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Waves in Free Space 

Plane Wave Spherical Wave 
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Gaussian Beams 

Laser Cavity
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Spherical

wave front
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Guided Waves 
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Analysis of Guided Waves 

Simulation 

Analytical Numerical 

Exact Solutions 
Approximate 

Solutions 

e.g. (Effective 

Index Method) 

Beam Propagation 

Method 
FDTD Other 

Ray Approach 

Maxwell’s Eqs. 

Helmholtz Eqs. 

Slab Waveguides 

Optical Fibers 
Rectangular 

Waveguides 

Most 

Waveguides 

Nano- 

Photonic 

Devices 
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An Simulation for Which FDTD is 

Particularly Well-Suited 

Dielectric Post 

Optical 

Field 

0.2 m 

Simulated 

Results 

A Photonic Crystal 



• Approximate, but can be used to simulate 

waves in a wide variety of photonic devices. 
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Beam Propagation Method 

BeamPROP simulation of a Mach-
Zehnder modulator operating 
completely out of phase. The power in 
each arm is shown on the right. 

BeamPROP simulation of a multi-mode 
interference device (MMI) operating 
as a 1 to 3 optical aplitter  
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Slab Waveguides 

Sines or 

Cosines 
Exponentials 
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Question 

What functions could be used to describe 

the cross-sectional profile for a guided 

optical wave in waveguide with a 

rectangular cross-section? 

High Refractive 

Index 

Send response to akost@arizona.edu 

Low Refractive Index 
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Field Profiles in Rectangular 

Waveguides 

E( , ) E( )E( )x y x y

we use a sine or cosine 

function for E(x) and E(y)  

in the core (high index region) 

of the guide 

We use an exponential 

function for E(x) out here 

We use an exponential 

function for E(y) out here 

Commonly used approximation 
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Question 

What functions are used to describe 

the cross-sectional profiles for  

optical waves in optical fibers? 

 

Hint: Optical fibers have cylindrical 

Symmetry 

 

Send response to akost@arizona.edu 
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Field Distributions in Optical Fibers 

EH Modes: 
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HE Modes: 
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