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A := 1 f1 := 2500 f2 := 4000 

f := 0,200 .• 5000 
W1(x) := if( [xl < f1,A,O) 

W2(x) := (f2-
A 
f~l elxl - f2)· e~(lxl - fl) - tClxl - f2») 

W(x) := W1(X) + W2(X) 2 

W(f) 

o ~ " 
o f 5000 

fs := 10000 -6 1 r 
r :;::0< 50 10 Ts := d :=

fs Ts 

Naturally-sampled PAM 

n := -5,-4 .• 5 Saex) .- if [x of 0, Si:eX) ,1] 
f := -50000,-48000 •• 50000 

Ws(f) := d-~ (Sa(~ n d»-W(f - n-fs) 

n 
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MAGNITUDE SPECTRUM (Naturallv Sampled Case) 

-50000 f 50000

""'--1.3-4 
Flat-topped PAM
 

H(f) := T Sa(71' T f)
 

Ws(f) := [:sl H(f)' L W(f - n fs)
 

n
 
See next screen for plot 

0.6 

IWs(f) I 

o 

,---. 

r-, r-h 

/ \ j I 

\i\ rr\ i \ ( \ r1\ r 

0.6 

IWs(f) I 

o 
-50000 f 50000 

3-5 
~ \J,l4:) J I ()p Ii 1- L-r .-~7 ~L-tl 

c..O~ ('A.uJ~t)
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3 6 
1 - I 

~~ )0 "'i(:l:) >( ~~tfJ I 'a-I:l)? 

t en! (~~f) 
t\Jj (-t) ::. ~ it) (()J(I1~)" > ~ {{}::. ~{J)*t ~(f-hff ~ f(f+ 11~ 
lAJI'1~ (3-1,») 'ft/{, ,<,-r 

V, (f);:. +H(fJ t Wlf-A.f;) +. t [Hr-I1f;) -tf(f-fnf!)] 
~ J,,= ..;t. 

::. t~[f)i Dv(f~I1-f;-~~) -I- w1HI1+;-.M;)] 
s ~~:. t~(nl I WU-(t1+J.Jt) +W({-~-i1J-ltlJ 

~ V.lfJ ~ 1H[fj w(f) +t fl(f)[tw({-{>1--4) 1~W(f-(~-~J 
-'.-F -., ~f ~ 

Ih:l.A~-I\) .bo~ t10i ,."SJ tht>'4'j~ ~/l(:f) 
~ Y(1):: ~ Htf}\v(fj U\.ff'LP ;. 1.~ Sf; ~1f} Wkf!JI~l} :- C. wt{) 

..f-. rr.r.t ,(fI <f, ~ 
=9' HLPP if) ":. 2'" ,fll\ rtzf t..t' wha-e-]( {~<.-I;-:8 

D f elsew~~G 
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I 3-7 I U ~ iV\."(} (S-LO) 

\i\t,Cf):; H(.(:\ 2-
oC

w(.(- r-{~) 
Ts ;:.=-cF> 

w \-.. e. r-e. I-Kn i ~ +ke. <;. pee -I ItA IN" c,,{ ~e..-
MO-AA~ l--~,d-u eV\~ od~ d ~v. k"e 1 /I.- ({ \ • 
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A := 1 f1 := 2500 f2 := 4000 

f := 0,200 .. 5000 
W1(x) := if( Ixl < f1,A,0)
 

W2(X) - [ -A ] (IXI - f2) (t(lxl - f1) - ~(IXI - f2))
 
. f2 fl 

W(x) := Wl(X) + W2(X) 2
 

W(f)
 

o ~ 
'-... 

o f 5000 

fs := 10000 1 
Ts :=

j :=0 fs
 

n := -5,-4 .• 5 Sa(x)
 :_ if[X '" 0, Si:(X) ,1] 

f := -50000,-48000 .. 50000 

H(f) := jOTSOS+of ~lSi+ "o<S] 

IH(f) I 

Ws(f) .- [~l H(f) ° L W(f - n fs) 
o 

n o f 50000 

MAGNITUDE SPECTRUM 
0.8 

IWs(f) I 

0 
-50000 f 50000 

DuT3-8 &;"'4"~ PC Lv'1 

Vpp 
.:It. 

6 
~VV'\ =- 2. v\ \tut l~ xcv 
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~-8. CcAAt d {or- \I/\~\ ~ lfa 'Jl'~ 

we... ~~~d
 

~ \--~ 4,\ to- e- :::. ~ ::: \} N' ~ z. t' \lpp
 
100M 

~Ll-
tM S-D 

2-\1\= VV\ ~ ~ 
P 

\ A I ) Vi? ~~ 2- ( ~O) 
:.K"(jb 

d ~ 0 ~\ 
/P"d tJ--0-) ~ ~?- ({ :; ~/O ( f> J 

=- 100<:\ (' b) ~ b C/) 

.e~(;\l.y..) 

1 
3 -9 I Ca.,) {s::: 2.p.:, =: (.((00) '" LDa .;~\e<, (s~( 

( 6.) Ul,i'IA.) {\,..e- r-e ,>tA lh 1/~ it/\. ~Ifi\b, ;-~, 

iI\ > ~,sLlc)~lo(~) '" s.~210~lo(E) 
=: <6 l~ ~ 

Ic,~ r~ ('" ~;\-s \(ts w.rd<,\ ~ ZclO("l) "f.~ ~ (,,:15 
\.' Wcl r.i ) SH..) se Co. 

(d.) FD {" h""""\ ~(M b::: f. 

e1, C~ -7'1-) D:=c l~~ ) {-'o, fS ..-,v- I=-O 

> g, =- TD ::: 9.co H2:
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- - - - - - - -
- - - -

[ 3-13 l ~,+, I t s'~lse~) (l?b~~3Atflt) ':.. 705.~ iJi ~ 1{f>J1u 
~ I, i-I ( /f./,A: ji,;- Sfereo 

, --
1 

3 -14 
~C: ~rl-f~ I~{) I 

(0...) Bloc.k Il)~1ro.~ ~~ k 
r _ThllI",lIkl-i!IP4~ __'3 _f~ _ ., 

I IYr1ltJ ,. .!'1si.LfF , M l-evel\.. rl £J1CbJ~)r/, I I~r }At;) st~ Quqlfi. I 

II 
~ - -1 

t - - --~~ 

P11Uf~~ I... 'R~,~)(fitted 
1 
7 

c~f. 

1 .... 
~ LPPJ)ec.od<~f-7 

JI/}{tf/t>r MPtrf 
L: - - _ - - --\ 

R~-e.JVGt-- (PI/C) 

(hI) fJJJwJtJe. Pe:: D ~WU~ (3-J8).
 

fi;tt" tJ'-~::: '.D"lJ1 +'t. 77=JoJ~ 9 J1;;; Lf.17
 

~ U{e. n::: ~ -t }"4; ,",y =-..!L (If 110 1',,;111) 11= 5hils)
 

~ 73~I1I/= R::: 11£= ((,)(7~;:'*J:' .~2 ~Hl. LJ<,ri-hpM~J 

8"ttll =(sj (7) =,3 ~.iJI~ [1Jo P~f(ly) 

(cJ 1+ +he aH""~ 'S1'f'1~1 IJ ~ I/D/G€... :r1?~IL/
 

it /J /i ~e/y to haK ~ /tV'7e. fJett~- fo
a"'~YC(:i~ voftA1-t.J ra.-f/-:o Th-e;e.{Dre. J ~
f 

h~n'\"'~r\d~:vt"v\ q~~ t\-hi~ ~\t~ ~nV'o'l~y - ~r 

s~::t.e,~ V\~~Y- +~~ ::z.~ \'"v \~ vJ WI\( ye ~~(.~ 

~e... qv\I\cyh:tI ~~ VI'Oi~~, A ~::. U S 

V\~V\-~~\~V'\\.. (Jk~~C4wd-ev·LJ~n~ \~ +tP\~A.J~'1 \A~{. ~ 

\.~ 4"'~ V. S. ~e.~ +k ~~x:t6Q~K f\)~. 

.f~r~~~Y o\\'J ~~l~~ r 
81
 

INSTRUCTOR SOLUTIONS MANUAL 
(United States Edition)

Digital & Analog Comm. Systems 
8th Edition, L. W. Couch, II



I 3-15 IFIl~ -+~<- CN'<. <;)f ~3-I ?b) w~t~ p~ (.l;) } 

~) ~T"\"'" ~ f.>.r n~ WI" ...~ -+~~" l).l")~ ~\'""'I>"" ti}:.O.CJ'l<j~ 

lAs I';~ \~-/~~) w~ 'a-e+ pf 

o.q~Ht ~ · It If. (",'\._1) f 
e 

~ f - I. \)1,)1 ~ ,~~ - 1.5"O,l..P-/()'t
 
-;;-,1-- e - 4(J\f).-1) - M-l
 

Ft>r ~ M=-Y- J f-e 
, 
~ 1"~8 Xl\) 

-s
 

M~ 8) fe. ~ ~ .q'1J. X't>"'~
 

M~ f \p) p~ ~ 9. 81 ~ X I~~
 

A~ -t~.(t th.'<th ~e r of 1ev~ls ~ ,an c.~~~JeAJ
 

+~~ Clf'pY\»),ltk~·t~Y\ be(.'QV't\es ",'J~ (,uY\rf"C;,V1e.c\.
 

1 3-16 I (a.) Pt "- IO'tJ. ~ ~ socUS 

~.(s-l{") (2-) _lO}d [ ~lN\t 
N J(I, - ~/O I t-lf-{¢II~-/) ~ 

IJV\ ~ 2 V\ ie u~ f.s 

{or v'I -= t.I- : (~ tUT :=. 2g.4 Jg
 

+0.;- J\= S-: (~) =: ~s,1{- r1 IS
 
fV 0'-4.1 ~ 

-~ W1:=. 2 ::, s2 leuCJ..() 

(b.) (:: 2(c.( fHt:) ~ 5.1 k ~e\~~ 
<;€-e

"T\-.e. «''''1 "tuo -c {'o~S;v'lQ of 'tV'e ~J'v... 'J.. 

+~p€- $P€-~-fru. WI r's : 
X 

g=- A. :: tA {s::: 5"( 5,L!k-) - 2 ( ~}-jy: = g
TS -======= 
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I3-17 I po \a \ -

~e.e. fl~. S-20 ~r 
c...Va v~ tD{v.A<; 

\rV\~c.-h.~~\ e., 
VJo...V L~cSw.-S ':>\\.() Wv-.. 

~~~()w ; 

\ 

\ 

Ii'

0 
...... 
? 

I 

Tic
I 

0 

-

t 

t 

{UlAd, tJ-€r;, c){ <pl.-L-t) = ~L" :f .( 

:.	 ~j'" t.. ~ , ':, ~t\ <..<.J\.\. ;v.. fl\, <;-J7 wo' 1\ 1'\0t 
uJ{)r-~ ~r- ~~k~sieu- ~~t (.AAAl~')s 

-rt-t N·g,F. l JiLt)) is -tee... e- c1 +<0 2.*'0 . 
::r-.f *'".-S t Nw,.~ e "s ""'"d~ ; 
wl{Lt.\ w:ll tcJV'.r,I.,i Q+ ~,-"tt,es ~ SU~. 

o.~ t I a.", ~ 1Mv.. <,T ~ ~ ij-A<'~<! d -tkJ'UlA~!r.

0.	 {l"~buf.Al\e~ Jiv,·d..e., c.Jt. -\-0 ~.feJ(L.Ate.

~<.A\l,e." <At -H,E'- ~J'D~U"-s~~~V\\ - II:, · 
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~-1---'--.....L...-~~~~~~t~ 

\3-18 I .& ( (t ~ Iw,Lt)l) 
(a,) \wLLi)(:: ~(l+f'\) 

itt /.f. ') ::: \J i" ( t \ . W L L-Ie) :: \J 0"'Slt ) 
oJ, 5) 

w?. L-f..) 
t. 

1A :::.. {O 

r \~ 
( ~DVv\ ~r-e sso l' ') , f., I 

14- I 

~\ l-t) 
r.o 

I 

(b.\ LULL{) I. 
------" 

t( e:oJ. ~o.. J\ cl 0 r-') ,~ 
,<0 1 

It\ \ 

12
1 

1.0 
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'3 - \e. ContiVll{e~ 

(c.JIG ~ Ie II e...1 1'\ 0 ~ - L{hif()\'" 11-1 Ql{ c. ~ +ItC{fIi>'~ 

v·lVi 
1. 3 if S 

i 
3 -

-, -'f -1 -1 -I 

I 
I 
I 

I 

VDtt\. 
S -

3-19 

dB := -20,-19 •• -5 n := 4 

(a)	 Using (3-25) and (3-26b), J1. := 10 

SNRa := 6.02·n + 4.77 - 20'log(ln(1 + ~» 

(b)	 Using (3-25) and (3-26a), 

SNRb(dB) := 6.02·n + 4.77 + dB 

30 

SNRa, SNRb (dB) 

o 
-20 dB -5 

xrms/V at input in dB units ---> 
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3-20 
1 I 

dB := -30,-29 .. -5 

~ := 255 

M := 256 

n ; B 
n 

lO9(M) 
:=~-

109(2) 

SNRa := 6.02 n + 4.77 - 20 lO9(ln(l + ~» 

50 

SNRa 

-30 dB -5 
xrrns/V at input in dB units ---> 

1 
3-21 

--

(c) "'R~1J) ::. +iP.So)::' r /:b~I~/s€c.. 

I3-22 I F- ~ .f])::: 3tcblstllllo I) (ID·7~ ti:,IV: 32.2g t%ikAt~ 
e::.2~ ~.Q=3 ~ 
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1 
3-23 

lG\..)	 
I J):'}- =- li~ ~~::.. 3'1S k belLI ~ 

:B. :> 1- 4- :: t JJ "-1: (3 '15 ~) -:..187,,:kfU ~"'\I;"I0\"1 ~ w' 

I 3-24 I for 0. tr-eYM.J111~ 
d~1Vt, -f~e w~vef~yW\ is 
p~;-,\)J.i (.. wh~YG 7Q.:: 2 T~ . -t ----7 

FY\'Yv1 (2-lvq) -fh~ S-IJ€&--I~ 1"0

W{f);: Z 
~ 

c, f (f- Ifro)
 
-~
 

/ fqt~ _'J1~i ( Ii .Jt~i. 
C~.=	 1;, tu{i) e v :it -=-::r 1 e""V t:It.. 

~	 v- z 
=-A-	 -e~ If ~{ If::. ;2.11 ~'-:------:-:: 
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3-25 I 

US1l1b ® -fbI' 7(l JlrI1W'1! w;-(~ C"= ~7b ) 

IVi{f) I :: i.lAI~/j 1 JlW [(f-'t.1?) /lh~k-.X~ 
-oh g (9"h 7T) (~II~t1rt/J"7- ~ 
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I 3-26 I Ih ~eJ(erc{,1 jt,e fsJJ is ff{~CJl} hY &-3G)
 
AlolAJ fo{/~w -Jhe -Ie#' eXISCUJ.JIOh I-~tlf J~dJ Uf? 10 (5-370).
 

:1"-1 jJ se.eh +hCf.--1 -for U;;'I'D!aJ- S"/fJt4!1itf; "R(D)=£" 
ahd "R.W:: 4..\~". J.:fo, 1h/,(,j 2. 

'f 1. 'J 

OJ (of) :;:. / HoI [f-I L$i. t.>sr-l!~f7b) ] 
AAI~fu Tb ~:::-/:::.*/F{f)/~[ 2. of 2 f- LOS(2l1~ {7s,[} 

',(4JhJ 
; .Lj1- I F(r)t[1 +L ~ 

-ev ~ 
Lf-7;, ~.:-~ 
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s-26, G~+) q\ 

=1- (R.~i~ I"Jt)-=- 1=t JHf} /1. [ /-I ~ _~ J'({ - ~} J 
/V~',Aj -evcduev-te- n{) {Dr ::L~"t~ f ({) 

. l

+he. UJJ/jtJo/a~ p£tlse sh~ 1 ' 
S h~vJl1. .......-_1.&-----4----'-J---

F(f) ~ J-If{t)J ~ 1:J/,,(rTfjJ I 0 -{; --? 
("it) 

~ 1/:.. Cfl:= k (-£:1-) [.r/~(17rz)]1..[} +7(~ f({-11 ~)l ~ 
-7' lA"/J'D/~J-- 4- 1j, ('1t'f 1:' ) }f--.o ~ Vj ~ 

w~~ -the J;d ra:le. Iv 1{;;: 1/ Tj, ({he{ ?: /r f~~ tt< fr-e 

i1i,d+~ t 

(ctJ FOr £.1J,·Jf'l>{a,/-- f.//(l si?l1dlri~ leY. 7:.= 1;; lj) ~q 

~ ~.:.v.,i/~ (r) =-4-"J- 7b (-SI"vJ (P{7;,J):l- + 41-no Ul1tPo(f<+
~ ~ I ( 71 fT..,) if IJ~ 

he. cAtl1S~ .ft.... (trnblTf7j,) ::- 0 aT f --I1I(""f eu..e;1 -!p..- fJ=. D. 

M-{e -f4a.+ 1his r~Si(tf i:S f4e S"a.h-,e .:a (3-391,) 

Th~ JI1C<.turiuJe sperim f:y -I4e.- ;>er;bcVi.- c~c.)
 
Prv Iu. 3-1t, ct>J,Ji,1J M /'/ 7Jf /111(;:. oJjJedn:.v. 0" fhe ofher
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3-15. CUL1f )~, 

hal1J) +h.e rahdr,JIvt dtLfc:... CiAJe-, ~I ves CL C~Jf!/~l/ U(J 

J'J1e6frtVl Gt>~Jd\)ijeJd' JI, fhe PSO ttr we)I ~s S()H1~ c/Js(rd~ 

lInes. ,he.- J11</1 bavJ1c!I)/IHh /0 i~e J~~ foy- /;Dii] 

Cedes. 7h6v1- ~ I ~r Ilh0/tLt-- lJR,z f/,e Itt{ II 
ha;,).WI dtt; /r 73>7'(11:: f =1Z arv:! fl,e. .sjJe.d1'4.1 e..{fi~i elf(y 

/s 1= I ~/4/.r({..)/f.k. br;r UJt;fv/~L 'R.:z tvJf4 z={~) 
15 I:::!t.L =- Ji. R ard H =- 1- {b~ /.re£j/ Ik · 

"~I 3 ib 3 (I 

I 3-27 I 
Ih~ ~D/L1f~h is jclet(t'c~1 to -I~'if bt PrCJ b.3-22w 

whe~ -f4e:J)c }evG( is se-f it> -ieJ-D C<l1d f"'~ ~k .... 
-Ii> - f-Q 4.1c.. Ie vel is IT bW Vl 1'wfeeuI rd il, ks /;"ff
+he st>(~-f1~'h -It> ~h 1-2.tt ,/#e ?-e..-1 

IW(r)! =f 1/ / S/~tJ!)1 f{f- ~RJ 
h::-tJ) (2 )


J1t-o 

for The.- c.t:tS-e I)f t:t se..rtle/{(~ GDJ1~/sf';;fJ 'Df 
('" If v "r!r f t> IllIIVed by -t11J r> \\ r:/' ~ I The- c..q}..4(JrivJ 
"$ .[1 »")1 )ifi~ if f4e- +e&0/';/11{f, .r4>::Jwl1 /1-, The.-

sDJl{n~~ -Ii) Pr)£' ]-25 h~ 4>1j,1 if 
is UJ-e4, USII1V {7--117-} 

_{f<> f.1(..,~) hfO] 0 f -;;j 

c~- Co , n=D 

whe~ r.. =~ =if C{nd J.l{fJ~- 1[h wl j;,y-flre. "Cf.)S~~iJ. 
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J J1=D 

USIt1f[ fhis I~ Q--I 'DC() tv€'... ~<:f (ftJr ,lJ0!-tJ
,I 

s/~ha/'~ff wah -t dtif4 jJoIJertJ, ~r ~l-')I,s ~IIDvJeJ kr; 
-rWT> l\ 0 II J ) 

IW{r)! =~ fer) -I [06-'111 r;;;;;l ,r[I-tnR) 
hi"!> 

3-28 I 
fer M«IIdtes-/er .r/?mJinc;- } UJe: -f~ e- /1{ I.r-e 

..rhe..p-e- +~i is .rh~Yl l> 11 -f.h e- (; IliJlJJ he;. ptt~ G • 

CI1:=fo~(l1f~) &ti'·d fo=-t: -it
b 

!ASJvt·~ TCLJ,/ul-! a.nd2--2) w-e ~ei 

J.I W:: J[~NJ =tl7b Ji~trrf7j,J7 ej ~ -I/[lb S/~{tFFr) 7e-,j ~L(n~) j Hf~ J 
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3-2.8 (~~r )da 

I I I:DATIJ >1 
I 

I 1> 0 
I I I,4-TJo-~
 

~che.r+er I
 
Wte.V~:{ov~ I I
 I 

11 

li~I 

I 
I I 

~To 
I 

~ 
"t---7lEttIlt Pvelse Jh~~, hfJ) 

o 
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.]-28 CDl-rJ'd 
.If +h~ fes+ l"etNenl G~f1S~-& 01 (P"1- lit '.r- r'O/~wt'l/ 

hy 1WI> \\D" ~ ) 7~-f., ~ (-b) .r~l)wh k/tJw I~ uJ-ed. 
I f 

) 1b 
j 

~---~- ~ ---1----------"'_/-_.~~ 

1 I J f 0 0 
~,~~ : 

~ - ..... 

Us /111 ~-I ~1} ) -Ihe ma.?h·/J",.J-<. s-pe dHtn, -R r 14 tv 

A1~~ckti-er daio.. wetVdiv~ if 
Db 

}W({)! ::: L 1"0 / J.I(hfO)} f(i~Y1fo) 
-~ 

Where., H(f) is flilei? a/'rwe 
anc(r __ I _ I _ -'. p 

T~ - 7D - {p ~ - & ~ 
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~t	 >1I 3-29 I(0) S~bstitoit;n~ (3-qc~ infolB"o) f'liJ k- ?:~--Li. 
-+~t'ps.j) ~r Polcd" ~-t. sirl14-ti,. I I 1 

1 0 t~
if	 -:z.. 

cP (f) ;:- t J FtrJ)1-
h 

Wheyf?.. -fh~ pC{ Ive sh4.r~, f(t), IS- S4~vJh Ih rh-f!

f) '3'~r€" , rh l(sJ
 

rCf):: J'[f(-t)]::: z: SliI(rrfZ)

f/7fG) 

C{.h,( (P (f) _- 111- '};1- [ S/~ (nfZ) 1
7b Tlf 7:.)
 

Fl>r +~~	 c~se l>f t ~ i ~, +It/J b-e(1)H1-es
 

f({):: 1l1-~ [.rJ~C!f7b) 72.
 

1- (j!f1i,) j 
t \ 

The fi~Jf - /1u.I( bCLJ0widfl, JS 1?"lfll ~ t ;;: 2JZ 

a"of -f4e- lxvzdwldJ~ effi~ieltcy ir r= t {trf/r~JI tk. 

(b) £ CJ Llct11~V\ (3- 36) Ca.h ~Jl) 
b<- ~ed ~	 eva-M«k fh'!. PJ".[J 

fo,.., Rl. M<tlfdte.rkr s'iJf4/bx1 
wkere.- -+he: }Jl{J3{L sha.jJL is" 
g~\>wl1 J" f~e fJtj:ttre' 

~) · we-J
F(f);: Lt~::/~~l [~jW¥ _e- x J 

o 
-J~ 

fit) . 
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I 

3 -2.9 (b,) C\>.,+) J 

::} rw ~ j:J. (t~~~rl-)) JI~ (~)1: 

V!J-/JJi (3-4-0) GhQ (3-310), -+heP.f1J loY' ;1(tUIderfH JJ ~~a-"~ iu 

fJ {f)..:: ,if 1}1-l:1- [V'~(11f'&)j2. r.s/ (Tlfr:}1..
1, (l1f"Z) ~ 11 il 
b 

.I-r ?:::: -4 ~) -1-4iu b-eO:>Hl'N 

(f(f) =.l4~7; [. S/~ (!;f7i,)t [.r'h(~rr)]'2-
L.f ~ (]f r~) J 

1he {/~~f -l1ull banJw/df4 J".r 3iu1f(::: t =1ft<, 

a.~ fhe- J"P-e,dr'tl e-{fiL'/-IW-Y lif 1==* (~'rIr).fe~/ fk , 

3·30 I .( f) • I 
L...-__ Frt>*J (3-f!JI ~r IJJf'P/tvr ~JvH~lIn1 

R(!)~[ A')../l.. , .t=o 
-A}.//.f , "l::1 
o ,1. trI~et"'~-{ 

f~bJ+;t~t,~ f~JS Ih1" (3"'3~) -r~G lSb f>y P/~/~~ SJ~r(, 
V 1. 1.S")~(#f t) 

JJ (J(t):: I~~I [t-~"LoI{~f~~ =-:;JRrJ/~{rJJ 

~ cf(f):: ~.. !F{fjj'l- s/n'1-(of!;) 

. II I .:lfJ • 7) FIf) - 7: Sin (lfrJftl r J!,'JhIa.1- 1V?"t:. lI:e. pttft~ Wa ~ IJ Ib / (l/ - 'b Jrf7t, 

fV ..;~a.1 -fJ, ~ 'PSJ) 6et.:bffl eJ 

rPff)= f!~ fst"tI};~1bJ.:r-SI{(1Jqj E'~~Iat--AJf\2 
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~-30. loltf)d, 
F'w ~I;'~ It>.~ R.:z: Ue. fV.//(,) lV'~+~ i~ 7.,11..), FtrJ=!fr- JJ~(rrrr.bJ 

L.. fli, It. 
.fo +4 ct+ +~<- fS~ heCD~eJ 

OJ if);: A'"14 [.r,~ (1!f1J,/l)]\,;/ (trfl ) 1J/D~/4r 1(::;..
4- 7r{/i,/1.. " 

A := 3 

Sa(x) :- if[X I 

R 

o,S

6 
:= 1.544'10 

i:(X).l] 

Tb := 
1 

R 

f 
6 

:= 0,0.05 10 .. 5'10 
6 

Following the discussion leading up to (3-45), 
the PSD for Bipolar NRZ is: 

222 
PBNRZ(f) := A Tb' (Sci(7T f Tb» . (sin(l1' f· Tb» 

1\ 
I \ 

) ~ ---~ 

4e-006 

PBNRZ(f) 

o 
o f 5000000 

using (3-45) the PSD for Bipolar RZ is: 

PBRZ (f) := A2.[:b] [sa[ f :b]] 
2 

Tb» 2If (sin(lf f 

2e-006 

PBRZ(f) 
/\

\
j\

) \ / ~ o 
o f 5000000 
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3-31 I := 1
A R := 1 f : = 0, O. 05 •• 5 1 

Tb := 
R 

The PSD for Unipolar NRZ is given by (3-39b) and consists of both 
a continuous spectrum and a discrete spectrum. The computer cannot 
plot infinite values for the delta functions, so plot the weights 
of the delta functions instead. Thus (3-39b) will be broken into 
two functions, one for the continuous spectral plot and one for the 
discrete spectral plot. 

2 
PUNRZc (f) := [A :1>] . (Sa (n f Tb) / PUNRZd(f) 

PUNRZ(f) .- PUNRZc(f) + PUNRZd(f) 

0.5 

\~ 
PUNRZ (f) 

o 
a f 5'R 

Use (3-41) for Polar NRZ spectrum: 
2 

PPNRZ (f) := [A Tb] (Sa (fT f. Tb) ) 2 

1\foktr ~t:. 

PPNRZ(f) 

o 
o f 5'R 

The PSD for Unipolar RZ is given by (3-43) and consists of both a 
continuous spectrum and a discrete spectrum. The computer cannot 
plot infinite values for the delta functions, so plot the weights 
of the delta functions instead. Thus (3-43) will be broken into two 
functions, one for the continuous spectral plot and one for the 

diS:::::(:~e~:r[:2P::r·[sa["f ~]]2 

~ 

PURZd(f) 

98
 

INSTRUCTOR SOLUTIONS MANUAL 
(United States Edition)

Digital & Analog Comm. Systems 
8th Edition, L. W. Couch, II



PURZ(f) := PURZe(f) + PURZd(f) 

0.2 

~I~ 
PURZ(f) 

o 
o f	 5·R 

Using (3-45) the PSD for Bipolar RZ is: 

2 [:bl [sa [" f· :b]] 
2 

Tb» 2PBRZ (fl := A	 (sin(" f 

0.3 

" 

1\ 
V \ ~ .-------.. 

PBRZ(f) 

o 
o f	 5·R 

A	 := 1 R := 1 f := 0,0.05 .. 5 1 
Tb := 

sin (x) ]	 R 
Sa(x) 0, ,1 

x 

Use (3-46c) for the Manchester NRZ spectrum: 

0.6 

PMNRZ(f) 

o 
o f	 5·R 
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3-32 

Referring to (3-36), it is seen that this equation is derived 

in Chapter 6 and that (3-36) is identical to (6-70b). Furthermore, 

the solution to this problem is given in the text following (6

70b). Equation (6-70e) shows that there will be delta functions in 

the spectrum at frequencies f;nR if and only if the line code has 

a non-zero de value and F(nR) is not zero. 

If the line code is designed to have a delta function at f=R 

or some harmonic of R, then a phase-locked loop can be used to 

extract the bit sync signal as discussed in Section 3-5 (Bit 

Synchronizers) . 

3-33 

(0.) -tv{f) - A Z
cP 

an f (o£ - h7j, ) 
Jt::-(1I;J
 

where a.., -=:t I }-ahdo~ da.-t~
 

A S- a [{)S(f(t -Jl1i.)) ) }-f. -h7j, 1<1J9 -w-li);:. II L-" b 
-fA D ) -t elseH)~~re, 

---r11is is plo-ffed I h -Ihe. firiwH.. 6eJ'WI AI" 0. rtlkd~III da.fC( 

fa+terh. 
nATA I 0 J 0 

w(t) 
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__I 

2t 

I "'~~T S"~~«1te. 

~toJ~ 

I 3-35 I
 

0110100010\
 

l 0 \ l 0000 I 10
 

0\ 00 I r I 1001
 

COIJ J !OJOOOI 

J 110/0 I /OOoD l 

OOII/IOflJOo/
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3-36 

A possible regenerative repeater for a Polar RZ line code 

would be almost identical to the Unipolar NRZ repeater shown in 

Fig. 3-19 except that a monostable output circuit would be required 

to produce the penni t ted binary levels of +Vo and - Va instead of +Vo 

and O. A bit synchronizer similar to the square-law synchronizer 

shown in Fig. 3-20 could be used. In this case the output of the 

square-law device would be of the Unipolar RZ type and this 

waveform would be exactly periodic (except for noise) as shown. 

consequently, we would expect the PSD of this waveform to contain 

only delta functions. To show that this is the case, use (3-36) 

where the an can take on only one value, call it +A, with the 

probability of 1. Thus, 

(p(f);: A1-1 F({)l'l-[I+ l~C.llI'(1.1fti.flk )J~ If-)f(f) )?"r$ eJ.£.W~~ 
1: ~ 1; L~_",b , 

~[~} -:.. ra"at*lf~ -=--A1

b\" I Llr i~ (3-3 8) .? 

<Nf)::. A1- R"1-1 F(-1) [1- z. H-(: -h R)
J,= ~tf::> 

where R = l/Tb • The weight of the delta function at f=R is 

A2R2 1F (R) 12 • Therefore we have a periodic component in the waveform 

at the frequency f=R. Consequently, a low-pass filter (or PLL) 

centered on fo=R can be used to extract the bit sync signal as shown 

in Fig. 3-20. 
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(b.) and (c.) The Manchester NRZ waveform is filtered to produce 
a waveform that has RZ characteristics. Consequently, the output 
of the square-law device will be a Unipolar RZ waveform except that 
it would have a bit rate of 2R instead of R where R = 1/Tb is the 
bit rate of the input Manchester line code. Thus, using 
mathematics similar to the solution shown in P3-3! above, there 
would be delta functions at frequencies f=n2R. Consequently, a 
narrowband filter centered on f=2R could be used to recover bit 
sync at twice the clock frequency R and a flip-flop (divide by 2 
frequency divider) could be used to obtain the clock signal at f=R. 

(d.) The Manchester NRZ bit synchronizer would function even when 
all Is or alIOs data were received, whereas the corresponding 
Polar NRZ synchronizer would fail for this type of data because no 
pulses would appear at the square-law output for the all 1s or all 
Os type of data. 

3-38
 

\b,)
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3-38 ~~1 }cf. 

lC)Th~ ;(..(.<:l vtr fJLl1~~t« eu' tk.fci-li~ J;' ..f4c:.., f~d ~J1)'~rd~ ui-/4 
h~ j-/9 O-t1d h~ $-20 e)'-[e/! -!/cz.-I »,,,I///ere! J""1pJtd;;f; ,j 'ft;{~ifI 

So f~4-f a" 8 leI/ttl d~UJJi>h c,Y"(.l4-Jf a ltd S /~J'f!.1 JJ11(,HiviJJrtt'-lDJr. ay~ 
re'ft{i~4~ 

I 3·39 I L<re ~~e f~~H f,'-\ ltv, 3-6. 
(Ci) II Z 3.32/°1 \ W):: 3.11./p~)r\»).= S.tLf -=J: UTe 11;:" {;dr/~ 

1

t::.2"6 .,. [).1- /<,HJ- ::}- f(""i; J1fs ::-(,(s.If#1,) ;:: 12. 'f J: ~;I-J" / IV(.. 

(b) L::B=21=11~3&lfb/,tJ /):&::3)..i~ti+IJ~c - /D O!<J /
.( J/''rbIty ..LoI - II .0 Y'n/S<L. 

(c..; J):; I~ ~ lV4~ ..<. t<b ~ lUI ~ R/v 09 '8-= f: .:: s: If~ JIL 

3·40 IL..: 8=2.1, ~ 1=3 

('1) .JJ:-l. _ q~ bt) b~..(, /Ju., - J, 2 xJ r ~ b~1~c
 
.p. J 6;ls /JY"h/
 

I 

IIko lJ.{ilJ -:: TJ fbr A.lo 
lOS 
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(b.j Th-e [,;';-;1/'// baJJJjlI,'Jf~ iJ' R.~fl'=· A--= t7< Ih 

(c.) The. spuiy~l effic"~~cJ ,:r
1~ It- :-. J (Msltf!L-)/ II". 

I 3-42 I 
(0..'; -s.: t (I~YjJ) ~ t1.. :: i(3b t» =- {Sf> Iii 

~1>-:.1?) 
(6,) fs := 300 T := =-

T = 0.003 
fs 

t := -2·T,-1.9·T .. 9 T k := 0,1 .• 7 

1
 
U (t) := 11"' _. (t - k T)
 sin[u (t)]

k T k
 
~ (t) := -- 

k u (t) 
k 

a := -1 a := 1 a:= 1 a;= -1 a := -1 a:= 1 
o 1 :2 3 4 5 

a := -1 a := 1 
6 7 w(t) ;= " a . ~ (t)

L....J k k 
k 

2 

wet} 

-2 

I~ v-.. 

I~ / 1\ 7 r\ / \ 
~ 1/ \ V \ J ""-/ 

V 
-2 T t 9·T 

o T 2T 3T 4T 5T 6T 7T 
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I 3-43 Ir~.) 
f := 0,10 .. 1000 fs := 1000 

O.008 sin(1r"fs· (t - 0.004» -2j"1r f t 

J
H(f) := ------ e dt 

1r fs (t - 0.004) 
a 

0.001 r-----r------,---.---..-----

IH (f) I r---t---..j---\----+---+--~ 

a f 
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~-44. CcM--\'d ; I-t,(f):;: cosf2~({-f.V 

\ ~ I'~ (2-Tf'~, -1::) ( g r (' I] d rlA. ~ (t ) =- + (. r;)~ L2.1f'-T"C \
'- 1t t,

g i'"t 

+ ( HIf) c.,,<, [~71{·t7 df 
-\=, 

~cD+®+-W 

CD+<:V =: ~;1'\(211'{',i) + ~"'((1ft-l:) -S;~(21tt._t) 
It i -Z l1't 

_ SI~l2\\{\t) c..-oo:;--=..--r---{+-~;~ (~11'~t:)..(
~ ( 0 A 

7-1t't IS =- {O +fA 

- S~ ( Z 71'£ i::) to <, itt tt:. t)
 
1/'-1: ( A-IS) 

Silf\ LX-~) +SilJ\{xt ) :=. 2. s/V\ x ('cJ~ 

@ =~1&(D~&~(+-~)]~d£'L27i+t] d{ 

:: _I ( 

B
to.; (71' (f-f,) - 21/f-t:] J{ 

c).( Ll~ 
I is 

-l- ~ ~.(, Co<, [2.~/-f -f, ) +2TJft] eLf 

Ul,i\r'-O: 
e- +1 ;:: 2{b, ; <!,i\A(n'-i-) -=-- S'iv\(J·) ==- -<;iv\ (-x); 

loS
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2-ff (1)V\t Ja. 
® ::. { sit) (1JTlli) +.r/'" (1'1Tf, i:l
 

1T Il.fA -lrr{
 

+J.. (- SJ~ (~lf lLY - S/n (~'17-F, -L) _) 
l. IT/1.t;. -t 1."t. ) 

Usi hCf Sec. A-l WI+~ X -=.. f;, C(hJ 'I ::: ~
 

Q) ~ [srJ1 (2]]'~ -d Lt>S( 27f ~ i)J
 
•[lT72~ -JiIi - 7T/z.f;. ~ ].1f1. J 

I ~ £l-f: 
~ [&ffH (J..vi;{) c~r (21r", { II [ _----;:--_4 

11' (/- (Jf..~{}'t ) 

:. he. (-l:) ::. ~~ S)~ (~ 10 -0[ CbS (2ft£'{) 
'l:tt f; l:. \ A 

~ (tv{.-l: • (II- f. t. )1..J
+ /- (l/-f;.t) 1. ~ 

;} ~e ti) =- 1~ ~~ (nrc £.) [ Cc>s [171{-{ J J
 
lrrfoi- I -L'I-'-t}~
 

I 3-45 I 

Select r
 
(a.) r:= 0.75 fo:= 1 f1:= (1 - r) fo fd:= r fa
 

f := 0,0.2 .. 2 fa B := (1 + r) fa 

1
 
r = 0.75
 

f1 =: 0.25
 
IHe (f) I r----+---~-__+_-__i
 

fo :: 1
 

B = 1.75
 

o f 2· fa 

IO~
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3-45 C.v\\t)d. 
(b.) 1 t := 0 + 0.001,0.05 •. 4-T
 

T:= 

2 fo 

Sin C2 T fo t)]	 [COSC2 T" fd· t)]
heCt) := 2 fo-	 ----------- 

[ 2-11" fo t 2 
1 - (4 fd- t) 

2
 
r = 0.75
 

T = 0.5
 
Ihe (t) 

fo 

J-----'r---+--------+-----I-----lI
 
fo = 1 

fd = 0.75 

o	 t 4 T 

I 3-46 I	 ,he 14ke shale (,..,u,/r't reJpDhfe/ fbf- -I/,~ r-t:.J.red 
Ci>~ Ine -Y\JI/Dff chailhe( I~ ~/V~t, /:;y .(6-+;]) a,hd the PiIJ 

!Dr +he D/A-tpuf polar Slyl1~/ IS" ?1J/efJ by (3-ifa) "lh (3-36'~~ 

\~~s )~'" Ir~ IJ;Q _ I I JI / r I'L 
(j~ fr) - -r; tie tt) 

wh~J UJlh"1 (J-~q) I	 , I-F {<. fi 

/.Ie (f) ;:.	 t [I + C-lls[17~~ -1;)]] J .r; <lrk13 

() ,JfJ7lJ 

rDr ex mttt/~~~ ~Ji yJe ~,ikDuf I J1') {rDJ-1J (3-74-) )
 
R'- 2 E _ 1..£ _ 4- _ _ 3
 
~ lT~t9 i - yR ~ B-'f1( 

113 
1-2. 

=--jB 

==1 {:~1?-, 
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Dr 
I , Jfl<¥R 

He (f) =- f. ! I + LDS[J.1!Ut /-4)]]) ~ J<, <Ir I<:l. 

o ;; If/ >/~ 

'R J If/ <~ ~ 

f{,ff) ==- tf 1-1 cbS[J.zr{Jf/-4J1!\ -4-R</rl<~~ 
o ) If/ >rR. 

A ~ kdf;4 of fhis f-eJ/(lf IJ Jh~uJh C01 f~c' 

-fop trf -Ihe ne'f.f ;oa ~ e, 

, II 
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-!5s -~ -. ~-r ±-fs f~ -f.-tsf-?

J-, Lt .. I , 

-~~> -~ -±\lJt tfs of.. ~.. f::'" 

Z If.tr -~)t Z;tIF1<H 

t{ ~ :!ij f~ 

I I-I
~ ~~-f~ 

ifs -t -~~ ~{-& if f-} ~~ ~s ±~ .lfs ~ ~s.f~ 

lli Ny 1U1$/- crHul~ I~ scrl-;sf,ec/ !f!1 IJjt'flmf criial~11 ~ /1;)1.mfisftd. 

3-49 l(a}V,brt\t.t.te lJ-(p~l 'J d" ~¥)::.[ J+ Y4"), U:)<fOOQ 1 
Ytf) )i;<if~<2~j 

C) J l-f'<-h 
1:t-1 ~tvsE1T~~:fI111:) ~ <. WI <'t~ 

. . . l 

-3 
T- - ..L T 

=7 Y(f) t:. t fI + C~J[-\~~<Ol;)l} , ~ <Ifl ~~ 
o ] /{1>3 
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s-4Q C~1 d (b,) 

v--.:: 0, ( r;- = fA r =- -r I I - D. ( S) .::::::;> T t 0 l 

-fa (, -:::. 0.2.5 (0 

g ::: 't (5 +: 

1. 0 

(),~ 

~L---.L--1.---L-.--l-.....l....---J~--J.....--L------L.---L----~l....-...-~ 

.25{o -to {,l5to f 

f
 

o ,s:f {ta J.S to 7..-to 
{

o 

II t 
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3-50 1M:;;. I~ = J..4f ::P J1 =if

ta) ]I~ry pU1 -4.f:: I, R:: J1t; , 4-{; ~]) 

])=. l..B ::..'1. LIf-H;r) -=. 5.33 kbtl-sA-ec 
1+ r If D-S 

(lJ) rn.~~) £-_ ~ ~ r;;1jk ~ /.33 K+lJ

E - 1; - /.33K -- CG7H7
q.h,f~} - r - 'L _ "Co 

~Ct.).. 

I 3-52 1(0.) L:: 1.0.::. l.f. ~ 1. == 2. 

J) :::. R/.e --=... 2.1f'> 
~ 3 
( \ 

JS('dh 

lb) ]::. t.ll +r)j) where r:=~::. b ~ B=-~ :: B'd!f 

:} E'dB""- f (tfD)] =. f:. (JUt3) :<::. ~ II nHJ : 

(c) 
13 -=- t. U+)'J:P -:. t (i fD.{)} (n.ot))-;,4 (/2C>\JJ 

'lh.stiIl/.e ---1-- .E::. 1() () f./ 
~ ::;r "bPMe J

, 15 
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I 3-53 I 
Pc'" WL+~ rf =lS5 C;>~,t'~JI~~ °
 
~ ttse., (3-15) w~~1] (3-1GL)
 

~)<{tj::: &,D~~ -+ ol.. :: (P, D11\ +If, '7? -J.O/ol!l1(Ii~OlJf -10,1 

~ Y1 ~ ,+~-i )'\).1 .: Go./08 =- f. Jz. ~,&
 
~,P2.. ~ubL
 

h ::- ~. 31- ~'I~J ?: t4e-? ,;Jr f~ -re-'f 'fOJ/j ~/tVJ 

R~ ~ n := 1B ~ ::: ~(~lf~)~) -=- tel.!/< ~t6!Je0 
1-3---4 -----,1 

I 

5

tJnM 14~ ~-80,) 1V'4~J tl'4!-lftJ;hj O~ f/,e, 

}1Y'Or4-+'~S ef -f h~ a YJ~/p'r J~,~f J"lt;'4.-li - 3 -< fI.. <JS. 
()l. :; ~ '}';"LJ /4~ VVl>rsf CPJ<- re,rJ,( If a.ne:/ ,x.:: l.,r 'l11l'G,J 

1h~ be-sf Y~J-{(f~
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T := 0.05 t := 0,0.05 •• 3 

W1(t) := 3·sin(2·1!'"·t) W2(t):= if«ltl - 1) S 1,1,0) 
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The information in a PAM signal is contained in the amplitude 

of each pulse. The information in a PWM signal is contained in the 

width of each pUlse. However, the information in a PPM signal is 

contained in the position of each pUlse relative to each clocking 

time. A clocking signal must be available at the receiver in order 

to determine the relative position of each pUlse and the clocking 

signal must be synchronized with the clocking signal used at the 

transmitter. 
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