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INTRODUCTION

LASER, the acronym derived from “Light Amplification
by Stimulated Emission of Radiation”, made an
enormous impact on the scientific world.

Laser and its characteristics

Introduction
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Due to stimulated emission, the photons multiply in each
step giving rise to an intense beam of photons that are
coherent and moving in the same direction. Hence, the light
is amplified by stimulated emission of radiation, termed as
LASER.

Working principle of laser



INTRODUCTION

The most striking features or characteristics of lasers are:

– Directionality 

Characteristics of Laser

Introduction
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– High intensity

– Extraordinary monochromaticity

– High degree of coherence



INTRODUCTION

Distinguish between ordinary light and laser beam

Introduction

S.No            Ordinary light                  Laser light 

1 In ordinary light the angular speed 

is more 

In laser beam the angular speed is less 

2 They are not directional They are highly directional 

Slide - 12

2 They are not directional They are highly directional 

3 It is less intense It is highly intense 

4 It is not a coherent beam and is not 

in phase 

It is a coherent beam and is in phase 

 

5 Examples : Sunlight, mercury 

vapour lamp etc. 

Examples : He-Ne Laser, CO2 laser 

etc. 

 











Einstein’s theory of stimulated 
emission
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emission





INTRODUCTION

Let us consider an atomic system under thermal
equilibrium condition. In such assembly of atoms, it is
also assumed that the atoms are in different energy
states.

Einstein’s theory of stimulated emission
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INTRODUCTION

Stimulated or Induced Absorbtion:

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

Einstein’s theory of stimulated emission
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INTRODUCTION

Spontaneous Emission:

The atom in excited state returns to ground state thereby
emitting a photon without any external inducement is called
spontaneous emission.

Einstein’s theory of stimulated emission
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INTRODUCTION

Stimulated Emission:

The process of forced emission of photons caused by the
incident photons is called stimulated emission.

Einstein’s theory of stimulated emission
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INTRODUCTIONEinstein’s theory of stimulated emission
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Einstein’s theory of stimulated emission



Einstein’s theory of stimulated emission



Einstein’s theory of stimulated emission



Einstein’s theory of stimulated emission



Einstein’s theory of stimulated emission



INTRODUCTIONDistinguish between spontaneous emission and 
stimulated emission

S.No Spontaneous emission Stimulated emission 

1. 

The atom in excited state returns to 

ground state thereby emitting a 

photon without any external 

inducement is called spontaneous 

emission 

The process of forced emission of 

photons caused by the incident photons 

is called stimulated emission 
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2 
The emitted photons move in all 

directions and random 

The emitted photons move in the same 

directions and highly directional. 

3 
The emitted photons are not 

monochromatic and not intense 

The emitted photons are monochromatic 

and intense 

4. 
The photons are not in phase and 

they are not coherent 

The photons are in phase and they are  

coherent 

 























Medicine:
1. Laser is used in the treatment of lever and lungs.

2. It is used to perform microsurgery and bloodless 
operation.

Industry:
1. Laser is used in cutting, welding, drilling etc

Applications of Lasers

1. Laser is used in cutting, welding, drilling etc
2. It is used to produce small holes in diamond and hard 

metals.

Scientific and engineering field
1. Using laser we can get three dimensional lensless

photography
2. Computer print pits are done with laser printers
3. Laser can be used for forecasting earthquakes.



• Nd-YAG laser is a Neodymium based doped insulator laser.

• Nd - stands for neodymium (rare earth element) and YAG-
stands for Yttrium Aluminum Garnet (Y3 Al5O12).

• It is a four level solid state LASER.

Principle

Nd:YAG laser 

Principle

The active medium Nd-YAG rod which is taken in the form a
crystal is optically pumped by krypton flash tube. Due to the
optical pumping Nd3+ ions are raised to the excited levels. During
the transition from metastable to ground state, the laser beam of
wavelength 1.064µm is emitted.



Construction
• The construction of Nd-YAG laser is shown in Fig. A small

amount of yttrium ions is replaced by neodymium ions in

the active element of Nd-YAG crystal.

• The active element Nd-YAG is cut into a cylindrical rod. The

Nd:YAG laser 

ends of the rod are highly polished and optically flat and

parallel. The cylindrical rod (laser rod and a pumping source

(Krypton flash tube) are kept inside an elliptical reflector

cavity. The optical resonator is formed by using two external

reflecting mirrors. One mirror (M1) is fully reflecting while

the other mirror (M2) is partially reflecting.



Nd:YAG laser 



Nd:YAG laser tube



Working

• When the krypton flash lamp is switched on, by the
absorption of light radiation of wavelength 0.73μm and
0.8μm, the Neodymium(Nd3+) atoms are raised from ground
level E0 to upper levels E3 and E4 (Pump bands).

Nd:YAG laser 

• The Neodymium ions atoms make a transition from these
energy levels E2 by non-radiative transition. E2 is a
metastable state.

• The Neodymium ions are collected in the level E2 and the
population inversion is achieved between E2 and E1.

• An ion makes a spontaneous transition from E2 to E1,
emitting a photon of energy hγ.



• This emitted photon will trigger a chain of
stimulated photons between E2 and E1.

• The photons thus generated travel back and forth
between two mirrors and grow in strength. After
some time, the photon number multiplies more
rapidly.

Nd:YAG laser 

rapidly.

• After enough strength is attained (condition for
laser being satisfied), an intense laser light of
wavelength 1.06μm is emitted through the partial
reflector. It corresponds to the transition from E2
to E1



Energy level Nd3+ ion in Nd-YAG laser



Characteristics
•Type: It is a four level solid state laser.
•Active medium: The active medium is Nd: YAG laser.
•Pumping method: Optical pumping is employed for pumping
action.
•Pumping source: Xenon or Krypton flash tube is used as pumping
source.

Nd:YAG laser 

•Optical resonator: Two ends of Nd: YAG rod is polished with
silver
•(one end is fully silvered and the other is partially silvered) are
used as optical resonator.
•Power output: The power output is approximately 70 watt.
•Nature of output: The nature of output is pulsed or continuous
beam of light.
•Wavelength of the output: The wavelength of the output beam is
1.06μm (infra-red)



Advantages:

• It has high energy output.

• It has very high repetition rate operation

• It is much easy to achieve population inversion.

Nd:YAG laser 

Disadvantages:

• The electron energy level structure of Nd3+ in
YAG is complicated.



Applications:

• It finds many applications in range finders and
illuminators.

• It is widely used in engineering applications such

Nd:YAG laser 

• It is widely used in engineering applications such
as resistor, trimming scribing, micro machining
operations as well as welding, drilling etc.



Characteristics:

Type: It is a molecular gas laser.

 Active medium: A mixture of CO2 , N2 and helium or water vapour

is used as active medium.

 Pumping method: Electrical discharge method is used for Pumping

CO2 Laser

action.

 Optical resonator: Two concave mirrors form a resonant cavity.

 Power output: The power output from this laser is about 10kW.

 Nature of output: The nature of output may be continuous wave or

pulsed wave.

Wavelength of output: The wavelength of output is 0.6 μm
and 10.6μm.



The three vibrational levels of CO2 molecules:
Symmetric stretching mode:

• In this mode of vibration, carbon atoms are at
• Rest and both oxygen atoms vibrate simultaneously

along the axis of the Molecule departing or

CO2 Laser

along the axis of the Molecule departing or
approaching the fixed carbon atoms.



Asymmetric stretching mode: 

In this mode of vibration, oxygen atoms and carbon
atoms vibrate asymmetrically, i.e., oxygen atoms move in
one direction while carbon atoms in the other direction.

CO2 Laser

one direction while carbon atoms in the other direction.



Bending mode: 

In this mode of vibration, oxygen atoms and carbon atoms vibrate
perpendicular to molecular axis.

CO2 Laser



Principle:

The active medium is a gas mixture of CO2, N2 and He. The laser
transition takes place between the vibrational states of CO2
molecules

Construction: 

CO2 Laser

Construction: 

It consists of a quartz tube 5m long and 2.5 cm in the diameter.
This discharge tube is filled with gaseous mixture of CO2 (active
medium), helium and nitrogen with suitable partial pressures. 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. Two concave mirrors one fully reflecting and the other
partially form an optical resonator.



Construction and working of CO2 laser with energy 
level diagram



Working:
When an electric discharge occurs in the gas, the
electrons collide with nitrogen molecules and they are
raised to excited states. This process is represented by
the equation

CO2 Laser

N2 + e* = N2* + e

N2 = Nitrogen molecule in ground state,

e* = electron with high energy,

N2 * = nitrogen molecule in excited state,

e= same electron with lesser energy



Energy level diagram of CO2 Laser



Since the excited level of nitrogen is very close to the E5 level of
CO2 atom, population in E5 level increases. As soon as population
inversion is reached, any of the spontaneously emitted photon
will trigger laser action in the tube. There are two types of laser
transition possible.

CO2 Laser

I. Transition E5 to E4 : This will produce a laser beam of
wavelength 10.6μm

II. Transition E5 to E3 : This transition will produce a laser beam of
wavelength 9.6 μm. Normally 10.6 μm transition is more intense
than 9.6 μm transition. The power output from this laser is 10 kW.



Advantages:
• The construction of CO2 laser is simple

• The output of this laser is continuous.

• It has high efficiency

CO2 Laser

• It has high efficiency

• It has very high output power.

• The output power can be increased by extending the
length of the gas tube.



Disadvantages:
• The contamination of oxygen by carbon monoxide will have

some effect on laser action

• The operating temperature plays an important role in
determining the output power of laser.

CO2 Laser

determining the output power of laser.

• The corrosion may occur at the reflecting plates.

• Accidental exposure may damage our eyes, since it is
invisible (infra red region) to our eyes.



Applications:
• High power CO2 laser finds applications in material

processing, welding, drilling, cutting soldering etc.
• The low atmospheric attenuation (10.6μm makes

CO2 laser suitable for open air communication.

CO2 Laser

CO2 laser suitable for open air communication.
• It is used for remote sensing
• It is used for treatment of liver and lung diseases.
• It is mostly used in neuro surgery and general

surgery.
• It is used to perform microsurgery and bloodless

operations.



Comparison of types of lasers



Medicine:
1. Laser is used in the treatment of lever and lungs.

2. It is used to perform microsurgery and bloodless
operation.

Industry:
1. Laser is used in cutting, welding, drilling etc

Applications of laser

1. Laser is used in cutting, welding, drilling etc
2. It is used to produce small holes in diamond and hard

metals.

Scientific and engineering field
1. Using laser we can get three dimensional lensless

photography
2. Computer print pits are done with laser printers
3. Laser can be used for forecasting earthquakes.
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