
Mansoor Sheik-Bahae 

Office:  Physics & Astronomy Rm. 1109 (North Wing)    

Phone: 277-2080     

E-mail: msb@unm.edu  

To see me in my office, please make an appointment (call or email). 

  

Class meeting times: Mondays, Wednesdays  17:30- 18:45 am;   

Physics and Astronomy, Room 184 

  

Textbook: Laser Electronics   By  Joseph T. Verdeyen 

  

Reference Textbooks:   

Optical Electronics in Modern Communications by  Amnon Yariv,    

Lasers by A. E. Siegman,  Laser Fundamentals by William Silfvast 

  

Pre-requisites:  E&M, Undergraduate  Physics, Modern Physics, 

Knowledge of Differential Equations, Linear & Complex Algebra. 

  

Teaching Assistant: Behnam Abaei  

Homework problem sets will be assigned on a regular basis throughout the semester, most likely one set per week.   

Tests:   There will be two exams:  One Midterm and the Final  Exam.   

  

Tentative Test Date (subject to change):      Midterm: Wed. Oct. 15      

Grading:   The final grade is weighted as follows:  

Midterm: 35% 

Final: 50%  

Homework: 15% 

http://www.optics.unm.edu/sbahae/physics464/index.htm


1- Introduction  (historical overview)           [1 lecture] 

2- Review of E&M theory (Chapter 1)           [2 lectures]     

3-Ray tracing (ABCD matrix method) (Chapter 2)  [3 lectures]     

4-Gaussian Beams (Chapter 3)                     [4 lectures]     

5-Optical Cavities (Chapter 5 & 6)         [2 lectures]     

6-Gain Medium (field-atom interaction) (Chapter 7)  [5 lectures]     

7- Laser Oscillation (Chapter 8)     [4 lectures]     

8- General Laser Characteristics (Chapter 9)  [6 lectures]     

9- Various Laser Systems (Parts of Chapters 10 & 11)  [3 lectures]     

Course Syllabus  



LASER: Light Amplification by Stimulated Emission of Radiation 

May 17, 1960 

Ted Maiman 

Introduction  (historical overview)    



Quantum mechanics is born: Planck (1900), Bohr (1913) 

 

 

 

 

 

 

Einstein postulated the principle of the “stimulated emission” (1917) 

 

 

A Brief History of Laser 





• (1928) Observation of negative absorption or stimulated emission near to 

resonant wavelengths, Rudolf Walther Ladenburg 
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Stimulated  Emission 

(negative absorption) 



MASER is invented (Townes,  Basov and Prokhorov) 1954 

  

 

 

 

 

 

 

 

A Brief History of Laser 

•Some critics (then) called it(the MASER) : Means of Acquiring Support for Expensive Research ! 





 

Laser operation is predicted by Shawlow and Townes (1957) 

 

 



Theodore H. Maiman  

" Stimulated optical radiation in ruby " Nature  Vol 187 p. 493 ( Aug. 6 , 1960 ) 

…..just another maser !!?? 

The Laser Happens!   
May 17, 1960 





    Ali Javan and the 
He-Ne Laser 

First continuous-wave (CW), gaseous laser 







Laser was also once called:  

“solution looking for a problem!!” 

http://www.imdb.com/video/wab/vi1636107033/ 

 

By: Lawrence Sutherland  

http://www.imdb.com/video/wab/vi1636107033/
http://www.imdb.com/video/wab/vi1636107033/










2.5  Main Components of a Laser 

  

1. Power Supply or Pump Source 

          Examples are  arc-lamp, another laser, electric discharge, chemical reaction, electrical current,  

2. Gain (Amplifying) Medium 

            Can be solid, gas or liquid 

3. Laser Cavity (Resonator) 

          Example: two mirrors 
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2.  What is a laser? 

2.1 What is light?! 

Electromagnetic radiation: 
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Propagation is governed by Maxwell’s equations 
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Section 2.1  p.2 
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 Light Intensity  (I) and Power (P) 

Since optical frequencies are very high (>1014 Hz), the detectors measure a time average of the flux 

density contained in the electromagnetic  field.   This is called the light intensity and has units of power 

per unit area: 
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 n= refractive index (depends on wavelength: dispersion) 

 c= speed of light in vacuum (3x1010 cm/sec) 

0= permittivity of free space (8.85x10-12 F/m) 

Section 2.1  p.2 
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Another commonly used attribute of light: 

    Brightness= Power/(Solid Angle.Frequency) 



useful formulas:  (m)1.24/E(eV) 

                            (m)=10000/E(cm-1) 

Photon density in an optical beam (number of photons per unit volume):   
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2.2 What is a Photon? 

In addition to the wave nature,  light (electromagnetic waves) also can be viewed as stream of quantum 

particles with energy of each particle is given:  

                                                                  E=h=hc/ 

where h=6.63x10-34 J-sec  is the Plank’s  constant.                             

E=h=hc/ 
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Temporal Coherence: The phase (t) can vary randomly with time.   

c 

Spatial Coherence: The phase (r) can vary randomly with transverse distance of an extended source   

The coherence time (     )  is defined as the mean interval between such random variations. c  

Spatially coherent 

Spatially incoherent 

r 

z 

2.3 Temporal and Spatial Coherence 
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Interferometers 

(Measuring the Coherence Properties of Light) 
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Section 2.3  p.2 

Example: Michelson Interferometer 

mirrors 

beam splitter 



2.4  Properties of Laser Radiation 

High degree of temporal coherence (almost single wavelength) 

 

High degree of spatial coherence (highly directional, low divergence) 

 

Efficient (e.g., wall plug efficiencies of 50% in semiconductor lasers) 

 

Very very short pulses (<10 fs) have been generated 

 

High average (e.g. > 100 kW!) and peak powers (e.g. > 10 TW!) can be achieved 
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Laser versus white light bulb: a comparison Section 2.4  p.2 
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