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ANALOG AND DIGITAL
Data and signals can be either analog or digital in form.
Analog and Digital data
® Analog data refers to information that is continuous.
Ex. Analog clock, sound made by human voice
e Digital data refers to information that has discrete states.
Ex. Digital clock. Data stored in memory in the form of O’s and 1’ s
Analog and Digital signals @
* Analog signals has infinitely many levels over a period of time. 0\)

e Digital signal have limited number of defined values. %
S
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a. Analog signal b. Digital signal
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TRANSMISSION IMPAIRME
e Imperfection cause nal impairment.
e That is signal at@lne beginning of the medium is not the same as the signal

at the end o medium.
o

CAuses

[mpairment |

| Attenuation I Distartion l MNoise |

Attenuation

e It means loss of energy.
e When a signal travels through a medium, it loses some of its energy in

overcoming the resistance of the medium.
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e Some of the electrical energy is converted to heat.

e To compensate this loss, amplifiers are used to amplify the signal.

Original Attenuoated Amplified

p Al .

VAR
I
;

Pogt 1 Transmission medium
Decibel (dB)
* It measures the relative strengths of two signals or one sig two different

points. %?»

e [f the decibel is negative the signal is attenuated @\positive if a signal is
amplified. %C)\
dB = 10 logi0P2/P: ?»
P; and P; are the powers of & )s.i\gnal at point 1 and 2
Example 3.26

Suppose a signal travels through a transmission medium and its power is reduced to one-half.
This means that P, = % P. In this case, the attenuation (loss of power) can be calculated as

P
10 logyo }—,3 = 10logyg % =10 log;p 0.5=10(-0.3) = -3 dB
1 1

A loss of 3 dB (=3 dB) is equivalent to losing one-half the power,

Example 3.27

A signal travels through an amplifier, and its power is increased 10 times. This means that Py =
10P;. In this case, the amplification (gain of power) can be calculated as

P 10P
10 log; }72 =10log;q —PJ = 10log;o 10=10(1)= 10 dB
1 1
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Example 3.28

One reason that engineers use the decibel to measure the changes in the strength of a signal is that
decibel numbers can be added (or subtracted) when we are measuring several points (cascading)
instead of just two. In Figure 3.27 a signal travels from point 1 to point 4. The signal is attenuated
by the time it reaches point 2, Between points 2 and 3, the signal is amplified. Again, between
points 3 and 4, the signal is attenuated. We can find the resultant decibel value for the signal just
by adding the decibel measurements between each set of points.

Figure 3.27  Decibels for Example 3.28

| 1 dB
| —
| -3dB | 7dB i -3dB
| I [
. 1 !
| 1 ]
| l R .
B - Amplifier 5

I
I
I
Point 1 Transmission Point 2 Point 3 Transmission Point 4
medium medium

In this case, the decibel value can be calculated as

dB=-3+7-3=+]
~T
Example 3.29

Sometimes the decibel is used to measure signal power in milliwatts. In this case, it is referred to
as dB, and is calculated as dB,, = 10 log,q P,,. Where P, is the power in milliwatts. Calculate
the power of a signal if its dB, = =30.

<

SECTION 3.4 TRANSMISSION IMPAIRMENT 83

Solution
We can calculate the power in the signal as

dBm = }{]]Dglﬂ Pm = —30

logjg Ppy=-3  P,=10"mW
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The loss in a cable is usually defined in decibels pet kilometer (dB/km). If the signal at the
beginning of a cable with —0.3 dB/km has a power of 2 mW, what is the power of the signal

at 5 km?

Solution

The loss in the cable in decibels is 5 x (—=0.3) = —1.5 dB. We can calculate the power as

Distortion

_ Py __
dB = lOlOgIn P_ =-1.5

1

P
2 =10%% =071

P

P2=0.71P1 =07x2=14mW

Signal changes from its form or shape.

Q)

Nl

e Each signal component has its own propagatior(}peed through a medium

and therefore its own delay in arriving at th

€ I1

Ca

destination.

N
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Types of noise: ther@r noise, induced noise, crosstalk and impulse noise.

signal not se&)y the transmitter.

[ ]

e Induced
e Cros
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Signal-to-Noise Ratio (SNR)

As we will see later, to find the theoretical bit rate limit, we need to know the ratic of
the signal power to the noise power. The signal-to-noise ratio is defined as

SNR = average signal power
average neise power

We need to consider the average signal power and the average noise power because
these may change with time, Figure 3,30 shows the idea of SNR.

SNR is actually the ratio of what is wanted (signal) to what is not wanted (noise).
A high SNR means the signal is less corrupted by noise; a low SNR means the signal is
more corrupted by noise.

Because SNR 1is the ratio of two powers, it is often described in decibel units,
SNR4g. defined as

SNRdB =10 logm SNR

AN\
DATA RATE LIMITS S
It is how fast we can send data in bits per sea@over a channel.
Data rate factors: 6

e Bandwidth available $Q@"

| N
¢ Quality of channel C)
Noiseless Channel: Nyquist B%jsate
The Nyquist bit r.

e Level of the signals we use

rmula defines maximum bit rate

BitRat@é X bandwidth x log> L
bandwitdthQ bandwidth of the channel, L — number of signal levels
used, Bitrate i§t e bit rate in bits per second

M\

Example 3.34

Consider a noiseless channel with a bandwidth of 3000 Hz fransmitting a signal with two signal
levels. The maximum bit rate can be calculated as

BitRate = 2 » 3000 x log, 2 = 6000 bps

Example 3.35

Consider the same noiseless channel transmitting a signal with four signal levels (for each level,
we send 2 bits). The maximum bii rate can be calculated as

BitRate = 2 x 3000 x log, 4 = 12,000 bps



Noisy Channel: Shannon capacity

Shannon capacity is used to determine the highest data rate for a noisy
channel

capacity = bandwidth x log> (1 + SNR)
bandwidth — bandwidth of the channel, SNR - signal-to-noise ratio, capacity —

capacity of the channel in bits per second

Example 3.37

Consider an extremely noisy channel in which the value of the signal-to-noise ratio is almost
zero. In other words, the noise is so strong that the signal is faint. For this channel the capacity C
is caleulated as

C=Fflog, (1 + SNR)=Blogy (1 +0)=Blog, 1=Bx0=0

This means that the capacity of this channel is zero regardless of the bandwidth. In other
words, we cannot receive any data through this channel.

Example 3,38

We can calculare the theoretical highest bit rate of a regular telephone line. A telephone line nor-
mally has a bandwidth of 3000 Hz (300 to 3300 Hz) assigned for data communications. The sig-
nal-to-noise ratio is usually 3162, For this channel the capacity is calculated as

€ =B log, (1 + SNR) = 3000 log, (1 + 3162) = 3000 log; 3163
= 3000 x 11.62 = 34,860 bps

PERFORMANCE &@\/
Bandwidth Qo
One charac@ tic that measures network performance is bandwidth.
Bandwidth in Hertz it IS the range of frequencies contained in a composite signal
or the range of fr Qnmes a channel can pass.
? andwidth of subscriber telephone line is 4khz.
Bandwidyt, ts

s per Seconds — bandwidth of a fast Ethernet network is 100Mbps

Throu,?&u
Q t is measure of how fast we can send data through a network. A link may
}@e a bandwidth of B bps, but we can send T bps through this link with T always
less than B.

By Mrs. A. Angeline Nancy Sophia M.Sc., M.Phil,
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FExample 3. <44

By Mrs. A. }lnge[me Wancy Sopﬁm M.Sc, M. (Pﬁz[

A network with bandwidth of 10 Mbps can pass only an average of 12,000 frames per minute "
with each frame carrying an average of 10,000 bits. What is the throughput of this network?

Solution
We can caleulate the throughput as

12,000 > 10,000
a0

Throughput = = 2 Mbps

The throughput is almost one-fifth of the bandwidth in this case.

Latency (Delay)
e [t defines how long it takes for an entire message to arrive at the @/\flatmn
from the source.
e Made of 4 components «23»
Latency = propagation time + transmission time + queueggstlme + processing
delay ‘S\
Propagation time \
e Time required for a bit to travel from the sou c?% the destination.
Propagation time = Distance / Prop speed
propagation speed depends on the me &
Example: light is propagated with a speed@")%

and the frequency of the signal.

x 108 m/s

Example 3.45

What is the propagation time if the distance between the two points is 12,000 km? Assume the
propagation speed to be 2.4 x 108 m/s in cable.

Solution
We can calculate the propagation time as

12,000 x 1000

24% 10

Propagation time = =50 ms

Transmissudtime
%@epends on the size of the message and bandwidth of the channel
Q)Q transmission time = Message size / Bandwidth
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Data Communication and Computer Network,

Example 3.46

What are the propagation time and the transmission time for a 2.5-kbyte message (an e-mail) if
the bandwidth of the network is 1 Gbps? Assume that the distance between the sender and the
receiver is 12,000 km and that light travels at 2.4 x 108 my/s.

Solution
We can calculate the propagation and transmission time as

12,000 = 1000

Propagation time = T = 50 ms
2.4x10
Transmission time = 25__{J_Qgi§ = J.020 ms
10

&

Queuing time

By Mrs. A. Angeline Nancy Sophia M.Sc., M.

Phil.,

e The time needed for each intermediate or end device to hol@e message

before it can be processed.
¢ It changes with load imposed on the network.
Bandwidth-Delay Product
e Bandwidth and delay are two performance metréd}a link.

[J Case 1. Figure 3.31 shows case 1.

Figure 3.31 Filling the link with bits for case 1

Sender Receiver

Bandwidth: 1 bps  Delay: 5 s
Bandwidth x delay = 5 bits
After 1 s
After 2s | | ———
After 3s =] Isthit | ———
After4 s | | 2Znabit. | Istbit | ——
After Ss [-| L 3idBir | . 2hdbit | Istbit
I | | |
Is ' 1s ! 1s ! 1s ! 1s

Let us assume that we have a link with a bandwidth of 1 bps (unrealistic, but good
for demonstration purposes). We also assume that the delay of the link is 5 s (also
unrealistic). We want to see what the bandwidth-delay product means in this case.
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[ Emmioni it Vot it att o

[ Case 2. Now assume we have a bandwidth of 4 bps. Figure 3.32 shows that there
can be maximum 4 x 5 = 20 bits on the line. The reason is that. at each second,
there are 4 bits on the line; the duration of each bit is 0.25 s.

Figure 3.32  Filling the link with bits in case 2

Sender Recetver
g Bandwidth: 4 kps Delay: 55 A
L Bandwidth x delay = 20 bits J=-
First 5 bits
After 1 s —
" First 5 hits
After 25 ,-—I-
0

After 3 s frefee! e | | | | | —

First 5 bits

After4 T e || | | —

First 5 bats

RRREE

After 55 [2i0F

4

Jitter %
* Related to delay @%

e It is a problem if differ packets of data encounter different delays and the

application using t ta at the receiver site is time-sensitive.

TRANSMISSION MO&@

‘ Diata transmission I
Parallel I Serial
Asynchronous I Synchronous Isochromous

¢ Binary data may be organized in groups of n bits each.
® We can send data n bits at a time is called parallel transmission.
e Use n wires to send n bits at one time from one device to another with each

clock tick.



N
N
N
N

< = <

N
N
N
N
n
/N
n

<

N
N
N

<

N

<

/‘\

Data Communication and Computer Network, By Mrs. A. Angeline Nancy Sophia M.Sc., M.Phil,

/‘\

/‘\
/‘\
/‘\

/‘\

Advantage
¢ Increases transfer speed
Disadvantage
e Cost. Requires n communication lines to transmit the data stream. So it is

limited to short distances.

Figure 4.32  Parallel transmission

Y
(The 8 bits are sent together)
i'Ir i \ / \ T
1 1 Canl
P I .
i
Sender ff§ | ! _ | Receiver §
2] o I = -
—p—1 >
i 1 i’ \ [ }___
N/
T

C We need eight ]incs)

CJV
Serial Transmission

e We need only one communicati@»%annel to transmit data between two
communication devices. %

e [t need conversion device&@%he interface between the sender and the line
and between the line he receiver.

e Serial transmissiob&curs in three ways: synchronous, synchronous and
isochronous. CJ

Advantage: O
o It reduc% st of transmission

PR\

Figure 4.33 Serial transmission

The 8 bits are sent
one after another. ./

(1] G
i :
1] 1 1 (1] [H] 1] 1 O
g g Receiver
1] o
1 We need only 1
I o | one line (wira}). o
Parallel/serial ¢ Serialfparallel
converter converter

¢ The timing of signal is not important.

¢ Information is received and translated by patterns.
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Patterns are based on grouping the bit stream into bytes.

e The receiver cannot predict when the text will arrive.

® So an extra bit is added to the beginning of each byte.

e This bit is usually a O and is called start bit.

e Bit 1 is appended at the end of the byte and is called stop bit.

e There may be a gap between each byte.

e The start and stop bits and gap alert the receiver the beginning and end of
byte. )

e When receiver detects a start bit, it sets a timer and begin countin be

e After n bits it looks for stop bits. @

®* As soon as it detects the stop bit, it waits until it detects ﬂ}( t start bit.

Figure 4.34  Asynchronous transmission

Direction of flow

S

ST Stop bit Start bit RN TR
Data ;

P itoinjo]

Sender Receiver

1\-\ L
\"-\-._\_\_ i //__,-
. -
© Gaps between
data units

otorfe| [l fe] fifoooiaiinfo] [i]id
: n g

Advantage: &
It is cheap and e@ ive
Synchronous Tra ission
e The bit %am is combined into longer frames which contain multiple bytes.
e Wes its one after another without start or stop bits or gaps.
e T ceiver separates the string and reconstruct the information.
Adv e:
aad

QQ) Faster than asynchronous transmission.

Figure 4.35 Synchronous transmission
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Isochronous Transmission
¢ In real-time audio and video synchronous transmission fails.
e For example TV images broadcast at the rate of 30 images per second and
they must be viewed at the same rate.
e [sochronous guarantees that the data arrive at fixed rate.
MULTIPLEXING
e [t is the set of techniques that allows simultaneous transmission of mu@gl»e
signals across a single data link. 6\;’
_ P
\“\ MUX: Multiplexer f‘_
DEMUX: Demultiplexer D
M E
f llr_q'mt : g > t‘! . ,.1; {‘_{1_.1r|:|ur.
TS ] L s
1 link, r channels X
(:?\./
e The lines on the left directs @ transmission to a multiplexer(MUX) which
combines into a single str,@d.
e At the receiving end, QQ fed into demultiplexer (DEMUX) which separates
the stream and di to their corresponding lines.
e Link refers to %&s’ical path
e Channel ref€ry” to the portion of link that carries transmission between a
given pad lines.
° Or}c can have many channels.
,Q‘ MMultiplexing
< C _ |
‘ Frequouency-division Wavelength-division Time-division I
muitplexing multiplexing multiplexing
Acmanliong Analog Irigiral
13
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Frequency Division Multiplexing (FDM)

e [t is an analog technique applied when the bandwidth of the link is greater
than the combined bandwidths of signals.
e In FDM, signals generated by each sending device modulate different carrier
frequencies.
e Carrier frequencies are separated by sufficient bandwidth to accommodate
the modulated signal.
e These bandwidth ranges are channels through which signals travel. @
¢ Channels are separated by strips of unused bandwidth called gu@vbands
to prevent signals from overlapping. %
L
""“--\..__‘_‘_1 _,_d-r""'ﬂ
— Channel | 1 o
i Anne | R
Iniput \1 L Ourpan
lines | ; '“‘"“2 lines
Multiplexing Process &v
D
Modulalor £ R~
b WAL A l l'i'
Carrier f, i'w, " -
Muodolator - .
A AARAAAAN. nﬂﬂ M >+ AR
3 7 R
Carrier 5 = ,f‘
A '
Maodul
|| g, | g i
Busehand ' (El
analog signals Cartier f; \ | I ] ‘ \
e Each source generates a signal of a similar frequency range.
e These similar signals modulates different frequencies f1, f2 and f3 inside the
multiplexer.
e The resulting signals are combined into a single composite signal and sent

Ay

over a media link that has enough bandwidth.
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Demultiplexing Process

Demodulator

Carrier _f]

L
Demadulator g
—\

Camier &

"~

Demodulator

Baseband

analog signals

Carrier f5

Applications of FDM

>
Demultiplexer uses a series of filters to decompose tl%?m ltiplexed signal

into its component signals. \

The signals are passed into a demodulator that@}parates them from their

X

A very common application of FDM is %@%r:d FM radio broadcasting.

Radio uses air as transmission me@l‘n.

A special band from 530 to 1 kHz is assigned to AM radio. All radio
stations need to share the %& band.

Each AM station nee@ 10 kHZ. Each station uses different carrier

frequency. &

The signal that @Qto air is the combination of signals.

carriers and passes to the output lines.

A receiver re@es all these signals but filters only the one which is desired.

Without Itiplexing only one AM station could broadcast to the common
link, §@

(&her common use of FDM is television broadcasting. Each channel has

Q?tE own bandwidth of 6MHz.

S

The first generation of cellular telephones also uses FDM.

Implementation

FDM can be implemented very easily.
As long as the station send their broadcasts to the air using different carrier

frequencies, multiplexing is achieved.
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Wavelength Division Multiplexing

It is designed to use the high-data-rate capability of fiber-optic cable.

The fiber optic data rate is higher than the data rate of metallic transmission
cable.

WDM is same as FDM but the multiplexing and Demultiplexing involve

optical signals transmitted through fiber optic channels.

We combine different signals of different high frequencies. § .

A S\ 4
S\ NNN AR

g e WDM WDM

Ay o+ byt Ay
N

We want to combine multiple ligg(\gces into one single light at the
multiplexer and do the reverse at emultiplexer.

The combining and splitting of @@sources are handled by a prism.

Using this technique, a lexer can be made to combine several input
beams of light of narr and of frequencies into one output beam of wider
band of frequencie @

A demultiplexsg @n be used to make reverse process.

b

Ay +hg+hy

Fiber-optic cable

Cemultiplexer

Application of WDM

SONET (Synchronous Optical Network) network in which multiple optical

fiber lines are multiplexed and demultiplexed.
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e A new method dense WDM(DWDM) can multiplex a large number of

channels by spacing channels very close to one another.

Time Division Multiplexing (TDM)

e TDM is a digital process that allows several connections to share the high
bandwidth of a link.

e Each connection occupies a portion of time in the link.

o Digital data from different sources are combined into one timeshared lin@-
e Portions of signals 1, 2, 3 and 4 occupy the link sequentially. /\;’

e Analog data can be sampled, changed to digital data and then n&@exed.

_Ec._!. l“‘h

E Drata flow C

o =
4

i:\-'-J
=
o
|
L
)

<
e TDM can be divided into Syn@%nous TDM and Statistical TDM.
Synchronous Time Division aﬂﬁf»lexing
Each input connec@ as an allotment in the output even if it is not
sending data. QO
Time slots and frames
e Each con @)n is divided into units and each unit occupies one input time
slot. @$
e A urmidtan be 1 bit, one character or one block of data.
o ation of output slot is n times shorter than the duration of an input time
Q)Qslot
Qo If an input time slot is T s, the output time slot is T/n s, where n is number

of connections.
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i T " T 1 r ' - ! -
E Al : A2 : Al ‘ 3
[ | [ !
f ' : C3, Ei_.’+_i_Af_i_ CZ2 B2 AZ|[C1 B Al
| : : e J —
: B3 } B2 ! Bl Frame 3 Frame 2 Frame 1
[ | 1 MUX »
: ! | Each frame is 3 tme slots,
Each time slot duration is 773 s,

Drana are taken from each o
line every T's ?’

e Data units from each input connection is collected into a frame%l\b

e If we have n connections, a frame is divided into n time sl&‘a%e%d one slot is
allocated for each unit. ?»

e Duration of each slot is T/n and for each frame is T \

e Frame consists of one complete cycle of time slot@}&ne slot for each sending

devices. &
Interleaving Gon
> - )
—————————— Synchronization l- mmmm—————
A Al Al A3 A2 Al
- J | . : Frame 3 Frame 2 Frame | J J

B3 B2 B1

C31B11A3 ".:B:é':n'zHu':m-m
B B

C2
o o e o

B3 B2 Bl

C3 C2 Cl1

\ Y
e TDM two fast rotating switches, one on the multiplexing side and other
o ultiplexing side.

o \@&Ches are synchronized and rotate at the same speed but in opposite
Q)Q directions.
Qo On multiplexing side, the switch opens in front of a connection and send a
unit onto a path. This process is called interleaving.
e On Demultiplexing side, the switch opens in front of connection to receive
from the path.
Empty slots
e If a source does not have data to send, the corresponding slot in the output

frame is empty.
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\1/ /;\
‘\1/ e The first output frame has three slots, the second frame has @?slots and i
‘\1/ third frame has three slots @23’ /;\‘
Al M
v Data Rate Management x> /;\‘

If the data rates are not same we three strategies: 4$\

e Multilevel multiplexing

W /;\
v It is used when data rate of an input line is a N@%I’tiple of others. For example 0N
\ i
W we have two inputs of 20kbps and three in utgjof 40 kbps. The first two input ‘/;\
\% " M
W lines can be multiplexed together to prc%ﬁg a data rate equal to the last three. ‘/;\
\1/ /;\

A second level of multiplexing can cr an output of 160 kbps. ‘
plexing {9{@ p p

\}/ /N
" 20 kbpy —————— 40 kbps ‘
| /N
W 20 khps ‘/{\

A/ 40 khps 160 kbps M
\}/ /{\
v 40 kbps N
\l |
' 40 khps "

, V ‘/‘\
W e Multi ot allocation "
| N

\1:1/ %&5 more efficient to allot more than one slot in a frame to a single input /i:;\
\‘:l/ jtie. For example the input line with a 50 kbps data rate can be given two slots /;\‘
v in the output. We insert serial to parallel converter in the line to make two /;i‘\
‘1;/ inputs out of one. 0
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25 kbps
30 kbps 25 kbps
-+« |1 JERES
25 kbps 125 kbps
The input with a
25 kbps 30-kHz data rate has two
slots in each frame.
25 kbps

e Pulse stuffing 0’\)®
Sometimes the bit rates are not of multiple integers. "Lmake the
highest input rate the dominant by adding dummy bits t RB input lines
with lower rate. This will increase their rates. This techr%%'e is called pulse
stuffing, bit padding or bit stuffing. %

AN

50 kbps
150 kbps

30 kbps

[ Pulse | 50 Kbps
stuffing

46 khyps ———i{

Y

Frame synchronizing Q

If the multiplexer @ demultiplexer are not synchronized, a bit belonging to
one channel may received by the wrong channel. So one or more
synchronization i@are added to the beginning of each frame. These bits called
framing bits, ﬁlow a pattern, frame to frame and allows the demultiplexer to
synchron@lth the incoming stream. This synchronization consists of 1 bit per
frame &natmg between O and 1.

&) o1 Synchronization

patiern
Frame 3 Frame |
T T T T
C3T B3I VAL I A2 P Al
i 1 ! ! | 1] I— 1 !
| { . ] ;
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Digital Signal service
Telephone companies implement TDM through a hierarchy of digital signals

called digital signal (DS) service or digital hierarchy.

¢ 6312 Mbps

[5-0 . R\
—_— ! 4081
—| ) i
T DS-1 /
24 . D V4 (44376 Mbps

D&-2 \ TD5-2

2-';1 176 Mbps t\.
653

- 4
| 64 kbps \1 — —"
\ P* 15 Mbps
\_ 24DS0  J

\

e DS-0 service is a single digital channel of 64 kbps C)\

o DS-1is a 1.544 Mbps service; 24 times 64 kbp S 8 kbps of overhead. It can
be used as single service or it can be used tg u tiplex 24 DS-0 channels or any
other combination that can fit within its @ Mbps capacity.

e DS-2is a 6.312 Mbps service; 96 ti 4 kbps plus 168 kbps of overhead. It
can be used as a single service orﬁb an be used to multiplex 4 DS-1 channels,
96 DS-0 channels or combina@%)f these.

e DS-3 is a 44.376 Mbps @ ice; 672 times 64 kbps plus 1.368 Mbps of
overhead. It can be use@; a single service or it can be used to multiplex 7 DS-
2 channels, 28 DSQ‘J annels, 672 DS-0 channels or a combination of these
service types. OQ

e DS-4 is a %&176 Mbps service; 4032 times 64 kbps plus 16.128 Mbps o
overhea @can be used to multiplex 6 DS-3 channels, 42 DS-2 channels, 168
DS- nnels and 4032 DS-0 channels or a combination of these.

T Lika

QQ) To implement DS-0 and DS-1 services, the telephone companies use T lines.

|
N



Service Line Rate (Mbps) Voice Channels

DS-1 | T-1 | 1.544 U
| DS-2 T2 | 6.312 9%
__I:IS—S I T-3 ] 44.736 Ei'}"_i .

DS-4 | T4 | 274.176 4032

>
The T-1 line is used to implement DS-1; T-2 is used to implement@vzV and

SO on. %
S

T lines for analog transmission @2\

T lines are designed for the transmission of digital dat YT’dio or video. They
can also be used for analog transmission by sampling ane}@\mgnals and then time
division multiplexed. S

~O

S Sampling at H{l&]"e'm—l';"plt'.s;.-'s
ing 8 hits ner
. using § bits per sample

g - T-1 line 1.544 Mbps

_5 T | 24 % 64 kbps + 8 kKbps overhead

] s ; D k L
u t >
2 . . M |

= . .

-+ - L]

[}

64,000 bps /

T-1 Frame @é

T ﬁame used on a T-1 line is usually 193 bits divided into 24 slots of 8
bits e plus 1 extra bit for synchronization (24 x8+1 =193). If a T-1 line carries
80 ames, the data rate is 1.544 Mbps (193 x 8000 = 1.544 Mbps) ie the
e@ city of the line.
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Sample n
\ \ )
1 X
Channel | 0 | Channel || Channel
24 2 1
/\ 1 hit B bits 8 bits 8 bits
5 - ; ; —
I 1 frame = 193 bils o
NS ~
el ’
Frame | | Frame |0 Frame Frame
A000 n 2 1
T-1: 8OO0 frames/s = B0 = 193 bps = [.544 Mbps
S
E Lines N
Europeans use a version of T lines Ca&% lines.
£
Table 6.2 L line rates
Line Rate (Mbps) Voice Channels
E-1 2.048 30
| E-2 8448 120
| E3 34.368 480
E-4 139264 1920
§§)"
23

\‘/

Al
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Statistical Time-Division Multiplexing

e In statistical time-division multiplexing, slots are dynamically allocated to
improve bandwidth efficiency.
o The number of slots in each frame is less than the number of input lines.
e The multiplexer checks each input in round robin fashion.
o It allocates a slot for an input and if the line has data to send otherwise it
skips the line and checks the next line. N
l
! Lmne A
| s —L B L BL K. EEpE 52 || BT (5ilA]
| LineC >
i Line D
| LinsE
4.8 vochronous TDM
Line A ’
Linek — . B2. | BL H '=::
Line C >
Line D
Line E
b. Statistical TDM N
Y
Addressing Q
e In synchronous M there is no need for addressing because
synchronizati% Ce(nd preassigned relationships between the inputs and
outputs se s an address.
o In statjstf@al TDM there is no fixed relationship between inputs and outputs.
e So clude address of the receiver inside each slot
. ressing in simplest form is n bits to define N different output lines with n

Q

Q)Q= logo N

Slot size

Slot carries both data and address in statistical TDM. A block of data is

usually many bytes while the address is just few bytes.

No synchronization bit

Ay

Frames need not be synchronized so no need for synchronization bits.
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Bandwidth

The capacity of the link is less than the sum of the capacity of each channel.

During peak times, some slots need to wait.

TRANSMISSION MEDIUM

Carry information from a source to a destination.

It is usually free space, metallic cable or fiber optic cable.

The information is usually a signal that is the result of a conversion o%i&wga
from another form. 0\)

Long distance communication started with the invention of tel% ph in the
19th century «23»

Voice became possible after invention of telephone in 1 E{S

Wireless communication started in 1895 when Hegg\vas able to send high
frequency signals. C)\

Use of optical fibers has increased the data @%ncredibly.

Computers and other telecommunicati%qlevices use signals to represent
data. %CJ

These signals are transmitted in @orm of electromagnetic energy which is
a combination of electric and %)agnetic fields vibrating in relation to each

other. &@

It includes power, radidWwaves, infrared light, visible light, ultraviolet light,

gamma and cosmic 1%75
Transmission m@a divided into guided and unguided media

X

Vel

Transmission
media

e o g o
o EO
I~ ‘_t} -I-:{.L
355 =5
e AL o O

I |
Twisted-pair | Coaxial l Fiber-optic |

cable cable cable Free space




Guided Media

It provides a channel from one device to another include twisted-pair cable,
coaxial cable and fiber-optic cable.

Twisted-pair and coaxial cable use metallic conductors that accept and
transport signals in the form of electric current.

Optical fiber is a cable accepts and transports signals in the form of light.

Twisted-Pair Cable

AN

Insulator

Conductors

It consists of two conductors each with its own ﬁ\uc insulation, twisted
together. S

One wire is used to carry signals to the r@ ver and the other as ground

reference. §)"

Signal sent by the sender on one of ires, interference and crosstalk may
affect both wires and create un ﬁ}ed signals.

If two wires are parallel the e@\%of unwanted signals are not same.

By twisting the pairs (S@, ance is maintained ie. Both wires are equally

affected by external i %enoes.

Unshielded Versus Shi @ Twisted-Pair Cable

The most Conon twisted-pair cable used in telecommunications is
unshielde thted—pair(UTP)

Shiel isted-pair cable (STP) has a metal foil or braided-mesh covering

ea;@éir of insulated conductors.

al casing improves the quality of cable by preventing the penetration of

Q)Qnoise or crosstalk.

By Mrs. A. Angeline Nancy Sophia M.Sc., M.Phil,



4 Plastic cm‘e;\\
vy

|: Plastic cover |

a. uUTp

b. 5TP

Categories

The Electronic Industries Association (EIA) developed

unshielded twisted-pair cable into seven categories.

AN

«23’»
%%n ards to classify

Data Rare
Category Specification {Mbps) Use
1 Unshielded twisted-pair used in telephone <01 Telephone
2 Unshielded twisted-pair originally used in 2 T-1 lines
T-lines
Improved CAT 2 used in LANs 10 LANs
4 Improved CAT 3 used in T&k.cn Ring networks 20 LANs
- Cable wire is normally 24 AWG with a _]ackei 100 LANs
| and outside sheath |
| SE An extension to category 3 that includes 125 LANs
extra features to minimize the crosstalk and |]
c]mﬂ'umagncUc interference '
6 A new category with matched cnmpunents 200 a_ 1.ANs
coming from the same manufacturer. The
cable must be tested at a 200-Mbps data rate.
7 Sometimes called SSTP (shielded screen 600 LANs
twisted-pair). Each pair is individually
wrapped in a helical metallic foil followed by
a metallic foil shield in addition to the outside
sheath. The shield decreases the effect of
crosstalk and increases the data rate.
Connectors

The most common UTP connector is RJ45 (RJ stands for registered jack). It

is a keypad connector which means that it can be inserted in only one way.
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EJ-45 Female RJ-45 Male

e Its performance is measured by comparing attenuation versus @?ency and

distance.
&

e With increasing frequency, the attenuation measu%tz» in decibels per
kilometer (db/km). ‘S\
Applications O\
o Twisted-pair cables are used in telephone &Q@ to provide voice and data

Performance 0\)

channels. .

o The line that connects subscribers t%qye central telephone use unshielded
twisted-pair cables. /\g)

e Local-area networks, such as
cables. &@%

N

Coaxial cable o

e It carries signals igher frequency ranges.

ase-T and 100Base-T use twisted-pair

e It has a centfal core conductor of solid or stranded wire enclosed in an
insulatingsh®ath, which in turn encased in an outer conductor of metal foil,
braid mbination of two.

o Th& ter metallic wrapping serves as a shield against noise and completes

@% circuit.

The outer conductor is enclosed in an insulating sheath and whole cable is

Q

protected by a plastic cover.

28
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Inner conductor

Quter conductor
(shield)

Plastic cover

Coaxial cable standards O\$ /‘:;\
The cables are categorized by radio gover nt(RG) ratings. Each RG w
denotes a unique set of specifications which ir&,lde wire gauge of the inner |

conductor, the thickness and type of inner in@fﬁ‘far, the construction of shield and 0

the size and type of outer casing. P ® b
Category Impedance Use f /j:?\
'RG-50 750 Cable TV |
RG-58 50 0 Thin Ethernet | i

| RG-1] 50 Q Thick Ethernet

- A

Coaxial Cable Cor@gtors i
e The mo@ommon type of connector is the Bayone-Neill-Concelman(BNC) i

con r. i
. ’]@e are three types of connector. /ii;\
Q)Q?has BNC connector used to connect the end of a cable to a TV set. (;\
Qo BNC T connector is used in Ethernet to branch out a connection to a /j/?\
computer or other device. /‘:;\

e BNC terminator used at the end of the cable to prevent the reflection of the /;:;\
signal. /;\‘
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NC
Cable BNCT

!

BNC connector S0-W Ground
BNC terminator wire

Performance ,\b >
Q

e Attenuation is much higher in coaxial cables. ?,
e Though it has higher bandwidth the signal weakens rap@%} and requires
repeaters. %

Applications \4$\
e Widely used in analog telephone networks whéja single coaxial cable can
carry 10,000 voice signals. C}v
e Used in digital telephone networks wh M'single cable can carry data upto
600 Mbps. D
e Cable TV networks also coaxial c@lﬁge).
e It is also used in traditional tl’%rnet LANs.

Q
S

Fiber-Optic Cable o
e A fiber-optic cab made of glass or plastic and transmits signals in the
form of light. Q
e Light trav‘ﬁsg a straight line through a single substance.
o Ifar velling through one substance suddenly enters another substance

th changes direction.
Vo)

Less Less | Less
dense 1 densze

O)\
e
=
=
o
L

More More More f
dense i dense dense r
| |

4 . e

I! I I

| 1 i

{ < critical angle, ! = critical angle, I > critical angle,
refraction refraction reflection

|
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Propagation modes

If the angle of incidence I is less than the critical angle, the ray refracts and
moves closer to the surface.

If the angle of incidence I is equal to the critical angle, the light bends along
the interface.

If the angle of incidence I is greater than the critical angle, the ray reflects
and travels again in the denser substance.

Optical fibers use reflection to guide light through a channel.

A glass or plastic core is surrounded by a cladding of less dense gl§ c;r
plastic. 0\)
The difference in density of the two materials must be such th%tba

beam of

light moving through the core is reflected off the cladding. &ﬂz\

SenderD

Cladding

Cladding

AVASZAwS =t

@a’\)

C)

Moaode

bMuliimode l

.I—
| Graded index \

Single mode ]

Step index }
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;
Single mode: /;i‘\
e It uses step-index fiber and a highly focused source of light that limits /;1;\
beams to a small range of angles, all close to the horizontal. /;1;\
e Propagation of different beams is almost identical and delays are negligible. /;i;\

e All the beams arrive at the destination together and can be recombined with o

N

little distortion to the signal. i
Multimode: /‘:;\

e It is named so because multiple beams from a light source move throu@le i

/N

core in different paths. 0’\) #

‘:l N
e [t is implemented in two forms: step-index and graded-index. % "
N

e Multimode step-index fiber &2\ 0

|
/N

|
/N

o The density of core remains constant from the ce El'to the edges. i
o A beam of light moves through this constant@qsity in a straight line A
until it reaches the surface of the core ang@dding. 5

N
ge which contributes to the 0

|
N

o The term step-index refers to sudden

distortion of the signal as it passe%h\rough the fiber. 0N
e Multimode graded-index fiber ‘/;\
o It decreases the distortion signal through the cable. /‘:;\

o Index refers to index of rébaction. "

N

its lowest e@ /;i‘\
O
S

o Itis a fiber with Va@lensities. M
/N
o Density is high@ the center of the core and decreases gradually to 0
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Input pulse

Output pu

ilse

by

{a) Step-index multimode

Input pulse

Output pu

Ilse

\

(b) Graded-index multimode

Input pulse

Output pu

ilse

(c) Single mode

Fiber sizes

It is defined by the ration of

their cladding expressed in micro

@'\
@
S

%S.
X))

iameter of their core to the diameter of

Type

Core (um)

o Cladding (pum)

Mode

507125

50.0

125

Maultimode, graded index

62.5/125

62.5

125

Multimode, graded index

100/125

100.0

125

Multimode, graded index

71125

7.0

125

Single mode

>
Cébposition
X~

‘2
Q@

Cable
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DuPont Kevlar
for strength

Outer jacket

Plastic
buffer

Fiber-Optic Cable Connectors

The outer jacket is made of either PVC or Teflon

Glass Claddmg
or plastic @
core @f\;’
Y

I

Inside jacket is made of Kevlar strands to strengthe@(ﬂ cable.

Kevlar is a strong material used in bulletproof v%ﬁ}s\

Below Kevlar is another plastic coating.

X

The fiber at the center of the cable consi%qf cladding and core.

There are three types of fiber-o E}ables.
The Subscriber Channel
push/pull locking systeny

The Straight-tip (ST)$&nnector is used for connecting cable to networking

devices. It uses b et locking system.

MT-RJ is the Qme size as RJ45

&
&
&

v

é&)@, connector is used for cable TV. It uses

By Mrs. A. Angeline Nancy Sophia M.Sc., M.Phil, 0
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SC connector ST connector

RX

T —

MT-RJ connector

\
Performance C)\l®
e Attenuation is flatter than twisted-pair cable axz%coaxial cable.

o We need fewer repeaters.

"
Applications %CJ@
e It is often found in backbone @%{rorks because its bandwidth is cost-
effective. %
e Some cable TV compani&@se a combination of optical fiber and coaxial
cable.
e Local-area networ]e%ch as 100Base-FX network and 1000Base-X also use
fiber-optic cab CJ
Advantages of o t@al fiber
e Higher dwidth
e Le nal attenuation
o @hunity to electromagnetic interference
Q)QResistance to corrosive materials
Qo Light weight

e Greater immunity to tapping

Disadvantages of optical fiber
o Installation and maintenance — requires expertise
e Unidirectional light propagation — two fibers needed for bidirectional
communication

e Cost — more expensive
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UNGUIDED MEDIA
e Transports electromagnetic waves with physical conductor.
e It is referred to as wireless communication.

o Signals are broadcast through free space.

Radio wave and microwave Infrared -

3 300 400 900
kHz GHz THz THz

Y
e [t can travel from source to destination in several ways: gm{& propagation,
o sky propagation and line-of-sight propagation. ®%

e Ground propagation:
o Radio waves travel through lowest portioﬁi& the atmosphere.
o Low-frequency signals emerge in all dig§c¢tions.

o Distance depends on the amou power in the signal: greater the

power, greater the distance %
&
o Higher-frequency radi@e(bupward into ionosphere where they reflect
back to earth. &
o Allows greater nces with lower output power.
e Line-of-sight pro&{®§

o Very hijgh*frequency signals transmitted directly from antenna to
ant(g@.

o %nnas must be directional, facing each other and either tall

e Sky propagation:
n:

nough or close enough together.

S

Bandswi%'
<

<



Band Range Propagation Application

VLF (very low frequency) 3-30 kHz Ground Long-range radio
navigation

LF (low frequency) 30-300 kHz Ground Radio beacons and
navigational locators

MF (middle frequency) 300 kHz-3 MHz | Sky AM radio

HF (high frequency) 3-30 MHz Sky Citizens band (CB),
ship/aircraft
communication

VHF (very high frequency) 30-300 MHz Sky and VHF TV, FM radio

line-of-sight

UHF (ultrahigh frequency) | 300 MHz-3 GHz | Line-of-sight | UHFTV, cellular phones,
paging, satellite

SHEF (superhigh [requency) 3-30 GHz Line-of-sight | Satellite communication

EHF (extremely high 30--300 GHz Linc-of-sight | Radar, satellite

frequency)

Wireless transmission waves

| Radio wave I

Microwave

Wireless
transmission

’ Infrared |

UY

Radio Waves &,

e Ele

d radio waves.

propagated in all directions.

another antenna using the same frequency or band.

agnetic waves ranging in frequencies between 3kHz and 1 GHz are
Q)Q%ley are omnidirectional. When an antenna transmits radio waves they are

e Radio waves transmitted by one antenna are capable to interference by

e They propagate in the sky mode and travel long distances.

e They can penetrate walls but we cannot isolate a communication inside or

outside a building.
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e Radio wave band is relatively narrow, leading to a low data rate for digital
communication.
Omnidirectional Antenna
Radio waves use omnidirectional antennas that send out signals in all

directions.

@.
)\;*

Applications Q\D
e Useful for multic @g, in which there is one sender but many receivers.
e AM and FM @io, television, cordless phones and paging are examples of
multicast'y&g.
Microwave%
o Ele@ magnetic waves having frequencies between 1 and 300 GHz are called
rowaves.
Q) They are unidirectional.
Qo Sending and receiving antennas need to be aligned.
e Microwave propagation is line-of-sight. Repeaters are often needed for long
distance communication.
e Very high-frequency microwaves cannot penetrate walls.
e Band is relatively wide therefore wider subbands can be assigned at high

data rate
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Unidirectional Antenna
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e Microwaves need unidirectional antennas that send out signals in one

direction. Two antennas are used: parabolic dish and horn.

e Parabolic dish antenna:

o Every line parallel to the line of symmetry reflects off the curve at

angles such that all lines intersect in a common point called focus.

o Parabolic dish works as a funnel, catching wide range of waves and

directing them to a common point.

o Outgoing transmissions are broadcast through a horn at the@fl.
o The microwaves hit the dish and are deflected outward i@beversal of

the path. &«23’

e Horn antenna: %?»
N\

o Looks like a gigantic scoop.

o Outgoing transmissions are broadcast Qy\a stem and deflected

outward in a series of narrow paralleleg s by curved head.

o Received transmissions are collected

.
deflected down into the stem. CJ

y the scooped shape and are

AAAA

Focus

/NS

Waveguide

a. Dish antenna b. Horn antenna

N

Applications

o Used in cellular phones, satellite networks and wireless LANs

Infrared

e Infrared waves with frequencies from 300 GHz to 400Thz used for short-

range communication.

e It cannot penetrate walls.
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e We cannot use infrared waves outside building because the sun’s rays
contain infrared waves that can interfere communication.
Applications

\‘/

e Used to transmit digital data with very high data rate.
e Infrared Data Association (IrDA) established standards for using these
signals for communication between keyboards, mice PCs and printers.

o Infrared signals transmit through line of sight.
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