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 Assumption: the cladding radius is infinite 

 In cylindrical coordinates the Helmholtz equation becomes 
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For each l value there are m solutions for β. 

Each value βlm corresponds to a particular fiber mode. 

 

Number of Modes Supported by an Optical Fiber: 
 

Solution of the characteristics equation U(r,φ,z)=F(r)e-jlϕe-jβlmz is called a 

mode, each mode corresponds to a particular electromagnetic field pattern 

of radiation. The modes are labelled LPlm. 

Number of modes M supported by an optical fiber is related to the V 

parameter (the effective thickness of the optical fiber) defined as: 

 

Where n1 , n2 are refraction index of the core and the cladding, a is core 

radius, and λ is wavelength of the light propagating through the fiber. Let's 

remind that the effective thickness of the optical fiber given by equation 

above is expressed by the same formula as the parameter called the 

normalized frequency which allow to define a cut-off frequency. 

Let as suppose M is an increasing function of V. 

If V <2.405, M = 1 and only the mode LP01 propagates: the fiber is said to 

be Single-Mode. Number of modes well approximated by: 
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Example: When 2a = 50 μm, n1 =1.46, n2 =1.48 and λ=1.3 μm: Calculate 

the number of modes V. 

𝑀 = 𝑉2/2 = (50𝜋 1.3⁄ )2/2 (1.482 − 1.462) = 429.2402 

Example: What is the maximum core diameter for a fiber if it is to operate 

in single mode at a wavelength of 1550 nm, when the NA is 0.12? 
 

From numerical aperture definition NA: 

𝑁𝐴 = √𝑛1
2 − 𝑛2

2 

𝑉 = (
2𝜋𝑎

𝜆
) × 𝑁𝐴 

Solving for a yields: 

𝑎 =
𝑉𝜆

2𝜋 × 𝑁𝐴
 

For single-mode operation, V must be 2.405 or less. The maximum core 
diameter occurs when V = 2.405. So, plugging into the equation, we get: 

 

amax = (2.405)(1550 nm)/[(2π)(0.12)] = 4.95 μm 
 

or 
 

dmax = 2 ×amax = 9.9 μm 
 

Example: A manufacturer wishes to make a silica-core, step-index fiber 

with V = 75 and a numerical aperture NA = 0.30 to be used 820 nm. If n1 = 

1.458, what should the core size and cladding index be? 

𝑎 =
𝑉𝜆

2𝜋 × 𝑁𝐴
 

𝑎 =
(820 𝑛𝑚)(75)

2𝜋 × (0.3)
=  3.2627 × 104 𝑛𝑚 

𝑎 = 32.627 𝜇𝑚 

𝑛2 = √𝑛1
2 − 𝑁𝐴2 

𝑛2 = √(1.458)2 − (0.3)2 

𝑛2 = 1.4268 
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 Dispersion: 

The next important parameter is related to the dispersion phenomena 

occurring in optical fibers. Generally, dispersion in optical fibers leads to 

signal degradation. Figure below illustrates the different phenomena leading 

to signal degradation. The first type of degradation is related to attenuation. 

However, the attenuation reduces the intensity of signal, but it does not 

change the time duration of a pulse propagating through the fiber. The pulse 

remains in its temporal interval. 

 
Dispersion, expressed in terms of the symbol Δt, is defined as pulse 

spreading in an optical fiber. As a pulse of light propagates through a fiber, 

elements such as numerical aperture, core diameter, refractive index profile, 

wavelength, and laser linewidth cause the pulse to broaden. This poses a 

limitation on the overall bandwidth of the fiber as demonstrated in Figure 

below (Pulse broadening caused by dispersion): 

 

Dispersion Δt can be determined from Equation below: 

Δt = (Δtout – Δtin)1/2 

and is measured in time, typically nanoseconds or picoseconds. Total 

dispersion is a function of fiber length. The longer the fiber, the more the 

dispersion. Equation below gives the total dispersion per unit length. 

Δttotal = L × (Dispersion/km)  


