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Unit 1 

Fiber Optic Telecommunication 
 
Fiber optics is a major building block in the telecommunication infrastructure. Its high 

bandwidth capabilities and low attenuation characteristics make it ideal for gigabit 

transmission and beyond. In this module, you will be introduced to the building blocks 

that make up a fiber optic communication system. You will learn about the different 

types of fiber and their applications, light sources and detectors, couplers, splitters, 

wavelength-division multiplexers, and state-of-the-art devices used in the latest high-

bandwidth communication systems. Attention will also be given to system performance 

criteria such as power and rise-time budgets. 

 

Introduction 
Since its invention in the early 1970s, the use of and demand for optical fiber have grown 

tremendously. The uses of optical fiber today are quite numerous. With the explosion of 

information traffic due to the Internet, electronic commerce, computer networks, multimedia, 

voice, data, and video, the need for a transmission medium with the bandwidth capabilities for 

handling such vast amounts of information is paramount. Fiber optics, with its comparatively 

infinite bandwidth, has proven to be the solution. 

New technologies such as dense wavelength-division multiplexing (DWDM) and 

erbium-doped fiber amplifiers (EDFA) have been used successfully to further increase 

data rates to beyond a terabit per second (>1000 Gb/s) over distances in excess of 100 

km. This is equivalent to transmitting 13 million simultaneous phone calls through a 

single hair-size glass fiber. At this speed, one can transmit 100,000 books coast to coast 

in 1 second! 
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I. BENEFITS OF FIBER OPTICS 
Optical fiber systems have many advantages over metallic-based communication 

systems. These advantages include: 

• Long-distance signal transmission 

The low attenuation and superior signal integrity found in optical systems allow much 

longer intervals of signal transmission than metallic-based systems. While single-line, 

voice-grade copper systems longer than a couple of kilometers (1.2 miles) require in-line 

signal for satisfactory performance, it is not unusual for optical systems to go over100 

kilometers (km), or about 62 miles, with no active or passive processing. 

• Large bandwidth, light weight, and small diameter 

Today’s applications require an ever-increasing amount of bandwidth. Consequently, it 

is important to consider the space constraints of many end users. It is commonplace to 

install new cabling within existing duct systems or conduit. The relatively small 

diameter and lightweight of optical cable make such installations easy and practical, 

saving valuable conduit space in these environments. 

• No conductivity 

Another advantage of optical fibers is their dielectric nature. Since optical fiber has no 

metallic components, it can be installed in areas with Electromagnetic Interference 

(EMI), including Radio Frequency Interference (RFI). Areas with high EMI include 

utility lines, power-carrying lines, and railroad tracks. All-dielectric cables are also ideal 

for areas of high lightning-strike incidence. 

• Security 

Unlike metallic-based systems, the dielectric nature of optical fiber makes it impossible 

to remotely detect the signal being transmitted within the cable. The only way to do so is 

by accessing the optical fiber. Accessing the fiber requires intervention that is easily 
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detectable by security surveillance. These circumstances make fiber extremely attractive 

to governmental bodies, banks, and others with major security concerns. 

• Designed for future applications needs 

Fiber optics is affordable today, as electronics prices fall and optical cable pricing 

remains low. In many cases, fiber solutions are less costly than copper. As bandwidth 

demands increase rapidly with technological advances, fiber will continue to play a vital 

role in the long-term success of telecommunication. 

 

 
 

Fig.1 Optical Fiber has been used commercially for the last 25 years. 
 

Fiber optic guides are media whose dimension can be very small (hair thin), typically 

10 𝜇𝜇𝜇𝜇 to 1 𝜇𝜇𝜇𝜇. 

• Made from silica 

What is an Optical Fiber? 
 

glass, quartz or plastic. 

• Light is contained in an inner core which is only 9 𝜇𝜇𝜇𝜇 in diameter. 

• Very low loss of signal strength (0.3 dB per kilometer -which is 7%/km). 

• Despite being made of glass, fiber is strong and bendable! 
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1. Less attenuation (order of 0.2 db/km) 

ADVANTAGES OF OPTICAL FIBERS 
It is a very high information carrying capacity. 

2. Small in diameter and size & light weight 

3. Low cost as compared to copper (as glass is made from sand  ...the raw material 

used to make optical fiber is free….) 

4. Greater safety and immune to EMI & RFI, moisture & corrosion 

5. Flexible and easy to install in tight conducts 

6. Zero resale value (so theft is less) 

7. Is dielectric in nature so can be laid in eclectically sensitive surroundings 

8. Difficult to tap fibers, so secure 

9. No cross talk and disturbances  

1. The terminating equipment is still costly as compared to copper equipment. 

DISADVANTAGES OF OPTICAL FIBERS… 

2. Of is delicate so has to be handled carefully. 

3. Last mile is still not totally fiber-ised due to costly subscriber premises 

equipment. 

4. Communication is not totally in optical domain, so repeated electric –optical – 

electrical conversion is needed. 

5. Optical amplifiers, splitters, MUX-DEMUX are still in development stages. 

6. Tapping is not possible. Specialized equipment is needed to tap a fiber. 

7. Optical fiber splicing is a specialized technique and needs expertly trained 

manpower. 

8. The splicing and testing equipments are very expensive as compared to copper 

equipments. 
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Electromagnetic spectrum and communication services: 
 
 
 

 

Fig. 2 the Optical fiber frequency region 
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II. What is an optical fiber communication system? 
Transmission of information using light over an optical fiber; 

The main parts of the optical fiber communication system are, 

1- The transmitter. (The heart of a transmitter is a light source usually LEDs or 

laser lights (LDs)). 
2- The fiber. (The transparent flexible filament that guides light from a 

transmitter to a receiver) 
3- The receiver. (The key component of an optical receiver is its photo-detector). 

 

 
Fig.3 Basic fiber optic communication System 

 

Basic Optical Link Design 
 

At the transmitter an electrical input is converted into an optical output from a laser 

diode or LED and this modulated light energy is fed into the Optical Fiber. The light is 

ultimately coupled to a receiver (detector) where this light energy is made incident on 
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photo-sensors converts the light into an electrical signal. The complexity of a fiber optic 

system can range from very simple (i.e., local area network (LAN)) to extremely 

sophisticated and expensive (i.e., long distance telephone or cable television or 

community antenna television (CATV)). For example, the system shown in Figure 3 

could be built very inexpensively using a visible LED, plastic fiber, a silicon 

photodetector, and some simple electronic circuitry. The overall cost could be less than 

20$. On the other hand, a typical system used for long-distance, high-bandwidth 

telecommunication that employs wavelength-division multiplexing, erbium-doped fiber 

amplifiers, external modulation using DFB lasers with temperature compensation, fiber 

Bragg gratings, and high-speed infrared photodetectors could cost tens or even hundreds 

of thousands of dollars. The basic question is “how much information is to be sent and 

how far does it have to go?” With this in mind we will examine the various components 

that make up a fiber optic communication system and the considerations that must be 

taken into account in the design of such systems. 

 

 
Fig.4 Optical Fiber system 
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III. TRANSMISSION WINDOWS 
Optical fiber transmission uses wavelengths that are in the near-infrared portion of the 

spectrum, just above the visible, and thus undetectable to the unaided eye. Typical 

optical transmission wavelengths are 850 nm, 1310 nm, and 1550 nm. Both lasers and 

LEDs are used to transmit light through optical fiber. Lasers are usually used for 1310- 

or 1550-nm single-mode applications. LEDs are used for 850- or 1300-nm multimode 

applications. 

There are ranges of wavelengths at which the fiber operates best. Each range is known 

as an operating window. Each window is centered on the typical operational wavelength, 

as shown in Table 1. 

 

Table 1: Fiber Optic Transmission Windows 

 
 

These wavelengths were chosen because they best match the transmission properties of 

available light sources with the transmission qualities of optical fiber. 

A major dilemma facing system designers in the early 1980s was the choice between 

zero dispersion at 1.3 μm (1300 nm) and the loss minimum at 1.55 μm (1550 nm). 
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IV. Fiber Optic Loss Calculations 
Loss in a system can be expressed as the following: 

            𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 = 𝑃𝑃𝐿𝐿𝑜𝑜𝑜𝑜
𝑃𝑃𝑖𝑖𝑖𝑖

         (1) 

Where 𝑃𝑃𝑖𝑖𝑖𝑖  the input is power to the fiber and 𝑃𝑃𝐿𝐿𝑜𝑜𝑜𝑜 is the power available at the output of 

the fiber. For convenience, fiber optic loss is typically expressed in terms of decibels 

(dB) and can be calculated as: 

                                               𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑑𝑑𝑑𝑑 = 10 𝑙𝑙𝐿𝐿𝑙𝑙 𝑃𝑃𝐿𝐿𝑜𝑜𝑜𝑜
𝑃𝑃𝑖𝑖𝑖𝑖

             (2) 

Oftentimes, loss in optical fiber is also expressed in terms of decibels per kilometre 

(dB/km). 

Example 1 

A fiber of 100-m length has 𝑃𝑃𝑖𝑖𝑖𝑖= 10 μW and 𝑃𝑃𝐿𝐿𝑜𝑜𝑜𝑜 = 9 μW. Find the loss in dB/km? 

From Equation 2 

Loss𝑑𝑑𝑑𝑑 = 10 𝑙𝑙𝐿𝐿𝑙𝑙
9 𝜇𝜇𝑊𝑊

10 𝜇𝜇𝑊𝑊 = −0.458 𝑑𝑑𝑑𝑑 

And, since 100 m = 0.1 km 

The loss is                        Loss(𝑑𝑑𝑑𝑑 𝑘𝑘𝜇𝜇)⁄ = 0.458 𝑑𝑑𝑑𝑑
0.1 𝑘𝑘𝜇𝜇

=– 4.58  dB/km 

The negative sign implies loss. 

Example 2 

A communication system uses 10 km of fiber that has a 2.5-dB/km loss characteristic. 

Find the output power if the input power is 400 mW. 

Solution: From Equation2, and making use of the relationship that y = 10x if x = log y, 

Loss𝑑𝑑𝑑𝑑 = 10 𝑙𝑙𝐿𝐿𝑙𝑙
𝑃𝑃𝐿𝐿𝑜𝑜𝑜𝑜
𝑃𝑃𝑖𝑖𝑖𝑖
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Loss𝑑𝑑𝑑𝑑
10 =  𝑙𝑙𝐿𝐿𝑙𝑙

𝑃𝑃𝐿𝐿𝑜𝑜𝑜𝑜
𝑃𝑃𝑖𝑖𝑖𝑖

 

which becomes, then, 

10
Loss 𝑑𝑑𝑑𝑑

10 =
𝑃𝑃𝐿𝐿𝑜𝑜𝑜𝑜
𝑃𝑃𝑖𝑖𝑖𝑖

 

So, finally, we have 

                                                        𝑃𝑃𝐿𝐿𝑜𝑜𝑜𝑜  = 𝑃𝑃𝑖𝑖𝑖𝑖 × 10
Loss 𝑑𝑑𝑑𝑑

10                            (3)  

 

For 10 km of fiber with 2.5-dB/km loss characteristic, the Loss𝑑𝑑𝑑𝑑  becomes 

                                   Loss𝑑𝑑𝑑𝑑 = 10 km ×  (– 2.5 dB/km)  = – 25 dB 

Plugging this back into Equation 3, 

𝑃𝑃𝐿𝐿𝑜𝑜𝑜𝑜 = (400 𝜇𝜇𝑊𝑊) × 10
−25
10 = 1.265 mW 

Optical power in fiber optic systems is typically expressed in terms of dBm, which is a 

decibel term that assumes that the input power is 1 mwatt. Optical power here can refer 

to the power of a laser source or just to the power somewhere in the system. If P in Equ. 

4 is in milliwatts, Equ.4 gives the power in dBm, referenced to an input of one milliwatt: 

                                                    𝑃𝑃(𝑑𝑑𝑑𝑑𝜇𝜇) = 10 𝑙𝑙𝐿𝐿𝑙𝑙 𝑃𝑃
1𝜇𝜇𝑊𝑊

                          (4) 

With optical power expressed in dBm, output power anywhere in the system can be 

determined simply by expressing the power input in dBm and subtracting the individual 

component losses, also expressed in dB. It is important to note that an optical source 

with a power input of 1 Mw can be expressed as 0 dBm, as indicated by Equ. 4. For 

every 3-dB loss, the power is cut in half. Consequently, for every 3-dB increase, the 

optical power is doubled. For example, a 3-dBm optical source has a P of 2 mW, 

whereas a –6-dBm source has a P of 0.25 mW, as can be verified with Equ. 4. 
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Example 3 

A 3-km fiber optic system has an input power of 2mW and a loss characteristic of 

2dB/km. 

Determine the output power of the fiber optic system. 

Solution: 

Using Equation 4, we convert the source power of 2 mW to its equivalent in dBm: 

                            Input power𝑑𝑑𝑑𝑑𝜇𝜇 = 10 log �
2𝜇𝜇𝑊𝑊
1𝜇𝜇𝑊𝑊� = +3 𝑑𝑑𝑑𝑑𝜇𝜇 

The Loss𝑑𝑑𝑑𝑑  for the 3-km cable is, 

Loss𝑑𝑑𝑑𝑑 = 3 𝑘𝑘𝜇𝜇 × 2 
𝑑𝑑𝑑𝑑
𝑘𝑘𝜇𝜇 = 6 𝑑𝑑𝑑𝑑 

Thus, power in dB is:          output power𝑑𝑑𝑑𝑑𝜇𝜇 = 3 𝑑𝑑𝑑𝑑𝜇𝜇 − 6 𝑑𝑑𝑑𝑑 = −3 𝑑𝑑𝑑𝑑𝜇𝜇 

Using Equ.4 to convert the output power of –3 dBm back to milliwatts, we have 

P(dBm) = 10 log �
𝑃𝑃(𝜇𝜇𝑊𝑊)

1𝜇𝜇𝑊𝑊 � 

so that                            P(mW) = 1 mW × 10
P (dBm )

10  

 

Plugging in for P(dBm) = –3 dBm, we get for the output power in milliwatts 

P(mW) = 1 mW × 10
−3
10 = 0.5 mW 

Note that one can also use Equation 2 to get the same result, where now 𝑃𝑃𝑖𝑖𝑖𝑖 = 2 𝜇𝜇𝑊𝑊 

and Loss𝑑𝑑𝑑𝑑  = –6 dB: 

𝑃𝑃𝐿𝐿𝑜𝑜𝑜𝑜 = 𝑃𝑃𝑖𝑖𝑖𝑖 × 10
Loss 𝑑𝑑𝑑𝑑

10  

 

or,                             𝑃𝑃𝐿𝐿𝑜𝑜𝑜𝑜 = 2 𝜇𝜇𝑊𝑊 × 10
−6
10 = 0.5 𝜇𝜇𝑊𝑊,   the same as above. 
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V. Types of Fiber 
Three basic types of fiber optic cable are used in communication systems: 

1. Step-index multimode 

2, Step-index single mode 

3, Graded-index, this is illustrated in Figure 5. 

 

 
 

Fig.5 Index profile of various optical waveguides 
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                                                    Fig.6 Types of fiber 

 
 
Step-index multimode: fiber has an index of refraction profile that “steps” from low 

to high to low as measured from cladding to core to cladding. Relatively large core 

diameter and numerical aperture characterizes this fiber. The core/cladding diameter of a 

typical multimode fiber used for telecommunication is 62.5/125 μm (about the size of a 

human hair). The term “multimode” refers to the fact that multiple modes or paths 

through the fiber are possible. Step index multimode fiber is used in applications that 

require high bandwidth (< 1 GHz) over relatively short distances (< 3 km) such as a 

local area network or a campus network backbone. 

The major benefits of multimode fiber are: (1) it is relatively easy to work with; (2) 

because ofits larger core size, light is easily coupled to and from it; (3) it can be used 
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with both lasers and LEDs as sources; and (4) coupling losses are less than those of the 

single-mode fiber. The drawback is that because many modes are allowed to propagate 

(a function of core diameter, wavelength, and numerical aperture) it suffers from modal 

dispersion. The result of modal dispersion is bandwidth limitation, which translates into 

lower data rates. 

 

Single-mode step-index: fiber allows for only one path, or mode, for light to travel 

within the fiber. In a multimode step-index fiber, the number of modes 𝑀𝑀𝑖𝑖  propagating 

can be approximated by 

                                                        𝑀𝑀𝑖𝑖 = 𝑉𝑉2

2
                             (5) 

Here V is known as the normalized frequency, or the V-number, which relates the fiber 

size (a), the refractive index (n), and the wavelength (𝜆𝜆). The V- number is given by 

Equation (6) 

                                                      𝑉𝑉 = �2𝜋𝜋𝜋𝜋
𝜆𝜆
� × 𝑁𝑁.𝐴𝐴.  (6) 

or by, 

𝑉𝑉 =
2𝜋𝜋𝜋𝜋
𝜆𝜆 × 𝑖𝑖1 × (2 × ∆)

1
2 

In either equation, a is the fiber core radius, 𝜆𝜆is the operating wavelength, N.A. is the 

numerical aperture, 𝑖𝑖1 is the core index, and ∆is the relative refractive index difference 

between core and cladding. 

The analysis of how the V-number is derived is beyond the scope of under graduate, but 

it can be shown that by reducing the diameter of the fiber to a point at which the V-

number is less than 2.405, higher-order modes are effectively extinguished and single-

mode operation is possible. 



 
 15 

Example 4 

What is the maximum core diameter for a fiber if it is to operate in single mode at a 

wavelength of 1550 nm if the N.A. is 0.12? 

From Equation 6, 

𝑉𝑉 = �
2𝜋𝜋𝜋𝜋
𝜆𝜆 � × 𝑁𝑁.𝐴𝐴. 

 

Solving for a yields            𝜋𝜋 = (𝑉𝑉)(𝜆𝜆)/ (2𝜋𝜋 𝑁𝑁.𝐴𝐴. ) 

For single-mode operation, V must be 2.405 or less. The maximum core diameter occurs 

when V = 2.405. So, plugging into the equation, we get 

 

𝜋𝜋𝜇𝜇𝜋𝜋𝑚𝑚 =
(2.405)(1550𝑖𝑖𝜇𝜇)

[(2𝜋𝜋)(0.12)] = 4.95 𝜇𝜇𝜇𝜇 

 

𝑑𝑑𝜇𝜇𝜋𝜋𝑚𝑚 = 2 × 𝜋𝜋 = 9.9 𝜇𝜇𝜇𝜇 

 

The core diameter for a typical single-mode fiber is between 5 μm and 10 μm with a 

125-μm cladding. Single-mode fibers are used in applications in which low signal loss 

and high data rates are required, such as in long spans where repeater/amplifier spacing 

must be maximized. Because single-mode fiber allows only one mode or ray to 

propagate (the lowest-order mode), it does not suffer from modal dispersion like 

multimode fiber and therefore can be used for higher bandwidth applications. However, 

even though single-mode fiber is not affected by modal dispersion, at higher data rates 

chromatic dispersion can limit the performance. This problem can be overcome by 

several methods. One can transmit at a wavelength in which glass has a fairly constant 
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index of refraction (~1300 nm), use an optical source such as a distributed feedback 

laser (DFB laser) that has a very narrow output spectrum, use special dispersion 

compensating fiber, or use a combination of all these methods. In a nutshell, single-

mode fiber is used in high-bandwidth, long-distance applications such as long-distance 

telephone trunk lines, cable TV head-ends, and high-speed local and wide area network 

(LAN and WAN) backbones. The major drawback of single-mode fiber is that it is 

relatively difficult to work with (i.e., splicing and termination) because of its small core 

size. Also, single-mode fiber is typically used only with laser sources because of the 

high coupling losses associated with LEDs. 

 

Graded-index fiber: is a compromise between the large core diameter and N.A. of 

multimode fiber and the higher bandwidth of single-mode fiber. With creation of a core 

whose index of refraction decreases parabolically from the core center toward the 

cladding, light travelling through the center of the fiber experiences a higher index than 

light travelling in the higher modes. This means that the higher-order modes travel faster 

than the lower-order modes, which allows them to “catch up” to the lower-order modes, 

thus decreasing the amount of modal dispersion, which increases the bandwidth of the 

fiber. 
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VI. Dispersion 
Dispersion, expressed in terms of the symbol ∆𝒕𝒕, is defined as pulse spreading in an 

optical fiber. As a pulse of light propagates through a fiber, elements such as numerical 

aperture, core diameter, refractive index profile, wavelength, and laser linewidth cause 

the pulse to broaden. This poses a limitation on the overall bandwidth of the fiber as 

demonstrated in Figure 7. 

 
Fig.7 Pulse broadening caused by dispersion 

 

Dispersion ∆𝑜𝑜 can be determined from Equation 7. 
 
                                        ∆𝑜𝑜 = (∆𝑜𝑜𝐿𝐿𝑜𝑜𝑜𝑜 − ∆𝑜𝑜𝑖𝑖𝑖𝑖 )1 2⁄                            (7)   
 
and is measured in time, typically nanoseconds or picoseconds. Total dispersion is a 

function of fiber length. The longer the fiber is the more the dispersion. Equation 8 gives 

the total dispersion per unit length. 

                                       ∆𝑜𝑜𝑜𝑜𝐿𝐿𝑜𝑜𝜋𝜋𝑙𝑙 = 𝐿𝐿 × (𝐷𝐷𝑖𝑖𝐿𝐿𝐷𝐷𝐷𝐷𝐷𝐷𝐿𝐿𝑖𝑖𝐿𝐿𝑖𝑖/𝑘𝑘𝜇𝜇)             (8) 
 
The overall effect of dispersion on the performance of a fiber optic system is known as 

intersymbol interference (Figure 8). Intersymbol interference occurs when the pulse 

spreading caused by dispersion causes the output pulses of a system to overlap, 
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rendering them undetectable. If an input pulse is caused to spread such that the rate of 

change of the input exceeds the dispersion limit of the fiber, the output data will become 

indiscernible. 

 
 

Fig.8 Intersymbol interference 
 

Dispersion is generally divided into two categories:  
 

1. Modal dispersion & 

2. Chromatic dispersion. 

Modal dispersion is defined as pulse spreading caused by the time delay between lower-

order modes (modes or rays propagating straight through the fiber close to the optical 

axis) and higher-order modes (modes propagating at steeper angles). This is shown in 

Figure 9. Modal dispersion is problematic in multimode fiber, causing bandwidth 

limitation, but it is not a problem in single-mode fiber where only one mode is allowed 

to propagate. 
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Fig.9 Mode propagation in an optical fiber 

 
Chromatic dispersion is pulse spreading due to the fact that different wavelengths of 

light propagate at slightly different velocities through the fiber. All light sources, 

whether laser or LED, have finite linewidths, which means they emit more than one 

wavelength. Because the index of refraction of glass fiber is a wavelength-dependent 

quantity, different wavelengths propagate at different velocities. Chromatic dispersion is 

typically expressed in units of nanoseconds or picoseconds per (km.nm). 

Chromatic dispersion consists of two parts: material dispersion and waveguide 

dispersion. 

∆𝑜𝑜𝑐𝑐ℎ𝐷𝐷𝐿𝐿𝜇𝜇 𝜋𝜋𝑜𝑜𝑖𝑖𝑐𝑐 = ∆𝑜𝑜𝜇𝜇𝜋𝜋𝑜𝑜𝐷𝐷𝐷𝐷𝑖𝑖𝜋𝜋𝑙𝑙 + ∆𝑜𝑜𝑤𝑤𝜋𝜋𝑤𝑤𝐷𝐷𝑙𝑙𝑜𝑜𝑖𝑖𝑑𝑑𝐷𝐷  

Material dispersion is due to the wavelength dependency on the index of refraction of 

glass. Waveguide dispersion is due to the physical structure of the waveguide. In a 

simple step-index profile fiber, waveguide dispersion is not a major factor, but in fibers 

with more complex index profiles, waveguide dispersion can be more significant. 

Material dispersion and waveguide dispersion can have opposite signs depending on the 

transmission wavelength. In the case of a step-index single-mode fiber, these two 

effectively cancel each other at 1310 nm, yielding zero dispersion. This makes very 

high-bandwidth communication possible at this wavelength. However, the drawback is 

that, even though dispersion is minimized at 1310 nm, attenuation is not. Glass fiber 
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exhibits minimum attenuation at 1550 nm. Coupling that with the fact that erbium-doped 

fiber amplifiers (EDFA) operate in the 1550-nm range makes it obvious that, if the zero-

dispersion property of 1310-nm could be shifted to coincide with the 1550-nm 

transmission window, high-bandwidth long-distance communication would be possible. 

With this in mind, zero-dispersion-shifted fiber was developed. When considering the 

total dispersion from different causes, we can approximate the total dispersion by ∆𝑜𝑜𝑜𝑜𝐿𝐿𝑜𝑜 . 

∆𝑜𝑜𝑜𝑜𝐿𝐿𝑜𝑜 = [(∆𝑜𝑜1)2 + (∆𝑜𝑜2)2 + ⋯+ (∆𝑜𝑜𝑖𝑖)2]1 2⁄  

Where ∆𝑜𝑜𝑖𝑖  represents the dispersion caused by the various components that make up the 

system. The transmission capacity of fiber is typically expressed in terms of bandwidth 

× distance. For example, the bandwidth × distance product for a typical 62.5/125-μm 

(core/cladding diameter) multimode fiber operating at 1310 nm might be expressed as 

600 MHz.km. The approximate bandwidth of a fiber can be related to the total 

dispersion by the following relationship  

𝑑𝑑𝑊𝑊 = 0.35/∆𝑜𝑜𝑜𝑜𝐿𝐿𝑜𝑜𝜋𝜋𝑙𝑙  

Example 5 

A 2-km-length multimode fiber has a modal dispersion of 1 ns/km and a chromatic 

dispersion of 100 ps/km. nm. If it is used with an LED of linewidth 40 nm, (a) what is 

the total dispersion? (b) Calculate the bandwidth (BW) of the fiber. 

 
Expressed in terms of the product (BW.km), we get  

          (BW. km) = (42.5 MHz)( 2 km) ≅ 85 MHz . km. 
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Optical fiber waveguides 
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