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of vesuiks . Svppose That you are vecoved the —fonowmg i g

I Result & declaved 'todaj

2. Resut is declaved today
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yate of the fele(?(oph sovyce -

_Sﬁ- Gien —that
P(dot) - Sp(dash)

Pldot) + Hdash) = |

Sp(dash) + P(dash) = |
P(dach) -

ks
3
P(dot) - &
3

Fusrther, We know That the entvopy is guen by

m
HiX): < £ P(%) log_—L
[y P(x?)

. % Pldot) log — p(dach) 109 —
£ O { braar)
T 29 3 i

Bogs - ¢
: 0'56?(0585) + 0-333(1.585)
= 099 bits l&ymbo} :
ALSO, 8}\/9” that

._t- — ‘
dot * 0.8 ] 'tdmh: D'6s§’ -tsm£= 0-Jgec-

A/emge “ime pey s\/mbol will  be

. | Mevage information
G - Pldotyty, + Pldach)ty,, + Tpa *d

Yaote
202 + $.(06) +03 £ = YhEX)
. 0. 533 Su) symbol il
Auem@e Symbol vate Lyt e e

. )
Lk = - ).8%5 Symbob |sec




|

S S, IR
¢

—| A discvete Soofce omibs e of five symbols

1 5 — "
|3 NNy | ! RN nd . yespechvely . Determiné the <ource
with P{Obab0|»h 0% S i anc 7 p 7;

yaté .

onc e &\/e~;n7 milisecon d

entopy and information
s | e know “that  Seorce entvopy 1& giuen as

m ] 6 ! | \ / \
: i) 16, ~—— 2 pa)log, L bit [symbol
H(X) - '2I PO4) 109 P 9

P(1:)

-1
el L L L 16
: élogéa +7" m%’q + - |03 38 +'6 '033“’ + lo(%

)

| \
vlog+liz+lg o+
4 16 4

L L

2 ¢ 8 lb

s e B Sa dop A o U .85 bite [sym
IR TR 3

“The éjmbol vate v-
b

: 1000 stboLs}sef

- — =

w3
The nformation Yate s expfessec‘ a¢

R - YH(X)
SelC
. D00X 1. 835 - 1835 bt spmbel

0 kHz 1 Quanﬁged in & levels of
:

), it

= An OﬂO\O? &ﬂnal band imited 10
< < .

. . : dor X Bk e

0 PeM System corth  probabilities of R L I R R A

Y%Pech\jéif find the ehHoP7 and the Yafe of nformation .

Accosndma —fp -the Samplmg —theovem,
£ - 2y : 2x10 - 0kHZ

S

“The Enty I
ARG o

3 " D S -

4 ; 8 P(x;)

12 )

‘ ¢ ' &
=—1o s J ! s A 920
y 0ol T £ 09,5 + glogaéﬂr_”—)-log&m + = log 1o +251094

+ Lig 90 + L 90
i P 90 10§

)
e gy + L s+ 2 ' ;
} 4 5 = | 8@2’ + I‘O’IO&QIO + 5% ‘°3Q&0 - 3'8qb'4“}57m

» Y: 20000 message lsec
R YHX) - 20000498y - 56800 bk Jsec




SR . J)JM.M_LL Dlemo..’\/& LSS ch unm,Ls (D IL)
"7-' C)wC«nne) LLVH,‘}&’_Q{ qun

e

f A Communication chamel may be defined as he path ov mea um
‘“thvwﬁh coh‘ch the .Gymbols fow 1o the vecowver €nd

A Daeoete Memoryless chamel ( DMe) ¥ @ statitical Model coth

|

On input X and an C’U’CPU“' s shown 1 F'f}-

{
|

szng cach onit of the time , “the channel aa‘oph an 'umL

symbol —from X, ond it genevates on output symbol ~from Y. The

chamnel ¢ said to be “discoete” tohen the alphabets of x and Y ae

‘both —foite.  Also, TE 1< said 1o be Memon/’ess when e covent

ovtput depends on Onl\/ the cowent )npuf and not on any of the

? P(Q\I!O\ls n pul's

z A dzaavam of a pMc with m mPu{s 2, Y%
zand N ovtpots hos been iluctrated in v |
Fna The input X Consish of put Symbol¢ '.: x— LY TL
“14,1@... T e onbab.lnﬁes of these |

Source s~1mboLs P(y) ave assumed 10 be : ) " ‘;(,,
iknown “he ovtputs Y Consisks of oviput

Symbols 49 .. . Yn- Eoch Po&s.ble mPu{' ‘t'o—wq:o{' path

mdicated alona wth a conditional probability P( ), whexe
P(Y)x) is the Conditional pvobabih"rl of ob’t‘ammg oot 15 gen

-thot the mPot i % and i¢ called a channel —+tvansition probab‘a!ifi‘
5|t oot (20

A diannet s Comp\etdj specrﬁed by the Complete st of
tvansition pvobab',lihes. Accomclmaly,-the chamme| n The above figue s

|ofter specified bythe matax of -tansition pobabilities PLY/x]. his

ima’((m IS gen b7




s under

?

f;.»(v./n) P(Y2/rg) ol o)

PLY > :
peviol = | 1) Plel) P Talxy)

T (4
(1] 1 P(]an) PL Y 1)
TThis matviy [P(VIXU i called “the Chamel Matvt .

Bach MP ot 1o the channel Yasuits In Som e outpul" . Cach Yo of

the chame! matviz et m 4 40) Unify. “his means that

|

n
ZP(Sfn) = 1 Aemall

Jz)
Now , if the 'mPv{' probab'-l}ﬂes P(x) are Y'e;wesenfecl by “the vow

matvix, then we have
[peas] = [ Pxp Plra). o POx)]

The outpit  pvababiltbies P y) are YGPY&Sen{'@d by he Yoo matri

LP(y)] = [PH') Pl{9) - - p(‘inﬂ

[Pt9)) = [ Pt] P

Now, ¥ P(X) s Yepvesenfed as Q AIOSOnal matvi, then e have

P 0 -~ -- o)
‘LP(X)Jd " o P - - - 0
| 0 O- —' - >- P(Km)

then (Pxv]) =[P, [P(y n]
[P(){;V)J has the ~fom Plx Y¥;)
lity matnx,

tshesie the (i,)) element of matviv
joint waabi

“The mabx [ Plx, ¥)] is kwoon 48 the
of ft’YOnsml‘H‘Mg %

Ond the elem'en{" P(r,,g;) lo the Jomt vpvobab'»nh/

and Yeceiwing ;.




(1)

i

|
; —

-

§T7EG5 of Cchomels:

othes —than  Continovs & diseaete channels ,“these ase Some <pecial

!

‘fype of channels ith “they 0Own channel matrices -

| Lossless  chonnel

~Em——
A

A Channel descobed by a channel martit ‘Lf K

with on|7 pne mnon-zevo €lement in each 1 ‘ “ﬂ
— l{
column is Called a lossless channel \ 1
:‘;’ J” . IL ~ .‘.,’.5)“_ ’(I
e -8 R, .
P 9 .
[ton. |0 053 § © 3 - R
0O 0 0 o0 | ! gt

/\ "
In lossless tansmission thanne |, mo Sovvce information i$ lpst N

—typonamission -

Deteymimistic channel Frvink
1| \;>
A chomel descaibed by a chame| matvix ot pir =y
with only one yion -zevd @lement N each Yow ‘
| B >
¢ called a detexministic channel R
i 1" P ‘ \‘3
10 0 e
/
0 0 bl 3
[PCyrn) -
o ! 0
o1 0
o 0 | J

t, +thevefon e, this olement

w hos only one - zero elemen
16 cent in ‘the

@mn Louvee symbol
h eutput mbol will be vecetved.

Gince each Yo

t be um+7. —Thus, when @
it ie clear whic

mus

deteyministic  chamnel,
|
P Yy

Npiseless channel %!
E——— ———
N ‘
i« called molseless if it Ny LY

i

H

A channel ‘
\ loss ~“h \ .
i both mazeless & deterministic - "1hé i e e o
| opot and ovtput alphabets are of the same
| Size, that & m:=7 fos the Naseless N g
f 6 BTO 0
+
channel 5A 0
G .0 0. .73

1




Bnosy Symmetic chomel (B0

A BRsc channe! has two '”PU*"’ ()"110,/&;1) X8 o :’
and two oui:’)ut-& ( 1,20, Y9:1)  “This charne) ik P
| Symmetyi ¢ becavce the mobabilit’ nf Té’[énling ai o1 j’;
if a 0 sent is the same as the probakility of P
Yeceiumg a o' if a 1 5 sent. Thie mmon
tvansition p«obab'fl!+7 is denoted by P TThe
Channel makit 16 aiuen by
i=pF P
(PIx)) - [ 2 i
->'GOUQH Q 8)003’{ CMﬁﬂe} é"ﬁun i 6,uen ‘f)/?()‘:’é p ~— i,{ /) y
1) Fnd The channel matrix of the chonnel s\ .~
(i) Find Pl4) & Plyg) when pru)=Plag)-08 /’“/
§ _ . Ly
(W) Find the joirt probabilites pruy va) 4 Pl123,7, 68
When p{'h):P(la): 05
9 0. .
“ i) {P(‘Hx}J : 1 e ‘}
-8 0-8
(i) We know That
(Peoy) - (PoxdlPC¥1%))
0.9 o1 bus+0-1 0-05+0.4 ]
: [o5 05] =
Iy, D& 08 Ftr—
Y.

- [o,gs 0.45]

SPM) = 055, Plig)=0-45
(i)
[Px, v = [pen), [p010)] q
0.5 OJ 0-9 O-;:} ) [@Uf O'DS‘J
[0 0% (0-3 0. 0-1 oy
Now let s CDMPafe with &tandamd modnin fooim a5 undex

(Ptxn] - [P“‘ ") - A B - D
Plig ) P(m,gJ : ["" Lt

P dg) = 0005 prog y) - 0

Yy



e

®

anected 10 cascade as shown in FI\cf

0.9 04
> $ };\."72‘

A TTwo bmamr channels ave €0

el matii of

i(“‘v) Find The ovevall  chan /""'Lh-"fm

Hhe yesortant channel, and drvaw OP\‘ ’
l 0x N
" ¥7 ¢ i
the Yosortant egim\/alml’ channe | 3 o \’"\'F;ZJT'" . z,
oL

% 0.8
d',aﬁvdm

08
. v 'ng-. TwO blnqs»T channels in cas cade
) Fmd Plz) § Plza) when Plu): Plxg)=0-5
9 (1) We know That

Pep] - [Pe] [POIN] = [Pen) [PeL]e))

(pe) = [Pw Peyr] [pizlyy] = (Pix)][p(zt 0] 083 L
'l‘ L /‘_. ——
Thos From Fla, kle have | ‘,,i\' f’\%///
priien [peiy)) Y-l
P(zix) = (P(Y]x)] [P(ZY : 7 j

it B[, B T e
y [o‘& 08 02 08

. [0:81+008 0094008 [083 Oﬂj
Tl o3y 0.6t

0-18 + 0-16 0-09 4 0- 64

) P = [PeIPlZ)
| 0-83 owj
- [0-5 0»’51 {o‘gq 066 -

y [0.58:7 0.415)
Compare with standasd eipression [Pz)) Plze))

i
{

.i

. Py 0585, Plze)= 0415
-ﬁaume-, Find 'the.YO‘t’B

">i B‘"aﬁ‘y éymme-b\ic channel &hown in the aiuen
g and 0.6

| of ndoymation transmission acvoss this channel {01 p= 0.

ot he vate OF 000 per secomd:- Pl1o)=Pi%)

|

The Symbols ave 8eneva+ed
Also detesmine chanhelplnpv’c )wfmmqfciqn yate .

E - ./'7 - :
AT T
; \
p

-

4
3

|
|
|
|

weL —=—
P(OQ




R S—

)
Z

(i) “To obtain en“t'moP7 of “the Sovvee
playtog L.
8 Pl1)

. | < L loa &
3'09&03 + g log

HexX) = POx) ‘08 )
”lo

| bif[-<7mb0!
(i) To obtain inpot  information yate

R - YH[X)%"\)O

Gen Y= 1000_pev Set

R- 100x1 = 000 bits|sec

(ih) TTo obtoin PlYs) & P(Nh)

The tvansition matoy oo the g\um

PO,

“Then

[P(%)}: PCX) [P(‘”X)J
[P
. [05 05J[’P PJ
‘[0-€P+o.5(o—;>) 0.50-p)40.57]

- [ O5P+b%5-0.5P 0-5-0.5P+0-5P]

(P - [os 03]

P =08 P(42):- 0.5

(W) To obtarn P(m,Y3) ond P(ui]y;)

ke know Jhat Mutuaol onbabih{]

Pow) = [Poody [ POIN)
w [0 0 [P f PJ
0 05 }

: | 05P  05(1-p) [o-w
05(-p)  05P 0-5-0 5P

Bsc channel i



| 0.5P 5 10.5P, PO, L Prx e
PO - [ 1 MPJ : { Ihi 1. Pl
0.5-05P  0.5P Pla 1) Rxg Yo
“Thue P(X, Y1) = 0.5P P(x, o) - 0-5-0kp
P(Xxo4%): 0.5-0.5p Plxg Vo) = 05P

hen thé Conditional probability P(Xly) 7 be obtain by
CPUx)y) peyy = POYIX) PO

PLAly) - P(Y]y) - PX)

I,

PLY)

[or s =9

s
[0.5 05]

PCx| ) [ P "PJ
PP

Te obtain information Yote acrass the C}?ame”-

(v
The conditional ertiopy H(XIy) e gluer‘).b‘f equation
5 D pn yying —
R{X)y) - X Y '
( /Y) PN EREREY e 8 P(x ‘lﬁ)
Plxa V\)‘Oﬁ
. P(u 9 1o + P(ndlog L— ¥ o
| it 3 P(lw"f») 1,‘!3)
oy Pag o)l
~+ 9 49) 03 P( )‘l )
K t g P g 0-5(1-P) 10
ﬁ(mm 3(@“ ¥ 3wu«p)



RPN, Lplg A Lipytog 8 i :
™45 rgt 2 g g 5 (1-P)log 7%79)+:;'PJ05%

z = Plg L 4 ¢-p)lo
{ 3 + ﬁq(‘,P)

Fon P- 6.8 -then H[¥|y) becomes
| |
HIYY) - o 2 a9 1 g [w- sy
(*}y) 0.6 log, (Té) + (0 a)\oﬁi_zg [ ! ]
> [1-0-#29 ] 100D

0. 4219 bits |symbo) - at8bikszec

Fosr P-06, H(Xly) becomes

H(*]y) - 06!08 ,_,, + (o q)ioﬁ L

= 0. QJ-biks}&ymbol
Hence, the O\!evaae vate of information Hansmission 2 across the

chonnel @'l be

R - [H(x)—u(x;yay
: [ | - 0.93] 1000

9 biks / Sec.

“Thus, The above Yesults indicate Ahat the "’?’[U””ah,o'?,*m“m‘ss“’”

Yoke across -the  channel decaeases Yapidly as” p approaches —é/

—  Mutug) Trdormation

-The Mutuol im‘oymarhon 1% deﬁned as the Omcwr)f’o,f

infomation

’{’VOrxs-Fe«ed when % ¥ yonemitted and Y s Yec,el\,{ed' It ks

Yeptesmked by (s, 43) and 8Nen as
P(x.]i,)

3 (n = o bits
4) 9—— S}

whese 1(%,13) is the mutval ,)m(mmaﬁon
pL |vg) ¢ the conditional pobability
ond ) ¢ veceived
P(1)) ic the probabilit{ of symbol i

that 1 WaS —Honemitte d

Hoy trangmission



L4

The OVQYaae muhtal ’f)‘f‘OVmO'HOﬂ I3 Yef)ye.sen-t‘gt‘ by :,‘('x) \,) 7t

i« colcolated M blfs[symbol

“The aveenoge Mutual Information i defined as the amount of

i‘Souv/ce infov m artion 8amed pey, yecelved §7mbol.

n M
TCxY) - %— £ pea, 43) 3(m U)

) J:|

| N m il e
T0(%3Y) ¢ _i ‘i PeR Y3 ) ‘03& P(j,} Yu)
S LA P(i)

-0 P-ropesrhes of Mm‘UOl Tn—[:ovmaﬁon

e

4 The Mutval Infovmation 16

i The mvtval information of 'the channel 15 symmetvlc e

Tex;y) = T(Ys%).

9. The mutual infoxrmotion can be
output‘ and Ccon

elpfessed in teyms, of entvopies of

chamme! input oY ditional entroples 1€,

Texs ¥) = HIN-H 1Y)

SY; 9 = K- HO)

whexe H(Xy) & H(v;x) ‘are conditional entropies

3. e Mutval )njfowna‘ﬁon i always positive 1-€

GLxye) 20 A
jelated o the Jjomt entropy H(x,Y) !7

Sollow! ng yelation

T(x; ¥) = HX) + BIY) - Bix, v

Prove that the Mutval information  of the channel 15 symmetvic 1-e

Tx; ) = T(LX)
We Ynow -that “Hom p«obablllfv 't‘heomy,‘

Ply ) = P(U]ys) P(15) W - tn

POt ) - P(b) PO @



*"4.—'”"‘

P(li \b) 16 the Jo)n{; pyd)abi“ff that bﬂ%ml‘ﬁed g ‘/J s Yecelyed
P(xn|y;) I the condrional  probability of that xi is transmitted

and Y5 i Yecewed
 P(¥]w) s the conditional pubability that Y; 15 vecetved ¢
| 1 s tansmitted
M) ic the pobabllity of Symbol 2 for transmtssion
Pryd) Is the probability of Symbol Y is vecelved
From eg® ¢ @ we can write
Pr% ) POw) = P(Yi)u) PCai)

Plu|y;) PLYG i)

P(x}) AY)

e know, -the auevage mutval Information s gluen b{

T = .2 S toa POTY) "
1(x;y) - £ P gy leg, 2 3HE
e kO ) ® |
- n m - . . i \.
H04:x = 2 2 P(aiyj) bg PHibD. . §)
B2l afa) P
nom P(11[%) P W) P
c 2 5 Pyl [ : .
i=) 3% > P(11) : PLas) Plu)

61 < T(x;y) '
Thus, the mvtoal Information of the discrete memoﬁ,lass channel
¥ Lymmetvic. -
2| Prove the «Fonowmg velations hips

T(X ) = HX - H(XN)
TP = M) - H(Yx)

2 H(xly) ¥ -the conditional entropy ar?d it 16 guen as

n m
WXl = 2 £ pluig)tlog, —
bz4 3 %) 3’2 P(x)y;)




‘—**
@

H(xyy) is the Condmonal errhopy and H()f/y) s the Informetion i

o1 uncertainily

X aftes ¥ s vecewed
In othevwonds H(X|y) 16 the ifoymation lost I the noisy channel

up- 5 % Plxi, ;) log, P(%]4)
Jed ds l pm)

n m :
: p |
2» ek 03"’[Pm.)] 2 2o 7")’05}"’ P{’ul.‘ﬂ)

12) 9=l [IJI?
23 |

: Z P,y loq, —— = H(X
ol L Tl

ket vs vse the <tandamd probability yelation

f_ P(Ai, ;) = Plw)

Jel -

.~ “The above e?uaﬁon Wil be

Tx;y) - £_ P(y) o COB(rlN)
L2l ﬂQ P(X:) ( \,)

Iy . R(X) - H(X]y)

e I(x; y) 5 the a\/evage Wrformation “ransfeved “PeY' symbol

| acvoss the channel 3t 15" egqual to Sovyce entiopy minus imforma-Hon

lost W the mMolsy chonnel

Similasily  Consides) the asleyage mutoal infoymation

o n LA i o).
1Y% = 2 2 Py %) 103& P(‘b,;,)
5 2 pody) bg, 2, 2 P ‘f‘))o(c} !
ot ¢ 3 N DY
izl _\j-.x % 3& P('L,) W Jal o pmh:)

§

The Comdrtional errhom R x) L’s‘aiuen‘ ag

nom
RYIX) - £ S Pl ¥5)log, —
: - 12) 4l { J) 0_9; P(‘fj/ﬂ)

Substitute in the obove ecloahon, —then

PR . e




sy B 00
¢l

J-l

“the <tandamd Pyobab‘s\lfi egua’ﬁ'On

N
S P(xiY3) = Pl13)
| 1=l

‘ -
| S ALY R) 5, P(}b)logg2 P H{Y)x)

r(‘f X) = R(¥)-H(YY)

‘? Prove that —the mutual 'erfovma‘ho

n i alwa7s po&)ﬁve i e

T(x;¥) >0

‘50/\ e know Mutval Infoymation
/v

i E P(l':/iij)\
[ P(l]‘f ' SR
Lo izl J:) ) 3 P(15) @

5

87 Conside:runa $om onbab‘ahbi 'theomy)

P(’Xulj:)) = Pt 4)
P(Ys)
Svbstitute . 9@ 10 eg @, we get

~

13 N A . U
A(X:9) = = £ Py, fo g, P(2,%)
1219 POx) P(41)

- @

e know hat Ioj& %- e ;03&_}

Hence, the above eguaﬁon becomes

o N m . .
HBY == 2ol Pl y;) iogaﬁ__p“’) P14)
1= J=) P(l),\l,‘j)
Ke tnow ~That VE\_PK\og (i‘_‘.‘) 20 -®
§ K-} N Pk, b

By Commmg e ® 4@ *Jé gét,

{
i

A = Pl 95) 3 9= P(u)PIY;) ~
Both Py ¢ 9  ome -two pyobabi ity dishibutions on Same aIPhabd’

=~ 2R 2 0 = »ei.t(x 1);0}




|

T = Veify “the “following

& Pn‘.s'.si on

NEx = BEXDY) 4 HD

9 We ‘know that |
| Prai,ys) = P1)-PI%)

| S P(ri, )= |

N
2 2 pry)!
HX, = (1,‘{5 0
ok AR EL 8 p(l, %) -
™ m
.- = 2 P(x; \b) ,03 1 Pl ]»HJ PIL{J)J
-Jl ) ) e
M
t o & 2 Pl \{J)loa[pu,mﬂ Zl ]zlP(n t)log P(43)
NEL =) - -

n: m " '
. H{Xy) - ng L% P(x;, ‘fj)J log P143)

o3 b N
H(xly) — le P(‘I:,)log P(43)

‘ L”(X.‘f») oo BNY) o+ H(Y)I'

| Hence pmved,
>P5\0\Ie the *Fonowmg
| T(x;y) = HOX) + m) - H(X,‘f)
(’/3\ Ke know “that™
By = WY + 8 — O
—then H[Xy) = H(xy) - H(1) -@
ke k,now:-‘fbe mutval Information
W Ixsy) - wo-8xy) -®. .,
Sobstrute &g ® neg @ , ue get’
T = Hx) = [ #oud) - B

(5059 = B +Hiy) = HIKY |
Hence proved -




lhe Cordmonal Q. Jom Errtropiec

“The nput probabilifies PO, ovtput - probabilhies P (1),

tyongition pvobob.lrhex Pl35]x) and Jomt probabilities P(x, ), Let uc

define -the —Followma \JaYi OUS Qn'l'YoP7 “fonchions —for a channel coith
Py !nputs and owfptrt's
m

R(X) = —\é_ P(u)log P(xi)

HY) - z P(4) fog ——
Jz) P(‘h)

Conom,
HX1Y) :.312‘ £ P(1,Y) 103&P(17);/;)

,
—
~—

n". m
HY) = £ £ Prai ) Iog, ——
Oct, ! 2 P( b))

n n
Hixn = 2 £ P(lu‘b) bg,——
Jalia g/m;/h) &P(: D)

f'the channel ‘mptd’

J outhL

Hy) i -the avevogé unceartamﬂ7 o,l —the channe
yemaining about the

HIXTY) ¥ the measove of the auevage uncMa:n.¥7 ofitve channe |
ovtput has been obsewed.

whexe  B(xy is the a\'evage mcesrl'aml‘fy 0

mpu{' oftey —the channel
H{Y]x) ic-the a\!emge Uncemfalnﬁy of the charme OUfPVi’ guen

“that X wos +ansmitted

HiX,y) s the joint ohtvopy . T gives average oncesrtanit
J Py I8 g !

of the Communication channel as a whole.

Two  vsefol Yela’domh}ps among —the UavIous err!Yopes as undest

LHM Y) : (xw)+mv)'

LWW = HUYX) + HiX)
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Capacty ¥ the Signal powent o moise Specival den.si+7 Yaho ($y)1s

1054, Also Find The marimom informaton Yate.
¢

$ Given: Bandwidih (B) = IMHz
‘5/12., N)gHg,

C- Bload(néﬁ) - Blog, (H %B)

- 106 0
: 10 Ingﬁ2 (H_l_b_g_

- 13,800bFs )secC -
S
he maumom information Yate 1s Ry, - l-qa;l—

- Vg x 0% - 1,4y, 000brk feer

— For an AWGN charne | with 4xHz banduwidth and moise poweY

spectval density _%_ 152 W hy, The élana’ pocwey veeuired at the

I.
Yecelwer is  0.JmM. Calcwlate Capactty of “this channe

2 Guen B- thID‘SHg
£ - 0. 1mK

Np B
— =10 K ¥z
N

- Np. 8
- 0 22 xy %10
- 8x10” T W - |
dy €= B (l+-'§—‘)
The channel Copacdy € = BI0ga 1% g
’ -3
0-1x10
- L4ooold §4 T
: 3’( 8XIb )
< 4o00 103 Q(l@gm)

£4. yybisfsec -

W




- M p”"“"? Slﬁnd‘ having  4kHg bandwidth I &Jmpled at Io‘.‘!-hmca
Jd ¢ ¥
“dhe nyguist vate and pa(}) &'Jmplf S ?()On'}i%—efd imo  One of 95¢
"y

equally Hké‘l~/ levels. A&;ummg “The &lm_Pms B S’{'aﬁsﬁcall}

?ndepm dent:

m uhﬁ is Informathon yate of “This Source !

of this Souvce +ansmrHed wrihout ewoy cuer an

AWGN Channel with a bandwidm oF lokH and S ke 8 e |

) Can The vapuf

o) And )y Yato ve?uwed oy ewoy-Free “bansmission of part (D)

vy Fnd The bandwidth vegmved oy an AWGn Channel fov an
owoy - —ree fansmission of The ovtput Of This  SouYCcé if S)y veho

ic 20dB-

D Gwen: B - LkHg

p——

Nqguist vate - 2B : 3xqk - Skig
Y - |-95X M\,qum“ vate
1.95 X 8000 = l0,000massages/&econd-
Since The Sample.s ave guanﬁ%ed into 56 equa))7 ficely levels, thewe
wil be M - 956 samples-  Each Sample il have @ probabilit; of

tccovence ac - . Tthe entv foy Such messages ks g ;
| e $il gee mguen e

H- ‘083,“
| . loﬁaasa : 8bi+s/5ymbo)~
?(';) 0 obtain the nfoymation vate (g):
R: YH
= 10,000X 8 - 8000. bk [second.




& |
') o check o evvor-Hvee fransmission OF B: Ibk Hy & % - 20dB

fwerthat —he slanal*fo nokse Yatio s dB
S S
= . lolog =
(M)dg - 3 A

Q@ - Ip togw%

The capacidy oOF AWGn channel t  C: Blog(1+<)

2 10Xk, log ( 14100)

. oo 0400
fog 3
£6.58.9 bits [ sec
¥ Rzc then evyoy -Hree transmission i Pw;b;e, Heve B : &0,0600

§ - €6.583 Lbits)sec. Hence R>C Thevedore ewor--ree tansmission

i& mot posswble-

(Ti) S Yahio Hoy ewoy --Hee tvansmission :
N

—

/i
e have €-80000 §& B: 10000. Foy evyor - free -hansmission B¢

Hence £LC ¢ 8l03(1+‘é)
E £ Bloﬁg(H%

Boooo £ loooo log ( H%)

S .
8 ¢ loga(u%) ©» 1+ = o8- ast
L2 955
B e log(1+5) CI
‘ |
!Oﬁ 9

o408 £ log (14 S vass (wW|[) : lolg B85
a( T]):ﬁ N £ ( (N%B&QC?B L




PS——

(Iv) To detevmine Bandwidth -
“The guen £ yoho is @dB. Hence,

N
S
] S
bj)ds . to!og =
9 . 10 log S
d s
g
= (00
Fost ewoy--free “ansmiscion R 2c. Hence

Rec -8B 09 (H%)
R £ Bloga(|+%)

B000o £ Blog, (1+100)
£ Blog, (101)

80000 , B
'03QUD )
B> 1. 93 khy

This is the Bandwidt Yeiuwed Ly eyvor-ree Transmission .

Shonnon ' & theovemn on  Channel %cﬂj

“The information is Transmitted ’ﬂmouﬁh dhe chomne| wTh Yate

‘' called formation Yate.  Shannon's theorem says “that 1 i
possible o tvansmit wnformation eith an  arbitvanly Small probability

of evvoy pvo\nded “4hat  Infovmation yate ‘B s less Than or eiuah‘b

0 yote ¢’ called Cchannel Copatity. |

“thus, Chonnel copatﬁ7 i the maximwm info
“folevable limits.

ymation Yote with

which “the evwor probability i ithin
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Stotemert of 'ng Fheoverm :

f
f
t
é

=

Giuen a Soorce OF M egually likely messages with M>»)  which

1S genevaﬁng swlormation at a Rate R’ and wTth channel CaPac:‘{y oy

Then if
R<c

theve eusts @ Codlng ‘h?chnlgue Soch hat he OU‘I'PM' of the
Sovvce may be +Hansmitted ovey the channel With a pmbabilh‘y of

evov in the vecewed mess age which may be made arbitvarilly small.

Neaa‘_h_\ie glatement 0F channel Codmg Theovem
Given a Sovrce 0f M equally Rkely messages with M 1,
which is ﬁenevaﬂna information ot a vate R, Then if

R>c
“the onbab}li+7 of ewov .Lc C',O‘Sé o onity +or every possible Set

of M ansmittey &\8nals.
“Thos |, the nega‘—hve Sotement of  Shannon's Theorem <ays “+hat-

W R>c, hen eveyy message will be in evyor.

Comtinous  channel

A mo.of communication eystems vse  continovs <ovrces and
Tthus Uce he channel Continously-  AM, FM, pm are examples  of

Systems Usma Continbus  channe|.

If pln) ) the probability densty -fonction associated with The

(ignal 1), hen The entopy of The Sorce s



H(X) - f[» 103 piv)
ob

Hx) = - f p(1) 108 p(v) di. “This 1< colled leerenHalerr}mp/
— o0 of X"

In o Gmilar way, the diffeverrt entopies associated with
+wo- dimengional Yandom Vaviables tith joint densﬂry pl1,y),
‘condittonal densities P(1y), P(Y]x) and mavamal densities P(1) §

fP;Q("f) may be defined as
od

H(1) - E[vloa p(v) - «J P,lx)loap,(l) di

-
D

W E-log Rytp) - - [ B Iog B dy
— o

\

oLy - E[—logj P(x, )] - _ff afo P(x,9) 10g P(x,4) dr. df

I,
b b

-] ] Pt tog pea)y) d. dy

——d)__d)

D
LISINEE E[—'Oﬁ P{\”X)J E “J j P(1;7),03P(7/x)d1'd7

- —od

g”("‘M z E[«log P(]y)]

\t

<)
S

)
comhnous  Case, j peudy - |
-

and [ P(,9)dx.dy -]

—od —o0

Hence, the density fonctions pra) and pryy) meed ot be
less than 1 -for all valves of -the Yandom variable. Tihis may lead o
a neﬁahve entvopy -




