
Fundamental of 
Laser Physics

Light Amplification by Stimulated Emission of Radiation



1916: The first theoretical foundation of LASER and MASER was given by A. Einstein 
using Plank’s law of radiation that was based on probability coefficients (Einstein 
coefficients) for absorption and spontaneous and stimulated emission of electromagnetic 
radiation. 	

1928: First theoretical description of R.W. Ladenburg on stimulated emission and 
negative absorption which is based on Einstein’s theory. 	

1947: Its experimental demonstration the stimulated emission and negative absorption by 
W.C. Lamb and R.C. Rutherford.	

1950: Alfred Kastler had proposed on optical pumping in and its demonstration by 
Brossel, Kastler, and Winter two years later. 	

1960: Theodore Maiman was the first to demonstrate the earliest practical laser. 
Maiman’s first laser was based on optical pumping of synthetic ruby crystal using a 
flash lamp that generated pulsed red laser radiation at 694 nm. 1960: Iranian scientists 
Javan and Bennett made the first gas laser using a mixture of He and Ne gases in the 
ratio of 1:10. 	

1962: R. N. Hall demonstrated the first diode laser made of gallium arsenide (GaAs), 
which emitted radiation at 850 nm, and later in the same year Nick Holonyak developed 
the first semiconductor visible-light-emitting laser.

Historical Development of LASER



Electromagnetic Spectrum

Electromagnetic spectrum???!
!
Maxwell’s equations???!
!
Quantum electrodynamics???



Basic Construction and Principle of Lasing Action
	 	 Photon Energy hν = E2 − E1 	
1916: Einstein’s theory, emission process may occur in two different ways 	

(i) Stimulated emission	
(ii) Spontaneous emission	

Either it may induced by photon or it may occur spontaneously.



(i) N1 and N2 atoms per unit volume with energies E1 and E2 (E2 > E1) is irradiated 
with photons of density ρν = N hυ, where N = number of photons of frequency ν per 
unit volume. 	

(ii) Stimulated absorption and stimulated emission rates	
	 Absorption (1—>2)=N1 ρv B12 and Stimulated Emission (2—>1) =N2 ρv B21 	
where B12 and B21 are constants for up and downward transitions.	

(iii) Rate of spontaneous transition depends on the average lifetime, τ21, of atoms in 
the excited state and is given by N2A21, where A21 is a constant. 	

(iv) B12, B21, and A21 are known as Einstein coefficients. Employing the condition of 
thermal equilibrium in the ensemble, Boltzmann statistics of atomic distribution, 
and Planck’s law of blackbody radiation.	

(v) It is easy to find out B12 = B21, A21 = B21(8πhν3/c3), known as Einstein relations 
of spontaneous and stimulated emissions rates and ratio of the coefficient (R) = 
exp(hν/kT) − 1.	

(iv) Stimulated emission requires higher rate of stimulated emission than 
spontaneous emission and self-absorption, which is only possible for N2 > N1 (as B12 

= B21 ) even though E2 > E1 (opposite to the Boltzmann statistics).



Basically every laser system essentially has following parameters to execute the 
pumping and population inversion for lasing:	
-An active/gain medium (solid, liquid, or gas and have the property to amplify 
the amplitude of the light wave passing through it by stimulated emission, while 
pumping may be electrical or optical)	
-A pair of optically parallel and highly reflecting mirrors (The gain medium 
used to place between pair of mirrors in such a way that light oscillating 
between mirrors passes every time through the gain medium and after attaining 
considerable amplification emits through the transmitting mirrors).



Different geometries of 	
stable optical resonators	



Laser Systems for attaining condition of 	
Pumping & Population Inversion

Energy level diagram for (a) three- and (b) four level laser systems



LASER modes

The output of laser beam actually consists of a number of closely spaced spectral 
lines of different frequencies in a broad frequency range. The discrete spectral 
components are termed as laser modes, and coverage range is the line width of the 
atomic transition responsible for the laser output. Laser modes are categorized into 
axial and transverse modes.	
	1)  Axial modes: Let dφ = 2π/λ∗(2L) be the phase change in the laser wave after a  

round-trip in the cavity. Light incident on a mirror and that reflected from that 
mirror construct a standing wave similar to a string bounded at both the ends. All 
the axial modes are due to the propagation of plane waves along the line joining 
centers of two reflecting mirrors. 	

	2)  Transverse modes: Unlike the plane waves propagating along the axis of the  
cavity in axial modes, there are some other waves traveling out of the axis that are 
not able to repeat their own path termed as transverse electromagnetic 	



Axial laser modes (a) a simple illustration and (b) inside the laser line width, which shows 
that the mode at the center of the line has maximum intensity.



Various TEM modes of the laser.



Types of Laser and Their Operations
Depending on the nature of the active media, lasers are classified into three main 
categories:	
(i) Solid State Lasers	
	 Solid state lasers have active media obtained by embedding transition metals (Ti+3, Cr+3, V+2, 	 	
	 Co+2, Ni+2, Fe+2, etc.), rare earth ions (Ce+3, Pr+3, Nd+3, Pm+3, Sm+2,Eu	 +2,+3, Tb+3, Dy+3, 	
	 Ho+3, Er+3, Yb+3, etc.), and actinides	

(ii) Liquid Laser	
	 The solution of dye molecules is optically excited by a wavelength of radiation with good 	 	
	 absorption coefficient, it emits radiation of longer wavelength, known as fluorescence.	

(iii) Gas Laser	
	 Gas lasers are widely available in almost all power (milliwatts to megawatts) and wavelengths (UV-	
	 IR) and can be operated in pulsed and continuous modes. Based on the nature of active media, there 	
	 are three types of gas lasers viz atomic, ionic, and molecular. Most of the gas lasers are pumped by 	
	 electrical discharge.	

Scientists and researchers have investigated a wide variety of laser materials as active 
media in each category since 1958, when lasing action was observed in ruby crystal. It is 
inconvenient to discuss all lasers having these materials as active media.



Spectrum of 
available laser 
systems, their 
wavelength 
range and active 
media



Spectrum of 
available laser 
systems, their 
wavelength 
range and active 
media



Energy level diagram for He–Ne laser system.



Trigger unit and LCR circuit diagram for solid state lasers.



Energy level diagrams for doped insulator lasers: (a) ruby and (b) Nd:YAG



Properties of Laser Radiation
Light produced from the lasers have several valuable characteristics not 
shown by light obtained from other conventional light sources, which 
make them suitable for a variety of scientific and technological 
applications. 	

(i) Monochromaticity	
(ii) Directionality	
(iii) Laser line width	
(iv) Brightness 	
(v) Coherence of laser light make them highly important for various 

materials processing and characterization applications	
(vi) Focusing of Laser Beam



Modification in Basic Laser Structure
Addition of some electronic, optical, or electro-optical systems between the 
active media and mirror to modify the pulse width, pulse shape, and energy/
pulse and generation of integral multiple of laser frequency is important for 
advanced technological applications. 	
There are some commonly used methods in advanced laser technology:	
	 	 Mode locking or phase locking	
	 	 Q-switching	
	 	 Pulse shaping	
	 	 Pulse compression	
	 	 Expansion, frequency multiplication, and so on…
Basic Principle of Mode Locking  
Mode locking is a technique in optics by which a laser can be made to produce light 
pulses of extremely short duration of the order of picoseconds (10−12 s) or femtosec- 
onds (10−15 s). The basis of this technique is to induce constant phase relationship 
between the modes of laser cavity.





Amplitude Division Technique



Optical Computing Devices

Nano Optics!
/Nano-photonics!

/Periodic Structures


