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Wave Equation

Wave equation: 
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Wave Equation in Vacuum
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Wave Equation: Cylindrical Coordinates

Wave equation: 

for E and H
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Wave Equation: Cylindrical Coordinates

Solution: 
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Fiber Losses
Linear absorption:

Stimulated Brillouin Scattering:

Stimulated Raman Scattering:

Self-Phase Modulation Cross-Phase Modulation
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Group Velocity Dispersion
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Material Dispersion
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Limitations on Bit Rate
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Optical Telecommunications: 
Basic System Components
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Optical Telecommunications: 
Basic System Components
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Optical Telecommunications: 
Physical Components

• Source: Laser or LED

• Signal: information in the form of electrical signal – analog or 
digital

• E/O: Modulator – modulates the light from source according 
to the signal

• Fiber: Optical fiber – multimode or single mode fibers

• OA: Optical amplifier – boost the intensity of light

• O/E: Photodetector – converts light to electricity

• Receiver: Extracts information from the received light
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Specific Communication System 
Components by Channel
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Optical Modulation

• Information is coded in the light wave itself by 

optical modulation

• Many modulation techniques

– Field modulation

– Intensity modulation

– Pulse Code Modulation (PCM)

– Frequency or Phase Shift Keying (PSK)
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Field Modulation

Modulation similar to microwave modulation: amplitude, 

frequency and phase modulation

Difficult to implement with light: requires 

• extremely stable laser source

• extreme coherence

• polarization controlled transmission

• heterodyne receiver 
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Intensity Modulation

• Simple implementation

• LED or laser sources can be used

• WDM is implemented using this modulation 
scheme 
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Pulse Code Modulation (PCM)

Amplitude of the signal is proportional to 

number of pulses within each sample-period
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ON-OFF Keying (OOK)

Frequency shift keying (FSK) and Phase Shift keying (PSK) are variants of OOK.
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Multiplexing

• Providing (dynamic) rerouting of channels

• Electronic multiplexing – signals from different channels are added 
before optical modulation

• Optical multiplexing – signals from different channels are coded 
into light before multiplexing

• Different schemes
– Frequency Division Multiplexing (FDM)

– Time Division Multiplexing (TDM)

– Code Division Multiplexing (CDM)
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Multiplexing schemes

• FDM – each channel is assigned to a different 

frequency

• TDM – each channel is transmitted in a different time 

interval

• CDM – each channel is encoded differently
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Code Division Multiplexing

• Each channel is encoded differently using 
different keys.

• Decoding requires a key which selects only a 
particular channel.
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Hierarchical multiplexing

• Multiplexing many channels together is often 

performed in a hierarchy.
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Wavelength division multiplexing (WDM)

• Different channels are transmitted at different 

optical frequencies

• Multiplexer and demultiplexers are frequency 

selective routers
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Wavelength Division Multiplexing

Also known as 

frequency division 

multiplexing (FDM).

Each channel is 

assigned to a 

different frequency 

band.

Demultiplexing is 

performed by 

spectral filtering.

Minimum cross-talk 

between channels.
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MUX and DEMUX for WDM
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WDM Types + Specifications

• Coarse WDM (CWDM) – channels are spaced 

wide apart (typical: 20 nm apart)

• Dense WDM (DWDM) – channels are closely 

spaced, more channels can be transmitted

• Typical channel spacing: 25 to 100 GHz ( 0.2 to 

0.4 nm)

• DWDM requires extremely stable light source
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OADM (Optical Add-Drop Mux)

• Uses a multiplexer-demultiplexer pair

• Mux adds the signals, demux drops 

one channel at each stage.

• One particular channel can be 

accessed at each stage.
Microring resonator based

Fiber Bragg-grating based
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MZI demultiplexer

• Mach-Zehnder interferometer: light split into two paths 

interferes

• Output is high if the interference is constructive, low if 

destructive

• Constructive interference at one wavelength may be arranged 

to produce destructive at the other wavelength

32
1/7/2019 ECE 695 - Peter Bermel - Purdue University


