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Transmission Media

the transmission medium is the physical path between transmitter and 

receiver. 

In One type of transmission medium , transmission occurs through a solid 

medium, such as copper  twisted pair, copper coaxial cable, and optical 

fiber

For second type of transmission medium , transmission  occurs wireless 

through the atmosphere, outer space, or water.

Transmission medium and physical layer
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7.3

design factors relating to the transmission medium 

Bandwidth: the greater the bandwidth of a signal, the higher the data rate 

that can be achieved.

Transmission impairments: Impairments, such as Attenuation,  Noise 

and  Distortion.

Interference: Interference from competing signals in overlapping fre-

quency bands can distort or wipe out a signal. 

Number of receivers: A guided medium can be used to construct a point-

to-point link or a shared link with multiple attachments. 

Classes of transmission media
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Electromagnetic spectrum

Electromagnetic spectrum for Transmission Media

Power and telephone

0
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7.7

Electromagnetic spectrum for Transmission Media

GUIDED MEDIA

For Guided Media electromagnetic waves are guided

along a solid medium, such as copper twisted pair,

copper coaxial cable, and optical fiber
. 

Twisted-Pair Cable

Coaxial Cable

Fiber-Optic Cable

Three Types:
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7.9

Twisted-pair cable

Least-expensive and most widely used 

Physical description

– consists of two insulated copper wires arranged in a regular

spiral pattern

– a number of these pairs are bundled together into a cable

– twisting tends to decrease the crosstalk interference between

adjacent pairs in a cable

– Neighboring pairs in a bundle typically have different twist

lengths to reduce the crosstalk interference

7.10

Twisted-pair cable
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7.11

Twisted-pair cable

Applications

� telephone network: subscriber loops

� Digital PBX within a building.

� Local area networks

� Long DIstance Applications.

7.12

UTP and STP cables
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7.13

Categories of unshielded twisted-pair cables

7.14

UTP connector
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Coaxial cable

7.16

Coaxial cable

Applications

– television distribution

• cable TV system can carry dozens or even hundreds of TV

channels at ranges up to a few tens of miles

– long-distance telephone transmission

• using frequency-division multiplexing (FDM), a coaxial cable

can carry over 10000 voice channels simultaneously

– local area networks
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7.17

BNC  connectors

7.18

Fiber construction

Fiber optic cable
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7.19

Fibre optics: 

Bending of light ray

Total Internal Reflection
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7.21

Optical fiber

7.22

Modes
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7.24

Table 7.3  Fiber types
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7.25

Fiber-optic cable connectors

Theories of Light Wave
Photon Theory (Einstien proved Sir Isaac Newton concept)
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Theories of Light Wave
Wave Theory (Christiaan Huygens)
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7.29

Advantages

�Higher bandwidth

�Less Signal Attenuation

�Immunity to electromagnetic intereference

�Resistance to corrosive materials

�Light Weight

�Greater Immunity to Tapping

Disadvantages

�Installation and maintenance

�Unidirectional Light Propogation

�Cost

7.30

Attenuation ISSUE
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7.31

Light sources

– light-emitting diode (LED)

• less costly

• operates over a greater temperature range

• longer operational life

– injection laser diode (ILD)

• more efficient

• can sustain greater data rates

UNGUIDED MEDIA: WIRELESS

Unguided media transport electromagnetic waves without using a

physical conductor. The Signals are transmitted through the air (

in some cases water). There are available to anyone who can

receive them.

Radio Waves

Microwaves

Infrared

Types:
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7.33

30MHz to 1GHz (Radio Frequency)

Omnidirectional, Broadcast radio

2GHz to 40GHz (Microwave Frequency)

�Highly directional

�Point to point devices

Microwave communications

3 x 1011 to 2 x 1014 (Local Frequency)

For Local applications,  local point-to-point and 
multipoint applications within confined areas,

such as a single room

Electromagnetic spectrum for Wireless Transmission 

7.34

Antennas
electrical conductor used to radiate or

collect electromagnetic energy

1)transmission antenna

2)reception antenna

NOTE: in two way communication

same antenna is often used for both purposes
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7.35

Radiation Pattern
Antenna might radiate power in all direction

Not same performance in all directions

How can we determine the performance of an 
antenna?

Solution is “Radiation Pattern”
� Graphical representation of the radiated power

Isotropic antenna is an ideal antenna
Radiates Equal Energy in all directions.

Use as a reference to characterize the power

An Electromagnetic wave
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Radiation Pattern
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The radiation pattern of a simple omnidirectional antenna , a vertical 

half-wave dipole antenna. In this graph the antenna is at the center of 

the "donut," or torus.

Isotropic Radiation 

Pattern 
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In a directive antenna, 

shown here, the largest 

lobe, in the desired 

direction of 

propagation, is called 

the "main lobe". The 

other lobes are called 

"side lobes" and 

usually represent 

radiation in unwanted 

directions

Cell Phone Tower Radiation Pattern 
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How wireless Signals look like ? 

How wireless Signals look like ? 
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7.45

Antenna Gain
�Measure of directionality of antenna

�Power output in particular direction compared
with that produced by isotropic antenna

�Measured in decibels (dB)

7.46

Antennas Types

1)Omnidirectional Antenna

2)Unidirectional Antenna or Directional Antenna 
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7.47

Omnidirectional Antenna

Omnidirectional Antennas Radiate Signals

in all directions.

Omnidirectional antennas are widely used for

radio broadcasting antennas, and in mobile

devices that use radio such as cell phones, FM

radios, walkie-talkies, wireless computer

networks, cordless phones, GPS

7.48

Some Omnidirectional Antennas:

Monopole Antenna
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7.49

Some Omnidirectional Antennas:

Whip Antenna

7.50

Some Omnidirectional Antennas:

In Apple I Phone
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7.51

UniDirectional Antenna

Uninidirectional Antennas or Directional antennas Or Parabolic

Antennas Radiate Signals in a particular direction.

in applications  such as microwave relay links that carry

telephone and television signals between nearby cities, 

wireless WAN/LAN links for data communications, 

satellite communications and 

spacecraft communication antennas. 

The other large use of parabolic antennas

is for radar antennas,

7.52

UniDirectional Antenna

Principle of Opereation
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7.53

Some Parabolic Antennas:
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7.55

Horn Antenna:

7.56

Some Parabolic Antennas:
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7.57

Wireless Propagation

7.58

Ground Wave
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7.59

Wireless Propagation
Sky Wave

7.60

Wireless Propagation
Line of Sight
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7.61

MICROWAVE
2GHz to 40GHz

TERRESTRIAL MIRCHOWAVE

SATELLITE MICROWAVE

Microwaves are used for unicast communication such as

cellular telephones, satellite networks, and wireless LANs.

Higher frequency ranges cannot penetrate walls.
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7.63

Terrestrial Microwave

used for long distance telecommunications

and short point-to-point links, 

use a parabolic dish to focus a narrow beam onto 
a receiver antenna

7.64

SATELLITE Microwave
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7.65

SATELLITE Microwave

satellite is relay station

receives on one frequency, repeats signal and 
transmits on another frequency

Separate frequencies are assigned for

upward transmission (uplink)

downward transmission(downlink)

eg. uplink 5.925-6.425 GHz & downlink 3.7-4.2 GHz

typically requires geo-stationary orbit
height of 35,784km

spaced at least 3-4° apart

7.66
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Satellite Broadcast Link

Is it really broadcast??

7.68

typical uses

1)television

2)long distance telephone

3)private business networks

4)global positioning
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7.69

Satellite Point to Point Link

ground based 

microwave 

transmitter

ground based 

microwave 

receiver

7.70

Satellite Broadcast Link
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7.71

Radio Waves

�radio is 3kHz to 300GHz

�use broadcast radio, 30MHz - 1GHz, for:

• FM radio

• UHF and VHF television

�is omnidirectional, Sky wave propogation

� They can penetrate through walls but line of sight can 

give better results.

�suffers from multipath interference

reflections from land, water, other objects

7.72

Infrared

Infrared communications is achieved using
transmitters/receivers (transceivers) that
modulate infrared light.

Transceivers must be within the line of sight
of each other either directly or via reflection
from a light-colored surface such as the
ceiling of a room.

infrared does not penetrate walls.


