Id QL Lmev 6T  6ruGLL
TV L_JTMEOTHEBL60T QST Q& MeTEBLLCLITSI, BITeTE& — »CUITL LTS 6T
QauefllILLIL@G&®eTmerr. CHBUMEY, LIV Se0THSHTET  &SGLITL L T60T& 6T
QaueflGWmMLILB G eTmerT. @ 56T m6y, sperflufliey QL& muLD e WLILGSMmSI.

S60Te0 | Fema W merT 2 LALD6) 62 @UIMENS Q&F WEVLNENM 3hL,60TIT6V SiTevor L LILIL L
2 10lhe] [ QUMM QFWEILNEMM 6V6V. STetorL LILL L 2 Ahemel jemLl, BITD
QFWEY6L 2 6TaT 26T_SH5HME&G Geusfllim »CUTLLMTET&H6T 3j6V6VEl 6Tlenll QILDMHIGSG
Geueoor(H)LD.

Nd: YAG Q&FWedl6v 2o 6iTem o6rl &l SHeoteoilFensulmer 2 LOID6| SITIesoTLMSs
SCUITLLITETHET 2j6060EI eflenll 2 (hauMHGHMSI. QFWeSeL 2 6Tem 26Tl & 5% 60
2 HaUMGHILUMWM  6fl 9bevgl SGUMTLLMETH6T @) Jevor(h  SH600T600TITI]. 5565 &
@enLuflev (WeTeID LNeTeINTE: GHEGD. @& SCUITLLITETHET Vevgl eerflemul
Qaueflul(ReUsEET eeud LDMM 6TVEL T TEIT&HEMET &HMMBS MM BlenevsE el
ST S MSI. CHBLIMEV, L6L6OUIEIT 85600188 M6E0T 6TEVE LT TEOTE 61T & GLIIT L. L IT60TS: 60)6IT
QeuerflGwImm gmevorLLILI(H G 6dTmeoT.

QFWEINEL 2 6Tem 26T _SHEHHMG6T 2 BaUTGL 6], @rere Nr&HuedHED
GHevoreoorTIQUIesT audlwimg SULNNILUSMHE (WDETL] &H600TeooT )& EH5HEG @emLulley Liev
wenrm TS LGSR M.

goooooon

e Power GMbHS LO6T HiGT6

e Nd: YAG Gev&J TG LIMTLIGENS QUPMHIGH M.

e Nd: YAG Geu&IJ 56V6V QeULILI LI6UOTL| 86068 G\& T6uoT(h 6IT6mS)).

e Nd: YAG Geu&IJ [6V6V @UIBH T LI6O0TL|&H606Td G185 MeuoT(h 6TemS;.

e Nd YAG Gev&J ©@60T Q&EwevHmeir: epLil Ceus@pLetr lILlQeEUMS W&
FH&1D.
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e GouFr aulgaIemLILIMOTHS6T LDMMID CevdF GIEhd e0LIctorLJ&erflev YAG
RNGHEHTHT LWaTUGSSLILOSRTmeT. GeuFJ 6l elemDLILITETH
eTedTLIGl BeuaFl eperfl eLLELIDMTGD, @S SMEHEGSNEG GLITIHL G606
GSMlemeusH s LWeTURQSH M.

e GouFD GUEHFH6DLICOTL T 6Te0TLISH GCIEhFSeMLIGITLT UG, @& 0
QumefleT sTrsGams Ginmefles Gaua eeflenwil] LIWeTLMSSIHmS!.

e Uetym  smlesvwend — eefllsmhlenevenwt  Floguiiw Nd:YAG
Rafl&EsEHIHeT  LUWeaTUGSSILOSROTMT  (S5H600TL 6T M6l
FHFMFEHGL LIDE& gMHLULESIQU (B Hl606v).

e GxIev L MMIGIBITUI S 606 &HMHM Nd:YAG & 611855\ T & 6T
LW et (B &8 L1 (H G 6dTm6oT.

e Uevallgomer LIemmevgds wmmih 2 CeuMsmisGen6T QUMTMIES 6V6vgl
&M1& & Nd:YAG eerfle &S 1561 LIl 6T LI(H) &85 L1 LI(H) ) 65T M 60T



e 8@ QaLQasSMHGD Qeaugn QFWSHE&GIW Nd:YAG qeflé:asd Iser
LW et &S LB & 6T 6oT.

anjedl W LD - Bl mesT Geva

anJe0l WD -BIWITedT GeLEFT 6TEOTLIGI 62(H QUeME QUMW CeLFT LG LD, @FH 6V anjedlwild
WHMILD BIWTET UMW H6eVeMaUUTETS QST 26T _G&InMsL LWeTUGSSLILGSHmS!.
anjedl WD -BlwmesT Cevsl anj-Gmb CeVEF [ eTeoTMILD eMP&HSLILIGTMS!.

emm  Gealliuplemeuuiley, @ emLl Gevsl Gevsl eeflulledt GmIGW
QaulgLiLgemeT L HIG Qeaueflul®Id, eelQeumm CeuaFr S LD 2 B sperfluller e
slermeg Ume BIswHma. QsTLIbBS  eefloow  Qealefllu®ssin Geugemny
MAUSHBLILIS HLVS. SHHMEU Gy QSMTLIFHWMmer emev (F.LLleTw,)
GeLEFIJ 6TedTMI S|MLPESLILIOI MS!.

anjedl WD -Blwmer Gl @aleueny &L LLILLL (NS0 QFTLFFFIUITET 606V
@.L96TW,) CeuFT QLGLD. @& 1961 QLD 3600TIL6) GILIV QS TemeVCLIG 9y il16)85MHIS 6rflev
2160 8361u60T, QLIGHTETL. DMHMID Qamfluwil. SL&ECWMTTe &L LLIULL G,

andedlwib-plwmer eeflaaGiser Wsad LUFeeunsl UwerU@SSIUG LD
Iy eafl&EaHI%HeT. @Qbs R6efleaaFHIH6T L Qsmbligienm wmmib alEhesmer
LweTUT(h&Hemens: Q& mevor(hl6iTemer, GOSN jemel QUBLUTaID  eerfludlwied eor
SUIaUs o LIUMLLBIgserflev LwedTL(H &5LLIH G edTmeor.

He-Ne epeflaa:@Iserfley, gpligsev LB wenm UwWeTURSSLILLe606me6v,
NG LUHeuns WeT 2 B wemm LWeTUGSSLILGERMS!. He-Ne aurmu] Qauiedlev
D 6T 26TL_HS5H6V TV L TTeiTakH6fledr 2 MFMSHID auml aubluing @ WeTFTTIHens
&HLIHS QF6V6IGHET eLN6VLID e L WLILGSRMmSI.

anjedlwiLd-Blwimesr Geva iy 632.8 HTGETTLIL_L [T (6T60T6TLD) emeviBersHlev, QS HluLD
QUGS TleT Aeaulll] LGHUNeL QFWOLGHRMS.

anyedl WD -BIW e GeVET eLNEITMI N SHHWITEUFIL Fo M)I5606ME G\ 85 TevoT(H6ITENS!:

e LIDLI epev (2 Wi LleTen(p& & LO6OTF ML)

e PFOHSHSTHOMSL QUMIMIGET (CLUFJ GHeE0OTEOOTTY GLOMUL VeV S
QeueflGuIMmM & 600T600TITLY. GLOITU)

e dHAIMNGHGLID G

GeugFy SMmemm 2 MUSH QFUIW, LDGHHET HLBLD emluwl Gelesoriq g
SUFWLD. EHHTOFHTNSH HOVELD 66TLUEH GBS MMV  Hlemev L 6dT
RULINGLEUNTE 9156 MMy Blemevuile SHG TeVEH L [JITETSH 6T 3{60)L_6U5 M85 TeoT
Q&F W6L(LNEMUITGLD.

QUIEITS, GenMBES MMV Hleneuuwilley TS MHMmev Hlenevemnwl el 2H5
6TeLE LTS 6T 2 6iTemeot. @ @BLILNEID, D&H&HTOHTNS HMVELD AL bBS LInG,
GOMHES MM Blemevemwl el AUH& TeVHLTTeTH6T AHE MM Hlemevulev
QB LD.



IDGHETOSTENS HMOVBLD L, ST BOHSST VeV QFWedev 2 66T
26T_&HS5H MG MMMV QULNMHIG GaletoT(hHID. JLGTU 26TL_SHSHME MHMEM6EV CULDMHIS
LI6LGB6UMI 6U6MEUWITEOT MMV PLAGVMEISET LIUI6STLI(H &S LILI(H &) 60T m 6ot

epLY eeflaaSHismer wmmid Nd: YAG eeflasdisefle, eefl(pld @&LpmulsserT
Vg CeuF e CWIMLS6T GUMeTm e6rfl QLMMEL ELNEVMBISGET LU eNeVLDTSLI
LweTURSSLILUMG S ermer. @@Lilaud, anfedwid-Blumer eeflssdrserflen, eerfl
3L MHMeL ULl eLNGVLD TS Lw et (H &S LUIL (B 6USH 6Lem6v. anedl Wi LD - Bl medT
ea&EagHisefley, 2wy Weataorwss 198 Wetemy Ul epeulnnssLll
LweTU@SSILUGSMmE. 2wy Wlereanwsds 19.9 anfedllb mmih mlulmesT eumu]
&H6VenaUUI 60T eLpeuLD LOlGITEMT&H6MS QUG R MS!.
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@G afedlwid-Blwmer Ceuafler SLgMUwl 261 &L GMDHS AWSHSSH R
GH600TEOOTITIQ & GLMuiley 2 6Tem anjedluid LDMMILD BIWITET 6UITU] S56V606UULIMTEV 3L, 60TS.
anfWISH 6T LGS (WSS 1 mbar Q&6 D, BIWMElleT (WS 0.1 mbar Q&6 LD
o _GT6NS.

QMU &Sevemeal QUL amedluld eurmuwjeneud Q&ML gl. ererTCe,
IDSHHETOSTNS HOVELD ML, BID (PSHETWTEH anjedllln  2|eoni8 g erfleor
GMMHSH MHMEV B0V 6T6VE LT TEIIHEMET 2 MEFMELILIMES Calsoor(hiLD.

anf-0p  CeuaFifley, BIWMET OeWIGHEH6T QFWEND 2 6TeT  EOLOWIMHISETTS
@HEITmeT, GID GCeFF WMTMHMBIHEHHESG gMHM MMV 0L L IBIG6TSH
Q& mevor(heTemerr, AUCH GBS affedlulld NBUGHSET 2 MHEFMHLOMET  [HIUITEoT
S| 6055 @H5 S 25561 5 60T 60T.

QML SevemaluleT epeuld LOTEMTISHMS SIILILI  SH60oTeool Ty GLPmuiley
6T emeTH6eT (Gl MM GCHHCHTH) aUpmISLILIG&GETmeT. @hs
LA GBT (LN EM TS 6T 62 ([ 19.F) L 6OTE &S| L_60T @) 6076007885 L1 LIL_(H) 6T6IT60T.

HEOOTEOOTITLY.  GLMUl  (@njedlwih  MMID  BIWTeT eIl  &Hevenealenil
2 _GTETL SRS @)\ T6vor(h) @)601600T & 600T600TTI.&HEHEHEG @)L ullev emeaud s LILL (b eTerns.
@b @ Tevor(h & 600T6v0T TLY.& 6T GleueTerfl 9 evevgl eperflululey LLFLILIL L eme.

6IGGUIT(H S600T6ooNTIQU|LD NSHWIMEFLONS QeueTer] QFWIWLILIHS 6TMmEoT. @)L Sl
LSS  SHeooTeoolmly  epeme]  Qeueterfl  wmmid  Qeueflufl@  sUeTy  ereor
PSEHLILORMS, ACH CHISH 6V eUeVSE LG8 &e0oTeoTTIY. (LNDeNDWTSH GlaueTerf]



wohmid 2 wi Uysuediil 96veug Wwemwng LTS LS &G & eooTeoorTy. 6T60T
SMPESHILGHMSI.

WW Fevaul QFWIWLILILL SHevoreoor Ty spefleml Wpeauginms LNr&lLedss i,
ICHFOUWID @UeTe] Fevaul QFWIWLILILL SHevoreoormly sperflulledr QLIBLOLG S el
Nreuedssld, opermey  eeflufler v LGHew GCeusFl SHHEM 2 (HUTEHS
UG EHDS!.

INHEHATASTENS HMUELD emLU, BTN WSHTU 26T HEHMHEG 3MHMEN6V
QILPMHIS Galevor(hid. anjedlwid-mlwimer sefléas& Isefley, 2 Wy W (pss 19.6).60ul
UL epeuldmasll UwWeTL®SSISHCmITD. 2wy WeaTtearwss 196 Il Hevenel
aNWIME Lwenofl& @D Mmeil& s 6T6V8: LT 0TS 6M6T 2_(H6U T8 & H M.

anfedlWid-Blwmer CeuaFflev 2 6TeT aUMU SHevemal GILIGLOUMIND  anjedlwild
STVGHHETT)  h60Sl.  6TeoTCal, 2 Wl Weempss 9.5 aupm&Sul  9Lmmedledr
QUBLLUGH W anjed WD 2|6018:8 6T & 6160185 G 60T M 6oT.

WeTFMTD @QUWSSELILGWD CUMSI, aUMU] &Hevemal (NWealgD &my 10 &).eil.uller
o Wy WeTenWwsHsln LWeaTUGSSILGERMS. aUTl] Hevemnauulley 6T6v8 L I T6oT8: 606
2 MEMGELUUGSS @b 65 GUMEINMeTg. QeleflGwmmiln QEFWeLTL g6 2 MHLSH
QEFWWLILGL VS ITeTH6eT  aIml] &HevenaluiledT  eneuld  LOl6IT(LN 60Y60TE 658 &
(CH5C5HMTH MHMID CermL) @enLuillev &flSLILMG S LILI[HG) 60Tm 60T

QUMW eULBlumas LMWL QFW6LLIMTL 196V, QLMMmeVdldh & 6T6V8 LT IT60TS: 6T 26 )l 6o
MMedley Fleveumemm eurueiley 2 6T6m anjedluilh SEVGHEHEHHEG DTHMILD. @) 560
aflemeraunds, anjedluld eoGEH6fleaT GmbE WMME) Blemev  6TeVE LTS 6T
GUMSIDTET MMVl QLIMIGETMm6oT, GOSN 2 MEFMEHLOTET OMTHBlEVHBIGHET HVeVS!
QL L mervLL9l6T LOMBleVMBISHEh&H G S ST T 6Tmeor. @hg GILOL L MervLLI6T LOmBlev s 6T
F3 LDMMILD F5 6T60TMI 60)6USH S8 Q& MeTGeUTLD.

@ @

— Fs A—— -
Excitation due
to collision
-, of electrons [——
J
High-speed Fsa e Fs
energetic electrons
-LLL' -Lll~ - [ -
J @
% Fi “ Fa1
Helium Helium
anfedlwiLn 2|65 58 61 60T QL LmeuL e Blemev 6T6VEL_ [T IT60TES 61T
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BIWTeT Siemisaeflar 2 MFmsImer Flev Bleneudserfledl QLMmmey (66 &6
anfedlwild  eoisserfledr QUL LmevLLNeT Blemeusefladr oMMy DL L MHBISGEHEHSG
RESHTH QHEHGLD. QS R5F MMV BlemeudseT F3 = E3 oMmmilb F5 = E5 eTeoro
MG GG Q&METCAIMLD. E3 nMmmMILD E5 Q4&HLIemel 2 MHE TS L0MeoT LOMBleVHISG6T 606VEI
B T60T 2160018585 61f160T 246melL_858m g [BlemeuSs6lT.
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state electrons of neon
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GG CUmeveTm, @ UMl LTINS EHHEG @emLUIl6y [H&FeVITLD
S|VEVGEl LIMWEUMLD. 6TeoTGal, amedild eBIGHGH6 T 2 MHEFMTHLOTET 6T6VE L [T 6018 6T
BIWITET 2{e0015&6Tl60T GHMMbBS MMV BNV 6TeVE: L [TTeiTs:EFL 60T GLMEienasudlev,
el UMMl MMM BIWLMET EWMESHEHHEG LDTHMISRETMET.  @)560T
aflemermalmas, BILLIMTET 2|08 86 60T GHMMIbBS 2MMEL Hlemey 6TeLEL_IMeoTa: 6T anjedluln
3601556 led(BHE CUMSIDMET MmNl QLMK T WMHMID HE MMV
BlEMEVSHET 2606VSI QDL LMV LI6T DMHBleLBISGEHHSES (E3 WmmID E5) &5 &S 6TmenT,
365 CHISH anfellulld TNGHEHETET 2 MHEFMELOMET  6TeVSHLITETHET  &H60T
Blenevs @ allpld. @FHeTmey, amedlilh DG SHET INEEHET HneVHBLD S6mL W BIWITeT
9|65 EH5 S 2561 5 60T M 60T
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IBHCUMeL, BIWMT IjeoIGhG&6er  LOeVESIWLET &eTHETeT Sl  Hleney
6TELGLITTEOTSH6T  3j6TallL858m 19Ul IDTHlVBIGHEHSEG 2 MEFMSHINNS 2 _6T6ITeor.
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6T6u0T6E00T 1 86 B UNGLITETT  6TEL&H LT METTSH6T QL L meuL L6  omplevmigsefley @& &b,
6T6oTG6) LD&:&H6T HemeLBLD e WLILIGSRMS!.

Fev BMVSEHMHGSL LIM&, BIWTET 3601885 6rfl60T QIOL_ LML LI6T LOMHBlevHl & 6iT
6TELGL_ITMEOTSH6T  (E3 MmmIh  E5)  &GUITLLTETSH6T  evevdl Heulll]  eerflenwl
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Unit — V: Applications of Lasers
1. Surgical 2. Metallurgical 3. Military 4. Physical, 5.Holography

Laser is an optical device that generates intense beam of coherent monochromatic light by
stimulated emission of radiation.

Laser light is different from an ordinary light. It has various unique properties such as
coherence, monochromacity, directionality, and high intensity. Because of these unique
properties, lasers are used in various applications.

The most significant applications of lasers include:

Lasers in surgical

Lasers in military

Lasers in communications
Lasers in Metallurgical

Lasers in science and technology
Lasers in holography

Lasers in Surgical

Lasers are used for bloodless surgery.

Lasers are used to destroy kidney stones.

Lasers are used in cancer diagnosis and therapy.

Lasers are used for eye lens curvature corrections.

Lasers are used in fiber-optic endoscope to detect ulcers in the intestines.
The liver and lung diseases could be treated by using lasers.

Lasers are used to study the internal structure of microorganisms and cells.
Lasers are used to produce chemical reactions.

Lasers are used to create plasma.

Lasers are used to remove tumors successfully.

Lasers are used to remove the caries or decayed portion of the teeth.
Lasers are used in cosmetic treatments such as acne treatment, cellulite and hair
removal.

VVVVVVVVVVYVYY

Lasers in Military

» Laser range finders are used to determine the distance to an object.

» The ring laser gyroscope is used for sensing and measuring very small angle of
rotation of the moving objects.

» Lasers can be used as a secretive illuminators for reconnaissance during night with
high precision.

> Lasers are used to dispose the energy of a warhead by damaging the missile.

» Laser light is used in LIDAR’s to accurately measure the distance to an object.

Lasers in Communications

> Laser light is used in optical fiber communications to send information over large
distances with low loss.

» Laser light is used in underwater communication networks.

» Lasers are used in space communication, radars and satellites.


http://www.physics-and-radio-electronics.com/physics/laser/laserintroduction.html

Lasers in Metallurgical

>
>

>
>

Y

Lasers are used to cut glass and quartz.

Lasers are used in electronic industries for trimming the components of Integrated
Circuits (1Cs).

Lasers are used for heat treatment in the automotive industry.

Laser light is used to collect the information about the prefixed prices of various
products in shops and business establishments from the bar code printed on the
product.

Ultraviolet lasers are used in the semiconductor industries for photolithography.
Photolithography is the method used for manufacturing printed circuit board (PCB)
and microprocessor by using ultraviolet light.

Lasers are used to drill aerosol nozzles and control orifices within the required
precision.

Lasers in Science and Technology

>
>
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A laser helps in studying the Brownian motion of particles.

With the help of a helium-neon laser, it was proved that the velocity of light is same
in all directions.

With the help of a laser, it is possible to count the number of atoms in a substance.
Lasers are used in computers to retrieve stored information from a Compact Disc
(CD).

Lasers are used to store large amount of information or data in CD-ROM.

Lasers are used to measure the pollutant gases and other contaminants of the
atmosphere.

Lasers helps in determining the rate of rotation of the earth accurately.

Lasers are used in computer printers.

Lasers are used for producing three-dimensional pictures in space without the use of
lens.

Lasers are used for detecting earthquakes and underwater nuclear blasts.

A gallium arsenide diode laser can be used to setup an invisible fence to protect an
area.

Lasers in holography

>

>

Holography is a method of recording an objects image in a way that when viewed
later, it appears three dimensional.

A light field is created by a laser source that illuminates both the object and the
recording media.

The scattered light from the object interferes with the reference light and it is this
interference pattern that creates the image. Light from a laser is split in two and, via
optical components, is formed to illuminate the object and the recording media.
Holograms are used in many different areas such as artistic displays, security marking
and data storage.

This latter application is particularly interesting as it offers the possibility of storing
far higher quantities of data compared to magnetic or 2D optical methods, with the
added benefit of the data being read at far higher rates.


http://www.physics-and-radio-electronics.com/physics/laser/heliumneonlaser.html
http://www.physics-and-radio-electronics.com/electronic-devices-and-circuits/introduction/atom.html
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Books for study and reference

1. Atext book of Optics — Brijilal Subramaniyam, S.Chand&Co., 20009.

2. Engineering Physics | — Dr. P. Mani, Dhanam Publication, 2013.

3. An Introduction to LASERS theory and applications — M.N. Avanthanalu,
Chand&Co.,2004.
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