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Suppose a signal fnavels through a freansmission
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SoluFion:
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EXAMPLE 2_ |

Suppose. a\sl‘émoxl reavels #n@u%gh an amplifHer and
ifs power Is Incnessed [0 fimes (B, = 108), (elculate

Hhe aumplificadion .

Solution:
/ftcomcﬁvg 1o e forrmuloc

DELAY DISTORTION

Here

P, =10P

Pp = Quetput”
Pi —"—f[hpuuﬁ'
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Becouws st deliy i stondion, some 5t the 5?(7_\(\04’
(Onponard’s ot omg pit position waill spjl} over info
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o Tmpulse Noise
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EXAMPLE 3.|
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Given o reaiver with on edfeofive. voise femp
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Data
transmitted: 1 0 1 0 0 1 1 0 0 1 1 0 1 0 1

Signal:

Noise:

Signal plus
noise:

Sampling ‘

times: ‘

Data received: 1 0 1 0 0 1 0o 0 0 1 1 0 1 1 1
Original data: 1 0 1 0 0 1 1 0 0 1 1 0 1 0 1

e R Bits in error B o
/(igurc 3.16 Effect of Noise on a Digital Signal
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o Dodo. it 2 TThe rade, m bits pert sel (JQPS)/
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e Frrror rqod‘re,! Tkzrca\lre ad‘ w‘/\id/\ AddYa
OCUrRS, Whene an ey or 1s Jhe recepfion
5F o~ A when 0 wed fronsmi Hed and vice

VEILSOoN.

YAUIST BANDWIDTH
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Ao drae: Given oo pond weidtih gF B,Wh)gmf
ST%V\OJ Code thot con be caried is 203,

With mukttleved s?g{na({mé}(,m Nﬁ%u,iﬂL foremuda
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(=20 lagzM
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T ’HTGWSmi+ alonte. Assume o bomdwfrcH’V\FF 3/60
Hz. forc M=¢, o value tged ' some ymodems,
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dhe dador rrade . Nows Lonsicj,mfvg Hre reeloionshp
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W Bifs per second . pbeys +the egquation,

C = B}ogl() + 5’\”2)

lornere, ¢ - Capocity ot channel in bes
B = Bandew A ot o in H=
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F Bosed om N&c,/cu\sf fornmula, hows many

sigmod levels ane neguined 9
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Cloass> 09/09/25
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(HRAPTER OS5

SIGNAL ENCODING TECHNIAQUES

GITAL DATA.DIGITAL SIGNA L

Now Returin 4o Zero Level (NRZ I/B

0= H—fg_‘/\
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NRZL — (—— | e i

NRZ | |
Non Returtn 4o z&C0 Tnverted (N JZZ1>

0=Np +eons( Tion at the. begim/ﬁﬂg 0/{"1741, ‘MJQ_';anl

0i 110101 E1i0i0101 1]
NRZ! L
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MANCHES TER
Alwnys +rzovigihion in fhe middle ot intercval

01110101 1101010 [}

DIFFERENTIAL MANCHES TER
Alwoys tzongibon in the middle &t interval

0 = dransition at the begivw\mg ot inkertvad
1 = o trangihon of the beéq}mn{wg stintenya)

0f 10100 E1i0i0i0 ]



(BF‘P()'O%TE with € Zenos So\bsﬁ"uﬁow)

Some as Bipola AMY, eKCép%fH'lOJL ai\y shin f g
zenss 15 replaced by o stying with fwo code”violadions.
(0mvr\o*n-\y veed 1~ Nenth Avenico

LF OC‘fé‘(' D/'FZ<NO OC CURS —

e [on pncce_c(,r‘rg posifive vo[wtaaa&% O000+4-0—- +
+ fon Precacffvng meao\#vcw!W—a 000~ + O0+—
| oo e Bl B @0 1B o ol o
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AM)

oio0iviBioivig!

pgzs | for—r——t | b B

= Violofion
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(H igh Dens;@ Bipslor 32&:105)

Table 5.4 HDB3 Substitution Rules

Number of Bipolar Pulses (ones) since Last Substitution

Polarity of Preceding Pulse Odd Even

= 000 - +00 +
+ 000+ -00-

Ji)i0toioloiolololol f1io10i0[0} 010
L2 Y T T S A A S
L T e e o o e e S (S B s s s B S

oo o\/goov BOO'\/
HoB3 | | i ! L , W

»A{Ocu nuwmben (}/‘1’ 1 S"i‘wrc (osd 5uf9$7"f1‘u*f‘ioﬂ>

T thie cosc, He HDBZ vaploces g{vf"wﬁ of four zevos
with scquence gt one ov {wo piklses. Here dor the st four
Zar0S . the viumbper o prgmedr‘v‘a yekls<s aftfey tast Sub<-
Hhation  was odd. Aiso dhe last pulse Was negcwlivc which
opplics tne substitution of (000-) a<cowdr'm& fo = dable
5.4,



AMPLITUDE SHIFT KE Y (ASK)

T Ask , the +wO b;‘marj values Aare Vc_pVéSfV\'}-eC)
by fwo diffenent carnier 'fvecpucmcy.

Acos (27‘7€+> bf%og 1

ASK S0 O bi\oaw 0

ASK

FREQUEN LY SHIET KEYING[ERYD

The wost (omvmon form of FSK ts Bf\no\vj Fs% ( BFSK
M whidh two bivmvy values ane vepresended by Jwo
diferent 'FVCWCWj icar fhe (aveier fra&uenw.

A cos (27\‘9‘:,“)9 binovy 1
P =
BFSK SO {/4(05 GrEE b o



010 [iDi110i010i 110!

BFSK

PHASE SHIFT KEY)N o €D

T PSk. the phase of the carpier signal is shiffed 4o
vepresent doge.

A(05(27V7[+) biv\arj 1
BPSK s® = —Acos FD)  bivary 0

001G 1iviTi0l0i0tio]

BPSK



MATH PROBLE MS

BOU/LJ vode £ B+ vrade Wheve,
S= Boml V‘al—é
O :NX_\F,_ N = Brtyade (bes)
Y= Bt /5'57”0‘/{
ch“"'ﬂ rede )

v o mocley, 'rF, Baud rofe = 40 S'g"'o\’ [element (§>
Bps = 1600 ()

Find ouft vo of Bk /S/gﬂ”\l (Y> ‘

v- N _ 1600
20

= 40 bifb/sgncﬁ

# Bpsz 200 (N)
Taonsmission wmode = half duplex (W-"—/D ALK

Find our vminimum BQV\clwch[q\

S= N
Bond widdy = B /_SeCOV\Ql

Randwidth = 2000




H 1 BW= S000Hz findondt baud rote () and
pit rate (N . —> Atk (=1

. BW = brtrade = poud yode = 500D

H# 1f Brs= 2000 (N)
Trcans mission wnode = Half Duplex \2F5K

(ovrrer separofiov) = 3070 Hz (v=1)
F(V\A ouk VY\:V\;WIMW\ Qo\\nclwfd&%\
Bondwidth = bt yade (AD

' Bandwidt = 2070 HZz

mintmuwn pamawurd 4

20V0 o+ 30VD = S070 Hz

+= BW= 120802 o rey
Fudl Duplex
covrier 96pc>1r701+7‘ow: 2070+~ (\Fr- 1)
Find BPS ().
dHn _ 12000
andinte = 22 ovos

BPS = (ém—zm = 2,000 bps



£ B8PS = 2600 (N) here,
4 PSSk | m=4

Held Duplex -
Fivnd Band Laidtin ({;Z> - . >
Forr MPSle -
N
S= )2 ~
2
_ 2000
) ItgLC‘O

S — |gOD 5'|g_hm]/sca

f . Bandu/dth = (000 Hz

FE B= 5000 Hy :() 8- Psk.

Eind bond ond bitnote M=y (r=3)

Ba}»& vode = ggzo
L Bifpate ()= & ¢ 09,0

= o0 X ‘09),(@>
N =15000
FE Baud rotc = 1000 14 PSk
BQ.S'; ? M= (6

N = [000 X\ogz_()’Q = 4000 bps



(HAPTER 6

ERROR DPETECTION

Cyclic Redundancy Cheek (R

(ven o -t blocks 4t bits, or VMSSOﬁZ/,(ﬂ’\L‘TY‘O\Y\S o ier
3vemm4ﬁs on (n-1©) it SeqUreNcZ, |<nown as aﬁfamz,
Cheelc xfrc?/ucmﬂ (FC3>/SL(C1’\ ot the resulfin frame
Consisﬁv'oﬁ on nbifs is exactly divishe by“some
Wﬁ&femrvxec{_ number . The  vecever +hen dindes e
\lv\cow\i\f\g Frome by that number av\d,?fpwn& 1S no
reminder, assume. funs. Ies o eryvor .

Figure 10.5 CRC encoder and decoder

Sender Receiver
Dataword Encoder Decoder Dataword
az|ax|dy|ag az|az|a;|ap
Accept T T T T
000 — -
Decision [ &
—> A

o [ logic o= C
. ® 1 Syndrome [$2 |5 |So A A A A
¥ 1 Y Divisor |

Generator | dy dy dy d, »  Checker

Shared

. e [ ttt

9

=

l_ [5) Unreliable *
Yyvy ~ transmission _T
as|ay|ay|ap|r>|ry|ro > b3|by by by (92|41 |90
Codeword Codeword

Sample: 1 01 000110101110



T: Y)—\OIN'[’ doto. fo be fh/‘omsmt‘#éi

D= K—-\or'}‘ block & dafo.or me/SSmgé/ﬂl/- First b;J‘E

st T
F= (1) bits FCS, the last (19 piks 6T

P = ;’)aﬁerﬂ o/'?' n-k+ 1 b/\'/B/’ﬂ’U‘é isdhe P/"aa[zfcrm\/ned

divisov .
We woud \ike T/P 40 awe no vemmder. So,

T= ,Zm-k' D+ F

(niven,
Meesaag, D= 101060 110|
Paftern P = 10101
=S  P= Tobe wlulaled

Thas, N= 15, K=\0, and (D=5

A((ow&g o e formedn (D, we rove Jo mu(ﬁ@ D
with 297 bk

=o"D = 55D = [0]000 110 (DO



Now -fhe Pro¢wc+ ZgD Wi || be delci&J by P.

_L1ojorol o
HOIO\){O\ooothrOoooo
(1010
| 1107 |
— 11010 ]
11010
_]10])0l
[ 1Y1 10
. —Jtrolol
Subtract = XOR- 01109
— | torof
| 100 1O
—l1o10]
Ofl1 10D

W}’l e rew\\mder‘ K s added 45 25D -;of)grw\ T

T- 2D+ &
=]0]00O 1 1OI060OO0+0Y 110

T 101000 10V@ 1110

hl Mere s no error, the (C(eiver rece}veﬁ T
N2t The T s divided by P Aaa'm fo el for

ervor at vecelvers end.



VO 1010 1\V10
1)0101)1010001 1010110

| 10101
(11011
Vo010
(| 161D
1010 ]
R
110 10/
[O\Il\
10O
|1 01Dl
(1 OOl

O

Becoause there is no veminder, 1tis assaumed Phgt

T(/\zné nave beein oo exrvorys.

EXAMPL E

njvenr,

Po\'hL-eww/D}visor‘ p=101
FCs F= 9

T%LACI N= Y b+
K= 4 bt

N-ve= 3 b/""'



32

n—le.
Go, 20 D= 221001
= 100|005
\O |0
IOH> 16610060
| O 1!
|&00
Lo !
| 1 O

The yvermmder R is a added Jo e 2°D 4o form T

T= ZW_KD‘I'R
=2°D + R

T = 1601110

clololt | 1Y |O

The veceiver receiVes T. Tron s 030\?'/1 o ividecd bj
P to dree wohetner 4ore s an error or not-

|00

(O] ‘)—lom | 1O
10 1

| O 1
| O] |
O O

AS reminder s O, 110 @rvrens occurred.



Gnven,
D= 1101011011
P =100
FCS E= 2

%u_é/ T:— JC( bI\‘]L_‘

N O‘(_,d/ ZV\—-K D

2C'D

]

\Ool,)| OOoOIO‘/O /

ltoooO (O]

11010110111 11D
| 00\ I

/
1001 |
j06] !

—

ottt
\00||
/

[00\¢
10011

/
0O —o



CRC (Po!g\nomio\D
D(x) = 9+ + 1%

PX) = W42+ I

.'.D(x)—,yf,,_%‘g,”( + .
LELD + 90 + 230 4 (D + X DT O

1

=1 O01110

P = K e ]
=) + D+ (D
= 101 |

\O 11 1TO 00O

v

Covwert 1t into po\\ymow“mf
VAL R AT mvagey
Now divide X°p(x) by pPCX) o 5@#*{1@_ remindepr RE)
N

2
2 +YC A+ y(g+xb_'_)<9+xq
& ol HE

f

T




)+ ¥

< 6 v
Nl BANRVIRNR PSR S

which will be Send t© Hhe veceiver.

Now at the veceiver end,

22 Y
P42 | 0 €aneb an® 4 2
) W W AW+ XK A= AL
4
M_ngKf + V<
2 o R
W byl
O
Nocu ?wL exYrov™ occivs,
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CHAPTER 8

MOULTIPLE XING

DMV A }stg Note zg,oozéj

Q
No of voice *f'req/uz,w_cjr:g

Eowln covrrier = GKHz
Gruord Bond = KBz

o\
%T_O‘)ﬂk\ .BO\'VICJ.W‘I‘A-% = g)( 9 + Cg— ,>7< I

= 3247

(= 32 K H’ZY Ac,

Q

Totr| BomdewidHnr = 42 Kt
No of. Frcq,MCV'(/\fj = X
Each «Fr‘<@bt€m£7: CKH>
Guord band »f'—rC@Meij:- 9

\V'\

2o
ﬁ &\\A&V‘\l bowd = (7—[)::@

48 = 6XL + & X o d Bond

haurd Boand = 4{3/43
=1 Ars,



TOM A
0,
Toter | Bond width = 45 bit/s
No 64+ Station = 6
Foclh glot size= 1 bit

No o+ frome 7 = 4€/6 = €
No 6f e slet D = @
S?zco’{'f(mw? = CICZ/Sr bt

let glot sTze = 2611
N ofF frome = 4
Ne gt turedst= &
size & frowae = a¢/4 = 12bit



