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PHYSICS

ABSORPTION of RADIATION :

The Probability of Occurrence of Absorption from state 1 to state 2 is proportional to the energy density u(v).. of

the radiation
hv > E2 '
N I

> R.= Buu(v)
El

Whereas , the proportional ity c o-efficienaohabsorfidn?fradidionk n o wn

SPONTANEOUS EMISSIONS

The probability of of occurrence of this spontaneous emission transition from State 2 to state 1 only on

u Po12 = A21le,

STIMULATED INDUCED EMISSION :

In a system of atoms in thermal equilibrium the number of atoms in ground state is generally much greater than in
a Higher Energy state. This is known as Normal Inversion population of atoms among the available energy
states is greater than that of Lower energy state is known as Populatio Inversion.

) Metastable state
1) optical pumping
lil) population inversion

Metastable state:The excited state, which has a long life time, is known as metastable state.
Optical pumping: This process is required to achieve population inversion and used in Ruby laser.
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Pumping process is defined as: fAThe process which
popul ation inversiono.

Population Inversion:

Generally, number of atoms in the ground state is greater than the number of atoms in higher energy states.

But in order to produce a laser beam, the minimum requirement is stimulated emission.

Stimulated emission takes place only if the number of atoms in the higher energy level is greater than the number

of atoms in the lower energy level.

Simply population inversion is nothing but number of atoms in higher energy level is greater than the number of

atom in lower energy level.

2) Define spontaneous and stimulated emission of radiation?

Spontaneous EmissionWhen an atom in the excited statee mi t s a phot on of energy ¢
state by itself without any external agency, such an emission is called spontaneous emission. Atom* % atom +

hv.

Photons released in spontaneous emission are not coherent. Hence spontaneous emission is not useful for

producing lasers.

Stimulated EmissionWhen an atom in the excited state, emi ts
to down to ground state with the influence of an external agency, such an emission is called stimulated emission.

Atom* %, atom + 2hv.

U Inthe two photons one photon induces the stimulated emission and the second one is released by the

transition of atom from higher energy level to lower energy level.

U Both the photons are strictly coherent. Hence stimulated emission is responsible for laser production.

3) Explain the basic principle of optical fiber?
U Optical fibers are the waveguides through which electromagnetic waves of optical frequency range can be
guided through them to travel long distances.

U Anoptical fiber works on the principle of total internal reflection (TIR).

U Total Internal Reflection: when a ray of light travels from a denser medium into a rarer medium and if the
angle of incidence is greater than the critical angle then the light gets totally reflected into the denser medium

4) Explain i) Numerical Aperture ii) Acceptance angle

i) Numerical Aperture:

Numerical aperture of a fiber is a measure of its light gathering power.

AThe Numerical Aperture (NA) is defined as the sirt
The light gathering ability of optical fiber depends on two factors i.e.,

O Core diameter

§ NA
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NA is defined as sine of the acceptance angle

i.e., NA = Sin ai.e NA = On12-n22

The efficiency of optical fiber is expressed in terms of NA; it is called as figure of merit of optical fiber.

i) Acceptance Angle:

All right rays falling on optical fiber are not transmitted through the fiber.

Only those light rays making [Ji> [lc at the core-cladding interface are transmitted through the fiber by

undergoing TIR. For which angle of incidence, the refraction angle is greater than 900 will be propagated through

TIR.

There by Acceptance Angle is defined as: The maximum angle of incidence to the axis of optical fiber at which

the light ray may enter the fiber so that it can be propagated through TIR.

5. What are the main sections of optical fiber? Describe the step index optical fiber?

1 An optical fiber consists of three (3) co-axial regions.

1 The inner most region isthe light-g ui di ng regi on known as fACadaeo. |t
regional known as Acladdingo. The outer most regic
called fAsheatbket obuffe

[0 Sheath protects the core & cladding regions from external contaminations, in addition to providing mechanical
strength to the fiber.

[1 The refractive index of core (n1) is always greater than the refractive index of cladding (n2) i.e., n1> n2to

observe the light propagation structure of optical fiber.

Step Index optical fiber:
U Based on variation in the core refractive index (n1), optical fibers are divided in to two types

1. Step index fiber
2. Graded index fiber
0 Step index fibers have both single & multimode propagations.

6) Write a short note on attenuation in optical fibers.

Usually, the power of light at the output end of optical fiber is less than the power launched at the input end, then
the signal is said to be attenuated.

Attenuation: It is the ratio of input optical power (Pi) in to the fiber to the power of light coming out at the output
end (Po).

Attenuation coef fi ciwo@hPbdo/kms gi ven as, U = 10/L | og
Attenuation is mainly due to

1. Absorption.

2. Scattering.

3. Bending.

7) Write down advantages of fiber optics in communication system Or What are the Advantages of optical
fibers over metallic cables

Optical fibers allow light signals of frequencies over a wide range and hence greater volume of information can
be transmitted either in digital form or in analog form within a short time.
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[J In metallic cables only 48 conversations can be made at once without cross talks where as in optical fibers
more than 15000 conversations can be made at once without cross talks.

00 Light cannot enter through the surface of the optical fiber except at the entry interface i.e., interference b/w
different communication channels is absent. Hence purity of light signal is protected.

[ Optical signal do not produce sparks like electrical signals and hence it is safe to use optical fibers.

[0 External disturbances from TV or Radio Stations power electronic systems and lightening cannot damage the
signals as in case of metallic cables.

1 Materials used in the manufacture of optical fibers are SiOz2, plastic, glasses which are cheaper & available in
plenty

[ Laser: Laser means Light Amplification by Stimulated Emission of Radiation.

[0 Absorption: When at atom absorbs an afplwiemfromte éxtereahagencyg y 06 h
and excited into the higher energy levels from ground state, then this process is known as absorption. Atom + hv
Y, atom*

[0 Spontaneous EmissionWhen an atom in the excited statte emit:
ground state by itself without any external agency, such an emission is called spontaneous emission. Atom*

% atom + hv

O Photons released in spontaneous emission are not coherent. Hence spontaneous emission is not useful for

producing lasers.

[) Stimulated EmissionnWhen an atom in the excited state, emit
coming to down to ground state with the influence of an external agency, such an emission is called stimulated

emission. Atom* % atom + 2hv

[ In the two photons one photon induces the stimulated emission and the second one is released by the transition
of atom from higher energy level to lower energy level.

[1 Both the photons are strictly coherent. Hence stimulated emission is responsible for laser production.

[J Laser Production Principle:

1 Two coherent photons produced in the stimulated emission, interacts with other two excited atoms, resulting in
four coherent photons.

(1 Thus, coherent photons are multiplied in a lasing medium. The continuous successive emission of photons
results for the production of laser beam.
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CharaCteriStiCS Of Laser Beaﬂ‘ﬂé of the special properties which distinguish lasers from

ordinary light sources are characterized by:
1. Directionality

2. High Intensity

3. Mono- chromacity

4. Coherence

i Laser

Laser emits radiation only in one direction. The directionality of laser beam is expressed in terms of angle of
divergence ()

Divergence or Angular Spread is given by = r2-r1/d2-d1

Where d1, d2 are any two distances from the laser source emitted and r1, r2 are the radii of beam spots at a distance
d1and d2 respectively as shown in above figure. Laser light having less divergence, it means that laser light having
more directionality.

2. High Intensity: Generally, light from conventional source spread uniformly in all directions. For example, take
100 watt bulb and look at a distance of 30 cm, the power enter into the eye is less than thousand of a watt. This is
due to uniform distribution of light in all directions.
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But in case of lasers, light is a narrow beam and its energy is concentrated within the small region. The
concentration of energy accounts for greater intensity of lasers.

3. Monochromacity: The light emitted by laser is highly monochromatic than any of the other conventional
monochromatic light. A comparison b/w normal light and laser beam, ordinary sodium (Na) light emits radiation
at wave length of 5893A0 with the line width of 1Ao. But He-Ne laser of wave length 6328A0 with a narrow width
of only 10-7 Ao i.e., Monochromacity of laser is 10 million times better than normal light.

The degree of Monochromacity of the light is estimated by line of width (spreading frequency of line).

4. Coherence:lf any wave appears as pure sine wave for longtime and infinite space, then it is said to be
perfectly coherent.

Practically, no wave is perfectly coherent including lasers. But compared to other light sources, lasers have high
degree of coherence because all the energy is concentrated within the small region. There are two independent
concepts of coherence.

i) Temporal coherence (criteria of time)

ii) Spatial coherence (criteria of space)

Population Inversion:

[J Generally, number of atoms in the ground state is greater than the number of atoms in higher energy states.

00 But in order to produce a laser beam, the minimum requirement is stimulated emission.

[J Stimulated emission takes place only if the number of atoms in the higher energy level is greater than the
number of atoms in the lower energy level.

O Simply population inversion is nothing but number of atoms in higher energy level is greater than the number
of atom in lower energy level.

[1 So, if there is a population inversion there by only stimulated emission will able to produce laser beam.

[J Population inversion is associated with three Phenomenon.

0 Stimulated emission

o Amplification

0 Pumping Process

[1 Stimulated Emission: If majority of atoms are present in higher energy state than the process becomes very
easy.

[1 Amplification: If ‘N, represents number of atoms in the ground stateand ‘N20 r epr esent s numb ¢
the excited state than the amplification of light takes place only when N2> Nu1.

(1 If N2> N, there will be a population inversion so induced beam and induced emission are in the same
directions and strictly coherent than the resultant laser is said to be amplified.

1 Boltzmann’s principle gives the information about the fraction of atom found on average in any particulars
energy state at equilibrium temperature as

0 6162=exp (Q-E1/KT) = A @ DAKTH

010 2=exp (hv/KT)

Pumping Process:

[ This process is required to achieve population inversion.

[ Pumping processisd ef i ned as: fAThe process which excites tl
achieve population inversiono.
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[0 Pumping can be done by number of ways
[0 i) Optical Pumping ¥  excitation by strong source of light (flashing of a

Camera)
1 ii) Electrical Pumping %  excitation by electron impact
[ iii) Chemical Pumping %  excitation by chemical reactions

[0 iv) Direct Conversion¥% EIl ectri cal energy is directly converte

population

Inversion is achieved in forward bias.

Einsteinbéds Theory of Radiati on:

[0 In 1917, Einstein predicted the existence of two different kinds of processes by which an atom emits radiation.
[0 Transition b/w the atomic energy states is statistical process. It is not possible to predict which particular atom
will make a transition from one state to another state at a particular instant. For an assembly of very large number
of atoms it is possible to calculate the rate of transitions b/w two states.

] Einstein was the first to calculate the probability of such transition, assuming the atomic system to be in
equilibrium with electromagnetic radiation.

[0 The number of atoms excited during absorption in the time‘[Jt’ is given by: Nab= Q N1B12[0t, Where N1 =
number of a tdo m&Qergynensgytofirndueed liedfh and Bi2 = Probability of an absorption
transition coefficient.

[1'The number of spontaneous transitions Nsp taking place in time ‘[Jt” depends on only no. of atoms N2 lying in
excited state. Nsp = A2:tN2[1t, Where A21 = probability of spontaneous transition.

O The number of stimulated transitions Nst occurring during the time [0t may be written as: Nst= B21N2[0t, Where
B21 = probability of stimulated emission.

[1 Under the thermal equilibrium number of upward transitions = number of downward transitions per unit
volume per second.

O So, we can write: A21N2+B21N2Q = Bi2N1Q %2 1

[ Q= A21N2/B12N1- B21N2 - >2

1 Dividing by B21N2 in all terms, Q = (A21/ B21) x 1/ (B12N1/ B21N2) T 1 -------- >3
[J By substituting N1/N2 = exp (h/kT) from Boltzmann Distribution law,

[ Q = (A21/ B21) 1/( B12/ B21) exp (NWKT) i 1 ------------ >4

] Above equation must agree with planks energy distribution T radiation formula.

Q 2w/ #E31/exp (NWKT) -1 ----mmmmmmmmemmmm e >5
(1 From equations 4 & 5, B12= B21, we get A21/ B21= et #£3

] The co-efficients A21, B12, B21are known as Einstein coefficients.
[J Note: Since we are applying same amount of energy (Q) and observing in the same time ([]t), number of atoms

excited into higher energy levels (absorption) = number of atoms that made transition into lower energy levels
(stimulated emission)

B12=Ba1i.e. absorption = stimulated emission
principle, construction and working of ruby laser with relevant energy level diagram?
[ Ruby Laser: It is a 3 level solid state laser, discovered by Dr.T.Maiman in 1960.
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Principle:
[0 The chromium Ions raised to excited states by optical pumping using xenon flash lamp
1 Then the atoms are accumulated at metastable state by non-radiative transition

9 Due to stimulated emission the transition of atoms take place from metastable state to ground state, there by
emitting laser beam.

9 Construction:

completely silvered mirror

flash lamp partially

.silvered
mirror

ruby cylinder

laser
beam

9 Ruby is a crystal of aluminum oxide (Al203) in which some of the aluminum ions (Als+) is replaced by
chromium ions (Crs+). This is done by doping small amount (0.05%) of chromium oxide (Cr203) in the melt of
purified Al20s.

1 These chromium ions give the pink color to the crystal. Laser rods are prepared from a single crystal of pink
ruby. Al203 does not participate in the laser action. It only acts as the host.

] The ruby crystal is in the form of cylinder. Length of ruby crystal is usually 2 cm to 30 cm and diameter 0.5 cm
to2cm.

[J The ends of ruby crystal are polished, grounded and made flat.

] The one of the ends is completely silvered while the other one is partially silvered to get the efficient output.
Thus the two polished ends act as optical resonator system.

] A helical flash lamp filled with xenon is used as a pumping source. The ruby crystal is placed inside a xenon
flash lamp. Thus, optical pumping is used to achieve population inversion in ruby laser.

[1 As very high temperature is produced during the operation of the laser, the rod is surrounded by liquid nitrogen
to cool the apparatus.

[ Working with Energy Level Diagram (ELD):
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1 The flash lamp is switched on, a few thousand joules of energy is discharged in a few milliseconds.

1 A part of this energy excites the Crs+ lons to excited state from their ground state and the rest heats up the
apparatus can be cooled by the cooling arrangement by passing liquid nitrogen.

[J The chromium ions respond to this flash light having wavelength 5600 Ao(Green),[4200 Ao(Red)Also]

(] When the Cr3+ lons are excited to energy level Es from E1 the population in Ez increases.

) Cra+ lons stay here(Es3) for a very short time of the order of 10-s sec, then they drop to the level E2 which is
metastable state of lifetime 10-3 sec .Here the transitions from E3to E2 is non radiative in nature.

1 As the lifetime of the state E2 is much longer, the number of ions in this state goes on increasing while in the
ground state (E1) goes on decreasing. By this process population inversion is achieved between E2 & Ex.
[1'When an excited ion passes spontaneously from the metastable state E2 to the ground state Ez1 it emits a photon
of wavelength 6943Ao.

[1 This photon travels through the ruby rod and if it is moving parallel to the axis of the crystal, is reflected back
& forth by silvered ends until it stimulates an excited ion in E2 and causes it to emit fresh photon in phase with the
earlier photon. This stimulated transition triggers the laser Transition.

1 The process Is repeated again and again, because the photons repeatedly move along the crystal being reflected
from ends. The photons thus get multiplied.

1 When the photon beam becomes sufficiently intense, such that a part of it emerges through the partially
silvered end of the crystal.

principle, construction and working of He-Ne laser with relevant energy level diagram?

[ He-Le Laser:

) Principle: This laser is based on the principle of stimulated emission, produced in the active medium of gas.
Here, the population inversion achieved due to the interaction between the two gases which have closer higher
energy levels.

9 Construction
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1 The first gas laser to be operated successfully was the He-Ne laser in 1961 by the scientist A. Jawan.

O In this method, two gases helium & Neon were mixed in the ratio 10:1 in a discharge tube made of quartz
crystal.

[J The dimensions of the discharge tube are nearly 80 cm length and 1.5 cm diameter, with its windows slanted at
Brewster’s angle i.e., [1 = Tan-1(n) ,Where n = refractive index of the window substance.

[J The purpose of placing Brewster windows on either side of the discharge tube is to get plane polarized laser
output.

1 Two concave mirrors M1 & M2 are made of dielectric material arranged on both sides of the discharge tube so
that their foci lines within the interior of discharge tube.

[1 One of the two concave mirrors M1 is thick so that all the incident photons are reflected back into lasing
medium.

(1 The thin mirror M2 allows part of the incident radiation to be transmitted to get laser output.
[ Working:
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1 The discharge tube is filled with Helium at a pressure of 1. mm of Hg & Neon at 0.1mm of Hg.

[1 When electric discharge is set-up in the tube, the electrons present in the electric field make collisions with the
ground state He atoms.

] Hence ground state He atoms get excited to the higher energy levels F1(2S1), F2 (2S3).
[1 Here Ne atoms are active centers.

O The excited He atoms make collision with the ground state Ne atoms and bring the Ne atoms into the excited
states E4 & Es.

[1 The energy levels E4 & Ee of Ne are the metastable states and the Ne atoms are directly pumped into these
energy levels.

[1 Since the Ne atoms are excited directly into the levels E4 & Es, these energy levels are more populated than the
lower energy levels E3&Es.

[J Therefore, the population inversion is achieved between Ee&Es,E6&E3 E4&E3
[1 The transition between these levels produces wavelengths of 3390 A0,6328 Ao,1150 Ao respectively.

[1 Now The Ne atoms undergo transition from E3to E2and Es to E2 in the form of fast decay giving photons by
spontaneous emission. These photons are absorbed by optical elements placed inside the laser system.

1 The Ne atoms are returned to the ground state(E1) from E2 by non radiative diffusion and collision process,
therefore there is no emission of radiation.

[ Some optical elements placed inside the laser system are used to absorb the IR laser wavelengths 3390 Ao,
1150 Ao.

[1 Hence the output of He-Ne laser contains only a single wavelength of 6328Ao.

1 The released photons are transmitted through the concave mirror M2 there by producing laser.

] A continuous laser beam of red color at a wavelength of 6328 Ao.

[1 By the application of large potential difference, Ne atoms are pumped into higher energy levels continuously.
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1 A Laser beam of power 0.5 to 50 MW comes out from He-Ne laser.

principle, construction and working of Semiconductor laser with relevant energy level diagram?
Semi Conductor Laser:

[0 Semiconductor lasers are of two types, Except the Construction, Principle and working are same for both.

1. Homojunction semiconductor Laser

2. Hetrojunction semiconductor Laser

Principle:

[ After the invention of semi conductor leaser in 1961, laser have become at common use.

[0 In conventional lasers, lasers are generated due to transition of electrons from higher to lower energy level.
1 But in semi-conductor lasers the transition takes place from conduction band to valence band.

[0 Thebasicmechani sm responsible for |light emission from
and holes at PN-junction when current is passed through the diode.

O Stimulated emission can occur when the incident radiation stimulates an e in conduction band to make a
transition into valence band in that process radiation will be emitted.

[1 When current is passed throughPNTj uncti on under forward bias, the
density of e in CB & holes in VB. At some value of current the stimulated emission rate will exceed the
absorption rate.

O As the current is further increased at some threshold value of current the amplification will takes place and
laser begin to emit coherent radiation.

[1 The properties of semi conductor laser depends upon the energy gap

9 Fabrication/constructio

v Malal Contact

7 Fartially
———podishad

4 1 lace
Powar = 2 /é—l* Laser
Supply Polished |// Dutput
Face €—| N 1/47 Matal Conlact

W
pn junction

w
Roughsned Face

some important applications of Lasers in various fields?

Applications of Lasers: Lasers have wide applications in different branches of science and engineering because
of the following.

[J Very narrow band width

[] High directionality

[ Extreme brightness

1. Communication:

[ Lasers are used in optical communications, due to narrow band width.
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(1 The laser beam can be used for the communication b/w earth & moon (or) other satellites due to the narrow
angular speed.

O Used to establish communication between submarines i.e; under water communication.

1 Identification of tumors and curification.

[J Used to detect and remove stones in kidneys.
[0 Used to detect tumors in brain.

3. Industry:

[0 Used to make holes in diamond and hard steel.

[0 Used to detect flaws on the surface of aero planes and submarines.
4. Chemical &Biological:

[0 Lasers have wide chemical applications. They can initiate or fasten chemical reactions.
[) Used in the separation of isotopes.

[0 Lasers can be used to find the size & shape biological cells such as erythrocytes



