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The History

• 1916, Einstein predicted the stimulated emission.

• 1954, Townes and co-workers developed a Microwave Amplifier by

Stimulated Emission of Radiation (maser) using ammonia, NH3.

• 1958, Schawlow and Townes showed that the maser principle could

be extended into the visible region .

• 1960, Maiman built the first laser using ruby as the active

medium.

• From then on, laser development was nothing short of miraculous,

giving optics new impetus and wide publicity



The working principle of laser is based on the phenomenon of

interaction of radiation with matter.

Whenever radiation interacts with matter there are 2 processes

• Absorption

• Emission



Induced Absorption

• Induced absorption is the absorption of an incident

photon by an atom in the ground state

• as a result, the atom makes a transition to excited state

• the difference in energy of the two states is equal to

energy of the photon.

• It is also known as stimulated absorption.

If E1 is lower energy state while E2 is excited state. Then

the energy of the incident radiation required is hν = E2 –

E1=ΔE,

and frequency is, 𝛎 =
𝐄
𝟐
– 𝐄

𝟏

𝐡
Hertz
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Consider a photon, of energy hν, incident on an atom in

the ground state E1, it then absorbs the energy and gets

excited to higher energy state E2. It can be represented as

Atom + Photon     Atom *

A + hv  A*, where A* is an excited atom.

h + atom  atom*



Spontaneous Emission

• Spontaneous Emission is the emission of a photon, when

an atom transits from excited state to lower energy state

without the aid of any external agency.



• Excited atom with higher energy is inherently unstable because of

natural tendency of atoms to seek out the lower energy

configuration.

• Therefore, excited atoms does not stay in the excited state for

relatively longer time, but tend to return to lower state by giving

up excess of energy in the form of spontaneous emission.

ΔE = h ν = E2 – E1  

As shown in next slide, consider an atom in the excited state E2. It

makes transition to ground state E1 by the emission of a photon of

energy hv. It may be represented as.

Atom* Atom + Photon

A*  A + hv



Spontaneous Emission

E2

E1

E2-E1=h

atom*  atom + h

Incoherent light



Stimulated Emission
• The phenomenon of forced emission of photon is called

stimulated emission.

• It is the interaction of photon of relevant energy with an

excited atom.

• It triggers the excited atom to drop to the lower energy

state giving up a photon.

The process may be represented as:

Atom * + Photon    Atom + 2 Photons (Photon + 

Photon)

A* + hv  A + 2hv.



• Consider a photon of energy equal to the energy difference between the

states E2 and E1.

• When this photon interacts with an atom which is in the upper energy

state E2

• Then it may cause the atom to make a transition from E2 to E1 with the

emission of a second photon called stimulated photon.

• This process is known as stimulated emission.



Stimulated Emission

E2

E1

E2-E1=h

Light is amplified !
(Coherent)

atom* + h atom +2h

E2-E1=h

E2-E1=h
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Absorption, spontaneous (random photon) emission and stimulated
emission.
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A Recap of Three Processes



Conditions for laser 
1. Population inversion
When a material is in thermal equilibrium condition, the population ratio is governed by 

the Boltzmann factor according to the following equation

• It gives that the population N2 at the excited state E2 will be smaller than the 

population N1 at the level E1. 

• The condition in which there are more atoms in the lower energy level and relatively 

lesser number of atoms in the higher energy level is called the normal/equilibrium 

state.

• Population inversion is the condition of the material in which population of the 

upper energy level N2>>N1.

• In this condition the population distribution between the levels E1 and E2 is inverted 

and hence it is known as inverted state. This is a non-equilibrium state and exists only 

for a short time.

• Population inversion is obtained by employing pumping techniques, which 

transfer large number of atoms from lower energy level to higher energy level.



2. Metastable states

• When an atom absorbs energy it moves to an excited state. 

• Normally the atoms exist in the excited state for about10-8 second 

and then returns to its lower energy state. 

• But if the electron is excited to or eventually reaches a metastable 

state, then the atoms stay there for longer duration of time (10-3 to

10-2 sec). 

• This property helps to 

achieve population inversion.



Characteristic properties of a laser beam

The important characteristics of a laser beam are,

1. Monochromaticity,

2. Directionality,

3. Coherence,

4. Intensity,

• Monochromaticity

– A light having single wavelength is called monochromatic source

– Bandwidth ( the range of frequencies) is very narrow in LASER compared to conventional 

light source.

• Directionality

– Laser light is usually low in divergence.

– Laser light can be focused to extremely small dimensions.

• Coherence

– When two waves are in phase with each other, they are said to be coherent.

– All the emitted photons in LASER bear a constant phase relationship

with each other in both time and phase.

• High Intensity

- Light possesses high intensity (power per unit area).



Differentiate LASER and CONVENTIONAL light Source

LASER CONVENTIONAL LIGHT

COHERENT INCOHERENT

HIGHLY DIRECTIONAL MORE DIVERGENCE 

MONOCHROMATIC NOT MONOCHROMATIC

HIGH INTENSITY LOW INTENSITY



1. Find the population of the two states in an diode Laser that produces a light of

wavelength 6500 Å at 30°C.
𝑁2
𝑁1

= 𝑒− Τ𝐸2−𝐸1 𝑘𝐵𝑇 = 𝑒 Τ−ℎυ 𝑘𝐵𝑇

= 1.6x10-32

Problems



2. The ratio of population of two energy levels is 1.059 x 10-30. Find the wavelength of light 

emitted at 330K.

𝑁2
𝑁1

= 𝑒− Τ𝐸2−𝐸1 𝑘𝐵𝑇 = 𝑒 Τ−ℎ𝑐 λ𝑘𝐵𝑇

𝑙𝑛
𝑁2

𝑁1
= −

ℎ𝑐

λ𝑘𝐵𝑇

λ= 632nm



3. The ratio of population of two energy levels is 1.059 x 10-30. The wavelength of light 

emitted at 638nm. Calculate the temperature of the system.

𝑁2
𝑁1

= 𝑒− Τ𝐸2−𝐸1 𝑘𝐵𝑇 = 𝑒 Τ−ℎ𝑐 λ𝑘𝐵𝑇

𝑙𝑛
𝑁2

𝑁1
= −

ℎ𝑐

λ𝑘𝐵𝑇

T=327.11K



Fiber Optics
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Telecommunications: 

Tele: “Over a distance”

Communications: “Exchange of information”

Similarly, 

Telephone: Speech over a distance

Television: Vision over a distance

Telecommunications is the exchange of information over a

certain distance using some type of EQUIPMENT
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Why Optical Fiber Communication System?



OFC 
in everyday life…

Each time you 

 Pick up your Phone
 Turn on your TV
 Transmit documents over a Fax
 Give a cashier your Credit Card
 Use a bank ATM
 Surf the World Wide Web

You are using Fiber Optic Communications
technology!!!



Coating

Cladding

Air

Core

~6-10 m

125 m

~250 m

What is an optical fiber?– Threads of Glasses

50 – 80 m

Human hair
for comparison

Light is guided along the core 

by Total Internal Reflection

Cladding helps isolate light 

from edge of fibre where 

losses and scattering are high.



Total Internal Reflection  

How does an optical fiber confine light?
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Principle: Optical fiber works on the principle of total internal
reflection. Once light ray enters into core, it propagates by means of
multiple total internal reflection’ s at core-cladding interface.

The light in a fiber-optic cable travels through the core by
constantly bouncing from the cladding, a principle called total
internal reflection (TIR).

How does an optical fiber transmit light?



Advantages of optical fiber communication
 The optical fiber transmission is noise-free.

 As optical fibers make use of light as the medium to transmit signals, it is found
to be one of the fastest mode of communication.

 One of the biggest advantage of optical fibers is high bandwidth.

 Optical fibers are used more easily than copper cables because they are of small
diameter and light weight.

 The light signals conducted in optical fibers are harmless, but in copper cables,
electricity is conducted which is dangerous sometimes.

 The cross-talk becomes negligible in optical fibers.

 Optical fibers have longer life than copper cables.

 Optical fibers are difficult to tap. As they do not radiate electromagnetic energy,
emissions cannot be intercepted.
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Working: Transmitter block:

• Coder/converter which will convert the analog signals

into the digital form (Pulse signal).

• The signal is then fed into a light source transmitter

circuit which will basically convert the electrical signal

to light signal by emitting the signal through a laser or

LED.

• This will be in the pulse form (light turns off and on at

rapid rate) and is then launched into an optical fiber

cable of a particular length required.
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Working: Receiver block:

• Light signals will be incident on a photo cell or light 

detector followed by the amplifier which will amplify the 

signals (Optical losses will be incurred by the signal 

after going through the fiber).

• The signals are then passed through shaper circuit 

which will shape the waveform of the signal back to the 

pulse form. Its purpose is to make the signal better 

suited to its required output form. 

• The signals are then passed through the decoder will 

convert the digital pulse signals to the analog form if it 

is required or else directly the digital signals are taken 

to a computer system.
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