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Optical Network and System Overviews
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• All Long‐haul and Metro nodes are ROADMs
• Wavelength transport  ‐ C‐band ~1550nm 
• Systems have multiple channels/wavelengths/colors separated by 
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• Multi‐degree node – any‐to‐any direction

ROADM Node



Boston

New York City

Syracuse
Buffalo

Cleveland

Detroit

Indianapolis

Minneapolis

Seattle

Boise

Portland

Reno

San
Jose

Las 
Vegas

San
Diego

Los Angeles
Rialto

Phoenix
Tucson

Albuquerque

Co. Springs

DenverSalt Lake
City

Cheyenne Omaha

Topeka

Cedar
Rapids

Wichita

Tulsa

Joplin

Okla. 
City

Kansas
City

El Paso

Dallas

Austin

San Antonio
Houston

New 
Orleans

Mobile Tallahassee

Miami

Cocoa Beach

Jacksonville

Atlanta

Birmingham

Memphis

NashvilleKnoxville

Louisville

St.
Louis Columbus

Pittsburgh

Washington D.C.

Raleigh

Columbia

Richmond

Charlotte

Greensboro

Auburndale

Sacramento

Chicago

San 
Francisco

Sioux Falls

McAllen

Example Optical Long‐Haul Network



Long‐Haul (long distance, LD) Network

• 90+ % rail‐plowed – 1986‐1994
• Hut‐spacing 25km‐45km
• Direct‐Buried Cables – low fiber‐count (24f – 48f)

• High traffic – systems have Eighty Eight 100G channels (wavelengths)



Metro ROADM Network



Access Passive Optical Network (PON)

Metro ROADM NODE



• Challenges are different, depending on which network (LD, metro, access)  

• line rates, modulation techniques, wavelength density, etc.

• Access Network (power meter)

• Fiber loss 

• connector loss

• Metro Network (power meter, return loss, OTDR)

• Fiber loss

• Connector loss

• Number /quality of splices – return loss

Fiber Challenges



• Long‐Haul Network (power meter, return loss, OTDR, chromatic dispersion, 
PMD)

• Many challenges minimized by coherent modulation (phase‐shift keyed)

• Amplitude and phase known 

• Mixed fiber types 

• Splice loss/mismatch – reflection

• High power amplification (Raman)  – nonlinearities

• Number/quality of connectors (reflected power/loss)

• Extra‐Long distance spans (high attenuation)

• Polarization‐related impairments

Fiber Challenges ‐ LD network



Optical Fiber Basics



Fiber Strand Cross Section
Ink

250m dia

•color only, no 
protection

Outer Acrylate coating
245 m dia

•High modulus of elasticity (hard)  protective coating ;

•Prevent mechanical damage such as scratches, chips, 
abrasion, etc.;

•Loss of this coating will cause high bending loss esp at low 
temperatures;

•Loss of this coating also allows stress concentrators (grit) 
in contact  with the soft coating which erodes easily

•No light-guiding, only protection

Inner Acrylate coating
190 m dia

•Low modulus of elasticity(soft) 
protective coating ;

•Prevents bending loss ;

•No light-guiding

Fiber strand
Core + Cladding

125 m dia

Core
~ 10 m dia



Intra-modal Dispersion, or Chromatic Dispersion (CD)
Different wavelengths travel at different speeds - linear

t

Polarization Mode Dispersion (PMD)
Different polarization modes travel at different speeds - nonlinear

t

Dispersion in Single‐Mode Optical Fiber



Optical Fiber Attenuation
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Polarization of Light
Overview



• Description of polarized light    
(qualitative & quantitative)

• Generating and modifying polarization

• Polarization in optical fiber

Polarization



Three basic parameters describe light:

Intensity: I (brightness)

Polarization state: S (subtle)

Wavelength:  (color)

The polarization state is defined by 
path of the of  E-field oscillation

Basic Description of Light



Linear: Orientation of the 
plane of vibration

Elliptical: Ellipticity and 
orientation of the major axis

Abbreviations:
H (horizontal) +45 (+45  w/horizontal) RHC (right-hand circular)
V (vertical) -45 (-45  w/horizontal) LHC (left-hand circular)



a
b

tan

It only takes 2 numbers to describe the state of polarization of light.

Ellipticity 

Handedness

Orientation of 
major axis 

State of polarization is commonly described in one of two ways: 
Stokes vectors/Mueller matrices and Jones vectors/matrices



Phase:  = /2

Phase:  = 0
Ay

Ax

Relative amplitudes Ax and Ay determine axis orientation ().

Phase (retardance) between H and V determines ellipticity (). 

Elliptical Polarization



Stokes vectors describe the state of polarization using INTENSITY

• Easy to measure (based on observables)

• Includes “unpolarized” light

• Includes the total intensity of the light
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S0 = Total intensity of light (typically “normalized” (S0=1)

S3 = Amount of light that is RHC or LHC

S2 = Amount of light that is ±45 (linear)

S1 = Amount of light that is Horiz. or Vert. (linear)

Measurement of Light: Stokes Vectors
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QUIZ: What kind of polarization 
states do we have here?

Stokes Vectors Quiz



Poincaré sphere

The Poincaré sphere:
• Plots Stokes vectors
• Linear states on the equator
• Elliptical states off the equator
• The poles are RHC and LHC
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Poincare Sphere – Polarization Mapping



Field Measurement of Polarization Dynamics 
and Correlation to Environmental Conditions

Ongoing



• Traffic interruptions measured on several Long‐Haul routes

• No outages, protection switches occurred

• Investigate polarization dynamics on different constructions

• Buried, Aerial, Metro, Central Office (craft)

• Large Temperature fluctuations (NE), Lightening (SE)

• Train, subway, traffic, etc

• Started study with Lightening rich areas (SE)

Measurement Drivers



Optical Ground Wire (OPGW)

• Unexplained protection 
switches witnessed on 
several Long‐Haul routes 
containing OPGW in the SE

• Lightening can temporarily 
change the index of 
refraction (Kerr effect) as a 
result of the change of 



Lightening Map



OPGW route candidates
Route Length

[km]
Reported

[flashes/km2/yr]
Expected lightning strikes within 

0.5km radius of link
[flashes]

Note:  This is not expected fault on system

Orlando, FL to Tallahassee, FL  513 8.1 4155

Pensacola, FL to New Orleans, 
LA

336 
(130km 
OPGW)

9.8 3293

Memphis, TN to Charlotte, 
NC

992 4.8 4762

West Orange, NJ to Harrisburg, 
PA

304 2.3 699

Indianapolis, IN to Louisville, KY 
to Nashville, TN

480 6.0 2880

The exact distance a strike can be from the link for the resulting change in SOP to be 
within our sensitivity is unknown. We use 0.5km as a coarse estimate and assume

that whatever the actual distance, it will be constant across all links.



ROADM
Network

Optical loopback installed at 
Tallahassee.

Round‐Trip Delay
Polarimeter installed at Orlando with a PC with LAN access

513Km

Measurement Setup



Measurement Setup















Next Steps


