
7. 7. 7. 7. Optical FiberOptical FiberOptical FiberOptical Fiber

7.1 Electromagnetic wave guided in an optical fiber
Cylindrical coordinate system:
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EMW in optical fiber

wave equations:
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EMW in optical fiber

Bessel differential equations:
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EMW in optical fiber

: TE or TM  � axial symmetry
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7.2 Eigen value equation

boundary conditions:       ,        ,       ,         are to be continuous at r=a.zE zH ϑE ϑH
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eigen mode in an optical fiber: TE and TM mode

(1) 0=n const=Θ )(θ
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eigen mode in an optical fiber: hybrid mode

weakly guided approximation
0≠zE: hybrid  � and0≠n 0≠zH(2)
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With the help of Bessel function’s equalities, all the modes can be  
included in the following characteristic equation.

mlLP



7.3 Guided mode

Normalized frequency:
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7.4 Group velocity and wavelength dispersion

group velocity:
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material dispersion
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waveguide dispersion

β changes as wavelength changes due to 
confinement variation into waveguide 
core.
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total dispersion

total dispersion: wm σσσ +=

(1)normal dispersion (GVD>0, σ<0):

(2)anomalous dispersion (GVD<0, σ>0):

vg increases as a wavelength 
becomes longer.

vg decreases as a wavelength 
becomes longer.
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7.5 Nonlinear effect (SPM) and soliton

optical Kerr effect: 2
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