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Gaussian Beams 
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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 
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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 

8 



Prof. Elias N. Glytsis, School of ECE, NTUA 

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 Radius of Curvature 

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 
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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  
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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 
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https://www.comsol.com/blogs/understanding-the-paraxial-gaussian-beam-formula/ 

Validity of Paraxial Approximation 

Paraxiality = 



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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Fabry-Perot  Interferometer 

Reflected Waves 
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Stokes Relations 
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Fabry-Perot  Interferometer 

Transmitted Waves 
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Fabry-Perot  Interferometer 
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Symmetric  Fabry-Perot  Interferometer 

n1 = n3 = n0   and  n2 = nf 
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Electromagnetic  Analysis of  Fabry-Perot  Interferometer 
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Electromagnetic  Analysis of  Fabry-Perot  Interferometer 
Οριακές Συνθήκες 
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Electromagnetic  Analysis of  Fabry-Perot  Interferometer 
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Fabry-Perot Interferometer 
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Asymmetric Fabry-Perot Interferometer 
with  Gain or Loss 

G = eγd 

Gain Loss 
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Symmetric  Fabry-Perot  Interferometer 
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Resonant Frequencies 
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Symmetric  Fabry-Perot  Interferometer 
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Coefficient  of  Finesse 

Coefficient  of  Finesse 
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Symmetric  Fabry-Perot  Interferometer 
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Minimum Wavelength Separation 
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Symmetric  Fabry-Perot  Interferometer 
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Resolving Power 

Finesse 



Fabry-Perot Interferometer 
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Two-Mirror Laser Resonator 
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http://www.optique-ingenieur.org/en/courses/OPI_ang_M01_C03/co/Contenu_11.html 

ℓ 
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Two-Mirror Laser Resonator  Example 

R1 = Infinite 

R2 = 1m (R2>0) 
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ℓ 



Two-Mirror Laser Resonator  Example 

R1 = Infinite, R2 = 1m (>0), L = R2/2 = 0.5m 

z0 = 0.5m,  w0 = 317.35μm, z1 = 0, z2 = 0.5m 
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Two-Mirror Laser Resonator  Example 

R1 = 0.3m (R1>0) 

R2 = 0.5m (R2>0) 
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Two-Mirror Laser Resonator  Example 

R1 = 0.3m (>0), R2 = 0.5m (>0), L = 0.6m R1 = 0.3m (>0), R2 = 0.5m (>0), L = 0.2m 

z0 = 0.15m,  w0 = 173.82μm,  
z1 = -0.15m, z2 = 0.45m 

z0 = 0.15m,  w0 = 173.82μm,  
z1 = -0.15m, z2 = 0.05m 
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Two-Mirror Laser Resonator  Example 

R1 = -0.3m (R1<0) 

R2 = 0.5m (R2>0) 
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Two-Mirror Laser Resonator  Example 

R1 = -0.3m (<0), R2 = 0.5m (>0), L = 0.25m R1 = -0.3m (<0), R2 = 0.5m (>0), L = 0.5m 

z0 = 0.1382m,  w0 = 166.84μm,  
z1 = 0.2083m, z2 = 0.4583m 

z0 = 0.0928m,  w0 = 136.71μm,  
z1 = 0.0321m, z2 = 0.4821m 
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Different Laser Resonator Geometries  
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Cavity Lifetime – Approximate Approach 

Assume N round-trips in the cavity: 
ℓ 

R1 R2 
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Cavity Lifetime – Accurate Approach 

Rate of decrease in intensity (or number of photons) in the cavity: 

Survival Ratio: 

Round-Trip Time: 

ℓ 

R1 R2 
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