Unit 4-Lasers and Optical Fiber

Introduction:
LASER is an acronym for Light Amplification by Stimulated
Emission of Radiation. Laser device produces a beam of coherent,
monochromatic, intense and directional light. Hence laser light is
highly organized when compared with the ordinary light. This is
because the waves of a laser beam move in phase with each other
travel in a narrow path in one direction. In the case of an ordinary
light it spreads out, travels in different directions and hence it is
incoherent. On account of the special properties, lasers are the most
versatile and exploited tools in different fields such as Engineering,
Medicine, Defence, Entertainment, Communication etc., Other
common applications of laser include reading the bar code, cutting and
welding metals, displays in light shows, playing music, printing
documents, guiding missile to its target and so on.
Basic principles: Interaction of Radiation with Matter

Production of laser light is a consequence of interaction of
radiation with matter under appropriate conditions. The interaction of
radiation with matter leads to transition of the quantum system such as
an atom or a molecule of the matter from one quantum energy state to
another quantum state.

A material medium is composed of identical atoms or
molecules each of which is characterized by a set of discrete allowed
energy levels. An atom can move from one energy state to another

when it receives or releases an amount of energy equal to the energy
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difference between those two states, which is termed as a quantum
jump or transition.

Consider a two energy level system with energies E; and E; of
an atom. E; is the energy of lower energy state and E; is the energy of
excited state. The energy levels E; and E; are identical to all the atoms
in the medium.  The radiation (either absorbed or emitted) may be
viewed as a stream of photons of energy (E-E;)=hv, interacting with
the material. These interactions lead to any one of the following

> Induced Absorption of radiation
» Spontaneous emission of radiation
» Stimulated emission of radiation
Induced Absorption:
Excitation of atoms by the absorption of photons is called induced

absorption.
Ez E .‘

Incident photon = v Ez- E1

I

E1 . E1

An atom in the lower energy state Ejabsorbs the incident photon of
energy (Ei-E;) and goes to the excited state E, This transition is
known as absorption. For each transition made by an atom one photon
disappears from the incident beam.

for an atom A,

A s+ hv ——»  A*(excited state)
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The number of absorption transitions per second per unit volume
occurring in the material at any instant of time will be proportional to
(i) The Number of atoms in the ground state N;
(i1) Energy density of the incident radiation (Uv)
Rate of induced absorption = B3,UvN;
where B, is proportionality constant which gives the probability of
absorptions and it is called Einstein co-efficient of absorption. Since
the number of atoms in the lower energy state is greater, the material
absorbs more number of the incident photons.
Spontaneous Emission:
An atom which is at higher energy state E, is unstable, spontaneously
returns to the lower energy state E; on its own during which a single
photon of energy (E>-E1) = hv is emitted, the process is known as
spontaneous emission.
This spontaneous transition can be expressed as

A* —» A+ho

Ez o
Emitted photon= ln=(Ez-E1}
—,
L 4
E1 ®
EBefore After

The number of spontaneous transitions per second, per unit volume
depends on the number of atoms N in the excited state.

Therefore, the rate of spontaneous emission = AN,
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Where A, is proportionality constant which gives the
probability of spontaneous emission and it is called Einstein co-
efficient of spontaneous emission of radiation.

The process has no control from outside. The instant of transition,
directions of emission of photons, phases of the photons and their
polarization states are random quantities. There will not be any
correlation among the parameters of the innumerable photons emitted
spontaneously by the assembly of atoms in the medium. Therefore the
light generated by the source will be incoherent (ex: light emitted from
conventional sources).

Stimulated Emission:

Emission of photons by an atomic system with an external influence is
called stimulated emission. A mechanism of forced emission was first
predicted by Einstein in 1916 in which an atom in the excited state
need not wait for the spontaneous emission to take place. A photon of
energy hv = (E,-E;), can induce the excited atom to make downward
transition and emit light. Thus, the interaction of a photon with an
excited atom triggers it to drop down to the ground state (lower
energy) by emitting a photon. The process is known as induced or
stimulated emission of radiation.

A*+ hv — A+2h
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The number of stimulated transitions per second per unit volume in the
material is proportional to
(i) The Number of atoms in the excited state N,

(i1) Energy density of the incident radiation (Uv)

Rate of stimulated emission= B,; UvN,
Where B,; is proportionality constant which gives the
probability of stimulated emissions and it is called Einstein co-efficient

of induced (stimulated) emission.

The process of stimulated emission has the following properties.

() The emitted photon is identical to the incident photon in all
respects. (It has the same frequency; it will be in phase and will travel
in the same direction and will be in the same state of polarization).

(i) The process can be controlled externally.

(iii) Stimulated emission is responsible for laser.
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Some basic definitions
1. Atomic system : It is a system of atoms or molecules having
discrete energy levels.
2.Active medium: It is the material medium composed of atoms or
ions or molecules supports the basic interaction of radiation with
matter in thermal equilibrium condition.
3.Energy density: The energy density U, refers to the total energy in
the radiation field per unit volume per unit frequency due to

photons. It is given by the Plank’s distribution law

8nhv3[ 1 ]
U =

v 3 hv
¢ exr — 1

4.Population: It is the number density (the number of atoms per unit

volume) of atoms in a given energy state.

5.Boltzmann factor: It is the ratio between the populations of atoms
in the higher energy state to the lower energy state under thermal
equilibrium. If N3 is the number density of atoms in the energy state

E, and N; is the number density of atoms in the ground state (E;),

hv
then According to Boltzmann condition N;> N, and E—z =e kT
1

6. Population inversion: It is the condition such that the number of
atoms in the higher energy (N,) state is greater than the number of
atoms in the ground state (N1). i.e, N2> N;

If N2> Ny it is non-equilibrium condition and it is called population

inversion.
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Expression for energy density of incident radiation in terms of
Einstein coefficients:

Consider an atomic system interacting with radiation field of energy
density U,. Let E; and E; be two energy states of atomic system (E»>
E1). Let us consider atoms are to be in thermal equilibrium with
radiation field, which means that the energy density U, is constant in
spite of the interaction that is taking place between itself and the
incident radiation. This is possible only if the number of photons
absorbed by the system per second is equal to the number of photons it
emits per second by both the stimulated and spontaneous emission

processes.

We know that, The rate of induced absorption = B UvNy,
The rate of spontaneous emission = ANy
The rate of stimulated emission = B UvN;

N; and N are the number of atoms in the energy state E; and E,
respectively, Biy, Az and B;; are the Einstein coefficients for induced
absorption, spontaneous emission and stimulated emission
respectively.
At thermal equilibrium,
Rate of induced absorption = Rate of spontaneous emission + Rate
of stimulated emission
B1oN1U, = AN, + BaNoU,
or U, (B12N1 — B21N2) = AxN;

U}/Z A21N2
BlZNl - 821N2
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By rearranging the above equation, we get

Uy — A21 S (1)
7= B. | BLN
21| —12°71 19
BZlNZ

In a state of thermal equilibrium, the populations of energy levels E,
and E; are fixed by the Boltzmann factor. The population ratio is

E2-E1

given by, N2 _ i
N1
N,=Nge"' T /=Ne¥
h;
Ny v
N,

Since (Ex-E; =hv) .- Equation (1) becomes,

A, 1
Uy = B . B hy 4
21 12 o kT

BZl

According to Planck’s law of black body radiation, the equation for Uy
. gnhv® | 1
is, Uy =—7% IT] """" 3)
ekT —1
Now comparing the equation (2) and (3) term by term on the basis of

positional identity we have

87hy* B, _ o
%= 37 a“dB__l o B =By,
21 c 21

This implies that the probability of induced absorption is equal to the

probability of stimulated emission. Due to this identity the subscripts

could be dropped, and A,; and B;1 can be simply represented as A and
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B and equation (3) can be rewritten. .-. At thermal equilibrium the
1

hy
[ekT -1]

. o A
equation for energy density is Uy = B

(Think: Even though the probability of induced absorption is equal to
the probability of stimulated emission, the rate of induced absorption is
not equal to rate of stimulated emission. Why?)

Conditions for light amplification:-

Conditions for laser emission can be studied by taking the ratios of rate
of stimulated emission to spontaneous emission and rate of stimulated
emission to absorption.

At thermal equilibrium,

Rate of Stimulated Emission  B,;N,U,  B,U,
Rate of SpontaneousEmission ~ Ay;N, Ay

Since, Bx1/Az = C* /8nhv? = constant,
This suggests that in order to enhance the number of stimulated
transitions the radiation density Uv should be made high.

Rate of Stimulated Emission  B,;N,U,  B,;N,
Rate of Induced absorption  B,N;U,, Bj,N;

(B21/B12=1)
The stimulated emission will be larger than the absorption only when
N2>N; If N2>Nj the stimulated emission dominates the absorption
otherwise the medium will absorb the energy. This condition of

N2>Nj is known as inverted population state or population inversion.
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Requisites of a laser system:

The essential components of a laser are

An active medium to support population inversion.

Pumping mechanism to excite the atoms to higher energy levels.
Population inversion

Metastable state

YV V. V V V

An optical cavity or optical resonator.

Active medium:

It is the material medium composed of atoms or ions or molecules in
which the laser action is made to take place, which can be a solid or
liquid or even a gas. In this, only a few atoms of the medium (of
particular species) are responsible for stimulated emission. They are
called active centers and the remaining medium simply supports the
active centers.

Pumping Mechanism:

To achieve the population inversion in the active medium, the atoms
are to be raised to the excited state. It requires energy to be supplied to
the system. The process of supplying energy to the medium with a
view to transfer the atoms to higher energy state is called pumping.

Important pumping mechanisms are
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b)

d)

Optical pumping: It employs a suitable light source for excitation
of desired atoms. This method is adopted in solid state lasers (ex:

Ruby laser and Nd:YAG laser).

Electric discharge: In this process an electric field causes
ionization in the medium and raises it to the excited state. This

technique is used in gas lasers (ex: Ar” laser).

Inelastic atom-atom collision :In this method a combination of
two types of gases are used, say A and B. During electric
discharge A atoms get excited and they now collide with B atoms
so that B goes to excited state. This technique is used in gas lasers

(ex: He-Ne laser).

Direct conversion : In this process electrical energy is directly
converted into light energy. This technique is wused in

semiconductor lasers (ex: GaAs laser).

Population Inversion and Meta stable state:

In order to increase stimulated emission it is essential that N>>Ny i.e.,

the number of atoms in the excited state must be greater than the

number of atoms in the ground state. Even if the population is more in

the excited state, there will be a competition between stimulated and

spontaneous emission. The possibility of spontaneous emission can be
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reduced by using intermediate state where the life time of atom will be
little longer (10® to 10®s ) compared to excited state (10 s). This
intermediate state is called metastable state and it depends upon the

nature of atomic species used in the active medium.

Principle of pumping scheme:

Consider three energy levels E;, E; and E3 of a quantum system of
which the level E; is metastable state. Let the atoms be excited from E;
to E; state by supply of appropriate energy. Then the atom from the E3
state undergoes downward transition to either Ejor E; states rapidly.
Once the atoms undergo downward transitions to level E, they tend to
stay, for a long interval of time, because of which the population of E;
increases rapidly. Transition from E; to E; being very slow, in a short
period of time the number of atoms in the level E; is far greater than
the level E;. Thus Population inversion has been achieved betweenE;
and E; . The transition from meta stable state to ground state is the
lasing transition. It occurs in between upper lasing E, and lower lasing

level E;.

Non-radiative transition

Meta stable state
(Upper lasing

E;

Lasing

{4/

(T.ower lasing level)

E1
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Optical resonator:

e An optical resonator generally consists of two plane mirrors,
with the active material placed in between them. One of the
mirrors is semi-transparent while the other one is 100%
reflecting. The mirrors are set normal to the axis of the active

medium and parallel to each other.

100%, Reflectng murror
Sermi fransparent mirror

e The optical resonant cavity provides the selectivity of photon
states by confining the possible direction of photon
propagation, as a result lasing action occurs in this direction.

e The distance between the mirrors is an important parameter as
it chooses the wavelength of the photons. Suppose a photon is
traveling between two reflectors, it undergoes reflection at the
mirror kept at the other end .the reflected wave superposes on

the incident wave and forms stationary wave such that the

length L of the cavity is given by L = n%

Hence A = zn—L Where, L is the distance between the mirrors.

A is the wavelength of the photon,

n is the integral multiple of half wavelength
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The wavelengths satisfying the above condition are only amplified.

Hence the cavity is also called resonant cavity.

The main Role of the optical resonator is to

Provide positive feedback of photons into the active medium to
sustain stimulated emission and hence laser acts as a generator of
light.

Select the direction of stimulated photons which are travelling
parallel to the axis of optical resonator and normal to the plane of
mirrors are to be amplified. Hence laser light is highly directional.
Builds up the photon density (U,) to a very high value through
repeated reflections of photons by mirrors and confines them
within the active medium.

Selects and amplifies only certain frequencies of stimulated
photons which are to be highly monochromatic and gives out the
laser light through the partial reflector after satisfying threshold

condition.

Characteristics of Laser beam

Directionality: The design of the resonant cavity, especially the

orientation of the mirrors to the cavity axis ensures that laser
output is limited to only a specific direction. Since laser emits
photons in a particular direction, the divergence is less when
compared the other ordinary sources.

Monochromacity:The laser beam is characterized by a high

degree of mono-chromaticity (single wavelength or frequency)
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than any other conventional monochromatic sources of light.
Ordinary light spreads over a wide range of frequencies, whereas
laser contains only one frequency. The spectral bandwidth is
comparatively very less when compared to ordinary light. Hence
the degree of mono chromaticity is very high in lasers.
Coherence: The degree of coherence of a laser beam is very high
than the other sources. The light from laser source consists of
wave trains that are in identical in phase. Laser radiation has high
degree of special (with respect to Space) and temporal (with
respective to time) coherence.

High Intensity: The laser beam is highly intense. Since wave

trains are added in phase and hence amplitudes are added. Laser
light emits as a narrow beam and its energy is concentrated in a
small region. Since all the energy is concentrated in the particular
focus point, it is highly intense and bright. When laser beam is
focused on a surface, the energy incident is of the order of
millions of joules.

Focus_ability: Since laser is highly monochromatic, it can be
focused very well by a lens. It is so sharp the diameter of the spot
will be close to the wavelength of the focused light. It can be
focused to a very small area 0.7um?. Since even laser is not
ideally monochromatic the spot diameter in actual cases will be

100 to 150 times larger than the wavelength.
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Carbon dioxide laser

Carbon dioxide laser developed by Indian born American scientist
Prof.C.K.N.Patel (Chandra Kumar Naranbhai Patel) at AT & T Bell
laboratories, USA in the year 1963. It is a four- level laser, operates at
10.6 um in the far IR region. It has a very high efficiency and is widely
used for industrial drilling, cutting and welding. It is also used in
medical surgery especially in cosmetic aspects. CO, laser is a
molecular gas laser in which laser action is achieved by transitions
between vibrational and rotational levels of molecules. Its construction
is simple and the output of this laser is continuous. In the
CO2 molecular gas laser, transition takes place between the vibrational
states of Carbon dioxide molecules.

Vibrational energy levels of carbon dioxide molecule

Carbon dioxide molecule has three different modes of vibration shown
below. The energies of associated with each of these vibrations are

quantized in different sets.

" - 0—0—©-
B |
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Symmetric stretching (a): In this mode, carbon atom remains
stationery when the oxygen atoms oscillate simultaneously along the
molecular. In this state CO, molecule will have energy that is
intermediate as compared to that in the other two modes of vibrations
(b and C). This state is referred in the spectroscopy as 100 state.
Asymmetric stretching (b): Here the two oxygen atoms move in one
direction while the carbon atom moves in the opposite direction and
vice versa. In this stretching mode the molecule possesses highest
energy and this state is represented as 001 state.

Bending mode (c): In bending mode, all the three atoms oscillate
normal to the molecular axis. While vibrating, the two oxygen atoms
pull together in one direction as the carbon atom is displaced in the
opposite direction. This state is referred to a 010 state and the energy
of the molecule in this state is the least among the three states of
vibrations.

Note that 010 is the lowest excited state of bending mode. Next excited
state in this mode is 020 state which is also involved in the laser
transition in CO, laser. The energy of this state is very close to the 100

state of symmetric stretching mode.

Construction of CO; laser:
CO; laser consists of a quartz tube 5 m long and 2.5 cm in the
diameter. This discharge tube is filled with gaseous mixture of

CO2(active medium), Nitrogen (N,) and Helium (H2)gasses in the ratio
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of 1:2:3 with suitable partial pressures. Sometimes traces of Hydrogen

or water vapour are added. The pressure inside the tube is 6 -17 torr.

Power su pp]:.'

Electrodes
/ \ (QuartzAube
7 N

/
/]

7 Brwester window / Partially - silvered

Fullysilvered mirror
miror

The terminals of the discharge tubes are connected to a D.C power
supply. The ends of the discharge tube are fitted with NaCl Brewster
windows so that the laser light generated will be polarized. The
optically plane mirrors are fixed on either side of the tube normal to its
axis as shown in the figure. One of the mirrors is fully silvered and can
reflect all the incident light whereas the other one is partially silvered
to get polarized laser beam output.

Working:

When a suitable voltage is applied across the two electrodes, a glow
discharge of the gasses is initiated in the tube. During discharge the
free electron from gas are accelerated towards positive electrode.
Thesefree electrons collide with the N, molecules and hence N

molecules are raised to the first vibrational level which is meta stable
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state designated as v=1 as shown in energy level diagram. This type of
collision is called collision of first kind and can be written as
ertNy=ey+ Ny

where e; and e, are electrons with different energies before and after
collision respectively and N, and N, " are the nitrogen molecules in the
ground and v=1 state respectively.
Since v=1state is the metastable state of N>, the molecules remain there
for a relatively long time which leads to an increase of population in
v=1 state. The vibrational energy level corresponding to the metastable
state of N2 (v=1) is close coincidence with the energy of 001 state of
CO,. Because of matching of energy levels, there is a resonance
transfer of energy takes place from the N, molecule to a CO, molecule
through collisions. As a result, a greater number of CO, molecules get
elevated to (001) state and N, molecule returns to the ground state.
This type of collisions belongs to the class of collision of second kind
and represented as

N, +CO,=N,+CO; .

Where CO, and CO, refer to the carbon dioxide molecule in the
ground and excited state respectively.N, and N,are nitrogen molecules

in excited and ground states respectively
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Energy level diagram of CO; laser

To understand the lasing action occurring in CO, molecule, let the
ground state,(010),(020) (100),(001) are denoted as E;, E,, Es, E4 and
Es respectively. Due to the resonance transfer, the state Es is heavily
populated and achieves population inversion with respect to E; and E,.
Photons are emitted spontaneously by a few of the atoms at the energy
level Es, these spontaneous photons travelling through the gas mixture

triggers lasing between Es& E3 and Es& E,4 energy levels.
a) The transition from Es level to the E4 level gives rise to
radiation of wavelength 10.6 um which is in the far infrared

region
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b) The transition from Es level to E; level gives rise to radiation of
wavelength 9.6 um which is also in the far infrared region.

Further transitions

e InCO, molecule E3 —E>»=E,—E;

As a consequence

The CO, molecules in the E3 level come down to E; level during
collision with those in the Ezlevel by giving up energy.
The CO;, molecules in the E; levelcollide with those in E3 leveland
are elevated E; level by absorbing the same energy.
Since E; ~E4 thenEs — E;= E, — E;. This interaction is hindered by
computing mechanism as follows.
In the above energy level diagram, (E, — E;) is of the order of the
thermal energy of the surroundings. Hence excitation of CO, atoms
from E; to E, takes place thus leaving less energy states in E; for
E, to E; transition.
This high population of molecules at E, level is not desirable
because this will hinder the depopulation E3 and E4 levels which
affects the population inversion of Es level.
The collision of molecules in the E;level with He and water vapour
leads to a quick Ejto Ejtransition favouring the depopulation of Ej

and E4 levels and population inversion of Es with Ezand E,4 levels

The IR photons released parallel to the axis of the tube are reflected

back and the multiplication of stimulated emission takes place. The
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multiple reflections of the photons between the mirrors intensify the
laser beam and it emerges through the partially reflecting mirror.

The laser beam consists of two components i.e 10.6pum and 9.6um.
One of the components of the beam can be eliminated by placing a
prism between the Brewster window and the partially reflecting mirror.
The laser bem passing through the prism is dispersed, the mirror is
placed normal to the component that is to be amplified, this component
is reflected back into the laser tube and gets amplified. The other
component ill not be reflected back into the tube and hence is
eliminated. CO; laser operates with an efficiency of upto 30%. Power
output of a few kilowatts can be maintained continuously in a medium
size unit.

Note: during discharge in the tube, some CO2 molecules break
into CO and O. The added hydrogen or water vapour help to re
oxidise CO to CO..

Applications of Laser in Medical field:

Laser in eye surgery: Historically, ophthalmology was the first
medical field where lasers have found an application. Over more than
five decades, use of lasers in ophthalmology has successfully shown
effective and safe results in treating various eye conditions. Whether
lasers are used to correct vision (refractive eye surgery) or repair

damage (diabetic retinopathy) due to degenerative diseases dictates
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optimal laser type, wavelength, and pulse length. Lasers are also used
for cataract treatment in ophthalmology.

Refractive eye surgery: LASIK eye surgery is the best known and
most commonly performed laser refractive surgery to correct vision
problems. Laser-assisted in situ keratomileusis (LASIK) can be an
alternative to glasses or contact lenses. In eyes with normal vision, the
cornea bends (refracts) light precisely onto the retina at the back of the
eye. But with near sightedness (myopia), far sightedness (hyperopia)

or astigmatism, the light is bent incorrectly, resulting in blurred vision.

During LASIK surgery, a special type of cutting laser is used to
precisely change the shape of the dome-shaped clear tissue at the front
of your eye (cornea) to improve vision.Glasses or contact lenses can
correct vision, but reshaping the cornea itself also will provide the

necessary refraction.

[A Hinged flap | | B. Excimer laser | | C- Repositioned flap

| Repositioned
| hinge flap
Hinged £
flap. / »

er

XCIm K
laser beam

The details of LASIK can be studied using the above QR code.
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During LASIK eye surgery, an eye surgeon creates a flap in the cornea
(A) — the transparent, dome-shaped surface of the eye that accounts
for a large part of the eye's bending or refracting power. Then the
surgeon uses a laser (B) to reshape the cornea, which corrects the
refraction problems in the eye (C).

Cataract Treatment: Cataracts, or clouding of the eye's natural lens,
are the most common cause of vision loss in the elderly population.
Accordingly, cataract surgery is the most commonly performed
surgical procedure in the world. Treatment involves removal of the
lens for a prosthetic replacement. Lasers have recently been developed
as a means to remove the lens via photodisruption. Femtosecond
lasers are used in the treatment of cataracts and take advantage of the
extremely high peak power densities to efficiently disrupt tissue with

minimal surrounding thermal damage.

Retinal (Micro) Coagulation: Diabetic macular edema is the most
common cause of visual loss in persons under 50 years of age in the
developed world. Retinal photocoagulation has been developed and
recognized as a standard of treatment. Recently, the procedure was
perfected due to introduction of micro-coagulation technique

employing pulsed diode lasers.
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Application of lasers in Skin surgery:

Laser is being used for skin surgery by resurfacing the skin. During
ablative laser resurfacing, an intense beam of light energy (laser) is
directed on the skin. The laser beam destroys the outer layer of skin
(epidermis). At the same time, the laser heats the underlying skin
(dermis), which stimulates collagen production over time, resulting in
better skin tone and texture. Laser resurfacing is also used to reduce
facial wrinkles and skin irregularities such as blemishes or acne scars.
This technique directs short, concentrated pulsating beams of light at
irregular skin, precisely removing skin layer by layer. This popular
procedure is also called laser abrasion, laser peel, or laser vaporization.
Most commonly used laser resurfacing are carbon dioxide (CO2) and
erbium. Each laser vaporizes skin cells damaged at the surface-level.
Laser resurfacing using CO, laser:

This method has been used for years to treat different skin issues,
including wrinkles, scars, warts, enlarged oil glands on the nose, and
other conditions. The higher version of CO2 laser resurfacing
(fractionated CO2) uses very short pulsed light energy (known as
ultrapulse) or continuous light beams that are delivered in a scanning
pattern to remove thin layers of skin with minimal heat damage.
Recovery takes up to two weeks.

Erbium laser resurfacing is designed to remove surface-level and
moderately deep lines and wrinkles on the face, hands, neck, or chest.

One of the benefits of erbium laser resurfacing is minimal burning of


https://www.webmd.com/beauty/rm-quiz-aging-skin-wrinkles
https://www.webmd.com/skin-problems-and-treatments/warts
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surrounding tissue. This laser causes fewer side effects -- such as

swelling, bruising, and redness -- so your recovery time should be

faster than with CO2 laser resurfacing. In some cases, recovery may

only take one week. Ask your doctor how long recovery is likely to

take for you. If you have a darker skin tone, erbium laser resurfacing

may work better for you.

Additional reference for Laser skin surgery:

Review Article on Lasers: Principles and Surgical applications

Kayvan Shokrollahil, Elizabeth Raymond2 and M.S.C. Murisonl

1. Dept of Plastic and Reconstructive Surgery, Morriston Hospital,
Swansea

2. The Laser Training and Education Centre, 395 Mansfield Rd,
Nottingham, NG5 2DL, U, The Journal of Surgery * Volume 2 ¢
Issue 1 « 2004



Unit 4-Lasers and Optical Fiber

OPTICAL FIBRE

Optical fibres are the light guides used in optical communications as
wave-guides. They are thin, cylindrical, transparent flexible dielectric
fibres. They are able to guide visible and infrared light over long
distances. The working structure of optical fibre consists of three
layers. Core- the inner cylindrical layer which is made of glass or
plastic.Cladding- which envelops the inner core. It is made of the same
material of the core but of lesser refractive index than core. The core
and the cladding layers are enclosed in a polyurethane jacket called
sheath which safeguards the working structure of fibre against

chemical reactions, mechanical abrasion and crushing etc.

OPTICAL FIBER

COATING

7
CLADDING

Propagation mechanism in Optical fibre:

In optical fibres light waves can be guided through it, hence are called
light guides. The cladding in an optical fibre always has a lower
refractive index (RI) than that of the core. The light signal which
enters into the core can strike the interface of the core and the cladding
at angles greater than critical angle of incidence because of the ray
geometry. The light signal undergoes multiple total internal reflections

within the fibre core. Since each reflection is a total internal reflection,
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the signal sustains its strength and also confines itself completely
within the core during propagation. Thus, the optical fibre functions as
a wave guide.

Numerical Aperture and Ray Propagation in the Fibre:

Consider an optical fibre consists of core and cladding material placed
in air medium. Let no, n; and n, be the refractive indices of surrounding
air medium, core and cladding material respectively. The RI of
cladding is always lesser than that of core material (n,< n;) so that the
light rays propagate through the fibre. Let us consider the special case
of ray which suffers critical incident at the core cladding interface. The
ray travels along AO entering into the core at an angle of 6, with
respect to the fibre axis. Let it be refracted along OB at an angle 6, in
the core and further proceed to fall at critical angle of incidence (= 90-
0,) at B on the interface of core and cladding. Since it is critical angle
of incidence, the refracted ray grazes along core and cladding

interface.

Core (ny)

/ Cladding (ny)

Acceptance
cone
Incident ray

It is clear from the figure that a ray that enters at an angle of incidence

less than 6y at O, will have to be incident at an angle greater than the
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critical angle at the core-cladding interface, and gets total internal
reflection in the core material. When OA is rotated around the fibre
axis keeping 6, same, it describes a conical surface, those rays which
are funneled into the fibre within this cone will only be totally
internally reflected and propagate through the fibre. The cone is called
acceptance cone.

The angle 6, is called the wave guide acceptance angle or the
acceptance cone half-angle which is the maximum angle from the axis
of optical fibre at which light ray may enter the fibre so that it will
propagate in core by total internal reflection.

Sin 0y is called the numerical aperture (N.A.) of the fibre. It
determines the light gathering ability of the fibre and purely depends
on the refractive indices of core, cladding and surrounding medium.

Let ng, n; and n, be the refractive indices of surrounding
medium, core and cladding respectively for the given optical fibre.

By applying the Snell’s law at O,
ngsinf, = nysinb,

sinfy = Z—;Sinel ------------ (1)

At the point Bon the core and cladding interface, the angle of
incidence = 90-0;. Applying Snell’s law at B
ny sin(90 — 6;) = n,sin90
or n,cosf; = n,
n

cosf, = n—z ------------------- (2)

1
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From equation (1) sinf, = Z—lsinel = Z—l (1 — cos?6;)
0 0

2_,2

ng _ n%—n% miT
sinfy =— |[1—=5=
ni

If the medium surroundlng the fibre is air, thenng = 1,

Therefore,  sinf, = \/n? —n}

sinfp = Numerical aperture: NA
Therefore, NA = sinf, = m
If 6; is the angle of incidence of an incident ray, then the ray will be
able to propagate,(0i<6o)
or sin 0;< sin O
or sin 0i< NA
Fraction Index Change (A):
The fractional index change A is the ratio of the difference in the
refractive indices between the core and the cladding to the refractive
index of core of an optical fibre. It is also known as relative core clad
index difference, denoted by A. If n; and n,are the refractive indices of

(nl — nz)

core and cladding, then, A = -
1

Relation between NA and A
We have Rl change A =2"2

Or An1 = (n1 - nz) """""" (1)
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N.A =/n/ —n’

We know that, J(n +n,)(n, —n,)
J(n, +n,)nA

Since ni~ Ny, (n1+ nz) =2n;
N.A =./2n’A

Therefore,
N.A =n/2A

We can see that, the value of NA can be increased by increasing the
value of A, so as to receive maximum light into the fibre. However,
fibres with large A will not be useful for optical communication due to
the occurrence of a phenomenon inside the fibre called multipath
dispersion or intermodal dispersion. This phenomenon introduces a
time delay factor, in the travel length and may cause distortion of the
transmitted optical signal. This leads to pulse broadening, which in

turn limits the communication distance.

Modes of Propagation:
The possible number of paths of light in an optical fibre determines the
number of modes available in it. It also determines the number of
independent paths for light that a fibre can support for its propagation
without interference and mixing.

We may have a single mode fibre supporting only one signal at
a time or multimode fibre supporting many rays at a time.Such number

of modes supported for propagation in the fibre is determined by a
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parameter called V-number. If the surrounding medium is air then the
V- number is given by V = %J(n% —n3)
zd
or V =—(NA
7 (NA)

Where‘d’ is the core diameter, n; is the refractive index of core, n; is
the refractive index of the cladding and A is the wavelength of the light
propagating through the fibre.

m 2r r)2T
V="l —nd = O n?—nd =r.knl —ni.

Where k is the propagation constant (k= 2m/A)

If fibre is surrounded by a medium of refractive index no, then
v 4 A —ns)
A N,
2

For step index fibre, the number of modes ~ Y

For graded index fibre, the number of modes are ~ \/?/4
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Types of Optical fibres:
The optical fibres are classified under 3 categories. They are

a) Step index Single mode fibre (SMF)

b) Step index multi modefibre (MMF)

c) Graded index Multi Mode Fibre (GRIN)
This classification is done depending on the refractive index profile
and the number of modes that the fibre can guide.
Refractive Index Profile (R1):
Generally in any types of optical fibre, the refractive index of cladding
material is always constant and it has uniform value throughout the
fibre. But in case of core material, the refractive index may either
remain constant or subjected to variation in a particular way.

This variation of RI of core and cladding materials with respect

to the radial distance from the axis of the fibre is called refractive

index profile. This can be represented as follows,

RI profile of Step index fibre
¥ amis: Radial distance from the centre of the fibre

Step index Single mode fibre (SMF):

A single mode fibre has a core material of uniform refractive index
(R1) value. Similarly cladding also has a material of uniform RI but of
lesser value. This results in a sudden increase in the value of RI from
cladding to core. Thus its RI profile takes the shape of a step. The

diameter value of the core is about 8 to 10 um and external diameter of
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cladding is 60 to 70 um. Because of its narrow core, it can guide just a
single mode as shown in Figure. Hence it is called single mode fibre.
Single mode fibres are most extensively used ones and they constitute
80% of all the fibres that are manufactured in the world today. They
need lasers as the source of light. Though less expensive, it is very
difficult to splice them (joining of optical fibres). Since single mode is
propagating through the fibre, intermodal dispersion is zero in this
fibre. They find particular application in submarine cable system.

8to 10 um t 60 to 70 pm

& index profile

Radial distance

CN&\
% ore —-__-—-__T"\
\ Input and output pulse
lighT'ray

Fig: Step Index Single Mode Fibre

Ray propagation

Step index multimode fibre (MMF):

The geometry of a step-index multimode fibre is as shown in below
figure. It’s construction is similar to that of a single mode fibre but for
the difference that, its core has a much larger diameter by the virtue of

which it will be able to support propagation of large number of modes
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as shown in the figure. Its refractive index profile is also similar to that
of a single mode fibre but with larger plane regions for the core.

The step-index multimode fibre can accept either diode laser or
LED (light emitting diode) as source of light. It is the least expensive
of all. Since multi modes are propagating through this fibre with
different paths, intermodal dispersion is maximum in this fibre. Its
typical application is in data links which has lower bandwidth

requirements.

50 to 100 pm

L

| | RI profile

e >0 | N

Input and output pulse

Fig. Step index multimode fibre

Graded index multimode fibre (GRIN)

The construction of Graded index fibre is similar to that of multimode
step-index fibre, except for the refractive index of the core. The
refractive index of the core varies across the core diameter (radially
graded) as shown in figure, while the refractive index of the cladding
is fixed. In this fibre, a number of modes can be transmitted. The rays
move in a sinusoidal path through the core. Light travels at lower

speed in the high-index region. Since the fastest components of the ray
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take the longer path and the slower components take the shorter path in
the core, the travel time of the different modes will be almost same.
This reduces the effect of intermodal dispersion and hence losses are
minimum with little pulse broadening. These fibres are most suitable
for large bandwidth, medium distance and medium bit rate
communication systems. For such cables, either a laser or LED source

can be used to couple the signal into the core.

50 to 100 pm
100 to 250 pm

RI profile

'
! .
Rurthint distance:
— A (\ I
— Input and output pulse

Fig. Graded index multimode fibre

Differences between single and multimode fibres:

Single mode fibre Multi mode fibre

e Only one mode can be |e Allows large number of
propagated modes for light to pass

e Smaller core diameter through it

e Low dispersion of signal e Larger core diameter

e Can carry information to e More dispersion of signal
longer distances e Information can be carried

e Launching of light and to shorter distances only
connecting two fibres are |e Launching of light and
difficult connecting of fibres is easy
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Differences between step and graded index fibres:

Step index fibre Graded index fibre

e Refractive index of core is | Refractive index of core is
uniform not uniform

e Propagation of light is in |e Propagation of light is in the
the form of meridional rays form of skew rays

e Step index fibres has lower |[e Graded index fibres has
bandwidth higher bandwidth

e Distortion is more (in |e Distortion is less
multimode) e No. of modes for

e No. of modes for propagation Ngrad:V2/4
propagation
Natep = V2/2

Attenuation in optical fibres:
The total energy loss suffered by the signal due to the transmission of
light in the fibre is called attenuation.
The important factors contributing to the attenuation in optical fibre
are i) Absorption loss ii) Scattering loss iii) Bending loss

iv) Intermodal dispersion loss and v) coupling loss.
Attenuation is measured in terms of attenuation co-efficient and it is
the loss per unit length. It is denoted by symbol o. Mathematically

attenuation of the fibre is given by,

y Pout
? Ioglo[Pun dB/km
L

a=_
Where P,y and Pj, are the power output and power input respectively,
and L is the length of the fibre in km. Therefore, Loss in the optical

fibore=axL
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1. Absorption loss:

There are two types of absorption;
(a) Absorption by impurities.
(b) Intrinsic absorption.
In the case absorption by impurities, the type of impurities is
generally transition metal ions such as iron, chromium, cobalt and
copper. During signal propagation when photons interact with
these impurities, the electron absorbs the photons and get excited
to higher energy level. Later these electrons give up their absorbed
energy either as heat energy or light energy. The re-emission of
light energy is of no use since it will usually be in a different
wavelength or at least in different phase with respect to the signal.
The other impurity which would cause significant absorption loss
is the OH" (Hydroxyl) ion, which enters into the fibre constitution
at the time of fibre fabrication. In Intrinsic absorption it is the
absorption by the fibre itself, or it is the absorption that takes place
in the material assuming that there are no impurities and the
material is free of all in homogeneities and this sets the lowest limit
on absorption for a given material.
2 Scattering loss:

The signal power loss occurs due to the scattering of light energy due

to the obstructions caused by imperfections and defects, which are of

molecular size, present in the body of the fibre itself. The scattering of

light by the obstructions is inversely proportional to the fourth power
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of the wavelength of the light transmitted through the fibre. Such a
scattering is called Rayleigh scattering. The loss due to the scattering

can be minimized by using the optical source of large wavelength.

- 4
m Defects
\/ ; d

/7

3 Bending losses (radiation losses):
There are two types of bending losses in optical fibre a) macroscopic
and b) microscopic bending loss.

a) Macroscopic bends:
Macroscopic bends occurs due the wrapping of fibre on a spool or
turning it around a corner. The loss will be negligible for small bends
but increases rapidly until the bending reaches a certain critical radius
of curvature. If the fibre is too bent, then there is possibility of
escaping the light ray through cladding material without undergoing
any total internal reflection at core-cladding interface.

b) Microscopic bends:
This type of bends occurs due to repetitive small-scale fluctuations in
the linearity of the fibre axis. Due to non-uniformities in the
manufacturing of the fibre or by non-uniform lateral pressures created
during the cabling of the fibre. The microscopic bends cause irregular
reflections at core-cladding interface and some of them reflects back or

leak through the fibre. This loss could be minimized by extruding a
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compressible sheath over the fibre which can withstand the stresses
while keeping the fibre relatively straight.

4 Coupling losses:

Coupling losses occur when the ends of the fibres are connected. At
the junction of coupling, air film may exist or joint may be inclined or
may be mismatched and they can be minimized by following the
technique called splicing.

Applications of Optical Fibres:

Point-to-point Communication

The use of optical fibres in the field of communication has
revolutionized the modern world. An optical fibre acts as the channel
of communication (like electrical wires), but transmits the information
in the form of optical waves. A simple p to p communication system
using optical fibres is illustrated in the figure.

The main components of p to p communication is

1) An optical transmitter, i.e., the light source to transmit the
signals/pulses

2) The communication medium (channel) i.e., optical fibre

3) An optical receiver, usually a photo cell or a light detector, to
convert light pulses back into electrical signal.
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Informatio Pulses Light on / off at rapid rate

input(voicd Coder
or video) or

Converter "

Light
source
transmitte

Digital data from cOmputersees:

Fiber optic cables

Receiver Pulses
% |||||||| Origina
5 Shaper & Decodep>voice o
| : video
U v
Photo cell or : Digiealclati
Amplifier to computer

light detector
The information in the form of voice or video to be transmitted will be
in an analog electric signal format. This analog signal at first converted
into digital electric (binary) signals in the form of electrical pulses
using a Coder or converter and fed into the optical transmitter which
converts digital electric signals into optic signals. An optical fibre can
receive and transmit signals only in the form of optical pulses. The
function of the light source is to work as an efficient transducer to
convert the input electrical signals into suitable light pulses. An LED
or laser is used as the light source for this purpose. Laser is more
efficient because of its monochromatic and coherent nature. Hence
semiconductor lasers are used for their compact size and higher
efficiency.
The electrical signal is fed to the semiconductor laser system, and gets
modulated to generate an equivalent digital sequence of pulses, which
turn the laser on and off. This forms a series of optical pulses

representing the input information, which is coupled into the optical



Unit 4-Lasers and Optical Fiber

fibre cable at an incidence angle less than that of acceptance cone half
angle of the fibre.

Next the light pulses inside the fibre undergo total internal
reflection and reach the other end of the cable. Good quality optical
fibres with less attenuation to be chosen to receive good signals at the
receiver end.

The final step in the communication system is to receive the
optical signals at the end of the optical fibre and convert them into
equivalent electrical signals. Semiconductor photodiodes are used as
optical receivers. A typical optical receiver is made of a reverse biased
junction, in which the received light pulses create electron-hole charge
carriers. These carriers, in turn, create an electric field and induce a
photocurrent in the external circuit in the form of electrical digital
pulses. These digital pulses are amplified and re-gain their original
form using suitable amplifier and shaper. The electrical digital pulses
are further decoded into an analogues electrical signal and converted
into the usable form like audio or video etc.,

As the signal propagates through the fibre it is subjected to two
types of degradation. Namely attenuation and delay distortion.
Attenuation is the reduction in the strength of the signal because power
loss due to absorption and scattering of photons. Delay distortion is
the reduction in the quality of the signal because of the spreading of
pulses with time. These effects cause continuous degradation of the

signal as the light propagates and may reach a limiting stage beyond
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which it may not be retrieve information from the light signal. At this
stage repeater is needed in the transmission path.

Reciever Amplifier Transmitter

An optical repeater consists of a receiver and a transmitter arranged
adjacently. The receiver section converts the optical signal into
corresponding electrical signal. Further the electrical signal is
amplified and recast in the original form and it is sent into an optical
transmitter section where the electrical signal is again converted back
to optical signal and then fed into an optical fibre.

Finally at the receiving end the optical signal from the fibre
is fed into a photo detector where the signal is converted to pulses of
electric current which is then fed to decoder which converts the
sequence of binary data stream into an analog signal which will be the

same information which was there at the transmitting end.

Advantages over conventional communication:

1) Large Bandwidth: Optical fibres have a wider bandwidth (when
compared to conventional copper cables). This helps in
transmitting voice, video and data on a single line and at very fast
rates (10** bps as compared to about 10* bps in ordinary

communication line)
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2)

3)

4)

5)

6)

Electromagnetic Interference (EMI): EMI and disturbance in the
transmission is a very common phenomenon in ordinary copper
cables. However, the optical fibre cables are free from EMI, since
Electromagnetic radiation has no effect on the optical wave.
Hence, there is no need to provide specially shielded conditions
for the optical fibre.

Low attenuation: Compared to metallic cables, optical fibres have
a low attenuation level (as they are relatively independent of
frequency). The loss in optical fibres is very low, of the order of
0.1 to 0.5 dB/km of transmission.

Electrical Hazards: Since, optical fibres carry only the light
signals, there are no problems of short-circuiting and shock
hazards.

Security:Unlike electrical transmission lines, there is no signal
radiation around the optical fibre, hence the transmission is secure.
The tapping of the light waves, if done, leads to a loss of signal
and can be easily detected.

Optical fibre cables are small in size, light weight and have a long
life.

Disadvantages:

Fibre loss is more at the joints if the joints do not match (the
joining of the two ends of the separate fibres are called splicing)

Attenuation loss is large as the length of the fibre increases.
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Repeaters are required at regular interval of lengths to amplify the
weak signal in long distance communication.
Sever bends will increase the loss of the fibre. Hence, the fibre

should be laid straight as far as possible and avoid severe bends.

Note:

Point to Point haul communication system is employed in
telephone trunk lines. This system of communication covers the
distances 10 km and more. Long-haul communication has been
employed in telephone connection in the large cities of New York
and Los Angeles. The use of single mode optical fibres has reduced
the cost of installation of telephone lines and maintenance, and
increased the data rate.

Local Area Network (LAN) Communication system uses optical
fibres to link the computer-oriented communication within a range
of 1 or 2 km.

Community Antenna Television (CATV) makes use of optical
fibres for distribution of signal to the local users by receiving a

multichannel signal from a common antenna.

Sensors and phase modulators:

Optical fibers can be used as sensors. They are transducers, which
generally consists of a light source coupled with an otpical fibre
and a light detector held at the receiver end. Optical fibre may be
single mode or multimode. Fibre optic sensor can be used to

measure physical parameters like pressure, temperature,strain, the
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acoustic field, magnetic field etc., by knowing variation in the
intensity or phase modulation of an optic wave propagating
through the fibre. The advantages of these sensors are that they are
lighter, occupy lesser volume and are cheaper.

1)Temperature Sensors
There are two techniques to measure temperature using optic fibre.
One is intensity modulated and the other one is the phase
modulated sensor.
a) Intensity modulated sensor.
Principle: In this technique, temperature is measured by the
modulation of intensity of the reflected light from a target. Silicon
layer is used as target in this technique. The operation of the
temperature sensor is based on the 1 micrometer wavelength light-
absorption characteristics of silicon as a function of temperature.
The amount of light absorbed by the silicon layer (target) varies
depending on the temperature. The change in the intensity of the
reflected light (from target) is proportional to the change in
temperature detected by photo detector.
Construction: Schematic diagram of intensity modulated fibre
optic temperature sensor is shown. The fibre is coated at one end
with a thin silicon layer. The silicon layer is in turn coated wtih a
reflective coating at the back. The silicon layer acts as the sensing

element.
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\ Silicon laij\'
% Optical fibre

Working: The light from a laser source is launched into the fibre

from one of the ends of one of its branches. It passes first through
the fibre and then through the silicon layer. The mirror coating at
the other end of the silicon layer reflects the light back which
again travels through the silicon layer. The reflected light emerges
out through another branch of multimode fibre and is collected by
a photo detector. The amount of light by the silicon layer varies
with temperature and the variation modulates the intensity of the
light received at the detector. Temperature measurements can be
made with a sensitivity of 0.001° C.

b) Phase modulated temperature sensor.

Principle: This sensor is based on phase variation resulting due to
the variation of refractive index of the optical fibre under the
influence of temperature.

Construction: The construction of phase modulated temperature
sensor is pictorially shown below. It can be used as pressure

sensors also.
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The above diagram represents a single mode fibre sensor and the
arrangement is known as the Mach-Zehnder arrangement. Laser
light from a laser source is made to fall on a beam splitter which
divides the light into two parts and sends light through the sensing
fibre and the reference fibre. Light passing out of the two fibre
elements is fed to a detector, which measures the difference in
phase of the two light waves. Accurate measurements of the

temperature may be obtained from these patterns.

Working: Light from the source is divided into two parts by the
beam splitter. One part is allowed through sensors fibre, and the
other part is passed through the reference fibre. Light rays entering
the fibres are coherent and have the same phase. Prior to heating
or applying pressure, the optical path length of the two fibre
elements is same and hence both the outputs will be in phase.
When the sensor fibre is subjected to heating or under pressure,
the temperature or pressure causes a change in the refractive index

of the optical fibre. Therefore, the light coming out of the two
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fibres at the other end will have phase difference due to difference

in optical path difference caused by the heating or applying

pressure. When the rays are superposed, they interfere and

interference pattern will be observed. As temperature or pressure

increases, the phase difference between the two outputs increases

and is observed as a displacement of the fringe pattern. By

determining the fringe displacement, we can determine the

magnitude of temperature or pressure.

Further reading: Displacement sensor, Force sensors and

Liquid Level Detector.

SI.No LASER- QUESTIONS CO’s
1. | Define the terms: 1
a. Spontaneous emission.
b. Stimulated Emission.
c. Active medium.
d. Population inversion.
2. | List the characteristic properties of laser. 2
3. | Give any two differences between the laser light and | 2
ordinary light.
4. | Explain the requisites of a laser system. 2
5. | With the energy level diagramexplain the construction | 3
and working of CO; laser.
6. | Discuss the conditions required for laser action. 2
7. | Discuss the application of laser in eye surgery. 2
8. | Explain the three processes which take place when | 2
radiation interacts with matter.
9. | Explain the terms stimulated emission and population | 2&3

inversion. Obtain an expression for energy density
of photons in terms of Einstein’s co-efficient.
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S. No Optical Fiber - Questions CO
1. | Give reason 1
1. Optical fibres are immune to electromagnetic
interference.
2. Intermodal dispersion is minimum in GRIN
compared to MMSI fibre.
3. Repeaters are used in the path of optical fibres in
point to point communication system.
2. | Explain the terms 1
a. Acceptance angle
b. Cone of acceptance
c. Numerical aperture
d. Modes of propagation
e. Attenuation.
3. | Explain attenuation losses in optical fibres. 2
4. | Write any two advantages of optical fibre | 2
communication over normal communication.
5. | Explain propagation mechanism in optical fibres. 2
6. | Distinguish between step and graded index fibres. 2
7. | With the help of ray diagram, explain the working | 1&2
principle of optical fibres.
8. | Derive an expression for acceptance angle of an optical | 1&2
fibre in terms of refractive indices.
9. | What is numerical aperture? Obtain an expression for | 2
numerical aperture in terms of refractive indices of
core and cladding and arrive at the condition for
propagation.
10, Explain the terms 1) modes of propagation and 2) | 1
types of optical fibres
11| What is attenuation? Explain the different losses in | 2
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optical fibres.

12, With the help of a block diagram explain point to point | 2

communication.

13, Discuss the advantages and disadvantages of an optical | 1

communication system.

14, Explain intensity modulation technique used in fibre | 2

optic temperature sensor.

15, Explain phase modulation technique used in fibre optic | 2

temepratue/pressure sensor.

PROBLEMS:
1. Calculate the ratio of
i) Einstein Coefficients, ii) Stimulated to spontaneous emissions,
for a system at 300K in which radiations of wavelength 1.39um

are emitted.

3
By 8 _ 6 2x10

3 /13_

Solution: Por _
B,, c

Since B1, = By1 we can write ﬁ =6.2x107%°

21

We have, Rate of stimulated emission/Rate of spontaneous emission

1
T
ekl —1

= BlZNZUv _ BuU

AN, A, "

“tu

BZl

¢ | v
ekT —1

But U =87rhv3|: 1
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Therefore rate of stimulated emission/rate of spontaneous emission

:ﬁxﬁ 1 = 1
A, B,| X [
2 Palam _1] ey

2. Calculate on the basis of Einstein’s theory, the number of photons

=10"°

emitted per second by a He-Ne laser source emitting light of
wavelength 6328A° with an optical power of 10mW.

Solution: p = E _NAE _ nhc
t t AAt
Hence N _PA1  _31g9x10%
t hc

3. Calculate the numerical aperture, relative RI difference, V- number
and number of modes in an optical fibre of core diameter 50um.
Core and cladding Refractive indices 1.41 and 1.40 at A= 820nm.

—-Nn
Solution : (NA)? = (n;-nY) .. NA=0.1676 Az%zo.om

=32 Hence no of modes = V%/2 = 512,

4. An optical fibre has clad of Rl 1.50 and NA 0.39. Find the RI of
core and the acceptance angle.
Solution: (NA)? = n;%- n,? 0= sin™ 0.39
(0.39)%= n,? - (1.50)? = 22.96°
n= 1.54
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5. The NA of an OF is 0.2 when surrounded by air. Determine the RI
of its core. Given The RI of cladding as 1.59. Also find the
acceptance angle when it is in a medium of Rl 1.33.

Solution :(NA)? = (n* = ny%) 6, =8.64°
n;= 1.60
6. A glass clad fibre is made with core glass of Rl 1.5 and cladding is
doped to give a fractional index difference of 0.0005. Determine
a) The cladding index.
b) The critical internal reflection angle.
c) The external critical acceptance angle
d) The numerical aperture
7. The attenuation of light in an optical fibre is estimated at
2.2dB/km. What fractional initial intensity remains after 2km &
6km? Hint: L =2:Po/Pin=36.3% | L=6:Pou/Pin =4.79%
8. Findthe attenuation in an optical fibre of length 500m, when a
light signal of power 100mW emerges out of the fibre with a

power 90mW.

—10log, ( ‘;‘f“‘)

in

Solution: o= L =0.915dB/km
9. A semiconductor laser emits green light of 551 nm. Find out the
value of its band gap. Hint: Eq = hc/A =2.25 eV
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10. The probability of spontaneous transition is given as 0.08. in a
laser action whichresults with the radiation of 632.8 nm
wavelength. Calculate the probability of stimulated emission.
(Ans. 1.22x10%%)

11. Calculate the critical angle if the refractive indices of optical
fibre are 1.5 & 1.48.(Ans. 0, = 80.63°)

12. The optical fibre power after propagating through a fibre of 1.5
km length is reduced to 25% of its original value. Compute the
fibre loss in dB/km.(Ans. 4 dB/km)

13.  The ratio of population of two energy levels out of which one
corresponds to metastable state is 1.059x10%. Find the wavelength
of light emitted at 330K.

Solution : % =1.059x10"%°, T=330K, =2

1
Constants h=6.63x10%Js, K= 1.38x102J/K,  C=3x10%m/s
Using the relation for Boltzmann’s factor

N -hv __—hc

_2 e——
N, kT KT

A =632.8nm.



