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DATA AND COMPUTER
COMMUNICATIONS

Lecture 2 Physical Layer -
Transmission Media

Mei Yang

Based on Lecture slides by
William Stallings

OVERVIEW

transmission medium is the physical path
between transmitter and receiver

guided - wire / optical fiber
unguided - wireless

characteristics and quality determined by
medium and signal

in unguided media - bandwidth produced by the
antenna is more important

in guided media - medium is more important

key concerns are data rate and distance
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DESIGN FACTORS DETERMINING DATA
RATE AND DISTANCE

bandwidth

* higher bandwidth gives higher data rate

transmission impairments

* impairments, such as attenuation, limit the distance

interference

* overlapping frequency bands can distort or wipe out a
signal

number of receivers

* more receivers introduces more attenuation

ELECTROMAGNETIC SPECTRUM
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ELF = Extremely low frequency
VF = Voice frequency

VLF = Very low frequency

LF =Low frequency

MF = Medium frequency
HF = High frequency
VHF = Very high frequency

UHF = Ultrahigh frequency
SHF = Superhigh frequency
EHF = Extremely high frequency
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TRANSMISSION CHARACTERISTICS OF
GUIDED MEDIA

Twisted pair
(with
loading)
Twisted pairs
(multi-pair
cables)
Coaxial cable

Optical fiber

Frequency
Range

0 to 3.5 kHz

0to 1 MHz

0 to 500 MHz

186 to 370
THz

Typical Typical
Attenuation Delay
0.2dB/km @ 50 ps/km
1 kHz
0.7dB/km @ 5 ps/km
1 kHz
7 dB/km @ 4 ps/km
10 MHz
0.2to 0.5 5 ps/km
dB/km

Repeater
Spacing

2 km

2 km

1to 9 km

40 km

TRANSMISSION CHARACTERISTICS OF
GUIDED MEDIA
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TWISTED PAIR

o Twisted pair 1s the least expensive and most widely used
guided transmission medium.

¢ consists of two insulated copper wires arranged in a regular
spiral pattern

* a wire pair acts as a single communication link
* pairs are bundled together into a cable

*  most commonly used in the telephone network and for
communications within buildings

Itwlsl )

; length
—Separately insulated
—Twisted together [ g o PR G g
—Often "bundled” into cables
—Usually installed in building
during construction (a) Twisted pair !

TWISTED PAIR - TRANSMISSION

CHARACTERISTICS
ne(?ds _ canuse
cumplifios || eitheranalo L gistance
6km signals
needs a
repeater | | bandwidth
. every 2km to (1MHz)
susceptible to Bl
interference and data rate
. | (100MHz)
noise
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UNSHIELDED VS. SHIELDED TWISTED PAIR

Unshielded Twisted Pair (UTP)

* ordinary telephone wire

* cheapest

* easiest to install

+ suffers from external electromagnetic interference

Shielded Twisted Pair (STP)

* has metal braid or sheathing that reduces
interference

* provides better performance at higher data rates
* more expensive
* harder to handle (thick, heavy)

S/UTP

conductor
insulation
— pair

pair shield
sheath

. conductor
insulation
pair
cable shield
sheath

10
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UTP CATEGORIES

Category 3 Category 5 | Category SE | Category 6 Category 7
Class C Class D Class E Class F
Bandwidth 16 MHz 100 MHz 100 MHz 200 MHz 600 MHz
Cable Type UTP UTP/FTP UTP/FTP UTP/FTP SSTP
Link Cost 0.7 1 1.2 1.5 2.2
(Cat5=1)

11

COMPARISON OF SHIELDED AND
UNSHIELDED TWISTED PAIR

Attenuation (dB per 100 m) Near-end Crosstalk (dB)
Frequency | Category 3 | Category 5 | 150-ohm | Category 3 | Category 5 | 150-ohm

(MHz) UTP UTP STP UTP UTP STP

1 2.6 2.0 1.1 41 62 58

4 5.6 4.1 2.2 32 53 58
16 13.1 8.2 4.4 23 44 50.4
25 10.4 6.2 41 47.5
100 — 22.0 12.3 — 32 38.5
300 — 21.4 — — 31.3

12
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NEAR END CROSSTALK

coupling of signal from one pair to another

occurs when transmit signal entering the
link couples back to receiving pair

1e. near transmitted signal is picked up by
near receiving pair

13

CoAXIAL CABLE

Coaxial cable can be used over longer distances and
support more stations on a shared line than twisted
pair
consists of a hollow outer cylindrical conductor that
surrounds a single inner wire conductor

is a versatile transmission medium used in a wide variety of
applications

used for TV distribution, long distance telephone
transmission and LANs

Outer sheath

Outer conductor plastic jacket

dielectric insulator

Insulation
Inner LLLY -
conductor . 14
—Outer conductor is braided shicld metallic shield
—Inner conductor is solid metal centre core

—Separated by insulating material
Losered hy nadding
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COAXIAL CABLE - TRANSMISSION

CHARACTERISTICS
~ analog ~ digital
frequency ' ignals ignals
characteristics
Superior to + amplifiers * repeater
twisted pair needed every lkm
every few - closer for
kilometers higher
- closer if data rates
higher
performance frequency
limited by * usable
attenuation & spectrum
noise extends up
to 500MHz

15

OPTICAL FIBER

Jacket
Core Cladding

N N TR

\ VAN
A}
—Ulass or plastic core Angle of Angle of
—Laser or light emitting diode Light at less than incidence reflection
—Specially designed jacket critical angle is
—Small size and weight ahbsorbed in jacket

(¢) Optical fiber

0 Optical fiber is a thin flexible medium capable of
guiding an optical ray.
« various glasses and plastics can be used to make optical fibers
* has a cylindrical shape with three sections — core, cladding,
jacket 16
* widely used in long distance telecommunications
« performance, price and advantages have made it popular to use
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OPTICAL FIBER

mode fiber

1. Core: 8 um diameter
2. Cladding: 125 um dia.
3. Buffer: 250 um dia.

4. Jacket: 400 pm dia.

The structure of a typical single-

)
R KL
1 2 3

3

17

OPTICAL FIBER - BENEFITS

greater capacity
data rates of hundreds of Gbps

smaller size & weight

lower attenuation
electromagnetic isolation

crosstalk

greater repeater spacing
10s of km at least

reduces structural support requirements

not vulnerable to interference, impulse noise, or

high degree of security from eavesdropping

considerably thinner than coaxial or twisted pair cable

18
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OPTICAL FIBER - TRANSMISSION
CHARACTERISTICS

uses total internal reflection to transmit light
effectively acts as wave guide for 1014 to 1015 Hz
can use several different light sources
Light Emitting Diode (LED)
o cheaper, wider operating temp range, lasts longer
Injection Laser Diode (ILD)
o more efficient, has greater data rate

relation of wavelength, type & data rate

19

OPTICAL FIBER TRANSMISSION MODES

Input pulse Qutput pulse
=l i
S S R i

(a) Step-index multimode

Input pulse Output pulse

SQXXXX#

(b) Graded-index multimode

Input pulse Output pulse

v

20

(c) Single mode
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FREQUENCY UTILIZATION FOR FIBER

APPLICATIONS
Wavelength (in Frequency Band Fiber Type Application
vacuum) range Range (THz) Label

(nm)

820 to 900 366 to 333 Multimode LAN
1280 to 1350 234 t0 222 S Single mode Various
1528 to 1561 196 to 192 C Single mode WDM
1561 to 1620 192 to 185 L Single mode WDM

21

WIRELESS TRANSMISSION FREQUENCIES

+ referred to as microwave frequencies

* highly directional beams are possible

* suitable for point to point transmissions
+ also used for satellite

referred to as the radio range

suitable for omnidirectional applications

infrared portion of the spectrum

3 x 10! to

2x 1014 applications within confined areas

useful to local point-to-point and multipoint

22
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ANTENNAS
i : o electrical
transmission reception
antenna antenna CODdUCtOI‘S used tO
radiate or collect
adiated into m electromagnetic
ounding
onment energy

converted to converted to
omagnetic r requency
gy by trical
enna ergy

o same antenna is

electromagnetic

radio frequency

. - often used for both

mitter .

purposes

23

RADIATION PATTERN

o power radiated in all directions

o not same performance in all directions
» as seen in a radiation pattern diagram
o an isotropic antenna is a (theoretical)
point in space
» radiates in all directions equally
« with a spherical radiation pattern

24
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PARABOLIC REFLECTIVE ANTENNA

(a) Parabola (b) Cross-section of parabolic antenna 25
showing reflective property

ANTENNA GGAIN

measure of directionality of antenna

power output in particular direction
verses that produced by an isotropic
antenna

measured in decibels (dB)

results in loss in power in another
direction
effective area relates to size and shape

related to gain
26
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ANTENNA GAIN

Arh,  4And 2Ae

G: antenna gain

Ae: effective area

f: carrier frequency

c: speed of light (=3x10% m/s)
A: carrier wavelength

27

TERRESTRIAL MICROWAVE

used for long haul telecommunications and
short point-to-point links
requires fewer repeaters but line of sight
use a parabolic dish to focus a narrow beam
onto a receiver antenna
1-40GHz frequencies

higher frequencies give higher data rates

main source of loss is attenuation
distance, rainfall

also interference
28
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SATELLITE MICROWAVE

satellite is relay station

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

eg. uplink 5.925-6.425 GHz & downlink 3.7-4.2 GHz
typically requires geo-stationary orbit

height of 35,784km at the equator

spaced at least 3-4° apart

typical uses
television
long distance telephone
private business networks

global positioning
29

SATELLITE POINT TO POINT LINK

gy Satellite

antenna

Earth
station @ @
(a) Point-to-point link

30
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SATELLITE BROADCAST LINK

(Tig) Satellite

antenna

7N\

Multiple @ § Multiple

receivers receivers
'I‘ransm.:tter

(b) Broadeast link a1

SATELLITE MICROWAVE APPLICATIONS

uses:

private business networks
o satellite providers can divide capacity into channels to
lease to individual business users
television distribution

o programs are transmitted to the satellite then
broadcast down to a number of stations which then
distributes the programs to individual viewers

o Direct Broadcast Satellite (DBS) transmits video
signals directly to the home user

global positioning
o Navstar Global Positioning System (GPS) 32
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TRANSMISSION CHARACTERISTICS

the optimum frequency range for satellite
transmission is 1 to 10 GHz

lower has significant noise from natural sources

higher is attenuated by atmospheric absorption and precipitation
satellites use a frequency bandwidth range of
5.925 to 6.425 GHz from earth to satellite
(uplink) and a range of 3.7 to 4.2 GHz from
satellite to earth (downlink)

this is referred to as the 4/6-GHz band

because of saturation the 12/14-GHz band has been developed

(uplink: 14 - 14.5 GHz; downlink: 11.7 - 12.2 GH 23

BROADCAST RADIO

radio 1s 3kHz to 300GHz

use broadcast radio, 3S0MHz - 1GHz, for:
FM radio
UHF and VHF television

omnidirectional
still need line of sight
suffers from multipath interference

reflections from land, water, other objects

34
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INFRARED

achieved using transceivers that modulate
noncoherent infrared light

transceivers must be within line of sight
of each other directly or via reflection

does not penetrate walls
no licenses required
no frequency allocation issues

typical uses:
TV remote control

IRD port
35

WIRELESS PROPAGATION
GROUND WAVE

sipmal
prapagaticn

reeive
antcann

transmit
amtennz

{a) Ground-wave propapation (helow 2 MHz)

ground wave propagation follows the contour of the earth and
can propagate distances well over the visible horizon

this effect is found in frequencies up to 2MHz 36

the best known example of ground wave communication is
AM radio
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WIRELESS PROPAGATION
SKY WAVE

o & .
tramsmit b, Y receive
antennz 3 & antenmi

(b) Sky-wave propapation (2 to 30 MHz)

sky wave propagation is used for amateur radio, CB radio, and
international broadcasts such as BBC and Voice of America

a signal from an earth based antenna is reflected from the
ionized layer of the upper atmosphere back down to earth

sky wave signals can travel through a number of hops,
bouncing back and for the between the ionosphere and the
earth’s surface

WIRELESS PROPAGATION
LINE OF SIGHT

signal
prapagation

transmit Teceive

aniennz anteann

(¢} Line-of-sipht (1.0OS) propapation (above 30 MHz)

ground and sky wave propagation modes do not operate above
30 MHz - communication must be by line of sight
38
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REFRACTION

o velocity of electromagnetic wave is a function of
the density of the medium through which it
travels

* ~3 x 108 m/s in vacuum, less in anything else
o speed changes with movement between media
oindex of refraction (refractive index) is

« sine(incidence)/sine(refraction)

» varies with wavelength
o gradual bending

» density of atmosphere decreases with height,
resulting in bending of radio waves towards earth

LINE OF SIGHT TRANSMISSION

Free Atmospheri Multipat Refractio
space loss c " h
Absorption n

* loss of + multiple

Si'gtllllal . f‘;gg;r interferi : gie;glildzlillng
wi 3
distance vapor and - - away

oxygen from

40

CpE400/ECG600 Spring 2013 20



LINE OF SIGHT TRANSMISSION

Free space loss
loss of signal with distance

Atmospheric Absorption

from water vapour and oxygen absorption

Multipath

Refraction
bending signal away from receiver

multiple interfering signals from reflections

41

FREE SPACE LOSS
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FREE SPACE LOSS

R _(@4n)’(d)’ _ ()’ _ (cd)’
P GGA  AA  f’AA

L =20logA+20logd —101og(AA)
=—-20log f +20logd —10log(A A, )+169.54dB
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MULTIPATH INTERFERENCE

A 1

(a) Microwave line of sight

45

(b) Mohile radio

SUMMARY

transmission Media
physical path between transmitter and receiver

bandwidth, transmission impairments, interference, number of
receivers

guided Media

twisted pair, coaxial cable, optical fiber

wireless Transmission
microwave frequencies
antennas, terrestrial microwave, satellite microwave, broadcast
radio

wireless Propagation

ground wave, sky wave, line of sight
46
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