HOMEWORK _ # 1 EE 425 !fDIGlTAL COMMUNICATON SYSTEM Ben Cher

Devive eguations A —42 and 4448 :
A-42 1 Given whe J‘omf ,:mbaérhtg o(ens@ function  of N jomt\{y Gaussian, verdem veriable:
fg @ = (211)“N/zvlo(et£f~vze (-3 (x-mFe™ (x—m)
ond rhe olefinition of ot Characteristic function

Mg (X> = E[epgy Xl .

Show that she jomt characferigtic function of the Gaussian RV.s X, X, Xy iR

Mx ()= &P (jrty - =X ' C V)
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Mz cy> = EfexP(J AD S
i g_co exp (X K- fx (x> o(?&

= (2172 [dete |2 [T exp[jyta -3 =m0 7 ex =] el x

Use e 0> above = (w2 |det €) V> “ex CimEy =3V V)e exp[L (x-m)EC ' (X =M+ Lyt
¢ L Pl X=-") = X%
[ 4 "
“EI R A E RN Y e v T dg

LA i £ ok * 30 = P Guity -2V ) - [, et €17 epl-Li-m -jey e m

- £ 00 ~N/. " o _ !
let w=-m-JO0);, =expGuy-+Xey) - fo@n™ dael s ep-r Lt LT ol
Netice thod (2 V2 |det €72 oxp -2U'CTIW) s a jont pokf. of new

Goussian variaklee W . So. sthe integral m eg - ebove g 1. 7_'11,;13, we e

Mg > = expmty - y*Cc V) Q.E.D.

Eg. A-34 on page 658 shafl be : Mg(y>=Elexp(GY*x)]

* Ammﬁj > his is an ;mfeyrmf w it mf)/e¥ variahles (or vector W D. /4ccm~o@r‘rz? #o

Gz«#ﬁy stheorem . wnof decacse P/i(/b(-> hS o@iffemd'fwla/e m whole wwyb/&( plane , we ?e;f she

Seme  regeclt éj 1437 #he nri&gm[ aé&ﬂj Ahe reel axis ( from -oo Ao o )

—jo0)]ox



A—43: Shew that f:r o/rj Jowr zevo-mean Gaussian vendlem variables

E=( X.XszXéL )= E(XLXTDE(X:Xa) + E(XXDHE(X X))+ E(’XlXo)E(XaXa)

SHow: Wusth m =0 , the cpuation A -4z aon he written ag

Mg () =exp (-—'—ftk) own ek C;k=PXax&
Use she epuation on Aop of page € im Lecture metes MNo22 . we Hhave
,\étt ¥ = éi Vi Vi RXEX»I{ ( Asscume we unt’y hewve 4 RV’ )

T=1 Rz

4
Then ox/;amof Mz = expo (-ft¥cyr=exp (-2 ?;-,é, ViVk Rxixp ) .

2. MgOO=ep-+E & ViveRzxg)

, & & \ & &
=l-ZZ Vi Ve Rx:xg + 3‘,"("'{2,&2:
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4 ' | L 44 4
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har - From A-36 5n Aext Agwé , we see +that

2*Mx(v)

Sl T 4- ,
‘u ECRX2XeXa) = D" 5u5vave 3Ve |veo

F7;3m a, ool b. absve , we see that ,}P we sake partial diff. Ao Mx ()
mn A. ool Lot y=0o, then all Aevms m .a. must he zeyo , except the
terms Hewe he f&rm Like

VivaVsVa Rxx.Rxsxa R ViVeVsVa RzgRe.xe R ViVeVsVa RzxRzxy -+~ (1D

o4
STavavasve WValsve RuoeRa x| veo = Rzx:Rx:%q = E(X X )E(R3Xa)

% VivavaVa Reiz; Kxoxa fx,:o =E(XX:)E(X.Xa) & 3-9;“"\V*VsV4Y?x-zaszsz:o:F(X‘wE(z X3)
Andd f*rcrn pege J Lecture note 2 5 we Anow ea:/v0f'f/.e formg m C1D Aas
41/3 =2x4 =8 prevms. So , we HRowe

A ElXiF %Xy )= g— (8 E(XX2)E(XsRq ) +BE(X XE (X, Xa) +BE(X X E(XX2) ]

= EXXIE(X3X) + E(XXz)EX:.Xg) “”E(XIXQ)E(ZzX;) |QE.D
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HOMEWORK #1

A—3. 7Tke IPa\y/eii/v Probab?/ /‘@ o/ensrt\tj function is 3:‘0&7& bg

_—2 2
§_§_aer/26 0< 1< oo

\__ iy =
fR ¥< O

@ Find the clistribution function of a ,@v/egb/ vanclem veriable .

M) Find Pr (oo < ¥s 0.26) for a Kayleigh vandem voriable .

() Show that the mean and mean Spusre ef a /P‘Ef"(”f?ﬁ/ yandlem variable are
given by W7T/26 amncl 262 . vespectively .

() Finol the vawrrance ?C a r@ay/a«yk venclom voriable .

Selutiows (@) OQz‘sinibwffen/ fwndion 3

o]

_ ¥ _xogr 3
,—joe’)(/é‘_o(<zl(gl

¥ LS A2 z
FR(T)=j Frix)dx = 5 %‘}_e KL2E 4, (If oOs¥<eo)

¥fe6>
(Let Y= x7/=26") == 5 e 3«13
0
o 4 9 2 2
=€ 5*/26% = = Q"K/ZG Os¥< oo
. | — ~-¥¥262 b
Fe(n) = { 5 SR
{0 ¥<o
&) Pr (006 <¥s 0.26) = Fr(0.26) - Fr(0.16)
= e—o‘omz/zs’-_ e—moém‘/zsZ
L KD
S (c]
I PEE - e e
=5 7 JT =26  QED
Amzszrsz(b’)&‘{ = jco_L-X3. ,e-b’z/zo’lo'(
\ - o o o T
-2 2 a el o .
— s b Soo.o/z'o{e f/zﬁz_,b,,‘e—x /26 / 5 Soz-;yzs' 2ol

W - 2 z
___2}\5‘0 {‘e "‘Z/ZG‘O(,{:_ Z‘Eg :262. & - D
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(A-3. coNT.) W) Vomience -

SR = E§(R=Mp)} =M2—Mg = 26> - F 67 =042926"

A—4. Two randem vewiables, R ancl T . Aave sthe Jent /aroloabrlatg olensity function

e / —(¥2 - 2A¥eos@p +AY)
fkez Gy = ;?sz QXPI 262

Q Otherwise

Os¥<eo; —W<PsST

Shew that e mw(fina,[ /arbba,&&f\rl o&n&ﬁ function of R s

| (A ) Av
e Foon (2] 58 v

HEETS 5 SQUARE
SHEETS 5 SQUARE
SHEETS 5 SQUARE

ooo
Boo

where To (W, the modifreol Bescel finction of the first Kinol omol oreler 0. ic givep by

T = 3 e =T o

This /ambabr(o;ff oépmm‘i\?i ﬂm::hcn S ;éneum ag the /Q‘ce-/l/aﬁafa»u o"r&nnféi Rician, a(enmiﬁ frer .

SHOW: e mmyinaf /zrebaﬁfétig o@neiﬁj Penction o]f R :

o
Fr® =LQ Sez O @ AL p
_ - (- 2R cosp 4 AV
If - T20. = = J_W 2wer ex]o[ 2er J"’(‘P
_ ¥ e Ml 2ATEOSP /262
= e © ( zsz ) 5 ¥ dg
CHE) _’i s @
o P[ 26 % } %"Jﬁ_ = chf>
% Z 3 8 ,_co
let 6=@ + 21 =‘5L [ (;;Q)I UeG‘ Wc@cpﬂrf ers “Petﬂ
T SR I Y S L *rm_«,
de = OQQP £ _I__ (Az+'75”7v} “_‘{yﬂfe%_‘m%@oe@ +J’ Qszmgcpo&Pl
@S © =82+ P 6* 26 | A [y o )
= coS Y
(AZ+ Tl) \ A stq} :
exF[ e l u’j‘ ec olg
‘ O (At + %)
. Fr 0 =3 QXF{ L ZSZX‘“}' Io(%g r>o

It /8 close to sthe eguaxzon m statemendt Igu,t, we have To( o‘z) msteaol of Ib(o’)




Adelitional Hew for HW #1 ! EE 425 DCS | //farmm Chlen

Qu,ésﬁtu;fe, G/Zu,adfem €3> arol (&) indo 06‘ €y , we «éewe

i X~ ' =~ME, \f Xe=Mg, i Zz
exP!_ ( sx) 20 (Per ) (T )+ (B 67237")}
\ 201 - p2)

2T 6%, 6% 1 — =

fxlxz(Xth) = (&)E.D

5
A-232 O0R PIO INL:2 ¢ %fé’”"" Fhe aﬁorofam‘a:éé et TUX o/oemﬁene Ho Show that For =2
e sthe J‘Giniil(y Gaussicre %@/ fave %edc%nt'/améaféil?«gd oé’@ns;‘@ /pwne/fien
m 2 ’XI"m 3 z“m 5 771 C
eKP!,_ ( G'X\‘) ._2(0( 6X|x)(xfx;z >+<xz £ I
o (X, %) = L 2(l= o) Oy J
fX‘XZ ‘ l) 2Tr GXQ sxzﬂi‘,_;-vF ii a
SHOW 3 Frem othe o{ef?nda‘z‘em Qf Jm‘n?t’ Gaussion /9.0(~f-, we (énaw
§§§ fl‘xz(xh')&v)=(2'W)—2/z'[o(e;tﬂtrvz exp [+ (X-m) @ 7' (K-m>T s W
?SE LA REAL A xl'mx,>
f X’m *(x"i) (7’131) = (9(23' mx,
) 3 wll Eg(X\'mX’.)ZE ES(XrYﬂx.)(erh)i
LR .= y
¥ Ef(X-mz)(X-mzl  ESX>—Mz)*3
R L
[ 6%; P‘ 6%, 612]
B 1S F€Xv612 6X27'_
[ 6%, -(06&5;,] ‘ e
- Q‘_‘ — L—PGX:A\XE 6\X2|' = ‘ . { ze. =1 b1 632] \\\\\\ 2y
F 2 -/ {
== G — & = e
det C = 6% 6% (V- p>) | et C | e T Lty
- i —5"'{ gl |ﬁ X‘”"‘&T
E-PCT (X)) = [X-My, XMy, T:(sy{ gl Sa-‘o'xz | |
T &xbx,  Gxz | %=~ Tix,
r'KI‘mX‘
o [ #;g (X -mg)- gjp—a,;("(z""iz), ?‘ﬁ(’h‘mh)-siwﬁggl(ﬂh'mnﬂ‘ X2-Wg,|
- P*
o G015 SRl Ki— ‘Mx K2=MZR~ <=My,
= < 6%, ) Z(O( l ' ) GUKzZ) (16'33 WK = (4
| — (0’-
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1=1. A wmoduletion scheme Mf_‘s,-emﬂe!?gf?‘i’ wherein a Signal whese amplitude can assume cone of

64 difterent levels s Arancmittecl each 10 % &,_wghpggg}ya,e/\anne[

Q) What is the baudl vate ?

[

How mary lsrnamg oligits ore necesseny o specify a perticefon level ?

(€) What is +he bt yate Hhrough —the channel ?

Solution 3 Te = 107% seconds . 2 =64 symbols
: = 1 i /
@ Baud vate or gyméo/ yate Rs = s = gt = 0% =10000 symicle per gecond .

(o) {3 = Log, & = -3932 64 = 4&99126 = €& ( lo?ncwj drgits )

(C) B‘:f ratfe 3 Rb = %/TS i 6//|O'Ar =éi@o bits Per seconol . /

1-6 . GConsicler _a Zero - memery _sewrce with g &;ym/w/s) X)Xz, 2on KXo with @Yw‘sﬁﬁnqe'hﬁw

probabitity P, Pe, - Pp . The wth extension of this seurce is a sewrce

‘&h&se_Sézmbal,§~_%g&:€(t,,pess?b/e n—Symbol gepuences of symbols fiom ste
igin ree, emol chose symhol probakililies ove the proclucts of the

corvesponclrng symbkol prokabitidies /ﬁw.,.ﬂiv@fﬁfﬂ?ﬁé _sewree . for examnyple , ong

pessible  symbel for she thirel extension e/f o fowr—symhbol sowrce I8 XiXaX>
with probabilify FiP=Ps .

Lenote she origimal seurce by X owel ite nth eXtension by XK'\ Show fhat

H(X?Y =72 H(X)

where +he Left—hamel sicle vepresents ~the entropy of the nth extension ead|

H(XY ie ~+he entropy of the sowree X.

To be chowedl or pext poge. .
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I—6 (CONT.)

SHOW:  Ziyctomest , we see +that nth extensior o/f g Symbels _has 2T nith exf%siﬁn,,_..ﬁ#m‘wlg

?{m example , in ocetal scale , we have =10 (0.1>2.2,4.5.6.1 8.9, f B=1

we dawe 10 deflerent numbeyss n=2 , we Howe (o0 lefterent mumbeyg ; °° ¢

For sthis /amb/em, . we carn use Hhe mathemetioal rnclyctive methoel Ao prove it
ég% éf%e il for m=1 . it je easy +o &ee thet

HX'> =H(X)= [+ H(X)
Step 7 :  Assuming +hat for w=4 . we ave

Hixky = huex> - -- LT ey

and Ahe kth extensior symbols ol /zmséa,b.'l,-’lxes ol °

y S N ke’ B o e P(xX®)
VORER LT e SN
k. . 2 ' H

Ko DK Xg = - - - POXg)

ngﬁﬂ_fi For == 4+, cwwwoény she olefenitven of (kt)th extension , we A

(k+1) th extensior Symbols probabililies
Ak b
Kt N K2R = . " F .7 7 T = PI’P(X;!{)
et . ;'k H ot
'XZ’:L( . A Xk T T T T T T T T Py P(X:ﬁ)
b+t
’ng.H . Xz 'X;k — g - s o~ = = s By P(XIk)
By 1 & s :
Xmght Kk - - - - - - - - - - Pae PO
ko ok ' K
G gl gkare Lol - & - v I o P?, - POGH
kv { : k . - R
Kpktt -+ ey T 1T T T T OrT ] Pg & P(’ng)

( Zo bel cotormidel, om el /&\76~)




)'C@mww% am@q»movt“ﬁu:zi e | Hnsy Cham

I-€ CconT.)

Now , we can wuce he Lefinition e/’ W”’"ng Ao fmol HCX’%J”)
det
H(Xk+l) = — > P(X;&h)‘eO@Z,P(XIk—H)

=)

& &
2 28 .
--= P(Xf“)ﬂogZP(xxh‘)—\%P(XFB‘%ZP(X? ) -
i= {=pRyy
gk-n

25 o kR ke
g O PO

b ®
g g
—— ; R-P()({f)(’.ojz [P,oP('x;k)] = F-YT B P(X‘f{)&f]szz'P(X‘%ﬂ
i % k
— e = 22 Py POX) 409 [R POX]
gk
— - = = p;Puxd) g, [P Pl

=1 =

e

It
|
‘ M‘W

il

AR k
Py 2 PO y+[ Leg, P; + &2, POGY]
g e
7 gk ' gﬁ
- - £t 2 pub)- £ P 2 Pt o)
J=t . A " » \J__'V__./ Vk ’
= H(X) =1 =1 THCER)

= H(X) » it~ 1~ [+ H(XBJ
= H(X) +kH(X) % = o 6RO

HEM ) = (k41> Hx)

Thas . we /77&(160’( sttad”

H((X") =% H(X) : /
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I =7, ﬁ‘efém/wﬁ? to Problesw 1- 6 , eonsioleR a #hm@e-&\(l/mlmal sowrce , X=§XuX2,%X3}.

weth symbol probability = > . ancl g -

@ List_all Symbols 7’—" +he secenel extension amel their eaweg’/aomznv probak,

(B)  Fined he entropies of the or\x‘;iina,( Sowrce anel f the seconol extension.,

Ahieg Vewf ying +hat~ H(X*)=2H(ZX) .

Selutiorn 3 (@ second _extension symbols coupsspumimg probabilitieg
__O(_UXIW el |- PR e _(:@—)_0._215 . "
e AL o L L L LR GRR]
s by L L 0 0B 9aF
LB B0 L L UB 9RB  a
35", TR O TS T S A A 5 L
_%Xs . _ _ _ _ _ W _0-0625 _ _
R T S R (B 0125
%X . _ _ U _0.0625
_%%Xs . _ _ _ _ _ Ue 0.0625

(b)

H(X)=— (% %0g,27"' 4 7 €og. 275+ ¢ £0§,27%)

=+t + 2+ F=15 bits

H(X*) = — (0.25 £eg, 0:25 + 0.125 Jlajz 0125 + 0.125 log, 0.125
+ 0.125 log, 0.125 + 0.0625 193,0.0626 + 0.0625 log 6.0625

+ 0.25 logz 0.125 + o‘ggzglsjlo‘oezs + o\oezslnjzo\bezg)

t
~ 030103 (

= 3  bits /

0.25 X 0.60206+ 4-X 0.125X 0.90309+ 4-X0.0625X 1.20412)

Hence .

Il

H(X*>= 3
2H(R) = 2XIh5 =3

HEX*) = 2 HX) VERIFIED] o™




7(@7;13(,;)@»/3 asg\zlqnmeni 7022 | D@@c‘fue @ﬂnn«/nztca:fl,% /[ge/n Clhere 5
1-10. @ Obtain )‘(uﬁﬂ‘mm cecles ﬁrra, —@pnmq Sowurce w ith Q#_m/oo/ /aro/m.bz&f‘es - amof
- 7 omel s seconol onol Ahivel extensiong .
(b) Compare _she _average lengths 4375 Ahe cooles founel in (2> with Lewer bewnol .
Soletion (o) ) Om‘gmal Souwxee
% symbols codes
" A 1 % ]
y R BE e ) 1
aes
ézé i1)  Secondl extension
s gymbole _todes
§§§ Xi %4 5 O_"i_%_ X X o
(_:_%2 ¥ Kz é/L“—ﬁ"'“o" e | Xt K2 10 l/
§ Xz X e oy K2 X o
2
%2@ X2 Xz e ) X K2 "
2
i) Third _extension
2%4 ﬁmbois co&eg_
%K Xy Xy XX 1 XK o
9 L
%N X K o "®feq S AKXz o0
1]
XX & | AKX 161 )
b X KX Ly & % %Ko oo |7
2K Xi S’&"!(7/64. 0’7]641 KX Ky 110
Kz X1 Kz LAY Dt%“ AKXz 1tiol
KX Xi %@ Yo X 1110
Ko XX L e g
(b) HX)=-% g, 2 — 4¥qg, & = 0.€1128  bits
Acobrlln e Shawnonte Lwvet| Ahesrers , we Brnow sthet Ahe Lower
v /
Hocrmal ef Ahe averge [p,nj#z s 0.9128  bits .
3 3
Cem.fbawx&ten < Fer 1) L=|X‘¢+|x—‘—;—: = | bt /
1 P
e
Erric, = 0‘3:'Zg = 8!{29 Y% ‘,/ Redun. = 18.872%
i /
For 3 L=+ (WX +2x% + $x3 +g*3)=0.443T5 bits
Seric: T 00‘22_;%5 ?6 152 % / Redun. = 3.848 %
For i) L=-é—(6¢+gx3—+3x6¢+5x +3x7?3;+15x64_+v;x5;+§
=0.82292 ° /
. = BRUI05 = 1B5K%  Relun. = 1410.%
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=11 A birevy seurce hos E\,vmbo[,_mh%?&li?%,é ool & . Symbole ore emittecd at a tate

of /000 _per secenol . The channel cen ceceept A?nm\\:.lf s{(,,mbq/&atq mie@f 250

(Y 7Zs > possible , bg scectable Q/ncocér\nj, +0 romsmid the source sfrough sthe chewnel

& If the amswer so part ca> ps ges, fimol a coole shet will allow it .

Seslech Lo, @ Yes, it rs ,Dosstble.

b) We can finol #he secend extencion Maffman code as belew :

4
X 18 5
2 /9
K Ke /9 o
5/
X %, 1T i
O 3k
I
X Ko L1V
gecend extension symbols _codex
X KXo 7 0 )
Xy A= 10 ‘/
X= X 110
Kz Kz (KR
: average L = lX-éi"- +—zx§— +3x 2 + 5><—%. = —'?'L = 188689 bits

Oéuc&ue éy, Hhe seeonsl extension %mbols are emittesd ot = rate
cf 500 per sgeconol  ond we only heve Ao emif 188587 X500 =

?4-4.\44_ bits per geconol —@j ashfwg —thitg ecodle . Sinece

744—.4-4— < ?60 ‘ \/

L1
Thus , it is OK. sHo #mamemid Sfhe swe W ;Frmt?h sthis cleannel |
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reprei)

1. HOMEWORK PI5 LECTURE ¢

Q) Find a [linear (5,2) /787» whichi olmin =3 CS/‘ZDLUM‘[[ﬁ_QQ&ZL@w) .

b) Demorstrate hat eone eyror ocan be cmmg%ga(for oAhis  coole .

Solution: @) e can show hat ﬁflow}@ cosle g linear (5,2 with clmm=3

Se=(0 010 0 0)

S5=Co | 1 O [)
S.=( 1 [t 1 .0)
Ss=(C1 1 0 I 1)
Jiiwem‘f 3 §0@§L=§J1 5| T=%.2,8
§.@§z=(l I O | l)xga
§\@§3:(l O 1 | 0)= 8,
Wi
S: @ Se=(0 I I O1)=3u CHECKED

,', 77%2& cede s féne&r R

WCSi)=3 , W(S2>=3 ., W(S)=4 .

d‘m?n =Egll;g 3 W(§;) = 3 CHECKED! /

b  Aosems dhdd i Pone et Vb, = LB Bt ©.05 ansl
cocleworvel S2= (1O 11 0D is sransmitted , Then, sthe yececveel
codle Fg

rY=%®e=(10010)
d
d

g
o

o =W(Xe®s.)= W[Cioo o] = 2

i

L =W®sSH=WIU 1 1 1H]=5

=
AN

| oh:,gz =W(Zesx)=W[(0OO1 oo)I=1

dy.gs = WCr@s)=W[(0 1 0 0 NI=2 /
Thus . L is closer #0 Sao . The ermer can be covrectec




Heomework asezynmm 20:2 o@dgihl Communicativr, &J&fem @e/n C her 2.

2. HOMEWORK FROM P12 1ECTURE 8

Q) _Find _ohe generator matriX CsD*r)"eglponaéfnJ? #o the pomily check matrix qien By (17>

b) Construct <« Hable <s~/7v47 m ﬁvmod“tm wovelg ow~ol ean«eg,l/zmvaérk\e’.  ecdlecvorels .

C) Is shis cede (> Aenecr i) &gsw ¢ 2 Prove !

"l . ® 110 O}
H=l0 1 1 o t O]
Lt'o 1t 6fto 1)
Thus . we hoave
)
Hp='o 1 | Lo iyim Gy —R= =3
(1 O 1 ,

7ﬁe ?&new matrvX is

Xz
omd  codeword vectorr T = 23 =
= i
C.

|
I
Cs| ! O

- " 3 -

. 'X‘ r I
1
|

|
CE
!
!

N
o)
0
1
o)
|

O - -0 -0
— Oy = O

~Q — O —

|
i
{
|

¢

b)\ ,40(-,070&318 +o the e&ucd[cn’! abeve, we can conchuct sthe sable pewu .

INFORMATION WORD CODEWORD

0 0 0 L _7%3‘ _’G_DWOWO»OiO__

e o1 | B 8 o100l K

Fio 20 T P ey g ‘B 0 YT E

ol v I LT B Blili0 :
| 0O O Sa | GO T 8

1 0t L TET Tsg 1O |_b 1O eq
i I O 8% 1 10 0 v

(5: J Fx 1 | & 11 1 000

|
|

C) Thig cocle e Poth Lineor ool &éf&‘{‘&rna}h‘e
T# is eagy 4o see /ﬂm sthe sAoable above sthat she fh«sf”' Ahree
Bits o/p codewerels ave fhe same as She eowegfcmaémaj :‘rﬁvma*l‘:m/ /

worels . Thus it /g ggs{%/;natz‘c coole . Z:‘new(‘ij e Ao he /rvvueo( on nea({’/mae




& PCE BuC.

S 5 SQUARE
S 5 SQUARE
TS 5 SQUARE

2. . HOMEWORK CCONT.)

C) Lir\ecw'?f‘}j
From sthe sAable m poot b we Aave
S®s:=(01 1 101)=8a S2® 8 =(101110>=Ss
Ss®8a= (111 000)= 8¢ SL®B =1 1001 )=S e
Ss®S3=(01 1 101)=8s

Then . we check

D Se® $v =S8t 5 i=r.2.3.4.6.6.7
2) 5/®8% =% = 8 @%s= S
DB 3 =S ®FO8=8®Er =85 > D8 =S4
S\ S = 4O O®Fe= BRa=%r > S OSr= S
3) S:® 8s = S
S:®84 = S = S: ® Re = S¢

I

S, ®Ss= 84 e ®s = 3a® Ss :87 = 208 =S8s

-~ —~

4) $:®8e =%7 = Ss@Lr=8q

) S4® S5 = S:®8e®85 = S=2®83= S,

6) Ss® Se = Ss

T) Se ® 8y = %
Thus QD @J . for omy ¥ sl jo s alse a cooﬁewovc{‘-/ﬂ
77/.@)’9,/@%& , Ahis ceoodle ;s lonear, |

Cl +hink i+ /s easy o show sthe /rneam;fﬂf i wsing compulER )
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1-18 A channel hag Avansgition matrex

0 SHEETS 5 SQUARE
0 SHEETS 5 SQUARE
200 SHEETS 5 SQUARE

42.381 5
42-382 10
42.389 20

narionaL Mada in U, . A

4,
e

{0‘9 O\I}

0% | OF7)

Let sthe nput e\lcfmlaols have ,pmfoa,b«‘li“f'tes P anol Pz . where P+Pz=1.

(@) _Find he ,PYOMB"M@S) &, emol @2, ?0 The ewflpbgtw%rmbois m_terms Dfp' &P

(b) _Solve the epuatiors obtainedd sn _port (a> for P ool B

(©) Obtain expressions Iy%r PCXm,Hn) /%r mar= 1,2

@ T)[) Pi= P2=0.5. calculate &, Aa. ool P(Xm liﬁfn) fc"",?",”’_‘.,:ﬂ"zw
9

Solutien: (a) 0.9 o
(@ @)= [P Pz]'[o\a 0‘7] |
[GL = 0.9 P + 028 P
<t S s s os Gy
B=z2= 0] P + O\TPz
(b) | {oﬁ? 0.0 ! (116667 ‘OJGGGTJ
ILPL Rl T (6, B 0.3 of =[@Q, @l]l\~050000 =
[ Pi=t1666T @ —~05@.:
i T I 1/
| P2 :-O\IGGGT&\“‘ 5 Q-2
= PCY, %) P P
Bouls) | POl [THMXOR | PALbo 1
, | P %) P P(YelX2) P2
;\ P(Xl ‘ LJ!) P(XE | HZ) y N (oF B J
- L~
093P /&, ol Pi/82 il
= ~ s nn (3)
L 03P /e OT P2/6 )
d) let P=P.=05, f)am epuadtions C1> ool (3, we Ahae
Q= 0.6
Qz= Osq’
»~
[/ POaildy)  POGT Y [ 075 0.125 il
P1Y:) P(XI‘LJ'L))( L 025 0\875 /X
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[-20 An ﬁ"l-m\mlf symmetric_channel is one with semsition medrixX
-p  1-P -P
P M= [VEST R VE
1
U I P o 1 - A [ se
M= M= M- l-_:["o(iw&)]
I=F |—\»P i':P \ o
M-t M= M=) P J
Shew that its cu,paeif\c;; s
C =Tog,M =1 =P log, (M—1> — TP
SHOW:  From sthe svansition mafrix . we Rnew that zthe channel has M — nputs

ol M'@wﬁ»u/f‘%. Asswmmj M hq/au:(- a;t,mbola ave X, Kz, >+ Xm with

probabifities Py . Pz, sos Proiowedd ouwtput Yoo Yo, U

[P. 0 00
| O P2 0 - O ["[PLUIN]
;\(:3 tD :O sy P'V‘/

(Px. Y] =

U= : RO-P) Pili—P2
!{ PP W M= 'M‘_:T}
|

Pz (-P> BO-P) P -P |
‘ Tznfu— PP i/\ - A 7=
PM\(\—P) Py\(l"P) PM(‘_p) e o PMP

f
Ii !
M M —1 M= 4

Ther .
4]
“HITIXO=" & Z| P Yydleq, PCY; XD
B 0:
Mo M
— Z‘“Pc‘dzz“ P IxD leg, Pey; [ x2)

) gty r
= <Pl i g loE + poteg, P

=i (i~ pyigEty-py+ pleg. P ~ (i-pileg, (M—1)

= — (=P leg, (M-1) — K(P)

T(X;7) = H(T) —O-paleg, M- — & (P>

{n Hus problem , we can Pru@ PP, 5 Pu such het PQ{.)=PCH;)3“~==P(\L[M>:,\—,‘,—-

S Huox (T)=4J.M  onvel C =Htog,M=C1-pilog, (M-D— F(P)  aF

D\
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1-21. QObtain  he c:‘a,paot—%? <7€ the %{me;fw‘c L?nggfr\t’{ erasure channel, whick +4ag two

}ﬂ!awfs 1 ool sthree gmf,pm —1,0, en~d 1. The chewmel s 9(%&“”_@0{ b\s(tbe .

Aransition Joro bakb:lrties

P(OI+ 1) =p(ol-1) =P

P+ =pPE1-D=¢€

with prg=1. At the cetput, O Qﬁfm,asfonafs to cn emaswre with p lje;ij’ the eraswié

SQUARE
SQUARE
SQUARE

v
w

pyobability .
T : J

Solution = Frem he 3n‘uens . we car write the pamsition medriX as

i [g P o]
o P &

And asem}i? S Xi=—1, Xa2=1 Ji=-1., Y==0. anel Ys=1

‘ P&xo O J & P 0]
- fP(%)ﬁﬁ:[ 0 Px c P @J

Z{Pm)g PXOP O ]
0 Pxoy P PXE

If
My
Muw

r
Ji

(=2
1l

PO Y3) Fog, PCY 51X 2)

t

—HE@IX)

Il
M

,;
1

POG) 2 PUY;IX:) =9, PO Ix:)

J=t

(o}
=pon{ 21292 + P'G.P+ 0-199 T+ Prxaleleg, 2 + Pleg.P]

= Glo3. Bl Pleg. P
T(X:Y)= H(Z) +§leq, T+ Plog. P
Bt m AthiQ /7‘)«;1;/@/:72,, we cowtol et /ot‘cé ,bcg.)zpcgazpcgs):—s‘;
rf P#g’ L2+t E . So, we Hewe »ofwof she maximwm  vedoe ,,/1

H(T) «s /a(afaw .

( 76 BE CoNT: ON NEXT PAGE)
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50 SHEETS 5 SQUARE
100 SHEETS 5 SQUARE
00 SHEETS 5 SQUARE

8
-389 2
o In U, S A

42.381
42.382
42.389

—
Vol
NarTronaL

1-21 (conm)

[P, Pty . PY)T = € Pxo . pod] [ § ‘f: g\

N

= [gpxo . PIPxX0+Pow] & §PX2)]

= [8Px0 . P . BP(X)]
Ther .

H(Y) = — Py \°3z P;)

|

r
fl

=—gpox)-Llog, g + leq, Px] = Plog,P

= §PXa)-Clog, & + log . P(X=)]

=— 719, & [pxo+po] — g [ PXolog poxd +Poces teg,pox:
| —~ fregalP

= —gleq,2 —pleg P + & H(X)

O%&j when PO =P2>=0.5 , HX) reaches ke moaximum valuwe
Homax (X) = ’esfz 2 =1. 80 cloes HCY) . with
H'?nax-(Y):—glejLZ—P[oij +?

7:7‘»1@/{7 , we Have the cayaau‘ﬁd

PCx:)

= =338 —Plg.P + 2 + 2leg, 2 + Plog,P
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1
HOMEWORK 1 (P19 Lecrure 8) T84

o
<) ) Q) Gonstruet a Aaxble usingq (40) giving all 4 -bit jnﬁwnwh‘on worele anol _the

Cé)rm&[lDO'noéPn\lo cocleworel s .

b) From Ahe table . oleterminé @fm;n,

C)  (Prk swo ssbwords ot vasmeloms covel  Shio +hat the swm ij,?‘f?b

cocéewa-ro('s g _a cecéewcfro(

N Show that all columns 37£ G Givenr é\c’/ (40> are orthoganw(,,m.. all rowe

OP /'( g iyen Lq CER s
7 N4 <

Solution: 09)] L

] 00O

01 00

001 0
G=|0QO0 I | andl T =5X

ol v

o1

1o

INFORMATION WORD (X) CORRESPONDING CODEWCRD ("T')

0.0 0 0O 8% 0 0 0_ 0 _O_0 O wso
(8 006 4 ' | .8 | O -6 O ) 1t WeA
oo V. | 3 & 0 0 ' O 1 | 0 w=3
0.8 ¥4 0l b 8 _ O0_O 1 I 0 0 I w=3
© 1 0 e L& 0 1 00 | 0.l Ww=38
MO 10 ¢ - s 01 D[ o 1 0. W=3
0 ! I 0. . &% 0 1 1 0 _O | _1_ w=4
(0 7 v § o iseE | O 1 b 10 .0 wst
A 0.0 b L i &2 | {6 0 0 O § .1 WS
10 0 1 1l & t p o I 1 p.o_ W3
J oo Vo L hee | £ 810 1 0 ) wpk
Ao ¥ o ey | § 0 F 4 B 1 0 Wt
) o e o R8s | 1 0.6 1§ 0wt
NI UL S (ERNA I ol SN NI S * S N ¢ I ¢ R
Ao 0 & 11 1 0 0_0 0 W3
7 ] Sis [0 v WA

b)) From e we{?hts assoccatocl wioth Ahe coletveorele ™ sthe +able abou

We see that 0(“7»1.1:71 2%101 W C§Y): 3. becauge Hhug cede vs [inear.

L.




Hemewsork — nox 4 :brs;h‘a] Cammuni cotion S\xl;&“‘ems] ST .

HOMEWORK 1 CCONT-)
\_ O We pck S5=(01 01 Q1 QD) omd Su=(10 110 10), <then

%5®§\|:(IIIOOOO): §I4, SHOWED /

d) In ordler o show +that all collwms ¢9/(‘ G Geven .6\'_/ (40) are

mﬂthoé?o-nwé Yo all yewse 7p H Jever 6(7 (38 . we onfy have my

%?;% HG:Q ]
(1000
0100
6o & (V1 1 | 0010 .
H6={OI L. 0 ©.1 tl-ooo‘ _/
g g F G (O
eI
11 o |
0O 0 0 o] !
= 0 | g0 o &®.E.D /
it L0  @%h 0]




HemeworR  nos 4 B.C. S, ’/ge/n Chlen_

HEETS 5 SQUARE
HEETS 5 SQUARE
HEETS 5 SQUAR

DN

A
NaTionac

HOMEWORK 2 ( P26 Lecture 8)

()

For the encodek / dlecodck \??V% above concioler olete weorel (1 OO )

) Constvuct table as on o 22 amal p-24- .

b) Aol an erwor in #hg'fﬁmeé,?[ she eoodlewevel cuol censhuct a teble

> ouTpuT
S;PIEHTLT_JW
@ .
) _ENCODING TARLE ot worel Cloo 1)
SHIFT INPUT BUFFER  OuTpPuT St Sz Sz 588
i B e o) S 8 S SR ¢ T, - K ©
1 1 . 0 1 { [ORRNS: 0O
2 0 0 "0 0 S 1
3 0 1 4] il o 1 1
4 1 1 1 0 { 0 1
5 Switch 1 1 6 ' o 1 { Uy
6 o B 1 1 0 o O 0]
i 0 (9) 0 © D O
8 Next infomwaﬁen w ovol
INFORMATION WeRD: 10O 1 COTEWEORD = 100111 0O
DECODING TABLE Reecervedd werd (Cl1oo1110)

SHIFT  INPUT ~ BUFFER S, 8: S3 £:©8% g.‘g,‘g‘é OUTPUT
Zié 1 | 0 | 0 _ ® O !
°" 2 6 0 0 oo 1 ‘

23 0 f - R S -
S 4 ! 1 0 l 0 1 o
g5 | f o o 1 1 &
< ¢ | 1 g le' e b Y

70 g ¢ lar P o o . @ ,,L_, g e
58 0 o & ol p (1l |
T 9 0 0 6 0 © 'O, O 0
< 10 0 o |0 e o 1ol D 0
SN o (1! |
{% 12 g g g ) g A : g l

I3 0 G} 6 o e ‘it © [
Qg4 &) © © © o .0, O o)




e

OuTPULT

LRon Colon
Bipote

CRROR it |

L L

Cilo gyl

Des

INPUT

CCONT.)
SHIFT

2.
o) /4&8%7/@ /Peveéueo@ worel 78

Howewerk nwos 4

OMEWOR

N\

*
010/ — — — O

co oo 0
| L
O Wddn —> — DW.:W\ ™

!
»
OC0o—-000— —<=00<©°

‘OIOOO1A|L“||OO4IOII1
|

]
|

O Srwde O O O Ohe O =l
? .

|

m
= T R

|

|

|
| e 34567.__000/.&“0_.8%,
uado g < pasapo “ nedss y PRSP o
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NATIONAL

5.
HOMEWORK 3-6: (P23 LECTURE 9)
|
INPUT
2 Y
e fo S— UTPUT
3
ael
FR PROBLEM 3 & 4 k=1_n=38, =4 FOR  PROBLEM 5 £6: k=2,Mm=3 ,1=2
Com/o[wfrioraol Encodsr
Forr the (1,3,4) Mok (2,3,2) covwoluttones! code with enceder sheown ahove

(Prob. 3 or 5) Find

Q) Code yate

Q) Trellis ohag

) Shage  Hingrend
J

€) dfw:e ok ik

JC) Tromsmittek Sepuence -Jpcr W\japof‘mm;f_tqn aeprence ] 1 0000 |

8 Reseved Ssguence \}Qw* At R segpencd fownel snm(f) ool stheranastt

errevt sepuence lefed ool Mool lwl o X &)

(Prob. 4 ovg) I//ccm‘m;fe Vi terb: ogee,eo@r‘c/q cs;;ﬁ the mmvegf&ggzwfrnﬁﬁ]l\@uMJ

m. gy . Use muldiple Decq?rm @Mr@_&_ﬂ%erg Sid
J / =

medrics as olene in Fiqure D=5 @/ the Aext.

Selutiong o _problem 3 — 6 are on next /zo;\?e,;«,
4




nes 4 ! £~ €. g« I

| 3 N -
PROBLEM 3 FOR C1» 3,(4) comveluwtional code . X M o«
| (oA
N/ (5) Q) Re = k/?’l =é_ =0.33333 W \ W
b)

The eectput (s relostecd +to +he contents @f “+he V\ﬁ:‘sf“\w‘& as fé/[ewg:

S 8: S: Sa 12 3 < oupui
0 o O 0 0 0 ¢
0 0 © I | | )
O o0 1 0] ] 0 [
0 0 | 9 | |
O 0 0 0 f 0
0 i 0 { I 6] )
0 ] 1 O I | [
o 1 I | O O 1
| O 0 O | | I
I O 0 [ 0) O [
| o () O | O
I o 1 | 0 O
I RS 0 | ) [
| ( O ! @ I [
| [ ! O 0] O 0
| ] ] | | | 0]

( note: This +able e true fo-n €2,3.,2) eowoluttonal cosle )

00O
TREE DIAGRAM: v o _ voo
000 —_A_MWLM,
et e
000 - ——
L [ 10 ‘]
000 | eIt Mg
’ SN 1 o T, S S =
| 210 =l
; s
. — I —
e
T e
11O g
1 101 s I
. OOF } B I anui
{ | opY
| PSS e T i
L 010 e
| ) Ol | ‘_{——*—'———‘—m_
RGN 65 ] B e
: LT 1_.__,__”‘
S o [——
| __oof N
4G9 fi =
TECAAN e




PROBLEM 3 (CONT.)

C) DEFWNITION. OF STATES

_ State Byl Bal Bs

@ L 0 0

b o) 0 I

c O l ¢

d o | |

e ] o 0

f I 0
g EERA
h | n |

TRELLIS DIAGRAM

e
7
.. T

™
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NaTioNAL

PRORBLEM 3 CconTt.)

e) offwe = Wirero 1ol 1o )= 8

+ g Dt\freq/y_'{':-q—‘f = 3

)

8) Tn order +o match HAhe lomuem fo“l" &'—’T, we asswne thot the ch-,»«mw(

&e(@;uen (X<

PROBLEM 4 .

INFORMATION  SEQUENCE

110000 |

B fo.wcl opert (f) Ther . ﬁw(o@rv ewor seguence ©OOO 0O/ OO ©EO

we have

(7]

4

'S

TRANSMITTER QEAUENCE

111 10] 000 60|01 11000011

111 0 with esdewordd geguence " 111101000 0O |

g 2 Receﬁveoi ge%wemce = (1110000000 |

E.r‘-@%mg_hrp

D0 ; B)
\ \ )\,0%
s i
» AW . (5)
\!
K )
o ‘\‘ B//f: (B
\.
2 3 ()
\
\
- ¥
L ﬁ{ @)
D
- N (6)
R N (@)
- e
R 10O 000 001
‘\
PR
s \“' A
* e mﬂ ('>
N C/
P \\ //
\\lO] ,/oo[
® ~ i /
£l “\\\0\00 /

5 whackh

Tor



L
L ad

P,
NATIONAL

Homeuual  Wes D.c.g i Bern Chen 9
PROBLEM & FOR (2.3%.,2) esvwoluttonal : codle .
QO) 9] Re= kR/n=2/2=0.66666

b) TREE DIAGRAM

-

T & T e e
000 1R ol0 o}
o160 |
000 m Eo\ o |lof |etd 000 ,HO ool {io0 (eIl o (160 joo] ||NO

MM |

C) DERINITION OF RITATEQ

|
=
=

ooox W
I

State S 82
a g ! o
b o |
< ()
d o

TRELLIS TDIAGRAM

000 /o0

d) _State o%ag\*am

>/10

XXX / XX

;

@ch’w‘t i xaw‘l’

o/o|
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rNationmaL

PROBLEM 5  CconT.)

e) dé‘fee,:W(@‘oHO D) =28

t < (dgeee —1)/2 =1

$)  INFORMATION SEQUENCE

110000 |

TRANSMITTER ~ SEQUENCE

iI0loco !l 11Q 1]
a3} Evwor sepuence ©00 00000 000 ie added . —the
Received geguence = 101 000 V10 VI = Y

PRORLEM €. y = 101

©Coo

(10)

d = ,v feXi

[G1¢@) ‘ 11O I

\\OIOO
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Homewog_@z\,m_ __noxi5 @u?-ial Communicadion ‘Sv&hms I é@n Cl//g&n./

Ple . LECTURE 10 %

( 1. Prove the {o‘lowmq properties of Hilkert tromslorms:

(@1

(@) If %=Xt , then X =— X (-1)

Acwmhnﬁ 9@'(7) On page 5 i lectuwre 10 ,  we hove

sy [ X g = 4 XD
Xt = I J—-oo t—-) = Trj‘-oc o GQAC
=X~ 1 Xt-0) QO Xt -(-T))
f xw=X-t) ,  X=t) = jw At Xa -
f 1T aAfE "c’ PR o
, | [ =
e T LN
w0 xvc _KGE=ES
= Tfj de = —’;((t)

&
oA
A
nationar
e

XM = — X(-t) \/

(b) If X)) =~ XD, then X(b=X(-D

&% -t -

Lo —weEde
“5-09 ~ oLt

i oo X (t—(- B ale
Tl/ -0 -

( let s=-7)

l

oo
Trj 'x(f Y hg = ‘Q(t}

S ) = k-t /

() Tf X{)=co8 Wet _ ~then R(L) = Sin Wet
J

Fyem -the ‘def?n?*ien o]ﬁ Hilbery *YWQ’wams)‘ we  howne

Kefr = Hep X = —Jgn [5G -7 )+ s (f+ 2]

zm )

= g%SMOQo'tE

Thees .

’5‘((‘[:) = Cd&t /
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SHEETS 5 SQUARE

H
SH
H

EETS 5 SQUARE
SHEETS 5 SQUARE

nvarronaL

1. ) § X() = Shawel ,  then XQ) =-coswoet

L s (5

. R | .
Xty=smwot > XY= (-5

AX(j): IS PRIGY =U%n(§‘).%ﬁ S -Le) +j %n()c),.;_tj‘ S (f+0)

= — £ 8F - - £8(Fr3E) = (Ff-oswet}

Thug, %) = — cogwet /

©® X)) = — XD

i(f) o H(f)i(f): HC) H(f) ‘X(f) =g ygnH1-E
i
= — [spgl™ 25) = -x(f) = F{-xw]

Tlws, _Xt) = — X /

€ JT xode =" X ot

}'f X)) 7e o veal-valued Qgtsnal . tHhen fr\-m\ Ahe defrnitton QJ"» ) , we R

A ) s o veak— valwed sxnai oo . APPK:[ +he onp&»rlﬁ of Fowrer Xfoomls
2wt = fc: SRS
S de= [ oAf

Then B . .
| X "= |=gsgncs) xefy |'= [ane[* [zep) = |2¢ |

We <see -that , /

oo e N
5 X2t ot = f REer Bt - eeenn. iy
ot ey

‘if ACt ) ‘fs complex —vedue ol s\‘jn@( - aw;nj K= T + J i, T4
X(§) =R +j Tef)
%(f):»!%(f) +JIE) e Rir= T+ im

0 Ko = ¥t — 1206 +2] ¥t WD
Aty =52ty — L) i $eo Lo

( % «ée W';‘VL(APJ )




&
H
~
3
2
Q
i
3
<

1 (§> (Ceconty)

7 et ot — f mf?ﬂ(’m» LA +27reH U] oLt
i o L 2] YOO LD
oo /
= f,w FEct) ot —j’: vt + 23 f: LACARNG SRS

as] (%) o
FTbm 98\ (@D = y‘m %ZC'E)OM‘ ‘5.00 %l(‘t)o& 2= ZJ.\I"DO Y) Ter ekt s L
i S O A [~ P
S_w '5\(1({)0& :J’.—oo Yol »'j—w LFrdre + ZJ.J%» %(t) L) ot cvs 1B

Now, i we let ¥tr=%® ol it)= 08wt » then

> \ SR
Y= htt> = = ool U= Sm wel  ( from <o)

oo %
j\ s vty Sk :j CO&(,Og“t gt‘t)o{:t == CDS(L\DQxQ):. 1
=i e

S 0 as
LW Feo Tetookt = f Ww“t ot = %f SMedot gy

hen
| | Weo >0
= (6] Wo =0
== We < QO
oo &
Se. in Ahis cose . \5100 KECE) :S-oo &lCt)Obt ‘ch Mg >0
Dr. Bigenherer + s JZvcomeot <[ 00kt o propery of H. Kfom 7
o]
J o xwkw e =0
let xtH= S , +then

/3‘

6o
X)) = T\’j ’)(CL) oo

{ Y \ DU
= i ge Sttidt = =5
xX )=
¥ L3 ) o '\T‘t ity =

BE! Pﬁn/y«wyﬂ S X (& xk‘t)d >/SXIH‘)-X— dlﬂ
MI*(% = +iom(t )X(Ir Ao
f Xt X dt = a’gmd‘t = £




narranAac

Einot ghe m@fm @,{(’rnds ovd. eﬁetolu sthe Fowrier A/’ﬁyme of- the ,,“r",‘ﬁé-/"f‘"c

Sb?mfs oorfes;Ponoe;ng e Cle:d o A Ay  eabove
<

Fov ey, we hawe amo,[;t"h‘c sﬁmk%
Z(t) = ocoswst fj e=h et

ovd  Zat) = comwot —J 8™ wet

Zi§y = 2X() § >o
— = f<0
Haeill e G 35 >0
= 2 &) f <o

X(S) = G ¥oes wet§ =‘—'§|j8(f—fu)+%8(f+fe) . fes ;%?

. 1{24& T’r g

_‘fo
o 5 fo 'E —
& ZleF) .
T 1 1.0 /
"fo 0 | f" g: =

For (d), Zitt) =Smwet - jorwst o XL (=8 et £ eoncant

Z(f) = 2 FiSnwst] §>0 s =P=o . f<o
ch§)=23\7<{&‘vww°t§ f-<o 5 Zz(f):o,, f>o
JWSMU)O‘E& .
|
-
- | ? f“’
‘l Y [ So= Gie/2Tr
-5 i
JZo(f) T" { i/,,
¢ T f =
_Fc JZ?.(‘S:)
s}




SHEETS 5 SQUARE
100 SHEETS 5 SQUARE
200 SHEETS 5 SQUARE

50

a
o~
NaTIo AL

2-15 . Gwern o nesﬁ%fg s{}ona{ weth  the elpec%rm

(10) T

C(t)= =8 2007

Sketch the Spectva._of _the fel\mwg voaaduladed s&rm\&:

@ ouble sidelbamd.

by AM with modhdcdtton l:one)( 6.5 -

©) Sa‘ngle sideboanal | uppER sidebonel  trams pitteok

) Srvgle stdle bondl - Jswer svolebomel Hems watreal

We= zeoT => fc““’o

Selurion M (5 ) ie veal in thig Pmbiem, | M(f)
1
Let ) be modudectedt_signals. »
J | i |
-0 0 [DHz ﬂ.s
2 D.S.B. X(f)
!
S I oy | -V?OS {_“
-IIOOHZ 0) 70 l(;O tio =
(b)
X(5) , AM. a=05
/05 / ‘ /0.5
__  _  _  _ loes=%xos _,#} ,
L 1] | 1] o
=00 Hz o) 90 10 N,
©
S-5.B.u. ¢
_I_ﬁ,‘,v‘--\los
? g
-0 -IeoHz 0 oo 1o f—)
o) S8BL X(j"—)
= lo.5

e

|
~Ic0 LQO é

790 1ooH= f_)
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2- ’7» (@) Levive the Hefbert #ams/@m of the Qvf?’nl met>= TT (/=)

 Ji kg laacre
(/ ) ®  Use sAhe vesult obtamned in port (a> Ao ocktain in

@l‘gnal e@”")”eslao?"o[}n\? Sto -mCt):/T\'C‘L’/z)

) S ée‘&ch sthe cun,o(,tfuofe srec{'rwm @f +he a,na{,fh‘c @5791@( abeve .

mee
T

el whion 3 CQ« ) I_]_j__
10

— 1 T
(=) o )

0 m () x ! |
met)= 5= f_w e Wi' e A
I =] \ JL _ly t+
_ —_— — S = = i .

ki J‘t*ﬂ & Trjt“ < e

0, | £+t
{ —
= ’:;? [+ — -] = 5~ ¢ /f"’

) Z,(t) = TT(t/2) +J %[& 4+~ Inct-n]

Z0)= T (Y2) —~J‘ = 08n e+ 1) = b tt-1)]
c) Zl(f): 2Mf) = 4 sinc (2f) £ >o
=0 § <o

f >
£2(5) = M) = 4 &m(2f) £ <o
=9 f >0
Z=f) 1
S e /’\\\’\ ? il
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nge 19 . lecture 11

MM@M“@Q%,&LM e .

X)) = Al cos(wot) U-1) — Smiwet) W T

= Re § ATu-b) +juct)l @ et g

For_sthe bandjposs filies consilensel n Stomple3 ooel e sipnol given akeve

@  oleterminest anct Shetch \lJ/Ct)'

B Ahe olregp ((im dABD of the envelgpe causeol “éff hase chosge .

(©  comment on she aa&wml%pa e;f-fhis sg;no( over -thect— of- eo\’amy°/€ 3 I;F a

tovel __Lomiter s employecl affer -the ,-&magmsg Petteg

Solution:  From example 3 .,  we have +he %achqug fri+er

| [

H(f)_ | +J ;EB'fo T 1+ féfo
1

ey e

d”{— s Hetod=1

{(e)) me e Jtue/ng P we zee thet

Xt = Aluct) Fju]

%(f) = A‘l\jz,—'vf_* < S(f)T*“"JA"[J-z‘TT—f_ + %S(f)]

= AL ESE + 58 + 3z + )

T() = He) &1§) = LW 56 AT HeISCh + —Z%H'ecg; +] s Heth)

~ A - A
= BHe@EH) + L7 Heto € )+ ot e Jaf i+ 5

S

] - [ < ____1_.
=A[EsH+ia8E>+ T 2B jog +‘)5“L"§+ T +-jzxrf]

= Kt R4 { i . A
— ALy T3 EOT  jAlTr < 56T SR T TR
g(t) = Alucx >+J‘Md?>]*JA€—2FBt“(‘H+ Ae“mgt wee)




HEETS 5 SQUARE

0 SHEETS 5 SQUARE
HEETS 5 SQUARE

nAaTIONAL

H@'ﬂ@«\mmy‘k noré Eg?—laj waunimﬁagjﬁmg Ben. Clen 2

Yo = Re §Yetre ¥ ¢

= Re g AUt 'i'JALL(‘l") -l—jAe-?—'lTB?u(_b) .rAe‘Z“gt utt)}[’oabwet +J9°“W6ﬂz

= et J
= A [ostwet) UCL) = Smwet uck) + € Y s woet utt)+ € m@t)v»wut wen
. ks ot S + < 0
AI— (i~ eyZTrBt)Skwof +€ —enet QDSUJOT'] 5 + >0
A ces ot > t<o
e—rmgt' l_e-zrrlsf
. i % g Oostuet 4+ Biwust
A Jze W*?Q ZJTBt+ il E JZQ—‘UTB"T_ZQ—ITTB‘L‘_*_ | \lze-m_fze..zmt_k‘ ]
t > C
Acoswet sT <0
— e‘a\'g‘k‘
A JZQ"‘TMV-ZE‘L“Bﬁ»\ g a(E i (OJQJC - ayC Wy ) 5 t>o0

J2o-ETBY 5 ot |

77“«'8 y ]@or oo . sthe enveée/ue s A,

]@r t>o . sthe -@nue-és/oe is A Jae PRI o-AmBE, & Etey

fo ovellaws | ist f;moi sthe o@r»a/o ef Elt) , we cn f»m( St wckery i pizefe of E2(+)

insteacd And B> = 20 TVRV_zo-2RY L4

2 - - Qo
-df%= AT e 2 - grre” ™Y — o

5 ~ 2Rt g o 00632
s € = 0.5 = . = B )
Al ,
Eia(t)= 0.5 = E i (85 = JESZ0) = o.7o7 (= - »dR )
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(B From  +he caladationg o ’aqnfb oy , we fnew Hhodt e ohoolo ‘D\u[ Pimse ohamj?

©

> » e % 7

i - 2dB at T = 01032/ OEE RS EE g

I hord Bimiter s emploged opterthe bomd-pass fiter . for this
J < o

&

nal , we com meirdtain sthe envelope ot level A . bkecouse sthe chvoop
o ¥

&

Cousedd by phase chamge is b*nlg_f::okB For —the exavmple 2 . hewever|

£ s diftccult or impossible Ao oo so . bewwuse e magnituele of

Hae wuelape OQ,rcPs +o ZTEeYo when t+ = D\H/ B
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/00 |
A-9 w Z(Srr\;? sthe 'lnmsﬁmm‘fon ef yanclem yeviables technigue oliscusgecl m Section A-4-.

Shew hat Ahe /avoba,él‘/e‘l‘j ofens:‘ﬁj fwnah‘on for sthe ranclom procesg lescrihecd  in

connegetien w ith/ (A'67) at cwi(f +ime t is given A\L{

1 »
fm,t):J A s ISA
| © eleswheve

B Gven sthe palue 9)0 X)) af trme T =t . obtain an expression /%r-fhe eondlitiencet

afens:‘@ funoﬁ‘on' at time T2>T, .

SOLUTION: (@) 'Qefér to epuation A- €] m fext , we Hhave

Xt)= Acog (wet +@) - < oo

arr os@samw
j’g (e = {
0 eleswhere

In Athis /’amlzlem . we ave onl:y a(ealn\.i weth Ahe #mg;@rmzn‘?w: between & ol

X. So., we can Heat whe time t as a ' concont ' .

X= AcCeS (wet + O — WJX = — Aswm (Wet +6)
Andl 01 = — Wot + arccos (%) 3 Q> =—Wel + 2 —mcos&%‘—)

le;?j she yesplts in netes ( Lecture 3 . Page 2> ., we obrmin

{ /2w 1/zn ‘ ’

! . . KT EA

:S:X (%) I"As?n(m’&(ﬁ'))l ,“Asfn (9~Tr~cwcces(%))l

sk ! IxI <A
TAJST= (/A2 o
Se, 1 | o
[ s ik i
fx (x,ﬂ=j

L0 eleswhere _Shewed !
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SQUARE
SQUARE
SQUARE

o
~
waTionar

A-9 (b) GIV@’L X(t) value at t=Tr T2 a:em»‘wj +heo! X, = X(ty) . there

X, = Aco (weti+ 8D
et Aa=ti+T > we Hhave
X(t2) = Acos (wsta+ 6d
= Acox Twelt+1t)+ 6]
= A ot [WeT + (et +6)]

= /4 costwoT coSluot +6) — A emwer &M (Wt i+ Q)

Anel
Sim (weti+6) = T/ 1- o (wett6)
=t [\ = (/AR
B,

X2 = X(2)= coswol - X1 F Smwet [JAZ—%*
Frem sthie epuatien . e ecee Yot f sthe vealue 674‘ X(t) at t=1t1 is (?I‘VQ"I/.
shen ohe value 7‘ X(t> at A=tz cen om{({ have Aweo o(eﬁ‘erervf values

oS wet * X1 — 8?)’\0\90“["/ A*—%,? o eerweT® X, + emwer JAZ - Xt - thus

rd

Frax, ('le Xt =%)= % §(Xa— oS we¥ - X+ Smuwct JAT- X7 ) \/

+ L 6 (xe — coswoteX) — eimwet [AT X7 )
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Ao /4 ranclem process is olefinesl ag m (A 67D bat with: & hwn:f #/Leo[én&n‘@ ﬁmaf,bn,

2 ar
fe(e)z{w OS@SZ
0 otherwise

(@ Finet the mean ool veriance 572 “this verolem Jprecess .
(&) Obtain s awto coveefation ﬁvmyh‘on,

© fs +his process e{aﬁm\:f 7 Q(cfosfaﬁwnm\tf?

Selutions (@) d 5
ECXO]= fo A coe (wot +-6) == dle
2A I
= S (wet +0) 4,
(o] / J_
= —;%&M(% +wet ) +2“T'§—&>n west
=— [ siwet — coswet ] = ’%’A-gmmat+{;) :
-
ECTH] =§ &A‘w&z(mot“fe)‘% de
:%: yﬂythst (266t +26)] e
Z.
=-T£:—% = %fweos(zmws,)ow. (8:=26)
i N
= -2-: @ g sSm (Wot)
2 2
o 5;(*) = % TAr' em (2wol) — %—,WAE gm” (wet — %’_L)
= 2@9 T—i\:s‘m (zwot)— ‘fr-rAf + %TA; sim (2wet)
= 0.07472 < A* + 0.7235¢ - A* sn (2wet) X .
(b Rx(t, t+1) = E[ X)X+ ]

=

2 = -
= i ‘f: oot (wet +@)cos [welt +v)+6] ole

Z
i A Jﬂ oS (oot +6) [ @R 0ot eos (wot+ 6) - MW sT £ (wot +6)]

2 -3 ‘ i . . 7
A f: CoSWeT + B8 * (et +E)de — *if:/\zsmwo'(’ 5; * 8m (2000t +26)

= A% coswot [ = = + 7 Sn (wet)] + 7 e.m WeT et (2wot)
:‘ z —
== TZOOS(A)o'C B = 8in (20et + WeT)
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TS 5 SQUARE
ETS 5 SQUARE
ETS 5 SQUARE

,
.

.

A-lo

© Smce E[ED] ama RE1+7) ome finctions of time . X is net WSS . L7

But

NI

ELXGE+ Z5y] = 2R sin fwe v+ 25)- £

o

= 2——-——5;2&:'6‘ em [ 21 1—wo-t»77‘;_~_]
= 2BA s (wet - F) = ETXW]

Rg (t+ 2, ++ 2L +0)

K A~
= 5 eSmeT t+ S ( 2wot + 40 +wet)

A* A
= o CRweT + 3 &M (zwet + WeT)

= Rg (t,£+T

Thus, X is cgclo &Mtenmg 5 / -

A-u

Which of the fo”cw‘mj functions are suitable for autocewelation functions ? If o function

is wob suwitable. tell why it TEWT .

(3 Aex,o(—txrt\) . x>0 ewd A>0 ANS:  SUITABLE

(b) A 8 weT ANS: NOT SUITABLE BECAUSE IT DOESN'T SATISFY \Rc-wlsR(O)‘/
©) ASXPC'CB'E)U&) > @70 ANS: NOT SUTABLE BECAUSE TT DOESNT mesT R (-1)=R" (T) "

X ) ATH(TIT) Fource . 2ol _ANS: SUTABLE IFi A >0
© A sine (2WT) ANS T SWTABLE TFF A >0 &t
# & expl- (v/are)’] ANS: cwrARle TFE A>0 b
(P A T=exp (-oitl) ANST NOT QUITARLE RECAUSE R(O)=0 € |RCT)| . ' /
RN R I/ SO T RN U G S S (N el S SO | ,
=18
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A-12  Show that +he +me auenye meary and veriarce of he process olef ineol éy (A-67>

e with © wriform m (0, 277> arve epual to the Shiistical swarcgé mean anol variance .
SHow A-¢er = X()= A cos(wet +€) —o0et < oo
Yorr 0<@<=2T
(8> =
fe eleawhere
%g From  sthe vesuite s Sxm/ale A-9 on page €70  in text . we s
]
Ef _ L N 1
ECXt)I=0 and 6E@)= 37 =EXHO]
LES New , we eormpute  the Ahme average mean ol a2 e
3
: SR> = ?f Xty ot . K s peovitical .
©
w BJI
= | ®° A= (wet +6) 6t
A - aw /
fi ——%——-—Sm (wo-t +e) Duoo = i)

=
{XAHH> = ‘—J‘ X2() ot
T Jo

We (s .
= o L ° p2s? (wet +6) dt

2707
Z e
= Wolt o 201+ @3 (2wt +20)]dt

— Woh® om | wl® 1 4
T AT @ 2w We 2 ) s (x +20)dx

Thus . we have shown sthet _ .
ECZDO]=<X> = ¢

EXFMI=<EA7=6xt= i\; \/
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A-14.  Obtain she autocerrefation functions anocl power spectral olensifies of the ocwtputs of +he
fel’ow;‘«nj systems anel Snput awtvcowelation feretions on poer spectral olonailiee
@ HGP) = TI(fr2B) . Rxtt)=Mo/2)&t) , Boand Ne pesitive comcomis .

(b) hipr= A exp-ecrue) . Sxf) =B/ Gwf)*] . A B R evel =t positive constomits.

Selution: (@ Rzt = (No/2) G
Sxth) = -N;,—_‘i
i gx($)
‘r1 [No/z 3
|
B o i 0
St () =Sx ) WP
= 3° T($/28) \/ i /
Recry = F'88r(f} =NoB sine (28T) R
= ot
(b htt) = pe uet)
ey A 2 _ =
WP = g~ WO - ey
v Sz()ﬂ) = Sx () [HHH|* }
g ' " /
I+ (2B f)> X+ -
Re(er= 9 § 2x(9)3
— op-! B A2
=% ? I+ (2 fy? ) XF+(zme ) §
— o =8: 8 Az . 2/6_' + /\2 ) PSS
=i gz(l—txl(sz) (f;l)2+'cz‘n’jf)‘ 20((!—0(2{32) FOEY +(7,7rf)z§

L -B- B AZ’ . e"“‘“/‘5 4 AZ ) e—om:l

2(1—uZ{&1) 2.0((\*«2—{52) e
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ETS 5 SQUARE
ETS 5 SQUARE
ETS 5 SQUARE
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A-15 () Herive she gmw«l regults fér the mtic of epuivelent noise ro I-olB hanolwiclth

of’ an nth ordec Buterworth filter given m Table A-{

M) MNumerceall: V&Tl‘fﬁ +the reswhbts (7[uen/ 7%'r~ Bwffexworh’b f’rleR bf ovolek 1 sthough €|,

Sdlution = @) Frem EE 448 ond 449 , we know the 'magmfacfe cf nth Butteraorth filteR

s Jiver as (QEB‘Bmsoﬁw:oéfh = I rad/sec = V2w Hz)

z I {
’H(f) ! ) +Carrfy™
/ 1

Bu = [HEId$

08 {
= J, Weps o

_ 1 [ olw
AW o (-?—(,07'"

From #he table in Mathemmiocs Hond book , we howve  (CRe Sth Ed. Pas] F6I4)

r 1 v /an

Bn = 27 ° Snamm
i b /
Thas Bn/Bs = swm (r/2m)
(b) ORDER. RBx/B 3
1 1. 57080
2 KO 2
3 ). 04720
4 j.02617

5 1.01664 /

é 1.01162
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A-16 The dweo Q{a,tfg—t,‘oa,]{(f Fndefendeni’ ;'1/51471‘5 T a m{h}dte& hove autocorvelation ﬁmc‘f&ms

Rg(th = A cos wet

Rzcty = B sic(2Wt)

Obtain mo(lplp-t she power gpectum ef— +he mdtiplier sewdpud”

Selutions
X ) Z(t) = RO YY)

| Ty

Rz (0 = E[ 20 Z(t+D)]
= E[ X Y XA+ T +T)]
= ETXOXE+71) - YO T+T)]

= ETRoOEe+ )] ECYOTE+T)] (X.Y s.indep.)

= Rx )Ry (1) = AB simc (2WT) cosweT

Frem table 2-4 and 2-5 : ‘/
AB

. \ — Wo/2: 3 We/a
Sz ()= gpx [ MEESr) + m(EL 0" ]

If wo/ar > W . then

Sz
AB /
4N J

2N | < aw -

: | ‘ , e
— Wo/2Tr 0 Wof1r T
If we /oty < W . then
B
L — ] 8= ¢

*w?/mo ﬁ')OfIYY weofoyy +W )
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A-18  97de mput Ao a /aw/wss filter wetk/ ‘myotusq, regponee

R = e 7Y wo

is white . Gaussiann noite with am(y/e—s;deof s,:edml oéns?'\ﬁf 1 W/Hz . Obtain sthe

fo”ow‘u\j

(@ The mean of the wa,flahdf’

) The auwtocovariance finction of the owdput
@l T Pmbuo;ﬁeig o&ns,‘z\:{ Jenction of the cuwlput at a single time nstort, ;|

(CD) The d-omf prcba,él of +he ewtjzw‘f at time rnctants T, ewel Ci+o0.0 8.

N Laeh (D
‘ !
(@ Swify= 2 Spelsy] sy

{
HOE> = F$hrs = 0w R f
1

Lo d w0 L
[He)] 100 +(z1rfH*

@ 1 20
. Sttf)=8w(f)-lﬂff)]2' =75 mz

Since Rz (v) has no perteclical componertt . from property €6 of Rrtw

mr= E[ Y] = &;“;w Rrevy= o \A‘“ /

(b) Cy () =Ry vy - |ECEDII® = Ry vy = = e Pl S

(©) W& s white ond Gaussion . 0 the outpt T(£) s Gouesian oo .
ELT@o]I=0

{
Crti,t=Cyr ™= 75

L4

e ey 0 1 ¥ %
ce Trly.ti :J—L?-e < 405:,/%3 e 7o

P W,

dy TETtH . STV toIS) | Cg= ol C'z): N CY(OM): o
Cz; Caz2 Celo) Co(@ 0.3679/ao |Y/40

/A6 O.3ET9MAD N\ [
R(;ﬁ?z :5:1' (Huﬂz-"‘.e ~E ¥ (0*%77/40 /4o 51) s *

~

= CVHL pp[- @3yt a3 4327458 47)

o
N
i
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)t’omewzm£ np: Sevenm L)@u;oi-!al Communiaation Sgcfem{ ,gen ELen

A-19 ‘{?eferh:? Ao E\xam?[e A-13 , cbtairn she F‘d‘f' of Z(t) ot an afé,‘-fa,v\t[ +eme if

Ni=Nz = Ne axd $,=fa=f,. Assume  sthat both hyam are Wt‘cfﬂazy Gaussion

mfwz's with =evyo wmeans .

Solutient ]Ef Ni=Nz2=No omd fi=Ff2=7o . then
Wi =Wz ) PSP =No/2
/ il JE
Hip)= qu:) |+J(f/§n)

FYo'm the ‘VE’%LL(*S m gxa/rnff? A—I13 . we [’lcwe,
RX ) :pzc’r) =N°(:%&)e—-9fﬂ“fo\'cl

S E[XI=Erxwt)i= v Rxtt)= O

|1;|v>o-o

T
6x = 6% —QX(D)~N5( fo)
le}r{?’ +he fact sAhat a Linear zllrwu]lm*ﬂ#"cn ef a Gaustian precece rvesilts n
a Gaussian Jovocest | we can wrife

G ol
Trt) = '——L-"'e L

’N'Q'Nofo
uz

i ! ~ Nt
f‘[ (tf ).t) T m e TN
Then ., wuse she yesedAs n Sxaw,ole A—8 .

fz (2>t)= ‘[_OQ fX(Wft) f[(%‘)'f)iwf

Juof

RN SN _ X
=5_mﬁz‘m§e ™ T € L E O~
T N J < ez (% + ) _du
T‘QN"'&" . W]
- V
=
R =g [, €7 mege (0 ) A

O’LY%";—'— ’__(5_,3)) yn«o °<

g /+”Lo‘f

&
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A-21 ®) I otm = a'™  omd Py = A exp(-ftowt , where a , A,/’S owe positive
constemts , sum (A -105) to obiain a clesed—fom result Jor the autccoyrelatie

fumchor\ . Assume & e lesy Hhan 1

Soluticn s [METHOD 11 A—105 gives +hat™

&0
Rx (b+ 1, 1) = —_‘r— 2 &m TCTEMT)

where Yy = f_z Ptt+ ) peoodlt

I)C Pty = A e‘ﬁt W)

e & (&G‘,*-T)

-~ :
T = j"’; A e+ - AT w dt

g2 f’”e'@f. e ~HF Ut ot

Fov v<o

#*

T = Aze“”'"f_z R

— Re-6T. [_E;ge*zﬁf”_’t

A: BT
TFor T=0
—2ft = _pT
Yery= A2e /&T»foe oy = 2?& e
2 or
Thus , Y(T) = —Z%Q ¢lel

z o T+wmT
r(t+mm)= ‘Z‘A(g'e (M |

m| e—(&l'ﬁ"‘ﬂ

M3
=

CaE.] RX(T"'T)T) =
|ml/€wq-—<{&)1’+mT‘

i
- -
M
(ge]

-1 mhua = plremT] \ wlna = [T+

oo
== O +“1=7;§Oe

70 be  continueod on  wext page .
—d

o
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}(mmgi 2o Seven :Dgrrle an_am;:caﬁan&fzﬁfm 6% /2.

A —21 (b) CconT,

For TS0 ., —theve exicts an ?m‘eder n  Quch —that

T+ =P T| <O s '"‘“;'F"H

T+ MT o —> nz-E e

& n= E— 1] . hzo [‘d] £ the swollest OJQ miegers which owe (TM\WM - %

+then D I ;
-1 _=mana R (rHmT) -t mdbna+RCTHmT) ming—pAT+mT
Rz(t+t’t)=%[§_§ ¢ 4 20 i +w‘%n€ ¢ 1
X/nq-f(T)m
(ha-RT)m RT 11 (A fATIM _tﬁ-roo €
:%Qﬁ?gﬁ 3 +€ 'mZSoQ HE ne ]
g we L
i ate fr a'e L
“_—Y\—ae-@ T |— aezr € T gee ¢ I
For T>0 . +theve exists am "wvhgger /Y{ aleo  such +that
t+in <0 - £<-%X <o
T+ (kt DT 70 = RF-Yr-
* L _ = B0
“ %*INT( %)— l:?] < O
then ] ’?{ -mP}ua+(&(t+W\T) -0 —mbxq~/&(1+n\r) % mdn Q—[&(TMT)
Rx #+ Ty = _-I:-[\m?:'eg +*:{_i§! = ‘
e -AT)
o m(ma- é‘r) k- m(*"ﬂ"*(n) e et
z%[e@z'g-ke = +elz e ]
- thasgTrR ;
gtha-g & -, a0 G g

i e e
=T mmw ¢ + TomE et O]

T - & _prk &k RTR ]
adi g™ | _qe L ake ot
- ae &7 T T Taef € T I~a /T eff]

e

Ffmang > we have +the do&eoF»fvm for~ Rx(f‘F‘C:T)

L ~thiatc this s Of”/ ? -
o el ot U Py | £
RX(t+T:) ): ?( |~ aeﬁ@T + I—ae /T

QDt/ﬂJ e-(&TD'l:/'r\]
T(I1-ae #T)

_|_ e(&lt( B

wheve D'U/T ] £ the emallest cf C«vd»eﬁef% whoch qre ?reai’&i{ +hon ,’I:/T ’




l
|
|
i

Ren M. Chen

= = - TR

e i (N 3
| = Ry o it) & Ry emaect)

Homework mos eight Digital Communication Systens 1
/O
PROBLEM FROB NOTE (P20, LECTURE 15 § 16) %

N For Ne(t) anod s (> gero-mean . S’fa{v‘sfic’a”\t/ chfe/oena@ai . Gaugsian randem
processes with epual varions Gne = Eng =67/2 ., Fimol sthe pelf s «57@ Rt
ancl Pt

! Selutions From sthe Fivens . we have sthe P.o(.f v Netd and Mg (£
333 L “NE/2603 | -ne /6%
Jue(me- V= B € Sl -
o I -ng /s> I —En&)/sr
jiz f“ng g, tH)= Nl Al 5 f,,snc(nsm;nc)‘rz) = et

§ F;em '710‘[‘63 >
‘z«s

: R =/ 2Ini® + 1] > 0

) = tan ' [L] ( Assume OSPCEIS 2T )
/4/7‘7%@&; ReCty, welt) , Rit> andl FCt) are randem [rocesses, we ean
.
aﬁo@g +he result m #mv%mmh‘an Q/L rendlem variables , because
all the pdf’s eof them cre mrolepenclent o/ﬁ .
-
)
« {Z NslD)
&) |
AZ Ne )
(nstw) B (r-‘z——R(t)sm ¢Ct>)
A
e (O 7= R cos b )
We see that f we assume the velue of Pty =tan"![BXW ] poes from o Yo pw
Sthe dans ation will be one »+o»9ne, ‘
DR _oNelt)
Hl}ké%) = | 2R@) 2R®
2Ns) N @)
2% > B
\/ Irlz: Sin P (t) \,'_T O )




%
|
|

oS | -YZ/ 5*2
5:}) Gt =_L Tﬁgzr\e 2 'Y

— ) (0 —TT26% ¥*
- Z—WL o o=
—y2/26% |7 0
- e ” = Os¢ gaw
= 0 cleswhere
Unifokm oveR [Co, 277 %
frint)
0665 |
1
|
!
i
'
0 6 ¥
: fole. O
=27
0 21 P

Homework  nos eight Digital  Communication Systems Ben Chen 2
T d =
ns N
y II (589 | = ZRm)
. I - l 3
o 3CR¢ (ot #.t)= fnsnc(%s=ﬁYSM®a‘t: 5 Me= g voosg > ta) j(l‘fi-% ]
S L 2 2 T
[ v(‘;E'T7'8mZ¢+‘ZT ogd)/6 ™)
= e € 4 )
sz 2
i 1_12-_-5:& y.e*Tz/?'g ¥>»>0 , osdP g2
883 9 cleswhere
: e . [*X y
5z(§ Jr (et = Jo fk‘b (oxs@ste) o
:
27T —X'L/2GL _71'7'/9.6’1 1'
”'L M'6;Y€ 0“P=—é:l?r€ r20 [
Ragleigh p.d.§- é
-
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‘ 12=Vk(A SN

il vmiiaen EfNR)=EINY = o2

2

R0 = (C)esp[- A | T (A) @)
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n»ine o@:,;q;m( Communication Svy&fems Ben Clhen

o
~
naTionaL

Sofwh‘cm S

From #he yesclts = )‘/ameaz_nk a&s&?nmeﬂt' e(‘\yhz’" . we have

I __(né+ng)
chNs (ne,ng) = 2T o2 € 207

J (A+ RO+ NE  iR=g
And Let ¢ =tan” (AH,C OsPp g 21
—
R Ng
®)
A + Nec¢
Ng = Rsm orR Mg =¥ em e
Ne = Reosd — A Ne= Feoe® — A
an '
J’ NeWNey »rc ‘377;/5‘
R ¢ Inc 20g
>® > |
cosP S
= . — T
—YSmg  yeesq

chp L) = ﬁ\m\\s (reesp-A, vemg) - ¥~

& | Wb —2AY 08P+ AZ +Y TSP
p— S e 20"7.

re (¥4 2) ~2AVcox P
_ —— Q 5 252
2we™

s 27T ” i
La fR(X)zjo JCRCP (Y"P)O’{CP } Y %0

AT
— VT‘ Ty = QLMCWWZJSZ deg  ¥=o0

° N6+
i %Q““Y;t-é% LN ngéi coss dp Y>o0
, 6 =7

2.

X o-AE - To( ) uly)

/45‘9(’ /@m Fm‘:lem A~4 ., we B R s Frcian vyomoleom Lowable .

She
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Homework nos ten 1O Xo@{qifa[ Commenication Stt,{stemz Ber  Chen or
20
HOMEWORK. FROM NOTES P22 , LECTURE I e il
- 1. W Fd he gptimum ( maizhed ) filteR jmpluse yeepon&e . o (t) /7’%v° @g)m(
g = Sa) — Sit) - Nete Yhat holt) can be mft&me.wed as two PilsR vn !aowadli-[
\Cegci;ns a_swm (difference) E@.‘nt.
= Selutiont  From notes . we have +he matched FIHER {for gt
o ho (= Jte—1t)= S, (te —T) = &) (to—%)
S5 And we see Hhat both Selte-t) and Sitto—t) are +he matched $ilters
hak C:D’\’Y‘e%PonoQins o Sat) end S.t). the fcﬂema.«\ol fshaR Y e@v&ua.(ew"t’
3, |
o 10 holt) = Jto—t)
N
<
t=toZ\
t)
d ® 9o Gted + 10 (to)
NCt) 2 Nofz
T AWGN
B Find &3= %M/ 68* and Plet as a function of to
S () Sz2(t)
A A [————
T - 3
, Ve * e Ve BtR% T +
A hott; = (T-t) matched fiHeR
=(C-S & 2 4
Solution 8&) ‘
o te 1 ° : T 17 - #_(LIL
—A __J 171 ‘to"'-yz g «t— _A ] %‘tu% U -t
From wete , we sece ~—that ({PY‘ mateheo(_ ji:\-rek)
<. 2. z .
8% = 3T)/63 = Smax = W2 EJ = oo [A Pt A% ko + A% (T —to)]
%
- L1148k
ERT.
No
2
A ,
S ke
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Homewerle nes ten 1O gital  Communication Systerms en Clen

() 7he corelation coeffictent betweern k> amel S:Ct) T definesd ag

ST awm Sty de
= J S;" Sty dt -So" sitolt

Fimol amol plet €% as a fwh&h‘@h sz [‘312 ’ CG&&%QM&Q +his veselt fﬂ'

a/y it ool St )

Selutiten & Here T-I-hin['a o@efinea[ as glm,( ( mectehed \)“lrlfek)‘ Othevwige ,

fe’v* Lifferent filter > we howe dLiftevent * . (we mq& P%ch any ey )

2
fsv;x = = Eg

-
E-K == 50 [Sz(t)-g\ct)]Lth—
= [T si-28m saw + SPOT AL
e
= f: S relt + jo Sitodt —2 j’:%\ WSttt

= e ES[ _ZJE& Ege (Oll
< = 2
o 87 = 5 [Eeatbe, - 2JEqELs e
.gz
oo d BT e TR T
TG No NES: Sy

i WEE - t
=4 0 é il Bz
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(7o be continced )

HOMEWORK, Mo TEN 10 DIGTAL COMMUNICATION  SYSTEWNS Ben Chen 03
2. As an appmxfmﬁ‘vn A0 +he )"mfe\?rwfe*amoﬁaéwvo letector /@r =3 'rec-[-afu(wrv /oa:[ee, the,
- ntegrator may be 7ze/olaceoé’ cwith & Lew—pass RC filter .
) | A®
| +
O T
=T
(1) i - 9o (T2 +NoT)
o
gy N
333 ANGN psDt e =l
géé Srhe W&f’@r ﬁm@ﬁbn« 0}0 the fz‘/fﬁQ L8
& HGR) = Lo
3 L+ JOYE)
‘ e
'
: Where  Fo=1/2MRC is the 3-dAB cwb-off frepuency of the filter .
@ Fomol LT = 83CT)/Eindm3
(/45’8667?)6 fiHER Ca_f:qd:’fOY‘ c@tgcﬁarr‘\cle_o[ ot =0 D e,
MM = [ TN T-A)elA
Solution: The RC Lew-pams fitter s nmet matcheel to J®> . So, we can net uSe tihe
veqults fvem matched filter .
[ 2T e
H($) = = -
5 143 (F/50) 2Tfe + 2w s
—2nft -
fuey = awfe - @ £ ueer = 3‘5 € R )
=
No(m) = [ NOORCT-AYA - :
Elnsm]= [ [T Efnaonme3 her-Aohtr-2s) dhidAs
T .2 Neo
= _g_ﬁ yo l'l. (T‘W)O()\ == yo-r }\1(7\)@(7\
- _gﬁ.(zch)‘ : 5: e-amftn ol
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o4

TS 5 SQUARE
TS 5 SQUARE
TS 5 SQUARE

e

3o = [T gonvner-n ;‘lk

= A [T hor-20dA

= A~ [ hooda

— —pe R T p (i T
qiery = N (1 —2e T 4 e T

@D 2p | _pe-afeT o= aTfeT

i 3 T B T NeTfe . | — @—4TFeT

*

g [—2e ™R
NeTC FTC = @ ~%7geT)

@ Plet §* (mdR) as = ﬁwc/—hbn o]ﬂ feT andl show that €2 /s maximun
whern $eT=0. Show '/“/ravt‘ Ahe maximewn value obtaineol /er S’Z NS e@nt,a»f

o ZBmax of the optimum Ptegrede — amd — olump  filter .

meduticr d& _ 2kT | 4w (eFET - g e ) g T,

dch NoW ((ch)z (e ‘4—ch'\‘>2

et (g =1 " (- e TRy (1R

NeW (ch T~ AT 5
=ZWyc = [ - £ - ¢ o - e 3 o = T,
aprarfr (€L T T g T g T g ) R - "F)
“\"T Cf‘-T)z ( 1~ €, ~¢'chT )Z

O S CRA Y I ikl (2 D (D BN
New (ch )L Cj+e —arPeT >z

>

Sou iz is  momotonsus - deereased when qu mereaged . Awel

: . o 2BT (- TRy
USn\g the $act that € £7=0 foT>o  NeT £7 (1- .e-a-Tch_‘r)

hm §(7() ; - - ZAZT Cewzﬂ'r?{r _ e—‘!—"\'fc‘r)
x>0 900 . | §aso N [ramper —1)e~¥ieTy T
= hm’\ i———)
x»o § 00 .
‘ _ . AwamT . (arre =T op o~ T EET)
=t S0 : T N [aar @=L (afer—1 ) 4me T |
x>0 §7(X)
dar 2APT ~2w _ 2RT

i po—

i T T New-(am+aw)  Ne

for fer>0




°B

2 2T " 2
‘g e e tHhe wmoxitmum  velue Of Z
for=0 Ne ' '
So &hae = L = mox. §F of the optimum wteprae—amol -dump fiiter
Reca.“ %C{I 5

g2 o BT fise-rieryt
: No T feT (1~ e~%TkT)

£ i dle = [0 42, (37 + 204, (- €8Ty~ ol Frferme ™ THT]
Bl
B
T £ wde
0.01 B-0.00143
0.05 B-0.02652
0.10 B-0.376%
05 B~ 030677
0.20 R -0.52448
0.25 B- 0.718322
0.30 R-1.07I82
0.50 B- 2.33678
[.0Q B- & 98m2
2.00 ; B- 98183
3.00 B - q.r74=2Ti
4.00 ' B~ 10.99210
5.00 B - 1.9¢120
(0.00 B - 149715
20.00 B-17- %180
€% mdB
B - - —— ol (2T /No)

BR-20

feT

Ro)
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© $T=0 can mot ke achieved m practice . Quppoae we nge fer=o.r ,
W‘m,t‘ IS +he less (}n dR) l?)e Sz @m’)aweoe +o crﬁrwwyn 2 For R= 1k chm
ond T =10"% seconcl, what e +he value O,JC C?2 For A=05 vits, what

'S the value of Golr)?

Solutcons From port (b » we see that

legs of £% (m dR) = 0.1396% dR

s T -
ch - 2TRC =01
. - 107° = 159155 X10”% F
2TR Xod = 2% 3.(41593X1000X0.|

Frem part  (ad on page 4

., we hewe
9o Ty = A (1= 3TET)

- B ( |- e-z‘rrxo\\)

= 2.33256 veolrs
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Homework M0+ 11 (lectupe 18) Digital Communicection S:{gfemsg /g:ﬁg/ By Cir

1. }LT}T #hyvegvébfof éc a,«na( Po(f’s 3:‘0% ’gj (35) ano( C37))@/wcu "fha/“z‘«’ 7)‘/:6 /mo/oa,bn‘/r\f?

JO

of‘ enwer: is a,o,or\oxfma;{el;c/

SHOW:  Eg.(35) and (3

r ¥ _lz.

R@/s)= Hz € 20° uwap ¢ -1-5)
A

$ot¥/3) = Jzheer - €7 T6T U)o @7

l ?R(T/SO

* N/Sz)

7/

AC/ 2 c.

”%3 the hints On page 22 o Lecture I8 . we cm approximate (> with a Coicsian p‘cﬁxf_

1 _ (F=Ac)
/82y Ee & T oum e (@)

. AC/2
L. PeCais) = j frO¥lss) A
AC/Z L\(_._E\_Q)

2
e \fz;se 28> dy
2
L S g
, o _ e s
Lt x=v—Ac . e = dx
= afdej=ia[FE)
A 4 A& - 2E,,aue
ng\ > Use Hhe hint . we howe D6t o

Peteis.) @ fiEE=e )

Pe s = f ErIsdy

o % X o -5 (‘4

= oy BEC Ly =fl\c/'ze A (52 )
AC _ Ev ave

=_p VAL s :

-5 A= € BT = p 7 2N

Thue, we Hhowe chown thatl

Pe =4 Peceis) + £ Pe(els:) #

Fo.ave

~ e + 3 a(Bes) Q@.E.D,
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HOMEWORK  mos Ti (Lectupe n‘g)l Dightal Communt eation Syetem Ben Chen 02

NaTionAL

2, Use =he exprescions  deviveol m Ahese netes o wabe a table of SVR (Fe/No) 7@r~ BPSK.
JOo

coferent ancl mnon- eoherent ASK . coherent comel  nen —cobererit FSK]@,A R=031085 1077

Solution:  For BpPSK . Pe = Q(/2E> )?&(m)

e ASK — eoternt s Pe= QU= @ (f5W)
e L g
moesherent s Pexte” Mot L Q(JHEF)=3e N La(ER)
For FBK — _coherent e 00] e Y= 0 (Ew)
’ i Eyv \ _ SWR
hecehevent : P = 407 =40 2

Ther  Defme X= & '(Pe) . i§f Pe=a(x)

For  BPSK : R = [Q7'(Pe)1%/2

For ASK eoheremt = SNR= [Q7'(Pe)]”

Toeshevent : SR= [&'(2F _pTEERGE pick andl cheok
Tor FeK  coherent s sNR = [Q7'(P)T”

’noneekarem‘t 8NR = —2&n (2P¢)

The Table C B\‘j us‘mj +he Q- -fumc,{'ten f"’m Mecth . \-{molbook , Xdawmen Univ. )

Pe SNR ( in dB)
» BPEK MK coherent AsR noceherent FEK coberent ESK_nenosheseit—
1073 ng .80 10.94 2.80 10.94
107° 9.59 12.60 13,35 12.60 13.35
1077 g 4.32 14-.89 14,52 14.89
Notes For emall  Pe which yepuivee high SNR . +hen /

~Lenr

+e7F > 3 QUIERRD
Thug 7@» F8K  meneceherenl .

L
Pe(r\\.}? %e'—ZSNR
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50 SHEETS 5 SQUARE
00 SHEETS 5 SQUARE

00 SHEETS 5 SQUARE
A

Homewerk  nos 1t (Lectuse 18 igital Corvrmunication 62!’1&1"&”1 B (e
3. &rive an expression /%r\ P ]%r coherent FSK 7”[’ sthe ]@sgw/nc\:j sepertiorn q"*f%e +wo
=

Brangmitieol e{yymls 5 chosen *o Jiue @ miranmy, covrelation cecffcecent . What TS

-L\f m sterme 7ﬁ T 74’7“ +this case ? Hew much ?«rvv/ommewf (vredluctiond>

Eb/Ne ocver <he MM\:IM—-&E?V\CJ case e obtained ?

Slens Fem motes, we HRowe
Sitt) = Acees(2mfet)

St = Ac eoslomr (fetaf)t]

2z

2
SIS t) = %5 cos (sz-t )+ %“ s [(anfot2naf )t |

T Ts A% :
50 Sitsa() & =£ s eo(zraf t )t + O

BN ! ] Ty

o zwaf gm(zrraft) N
2

=_és. £, P Sin (21 Af T )

207 Af

- AcTe .svncunaf Tw)

N

Wwhen :urAf Tl = -%’fr . 6R Af - T—%‘.;— LS (:umf To) is the wmenivwiam  witth
«
volue ~ == =- 0.21221 \/ (So?R

t1
2
bt f;b&(t)gzmobt = - ;‘rf,T" =— 37 Eb
] 2
At Af T 4Te
And P = G ZEetiEsm )

= o122 —f)%_)

= = 187" (Pe)I* /121224

‘i: in dB | = .50 lojm Q7'(Pe) —iolojml-zrzm

= SNRcm»hoaomI) — 0.8357TT JB

Thus , 0.835T7 dB Prn[m:vemw"r s obtatneod fm\ this case. il
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4’f 7@ma,;<7 FSK Aransmisg8ions are /oermbtteel m some -high »feﬂu@nic{ amatewr vedio
& ,

tards using, pthEr Af =170 Hg (" mavrowband ") o Af =850 Hy (" wedebend M )

with Af‘r = 315 ., 1® \7‘5 yes‘oe@twd\«j i guﬂocse +he RMS (*mrse~f~~ee b) Stgha,[ &kren@-\*h—
IS o_uv acvosg BO chmg ond that +he tramemicsiong ave Tecetved o sthe presesite
951 addivive white Gousstan norge with +we —&ided| PovssrR srec-tml &enet'\,:f No_ 4! S

(o @rryawts sthe Theoretical minmuwm ,?Y‘oba.biz&ﬁ ef SRROT u&n\‘tf coherents

e modiuketion

Solution: Q) MY =395 , T,=3T5/pAf=0.022057 gec.  AfT=1875 _ T.= 0,02205§

an

RMS V=I1oMV ., then Ac=10d% MV, Eb“"_'Tb/SD 4.418X10 wirs ; Bo - 92.059
Lls‘mﬂ the vesubt vn ?roblém 3, we have
f: Qict>ss ot = Ey + 8mc (A AfT) et
fr AT =8T5 , [T ettt = EoX (- 0.04-24413)
e
L

For A5 T=B75 , [ Tgstodt = Eox (- 0.008488264-)

Q (J E +o\0&2:4.13 Eo ) = Q. ]1.04220413 x22~057)=g.l34S4XI0‘7 L1

Pe s 36 =

Pe,ios = Q(J1.00%488264%X22.069 ) =1.1985%x107® 1/

5

() F?epecd— (a> uskm\cs non - coherent olemedulation .

T thie case . we e"[\‘j hawe

E
Pe ziie—zﬁ"a = ¢.1081x10” ¢ ‘/

cc) ‘whqx are the qelative ap&;a/wtaae& el oﬂcm&um&qae& frr each cheice of &

For cchevent demodiulation y Ij SNR remaing the scume | "hawbmbcwxo‘” has

i3}
lower Pe  “han “widebomd . However | , nen- eoherenwt olemoduletion

Jheve 18 no difterence »A PE 5 m 0l ,%’WMW /]ZL W B




naTIoNAL

Homeww’k nos 1y Dig vl Communi cobion &gs'fem, I ﬁen Cliern
5. Sup/aose =3 /c/uzse eror /8 ﬁm&ent n sthe coweluticre <betector /4* a BPSK vececver so that
12/ \ p
15 sthe 7\%}«6)@66 @/(‘7;72[ S Ae eeSCTifet +f)  where Y is the phase ewer .

(@) Levive an exp reesden /%r Ps

Solwtion 1 ) Sy=-AcosCrfet) g j"r( )it \{xth_. VET)

R Q)= Acosrfot) ’t}g , % i | | Jo 1
|

net> Acce&(m-rfo‘t'+ W)

If Sa(t) is present
ger) = Sz~ Ac et Catrfot +W) + noise

== /\cz Oogclwfa't)co&Czrrfat-pt}/) + noige

ey
—ZACZ cos | -&—é/\é 08 (4T fet + ) + noize
S ——V
5:( ydt =0
If S is  present,

qu(t) = F AS oy g Adeos(arfut + ) + neise

JOHde =0
!
New . Ey 'Y ico&‘ﬂ(‘ b
Neo = '%AC-Z'NQ

e (A =0 T - (i) L
A

(B) ES“'?W\QJ%Q Ghe phqse eYvrey '\.P ‘H’\a:f* woewlel Mmereag Pg'ﬁvm lOng +o |D—4

2.
<
s Neo

PLE = ‘0‘5" __A__t =— 4_‘264_7 NS oYver

- 2
Pe=10"t , Elwey =3msgy

/ o 24,27
S. Gy =0.€7197 oneel __T206%p = 200 .38

(©) Suppose Y ie yandm and we are able to detepmine the probabilT density function, £ > for 2|

Aeswme thet Y} vemawing eonslanl sver o bit Mterval owdl set-up witegral i teme ef 3"\4;0{0 fo

Pe= |~ QUIRTETWAL) Syt dr = E TPend




HomewerR MO |2

!
| l
|

Digrtal Communication System [ ABen Cher or

B

Lecture 19. Page 22

“where

1+  Gonsider she Ligital mnflé-fuofe meclubatecl &ynal given asg

omdl

W) Setermine ancl chetch the power spectral olensify of SCt) .

C) Give a rason wﬁj Sthis @P(?na,&;y ﬂma,f may be wgecl .

/ O O
St) = g (t> 003 (27fel)
= é{»ﬂx pet~f1T - A)
A je a vewdem voriable mﬁvml\zf olighibuted betweernn © anol T
Ak = Ac for bincary 1"
=<hAc  for L?fna/rt( ng "

Ak omdl Aktm ave shatestieally Mdepenchert
Py "1 tramemitred? = Pr § "0 " tranemitted} = 05

P(:'\tb re  +the SCuen P.,dsg

1 ] .

© % T

=15

b) C@mpome Ao ASK anol BSK m +enme 7& Sﬁee:fml @ha/ae anol  ponclwcbth e#/,\acerw\l/ . (F34B BN)

Solutions

@

’P(j-‘) = f‘: pere 2T g = T/: AN j:’ze*iz"ff i
= i levf < ’11;2 3 Jz;rf g —sexE* (7%
” Jjw : [e¥™T | 4 i =T = 2oV _ o T T]
prefli= -—d‘a\vf [=2e T - ejm’ TJ

’P(f)lzz a‘jﬁ [6—8wstfTI+ 2 cog (2T ]

a=EfA3 =3 Ac—FAc=0
a7 = EFAEY = zAc +IAS = AC

[e+ 2.608 (2T —Sw&Ch’fT)]

Ssz3=?'(;.—‘f1r1§yz

= £ (e smeagsT) -~ 4]
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L19 1. (conT.)

wvaTionAaL

Sx(f> = A2+ T -[ sine*(Tf/2) = Sinc? (§ T

Ss(p)= 732§ -5§o) + 4 Sx F+fo)

Ac-T § eme2 [T (§=Fo>/2T —sme* G~$T15

£
3

+ AT e T +§o)/2] ~ 8T - foTI §

T 5
Ssef)
! = f {a\\am%«‘r (///
/\/\/r\w—/ G s AA/\ -
_Eo ° e fo % 30°+‘12=

b) SHAPE = ASK :  mamlobe fﬂ-;m 5‘.°~~_i|: +o %*.__!‘__ with clscrete giaer:ty‘al Lene ot §°~

BPSK :  mainlobe from fo-F +o f—f-'? withaot duscrete spechml e gt fo

IN THIS GASE . Sctf> i3 shiched above .

Bandioidth : (-3cB)  ASK & BPSK = O.8BR 2

o

For +his preblem - (us*m\cf progrevm wn 41 CX ) ,=3dR BW.=2.324 R

'q;\g& ok mpsk = R/0.88R = 1. 13636 bPS /Hz

T =R/2.324R = 04303 bps /H= /

(C) @p%/xneé{ -fo ABK d!/no(/ B&K » 7ffu‘9 &t&?na( ]%fﬂ’laffw %RS “+he werse fé\%oéw'o&ﬁh/
?/f/'faieﬂf’j’ . However . most 7‘ Power (‘e/e Sty s stfl bistribud eol
eloge sto e gvcemotl ]% 3 We m,;ty Ahig fwm et ;/ﬁ e lent have

07‘41@% chec ceg .

—_— N\
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o3

Solution: (w) Rs(m) = EfStt)>»SEt+O¢

Lo ﬂe/aewf’/@vok/m &P /%r

Sty = CA+ 3] 08 C2Tfot)

where A s o Givere constord arol 3CtO s as gverr i preblem (i),

S SG+T) = CA+ 2] cos CTt) -[A+ gter T eos rfict + 2o )

= A cos (2Tfot) 6ok (2Tfet + 2o T) 4 Yt rc0R @rfot )OS (2THfot +2Tfe T )

A 3t + 1) SOSRTfot)oos Gt + 270D + Ht) 3t +TIONZTHsIes (et 21T foT)

RS Y= sz W (‘,?.«'IT‘OCO(C) =t ‘;—_ Qz () GOS@TI"fO’C)
Az A [ \
Ssf)= 4T*S<f-fo) + 8¢ +fe) + 7 Se(f—Jo) + T S (F+£o)
Fom pvoblem C1> , we howe
Sz (§)= AZ-T-[ smc*(Tf/2) - s> T

.‘. Sgcg_) = “23 S(f‘fo) 2 jéi 8(f+f°) -+ -A‘—i_i‘gg?nc'zr-‘-(f,f-o)/2] - S;“sz(‘f"fo)-r]}
AeT

+ g { e (TS +£03/2T - s[5 - £.)TT}
i Ss(f
I 3 ;
%3 | o
\;»7:/\‘1/\; N Y M y
Yoo F Jo St I o =

(b) SHAPE = Almest +he same ag these ™ peat (b ef/ PY‘OMGTY\ (il

Bamo(wtc{-t—h ezt’r;c:enej 3 T’ﬁ.sx oR BpeK = 13636 bpe/Hz , Ythis pmb‘zc_’ﬁ'&% bFQ/HZ.
© C}m/»cweaf Ao ASK arnel BSK ., fhis @?37@&;\7 76’777@:{- Ficve, opvee Laraliorstih
e/ffzwe,—ﬂty, However »  sthe mest 6% /&wep re still obscpributecd near "{7

Z%Wemy /&o . e may uge “thie @lynal;rz? Sevmat 1/./’ we olon/At Ao

otheny G,Aawfceg .

/Z,)
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PC-§>= sz,{nj?)z g ejzwa—\' € T = QG@“?T]

| peso|* = PYHPC = szmfﬁ_fvrw&(ewfr) ot 2T T - 2008 @TT{T)]

=~y [Snetsprone fn-gemc:asT)]

Sz = AT 8Inc*(FT) + 8 sine*(2f 1) =G 8 RfTI] / Camf T)°

Sscp = 82§~ fo) + g 5=(§15,)

Homework mos 12 Dier-}gl Communication Systems Ben Chere o4
3. %efbeai“ foroblem €13 Z%r he fOHMh:? z"r‘u/ﬁeg@f‘lo@vﬁ />u,lse_.
N P
1 P
0o T zZr 3 £~
Solution - " .
) PFY= [ peer@ 3 —j tp el Jx+f o 3=mF amj cs“)eaz"ft@,
i _ ~Et, " —prfe [
Wff-e Caky ”| A
;;Z 3 o-ierft -jarft -
T © ' ﬁ;ﬁe*; R
~z :
X2 { dzﬂf |
: T(l“tff)’ ( % L  T(em§)?
e dmrf“r | -JrrrfT §/ —d6"rrfT %/Z *J‘l—’lﬁg‘r
,/Jz"rrf +J9;sr§~’ € o f € parf <
—Jer{ T el de ~3¢wa e
= 4 T(l"(j)i € £ Jeﬁﬁrh‘) T(Zr]) € ( Jd:VéT |)
L. i3 2T A [ amfEE . —JHsT
T Tcz,Trf)Z € Tz 1 ﬂzwf)‘g T TCw§» =
B - Ju-fr = J‘q.Trfr_ _ s—jeriy
T curf)i lie e ]
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MMR‘% o big Dtg?’rzd GommynicatTon Sgafeme A ar Cfser oK
3. CeoNT?)
S=¢
N
“;S/Tb ‘hfrb ,5/[.5 i O VT Zfﬁ, E/Tb 4/T-u 5/Ty,
| = BW =
i Se )
' et S¢9
Wi 1y
252 o fo ftV 0 foln §o A
;ig (b) szrmegﬁ-!—o ASK OVV\Ol BFSK ., we ‘KMQ afyv\e;g{‘ Hhe same Q"\@FQS ef 'PD‘F:
(U
; j)@m“ ASK , BFEK and #his problem | but sthe bandwidsh .
3d4B Bomoiwﬁ%\* ?c*r 4his cage = (D‘Z — (0. 2)R =04 R /
',I -_:k/o\q_kR' = 2.5 bF&/ H= l/
Thsk or Brsk = 1.13636  bps /{2
©> We, cam wee Alws Qfﬁhﬂ.ﬁ,:/\/\j fm‘maf . becauge Ms‘i”of' POWER l9f ) s
dictributed v cloged “+o @ryier e@Uect L
| 2y e feopuny i
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Lectuge 203
R 1. Devive eguation (8) s Page 17
Solwtion: St +nret) = [Ac + (0] e02Mt) = Ng (0 €M Enfot)
Set—Te> ¥ NE~Ti)
. = [Act+ne)]coscanfot/) —ne(trem c2mfyt’) L ogrE—Th
%%% Y& [sw+nwd[st T )t N —Tu)]
ggg = [Ac+NetOF[Act Ne 2] cosc.znfo{)oosczwfot')
égi —MNe ) FAcHNE)]S™ (zTrfgt) ces(2nfot /)
“Z(g — [ActnetH] nelt’) cocemfot dsim st
g
+ Ne () netH e erfet ) & enfot’ )
= [Ac tNetO] [Actne ()] ¥ 08 (2mfoTe) — ne(t O [Act Nett) ] cE SMEfoTy)
— + At NetHT Ne ) & e 2foTe) + L neconewy ol (2T Ty, )+ h%hmg@;.g
Se(Te) T Me(T) = A(t> pass thwugh on TLPR . Anel simce Ti te an
M:tegfal rultiple of I £ dudd Sa.
) @R CTfeTe) =1 omd SmnfeTe)=0
SolTu) + Ne(To) =3 [Act+ N OT{Ac+net)I+ L nerng ity /
N

gl
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5 SQUARE
5 SQUARE
5 SQUARE

nvarionAaL m

2 Prbve egun:{‘icw\ aQd> que 9 > Thet e

Vo= (X*—=g*>/2

Proue s
(== py/2 = 3 [t otd —p2—£< ]

L ,é_'_):(uc-(, /&c)@(c“@c) + (o(g+(ﬁe)(o(s—{3&)]

&

=£—< [Ac+ NeCOTLAHNEAT + Nelt) NneltH > /

= L CActHNet] [ At Nc@N] +-;~; NsNet’) = Vo R.E.D.

3. @ Differentially encecle the felleuﬁnj b‘mm:,] messoges .

)] I 1 01" 4 06001 1 O
M 1010101 01 01
i 111110060000

(b) Pecode whe vecorpesdl gegrences for ron-mwertedl eomdl  Mmuerteol phase .

Selutions (@) 1) dn 3 f 1 ©1 1 00601 I O
T a2
Cn @ ot 4 01111011 -
i) dn s 1T 01 0101010 I /
Cn 3 {f o041 10011001 -—
iii) dn : I vV 11 1000000 ,
/
Cn 1 010410000000 =
(b) 1) nen- mwerted phoge
én F oL 8B1 17161 /
A
dn? 11011000 110 =— coret
mwerted — phase
&t 0100I00OOCT OO —

dn {1 011 000110 =~ comeskagoin
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NvaTionAaL m

IO NED) non- inveyved phace
o ool 1 001l | pof :
A : \/
dn 1 01 0106101 01 = cowect

pwerted  phase

Cn 2 011 001 100110 |
A /
ok {01 01010101 =—

i) nen— imverted _phase
&: 101010000000 S
d: 11111000000 =—

Cut O1T 01O 1 1 11 11

f
|

n e 1111000600

4. Determme the SNR (Eu/No) in dB o ochewe Pe=10"" £ BPEK, PE-BPSK omd PPEK .

Selutien: Foy BPSK < Pcer =@( f zE.,mo)

For  DE-BPRK: Pee) = 28.({2Fu/no)

—Euv/No
For DPSK : R =3+e "
I Pe=10"",
For . BPSK : SNR = 9.58751 dB 2
For DE-BPEK: SNR = 3.89235 dB /

r

For  DPSK @ SNR = 10.34218 dB
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EETS 5 SQUARE
EETS 5 SQUARE
EETS 5 SQUARE

!
Homework  mo: 12 | Digital Commumcrtion Systems ] Bon Chon
Lecture 21

1. wpege2)  Ghew shat the PSD 170 Xelt) is given as

chcf) = %Lfgm, (F+5)+SmF—forl+ %FSmLQerfo)a- Sma (f-fo)]

Kett) = Am)ces (ATrfot) + Az Malt) Sh2Tfet)
Xe ) Xe (t+T)

=[Am@) o8z et)+ Az Ma ) Sin o] [ AmG+ T s Crfot +omfar)

t+ Az ety e ot + 2w feT) ]
= AT Mt +T) eETfet) o8 (2Tfot +2TfaT)
4+ AAz MatoOmi(t+T) S czwrfot)cns(zvfot+z~rrfcw:)
+ A A T MeGHHT) eor (2Tfot) 8in @Tfot + 2T foT)
4+ AT Ml Me(H+T) 8 (zfot) 8zt + zvfo’t)

A

_ g_' MM T (2T T) + 3

MO G +T) cogcamfbt +fmforc)
4 AAz M) M (E+T) © Shewauvl® 4 AAz M) Mot +T) - Smcwavies

z

+ %’ e (6) M2 (++T) R CTHeT) — %‘z M2 bty M (E+T) 08 (dfot +2Tfe T)
iy & pp (@R or)
E XX+ = 5 Rm (TIeos @TfoT) 4 5~ Rme
AV ' A \
+ DRm T B UTfst + 2o T) = 5 Rma (T €08 (ATt 2o T)

Rge () = < E § Xelt) Xelr+TO} >

5 z

= é—( R (T) oS C20HaT) + Q__IR"“(T)CD&CQW%TA e —
) /g ) /Q’

V,/“meﬁwg 5

tro?? /[Z g

Oxe ) = F iRz COF
= & Eiisz.cr)w&wrfo"cﬁ{-%f%; Rms (Tre08 et

2 i ! >
= %‘-*[Sm.@+fo)+8mn (f“fo)] it _2_} [‘sz(§+§g) +8ma (F-§0]

QED .
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Homework  nos 12 Drg.\ml Commumiaadion 8t|‘&+em i Aen Chen ,3/9
2. For QPSK ond OGQPSK brewn Wa*(’e}é"”lé‘ ﬁme), 70 G M&[ Ma(t) EE cn /aageg 4 anrasl
N 15, and clraw he /b/zages as en page (8 /@7‘ sthe ﬁ/lew;«nj data cepuence :
Ol i1 101 011 00CO1%
( represent "0 " by -1 amd 1" by 1)
SOlWﬁon:
] mce) ENPUT  DATA STReEAm
wan T
eE o { 2 3 4 5 6 T 8 [ ) " "7z /3 4 /TL"
iz ~1
A For @PSK:
bz(g mitt? Inphage Date stream /
: | ‘ t/
| i 3 Yq e A T '3 G o [u 1z {/g To
et Quad-phase Dedo Stream, /
\ iz 3 a 5 ¢ r 's 9 "o 1" 1z I 1 /Ty
0w B
136° ] /
q0°
4_60. ¢ e e e oy
0° %y O = L IS A g ' | YT
=B lgﬂoj 180°%¢
_qo° . é
_l_BSD.._ N
135°t
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2. CCONT.D For  O@PSK *
N— meed Leput Daka Streovm
o 1 z 2 e & I3 7 3 9 o i iz 2 7 T
mt)  Inplee data  shream
g’,g’é © L z i "4 ER 57 i3 i v U 2 B iz Zar
82 Mmett)  _Buodphase dota stream
az(g ° G 2 3 @ s 3 T G 9 o T "~ i3 w [/Te
~_ Phase /
i SRSt T
e 135°
q0°
45°
OB \ 2 3 a 5 € ."I € 9 [} T £ MEEY LT # Te
—45°
‘%09
~186°
3 gu/apese BPSK and GQPSK #ransmid ot the same gymbol rate and -the same energy
per sgm,ég/_ C}Wrmg stheir (@ bit yate , b bandwidth , c© Psce) , > Pured
Balekren 2 (@) R, epsk = Re. spsk 3 Rb,apg\g'—fSZRs,@,PgK /
If Rs.epex = Rs , opek —then Re, @psy = ZF?b,BPSK
) And  Tu.apsx =3 Te. BPSK /
QPSK Null +o nutt Romdwitkth = Rb,apsk = 2Ru,ppex = BPSK  Romdunidth
N’
\ ? ; )
(9] Ps.ess? = Po,epek (€) # Py apex ) =5 B gpex & > o /</’
() PE,,BPSK ey = B, GPek (&) % Q. E.D.
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1. Shew sthat —the fkase C’,D\Ct)‘; bk * 'fgf i ?K 8 a eontinuous netion (75 z-

SHOW: () For RT st < (R¥DT . we see that bx andl Pr are conslants. Anol

qy(’c)—_“bK'ETf

This _shows Fhat P> is continuous ?@m ATst < CCR+DT

(@) Let te = (R+DT .  And dlefine

. - o) 1dC

Plto =) = g% gy T biear (Re0T + P
= Z (k+1)- b + Pi

Plted = bewrs 37 (RHOT + Pray

= % (&*-\)‘lék-ﬂ + P
i 1% CP(“)— CP(I"‘) = "E"(fﬁ-’)' (bk"*\—bk) A (PKH =P} e o

From =notes , on /caﬁe &, we «ﬁaye

bk = A (kTe) Qe RTw) .  Pr=F Li-atkt)] =T

Ancl Qi (bTy) . a:(£Te) con et change at the same Aime . So.
(id 'f bret = bk . then Qi[tktDT]=QKT) , QTRIDTI=0etkT)
Thus CTD‘K*F\: P Since QU E> docs nt chomge .
Plte) = Pe-) =% R+DXx0+ O =0
That e shoun sthet @) 78 continaous af to when bt Sbk .

QD Ef bk F bk . OR bkt = “bk , the we hawve twoe cageg s

a. Q=20 dﬁomses. Anaf R+1 must be even E2m, CPK-H=CPK

P o) = Plto=) = 3 - 2M- 2+ by 0 = 2mbyert T
=0 (ijl we cngf consider © & PEI<2T )
b. dmﬂje& Rl mugt be odd £ 2omtt, Pray= P

Plte)- Plte-)= 2mben W+ T IT=0  (  osPEI<2I)

Thus . we have showeol Hhe statemerd (LE D,
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HEETS 5 SQUARE
HEETS 5 SQUARE
HEETS 5 SQUARE

[
100 S
0§

noo

e
A
wvarionAaL

Mosnewont, ne: = 18 [@dyﬂa{ Commurnication %mfem@ Hen Chen

%eloeat sthe wWe /amge»ﬁ*egé on pp 20-29 ]’37‘ the Sepuence

et =1 & 44 4 4=~1=1 ¢t 1 1 1=

Present she Pllowing 3 (@) gepuence br,

(b) excess phase Arellis (with Arajectory for above sepuence Hhigh Lighted )

() Sketches ?/0 s CQHT , osTPE] , Sin [%’;%] ,eon[ LT sin el sin(LE |, cos T oos Y
) Sepuences k> and &:thd

© sepuences Al ® Gith—2) » QRS e tk-2)

¢ b

(3) C@Ynloovwz Yo Ok

h) Label the block oécagmm' on P28 with #the appropriate signal notatior .

Solukion = (@) Qg * =t f dfo st 1t 4 =0 f fl-4 1% 1 o 1

bif | 4 #i=] Haumt 4 = f f'=f =f = —f 1

[
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03

s
Y o]
NATIONAL

O  gwreml

lo i 2 3 4 5 é 7 8 9 10 T 5. 3 R
=1

cos L]

4\/\/\/\/\

Lol \/
v [ ]

| TR

s S

R s i

oos ?ZT\:

R/\/\

LN\
R

swmlpTsm [ 5]

}/\A

-1

welPe)] cos (2]

T S S S .
o & 14 o i 12 % 14
| ‘1/\ = -
=4 b3 \J
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o4

EETS 5 SQUARE
EETS 5 SQUARE
EETS 5 SQUARE

o
~
nvariomnaL

@ k: { 2 3 4 5 6 T 8 ¢ 10w 12 13 14 15

Ay o -1 = | == { 1 1 |

Qs (B): 1 1 - -1 1 -1 -1 g
© Qo2 -1 X { SN NN

0t ® B (he2) 1 ~1 1 - ~{ Lo =1
CON Ot .=f ff Bal=d g if -1 =0 1 A4 4 114 =

(§) ompawe Ot -t f 1 =1 ¢ 1 -0 - 1 -1 11 11

(h) Dene on next page -
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[Ddyws

(}) 2
- (49 Ay

oQ%.)

mw_mQ @PL—1 Kl%?.in (z423)
L(e+197 1 006~
Eske
(4°huz) =
PR B CAG

wag > Jaad - yhy

d(r+92) =3
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