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DE NPHD405 LASER SCIENCE AND ENGINEERING 3 0 0 3 

 

Prerequisite 

 Basic knowledge of Electromagnetics, Optics, and Modern Physics would be required 

Course Objective 

 This course will provide knowledge of the basic concepts, new advancements and applications of 
lasers. The course contains basic theory and applications of lasers in research and industry. 

 

Learning Outcomes  

 Upon successful completion of this course, students will know about various lasers and their 
applications in research and industry. 

 

 
Unit 
 No. 

Topics to be Covered 
Lecture 
Hours 

Learning Outcome 

1 

Overview: Radiation: energy density and pressure of radiation, cavity 

radiation, modes of oscillation. Gaussian beam properties, 

Monochromaticity, Directionality and Coherence. Atomic energy 

levels. 

4 
In this section students 
will learn basics of 
radiation. 

2 

Interaction of radiation with matter: absorption, spontaneous and 

stimulated emission, Einstein coefficients, absorption and emission 

cross-sections, amplification of radiation, spectral lines shapes, 

different types of broadening mechanism, gain calculation, threshold 

conditions for 3-level and 4-level laser systems. 

6 

In this section students 
will learn necessary 
theory needed for the 
laser action. 

3 
Pumping schemes; Stable and unstable resonators, Laser Cavity, 

Longitudinal and Transverse Modes, Mode Selection, Q-switching, 

Mode locking, Pico-second and Femtosecond pulse generation. 

6 

In this section students 
will learn about 
various pumping 
schemes and pulse 
shortening processes. 

4 Optical parametric oscillator, Higher harmonic generation; white light 

continuum generation. 
5 

In this section students 
will learn about 
extreme UV laser 
generation. 

5 Laser systems: Tunable lasers: Dye lasers; Gas lasers: He-Cd, CO2, 

Solid state lasers: Nd:YAG, Ti: Sapphire and Fibre lasers. 
6 

In this section students 
will learn about 
various lasers. 

6 
Semiconductor lasers: Laser materials, Laser structure, Frequency 

control of laser output, Modern diode laser, Quantum cascade lasers, 

p-Ge lasers, Vertical-cavity surface-emitting laser. 

6 
In this section students 
will learn about 
semiconductor lasers 

7 

Time-resolved spectroscopy: fluorescence lifetime, various 

measurement techniques- oscilloscope method, time-correlated single 

photon counting, Streak Camera. Pump-probe spectroscopy and its 

applications. Laser applications as non-destructive testing, LIDAR, 

laser trapping and manipulations (tweezers). Lasers in material 

science, pulsed laser deposition, plasma generation, micromachining 

and bio-applications. 

9 

In this section students 
will learn various 
applications of lasers 
in research and 
industry 

 Total 42  



Textbooks: 
1. Laser Fundamentals: W. T. Silfvast; 2nd Edition, Cambridge University Press, 2004. 
2. Principles of Lasers: O. Svelto; 5th Edition, Springer, 2009. 
3. Lasers: Fundamentals and Applications; K. Thyagarajan and A. K. Ghatak; 2nd Edition, Macmillan 

Publishers India Ltd., 2011. 
 
Reference books: 

1. Lasers: A. E. Siegman; 1st Edition, University Science Books, 1986. 
2. Semiconductor Laser Fundamentals: T. Suhara; 1st Edition, Marcel Dekker, 2004. 
3. Optics and Lasers: Including Fibers and Optical Waveguides: M. Young; 5th Edition, Springer, 2000. 
4. Optics, Light and Lasers: The Practical Approach to Modern Aspects of Photonics and Laser Physics: 

D. Meschede; 2nd Edition, Wiley-VCH, 2007. 
5. Lasers: B. A. Lengyel; 2nd Edition, Wiley-Interscience, 1971. 
6. Solid-State Laser Engineering: W. Koechner; 6th Edition, Springer, 2006. 


