
How is light reflected inside a
single-mode optical fiber 

Article Overview

Light in a single-mode optical fiber is guided along the core by total internal reflection at the core-cladding

interface, allowing only the fundamental mode to propagate.

Total Internal Reflection

Single-mode optical fibers rely on total internal reflection (TIR) to confine light within the core. The core has

a slightly higher refractive index than the surrounding cladding, typically around 1.448 for the core and 1.444

for the cladding . When light traveling in the core strikes the core-cladding boundary at an angle greater than

the critical angle, it is completely reflected back into the core rather than refracting into the cladding . This

repeated reflection allows light to travel long distances with minimal loss.

Single-Mode Propagation

Unlike multimode fibers, which support multiple paths or modes, single-mode fibers allow only the

fundamental transverse mode (LP01) to propagate . This occurs because the core diameter is very small,

typically around 9 microns, which restricts the number of modes. The light wave travels primarily along the

fiber axis, with its electromagnetic oscillations perpendicular to the fiber length, ensuring minimal modal

dispersion .

Waveguide Perspective

From a wave optics perspective, the fiber acts as a cylindrical waveguide. The light is described by solutions

to the Helmholtz equation under cylindrical boundary conditions, which define the allowed modes . In

single-mode fibers, only the LP01 mode satisfies these conditions, so all light energy remains concentrated in

this mode, reducing attenuation and maintaining signal integrity over long distances .

Practical Implications

Because light is confined to a single mode, interference between multiple paths is eliminated, and the fiber can

achieve high bandwidth and low signal distortion. The small core and precise refractive index difference

ensure that very little light escapes, making single-mode fibers ideal for long-distance telecommunications and

high-speed data transmission . In summary, light in a single-mode optical fiber is reflected internally at the

core-cladding interface through total internal reflection, propagates in a single transverse mode, and is guided

efficiently along the fiber with minimal loss and dispersion .
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Efficiently launching light into a single fiber mode requires that the complex amplitude profile of the incident

light (assuming

Propagation of Light and Modes in Optical Fibers Distance transfer of electromagnetic energy (i.e., energy

transfer between remote

With single-mode fiber, light can only travel in one mode and along one path. Multimode fiber has different

modes and

As only one mode (parallel to the fiber axis) will propagate through a single mode fiber, so does total

Waves can have the same mode but have different frequencies. This is the case in single-mode fibers,

Example $8.1.1$: Critical angle for optical fiber In its simplest form, optical fiber consists of concentric

regions of dielectric material as

A wall-mount cabinet containing optical fiber cables. The yellow cables are single mode fibers; the orange and

aqua cables are multi

Light propagates as an electromagnetic wave inside the optical fiber. This wave can propagate either in one

mode, i.e., "single-mode

An optical fiber patching cabinet. The yellow cables are single-mode fibers; the orange and blue cables are

multi-mode fibers:

Single-Mode Propagation: A single waveguide construction implies that the light travels through the interior

of the fiber

In fiber-optic communication, a single-mode optical fiber, also known as fundamental- or mono-mode,  is

Modes of light can only propagate through single-mode fiber optic cables due to their small

When the wavelength of the light propagating down the fiber is shorter than the cutoff

Single mode optical fiber is defined as a type of optical fiber designed to minimize modal dispersion by

allowing only a single ray of

The Fiber as a Dielectric Wave-Guide: Fiber Modes Since the core has a higher index of refraction than the

cladding, light will be
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Learn all about optical fibres for your AQA A Level Physics exam. This revision note covers total internal

reflection and
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