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LASER 

Laser is a device that stimulates atoms or molecules to emit light at particular 
wavelengths and amplifies that light, typically producing a very narrow beam 
of radiation. The emission generally covers an extremely limited range of 
visible, infrared, or ultraviolet wavelengths. Many different types of lasers have 
been developed, with highly varied characteristics. Laser is an acronym for 
“light amplification by the stimulated emission of radiation.” 

Principle of laser: 

The principle of lasers is based on three separate features : 

a. Stimulated emission within an amplifying medium 

b. Population inversion of electronics  

c. An optical resonator.  

 

Characteristics of laser: 

The following are the characteristics of laser which distinguish from other 
light:- 

• Coherence:-The wave trains which are identical in phase and direction are 
called Coherent waves. 
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• High intensity:-Due to the coherent nature of laser it has ability to focus 
over a small area. 

• High Directionality:-An ordinary light source emits light in all possible 
direction. 

• Monochromaticity:-The light from a normal monochromatic source 
spreads over a range of wavelength of the order 100nm.But spread is of 
1nm for laser.  

ENERGY LEVELS:  
 
Laser emission is shaped by the rules of quantum mechanics, which limit 
atoms and molecules to having discrete amounts of stored energy that 
depend on the nature of the atom or molecule. The lowest energy level for an 
individual atom occurs when its electrons are all in the nearest possible 
orbits to its nucleus (see electronic configuration). This condition is called 
the ground state. When one or more of an atom’s electrons have absorbed 
energy, they can move to outer orbits, and the atom is then referred to as 
being “excited.” Excited states are generally not stable; as electrons drop 

from higher-energy to lower-energy levels, they emit the extra energy 
as light. 

 
Einstein recognized that this emission could be produced in two ways. Usually, 
discrete packets of light known as photons are emitted spontaneously, without 
outside intervention. Alternatively, a passing photon could stimulate an atom or 
molecule to emit light—if the passing photon’s energy exactly matched the 

energy that an electron would release spontaneously when dropping to a lower-
energy configuration. Which process dominates depends on the ratio of lower-
energy to higher-energy configurations. Ordinarily, lower-energy configurations 
predominate. This means that a spontaneously emitted photon is more likely to 
be absorbed and raise an electron from a lower-energy configuration to a 
higher-energy configuration than to stimulate a higher-energy configuration to 
drop to a lower-energy configuration by emitting a second photon. As long as 
lower-energy states are more common, stimulated emission will die out. 
 
SPONTANEOUS EMISSION:  
 
When an isolated atom is excited into a high-energy state, it generally remains 
in the excited state for a short time before emitting a photon and making a 
transition to a lower energy state. This fundamental process is called 
spontaneous emission. The emission of a photon is a probabilistic event; that is, 
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the likelihood of its occurrence is described by a probability per unit time. For 
many excited states of atoms, the average time before the spontaneous emission  
of a photon is on the order of 10−9 to 10−8 second. 
 
STIMULATED EMISSION 
 
Stimulated emission, in laser action, means the release of energy from an 
excited atom by artificial means. According to Albert Einstein, when more 
atoms occupy a higher energy state than a lower one under normal 
temperature equilibrium, it is possible to force atoms to return to an unexcited 
state by stimulating them with the same energy as would be emitted naturally. 
However, if higher-energy configurations predominate (a condition known 
as population inversion), spontaneously emitted photons are more likely to 
stimulate further emissions, generating a cascade of photons. Heat alone does 
not produce a population inversion; some process must selectively excite the 
atoms or molecules. Typically, this is done by illuminating the laser material 
with bright light or by passing an electric current through it. 
In stimulated emission the emitted light wave will be coherent (i.e., in 
phase; see coherence) with the incoming wave. In laser action the stimulating 
emission triggers a chain reaction in which the radiation from one atom 
stimulates another in succession until all the excited atoms in the system have 
returned to normalcy. In doing so, coherent monochromatic light (light of a 
single wavelength) is emitted. 
The absorption of a photon by an atom is also a probabilistic event, with the 
probability per unit time being proportional to the intensity of the light falling 
on the atom. In 1917 Einstein, though not knowing the exact mechanisms for 
the emission and absorption of photons, showed through thermodynamic 
arguments that there must be a third type of radiative transition in an atom—

stimulated emission. In stimulated emission the presence of photons with an 
appropriate energy triggers an atom in an excited state to emit a photon of 
identical energy and to make a transition to a lower state. As with absorption, 
the probability of stimulated emission is proportional to the intensity of the light 
bathing the atom. Einstein mathematically expressed the statistical nature of the 
three possible radiative transition routes (spontaneous emission, stimulated 
emission, and absorption) with the so-called Einstein coefficients and quantified 
the relations between the three processes. One of the early successes 
of quantum mechanics was the correct prediction of the numerical values of the 
Einstein coefficients for the hydrogen atom. 
 
METASTABLE STATE: 
 
Metastable state, in physics and chemistry, particular excited state of an atom, 
nucleus, or other system that has a longer lifetime than the ordinary excited 
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states and that generally has a shorter lifetime than the lowest, often 
stable, energy state, called the ground state. A metastable state may thus be 
considered a kind of temporary energy trap or a somewhat stable intermediate 
stage of a system the energy of which may be lost in discrete amounts. 
In quantum mechanical terms, transitions from metastable states are “forbidden” 

and are much less probable than the “allowed” transitions from other excited 

states. 

There are many examples of metastable states in atomic and nuclear systems. 
Analysis of atomic spectra often reveals metastable states as relatively final 
energy levels to which electrons have cascaded from higher energy levels in the 
act of generating light. Light energy trapped for a time in metastable mercury 
atoms accounts for the many photochemical reactions of this element. 
Metastable states of atomic nuclei give rise to nuclear isomers that differ—in 
energy content and mode of radioactive decay—from other nuclei of the same 
element. 

Metastable atoms often lose their stored energy by collision with other atoms 
before they can radiate it. Metastable nuclei lose their energy by radioactive 
decay, usually by gamma radiation. 
 
EINSTEIN’S  COEFFICIENTS 

Einstein coefficients describe the absorption and emission of photons via 
electronic transitions in atoms. Suppose we have an atom with 2 energy levels 
with an energy difference of ΔE = hν0. Einstein coefficients describe the 
transition rates caused by the interaction of radiation with these discrete energy 
levels. There are three coefficients: 

 
Left: Photon absorption rates are described by B12. Center: Spontaneous photon emission 
rates are described by A21. Right: Stimulated photon emission rates are described by B21. 

1. Spontaneous Emission, A21 

A21 governs decay from energy state 2 to 1. It is the transition probability per 
unit time for an atom, and has units of s − 1. More specifically, the probability an 
atom undergoes spontaneous de-excitation and releases a photon is Poisson-

distributed, with mean rate A21. So  is the mean lifetime of the excited 
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state. As an example, Hα (  transition in hydrogen) has an Einstein A 

coefficient of . 

If n2 describes the number density of atoms in the upper energy state, then the 
transition rate per volume is given by: 

 

2. Spontaneous Absorption, B12 

B12 governs photon absorption that causes a transition from the lower to upper 
energy state ( ). In contrast to the A21 case, absorption requires the 
presence of photons, so translating B12 to an excitation rate requires some 
knowledge of the background radiation field. 

To describe the background radiation field, we define the spherically averaged 
specific intensity: 

 

We use Jν instead of Iν (the intensity) because atomic absorption does not 
depend on direction. However, we have to remember that there are uncertainties 
in the energy-level separations, which means that atoms absorb photons that are 
not perfectly tuned to the energy difference between electronic states. To 
incorporate this, we use the line profile function, φ(ν). It describes the relative 
absorption probability around ν0 (the absorption frequency), and is subject to the 

requirement that:  . We can approximate the width of φ(ν) as 
an effective width Δν. Δν is affected by many factors: 

 A21 (the natural, uncertainty-based broadening of at atom in isolation), 
 ν0vtherm / c (Doppler broadening from thermal motion), and 
 ncollσcollvrel (collisional broadening, a.k.a. pressure broadening). 

Line profile functions are of special interest for studying line 
emission/absorption. 

Using the line profile function, we get the transition probability per unit time 
associated with spontaneous absorption: 

 



3. Stimulated Emission, B21 

B21 governs stimulated emission. In this example, we are in energy state 2, and 
an incoming photon causes a transition to energy level 1 and the emission of 2 

photons. The transition per unit time is . For an important case of 
stimulated emission, see Masers. 

Einstein Relations among coefficients 

Assume we have many atoms with 2 energy states, and n1 is the # density in 
state 1, ditto for n2. Assume we are in thermal, steady-state equilibrium, so: 

 

This is because as many atoms need to be going from energy state 1 to 2 as visa 

versa. A second relation is: . Using the Boltzmann 

distribution, : 

 

In thermal equilibrium Jν is given by the Planck Function: 

 

Combining this with  earlier, we get: 

 

and 

 

2. Rewriting jν, αν in terms of Einstein coefficient 
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In a small volume dV: 

 

We can express the extinction coefficient, αν, in terms of the Einstein 

coefficients. The excitation probability per time is , and the energy lost 

in crossing the small volume  (it is the probability per 
time per volume of going  by absorbing Iν from a cone of solid 
angle dΩ and frequency range [ν,ν + dν]). Thus, the energy is given by: 

 

Recognizing that : 

 

Correcting for stimulated emission, we get: 

 

3. Estimating Cross-Section 

The absorption coefficient, written in terms of Einstein constants is: 

 

Thus, the cross-section of an atom for absorption of a photon is: 

 

To estimate B12, we use the fact that, ignoring g’s, B12˜B21, and  

 

Then using the approximation that that , we get: 
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In a single atom, Δν˜A21, so .  

 

 
POPULATION INVERSION: 

• It is the state in which the number of atoms in higher energy is more than 
those in lower energy state. 

• It is required in laser stimulated emission is more probable than induced 
absorption. 

• Generally , more no. of atoms are in lower energy states . When a photon 
having energy equal to the energy difference of two states of atom is 
difference of two states of atom incident, the probability of getting 
absorbed is one as lower energy lower atom are more. 

• However, in population inversion state , the probability of photon causing 
stimulated emission is more as more atoms are n higher energy state , 
causing amplification of light.  

• Population inversions can be produced in a gas, liquid, or solid, but most 
laser media are gases or solids. Typically, laser gases are contained in 
cylindrical tubes and excited by an electric current or external light 
source, which is said to “pump” the laser. Similarly, solid-state lasers 
may use semiconductors or transparent crystals with small concentrations 
of light-emitting atoms. 

An optical resonator is needed to build up the light energy in the beam. The 
resonator is formed by placing a pair of mirrors facing each other so that 
light emitted along the line between the mirrors is reflected back and forth. 
When a population inversion is created in the medium, light reflected back 
and forth increases in intensity with each pass through the laser medium. 
Other light leaks around the mirrors without being amplified. In an actual 
laser cavity, one or both mirrors transmit a fraction of the incident light. The 
fraction of light transmitted—that is, the laser beam—depends on the type of 
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https://www.britannica.com/science/semiconductor
https://www.britannica.com/science/crystal


laser. If the laser generates a continuous beam, the amount of light added by 
stimulated emission on each round trip between the mirrors equals the light 
emerging in the beam plus losses within the optical resonator. 

 
 

RUBY LASER: 

This laser is fabricated by Maiman in 1960. Ruby laser is a solid state laser and 
is designed for getting pulse laser beam and intense coherent and unidirectional 
laser can be obtained from it. From this laser very output power of 10,000 w is 
produced. 

 

Principle: 

It is based on the principle of stimulated emission produced in active 
medium of a single cylindrical crystal of ruby, whose ends are optically flat 
and parallel. 

This population inversion achieve due to the interaction b/w chromium ions 
& ruby rod where the light from the flash tube of wavelength 5500A is made 
to fall upon the ruby rod. 

These incident photon are absorb by the chromium ion that rise to excited 
state. 

Ruby laser is a three level system. 

Construction: 

It consist of Ruby cylindrical rod whose ends are optically flat and parallel. 

One end is full silvered & the other end is partly silvered 



So, these two ends form the resonant. 

The ruby laser is placed inside a coiled xenon flash lamp. 

The xenon flash lamp is connected to a capacitor which charges a few 1000 J 
of energy in a millisecond, resulting in a power output of a few megawatt 
from the flash lamp. 

 

Pumping sources: 

• A helical flash lamp is filled with xenon is used as a pumping sources. 

• The ruby crystal is placed inside a xenon flash lamp. 

Optical resonator: 

One of the end is completely silvered while the other is partially silvered . Thus 
, the two polished ends act as optical resonator system.  

Achievement of Population inversion:- 

 Cr3+ ions in the excited state loose part of their energy during interaction 
with crystal lattice and decay to the meta stable state E2 

 .An E2is a meta stable state , so chromium ions will stay therefore longer 
time.  

 Hence , the number of chromium ions goes on increasing in E2 state , 
while due to pumping the number in the ground state E1 goes on 
decreasing.  

Working: 

 Few of CH3+ ions will come back from E2 to E1 by the process of 
spontaneous emission by emittion photons. 



 The wavelength of a photon is 6943 A. 

 This photon travels through the Ruby rod and if it is moving in a 
parallel direction to the axis of crystal , then it is reflected to & fro by 
silvered ends of ruby rod until it stimulates the other excited ions. 

 Thus, reflection of photons will result in amplification of stimulated 
emitting photons. This stimulated emission is the laser transition of 
Ruby laser.  

Advantage: 

 These are economical. 

 As comparison to He-Ne laser the output is more in ruby laser. 

 The most important is construction and function of it is self explanatory.  

Disadvantage: 

 Efficiency of ruby laser is comparatively low. 

 Optical cavity of ruby laser is short as compared to other lasers.  

 The laser requires very high pumping power because the laser transition 
terminates at the ground state and more than one half of the ground state 
atoms must be pump upto the higher state to achieve population 
inversion. 

 Moreover ions which happens to be in their ground state absorb the 
6934A photons from the beam as it builds up Ruby laser is a pulse laser 
as it emits laser light pulses. 

 The duration is of the order of 0.1-1us. 

 This phenomenon is known as Spiking in Ruby laser. 

Application: 

 Low output power, so are used as toys for children. 

 Used in schools, colleges, universities for science programs. 

 It is used for decorating pieces & artistic display.  

He Ne Laser: 



Helium-neon lasers were the first lasers with broad commercial applications. 
Because they could be adjusted to generate a visible red beam instead of an 
infrared beam, they found immediate use projecting straight lines for alignment, 
surveying, construction, and irrigation. Soon eye surgeons were using pulses 
from ruby lasers to weld detached retinas back in place without cutting into the 
eye. The first large-scale application for lasers was the laser scanner for 
automated checkout in supermarkets, which was developed in the mid-1970s 
and became common a few years later.  

This laser is discovered by Ali Javan and U.S.A scientist. Helium-Neon laser is 
designed for getting a continuous laser beam. Light with high coherence, high 
directionality and high monochromaticity can be obtained from it but the output 
of few milliwatts.  

Helium–neon (He–Ne) lasers are a frequently used type of continuously 
operating gas lasers, most often emitting red light at 632.8 nm at a power level 
of a few milliwatts and with excellent beam quality. The gain medium is a 
mixture of helium and neon gas in a glass tube, which normally has a length of 
the order of 15–50 cm. 

In the gas discharge, helium atoms are excited into a metastable state. During 
collisions, the helium atoms can efficiently transfer energy to neon atoms, 
which have an excited state with similar excitation energy. Neon atoms have a 
number of energy levels below that pump level, so that there are several 
possible laser transitions. The transition at 632.8 nm is the most common, but 
other transitions allow the operation of such lasers at 1.15 μm, 543.5 nm 
(green), 594 nm (yellow), 612 nm (orange), or 3.39 μm. The emission 

wavelength is selected by using resonator mirrors which introduce high enough 
losses at the wavelengths of all competing transitions. 

Due to the narrow gain bandwidth, He–Ne lasers typically exhibit stable single-
frequency operation, even though mode hopping is possible in some 
temperature ranges where two longitudinal resonator modes have similar gain. 
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Principle: 

This laser is based upon the principle of stimulated emission produced is active 
medium of the gas.The population inversion is achieved due to the interaction 
b/w the two gases each have closer higher energy level.  

Construction: 

 It consist of gas discharge tube which is made up of quartz and is 
filled with the mixture of He under a pressure of 1mm of Hg and Ne 
under a pressure of 0.1mm of Hg. 

 The ratio of He-Ne mixture is 10:1. 

 The electrode at the ends of the discharge tube are connected to radio 
frequency oscillator to produce electrical discharge in the He-Ne 
mixture. 

 The ends faces of the discharge tube are tilted at the Brewster’s angle 

and are called Brewster’s window. 

 It is used to produce plane polarized light by reflecting the 
perpendicularly polarized light. 

 It acts as a resonant cavity. 

Working: 

By electrical discharge in a gas tube the ground state He atoms are excited to 
higher energy levels. The excitation occurs due to the collision of discharge 
electron with He atoms. The excited He atoms collide in elastically with the Ne 
atoms each have close energy level as that of He energy level. Therefore the He 
atoms delivers its energy to Ne atoms by the process known and Resonant 
collision energy transfer. This resonant energy transfer takes place. The 
probability of energy transfer from Ne to He decreases.  

Application: 



1) Because of its high power it is used in open air communication. 

2) It is used to produce holograms. 

3) It is used in determining the size of tiny particles.  

APPLICATIONS OF LASER: 

1. Communications:- 

• It is a wireless communications through the atmosphere. 

• Laser beam is used to transmit information between two locations 

• A wireless technology needs no fibres. 

• Over long distance communications e.g : between planets. 

• Laser Communication Terminals(LCTs) transmit a laser beam and are 
capable of receiving  laser beams. 

2. Industry:- 

• It is used to blast holes in diamond and hard steel. 

• It can cut , drill , weld , remove metal surfaces and perform these 
operations even at surfaces inaccessible by mechanical methods. 

• Laser range finder is used to measure distance to making maps by 
surveyors.  

3. Medicine 

 Laser medicine consists in the use of lasers in medical diagnosis, 
treatment or therapies, such as laser photodynamic therapy, photo 
rejuvenation and laser surgery. 

 Argon and carbon dioxide are used in treatment of lungs and liver. 

 New kinds of laser surgery are used in molecules to stitch together 
wounds. 

 It is used in the treatment of Glucoma. 

 It is used in eye treatement, which is very useful for us. 



4. Military Operation 

 The beam of laser is bounded off a target such as enemy air plane or ship 
, to determine the distance and speed. 

 It is serve as a war weapon. 

 High energy of laser are being employed to destroy enemy air crafts and 
missiles. 

 These are capable of directly damaging and destroying a target in combat 
are still in the experimental stage.  

Advantage: 

• These are used to cut glass & drill holes in ceramics. 

• These are used in destroying kidney stones, bloodless surgery and 
gallstones. 

• It is used to study the internal structure of microorganisms and cells. 

• It plays very important role in air pollution, to estimate the size of dust 
particles.  

Disadvantage: 

• The laser printers are very costly when compared to other printers. 

• Lasers are known to be dangerous to be atmosphere and health. 

• Some laser particles are known to emit particles that may cause 
respiratory diseases. 

• The laser machine small amount of ozone are generated, which can 
damage the ozone layer.  
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