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Gaussian Beams 

https://wtamu.edu/~cbaird/sq/images/laser_red.png 

He-Ne Laser Green Laser  Pointer 
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Necessity  for  an  expression  of  an  electromagnetic  field  with  finite  
cross-sectional  area     Gaussian  Beams 
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Gaussian Beams – TEM Solutions 

Gauss’  Law: 

Approximations: 

TEM  Approximation: 

2D Divergence 

https://cdn.kastatic.org/ka-perseus-
images/4054da358c8ceddef75ccf33cd9c6ae47367b003.svg 
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Gaussian Beams – TEM Solutions 

Helmholtz Scalar Equation 

Paraxial Wave Equation 

Fundamental TEM Solution 

TEM  Approximation: 
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Gaussian Beams – TEM Solutions 

Fundamental TEM Solution 

Minimum Beam Waist and Rayleigh Distance 



Gaussian Beams 
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Gaussian Beams 

Radial Profiles at various z Distances from Focal Plane  
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Gaussian Beams 

Electric Field Snapshot in Time 
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Gaussian Beams 

Intensity Snapshot in Time 
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Gaussian Beams 

Gaussian Beam Divergence 

Gaussian Beam Power 
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Gaussian Beams 

Gaussian Beam Radius of Curvature 

Spherical Wave 

Fundamental Gaussian Beam 
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Gaussian Beams 

Fundamental Gaussian Beam 

Gaussian Beam Radius of Curvature 
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Gaussian Beams 

Gaussian Beam Longitudinal Phase Shift – Gouy’s Shift 

Phase Velocity (exact) Phase Velocity (approximate) 
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Gaussian Beams 

Gaussian Beam Longitudinal Phase Shift – Gouy’s Shift 



Hermite-Gaussian Beams  

Some  Hermite  Polynomials 
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TEM00 TEM10 TEM11 

TEM20 TEM02 TEM21 

TEM30 TEM31 TEM32 

TEM33 TEM40 TEM63 

Hermite-Gaussian Beams Patterns  



Experimental Patterns 
of Gaussian Beams  

From A. Yariv and P. Yeh, “Photonics” 6th Ed. Oxford University Press, 2007 
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TEM00 
TEM10 TEM01 

TEM11 TEM21 

Hermite-Gaussian Beams Patterns  
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Laguerre-Gaussian Beams  

Some  Laguerre  Polynomials 
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Laguerre-Gaussian Beams Patterns  
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Validity of Paraxial Approximation 

P. Vaveliuk et al, “Limits of the paraxial approximation in laser beams”, Opt. Lett., 32, (927-929), 2007 



Gaussian  Beams  and  ABCD  Law 
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Gaussian  Beams  and  ABCD  Law  Examples 

qin qout 

Input 
Plane 

Output 
Plane 
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2W0 
2W0’ 

z z’ 

Gaussian  Beams  and  ABCD  Law  Examples 
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