Data Communications and Networking (IT210)

Week 4

Transmission Media

[ Chapter Objectives

[ Guided transmission media ]

[ Unguided transmission media ]

[ Twisted-pair cables ][ Coaxial cables ][ Fiber — optic cables ] [ Radio waves ][ Microwaves ]l Infrared I

Classes of transmission media

INTRODUCTION:

are actually located below the physical layer and are directly controlled by the physical
layer. We could say that transmission media belong to layer zero. In data communications, the transmission
medium is usually free space, metallic cable, or fiber-optic cable.

Figure 7.1: Transmission media and physical layer
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GUIDED MEDIA:

provide a conduit from one device to another, include:

Twisted-pair cable

Coaxial cables Vs DAY ) asls Slea e 3l8 Sl jes i

b Jaly Jais adlu )
Fiber-optic cables o sal) Jals Jais Adla )l

A signal traveling along any of these media is directed and contained by the physical limits of the medium.

Twisted-Pair Cable:

A twisted pair consists of two conductors (normally copper), each with its own plastic insulation, twisted

together, as shown in Figure.
Insulator < > Conductors|

One of the wires is used to carry signals to the receiver.

The other is used only as a ground reference.

Interference (noise) and crosstalk may affect both wires and create unwanted signals.

The receiver uses the difference between the two. The unwanted signals are mostly canceled out.
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Plastic cover

Figure 7.4: UTP and STP cables

a. UTP
Unshielded Twisted

Metal shield

Plastic cover

b. STP

Shielded Twisted Pair

o A metal foil or braided- mesh covering that encase each pair of insulated conductors.
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- Table 7.1: Categories of unshielded twisted-pair cables

Data Rate
Category Specification (Mbps) Use

l Unshielded twisted-pair used in telephone <0.1 Telephone

2 Unshielded twisted-pair originally used in 2 T-1 lines
T lines

3 Improved CAT 2 used in LANs 10 LANs

4 Improved CAT 3 used in Token Ring networks 20 LANs

5 Cable wire is normally 24 AWG with a jacket 100 LANs
and outside sheath

Categories are determined by cable quality, with 1 as the lowest. Each
category is suitable for specific uses.
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Chapter#7

UTP Connectors

The most common UTP connector: RJ45.
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RIJ-45 Female RJ-45 Male
RJ: Register Jam

Figure 7.5: UTP Connectors

Figure 7.6: UTP Performance
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performance:

We compare

attenuation with

frequency and

distance.
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7.2.2 Coaxial Cable

Coaxial cable (or coax) carries signals of higher frequency ranges than those in twisted pair cable, in part
because the two media are constructed quite differently.
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Figure 7.7: Coaxial cable
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i Table 7.2: Categories of coaxial cables

Category Impedance Use
RG-59 75 Q Cable TV
RG-58 50 Q Thin Ethernet
RG-11 50 Q Thick Ethernet

Each RG number denotes a unique set of physical
specification and adapted for a specialized function.
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Coaxial Cable Connectors

To connect coaxial cable to devices, we need coaxial connectors Such as Bayonet Neill-Concelman (BNC)
connector. BNC connector is used to connect the end of the cable to a device.
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There are three popular types of these connectors:

BNCT Cable
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50-W Ground comnestor
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Figure 7.8: BNC connectors

Figure 7.9: Coaxial cable performance
‘ Attenuation is much
5L 0.7/2.9 mm . . .
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Fiber-Optic Cable:

A fiber-optic cable is made of glass or plastic and transmits signals in the form of light.
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To understand optical fiber, we first need to explore several aspects of the nature of light.

Light travels in a straight line as long as it is moving through a single uniform substance. If a ray of light
traveling through one substance suddenly enters another substance (of a different density), the ray changes
direction.
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Figure 7.10 Bending of light ray when going from a more dense to a less dense substance.
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Figure 7.11: Optical fiber
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Optical fibers use reflection to guide light through a channel. A glass or plastic core is surrounded by a cladding
of less dense glass or plastic. The difference in density of the two materials must be such that a beam of light
moving through the core is reflected off the cladding instead of being refracted into it.
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Propagation modes:

Figure 7.12: light Propagation modes along optical channels

| |
Multimode Single mode

| |
Step mdex Graded index

Multiple beams from a light source move through the core in different paths.

limits beams to a small range of angles, all close to the horizontal.
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a. Multimode, step index

e The density of the core remains constant from the center to the edges.

e A beam of light moves through this constant density in a straight line until it reaches the interface of
the core and the cladding (lower density); this alters the angle of the beam’s motion.

e The term step-index refers to the suddenness of this change.
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b. Multimode, graded index

e Density is highest at the center of the core and decreases gradually to its lowest at the edge.
e This variable density impact the propagation of light beams.
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¢. Single mode

e |t has smaller diameter and lower density than multimode fiber.
e The decrease in density results in a critical angle that is close enough to 90° to make the propagation of
beams almost horizontal.

2aaiall HLIEY) Jaad Hhad e jraal Leda ladli*

il OS85 V) ) ) g3 Lam AL 4 *

i Table 7.3: Fiber types . .
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Optical fibers are defined by the ratio of the diameter of their core
to the diameter of their cladding

Type Core (um) Cladding (um) Mode
50/125 50.0 125 Multimode, graded index
62.5/125 62.5 125 Multimode, graded index
100/125 100.0 125 Multimode, graded index
7125 7.0 125 Single mode
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Figure 7.14: Fiber connection

¢ DuPont Kevlar

4w for strength
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Figure 7.15: Fiber-optic cable connector
subscriber channel

(SC) connector

Straight-tip (ST)

connector
RX —~—
=) MT-RJ
TX —> connector

e Attenuation is flatter
than twisted-pair cable and
coaxial cable. So we need
fewer repeaters than
twisted-pair cable and coaxial

cable.
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Figure 7.16: Optical fiber performance
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Optical Fiber Advantages and Disadvantages over metallic cable

e Higher bandwidth.

e Less signal attenuation. A signal can run for 50 km without requiring regeneration. We need
repeaters every 5 km for coaxial or twisted-pair cable.

e Immunity to electromagnetic noise.

e Glass is more Resistance to corrosive materials than copper.

e Fiber-optic cables are lighter than copper cables.

e Fiber-optic cables are more immune to tapping than copper cables: Copper cables create antenna
effects that can easily be tapped.

e Installation and maintenance require expertise.
e Propagation of light is unidirectional. Two fibers are needed for bidirectional communication.
e More expensive than those of other guided media.
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UNGUIDED MEDIA

transport waves without using a physical conductor.

e This type of communication is often referred to as wireless communication.
e Signals are normally broadcast through free space and thus are available to anyone who has a device
capable of receiving them.
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Figure 7.17: Electromagnetic spectrum for wireless communication
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The electromagnetic spectrum, ranging from 3 kHz to 900 THz, are used for wireless communication.

Propagation methods

e Radio waves travel through the lowest portion of the
atmosphere, hugging the earth.

e These low-frequency signals emanate in all directions from
the transmitting antenna and follow the curvature of the

planet.

e Distance depends on the amount of power in the signal:
The greater the power, the greater the distance.
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e Higher-frequency radio waves radiate upward into the
ionosphere, where they are reflected back to earth.

lonosphere

e This type of transmission allows for greater distances with
lower output power.
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e Very high-frequency signals are transmitted in straight lines lonosphere

directly from antenna to antenna.
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e Antennas must be: directional, facing each other, either not
affected by the curvature of the earth (tall enough or close
enough together)
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- Table 7.4: Bands

The section of the electromagnetic spectrum defined as radio
waves and microwaves is divided into eight ranges, called bands
Band Range Propagation Application
very low frequency (VLF) 3-30 kHz Ground Long-range radio
navigation
low frequency (LF) 30-300 kHz Ground Radio beacons and
navigational locators
middle frequency (MF) 300 kHz-3 MHz | Sky AM radio
high frequency (HF) 3-30 MHz Sky Citizens band (CB),
ship/aircraft
very high frequency (VHF) 30-300 MHz | Sky and VHF TV, FM radio
line-of-sight
ultrahigh frequency (UHF) 300 MHz-3 GHz | Line-of-sight | UHF TV, cellular phones,
paging, satellite
superhigh frequency (SF) 3-30 GHz Line-of-sight | Satellite
extremely high frequency (EHF) 30-300 GHz | Line-of-sight | Radar, satellite
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Radio Waves

Although there is no clear-cut demarcation between radio waves and microwaves..

e Electromagnetic waves ranging in frequencies between are normally called radio
waves.
e Waves ranging in frequencies between are called microwaves.

e However, the behavior of the waves, rather than the frequencies, is a better standard for classification.
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Radio waves are omnidirectional:

When an antenna transmits radio waves, they are
propagated in all directions, based on the wavelength,
strength, and the purpose of transmission.

This means that the sending and receiving antennas do
not have to be aligned. A sending antenna sends waves
that can be received by any receiving antenna.

Therefore, radio waves are useful for multicasting, in
which there is one sender but many receivers such as
AM and FM radio and television.

The radio wave band is relatively narrow, just under 1 GHz,
compared to the microwave band.

Using any part of the band requires permission from the
authorities.
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Microwaves

® Electromagnetic waves having frequencies between 1 and 300 GHz are called microwaves.

® Microwaves are unidirectional. When an antenna transmits microwaves, they can be narrowly focused.
This means that the sending and receiving antennas need to be aligned.

® The unidirectional property has an obvious advantage: A pair of antennas can be aligned without
interfering with another pair of aligned antennas.

microwaves Used in cellular phones and wireless LANs
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a. Parabolic dish antenna

Microwaves need unidirectional antennas that send out signals in one direction. Two
types of antennas are used for microwave communications
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Waveguide

b. Hom antenna

Every line parallel to the line of symmetry
reflects off the curve at angles such that all
the lines intersect in a common point called
the focus. In this way, more of the signal is
recovered than would be possible with a
single-point receiver.

Outgoing transmissions are broadcast up a
stem, and deflected outward in a series of
narrow parallel beams by the curved head.

Received transmissions are collected by the
scooped shape of the horn, in a manner
similar to the parabolic dish, and are
deflected down into the stem.
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Infrared

e Infrared waves, with frequencies from 300 GHz to 400 THz (wavelengths from 1 mm to 770 nm)

e Can be used for short-range communication.

e Infrared waves, having high frequencies, cannot penetrate walls: This advantageous characteristic
prevents interference between one system and another; a short-range communication system in one
room cannot be affected by another system in the next room.

When we use our infrared remote control, we do not interfere with the use of the remote by our
neighbors.
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