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INTRODUCTION
1.
In this paper mentioned under topic of light, have five characteristics. Those are reflection, refraction, diffraction, absorption and scattering.
2.
Fiber-optic characteristics can be classified as linear and nonlinear. Linear characteristics include attenuation, chromatic dispersion (CD), polarization mode dispersion (PMD), and optical signal-to-noise ratio (OSNR). Nonlinear characteristics include self-phase modulation (SPM), cross-phase modulation (XPM), four-wave mixing (FWM), stimulated Raman scattering (SRS), and stimulated Brillouin scattering (SBS).
3.
Optical fiber has four classifications. Those are single-mode step-index optical fiber, multi-mode step-index optical fiber and multimode graded-index optical fiber. Optical fiber has primarily four losses. Those are absorption losses, scattering losses, dispersion, radiation losses.
4.
An optical fiber cable is a cable containing one or more optical fibers. The optical fiber elements are typically individually coated with plastic layers and contained in a protective tube suitable for the environment where the cable will be deployed.
LIGHT
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Reflection
5.
Reflected waves are simply those waves that are neither transmitted nor absorbed, but reflected from the surface of the medium they encounter. When a wave approaches a reflecting surface, such as a mirror, the wave that strikes the surface is calling the incident wave, and the one that bounces back is called the reflected wave. Imaginary line perpendicular to the point at which the incident wave strikes the reflecting surface is called the normal, or the perpendicular. The angle between the incident wave and the normal is called the angle of incidence.

6.
The angle between the reflected wave and the normal is called the angle of reflection.
Refraction

7.
Refraction means the bending of a wave resulting from a change in its velocity as its moves from one medium to another. Since the frequency of a wave cannot change, independent of the source changing its frequency when it originally emits a wave, this change in wave velocity must result from a change in its wavelength in the second medium.

Diffraction

8.
Diffraction is the slight bending of light as it passes around the edge of an object. The amount of bending depends on the relative size of the wavelength of light to the size of the opening. If the opening is much larger than the light's wavelength, the bending will be almost unnoticeable. However, if the two are closer in size or equal, the amount of bending is considerable, and easily seen with the naked eye.
Absorption
9.
The absorption of light makes an object dark or opaque to the wavelengths or colors of the incoming wave. Wood is opaque to visible light. Some materials are opaque to some wavelengths of light, but transparent to others. Glass and water are opaque to ultraviolet light, but transparent to visible light. By which wavelengths of light are absorbed by a material the material composition and properties can be understood.
10.
Another manner that the absorption of light is apparent is by their color. If a material or matter absorbs light of certain wavelengths or colors of the spectrum, an observer will not see these colors in the reflected light. On the other hand if certain wavelengths of colors are reflected from the material, an observer will see them and see the material in those colors. For example, the leaves of green plants contain a pigment called chlorophyll, which absorbs the blue and red colors of the spectrum and reflects the green. Leaves therefore appear green.
Scattering

11.
Scattering is a general physical process where some forms of radiation, such as light, sound, or moving particles, are forced to deviate from a straight trajectory by one or more localized non-uniformities in the medium through which they pass. When an electromagnetic wave is incident on a rough surface, the wave is not so much reflected as “scattered”. Scattering is the process by which small particles suspended in a medium of a different index of refraction diffuse a portion of the incident radiation in all directions. Scattering occurs when incoming signal hits an object whose size in the order of the wavelength of the signal or less.

OPTICAL FIBER & FIBER CABLE
Fiber-Optic Characteristics

12.
Optical-fiber systems have many advantages over metallic-based communication systems. These advantages include interference, attenuation, and bandwidth characteristics. Furthermore, the relatively smaller cross section of fiber-optic cables allows room for substantial growth of the capacity in existing conduits.
Interference

13.
Light signals traveling via a fiber-optic cable are immune from electromagnetic interference (EMI) and radio-frequency interference (RFI). Lightning and high-voltage interference is also eliminated. A fiber network is best for conditions in which EMI or RFI interference is heavy or safe operation free from sparks and static is a must. This desirable property of fiber-optic cable makes it the medium of choice in industrial and biomedical networks. It is also possible to place fiber cable into natural-gas pipelines and use the pipelines as the conduit.

Linear Characteristics

Attenuation

14.
Several factors can cause attenuation, but it is generally categorized as either intrinsic or extrinsic. Intrinsic attenuation is caused by substances inherently present in the fiber, whereas extrinsic attenuation is caused by external forces such as bending. The attenuation coefficient α is expressed in decibels per kilometer and represents the loss in decibels per kilometer of fiber.

Intrinsic Attenuation

15.
Intrinsic attenuation results from materials inherent to the fiber. It is caused by impurities in the glass during the manufacturing process. As precise as manufacturing is, there is no way to eliminate all impurities. When a light signal hits an impurity in the fiber, one of two things occurs: It scatters or it is absorbed. Intrinsic loss can be further characterized by two components:

1.
Material absorption

2.
Rayleigh scattering
Material Absorption
16.
Material absorption occurs as a result of the imperfection and impurities in the fiber. The most common impurity is the hydroxyl (OH-) molecule, which remains as a residue despite stringent manufacturing techniques. The three principal windows of operation include the 850-nm, 1310-nm, and 1550-nm wavelength bands. These correspond to wavelength regions in which attenuation is low and matched to the capability of a transmitter to generate light efficiently and a receiver to carry out detection.

Rayleigh scattering
17.
As light travels in the core, it interacts with the silica molecules in the core. Rayleigh scattering is the result of these elastic collisions between the light wave and the silica molecules in the fiber. Rayleigh scattering accounts for about 96 percent of attenuation in optical fiber. If the scattered light maintains an angle that supports forward travel within the core, no attenuation occurs. If the light is scattered at an angle that does not support continued forward travel, however, the light is diverted out of the core and attenuation occurs. Depending on the incident angle, some portion of the light propagates forward and the other part deviates out of the propagation path and escapes from the fiber core. Some scattered light is reflected back toward the light source. This is a property that is used in an optical time domain reflect meter (OTDR) to test fibers. The same principle applies to analyzing loss associated with localized events in the fiber, such as splices.

18.
Short wavelengths are scattered more than longer wavelengths. Any wavelength that is below 800 nm is unusable for optical communication because attenuation due to Rayleigh scattering is high. At the same time, propagation above 1700 nm is not possible due to high losses resulting from infrared absorption.
Extrinsic Attenuation

19.
Extrinsic attenuation can be caused by two external mechanisms: macro bending or micro bending. Both cause a reduction of optical power. If a bend is imposed on an optical fiber, strain is placed on the fiber along the region that is bent. The bending strain affects the refractive index and the critical angle of the light ray in that specific area. As a result, light traveling in the core can refract out, and loss occurs.

20.
A macro bend is a large-scale bend that is visible, and the loss is generally reversible after bends are corrected. To prevent macro bends, all optical fiber has a minimum bend radius specification that should not be exceeded. This is a restriction on how much bend a fiber can withstand before experiencing problems in optical performance or mechanical reliability.

Chromatic Dispersion

21.
Chromatic dispersion is the spreading of a light pulse as it travels down a fiber. Light has a dual nature and can be considered from an electromagnetic wave as well as quantum perspective. This enables us to quantify it as waves as well as quantum particles. During the propagation of light, all of its spectral components propagate accordingly. These spectral components travel at different group velocities that lead to dispersion called group velocity dispersion (GVD). Dispersion resulting from GVD is termed chromatic dispersion due to its wavelength dependence. The effect of chromatic dispersion is pulse spread.

Polarization Mode Dispersion

22.
Polarization mode dispersion (PMD) is caused by asymmetric distortions to the fiber from a perfect cylindrical geometry. The fiber is not truly a cylindrical waveguide, but it can be best described as an imperfect cylinder with physical dimensions that are not perfectly constant. The mechanical stress exerted upon the fiber due to extrinsically induced bends and stresses caused during cabling, deployment, and splicing as well as the imperfections resulting from the manufacturing process are the reasons for the variations in the cylindrical geometry.
23.
Single-mode optical fiber and components support one fundamental mode, which consists of two orthogonal polarization modes. This asymmetry introduces small refractive index differences for the two polarization states. This characteristic is known asbirefringence. Birefringence causes one polarization mode to travel faster than the other, resulting in a difference in the propagation time, which is called the differential group delay (DGD). DGD is the unit that is used to describe PMD. DGD is typically measured in picoseconds. A fiber that acquires birefringence causes a propagating pulse to lose the balance between the polarization components.

Optical Signal-to-Noise Ratio

24.
The optical signal-to-noise ratio (OSNR) specifies the ratio of the net signal power to the net noise power and thus identifies the quality of the signal. Attenuation can be compensated for by amplifying the optical signal. However, optical amplifiers amplify the signal as well as the noise. Over time and distance, the receivers cannot distinguish the signal from the noise, and the signal is completely lost. Regeneration helps mitigate these undesirable effects before they can render the system unusable and ensures that the signal can be detected at the receiver. Optical amplifiers add a certain amount of noise to the channel. Active devices, such as lasers, also add noise. Passive devices, such as taps and the fiber, can also add noise components. In the calculation of system design, however, optical amplifier noise is considered the predominant source for OSNR penalty and degradation.

Nonlinear Characteristics

Self-Phase Modulation

25.
Phase modulation of an optical signal by itself is known as self-phase modulation (SPM). SPM is primarily due to the self-modulation of the pulses. Generally, SPM occurs in single-wavelength systems. At high bit rates, however, SPM tends to cancel dispersion. SPM increases with high signal power levels. In fiber plant design, a strong input signal helps overcome linear attenuation and dispersion losses. However, consideration must be given to receiver saturation and to nonlinear effects such as SPM, which occurs with high signal levels. SPM results in phase shift and a nonlinear pulse spread. 
Cross-Phase Modulation

26.
Cross-phase modulation (XPM) is a nonlinear effect that limits system performance in wavelength-division multiplexed (WDM) systems. XPM is the phase modulation of a signal caused by an adjacent signal within the same fiber. XPM is related to the combination (dispersion/effective area). CPM results from the different carrier frequencies of independent channels, including the associated phase shifts on one another. The induced phase shift is due to the walkover effect, whereby two pulses at different bit rates or with different group velocities walk across each other. As a result, the slower pulse sees the walkover and induces a phase shift. The total phase shift depends on the net power of all the channels and on the bit output of the channels. Maximum phase shift is produced when bits belonging to high-powered adjacent channels walk across each other.

Four-Wave Mixing

27.
FWM can be compared to the intermodulation distortion in standard electrical systems. When three wavelengths (λ1, λ 2, and λ 3) interact in a nonlinear medium, they give rise to a fourth wavelength (λ 4), which is formed by the scattering of the three incident photons, producing the fourth photon. This effect is known as four-wave mixing (FWM) and is a fiber-optic characteristic that affects WDM systems.

Stimulated Raman Scattering

28.
When light propagates through a medium, the photons interact with silica molecules during propagation. The photons also interact with themselves and cause scattering effects, such as stimulated Raman scattering (SRS), in the forward and reverse directions of propagation along the fiber. This results in a sporadic distribution of energy in a random direction.

29.
SRS refers to lower wavelengths pumping up the amplitude of higher wavelengths, which results in the higher wavelengths suppressing signals from the lower wavelengths. One way to mitigate the effects of SRS is to lower the input power. In SRS, a low-wavelength wave called Stoke's wave is generated due to the scattering of energy. This wave amplifies the higher wavelengths.
Stimulated Brillouin Scattering

30.
Stimulated Brillouin scattering (SBS) is due to the acoustic properties of photon interaction with the medium. When light propagates through a medium, the photons interact with silica molecules during propagation. The photons also interact with themselves and cause scattering effects such as SBS in the reverse direction of propagation along the fiber. In SBS, a low-wavelength wave called Stoke's wave is generated due to the scattering of energy. This wave amplifies the higher wavelengths. The gain obtained by using such a wave forms the basis of Brillouin amplification. The Brillouin gain peaks in a narrow peak near the C-band. SBS is pronounced at high bit rates and high power levels. The margin design requirement to account for SRS/SBS is 0.5 dB.
Optical fiber classification
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31.
A technology that uses glass (or plastic) threads (fibers) to transmit data. A fiber optic cable consists of a bundle of glass threads, each of which is capable of transmitting messages modulated onto light waves.

32.
Fiber optics has several advantages over traditional metal communications lines:

1.
Fiber optic cables have a much greater bandwidth than metal cables. This 
means that they can carry more data.


2.
Fiber optic cables are less susceptible than metal cables to interference.


3.
Fiber optic cables are much thinner and lighter than metal wires.


4.
Data can be transmitted digitally (the natural form for computer data) rather 
than analogically.

33.
The main disadvantage of fiber optics is that the cables are expensive to install. In addition, they are more fragile than wire and are difficult to splice.

33.
Fiber optics is a particularly popular technology for local-area networks. In addition, telephone companies are steadily replacing traditional telephone lines with fiber optic cables. In the future, almost all communications will employ fiber optics.

Single-mode Step-index Optical Fiber
34.
Single-mode step-index fibers are the dominant fibers used in today’s telecommunications and data networking industries. A single-mode step-index fiber has a central core that is significantly smaller in diameter than any of the multimode cables. In fact, the diameter is sufficiently small that there is essentially only one path that light may take as it propagates down the cable. In the simplest form of single-mode step-index fiber, the outside cladding is simply air. Consequently, a single-mode step-index fiber has a wide external acceptance angle, which makes it relatively easy to couple light into the cable from an external source. However, this type of fiber is very weak and difficult to splice or terminate.

Multi-mode Step-index Optical Fiber
35.
Multimode step-index fibers are similar to the single-mode step-index fibers except the center core is much larger with the multimode configuration. This type of fiber has large light-to fiber aperture and, consequently, allows more external light to enter the cable. The light rays that strike the core/ cladding interface at an angle greater than the critical angle are propagated down the core in zigzag fashion, continuously reflecting off the interface boundary. Light rays that strike the core/ cladding interface at an angle less than the critical angle enter the cladding and are lost. As a result, not all light rays follow the same path and, consequently, o not take the same amount of time to travel the length of the cable.

Multimode Graded-index Optical Fiber
36.
A central core with a non-uniform refractive index characterizes multimode graded-index fibers. Thus, the cable’s density is maximum the center and decreases gradually toward the outer edge. Light rays propagate down this type of fiber through refraction rather than reflection. As a light propagates diagonally across the core toward the center, it is continually intersecting a less dense to more dense interface. Consequently, the light rays are constantly being refracted, which results in a continuous bending of the light rays. Light enters the fiber at many different angles. As the light rays propagate down the fiber, the rays traveling in the outermost area of the fiber travel a greater distance than the rays traveling near the center.

Losses in Fiber Optics

Absorption Losses
37.
Absorption losses in optical fibers analogous to power dissipation in copper cables; impurities in the fiber absorb the light and convert it to heat. The ultrapure glass used to manufacture optical fibers is approximately 99.9999 %pure. Still absorption losses between 1 dB/km and 1000 dB/km are typical. Essentially, there are three factors that contribute to the absorption losses in optical fibers: ultraviolet absorption, infrared absorption, and ion resonance absorption.
Material, or Rayleigh, Scattering Losses
38.
During manufacturing, glass is drawn into long fibers of very small diameter. During this process, the glass is in a plastic state. The tension applied to the glasses causes the cooling glass to develop permanent submicroscopic irregularities. When light rays propagating down a fiber strike one of these impurities, they are diffracted. Diffraction causes the light to disperse or spread out in many directions. Some of the diffracted light continues down the fiber, and some of it escapes through the cladding. The light rays’ escapes represent loss in light power.

Chromatic, or Wavelength, Dispersion
39.
Light-emitting diodes emit light containing many wavelengths. Each wavelength within the composite light signal travels at a different velocity when propagating through glass. Consequently, light rays that are simultaneously emitted from an LED and propagated down an optical fiber do not arrive at the far end of the fiber at the same time, resulting in an impairment called chromatic distortion. Chromatic distortion can be eliminated by using a monochromic light source such as an injection laser diode. Chromatic distortion occurs only in fibers with a single mode of transmission.

Radiation Losses
40.
Radiation losses are caused mainly by small bends and kinks in the fiber. Essentially, there are two types of bends: micro bends and constant-radius bends. Micro bending occurs because of differences in thermal contraction rates between the core and the cladding material. A micro bend is a miniature bend or geometric imperfection along the axis of the fiber and represents a discontinuity in the fiber where Rayleigh scattering can occur. Micro bending losses generally contribute less than 20% of the total attenuation in a fiber constant-radius bends are caused by excessive pressure and tension and generally occur when fibers are bent during handling or installation.

FIBER OPTIC COMPONENT AND SYSTEM
Fiber Optic Cable’s Component
Optical Fiber
41.
The optical fiber is glass and consists of a Germania-doped silica core surrounded by concentric silica cladding. That all fiber in the buffer tube is usable fiber that complies with attenuation requirements. Fibers do not adhere to each other. That the fiber is free of surface imperfections and inclusions. Fiber optic core glass is from the same manufacturer.
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Water Blocking Compound
42.
Ensure that the fiber optic cable contains a dry water-blocking material to prevent the ingress of water within the outer cable jacket. Ensure that the water-blocking tapes and yarns are non-nutritive, dielectric, and homogeneous, and free from dirt and foreign matter. Use dry water-blocking material for fiber optic cables used for either aerial or underground installations. Apply dry water-blocking compound longitudinally around the outside of the central buffer tubes. Construct all cables with water-blocking tape that complies with the requirements of the EIA/TIA-455-81B standard and is subjected to water penetration tests as defined in the EIA/TIA-455-82B standard.

Color Code
43.
Ensure that the marking and color-coding of the fibers and buffer tubes conforms to telecommunication industry requirements as detailed in the TIA/EIA-598-C standard.  Ensure that colors are permanent and stable during temperature cycling, and not subject to fading or smearing onto each other or into the water-blocking material. Ensure that fibers are colored with UV curable inks that remain clearly distinguishable as the intended color.
Strength Member
44.
Ensure that the fiber optic cable contains a dielectric central strength member and dielectric outside strength member to prevent buckling of the cable and provide tensile strength. Ensure that the fiber optic cable can withstand a pulling tension of 600 pounds during installation without increasing the fiber attenuation more than 0.8 decibel per mile, without changing other optical fiber characteristics after the tensile load is removed, and without damage to any components of the fiber optic cable.
Buffer Tubes
45.
Ensure that the fiber optic cable includes loose buffer tubes that isolate internal optical fibers from outside forces and provide protection from physical damage as well as water ingress and migration. Ensure that buffer tubes provide freedom of movement for internal optical fibers. Ensure buffer tubes allow for expansion and contraction of the cable without damage to internal optical fiber. Ensure that fiber does not adhere to the inside of the tube. Ensure that buffer tubes permit intentional scoring and breakout without damage to the fiber. Ensure that each fiber optic cable buffer tube contains 12 fibers per tube unless otherwise noted in the plans.
Outer Jacket
46.
Ensure that the fiber optic cable is jacketed with medium density polyethylene (MDPE) that is free of blisters, cracks, holes, and other deformities. Ensure that the nominal jacket thickness is a minimum of 0.03 inch. Apply the jacketing material directly over the tensile strength members and water-blocking material.
47.
Ensure that the MDPE contains carbon black to provide ultraviolet (UV) protection and does not promote the growth of fungus. Mark the jacket with the cable manufacturer’s name, fiber type, fiber count, and date of manufacture, the words “NMDOT FIBER OPTIC CABLE,” and the sequential cable lengths marked in feet. Ensure that the actual length of the cable is within 1% of the length indicated by the marking.
Ripcord
48.
Ensure that the cable contains at least one ripcord under the sheath. Ensure that the ripcord permits the removal of the sheath by hand or with pliers.

Filler
49.
Fillers or rods may be included in the cable core to lend symmetry to the cable cross section if required.

Fiber Optic Systems
50.
Panduit provides high bandwidth and mission critical physical infrastructures in data center, enterprise, and campus networks with comprehensive fiber optic systems that deliver high performance, reliability and scalability. By leveraging its technology leadership, innovative design and cable management expertise, Panduit fiber optic systems meet today’s requirements and provide a migration path for tomorrow’s applications. These advanced fiber optic systems include fiber optic cable, connectors, adapter modules, adapter panels, cassettes, enclosures, patch cords, cable assemblies, cable distribution products and accessories for both single mode and multimode applications. Together, these components provide complete solutions for today’s high data rate Fiber Channel and Ethernet applications, and support future readiness for 40 Gb/s and 100 Gb/s data rates, maximizing physical infrastructure performance, modularity, and scalability.
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51.
The basic components of an optical communication system,


a.
A serial bit stream in electrical form is presented to a modulator, which 
encodes the data appropriately for fiber transmission.

b.
A light source (laser or Light Emitting Diode - LED) is driven by the 
modulator and the light focused into the fiber.

c.
The light travels down the fiber (during which time it may experience 
dispersion and loss of strength).

d.
At the receiver end the light is fed to a detector and converted to electrical 
form.

e.
The signal is then amplified and fed to another detector, which isolates the 
individual state changes and their timing. It then decodes the sequence of state 
changes and reconstructs the original bit stream.

f.
The timed bit stream so received may then be fed to a using device.
Limitations of fiber optical cables

Joining Cables
52.
The best way of joining cables is to use “fusion splicing”. This is where, Fiber ends are fused to one another by melting the glass. Making such splices in a way that will ensure minimal loss of signal is a skilled task that requires precision equipment.
Bending Cables
53.
As light travels along the fibre, it is reflected from the interface between the core and cladding whenever it strays from the path straight down the center. When the fiber is bent, the light only stays in the fibre because of this reflection. But the reflection only works if the angle of incidence is relatively low. If you bend the fibre too much the light escapes.
Slow Standards Development

54.
This is nobody's fault. Development is happening so quickly, and getting worldwide agreement to a standard is necessarily so slow that standards setting just can't keep up. Things are improving considerably and very quickly, however. Cable sizes and types are converging toward a few choices, although the way they are used is still changing almost daily.
Optics for Transmission Only

55.
Until very recently there was no available optical amplifier. The signal had to be converted to electrical form and put through a complex repeater in order to boost its strength.
Gamma Radiation

56.
Gamma radiation comes from space and is always present. It can be thought of as a high-energy X-ray. Gamma radiation can cause some types of glass to emit light (causing interference) and also gamma radiation can cause glass to discolor and hence attenuate the signal. In normal situations these effects are minimal.
Electrical Fields

57.
Very high-voltage electrical fields also affect some glasses in the same way as gamma rays. One proposed route for fibre communication cables is wrapped around high-voltage electrical cables on transmission towers. This actually works quite well where the electrical cables are only of 30 000 volts or below.
INSTALLATION TESTING & REPAIRING
Installation

General
58.
Install all equipment according to the latest version of the manufacturer’s installation procedures and the industry-accepted installation standards, codes, and practices, or as directed by the Engineer. Ensure that all materials and installation practices are in accordance with the applicable OSHA requirements as found in 29 Code of Federal Regulations (CFR) Part 1926, Safety and Health Standards for Construction. In addition, perform the following:


1.
Ensure conduit and inner-duct is clean and free from damage prior to installing 
fiber optic cable. 

2.
Document the sequential cable length markings at each splice box and pull 
box wall that the cable passes through, and include the information with the as-built 
documentation. Provide all incidental parts needed to complete the installation, but 
not specified in the plans, as necessary for a complete and properly operating system.

Fiber Optic Cable Installation
59.
Develop a nomenclature plan for identification of fiber optic cable. Submit the nomenclature plan to the Engineer for approval. Use approved cable nomenclature to create cable tags for the identification of fiber optic cable. Provide cable tag identification on all test results or fiber related documents provided to the Engineer.  

60.
Install cable tags within 1 foot of each splice and/or termination point indicating the cable type, fiber count, and each fiber optic cables origination and termination points. Ensure that the cable tags are permanent labels suitable for outside plant applications and are affixed to all fiber optic cables.
Pulling
61.
Install the fiber optic cable by hand or by using a mechanical pulling machine. If a mechanical pulling machine is used, equip the machine with a monitored or recording tension meter. Ensure that at no time the manufacturer’s recommended maximum pulling tension is exceeded. Ensure that the central strength member and aramid yarn are attached directly to the pulling eye during cable pulling. 
62.
Use pulling attachments, such as “basket grip” or “Chinese finger” type, to ensure that the optical and mechanical characteristics are not degraded during the fiber optic cable installation. Ensure that excess cable is coiled in a figure eight and fed manually when pulling through pull boxes and manholes by hand. If pulleys and sheaves will be used to mechanically pull through pull boxes and manholes, provide a drawing of the proposed layout showing that the cable will never be pulled through a radius less than the manufacturer’s minimum bend radius. Use large diameter wheels, pulling sheaves, and cable guides to maintain the appropriate bend radius. Provide tension monitoring at all times during the pulling operation. Ensure that cable pulling lubricant used during installation is recommended by the optical fiber cable manufacturer.

Blowing
63.
Use either the high-airspeed blowing (HASB) method or the piston method. When using the HASB method, ensure that the volume of air passing through the conduit does not exceed 600 cubic feet per minute or the conduit manufacturer’s recommended air volume, whichever is more restrictive. When using the piston method, ensure that the volume of air passing through the conduit does not exceed 300 cubic feet per minute or the conduit manufacturer’s recommended air volume, whichever is more restrictive.

Slack Cable Storage
64.
Provide and store fiber optic cable at each pull box and manhole to allow for future splices, additions, or repairs to the fiber network. Store the fiber optic cable without twisting or bending the cable below the minimum bend radius. Store a 50 feet of fiber optic cable in manholes and an additional 20 ft at each splice, with 10 feet of cable on each side of the cable splice point or as shown in the plans. Store 25 feet of spare fiber optic cable in pull boxes. 
Splice Plan

65.
Provide a splice plan showing the location and configuration of splices in the system for approval by the Engineer. Perform all splicing according to the plan. Document each splice location and identify the source and destination of each fiber in each splice tray. Document all fiber colors and buffer jacket colors used during installation, and develop a sequential fiber numbering plan as required in the TIA/EIA-598-A standard for color-coding in the documentation. Neatly store all splice enclosures within an ITS manhole.
Cable Termination Installation
66.
Ensure that cables, buffer tubes, or strands are neatly routed, secured and terminated in a patch panel. Ensure all cable termination points include documentation regarding the identification, route, and function of each fiber installed at that location. Ensure that at least one copy of this information is placed alongside the installed equipment (for instance, in a document pouch or drawer within a field cabinet).

Patch Panel Installation
67.
Ensure that patch panels neatly installed and secured in a weather proof enclosure. Ensure all patch panel connectors are clearly and permanently labeled. Ensure all installed patch panels include documentation regarding the identification, route, and function of each patch panel connector at that location. Ensure that at least one copy of this information is placed alongside the installed equipment.

Testing and certification
68.
In addition to these requirements, the Contractor shall be required to demonstrate compliance with special provision “ITS System Acceptance Testing”. Where there is a difference between the two requirements the more conservative requirement must be met.

Manufacturer’s Testing
69.
Provide documentation of all factory tests performed by the manufacturer for all fiber optic cable, splicing material, cable terminations, and patch panels.

Installation Testing
70.
Notify the Engineer of cable testing at least 14 calendar days in advance. Provide the testing procedures to the Engineer for approval prior to commencement of testing. Perform all tests at 1,310/1,550 nanometer wavelengths, and include the last calibration date of all test equipment with the test parameters set on the equipment in the test documentation. Test all installed fibers (terminated and un-terminated) using methods approved by the Engineer.

End-to-End Attenuation Testing
71.
Perform test on all fibers to ensure that no discontinuities greater than 0.2 decibel per 300 feet exist. Repair or replace cable sections exceeding allowable attenuation at no cost to the Department.
OTDR Tracing
72.
Test all fibers from both cable end points with an optical time domain reflect meter (OTDR) at wavelengths of 1310 and 1550 nm. Test the fibers that are not terminated at the time of installation using a bare fiber adapter. Present the results of the OTDR testing (i.e., traces for each fiber) and a loss table showing details for each splice or termination tested to the Engineer in an approved electronic format. Ensure all OTDR testing complies with the EIA/TIA-455-61 standard.

Splice Loss Testing
73.
Ensure that the splice loss for a SMF fusion splice does not exceed a maximum bidirectional average of 0.03 decibel per splice. Repair or replace splices that exceed allowable attenuation at no cost to the Department.

Connector Loss Testing
74.
Ensure that the attenuation in the connector at each termination panel and its associated splice does not exceed 0.35 decibel. Repair or replace connectors exceeding allowable attenuation at no cost to the Department.
Repairing

Cable End-Sealing
75.
Ensure that fiber optic cable ends are capped or sealed to prevent the entry of moisture during shipping, handling, storage, and installation. Equip one end of the fiber optic cable with flexible pulling eyes.

Protective Wrap
76.
Ensure that the fiber optic cable is shipped and stored with a protective wrap or other approved mechanical reel protection device over the outer turns of the fiber optic cable on each reel. Ensure that the wrap is weather resistant and protects the cable reel from environmental hazards. Ensure that the cable reel remains wrapped until cable is to be installed.
Packaging, Shipping and Receiving

a.
Ensure that the packaging and delivery of fiber optic cable reels comply with 
the following minimum requirements: 

b.
Ensure cable is shipped on reels of marked continuous length. 

c.
Ensure each cable is shipped on a separate, strongly constructed reel designed 
to prevent damage to the cable during shipment and installation. 

d.
Ensure each reel has a minimum of 6 feet on each end of the cable available 
for testing.  

e.
Ensure that all fiber optic cable is continuous and free from damage. 

f.
Ensure no point discontinuities greater than 0.1 decibel per reel. 

g.
Ensure that all cable delivered has been manufactured within 6 months of the 
delivery date. 

h.
Provide a copy of the transmission loss test results as required by the 
EIA/TIA-455-61 standard, as well as results from factory tests performed prior to 
shipping. 

i.
Ensure that the manufacturer provides the date of manufacture; product and 
serial numbers; cable data, including the reel length; refraction index; the project 
name and location; type of fiber and quantity of strands used; technical product data 
sheet(s); and reel number(s).

CONCLUSION
77.
Light is an electromagnetic wave and it transferring like quantum. That one quantum called photon. Primarily light has five characteristics. Those are reflection, refraction, diffraction, absorption and scattering. When we are using light, we have two assumptions.

1.
Light has going in a linear way.


2.
Reflection angle equal to inversion angle. 

78.
An optical fiber or optical fibre is a thin, flexible, transparent fiber that acts as a waveguide, or "light pipe", to transmit light between the two ends of the fiber. The field of applied science and engineering concerned with the design and application of optical fibers is known as fiber optics (or fibre optics).

79.
Optical fibers are widely used in fiber-optic communications, which permits transmission over longer distances and at higher bandwidths (data rates) than other forms of communication. 

80.
Fibers are used instead of metal wires because signals travel along them with less loss and are also immune to electromagnetic. Fibers are also used for illumination, and are wrapped in bundles so they can be used to carry images, thus allowing viewing in tight spaces. Specially designed fibers are used for a variety of other applications, including sensors and fiber lasers.
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