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NOTICE

IQAC and Department of Physics organized Special Guest Lecture topic is
“LASER PHYSICS" by Prof. M.M.Dannur M.G.V.C Arts, science and commerce
PU College Muddebihal. on 05.01.2024 at 10.30.am Hence all the teaching,
non teaching staff members and students are here by informed to attend the
function.
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REPORT

IQAC and DEPARTMENT OF PHYSICS organized Special Guest

Lecture topic is "LASER PHYSICS” by Prof. M.M. Dannur M.G.V.C Arts, science

and commerce PU College Muddebihal on 05.01.202% at 10.30.am in
Conference Prof. 5.N. Poleshi Principal presided over the function. Prof. M.I.

~ Biradar IQAC Coordinator. Prof. 5.M. Nimbalagundi and all other teaching
and non teaching staff members graced the occasion. Prof. A.l. Akki proposed

vote of thanks.
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Laser Physics

Introduction

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. The first laser, ruby laser was
invented by Dr.T.H. Maiman in the year 1960. Since then, the development of
lasers is extremely rapid. The laser action is being demonstrated in many
solids, liquids, gases and semiconductor,

CHARACTERISTICS OF LASER:

Laser is basically a light source. Laser light has the following important
characteristics

High Directionality
High Intensity
Highly Monochromatic

Highly Coherence
Directionality

Ordinary light spreads in all directions and its angular spread is 1m/m.
Directionality property of Laser But it is found that laser is highly directional
and is angular spread is 1mm/m. For example, the laser beam can be focused
to very long distance with a few divergence or angular spread

Intensity

Since an ordinary light spreads in all directions, the intensity reaching 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 mill watt power of He-Ne laser appears to be brighter than the
sunlight




Monochromatic

Laser beam is highly monochromatic: the wavelength is single,
whereas in ordinary light like mercury vapour lamp, many wavelengths of light
are emitted.

Coherence

It is an important characteristic of laser beam. In lasers the wave trains
of same frequency are in phase, the radiation given out is in mutual agreement
not only in phase but also in the direction of emission and polarization. Thus it
is a coherent beam. Due to high coherence it results in an extremely high
power.

Differences between ordinary light and Laser beam

Ordinary light Laser Beam

;l.: In ordinary light the angular In ordinary light the angular
spread is more spread is less

2 They are not directional. | They are highly directional

3 It is less intense It is highly intense

4 It is not a coherent beam and Itis | It isin a coherent beam and it is in
a not is in phase | phase

5 The radiation are polychromatic | The radiations are
The radiations are monochromatic | monochromatic
Example: 5un light, Mercury vapor | Example: He- Ne Laser, Co2 laser
lamp




STIMULATED ABSORPTION, SPONTANEOUS EMISSION AND
STIMULATED EMISSION

Process 1 - Stimulated absorption

An atom in the lower energy level or ground state energy
level E1 absorbs the incident photon radiation of energy and goes to the higher
energy level or excited level E2 . This process is called absorption. Absorption
and emission process in Laser

Process 2- Spontaneous Emission

The atom in the excited state returns to the ground state by
emitting a photon of energy E = (E2 = E1) = spontaneously without any external
triggering as shown in the figure. This process is known as spontaneous
emission. Such an emission is random and is independent of incident radiation.

Process 3 - Stimulated Emission

The atem in the excited state can also return to the ground
state by external triggering or inducement of photon thereby emitting a
phaton of energy equal to the energy of the incident phatan, known as
stimulated emission. Thus results in two photons of same energy, phase
difference and of same directionality.

POPULATION INVERSION

Population Inversion creates a situation in which the number of atoms in
higher energy state is more than that in the lower energy state. Usually at
thermal equilibrium, the number of atoms N? | e , the population of atoms at
higher energy state is much lesser than the population of the atoms at lower
energy state N1 that is N1>N2, The Phenomenon of making N2> N1 is know as
population inversion.




Population Inversion Condition
1. There must be at least two energy levels E2> E1.
2. There must be a source to supply the energy to the medium,

3. The atoms must be continuously raised to the excited state,

Application of Lasers:

1.Spectroscopy
Most types of laser are an inherentiy pure source of light. they emat near-monpchromate light
with a very well defined range cf wivelengths. By careful design of the laser components, the

purity of the laser lght (measured as the “Enewidih”) can be improved mare than the purity of any
cther ight source. This makes e laser a very useful source for spectroscopy The hagh intensity
of light that can be achieved i 3 small, well collimated beam can also be usad 19 induce a
nonlinear optical effect in a samp's which makes technic.=s such as Raman

spectroscopy pessible Other speciroscopic techniques based on lasers can be used 1o make
extremely sensitive deteciors of various molecules, able 10 measure malecular concenirations in
the parts-per-10" (ppt) level Due to the high power dens o5 achevable by Lasers, beam-
nduced alamic emission is possibla this technique is termsd | aser mdu-ad bBreat derin
speciroscopy (LIBS)

Heat treatment

Heat treating with the lasers atiows selectve surface harcen ng agansi wear with litke or no
disiortion of the component Becausa this eliminates much par reworking that is cumently done,
the laser system's capital cost s racovered in a short ime  An inert. absorbent coating for laser
heat treatment has also been ceveloped that eliminates the fumes generated by cormventianal
paint coatings during the heat-treating process with CO, Laser beams

One consideraton crucial to the success of a heat treatmen: operation is control of the laser
beam uTaciance on the part surface. The optimal iradiance dastribution is driven by the
thermodynamics of the laser-materal interaction and by the part geomeiry

Typically, rmadances betweer 500 and 5000 Wiem*2 sat =y the thermod ynamic constraints and
allow tne rapid surface heating a~d minimal total heat inpu| required. For general heal treatment,
a8 uniform square of rectangulsr baam is one of the best ot ons. For some special applications
or apphcatons where the heas! eatment is done on an oo J& or cormed of the part, it may be
betier lo have the imadiance decrease near the edge to prevent maltng

Weather

Research shows that scientis's may one day be able to induce ran and bghining storms (s wel
as mero-manipulating some other weather phenomena) using righ gnergy lasers Such a
breskthrough could potentially =-adicate droyghts, help all=vate weather related catastrophes
@nd allocate weather resources 'o areas in need 1




Lunar laser ranging

Whan the Apolio astronauts visted tha Moon, they planted = iroreflectar arfays to make possibla
the Lunar Laser Ranging Evperiment. Laser beams are fomused through large telescopes on
Earth asimed toward the arrays =nd the time taken for the beam o be reflecied back to Eartk
measured lo determina the cistance between the Earth nnd Maan with high accuracy

Photochemistry

Some laser systems, through the process of moda lockin g can produce extremely brel putses of
light - as short as picoseconds or femtoseconds (1077 - 10 * seconds). Such pulses can be used
1o intiale and analyze chemcal reactions, a technique kn~»m as phofochemistry. The shart
pulses can be used fo probe the process of the reaction at 3 very high temporal rescluton,
allowing the detection of shar-Lved intermediate meleculos This method is particularty wseful

in pochemestry, where it 15 used Lo analyse detals of prot=n ‘oiging and function

Laser scanner

Laser barcode scanners are ideal for applications that require high speed reading of inear codes
or stacked symbaoils

Laser cooling

A technigue that has recent success is laser cooling. This involves atom trappng, a method
where a number of atoms are confined in @ specially shapc 1 arrangament

of glectric and magnetic fielos Shining particular wavelerths of ight at the ions of atoms siows
them down, thus cooling therm As this process Is continue they all are siowed and have the
same energy level, forming an unusual arangement of mater known as a Bose-Einsten
congensate

MNuclear fusion

Some of the world's most powerful and complex arangericnts of mulliple lasers and optcal
amplifiers are used to produce = siremely high intensity puls«s of lsght of extremely short duration
e g aboratpry for aser energetiss, National ignftion Faci' ', GEKKQ XI|, Nika laser, Laser
Mégapule, HPER. Thesa pulses are arranged such that ey impact pellets of irbum—
geytenum simultaneously from all cirectons, hoping that the squeezing effect of the impacts will
induce atomic fusion in the pelieis. This lechnique, known as "ingrtial confinement fusion®, so far
has not been able 1o achieve “breakeven®, that ts, so far the fusion reaction genarales less power
than is used to power the lasers. bu! research continues

Particle acceleration

Powerful lasers producing ultra-short (in the tens of femic 1ezonds) and ultra-istansa (up 1o

10" Wicm') laser pulses offer much greater ncceleration oradents than that of

convenbonal accelerators. Thes fact is exploited in severs i@ Bcoeraton techmgques used
for accelerating both glectron - 274 charged jons 10 high e-e es




