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TRANSMISSION

TElements of a Transmission System

 The transducers, such as a microphone or a TV camera, that we need to convert an 
original signal to an electrical form are omitted

 Unwanted disturbances such as electromagnetic interference and noise are included

 Bidirectional communication requires another system for simultaneous transmission in 
the opposite direction.



4/10/2013

2

Signals and Spectra

 Although a signal physically 
exists in the time domain, we 
can also represent it in the 
frequency domain.

 Any physical signal can be 
expressed in both domains. In 
the time domain we draw the 
amplitude along the time axis 
and in the frequency domain 
we draw the amplitude (and 
phase) along the frequency 
axis.

CW Modulation Methods

 In radio transmission we have to transfer the spectrum of the message into the 
radiofrequency band for transmission. For this we use continuous or carrier wave 
(CW) modulation.

 The primary purpose of CW modulation in a communication system is to generate a 
modulated signal suited to the characteristics of a transmission channel.

 CW modulation is also used in voiceband modems where digital data modulate the 
carrier frequencies inside the voice frequency band.
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AM

 The original carrier wave has a constant peak value (amplitude) and it has a much 
higher frequency than the modulating signal, the message. 

 The peak value of the carrier varies in accordance with the instantaneous value of 
the modulating signal and the outline wave shape, or envelope, of the modulated 
wave follows the shape of the original modulating signal.

 The bandwidth of the modulated signal is

AM

 The modulated wave contains the following three frequencies:
 The original carrier frequency, fc Hz;
 The sum of the carrier and modulating signal frequencies, (fc + fm) Hz;
 The difference between the carrier and modulating signal frequencies, (fc – fm) Hz.

 If the modulating signal contains multiple frequency components, the AM process 
transfers the message spectrum with the carrier.

 The message spectrum appears after the modulation on both sides of the carrier 
and the required bandwidth is doubled.
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AM

 If the message is in digital format, the amplitude of the carrier is changed rapidly 
from one value to another.

 The original AM has further developed into the suppressed carrier doublesideband 
(SCDSB), singlesideband (SSB), and vestigalsideband (VSB) versions.

FM

 Exponential modulation is a nonlinear process and therefore the modulated 
spectrum is not related to the message spectrum in a simple fashion.

 In FM the instantaneous frequency of the carrier is varied according to the message 
and its amplitude is kept constant
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FM

 In digital FM we use one carrier frequency for each digital symbol value. In the 
binary case we may transmit 0 for a lower frequency and 1 for the higher frequency

 Some older generation voiceband modems use the digital form of FM called 
frequency shift keying (FSK).

PM

 In PM the instantaneous phase, instead of frequency, is varied linearly according to 
the message.

 if the message has discontinuities, there will be discontinuities in the modulated 
carrier wave as well
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PM

Digital PM

PM

 We could increase the data rate further by using eight different carrier phases as in 
8PSK
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Allocation of the Electromagnetic Spectrum

 Signal transmission over an appreciable distance always involves the traveling of an 
electromagnetic wave, with or without a guiding medium.

 Radio systems are often the most economical solution when new connections are 
required and there are no free cables or fibers between the end points of the 
connection.

Allocation of the Electromagnetic Spectrum
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Allocation of the Electromagnetic Spectrum

 Radio waves at different frequency bands propagate in different propagation modes.
 Ground wave: The radio wave follows the surface of the Earth, and thus communication over the 

horizon is possible.
 Skywave: The radio wave is reflected from the ionosphere back to Earth. The wave is reflected back 

from the Earth’s surface and back to the Earth again making longdistance communication possible. 
The communication quality is not stable because the characteristics of the ionosphere vary with 
time.

 Line of sight: The radio wave propagates along the straight line from the transmitter to the receiver. 
A general requirement for good performance is that the receiving antenna be visible from the 
transmitter. The radio frequencies above 100 MHz that propagate in lineofsight mode are used in 
most modern communication systems. 

Free-Space Loss of Radio Waves

 The power of the radio wave is reduced with distance just as a cable attenuates 
propagating electrical signals.

 The transmitted power from isotropic antennas is distributed over a spherical 
surface and the radiated power per unit area decreases in proportion to the square 
of the radius because the area of the spherical surface increases in proportion to 
the square of the radius.
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Symbol Rate (Baud Rate) and Bandwidth

 Communication requires a sufficient transmission bandwidth to accommodate the 
signal spectrum; otherwise, severe distortion will result.

Symbol Rate and Bit Rate
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Symbol Rate and Bit Rate

 The unit of symbol rate, sometimes called the modulation rate, is bauds (symbols 
per second).

Coding

 Coding is a digital symbol processing operation in which the digital form of the 
information is changed for improved communication.

 In general, coding contains many different processes, such as 
 Ciphering
 Compression
 Error control coding
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Purpose of Line Coding

 The purpose of line coding is 
 to make the form of the spectrum of a digital signal suitable for a certain communication media.
 to help to synchronize the receiver

Spectrum of Common Line Codes
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Spectrum of Common Line Codes

Regeneration
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Regeneration

Examples of Error Rates and Mean Times Between Errors for a 64Kbps Channel

Multiplexing

 Multiplexing is a process that combines several signals for simultaneous 
transmission on one transmission channel.

 FrequencyDivision Multiplexing (FDM) modulates each message to a different carrier 
frequency.
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PCM Frame Structure

Frame Synchronization Time Slot
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Multiframe Structure of the Signaling Time Slot

Plesiochronous Digital Hierarchy (PDH)

The PDH (European standard)
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Plesiochronous Digital Hierarchy (PDH)

North American PDH

Transmission Media

 Copper cable as a transmission medium
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Optical Fiber Cables

 Optical fiber is the most modern of the transmission media. It offers a wide 
bandwidth, low attenuation, and extremely high immunity to external electrical 
interference.

 An optical fiber has a central core (with a diameter around 8 or 60 μm) of very pure 
glass surrounded by an outer layer of less dense glass. A light ray is refracted from 
the surface between these materials back to the core and it propagates in the core 
from end to end.

Optical Fiber Cables

 The advantages of optical fibers include these:
 High transmission capacity: Optical fibers have a very large bandwidth and they are able to carry 

very high data rates, up to 50 Gbps.
 Low cost: The cost of the fiber has decreased to the level of a twistedpair cable; however, the 

coating and shielding of the cable increase the cost by a factor of two or more.
 Tolerance against external interference: Electromagnetic disturbances have no influence on the light 

signal inside the fiber.
 Small size and low weight: Fiber material weighs little and the fiber diameter is only of the order of a 

hundred micrometers instead of a millimeter or more for copper wire.
 Unlimited material resource: Quartz used in glass fibers is one of the most common materials on 

Earth.
 Low attenuation: Attenuation in modern fibers is less than half a decibel per kilometer and it is 

independent of the data rate.

 The disadvantage of optical fibers is that they are more difficult to install than 
copper cables. Another disadvantage is that the radiation of light from a broken 
fiber may cause damage to the human eye.
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Optical Fiber Cables

 Fibers are divided into two main categories, multimode and singlemode fibers.

 Multimode fibers: 
 The diameters of 125/60 μm cladding/core 
 They used in shorthaul applications such as optical LANs.
 They use lowcost lightemitting diode (LED) transmitters at the 850nm wavelength
 Attenuation of a multimode fiber is of the order of 2 dB/km.

 Propagation delay is different for each ray, and the light energy of different rays is 
received with different delays, which causes dispersion, that is, spreading of light 
pulses as they travel through an optical fiber.

Optical Fiber Cables

 Singlemode fibers: 
 The diameters of 125/5 μm
 They used in the telecommunications network in highdatarate and longdistance applications.
 They allow only one mode to propagate through the fiber and modal dispersion is greatly reduced.
 Wavelengths of 1.3 or 1.55 μm are used in singlemode fibers and then attenuation is of the order of 

0.5 dB/km or even less.

 The singlemode fibers require highprecision optical components and connectors 
because of the small core diameter and this makes their cost high compared with 
components used for multimode fibers.
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Optical Fiber Cables

Radio Transmission

 The most important advantage of radio transmission over cable transmission is that 
it does not require any physical medium. 

 Radio systems are quick to install and because no digging of cable into the ground 
is required, the investment costs are much lower.

 Examples of other systems using radio waves are public cellular systems, 
professional mobile radio systems, cordless telephones, broadcast radio and TV, 
satellite communications, and WLANs.
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Satellite Transmission

 In satellite communications a microwave repeater is located in a satellite. An Earth 
station transmits to the satellite at one frequency band and the satellite regenerates 
and transmits the signal back at another frequency band.

Transmission Equipment in the Network
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Optical Line Systems

 Optical line systems contain two terminal repeaters at each end of the fiber. They 
convert an electrical digital signal into an optical one and vice versa.

 tptical systems transmit light energy pulses to the fiber; they do not use light as a 
carrier the same way as in radio communications. In bidirectional systems two 
fibers, one for each transmission direction, are needed.

 Wavelengthdivision multiplexing (WDM) uses an optical coupler to combine optical 
signals (WDM multiplexer) and optical filters (WDM demultiplexer) to separate optical 
signals at the receiving end

Wavelength Division Multiplexing (WDM)
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DWDM System (One Transmission Direction Only)

Optical Amplifiers

 Regeneration of optical DWDM signals is very expensive because it requires an 
optical demultiplexer and demultiplexer, regeneration of each signal in electrical 
form, and optical receivers and transmitters for each wavelength.

 Erbiumdoped fiber amplifiers (EDFAs) in particular have become popular in long
distance transmissions of highcapacity DWDM signals.
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Microwave Radio Transmission

 Microwave relay systems are radio systems that may be used for pointtopoint
transmission instead of copper or optical cable systems. They convert digital data 
into radio waves and vice versa.


