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BANDWIDTH

Amplitude

1000 5000 Frequency

Bandwidth = 5000 - 1000 = 4000 Hz

a. Bandwidth of a periodic signal

Amplitude

1000 5000 Frequency

Bandwidth = 5000 - 1000 = 4000 Hz
b. Bandwidth of a nonperiodic signal




EXAMPLE 3.11

40 41 42 58 59 60
Bandwidth = 60 — 40 = 20 Hz



DIRECTION OF DATA FLOW

Direction of data

Mainframe Monitor

Direction of data at time 1
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Direction of data at time 2

b. Half-duplex

Direction of data all the time
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c. Full-duplex




Simplex
Unidirectional
As on a one-way street

Half-duplex
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SYNCHRONOUS TRANSMISSION
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ASYNCHRONOUS TRANSMISSION
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AMPLITUDE MODULATION

 The total bandwidth required for AM can be determined
from the bandwidth of the audio signal: By, = 2B.
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FREQUENCY MODULATION

« The total bandwidth required for FM can be determined
from the bandwidth of the audio signal: B¢, = 2(1 + B)B.
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PHASE MODULATION

 The total bandwidth required for PM can be determined
from the bandwidth and maximum amplitude of the
modulating signal: By, = 2(1 + B)B.
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DIGITAL-TO-ANALOG CONVERSION

Digital-to-analog conversion is the process of changing one of the
characteristics of an analog signal based on the information in digital data

Receiver

Digital data Digital data
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TYPES OF DIGITAL-TO-ANALOG MODULATION

Digital-to-analog
conversion

Amplitude shift keying Frequency shift keying
(ASK) (FSK)
Quadrature amplitude modulation
(QAM)




ASK : BINARY ASK

« BASK or OOK (on-off keying)
« Bandwidth forASK: B=(1+d) xS

Bit rate: 5
1

1 signal 1 signal 1signal | 1signal 1 signal
element element ! element : element element :

1s
Baud rate: 5

B=(1+d)S




IMPLEMENTATION OF BINARY ASK
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FSK: BINARY FSK

« Bandwidth for ASK: B=(1+d) xS + 24f

Bit rate: 5 B=(1+d)S+2Df

B=S(1+d)+ 2Df
S(1+d) S(1+d)
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Baud rate: 5




IMPLEMENTATION OF BINARY FSK
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PSK: BINARY PSK

« Bandwidth : the same as BASK,B=(1+d)x S
« Less than that for BFSK

Bit rate: 5
1 B=(1+d)S
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IMPLEMENTATION OF BINARY PSK
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DIGITAL-TO-DIGITAL CONVERSION

 Involves three techniques:

— Line coding (always needed), block coding, and
scrambling

 Line coding: the process of converting digital data to
digital signals
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Digital data Digital data
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LINE CODING SCHEMES

NRZ, RZ, and biphase (Manchester,
and differential Manchester)

Multilevel 2B/1Q, 8B/6T, and 4D-PAM5
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POLAR SCHEME




POLAR NRZ

Bandwidth

O Noinversion: Next bitis 0 ® Inversion: Next bit is 1
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POLAR BIPHASE

Minimum bandwidth i1s 2 times that of NRZ

Manchester

Differential
Manchester

O Noinversion: Next bitis 1 @ Inversion: Next bitis O

Bandwidth
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BIPOLAR SCHEME
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Digital signal

Receiver




TRANSMISSION MEDIUM & PHYSICAL LAYER

i Physical layer | Receiver /
\ Transmission medium ’ /

Cable or air




CLASSES OF TRANSMISSION MEDIA

Transmission

Twisted-pair Coaxial Fiber-optic Free space
cable cable cable i






UNSHIELDED TWISTED PAIR(UTP) AND
SHIELDED TWISTED PAIR (STP) CABLES

o Unshielded Twisted Par
3 . (up)




COAXIAL CABLE

Carries signals of higher frequency ranges than those in twisted-pair
cable
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FIBER CONSTRUCTION

Du Pont Kevlar
Outer jacket — forstrength

s ( Cladding

Plastic < - /
buffer
Glass or
plastic core




WIRELESS TRANSMISSION WAVES

Wireless
transmission




Whenever the bandwidih of a medium linking two devices is greafer than the

pandwidin Needs of the devices, The link can be shared.

Muliiplexing is the set ofi fechnigues thai allows the simultaneous fransmission of /

{>
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Muliiple SIgNals ACross @ singie adid link.

MUX: Multiplexer
DEMUX: Demultiplexer
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CATEGORIES OF MULTIPLEXING

Multiplexing

Frequency-division Wavelength-division Time-division
multiplexing multiplexing multiplexing

Digital




FREQUENCY DIVISION MULTIPLEXING
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FDM PROCESS
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FDM DEMULTIPLEXING EXAMPLE
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Demodulator
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Demodulator

Carrier f,

Demodulator

Carrier f5

Baseband
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FODM: EXAMPLE 1

Shift and combine

Higher-bandwidth link

Bandpass
filter

Bandpass
filter

Bandpass
filter

Filter and shift




WAVE DIVISION MULTIPLEXING
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Data flow




NETWORK

Data communication
network criteria




TYPE OF CONNECTION

a. Point-to-point

Mainframe

b. Multipoint




PHYSICAL TOPOLOGY
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o-point link to

tation
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ooint-to-point link only fo a central controller, called a hub

between devices
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BUS TOPOLOGY
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RING TOPOLOGY

Repeater Repeater

Repeater

Repeater Repeater




Example: Main star topology with each branch connecting several
stations in a bus topology

Station
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CATEGORIES OF NETWORKS




ampus < a few Km




MAN




End system

End system

Point-to-point
WAN
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Modem
Computer

b. Point-to-point WAN



Application I
Presentation I
Session I
Transport I
Network I
Data link I
Physical I
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