
The function of a two-input four-output
beam splitter

Article Overview

A two-input, four-output beam splitter distributes the incoming light fields from two input ports into four

output ports according to a unitary transformation, preserving energy and coherence while enabling

interference and superposition effects.

Basic Function

A two-input, four-output beam splitter takes two incoming optical fields (E1 and E2) and produces four

outgoing fields (E3, E4, E5, E6) through a combination of transmission and reflection coefficients. Each

output is a linear combination of the inputs, with complex coefficients that account for amplitude and phase

shifts. This allows the device to split, recombine, or interfere light in a controlled manner, which is essential in

interferometry, quantum optics, and photonic circuits .

Input-Output Relations

For a simple two-input, two-output beam splitter, the transformation is often written as: E3 = T E1 + R E2 E4

= R E1 + T E2 where T and R are the complex transmission and reflection coefficients, satisfying |T|2 + |R|2 =

1 for a lossless splitter. Extending this to a four-output system, each input contributes to multiple outputs, and

the transformation can be represented by a 4x2 unitary matrix:

 [B11 B12] = [B21 B22] [B31 B32] [B41 B42] 

The matrix elements Bij are chosen to conserve energy and maintain coherence, meaning the sum of the

output intensities equals the sum of the input intensities .

Applications

o Quantum optics: Enables entanglement generation, Bell measurements, and photon interference, where the

probability amplitudes of photons are distributed across multiple outputs .

o Interferometry: Allows phase-sensitive measurements by splitting and recombining beams along different

paths.

o Classical optics: Used in laser systems, imaging, and optical signal routing, where multiple outputs are

needed from a limited number of input beams .

Key Considerations

o Phase shifts: Reflected and transmitted beams acquire specific phase shifts, which are crucial for

interference effects.
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o Lossless approximation: Ideal beam splitters are considered lossless, but real devices may have small

absorption or scattering losses.

o Coherence: The outputs maintain first-order coherence, allowing predictable interference patterns . In

summary, a two-input, four-output beam splitter functions as a multiport optical device that distributes light

from two inputs into four outputs while preserving energy, phase relationships, and coherence, making it a

versatile tool in both classical and quantum optical systems.

? What is an Optical Splitter? An Optical Splitter, also known as a beam splitter, is a passive optical device

that divides

A beamsplitter is an optical device capable of splitting an incident light beam into two. These tools can split

both laser

In quantum optics, two modes of the electromagnetic field are usually considered (two input and output ports),

In order to calculate the quantum mechanical expectation of some field variable behind the beam splitter, one

can

There are two input terminals and sixty-four output terminals in the optical splitter in 2x64

Beam Splitter Abstract Beam splitters form very important components of quantum photonic devices and this

chapter presents a

A fiber-optic splitter, also known as a beam splitter, is based on a quartz substrate of an integrated waveguide

optical power

This white paper provides an in-depth look at beam splitters, essential hardware for quantum technologies,

with applications in

And if you put in one photon at each input for a 50-50 beam splitter, two come out of one output and none the

other output.

Beamsplitters are optical components used to split incident light at a designated ratio into two separate beams.

Additionally,

More precisely, a beamsplitter contains two input ports and two output ports. Thus, consider two classical

fields, with the same
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We will study the quantum mechanical analysis of how the beam splitter behaves under different input

conditions such as pairs of

The beam splitter has played numerous roles in many aspects of optics. For example, in quantum information

the beam splitter plays

The Cube Beam Splitter offers a robust and mechanically stable design by cementing two right-angle prisms

together

The 2x64 splitter splits two incident light beams from two individual input fiber cables into sixty-four light

beams,

functions at a potential barrier. If an incoming plane wave eikx from the left (k &gt; 0) hits the barrier, it will

split into a reflected part
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