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Geometry of a Single Core Layer Cylindrical Waveguide 
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Maxwell’s Equations: 

Helmholtz’s Equation: 
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Single Core Layer Cylindrical Waveguide 

Helmholtz’s Equations for Transverse and Longitudinal Components 

Expressions for Longitudinal Components 
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Relations of  Transverse and Longitudinal Components 
Maxwell’s Curl Equations 

Single Core Layer Cylindrical Waveguide 
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Transverse Field Components as Functions of 
 Longitudinal Field  Components 

Single Core Layer Cylindrical Waveguide 
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Longitudinal  Electric  Field  Component 

Separation of Variables 

Single Core Layer Cylindrical Waveguide 
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Azimuthal and Radial Solutions 

Transverse Electric Field Component Solution 

Single Core Layer Cylindrical Waveguide Field Solutions 
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Oscillatory  Bessel  Functions  Behavior (Jν  and Yν) 
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Modified  Bessel  Functions  Behavior (Iν  and Kν) 
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Guided  Modes  Condition 

Core-Region Longitudinal Field Components (r < a) 

Cladding-Region Longitudinal Field Components (r > a) 

Single Core Layer Cylindrical Waveguide Field Solutions 
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Single Core Layer Cylindrical Waveguide Boundary Conditions 

z-component of Electric field (Ez) at r = a 

z-component of Magnetic field (Hz) at r = a 
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Single Core Layer Cylindrical Waveguide Boundary Conditions 

φ-component of Electric field (Eφ) at r = a 
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Single Core Layer Cylindrical Waveguide Boundary Conditions 

φ-component of Magnetic field (Hφ) at r = a 
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Single Core Layer Cylindrical Waveguide Dispersion Equation 

Guided Modes Condition 
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Single Core Layer Cylindrical Waveguide Dispersion Equation 

Relations between coefficients 
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Case of ν = 0:  TE0m and TM0m Guided Modes 

Single Core Layer Cylindrical Waveguide Dispersion Equation 

Relations between coefficients 
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Case of ν = 0:  TE0m and TM0m Guided Modes 

Single Core Layer Cylindrical Waveguide Dispersion Equation 
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Case of ν ≠ 0:  EHνm and  HEνm Guided Modes 

Single Core Layer Cylindrical Waveguide Dispersion Equation 

Dispersion Equation for EHνm Guided Modes 

Dispersion Equation for HEνm Guided Modes 
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TE0m  and  TM0m Guided  Modes   
Electric & Magnetic Fields 

TE0m Guided Modes 
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TE0m  and  TM0m Guided  Modes   
Electric & Magnetic Fields 

TM0m Guided Modes 



Prof. Elias N. Glytsis, School of ECE, NTUA 21 

TE0m  and  TM0m Guided  Modes   
Electric & Magnetic Fields 

TE01 Guided Mode:  n1 = 1.50, n2 = 1.47, a = 5μm, λ0 = 1.55μm 
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TE0m  and  TM0m Guided  Modes   
Electric & Magnetic Fields 

TE01 Guided Mode:  n1 = 1.50, n2 = 1.47, a = 5μm, λ0 = 1.55μm 
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TE0m  and  TM0m Guided  Modes   
Electric & Magnetic Fields 

TE02 Guided Mode:  n1 = 1.50, n2 = 1.47, a = 5μm, λ0 = 1.55μm 
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TE0m  and  TM0m Guided  Modes   
Electric & Magnetic Fields 

TE02 Guided Mode:  n1 = 1.50, n2 = 1.47, a = 5μm, λ0 = 1.55μm 
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TE0m  and  TM0m Guided  Modes   
Electric & Magnetic Fields 

TM01 & TM02 Guided Modes:  n1 = 1.50, n2 = 1.47, a = 5μm, λ0 = 1.55μm 
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EHνm  and  HEνm  Guided  Modes   
Electric Fields 
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EHνm  and  HEνm  Guided  Modes   
Magnetic Fields 
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HE11  Guided  Mode  Electric & Magnetic Fields 

n1 = 1.50, n2 = 1.47, a = 5μm, λ0 = 1.55μm 
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HE11  Guided  Mode  Electric & Magnetic Fields 

n1 = 1.50, n2 = 1.47, a = 5μm, λ0 = 1.55μm 
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HE11  Guided  Mode  Poynting Vector  

n1 = 1.50, n2 = 1.47, a = 5μm, λ0 = 1.55μm 
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HE12  Guided  Mode  Electric & Magnetic Fields 

n1 = 1.50, n2 = 1.47, a = 5μm, λ0 = 1.55μm 
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HE12  Guided  Mode  Electric & Magnetic Fields 

n1 = 1.50, n2 = 1.47, a = 5μm, λ0 = 1.55μm 
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HE12  Guided  Mode  Poynting Vector  

n1 = 1.50, n2 = 1.47, a = 5μm, λ0 = 1.55μm 
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EH11  Guided  Mode  Electric & Magnetic Fields 

n1 = 1.50, n2 = 1.47, a = 5μm, λ0 = 1.55μm 
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EH11  Guided  Mode  Electric & Magnetic Fields 

n1 = 1.50, n2 = 1.47, a = 5μm, λ0 = 1.55μm 
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EH21  Guided  Mode  Electric & Magnetic Fields 

n1 = 1.50, n2 = 1.47, a = 5μm, λ0 = 1.55μm 
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EH21  Guided  Mode  Electric & Magnetic Fields 

n1 = 1.50, n2 = 1.47, a = 5μm, λ0 = 1.55μm 
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TE0m , TM0m , Ehνm, and  HEνm  Guided  Modes  

Test Case Parameters:  n1 = 1.50, n2 = 1.47, a = 5μm, λ0 = 1.55μm 

Effective  Indices 
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Mode  Effective  Index  vs  Normalized  Frequency 

Small  Δn = n1 – n2  = 0.03 
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Mode  Effective  Index  vs  Normalized  Frequency 

Large  Δn = n1 – n2  = 0.20 
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Weakly  Guided  Approximation 

Assume  only  transverse  fields – Scalar Wave Equation 
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Weakly  Guided  Approximation 

Dispersion Equation for Guided Modes 

Linearly  Polarized  Modes  (LP-modes) 
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LP-Modes Examples 
Test Case Parameters:  n1 = 1.50, n2 = 1.47, a = 5μm, λ0 = 1.55μm 
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LP-Modes Examples 
Test Case Parameters:  n1 = 1.50, n2 = 1.47, a = 5μm, λ0 = 1.55μm 
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LP-Modes Examples 
Test Case Parameters:  n1 = 1.50, n2 = 1.47, a = 5μm, λ0 = 1.55μm 
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LP-Modes Examples 
Test Case Parameters:  n1 = 1.50, n2 = 1.47, a = 5μm, λ0 = 1.55μm 

Hybrid  Modes 

LP  Modes 
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Cutoff  Conditions  
(under  weakly-guiding  approximation) 
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Cutoff  Conditions  
LP-Modes  (from J. A. Buck, “Fiber Optics”) 
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Cutoff  Conditions  
LP-Modes  (from A. Ghatak and K. Thyagarajan, “Introduction to Fiber Optics”) 
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Power   Considerations (LP Modes) 
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Power   Considerations (LP Modes) 
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