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UNIT-5 

LASER AND FIBER OPTICS 

 
Laser Characteristics 
The word LASER is an acronym for Light Amplification by Stimulated Emission of Radiation. 
In a laser light amplification occur due to stimulated emission. Laser light differs from ordinary 
light sources in following respects 

1. Coherent: Laser posses’ high degree of coherence in comparison to ordinary light 
sources. In other words the phase relationship remains constant temporally and spatially 
for longer span of time and space.  

2. Monochromatic: Lasers posses’ high degree of monochromaticity i.e. the line width for 
a laser is very less in comparison to ordinary light source. In ordinary light source the 
value of ∆� ranges from 100 to 1000  while for a laser the value of  ∆� remains 
within few angstroms 

3. Intensity: The intensity of laser beam is extremely high in comparison to ordinary light. 
4. Directionality: Lasers are highly directional and show least divergence upon travelling 

distances. This occurs because of photon selection by optical resonator. 
Interaction of radiation with matter and Einstein’s Coefficients 
Spontaneous emission: Consider an atomic system with two energy levels E1 and E2 as shown 
in the figure 1. In this system the electron is in the excited state. This electron makes a 
downward transition when its life time is completed in the excited state. In this process it emits 
a photon of energy ℎ� = � − �  

 
 
 
 
 
 
 
 

 
 
 
 

Stimulated emission: Consider an atomic system with two energy levels E1 and E2 as 
shown in the figure 2. In this system the electron is in the excited state and a photon is 
incident on such a system having energy equal to ℎ� = � − � . Thus electron is forced 
for a premature downward transition. In this process two photons are obtained incident 
and emitted. These photons are identical in all respects. 
 
 
 
 
 

ℎ� = � − �  

�  

�  

Figure 1: Electron making downward transition spontaneously 
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Population inversion: In any atomic system ordinarily the number of electrons in the lower 
energy state is more in comparison to the excited state. For achieving the light amplification an 
artificial situation is created in which the number of electrons at the excited state is more than 
the number of electrons in lower energy state. This situation is called as population inversion. 
Components of Laser 
Active Medium: The active medium is a collection of atoms or molecules, which can be 
excited to achieve population inversion situation for amplification of light by stimulated 
emission. The active medium can be in any state of matter: solid, liquid, gas or plasma. The 
active medium determines the emitted wavelengths possible by lasing transition.  
Pumping: Pumping is an energy source working on an active medium for achieving population 
inversion. Various pumping mechanisms are: 

i. Optical Pumping 
ii.  Electric Discharge 
iii.  Inelastic Atomic Collisions 
iv. Direct Conversion 
v. Chemical reaction 

Optical Resonator: Optical resonator is a pair of mirror facing each other. The active medium 
is enclosed in this cavity. In optical resonator one of the mirrors is partially polished while other 
mirror is completely polished. Optical cavity ensures the availability of photons for stimulated 
emission and contributes for light amplification by optical feedback. A schematic diagram of 
optical resonator is given in the figure 3. 

 
 
  
 
 
 
 
 

 
Laser action can’t be achieved in two energy level systems. In the two level energy system we 
can’t achieve population inversion. When electrons are excited in such systems by means of 
pumping then in situation where the number of electrons approximately equals in the excited 
and ground state. Further pumping leads to premature downward transition accompanied by 
spontaneous transition. Thus electrons can’t be accumulated at excited necessary for population 
inversion and light amplification. 

�  

Figure 2: Electron making downward transition under the influence of incident photon 

ℎ� = � − �  

�  

Incident photon Emitted photon 

ℎ� = � − �  
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Although population inversion can be achieved using a three level system. The schematic 
diagram of a three level energy system is shown in the figure 4. 
 
 
 
 
 

 
 
 
 
In three level systems initially electrons are excited to the energy level E3 by means of 
pumping. Energy level E3 is ordinary excited state and electrons rapidly decay to energy level 
E2 which is Metastable state. Here electrons stay longer than usual and situation of population 
inversion is achieved between ground state (E1) and energy level E2. 
Now photons having energy equal to ℎ� = � − �  is incident over this system to initiate 
stimulated emission and light amplification. 
The schematic diagram of three and four energy level systems are shown in the figures 5 and 6. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In three level system initially electrons are excited to the energy level E3 by means of pumping. 
Energy level E3 is ordinary excited state and electrons rapidly decay to energy level E2 which is 
Metastable state. Here electrons stay longer than usual and situation of population inversion is 
achieved between ground state (E1) and energy level E2. 
Now photons having energy equal to ℎ� = � − �  is incident over this system to initiate 
stimulated emission and light amplification. 

Figure 4: Three level energy system 
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Figure 6: Four level energy system 

Downloaded from  be.rgpvnotes.in

Page no: 3 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


In four level system initially electrons are excited to the higher levels of energy by means of 
pumping. This higher level of energy level is ordinary excited state and electrons rapidly decay 
to lower excited energy level E3 which is Metastable state. Here electrons stay longer than usual 
and situation of population inversion is achieved between upper excited state (E3) and lower 
excited state (E2). 
Now photons having energy equal to ℎ� = � − � are incident over this system to initiate 
stimulated emission and light amplification. 
Since in four level energy system population inversion is achieved between two excited states, 
therefore it requires less pumping. Whereas in three energy level system lower lasing level is 
ground state, therefore more than 50% of electrons need to be excited. As a result more 
pumping is required for three energy level systems in comparison to four level energy systems. 
Hence four energy level laser systems are better. 
Three quantum processes when light interacts with matter are 
Absorption:  Consider an atomic system with energy levels E1 and E2. Electron is present in 
the ground state. The schematic of absorption process is presented in the figure 1 
 
 
 
 
 
 
 

When a photon having energy equal to ℎ� = � − � is incident on such a system then 
electron absorbs this photon and gets excited to upper energy level. 
The number of photons absorbed can be  expressed as-     �� = � � �   (1) 
Here ��- No. of photons absorbed, B12 Einstein’s coefficient, N1 is the number of 
electrons in the energy state E1 and  � �   is the density of electromagnetic radiation. 

Spontaneous Emission:Consider an atomic system with energy levels E1 and E2. Electron is 
present in the excited state. The schematic of spontaneous emission is presented in the figure 2 
 
 
 
 
 

 
 
 
 
 

In this system the electron is in the excited state. This electron makes a downward transition 
when its life time is completed in the excited state. In this process it emits a photon of energy ℎ� = � − � . The number of photons emitted by the process of spontaneous emission can be 
expressed as � = �                                                  (2) 
Here � - No. of photons emitted spontaneously, A21 Einstein’s coefficient, N2 is the number of 

Figure 1: Electron gets excited by absorption of incident photon 

ℎ� = � − �  

�  

�  

ℎ� = � − �  

�  

�  

Figure 2: Electron making downward transition spontaneously 
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electrons in the energy state E2. 
Stimulated Emission: Consider an atomic system with two energy levels E1 and E2 as shown 
in the figure 2. In this system the electron is in the excited state and a photon is incident on such 
a system having energy equal to ℎ� = � − � . Thus electron is forced for a premature 
downward transition. In this process two photons are obtained incident and emitted. These 
photons are identical in all respects. 

 
 
 
 
 
 
 
 
 
 

The number of photons emitted by the process of stimulated emission can be expressed as � = � � �                                                  (3) 
 

Here � - No. of photons emitted by stimulated emission, B21 Einstein’s coefficient, N2 is the 
number of electrons in the energy state E2 and  � �   is the density of electromagnetic radiation. 
To make the process of stimulated emission dominant the number of electrons in the excited 
state should be more than in the lower lasing energy level. The density of electromagnetic 
radiation should also be higher. Both facts are established by the ration of equation 3 to the 
equation 1. 
Under the condition of equilibrium the number of photons must equal the number of photons 
emitted. We can write 
Number of photons absorbed= Number of photons emitted by spontaneous emission + Number 
of photons emitted by stimulated emission 
Thus � � � = � + � � �  (4) 
Upon rearranging the terms we can write 

 � � � − � = �  
Or  � � = �� − �  

 � � = �� −  

Under the condition of equilibrium it can be shown that  =  

Hence � � = �� − ;    As 
�� = ℎ��� 

�  

Figure 3: Electron making downward transition under the influence of incident photon 

ℎ� = � − �  

�  
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ℎ� = � − �  
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Therefore � � = �ℎ���−  

According to the theory of black body radiation the density of electromagnetic radiation is 

given as � � = 8�ℎ�� �ℎ���− � 

Therefore the relation between the Einstein’s coefficient can be written as = 8�ℎ�� �  

It shows that the probability of spontaneous emission increases with the energy difference 
between two states. 
Ruby Laser 
Construction: Ruby laser is three energy level laser. It consists of a cylindrical ruby rod. The 
ends of ruby rod are polished to act as optical resonator. This ruby rod is wrapped with helical 
shaped xenon lamp. 
Xenon lamp acts as optical pumping source. The active medium in ruby laser is Cr+ ions in the 
host material Al2O3. Construction of Ruby laser is shown in the figure 1. 
 
 
 
 
 
 
 
 
Working: The energy level diagram for Cr+ ion is shown in figure 2. Initially most of the 
electrons occupy ground state. When the light from xenon lamp falls on ruby rod then the 
electron absorbs the wavelength of 5500 A0 and gets excited to the energy level E3. 
 
 
 
 
 
 
 
 
 
Energy level E3 is an ordinary excited state and the electrons from this excited state rapidly 
decay to the Metastable energy state E2. As E2 is Metastable state electrons start to accumulate 
at this level and a situation of population inversion is achieved between the E2 and ground state. 
Photons emitted due to spontaneous decay and reflected back by polished ends initiates the 
stimulated emission. Thus emitted photons reflect back and forth between two polished ends 
and when the beam of photons become sufficiently large it emerges out from the partially 
polished end in the form of pulse of wavelength 6943 A0. 
Limitations: Ruby laser is a three level laser and has very low efficiency. The output is in the 
form of pulse. As xenon flash lamp is used for optical pumping and only small fraction of 
spectrum is used for excitation. 
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He Ne Laser. 
Helium Neon laser is a four level gas laser. In this laser lasing transition occur between energy 
levels of Neon atom. 
Construction: The schematic diagram of He-Ne laser is shown in the figure 1. It consists of a 
long discharge tube with diameter 1 cm and length about 50 cm. Discharge tube is filled with 
mixture of Helium and Neon in ratio of 10:1. Both ends of discharge tube is equipped with 
mirrors to act as optical resonator. 
 
 
 
 
 
 
 
 
 
 
 
Working: The energy level diagram for Helium and Neon is shown in the figure 2. When the 
current is passed through the mixture of He and Ne. The helium atoms are excited to the nearest 
excited state. When these excited helium atoms collides with the neon atoms then they transfer 
their energy to neon atoms. Thus neon atoms are raised to energy level E5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
As a result population inversion is achieved between E5

’ and E3
’. The transition between two 

emits light of wavelength 6328 A0. Helium Neon laser operates in CW mode. The energy level 
E2

’ is depopulated by collision with the walls of discharge tube, so that laser operation continues 
without interruption. 
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Principal of laser. 
Main components of a laser are 
1. Active Medium: The active medium is a collection of atoms or molecules, which can be 

excited to achieve population inversion situation for amplification of light by stimulated 
emission. The active medium can be in any state of matter: solid, liquid, gas or plasma. The 
active medium determines the emitted wavelengths possible by lasing transition.  

2. Pumping: Pumping is an energy source working on an active medium for achieving 
population inversion. Various pumping mechanisms are: 

vi. Optical Pumping 
vii.  Electric Discharge 
viii.  Inelastic Atomic Collisions 
ix. Direct Conversion 
x. Chemical reaction 

3. Optical Resonator: Optical resonator is a pair of mirror facing each other. The active 
medium is enclosed in this cavity. In optical resonator one of the mirrors is partially 
polished while other mirror is completely polished. Optical cavity ensures the availability of 
photons for stimulated emission and contributes for light amplification by optical feedback. 
A schematic diagram of optical resonator is given in the figure 3. 

 
 
  
 
 
 
 
 
 
 

Principal of Laser can be summarized in following steps 
Step1: Let us consider an assembly of atoms with possible metastable state. As shown in the 
figure below. Initially the electrons are excited to higher energy state E3 by means of pumping 
using photons having energy ℎ� = � − � . 
 
 
 
 
 
 
 
 
 
 
 
Step2: Photons from energy state 3 rapidly decays to the metastable state E2. Thus a situation of 
population is achieved between excited metastable state and lower energy state. 
Step3: Some of excited electrons from metastable energy state decays spontaneously to lower 
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energy state emitting photons of energy ℎ� = � − � . When these photons are reflected back 
into active medium by optical resonator. Then induced emission starts and light amplification 
takes place resulting in laser. 
 
Fiber Optics 

Optical fibers are the cylindrical medium used to guide the light i.e. optical fibers are the light 
guiding medium. 

Principle- Optical fiber works on the principle of Total Internal Reflection (TIR). When a light 
ray travels from denser medium of refractive index (n1) to rarer medium of refractive index (n2) 
and incident at an angle greater then critical angle, it reflect in the same medium. This 
phenomenon is called Total Internal Reflection (TIR).   

Construction 

 Optical fibers are made up of glass (SiO2) or plastic they are cylindrical in shape the inner 
cylinder is called core whose refractive index is n1 and the outer cylinder of refractive index n2 
known as cladding. The refractive index of core is greater than the refractive index of the 
cladding (n1 n2). 

                           

 

Propagation of light through fiber optics 

   A ray of light incident from the outer medium of refractive index n0 at the launching end of the 
fiber (core of RI n1) by making an angle θi with the axis of the fiber which refract through angle 
θr The refracted ray incident at the core-cladding interface at an angle θ if θ θc where θc is the 
critical angle for the core-cladding medium than the ray satisfy the condition of total internal 
reflection and reflect in the same medium and travel through the fiber by successive reflection.    
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For outer medium(n0) and core(n0) interface 

By Snell’s law              in θiin θ
 =                         

       

                                      sin θi =  sin θr                    ------------(1)     

Now         θr  + θ  =900   

                θr  =900 - θ  

               sinθr  =sin(900 - θ) 

               sinθr  = cos θ 

from eq.(1)                                     sin θi =  cos θ                                        -----------(2) 

At θ= θc                            θi =  θimax 

                                  sin θimax =  cos θc                                                        

 

The value of critical angle for core-cladding interface is 

                      sin θc =   

                               cos θc =√ −  

By eq. (2) 

                                                   sin θimax =  
√ −n  
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                                 sin θimax =√ −
   

This is known as numerical aperture (N.A.) of the fiber and θimax is called the acceptance angle 
of the fiber. Acceptance angle is the maximum angle made by incident ray with the axis of fiber 
within which light ray can propagate through fiber. 

Hence       N.A. =  
√ −

 

Acceptance angle    θimax   = sin− √ −
 

If outer medium is air or vacuum than n0 ≈1 

             N.A. =   √ −  

          Acceptance angle    θimax   = sin− √ −  

Acceptance angle- Acceptance angle is the maximum angle that a light ray makes with the axis 
of the fiber so that it will propagate in core of the fiber through total internal reflection.  

Numerical Aperture (NA)-Numerical aperture is the measure of amount of light that can be 
accepted by the fiber. It is the sine of acceptance angle.   

 

Classification of fiber optics- optical fibers are classified on the basis of 1) refractive index 
profile 2) number of modes supported by the fiber 3) material of fiber. 

1) refractive index profile- on the basis of refractive index profile fibers are of two types 
a)Step Index Fiber b) Graded index fiber  
a)  Step Index Fiber-In step index fiber, refractive index of the core remains constant 

throughout the region and refractive index of the cladding decreases. 
b) Graded index fiber- In graded index fiber refractive index at the core is maximum and 

then decreases gradually from axis of core to core-cladding interface and in cladding 
region it decreases. 
 Refractive index profile   

2) Number of modes supported by the fiber-on the basis of number of modes fibers are of 
two type a) Single mode fiber b) Multimode fiber 
a) Single mode fiber-fiber which support only one ray path to propagate the light 

through the fiber known as single mode fiber. 
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b) Multimode fiber- fiber which support more than one ray path to propagate the light 
through the fiber known as Multimode fiber. 

3) material of fiber-a)Glass Fiber b) Plastic Fiber c)Plastic Clad Silica(PCS)Fibers 
a) Glass Fiber- In Glass fiber core and cladding both are made of glass (silica) 
b) Plastic Fiber- In plastic fiber core and cladding both are made of plastic (PMMA) 
c) Plastic Clad Silica (PCS) Fibers- in PCS fiber core is of glass and cladding is made of 

plastic.  
There are three types of fibers 
1) Single mode step index fiber (SMSI)-These fibers support only one mode so core 

diameter is small 10µm.Dispersion loses are minimum in these fibers so these 
fibers are used for long haul communication. Since the refractive index profile is 
step index so light travel in zig-zag path through the fiber. 

2) Multimode Step index fiber (MMSI)-  These fibers support many modes so core 
diameter is large 50-100µm.due to modal dispersion these fibers  mostly used for 
communication over short distances. 

3) Multimode Graded index Fiber - core diameter of this fiber is 50-100µm since the 
refractive index profile is graded so light travels in sinusoidal path. The most 
common refractive index profile for a graded-index fiber is very nearly parabolic. 
The parabolic profile results in continual refocusing of the rays in the core, and 
minimizes modal dispersion. 
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V-Number – V-Number of a fiber is an important parameter which is given by  

                V=
��  � �. .           where a=core radius 

                 V=
��  � √ −

                      � = wavelength of light 

 

If outer medium is air or vacuum than n0 ≈1 

                V = ��  � . √ −  

If   V  ˃ 2.405 then fiber is multimode fiber and if V  2.405 then fiber is multimode 
fiber.  
Attenuation or Losses in optical fiber- Attenuation in optical fiber is the reduction 
in amplitude of the light beam as a function of distance through the imaging medium. 
The attenuation coefficient ( ) can be used to determine total attenuation in dB in the 
medium using the following formula. 
Q. Explain intermodal dispersion. Derive expression for delay difference to estimate 
the maximum pulse broadening in time in step index fiber. 
Sol. The time delay between different modes in multimode fiber is known as 
intermodal dispersion. 
In step index multimode fiber light travels in different modes. The ray which travels 
along the axis of the fiber (axial mode) reaches first at the output end of the fiber and 
the ray travel in higher order mode reaches last at the output end of the fiber. The 
time delay between axial mode and higher order mode is known as modal dispersion.    
Consider a light ray incident at the launching end of the fiber at angle θi  from the 
outer medium of RI n0  
The time taken by axial mode to travel L distance along the fiber is minimum (Tmin) 
and is given by  

                           Tmin  =
��       or    ��  

  Where n1 is Refractive index of core 
  The meridional ray takes maximum time (Tmax) given by  

                         Tmax = 
�� ���      or   �� � �    -------(1) 

 From snells law at core-cladding interface 

      sin ��  =   

From ABC             θc =90 - θ      or      sin ��   =   sin 9 − θ    =   cos � 
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 �� =   

From eq.(1)        Tmax =         ��      
                    Tmax =         ��       
         The delay difference between axial ray and extreme meridional ray is  

                                      δT = Tmax  -  Tmin 

                                      δT = ��   − ��  

                      δT = �� −
            

                                               

                      δT = �� �                        Where   Δ = −
 

 
 
 
 Uses of optical fiber 
Optical fibers are mainly used in the field of telecommunication like telephone, cable 
TV, multimedia   as transmission medium. 
Other uses of optical fiber are as 
2. In sensor and transducers. 
3. In military mobiles in air-craft, ships fiber guided missiles. 
4. In CCTV links for traffic control and security. 
5. in medical field like in endoscopy for the visualization of internal portion of human 
body. Laser beam guided by fiber to reattach detached retinas to correct vision.  
 
 

θi 

θ 

θc 

Downloaded from  be.rgpvnotes.in

Page no: 14 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


Pulse dispersion  
  Intermodal dispersion or modal dispersion-intermodal dispersion is found in 
multimode fiber in these fibers light travels in different modes the higher order mode 
travels longer distance and reaches later at the output end then the lower order mode. 
The time delay between different modes in multimode fiber is known as modal 
dispersion. 
Interamodal Dispersion-the time delay between different frequency components of a 
single mode is known as interamodal dispersion. 
  Interamodal dispersion is of two types- 
i) Material dispersion-the refractive index of core material depends on the wavelength 
of light due to these different wavelength components of input pulse travel with 
different velocities and arrives at different times at the output end of the fiber and 
pulse get broadens. This broadening is known as material dispersion. 
ii) Waveguide dispersion- Due to wave guide structure the light ray in the fiber follow 
different path and take different times to travel these path and arrive at different times 
at the output end of the fiber and pulse get broadens. This broadening is known as 
Waveguide dispersion. 
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