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LASERS 
 LASER is the short form of Light Amplification by Stimulated Emission of Radiation.  A laser is 

a highly parallel coherent beam of light of very high intensity.  Laser action is achieved by creating 

population inversion which can be achieved by different means, such as optical pumping, electrical 

discharge and solar energy. Laser light has four main properties: monochromaticity, coherence, 

directionality, and high intensity. 

 Radiation interacts with matter under suitable conditions.  The interaction leads to a transition of 

the quantum system such as an atom or a molecule from one energy state to another.  If the transition is 

from a higher state to a lower one, the system gives out a part of its energy and if the transition is to a 

higher state from a lower one, then it absorbs the incident energy. 

There are three possible ways through which interaction of radiation and matter can takes place.  

Absorption of radiation is known as induced absorption.  The emission of radiation can occur in two 

ways namely the spontaneous emission, and the stimulated emission. 

 

(1) Induced absorption:- 

 
            atom + photon → atom*

  

Induced absorption is the absorption of an incident photon by a system as a result of which the 

system is elevated from a lower energy state to a higher state, wherein the difference in energy of two 

states is precisely the energy of the photon. 

 

 

 

 

 

(2) Spontaneous emission:- 

 
atom

* → atom + photon   
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 Spontaneous emission is the emission of a photon, when a system transits from a higher energy 

state to a lower energy state without the aid of any external agency. 

 

 When an electron is excited it will go to the higher energy level E2.  Then the atom is said to be 

in the excited state.  But the electron will not remain in the excited level for a period more than 10
-8

 

seconds.  Immediately it will come back to the ground state by the emission of the energy what it has 

absorbed during the excitation process.  The emitted energy is in the form of electromagnetic radiation 

whose frequency is given by 

E2 – E1 = h  
 

 

 

 

(3) Stimulated emission:- 

 
  

 

 

atom
* + photon → atom + (photon + photon)  

Stimulated emission is the emission of a photon by a system, under the influence of a passing 

photon of just the right energy, due to which the system transits from a higher energy state to a lower 

energy state.  The photon thus emitted is called the stimulated photon and will have same phase, energy 

and direction of movement as that of the passing photon called the stimulated photon. 

 

When the electron in the excited level is supplied with an external photon having the same 

energy as = E2 – E1, then the excited electron is stimulated to come back to the ground level even before 

10
-8

 seconds.  This is called stimulated emission.  During this process, the external photon comes out with 

the photon produced by the electron transition, both with same phase.  That is these two photons are 

coherent and intensity is more.  Thus the supplied light is amplified.  This is the basic principle followed 

in the production of laser ray. 
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Expression for Energy density   in terms Einstein’s coefficients   A and B 
Einstein’s co-efficient give the probability associated with the absorption and emission processes. 

 Consider two energy states E1 and E2 of a system of atoms.  Let N1 (number density of atoms in 

the states 1) be number of atoms with energy E1, and N2 (number density of atoms in the states 2) be 

number of atoms with energy E2 per unit volume of the system.  Let U d be the energy incident / unit 

volume of the system considering only those radiations whose frequencies lie in the range  &  + d.  
Then, U represents the energy density of frequency   . 
(i) Case of Induced Absorption:- 

 

 Rate of absorption  N1 U= B12 N1 U.  Where B12 is the constant of proportionality  

called Einstein’s co-efficient of induced absorption. 

(ii)Case of spontaneous emission:- 

 
 In the case of spontaneous emission, an atom in the higher energy level E2 undergoes transition 

to the lower energy level E1, voluntarily by emitting a photon.  The rate of spontaneous emission (number 

of spontaneous emissions per unit time, per unit volume) is proportional to only the number density in the 

higher energy state, i.e., N2 

 Rate of spontaneous emission = A21 N2, 

Where A21 is the constant of proportionality called Einstein’s co-efficient of spontaneous emission. 

(iii) Case of stimulated emission:- 

 

Since the system requires an external photon of appropriate frequency  = (E2 – E1)/h, to stimulate the 

atom for the corresponding downward transition.  The rate of stimulated emission (number of stimulated 

emission per unit time per unit volume), is proportional to (a) the number density N2, (b) the energy 

density U. 

 Rate of stimulated emission = B21 N2 U. 

Where B21 is the constant of proportionality called the Einstein’s co-efficient of stimulated emission.. 

At thermal equilibrium, 
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https://www.google.com/search?sca_esv=da27cfff2af433e7&rlz=1C1CHBD_enIN1051IN1051&sxsrf=AE3TifPX9mpJGZ8-Us9Q5r69UxDng06PoQ%3A1761032298883&q=stimulated+emission&sa=X&ved=2ahUKEwjqq_PE5LSQAxUV7TgGHbHnHxgQxccNegQIIRAB&mstk=AUtExfDCLP-Jq93xCwgSmSYlVgj3HAEGLwR3pwO4DBCLLi2cfRSmj_u2wZExIL7Merhd0Avg2Oej5oq-q0Bz1s_T1OxewrS2iCuqenp8r3HgJonbMF538P0Ikf1FdwPU64xMAjRAwxqHfL0mL4Y50r1SfWO4ARFNxK135jjLOZX3InTZc4g&csui=3
https://www.google.com/search?sca_esv=da27cfff2af433e7&rlz=1C1CHBD_enIN1051IN1051&sxsrf=AE3TifPX9mpJGZ8-Us9Q5r69UxDng06PoQ%3A1761032298883&q=population+inversion&sa=X&ved=2ahUKEwjqq_PE5LSQAxUV7TgGHbHnHxgQxccNegQIJBAB&mstk=AUtExfDCLP-Jq93xCwgSmSYlVgj3HAEGLwR3pwO4DBCLLi2cfRSmj_u2wZExIL7Merhd0Avg2Oej5oq-q0Bz1s_T1OxewrS2iCuqenp8r3HgJonbMF538P0Ikf1FdwPU64xMAjRAwxqHfL0mL4Y50r1SfWO4ARFNxK135jjLOZX3InTZc4g&csui=3

































