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PREFACE and ACKNOWLEDGEMENTS

This Student Solutions Manual for Digital and Analog Communication Systems, 8"
Edition (United States) contains complete solutions for the homework problems in the
8™ Edition that are marked with a . If the problem is designed for a MATLAB
computer solution (as denoted by a computer symbol), then a MATHCAD printed
solution is shown in this solutions manual. (MATHCAD solutions are shown since
they clearly display the algorithms used and the output takes up less space.)

MATLAB m files for these problems can be downloaded from the internet websites
maintained by the author located at

http://lcouch.us
or
http://www.couch.ece.ufl.edu

In the textbook, a computer symbol is used to indicate that MATLAB solutions are
provided for that material, although those homework problems marked with a
computer symbol but not including a * are available only to the instructor from

Pearson/Prentice Hall. This website is located at
http://www.pearsonhighered.com/educator/catalog/index.page

This solutions manual was prepared by Leon W. Couch, I1, with the help and valuable
suggestions of many undergraduate and graduate electrical engineering students at the
University of Florida. Their assistance is greatly appreciated. Several graduate

students worked out solutions or contributed problems with solutions; they are:

Samel Celebi Lawrence K. Thompson
Brady E. Gaughan Yeong-Cheng Wang
Charles S. Prewitt Ching-Jang Wu

Thanks also to Ronald F. Smith who wrote the original code for many of the
MATLAB M files.

The author values your comments and suggestions. Also, for future editions, new
problems and problems with computer solutions are welcomed. Please send them to:

Leon W. Couch, Il, Professor Emeritus Phone: 352-376-0108
Electrical and Computer Engineering Department  E-mail: couch@ufl.edu
4057 N.W. 37 Terrace

University of Florida

Gainesville, FL 32606 October 12, 2011
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LET peThe probability for sending a binary 1, then the probability for
sending a binary ¢ is (1-p). From the entropy formula for H{p), we can dravw
the figure of H(p) ,and from this figure , we can find the maxinum entropy

and the p
H{p)=(p*In(P}+({1-p) *mi 1-p}) /{~1n(2}))
X% 0 ,.5 P :*"““" HAX t= 1
k 50

h - ' 1l 1 iIni:

n iw = [p In[p] + [1-p ] 1n[1-p1]
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2
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From the.above figure, we know the maximom entropy is 1 where the
probability for sending 1 or 0 is 0.5.
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1-15

{8} chars = 110 Humber of chavacters available

b 1= cell|wm————l fumber of bits required to represent a character
log(2)

> h=17 bits

(b) B im 3200 Hz Channel bandwidth
SNRAB := 20 dB signal to noise ratio

10
BHR = 10 > SNR = 100 (Absolute power ratio)

log{i + SNR)] 4
¢ = B weh C o= 2,3131-10 Channel capacity (bits/sec)
log(2)
C 3
¢ iw ; e m— C= 3.044 10 Channel capacity {chars/sec)
{¢) Assuming equally likely characters,
information content of each character is:

Probability of each character

- s I=6.781 Dbits
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¥ =1 X :=0 X =1 X =1 X = 1 Input verctor
o 1 2 3 4
gao = 1ga :=0 ga =0 ga := 1 Galn vector, mod2 adder
1 2 3

gb =1 gb :=1 gb :=1 gb :=1 Gain vector, mod2 adder
¢ 1 2 3

k := 0 ..length{ga) - 2

¢ o= O kX := 0 ;.léﬁgth[lf} ~ 3 v 1w K

ko ks+lengthi{ga) -1 X

k := length(x) + length{ga) 1 ..lengthix) + 2 lengthi{ga) - 3
v = 0 i :% 0 ,.length(v] - length{ga)

k 3 := 0 ..length{ga} - 1

sa :n‘g ga v ]
i : lengthi{ga)-j-1 j+i

3

sa s mod|sa L2
i i

0B

sby = Z} [ sengtn g -3-1 ie4)

sb = m[m ,2] g ;2 Sa 8 += gb
i L i i i

i := 0 ..2 length(x) - 1
ol e B
i i
For xT« {2 0 1 1 1)
==ms> o0ty = (1 1 0 1 1 ¢ 0 1 1 1)
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&}
M= 8 M
H = 2 W 25 k=0 ..N-1 w40
T
dt ¢= - t = k dt -~ 1§
N k
™ @[c ~ 1.0 - ¢fr -~ 3.0 WAVEFCRM
X X X
1.5
w =0 dr = 0.156 w
g f4 1> 4 k “J
-0.5%
=0 ..N - o t 10
(0] k
W ie ae N dctfew) MAGNITUDE SPECTRUM out to 4th null

1] 1 L]
f i= - £8 ia -
n T de \
W

W o= 3.906 fs = 6.4 ! ni \
0

£ = 0.025 f4 = 4 : ‘
1 0 et
0 £ b
n
B.) v = 2.0 ,
K M%‘:‘gﬁgﬁ SPECTRUM out to 4th null

v e av {&'} ictf (v)

. T

¢

o £ i

n
NOTE: The FFT cannot give the correct amplitude value for a delta function
gince the delta function has an infindte amplitude. However the area under
the PP result that approximates the delta function will be approximately
the correct weight for the delta function. The value for the weight of the
delta function may be calculated directily via the FFT by using (2-187).
This is showm below,

Vv oim i—- iefte(v)
Mo I

vV w2 <--Weight of &

0
o _ . -
«0.,25 £ i
fe.d _ n
x = 0.2 [t [ﬂb{t]w&t»s - ft « 101 Jele - 58] - ¢fr - 10
X k x k k 3 : k v
X e dt [(5: icEfe (x) 1.5
MAGNITUDR SPECTRUM out to 5th null x f/ \‘*\
5 K A R k y g
; ~.5
kx ! -5 £ 15
B x
\ » X =5
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2-770, Cont'd
Mi=s =~ M
N:i=2 N=232 k:i0.nN-1 T 1w 2
T
at im - t ra k-de
" ”f{ Ha-z{ S 0s]2 [e 2]
"o dc = 0.063 HAVEEORN
w
k
{a.) Find the complex Fourier series. -1 o N
2
x
n =0 ..N~-2 n i
£ = - £O 1= =~
+1 T T

From analytical computation,

4

c = if{m&(mﬁ} ¥ 0,
a ‘

n 5}

Alternately, computing ¥8& using the FFT via (2-187),

Lol Y.
11 n o 3 . .
ce :m |—|-icffr(w) o1 ] 0
|, 1 T 0.40 ' 0.407
& 2 ] O
3 0.045 0.046
g K 3 & o] ng’
L, CC o= .
_g’ % : 0
; 6008 ] 0.01

(b}

p‘”ZCZ‘“Z P = 0.333
R e o 1 X
@ ana @ [V = %icn{ﬂf«n{) , @W‘é 1Cal "8 (F-0k)

Voltage Spectrum
0.5 ]

Power Spectral Density
0.28

{5al]-° : (1501 %0
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¥ = 5 M .
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r 2 x
L - 3 j in WO = -
* b TR Sa(x) = if[x # .o.-smm‘i] T

v oi= u“c -« 0.5 'rl ¢ 0.25 T,D,10 m{wa t ]]
k k K

v =10 dt = 0.031 WAVEFORM
0 19

Pind the complex Fourier series.

n
£ im = fo =
n T

From analvtical computation,
c = 2.5 (8all.5% (n + 1) n} + S8a(0.5 (n - 1} =)}

1
pe e | iCfEE (V)
X
E 1] R -
4 ~§}§21§ 1,203 10 + 3.216 10 i
£ ‘ oo = ~0.223
3 Q, | ~14 -14
7 ; 6.336 10 + 3.226 xg m%:
o - | 12 S
10 J}_%__ «2.175 10 - 1.086 10 §
11 ~0.062
12 | <14 ~14
13 ] 2.70% 10 + 3.207 10 i
L4 { ] 0.045%
51 ~14 ~14
16 N 1.767 10 + 3.256 10 i
.7 ¢ -0.036
18 5.0 ~1% ~14
G K 8,714 10 + 3.232 10 1
0 3, § 0.032
23 0 ~13 -12
22 L 00 ~5,456 10 - 1.834 10 i
23 : -$3.031
24 3, ~15 ~14
25 ] [i] ~3.,22.10 + 3.235 10 i
* »
* .
] -
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Rl = 7.5-10C R2 := 15-10 C 1= 100 10

f % 10,20 ..10000 j o= J«rl R2
Hm s ,
Rl + R2

R2

B(f) = —
(Rl + R2} + §J-27-£-RI-R2: C

180 ‘
8(f) = | ereEeEn

{IH{{) i]
AB(f) = 20-log|-
-

" - o I
~lo \ } - I\

: IRNE -4

-30 Lo \ -50°

10 00 e 198 45600 10 o ¢ lo®® 30000

f3dB 1= ————— £34B = 318.31
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Let Hhe tnpict i P % T | &3
Spuare, wave ba T f | |

b epresent ed by '“rﬁ Fowrer Seriey.
xH) = Z Cy € gt

hsop

sheve 5 (af]

g o =f Ee ,m}
0 AL

For the. wavehm shwn albpve.
Then 442., putput Wevesyrm g; mff‘tg/&f"‘ﬁ)
= Z Hirk)e, ™™ Z af;,evw
whert ¢ 2 Lh.g)
¢ oy £ Heuf) ¢, ,L/(f/ ry [ﬁ,}
and f.. [,500 ¥z Fir the RC hw-pay filtesr

W.e_ @kb kapﬂ} "q]ﬁj‘ d..h: d;?- SMCQ X[‘U l;}' “f&l

and +he Tmpulse tesponse +F the filke, is peal,
Mow reduce the Owtpit Foune) Sepee o
o form +thal Canle ewy photed, Using. (2-103),

/3' = Do '}"an (hw,,i‘fﬁ,,)
Nk@kﬁ ﬂ'b =D JM'(‘C GD:: D
and D,z Lldyl = 2[Hlk)c,| 470
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2-87. Cont'd

/ 4\; {‘&)

"3 5,57

Z’ mw} 4 |
5, heews HEEF () ? h70de
o = Jdy . /2Hrkey -4 (.,}f:’sym{-’i‘“g‘i‘/j J h=0dy

2 yH)= f!) ws(ma-éfaf,,)

h=l
h=0dq

o
o

The fol fowg}ﬂ Math cAp Prog s plofe This x@),

fo := 300 £f1 := 1500 n o= 1,3 . 11

. t := 0,0.00005 .0.004
D :=

n
; 2
J—__F
nxijl+ e
fa
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2"870 ('Qw}j"{i
1 ~ sinjn ~
2 [ Em’l
$ om0 ~ atanin e
o { 2 , £1

yit) ;wE‘baw[szxtat:*@}
n 7
n

0 t ' 0.004

O.004

0.004
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*' oy o B0
2-90 w, = 1rfy =500 > g

- oy = AR - soo
£ o2, = 5 =5

() Tregre s = ElBmsec

L [rec = JbO Samp/e
o) M= e = /b0 Sempler

¥ e £ M
W= 2 H = 64 k=0 . W~ 1 Tl := 10 T 1= 3

dt s - t = k4t
N k

NOTE: In PPT time dosain, points for negative time are the same as those

measured from the end of the data span-length Tl for pzmitivg tii%e
, t - {11 - 7 ]
\ -1 ] k :
W= if{t < Tl &t - T],0] + iffjt > (T1 - T),= 0
k ¥ T k . k iy
1
. [
WB e 1 dr = 0.156 4
o kA ; ‘
o= 0 LN -1 0 {4 T
k

W o= dt E&} icffe (w)
MAGHITUDE SPRCTRUM out to fs

n 1 1
£ i — L
o T de
%l
nj
£ = 0.1 f2 = 8.4 |
1
0 i S . i)
o £ 5
i
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2190 L ew= Afg) > <% L[S 6n]

?\J L(Sm? ?&u% n 2- Qi (j)dwa # Z)’q&..
(b) () =T < R[S 6%

» T leols B fy 5 ot

) ey f{} = 4= [ 116 0rn )]

= ﬁ(s’} ”““?T: > }%“ﬁ:m "

78 Jiaslar o
C 2~30(4%  bove

e Gngg 7%
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Chapter 3

3-3

A =1 £1 = 2500 £2 = 4000

£ 2= 0,200 ,,5000
Wi{x) := if(|x| < £1,A,0)

W2(x) 1= [W}fﬁx‘g! ~ £2)- (#(Ix] - £1) ~ #(|x] ~ £2))
£2 - f1)
Wix) = Wl{x) + W2(x) &
e
o
0
f5 = 10000 -6 1 v T
T 3= 50 10 TS 1= — d 1= —
fs Ts
Naturally-sampled PAM .
sin{x}
n = ~5, -4 ..5 Sa(x) = iﬁ{xgﬁ T &
X :

£ 1= ~50000,-48000 ..50000

Wa(f) = évZ {Sa({mr n 4} -W(f ~ n £8)
n

_MAGNITUDE SPECTRUM (Naturally Sampled Case)
n

jWs(£) ] ot £}

0.6

o LA THUIHN M 7

~50000 b 4 50000
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Wrg The Parmeters qiveh in P3-3 akove,.
Flat-topped PAM
H{f) := r Ba(m 71 £)

Ws(t) := {m}ﬁzfyz W(f - n ts)
s

n
See next screen for plot

0.6
M
[ws(£)] |
«-50000 E 4

3"7 C«&‘b’w\-b C% [b}

w, () = RE 5 W-EA)
Ts £=-

whete HEY (4 Hhe spectrum of Yhe
Mane kester enceded palse | M%)\ .

Thus , t .
Ll ¢
K = @u\m at e
S
S/(ﬂcf.; dt +§(f)e3 dt
Tl
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3-7 Coat d.

Hi€Y =  Ts (t*tas w?‘%>

wle/y

A= ] f1 = 2500 f2 := 4000

Wi(x) = if{|x] < £1,7,0) :

i

£2 - £1
Wi{x) 3= Wi1(x) + W2(x) 2

W2(x) = { } (Ix] - £2) (o(ix] - £1) ~ #(|x] - £2))

W(L)

O

o f 5000
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3-7 Coat .

ts 1= 10000

. T ts
3 1= J:;
: / sin(x) -
n = -5,-4 ..5 Sa(x) = if|x ¢ 0, k1
®

£ = -50000,-48000 ,.50000

Ts Tal
H(E)} 3= j‘mﬁa[ﬂ‘ o W]'Sin{z il »{[
2 :

11
Ws({f) 1= —-—:vsfé W(f - n £
s (L} [’l‘s] {(£) ( n £s)
n

AGNITUDE SPECTRUM (Flat-top

0.8

|ws(£) ]

\-f\m | iM Mf\ A

~50000 £ 50000

0

3-9 | (@) {,=2R = 2(10d) = 200 saples fpe

b)) Usia Hhe rtulbs gqiuen in prb 3-8
L R ‘ <o ’ ‘31 wi‘_’\
- 3-%2.“&63‘0( *;g‘) = 3.32 ﬁ"”bm(o” )
= 246
w= 9 iiz:‘;)f{’/ word
(C‘B @:(vx wits ) ?(:s waré% - .Zﬁg@;} = {'gff;‘}.

, : X4 s
word A 4

(d) For h:v\a.x;% e D= R
o (31) D=2 Lo B, TEo

= R= 2 = o0 He
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3-12

@) %2 2 Rengps 'L[zu;{é} 4p 45 M

for BX ”Vé@*&w!: e Feoviered
(uced Ho ineveart % 93‘1 and 3?%49 LIF fqam:% )

>, =847 3M4Wﬁé&,

3}: i = R= 5'&%

(b)) Umy 6-18) .
(f; S) = oL H7L confsharr= 147748
V/pesd,

3-16 / (a.\ ng-lo"ﬁ’ %a 3odR

B (319) [\ o [t T
(N>A& Je !4—4{me~1)fg

M = Zn ,[euél's

it = () = 201
for n=s 1 (R) = 334dR i
— M =272 32 Jeuk

(o) €= 2(27kH) = sy kapes

<ee.
Ti’\é G?ﬁd 2o - Cf*o‘;ﬁn”t&a of Yne $M~X
type speetram g 3

R= AL mC,) = g*(g.»_;g) 2_7ka@ =R
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3-20
dB 1w -30,-29 ..~5 M = 256 log (M)
n e
i 1= 285 nwg log{2)

SNRa :» 6.02 1 + 4.77 - 20 logl{in{i + u))

50

ENRa

«30 dB 5
kras/V at input in dB units —e->

3-24 Tor a?‘!‘ef'sd:fm'?

ferndic where T<2Tp.
From (2-1Y9) +he spechrun I

W)= = ¢ 5¢-nh)

avly X4
ek - ,
Wh C0 I wd) e g w%/f@”‘"&
a. Oz
z
4 ™ E a4 (& 4 "
1 . T T 3
% = 252

(ki Ts. )

ff (% /m(‘f"zj)

J f‘(—f»%a}

36
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3- 2%, Gontlet
&) dsig (B For ML sy wilh 27,
Wil = 34|t str-r)
2 1T

I the dak are a eclmauéb“f [Z«» “fl' olbwd
‘é)/ fur 0", Fhe, waveform wild teve Yhe game
d‘éz{p*& exwy; o ww/a’ be ‘/‘?‘(ﬁaﬁ' & /¢yic
Ae. h=8%. (4Z) | y
-4 &gy/ i lRZ
=> wil- = & ] () L L i

3-25

U:m‘a @A) for 2 J‘/y:ﬁdaé with 3”"‘?;75/
Wi = 23”4

e ﬁ:’ﬁi@%
#

for RZ ith Soor "1"Y flhwed b Four D, Fhe
perzbdzg, Wayeform  would h%m— +% --—-—---w>~

AS Thown where

appeat
%=0T,. The mathemahiat 5 3 27 3& Loy
?szlgm are siplifed 1f L
2-1j2) Is used ’

4 ch= A Hih)

where h) & the basi waveform That Js repestef
4o creafe, the perndii waivehun @J Shwe 14 the Figure).

hi4) C)WM{I v +he J‘*{pbpwﬂ%n ?f 7&4!« )‘ca(a,@?q{q,e.
rhlses, Using the tme Adelsy thesrew of Eble2-
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=25 Gold.
and “the fﬁcfmgﬁje&k pule spechun, of Tuble 2~2_
Hi) = Afﬁlﬁf‘}zp 45}&:}@%5‘;%@45)&@]

Az 7 (%L "F) s *y% “{jé iﬁj
5&’* ~ |4 eV? feV T fet
iy L
> % 6%
For RZ wilh ©=7%, this becomes
" i {32.“”?)) GE G T
Ch= 32_ ((t"’“’f) / +€ +€° T +e

771»(& the sp ea‘km ﬁr Vftw/ak RZ wth Fur
Q/?‘@mw}‘a / ardt"'$ 15

[ IA/({){ ’ Zgl ?%;ﬂ)l! PRI S wls{f-yx)

3-29 (0) Substituting (-4 iito(3-364) fly }'(;»E T ¥

HePS) for Polar RE signaling ﬁi‘& i ;_
Pl =2 | Fi)l
£

- where the  pulre shape,ft), Ir shwn 15 Fhe
f}?u'w&a 7‘;13{5}

)= ¥ fR) ] = z Az
Fls)= #[Fte)] z%mz.

: o ﬂ?’ax?—- ] $’W$) 2.
and  DfF)- 7, [ {gf 2}.}
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3-29 Cont'y. R
for the case mf Z’“J‘E y  Fhir becowes

; : y 2.
pg) = AT [ S»@f)
| Ly d
The first-ndl bardwickth ss Bout = 5 = 2R
and the iw&dmd% &'fﬁ;;{{i@y s 7::% {éﬁ%-(éy iz,

be used o evekate the PSP ‘ *““ =
fom R2 Mandiester .S'/gmﬁv?
where the pulse shape Is
ghown 1 the figures

S Fly=g2 %;1-—«;;;,4} tin (42)

Using (3-40) and (-36), $heSp  for Menchecter signalig is

> o) T2 |
P17+ 4"?” e [ ?:%z'} [ss tnee]] ™
e L ‘

H = # Fhis é&ame:{
(;.-),,. L4y [ Z’}g ; “)J [rtgrp)]”

Te fiist ~vull  bandwidthy s ‘m’! "/2,‘ = 4R
and +he spectral efficieny i 7-—»# lbkslres)/ He |
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3-31 A= ) R =1 f i= 0,0.05 5 1
TH = ;

[ sin(x) :l

The PSD for Unipolar NRZ is given by (3~39b) and consists of both

a continuous spectrum and a discrete stram. 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
27T 2 A

POHRZe (L) 1= {1 ..__.] (Saf{n £ Tb}) PUNRZA{L) 1= if{t # Q.O,m}
4 4

PUNRZ(L) := PUNRZc(f} + PUNRZA(I)
0.5 |

Uinpylay NR2

PUNRZ (£)

o St e 2t
o t 5 K

Use (3-41) for Pn%m: HRZ spectrum:
PPRR2(L} = {A mb} {Sai{n £-Th))

1
RBly- MRZ
PPNRZ (£}
o IS S N
o 5 R

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

2 Th] | ™1
enzet) o [a” | [safs ¢ ]
16 2

A )
PORZA(E) e ifjwod(f,R) o 0,0,1;' Bajnr £ ;“ .

40


http:deltafWlCtionsinste.ad

STUDENT SOLUTIONS MANUAL Digital & Analog Comm. Systems
(United States Edition) 8th Edition, L. W. Couch, II

3~3| rurz(r) := PURZC(r) + PURZA()

Contld 4.,

Unglar 32

PURZ(f) 1

o f 5 R

Using (3-45) the PSD for Bipolar RZ isg:
2
2 bl Y 2
PBRZ{f) 1= A {:—-} [&[t £ ;—-}} {sin{x £ Tb))

0.3 |

Ripq!ﬂ" 7%2 &

PBRZ(E) | /\
0

£ 5 R

A 1= R =1 f := 0,0.05 ..5 - 1
Th 1= =
sin{x) ] R
Ba{x) = iflx g 0, )
x |
Use (3~46¢) for the Manchester NRZ spectrum:
2 2
2 o i)
PHMNRZ{E) = A -Tb [Sa ﬂ'f*;w -jainig £
~ 2111 2] ]
0.6
PHNRZ (L)
Y £ 5 R
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3-39 | U He reseft fow, Hob 3-8,

&) nz 132 /v?“ f%?‘) x 3»?7“45»,?(; b) =544 3 Ure he b bitr fwweed.
{28 = Sakfly = ﬁm’f nk=l(symly) = 72 A bity /rec.

) 829 Loy 0=Fs b MM < JoBhomme,

(¢ g_% vheerd £ wnBi D B2 - Saky,

f = G,10 ..)000 fs = 1DOO

at

0.008
gin{r-£5 (¢t ~ 0.004)} 23w L ¢
* f5 (¢t - 0.004)
o

B | e \
A
V

o £
(6) Frothe Fure, abwe, e bedmetth H, Hhe
caual approxindion it g Suollz | |
The. hadwrdth - Hhe, mncausel Fitfer is Bd = S0 Hz
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3-47 het) = mg‘cﬂ e

or 600, 3 )= [Felg e *“““af f
Rveak inks mu {\‘o ¢ :diegmls eack with a == wide IWlerva),

'ﬁ
TNSIES- A el el
Let f=f-%& m‘bﬁ? |
ef £f! |
% e nk (§+ E
Then fo T)e S | ,qe(ﬁé )el ™ 64 5)
Gz 3-75
br L &
T < Py vlﬂf:z'ﬁ
‘gt(”se} --Nf g‘-&”ﬂ(l 73-)8 ]
2%
Assume de {ﬁ‘t“& )= T, i< i%
L
Then 21?&7'4" %
m{&f eV
ﬁbﬁ‘] / df Zﬁ?’h}/ '”J‘
27
ﬁ € ,ﬁaﬁw Iy azp
ﬁ(ﬂ}) Jl?iz Lt i%pﬁg
RED.
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B0 ] mele=2t P h=t
Q) g;m.,., Pem 3 4=1 ’ 'ﬁ:ﬁ{; %&{:@D

p=2B . 2O o 533 khk e

-
-

352 |o) 1z 9024

) B=L (14+r)D where ¥= %—; b :}gzg =Bropp

©

(Hr)}) , ,{(Ha.s‘](!m)*?(&m]

1)
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3-59

(&) From (3- 8‘#}

3 fazisih €A=L

We need +o determme  the T whch the
Chawnel Can Support. Asswming  That a
F=0  roll-off fackor 1 used | Thea

{xmzbzl@mlaqui) = ZXH) "—‘dﬁ

Sec

'JJ;('%‘H() )..)
> 8= AX |yt = Q.bob3¢

| b}ﬁ*&" The. chawe  has ‘;Q be qua\h%éc%
 owith ¢ Nngﬁ' friter. )

)

e o Gut)@) o
25 xI¥ = 0417

({\’Q*fﬁl No Chawvel equalization requved, )
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3-61 o .
T 1= 0.05 t i= 0,0.05 ..3

wl{t) 1= 3-gin(2'7 t) w2{t} = 1£{(]t] - 1) £ 1,1,0)
wi{t) = if(]t - 1} £ 1,]t -~ 1] - 1,0)

n =9 .62 £t i=nT k =0 ..20
n
X1fk) = 3k k2{k} 1= 3-k + 1 KI(R) t= 3k + 2

gy ile{k}]? "2y mV “xz {3:}} oo Fmtx}]

il ‘,f‘;l l;{‘s "i A T [

0 f"b t B 2:0 | 3

3-63 @-} Each ana /Dg, 8‘!931@} ﬁa{ q }ﬁgﬁeﬁ

frequency of  B= I4H;

PThe. mmimuy, mmﬁ/fa% frequency Ry eadl, anaioc}.
s';%ml? § L= AB =G

S S RENERT
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3-63,&%) Contld

W ~ W
! , O & e pr —1=
w\;g, f e | W :;er n
‘ Top , ~ , ‘
Tom d}?mf oM - ,
Commytator Jecommytator

@;J )Qe{gg-nh? +ﬁ (3“‘ 5’} 3 ‘f/re J‘ﬁmﬁ&# Tp/’{ 1§ t;a/ IJ
»© AR
Wty = > WUAT)A #-4T) + 2w (K ) A, (b-4T;)
A= 40

Where ﬁ; ‘) and ‘gm&/ 1 IO A i

are Shwm 1 +*he Tt :
figure, and 2*5% Lf...._73 | :li T .{;;é”y

::a»d‘ $z 25, : 11&} i
Folbwig the, vame | "‘”"f“’*ﬁ —
procedure ay descrbed ! _E, b Tt

1h (3-8) thru (3-13); +he
spectrusy of Fhe TOM iateitanesisly simpled ({lt~tpped)
Fam a‘;g‘md Is

& 00
o) = = MEIZWEAG) + MO W, (-4)

Z5-m
RS )= T o e flte))
o i (1£2) S r(f4E) | 5p. [Thlifz) )
S Wile)= £ SRR 5 L +§’*(‘Hm

+2 Bz@%‘m > N5

(F2) A=A
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2-63 (b) Contld

Thus, |
)=

For the, sketh, lel the parameters be the sawme
as those 5hown 1 Fig. 3-6, Led T/G=18, 5742,
Using o prag;mlmb/ﬂ Cﬁz*“jd"’“) the hl [WE"? sketeh 5
oktained, |

ﬁ”i’fg:___ PCH encoder
T2l _
£z (23)= booD
h=4-bifc/sample

Digitel  R= 2.4kl fee
Dol RE 24kbidshec

48



STUDENT SOLUTIONS MANUAL Digital & Analog Comm. Systems
(United States Edition) : ~ 8th Edition, L. W. Couch, Il

3-70
@ for POM o N=8 dimensivnal System iv Ured
Since any of +he 156G Messages Can be represeiled

g
oS 2 s 00
JTH

where  Sip =3 for  binary PCM,
[

= 0. s¢/message

Baf () L&) = 2ot

u’) FW‘ PPM a M= 15@ dlm%ﬁw\ﬁ.l SYS“}'%M
I§ used:

Silt) = Z’ 'SM 1% ] Where &gj “&d
J= | |

49


www.elsolucionario.org

STUDENT SOLUTIONS MANUAL ~ Digital & Analog Comm. Systems
(United States Edition) 8th Edition, L. W. Couch, Il

Chapter 4

— usm? (2726) with the help v Sec. A

Gl5) = A Mig = SOL=iS(r-oot) + jI(FHIOW |
Substifatiing. Hhis iy (4~15) and #ing $T-4)=506)
+he V&Hgg_@ S‘p&cﬂ%&*di@i of ’;éﬁs :WB“JC 5"714‘1( )

,S"(_;} - ..bJ 15 $(¥~£»,1003) + u 25 5(‘?“‘&4‘ 1%&}
~J 16§ (F4fe-1000) + L5 F(F+Fc +/00p)
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4-9 Gt of
k) G- Refo, )i
Where  g,) =g Wk AW <> 6.0/ L H)kE)
and  fu- 3 [k6]
Al HE)= £ [KGr-0) 4 (=1 ]]

+ kG- {2; i <hh )
{ ebewhee

LVQ/HQ,{Q ﬁ.ﬁ'}‘ .

b
Al = /Zedlﬂ'f'{ B 23 ”;(Wj'rﬁ
Fd ri

ib:w«iha}? }/}Wt) ﬁf ,/£]<T/g_

o % eé;e»l,m

- "'“l f&}x’f{w: ié%ﬁ% Ji“»'@&-[{*-,\}
> 9019 &, Cre e

Led 1 =18 (<) % Al = =T B.d)
15 {E-%)

3 2, W) = ﬁ\&( f Jtn ) («%Xolf\)
/ 13 &-1)
. - 75 - vk
"“7?'[ TREVL) WS A
F k) = ﬁ'[‘f St (08, (e ) - [ 8 (¢ f)]]
ant 45 b= Re.§ o) /4]
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4-9 Cont'd (b)

™ = A sl el il gl et
€) When py= T%‘

s 5 sifm (3 +])] - Si[a(F- ...1)]} Cos (Wct)

Thie i phHed with +he help of +the Siluw)
"?’.Mut‘f\ﬂz{h‘ (S?.c 39.131 of Abramowre ard S"‘ey«h
for o descrigtin of Fhe  SilW) funchsy,.)

Umfs% Math CAY) we %@}:

A= 1 T t= 3 W = 2 w7 u = 0,0.2 ..12
u
gin(x}
8i{u) := dx t = «T,~T 4+ 0.01 ..7T
x
0.001
2 L~
7 B N P S
si(u) /
0
] u 12
A t 17 t
v2{t) = [=i- 81|27 (22~ + 2|] -~ Sij2¥ ]2~ ~1 cogs{w t)
v T ] T
1.5 A
f
v2(t) A } J ; j AN
\ R v
1? itf U 1 U
-1.5 A
- t T
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R 1= 400 L = 31.583 10

(@ 1
£0 1= -

27 {LcC

o
B 1% e

Q

3
0 = 4-10

{b) £ = 3500,3504 ..4500

j 2xr £

1L

B = 397.887

rad = 1
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-t
C 1= 1-10

Q = 10.054

rad
deg = w180
o’

0

(3 2%f) + {z*raa—}»{j 2:%-£) + (2-7-£0)

8(L) 1= arg(H(f))

T {£f) =
d

1

2

-8 (£)

-3-w f

0.0004 T

facey|

N

\.,

3500 o

4500

20

O(f) deyg

=90

3500 t

4500

0., 00096

T (£}
a

-0 . 00006

3500 £

53

4500


www.elsolucionario.org

STUDENT SOLUTIONS MANUAL - Digital & Analog Comm. Systems

(United States Edition) 8th Edition, L. W. Couch, II
4_ -1 (c) 1 4
‘ T (f) 1= —— — (8(f) rad)
Crat'd o e
0.0009 | ‘
| il I

1 — <
T (£) ‘ 72 AN ,
0.0001 = , B S s S

3500 f 4500

{d.) The group delay variation over the 200 Hz signal
bandwidth (about 4 kHz) is about 0.2 msec. The period
of a 200 Hz signal is 5 msec. Thus, the group delay
variation is negligable and, consequently the distortion
is negligable.

413 Ja) s Re{*’“e*’& }*Rﬁf"ﬂ"ﬁd w jher wﬁ}?

5dd |

=Rl EWJ STl S

14 #tt)
e
) %fﬁﬁhazgnfsz}ﬁ:é;m

sy Re {S ﬁ‘i‘&ﬂ“d@d 190 »«eiix&:ﬁ ea“?t) o e Wt }

(g() P= ﬁﬁ; Z’W{}' = [(5%}42% Wh\?’r@w@%ﬂ
> ‘P':::-ZZ,’?DD wats
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4-15
@) /S' () = 1003 [sin(uct va}e] + 590 ILcas wet] ~Ipo3 i CRNY
Aside: We know Fhot

3[sm(th>3- —'——[w £)- S (F45)]
“A 3 [eosint) = L Lo(5-5 0660150

T & ez 5oL -5t -] 4 28005 L0 €6,
+ 50 LS6-6-6)) - € (£+(5-8,))]

2 Sk) = 250 [56s-5)¢+5(5+5)] D
+iSO[EEH AR5 5L )1 §6F L) -S54 )]

@) Let qle)= 500+200 sin (Wht) -
This it con be showh Fhat  §&/< Re[g)er™"] = sti] of 4~

6= 3[at)] = 5006¢) ~j /0oL 8(4- &) - (14, )]
Usiig «S(r) =4 [66s f)w*(f fo)] £ §CF):=§l

= S 250 [s6404 §FFIT ™ strasin)
~350 [§(F-f~fe) =S (-4 4a )]

+80 [§ (F-F.ta) -M&)]

SEH 4, )
= SE)= 250[§(5-£) +6(£+£,)] @
O[S Ll 86 -5ot) # {(F+448) -6 (F11-£,)]

Ths D ::@
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4-19

B = 100 £ 1= 10,20 ..1000 vad = ) rasd
dog ™ e 180
1 *

=gl 5

81(f) = arg(H1{f))

HI(E) tm

TIL(E) O1{f)
2% f
1 1
H2{f) 1= ‘
2 % 2
] | 1 b 4
Lo j] - [+ e
B B B B
S(f} = arg{H2{r})}
02(f) = if{f < 100,8(£),8(L) ~ 2-¥}
TA2(f) = ~82(f)
-2-% f
1
iH1(£) |, |H2(6) |
2% Orvdes
435 1ordey
0 E S ———. 3
10 ¢ PO 1000
] %
01(f) deg,B2(f) deg ]
&4 Order
360 L B
10 £ 1% 1000
0.006
%4{5 Ordey
ALY rd2(r) N
1 OvAey 4 \
\\-

o
10 g loo 1000
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4-22 t 1= 0,0.1 ..4 Boiw 1 .6
@aJ 1 4 [ , feos{{z-m ~ 1)}-7 t}';
in{t) = - —-— “ o
vin(t) 3 + 2 Z { 3 }}
¥ { m {2m~1) ,

Hote: vin{t) is the Fourier miﬂ:tw a triangle :amfom. .
vout{t} = S5 vin{t) + 1.5 (vin{t)} + 1.8 (vin{t}}

wvol{t} = 5 vin(t} <=ww-eLinesr part of the output.
8 !
\ N Opa /
vout (t}) , vol(t) AN , /f\f\; L
o . N .
o t 4
{b.)
M= 5 M
B o= 2 R =32 Kis=0 ,.H=~1 T oim 3
T
at 1= - dt = 0.063 t = kedt
N k
vo 1= vout(k-dt) vol = vol(k dt) na 0 LN~ 3

X x ‘ »
Since the signal is periodic, the spectrum will conaist of dalta functions
{(whichh can't be plotted directly since the delta function has an infinite
value), However the weights of the delta functions ave finite ard can be
plotted. The weights may be obtained from the complex Pourier sories
coefficients. Furthermore, the complex Fourler series coefficients may be
calculated using the FFT by substituting (2«178) into (2-186). Thus,

1 1
sout = -] icfft(vo) col = {w} doffe(vol)

I {

n 1
£ e f = 0.5 £y e - fs = 16
n T 1 dt
MAGNITUDE SPECTRUM of the output
4
cout = 3,378 '
0
Pdut l,o
fi
o ] 1.1 N
o £ 8
n
mm‘im& SPECTRUM for linsar part of the outpat.
col = 2.8 .
Q ool ;f}
f
a k4
0 4 8
n
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425 | Twe oddpud is a sguare wave as s hown

kD A -
G4 = 2V, cos(awt)
nEo -»«A %
whee ueﬁﬁ% (2.-‘?6)3 - T,
bazoanda s N 2 20 V@) coclaat)dt
o ;&!Z

Stvee we o€ onle, wterected in \In{:wmk{)

we can shift fhe DN Jeve! of the wave-

Lon to wake the fu%&c&{af easier o

evaluate awnd cée‘f Jhe Ve wiil rewain
p

A
Hee camme for w¥o . oA
T"{"" 4 T:{
| = ¥
e *2.{:< 2 A cos{nwit)dt .
T ey
Tl
= m}m(ZA\ 5;%(!‘»’*&*3{”/ = jé_ 2 4 -V}g:)
T Aw, [Ty pam
S N=8udmn
D V\-ﬁ en ) ;iﬁ +( 1 ‘A:i‘giq'"
= \Jzzg L v -, A3
" (%)‘L\ A oééz
Using (441 .
= 2__ o 2
U, dA\
THD s = h%m X oo = Aé (;:5}‘3
R | — oo
(Y
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4-25. Cont d

s
¢ f

w
> !y

, : < »m A
TH&&/Q :\} * ”i“i‘ X109 / Lfﬂ,% /o

| Q\QMB p?ﬂifaw\a{ota'»

C‘D\f&ﬁk : , " e\ lator

L\ 2

| Total Pover —(32)

THQ&!QA = )( ]{}Q

lGey
_[ -G

| (B

i
= |

'gg ([d}a\ = 5{);13%7 ()Oé\ = 443. ‘d/g

4-28 sz A my st TRB -‘s:‘}m fg‘il
= ReSAmyE, A] & ]

> gt A [me g RW] = R /O
Owtput of Envelpe Detector "1&
Togt= KR = KIgH
F Mg W= kA R+ S EAme
The output 15 distorted .
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4-33 d%& = @ -k, Buttl ¥ Fal

3 S$6.6 =56; f} kak, 8(s) F&s/

or RACAL,

Beldl = 5 f:dk Fls)
Fmd dalue Fhesien

/; s-0:6/
i 9&,@ ,{ﬁé‘a {’2] % s Fhek, Flr)

> I Fyto 3 it el =D

4-35 | (a.\
@v\(és -i’z/‘ | B 5 @0(4:3

+

O, £} -~

RFF
0,4\ = o, (f) +8,(%)
st 0,6) = €.V, Fitt) Fulo)]
= Q) = O.(6) - £ F.(6) KE) 6,(¢)
SV I +EiF R = O)
S (¢} ' !

s
d——

O . ({Y | +KyFF, ﬂ\ [+ K K, F )
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4-35 {a) Cortd

&.(6) e
o) Jemd +EKGRE)
\ 54'1{’ 1T ee
S 6) *
oy | 4+ ¥k

€ (143616
et (] +3{/{,5
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sand (43¢
Kaky | 4 32mf _ard”
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-

Kizv g& Sﬁ\f {'e

61


www.elsolucionario.org

STUDENT SOLUTIONS MANUAL Digital & Analog Comm. Systems

(United States Edition) 8th Edition, L. W. Couch, Il
a37_ | (a) £=5KH:
b tM - o LPF |-
£,.= SMHi, V() | — v
M = {000 < —

28 9ooc Ne27,600 U ESERL oy (4

(6 Y mHe ¢ . < [Yamiz

[Ny ,{% TP
Assame TNk VCok

e v 4) 4|

Ub . 2MWAF Ard o Tn
£ Vp Vi (Y
= 21 {5000y Tad.
Jolt ssec
4-42

(@.)fs=>96.94 0.7 = [0T. CM4

(L.) RF: Flat bandpass overr 96.8] Hlz Fo %.99%;  any
reject imoge frequency of (18.3M1(z

TF: Flat bandpass over (0.6/ Mz o [0.79Mlz and
reject vad@&(ﬂk‘f‘ (}‘;Mti{c‘ S'igﬁftls oM Cach d'{df.
Of +his bandpass

(Q) {?:ﬂqa&a: 'F(".% 7*{"4' = QQ;OI‘{'ZQID*‘.])W “8°3M”
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4-47

B RF flher 3 €230 At 4,485 where
T=0kHy bhe since Hhe :‘M chamnel é'}aﬁfng i Ik

RF iom}:f réil;, J1 1
T m% nE >

T s £4d  F=
(b ) fnmage = fc + 2f;f = 1990 kHz
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Chapter 5

1 1@) dBkx [olog, ($900)= ¢.91BK

) P= {‘% > Agth = {2(6000)(50) = 707 yoly

ste)= 07 [140-9cos (2000rt) ] Cos (2 859 boot)
X

) SH) = 707 costpt 4 5 P cafft ]
. M(fm‘?) cos[(ttw )]

0db

—  — —6.9%dB
T } h
stma% | 8§ ke £ ,‘f
c = B50kiz - /

e. ) [@a*vwf
&) pep= T = (8. 045 kw

64



STUDENT SOLUTIONS MANUAL Digital & Analog Comm. Systems
(United States Edition) 8th Edition, L. W. Couch, Il

54  |(a) wmld): -02+0.6 smwt
£= 42357 mhy | A= oo

s(+) = joo (0,3 + 0.6 ¢ a)ﬂi‘) CQSWQ‘(‘
A 3(4:\ T & 128 msec

To mey mod. = Aehewpiogy o020y

¢ |00
= R0,
(e {“’O —_——
S(€) = 4o §(f-¢.) _\lzsfé(f{i m
go p Yo

eer I;T T lgT
’Gt.w'”(.ws '(Er:_ 'Cc+€m
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-
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5-6 Frows ( 5-5a ) cf\i:&“
o Pog, Mod. = W&mﬁ\ = 20
where | ¢
() = gA«e_fHAMeaS%iZCnswci X INEIEN
, © ;o) e-]

o () %’AMcost'i Aoy AQ[/-MM]

caéf‘) = gAQ II-PLZC%%%Y , 12 (ool t ‘2*?

© , L2 eesud L1 )
caw, T
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5"‘6 ’ CQ/\* ‘C!
A e'»)b’\@/ & A ) er - A8
¢

wo2m { T\ -8, " ﬂa‘( )

[ ghe o 8\ - A0
- wéi:; [i {e - € + Aw‘ e

AN )+

« 18]
. (,‘y\ o, © +g;mé}>/
3 -®,

s
Ac| 2swmne, | AM y € ("*}”%C%éﬂssk@i\)
21T | A I

{where az *3»’*

-

- nar

; v\é; -6, |
e [z@ [as2) 1 W( £ oo

gsaa;(_,;m@g@ -5ng3 ]

W,

e
, Ae Sin(n0,) Cos(n0) s B,
S o e ne, H A — n g (n8) (056 |
- nt -

5ty = 4 [Zeat (6ot Y e Zet((-bent)
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5“6 v &V-*‘A em: Cij (Cr’\ Fe&‘)
A

Ié@\\ X A Co
{>0 | | 2e

A 1?? T{ t Tcz;l“c”ar””y,

*

s "ZV ~-<M @M-aré{hﬂé'?, 4«& Cas
£ £
¢ = iﬁ‘ [Z@f(mch\ 4«2,Amsm.e9¢]
= A [2(7,%3 + 2(}.2){,5"5“@]
2 _

510 [(a) DeR-<¢ i) Cose)t + Ceoslest
34{') = [C‘-‘)Qfa),% F 2 (oS wa'éz(i@c:w{f
$(t)

whest w, = (cooT

..»%«fi
(b) st = 3 [eos lug-udt # coslorat]
+ cac,(;x.)(Zw,)i 4*(:@6(*%1"2“’:}5
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510 () Gwtd  SF)= TH) even
Ste) - FLsWF LIS -G ) HSEETNIE-RADHEEHR)]

so | * L[5 G0 WS CHAE M R PG5
for b0 _,; T P 1 T
© LS, 4;1 M {425, i
() 3y =4[A14)° 0] = L5 W
BT 4w

(FU '4& “3 # ?”M& 7. -

515 | Ajie)= Cof(aw lha)t) » Onsln BY)
A ) = M) s trRY <> W 18)= A[M(“*33*"*‘cf’*15ﬂ
My s mEEY s miisitre) & V0= £ [ mg- @HMM&)}

V& V#*'J , W*iﬁ) im M&) + M(EHLR)] )<
* i ""“‘"‘} g e?s
Likewise y,, ) < [ ki mﬂa JHHifD]) g
j{ et

ij I H) cosfartf st o]

1)z [ % (~5-L8) 1 (S £+ 8)
THG-S.43-40 4 MOFF £ BeE 8 )] , 141 &?

;1 *i

2 (M
¥ Ity 4’{_&3-;3)4;1(%&@33453)7 Tt

0 J'f G(Y:wéu«&
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545 Cant'd.

Aside. tr-raf{a [<ig > -} LBecf-5-4B <4
> 41342 a«rawf%&x F  ALLLLIR
Likewise. |§ +52|<4B 5 -f-B<F<1,

M"% T {‘%m““ﬁ“?}* M%), £ < <f4B

FInG+5 ) FM(4548)], -F-B<fe-F

0 s f ﬁfkﬁwéag,

Likewise,
(517 A [ FEEB) FH (£ 48]

‘-fi [-MF-St B4 B)+ MU ~4B 4], H-Hal<E)
#[M (FH s £ B-13) < M{FHHBERIT, I5H, Hal<3BY
D B/ {'ﬁlffwk&gj
>y (5)- [ dLHE TR INELD, £t hts
ilimﬂw ~MfHAB)]y -5, "B <,
b J 5 l‘u’—ffﬁwémc ‘

Outpst =5H) = Ale) #4510

* S)= VoF) + U (£)

stg)={ > B
? {‘/ Z,i{’“@4ﬁ) y —E-Bef<f, | =ULE

0 3 'F e@*"é&&

éven g\

s [ f«f@'}!

_B 3 > P — | £ e
3 Sl i oa UITB tlgual Qilfﬁ
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5-17 (4 :: g ‘\ el > ” WZAY
) O telsewhere | R
_-sz ’[21
a. ~ , V
(@ fley < ity s 2
< "z ! t-/2
\ \ ~ {
= R — ga - = —_ ] ()
™ 4 A
‘l/?. vt R ’i'f” _&*f,/z y, I
t+7/2
- \
= < =
t-2

(b)) For A5SR
<(t\ = wm ) caﬁw‘:?f - m';é‘f;*’)f\/\u!g,f

TF(%} Cos w, ? - H““/ﬁ:]] s, T
2=z

2
Py
-

- et

(é‘\ *:‘;(’i\) Way = O
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5"19’» Nste: T has wails of Haz.
s BT <5 MW*J—WG) = [T+ Tl J
» 3[Awl= mef/f 13 “‘} : *~?-- )+ (%]

J 9f <o
> A=t 5’.;%%’93;”1*— 1;; L &,,[?I_tg N ATEt
_ Sinlngy- eVt -ed SR lTF) oy,
= f’?@‘fy 2y "l;;fg%‘l suflfy) - &;;:; ¢/

{b} -7
t = 10 ,b0.002 ..3 T o=
¥ = 20 0 = 27 f
¢ c c
2
sin{r-1T-t) { { T H
ML) 2 me—— sinjr-~ t
v T L v 2
wm {t) :=
h T
* -t
2

s(t) = m(t:)-cos[mc -t.] - mh (t}*sin[wc t]
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5-27
t im ~5,-4,99 ,.5 fe = 1 fm 1= 0.25 fo Dp =% Df =7
mi{t) = cos(2-% fm t) - Df ]
o(ty = | e | e gin(2 ¥ £ t)
2% Im

sp(t) = cos(2 w-fc- £ + Dp-m(t))
sf(t) 1= cos{(2-¥- 2 -fc -t + 8(t))

Sinusoidal message waveform
1.5 }

n{t}

PM modulator output waveform for simusoidal input

1.5

ap(t) .m{t)

e M

1.5

N
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330 1 (a) £, = ‘O;UH-\% = 1236 WH
Aaﬁﬁ - ﬁgﬁe - 9.3 Kz
Bwi = 2(aF+f.) = 2(2.35 +15) kde
= 43.795 KHr
(6. ‘sz{t*ﬂ = {=12%-5 - 796 Wik
c L -f = L= 12365 = 12 76 Mz
T gpr T
{:Q: Sml,
) aF,= B - azqun
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5-32 | (a) Of)=dpmpk)= 20 cosujt
T Py = %;’ Coslgt = 0.2 cos(zooomt) ’WP:A(L?;‘V){“?_{_%
b)ewr)=2 f%n;(x)o(,\ = 20coswt

2 m )< 2" a’ o Ceoswt] ;’2" (2.650T)s 1 LT

me(t)= - 0,125f}sn,wt m(é} -Dlzswnc,,, lkna

st

_ (500)* -
(C) &V R - 1(50) 5 W
PEP=2.5kW
537 | @) Py £<!%/“"> 47 0 o

i3

2
b)E :§<Igﬂ5" 3 < 2 Caf*> = ZNIC " = lﬂLgJ(
T | 2L A h i"l < ”ﬁ)
, N Now i n:-uA/

T=4 4% [I (ﬁ)+l§E (pﬂ

h=]

Selly

where AN, = ET g N= 5;? =25 U N=
"-—éf-v 8 KW

Algs = {n (kévﬁ( mo kg,

M\flnﬁ MQ,‘H\CAD Ac := 100 B = 5.0 N := 3 n =1 ..N

2 2 2
PT := 0.5 Ac [Jo(p) + 2- E Jn(n,p)

n

PT = 2583.485 watts (normalized for )

75


http:fh#r:.J.1c
www.elsolucionario.org

STUDENT SOLUTIONS MANUAL Digital & Analog Comm. Systems
(United States Edition) 8th Edition, L. W. Couch, Il

[5-38 | st)= Ac tas[ Wt + B St ]
where, Ac= 1, We= Br(meSoxiv)

) din
wa= W) | gz ys° (-7,’—8%—-‘3—‘-) < DT854 v,

(5-69 (,H’J=§ Ja(8) §(£-nfi)
SUY = 5 [G(? £) + G*(*@ﬂﬂ %
{2 S [ty e 6]

N ‘SWUS\ Carem's Pute B
O .85
L] 0.3 RRANGD
2 | o073 = 2((kHY 118 54)
5 | e00Ty = 357 KHa

NEGIRSE

E\ o425
OsL;""‘ A
03 +
oLy A N o8
oy RN IR

v 4 0.0365

O & T; no&o,oot{-‘}

£ f \&&Bﬁ.\ z
{orf. €e2f

b4
Totel Py, = _ﬁ% - o5

B (it B) = (85)+ 203¢) . 2381 _ qq.yY,
z 2
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542 |s(y= %.i gty &= Rzim o
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5-46 N E}’M | . mtt) r
=1 [ ==
s fand ‘

ag/z.

Ap= JJf fm&)dé & fﬁ'oh‘; ﬁfﬂL =) 5% (’*’X%
03!‘ 20n @
> )75 (:,—r) s> LLE&

(5-6 ) > AF=dele = 6880) . 555 4

(b.) From (s-zgl and (5-217)
S'lf)= e 5£(¥~£}+f(m}
Ll MER) _ e M)

2”' ‘F"’ 2}2‘ f‘.}..ﬂ‘
Mig)= 3mi)] = ZCHJ’({"%} where, fe 7l = 1oote

S6) = 2o (7-4) 4 S(F+L)
+..£_.Z c,, )£§G’f nf, )- §(FH i ﬂ}
__ e
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546 (b (ontd. Aside : Lualaate .
\ boan j«\udwi
c, : m; ( wlt)y e d i

"t T,

[(SalwitJf((s ‘w{]
Terfy |

:s‘r&5 /__&JM"“/
Tow - AW .
- bw 0 .ﬁﬁw‘”\ T,
Z
pu T
+ e %J
3
erj
e w
= O

80



STUDENT SOLUTIONS MANUAL Digital & Analog Comm. Systems
(United States Edition) 8th Edition, L. W. Couch, Il

5-46 (6N (lot d

c X ii’i
N elon
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549 | A.-5

U-131) = 63(43 = -« K {f( &)};{(Q{(«Qg
Clay - T80 4 a5 5 8N800
f;m {%- §GF-fv56) 4 L gl0-€ +34)

L6+ B U430
(T R AP R (SR =T
N I T N2 A
+ & ((Fehr38) + 4 S(efr54) F

-

where £ > 15 EHy

Acz >5
: = e 5.89
d(y ~ 2% 3

[gﬁi s
223 | L 2.0
T P 1 I 1

- T Bt T AES TP S SR S S i

CRTSN
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552 | (a) A-%umm %& B s are
cesolute Ruws

The B o€ s} (s 28, = 2o EHe

Sty = w, () cos w 2 + m (1) s

= fe j[m () - m, (-i] eﬁw‘tg

@(H = o, ] -] Mo (] ~

GUEY = M F) - M, (F)
Sl =% [G-(&\CJ NG EAY

= %— EM‘ («Fw*€¢) + W\f("{:‘gcs
| »-3 Ma(€“€¢> %‘"3 M:("{w{;’s]

(@ ) veal 1 MICE) = mE)

AN [M.(\F‘ Q) + M,(Ff\(cj]

2

(e -mcea]

(f.‘) A SGUamnl A, ) has a mﬁi’z&,\'{‘ N.e.
NN OV Herefore P«Ndié N ng @ diserefe
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5-52 (c.) contd

R=2ok He

L.O.

IF!
Aep

s Tee é NRE L TP
LAnp | Pl
l

%\: S L PF—s k m (¢)

5, @
o®
-1 v, (£
hd
oS PF L K m, (F)
l/\
\’Ja»&‘a , : + -t
nn B
2% , 10
vb(ﬂco : E S—— > €
Lo 27 T U
x)tﬂ“tS o , : > ¢
T
= *Z';:

S (1Y is sampled once every T seconds
\m% g et éwl‘*’&:‘f\ Yere fore

2
for T

i

26,

A it} could be &L\qu;tgd by pawm?
%e, oufput oF the VCD (sFthe PLL) Hhrogh o
hayd limfer .
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553 |(a\ <\ = x4 ) cog w b, where

T=1 . 4 %*»352%3‘&‘*’*{{\
£ em

T.= 2T

- | —t—>
"ol T 71, ¢
OOK =

syt

SUY = 3 [X (- e X {\]
A

X(#) = 2 cn§(Fnfl) o x(H) = 2 e,e

m&i Ao e “Smwﬁ / Ty

e, = 2= Ao dt = —
g‘{;/q_ .T; "’w&*"\“}a

_\w T, ATz /oo \
= AC ¢ > _ C») - AC‘ N (iﬁw/aﬁ

Te -\ T/ a W />

, M(M‘/z
X (£Y = A‘*‘é (sml 3]5(( ads)

[GTR

SUY = 3 [XEAY + XA

-To/¥
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5-53 Cont dl.

N
b Ac e et st e
ISEDE & s
' fﬁff\.’i - T\‘;f‘” T™~ —
£ ek, €
‘eﬁ*"‘ “?o {fogﬁ MH

. =1 2KHz

Fired %w*cmsgm% at A=Z

B 2(2€y = 2R = 48Kl
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k=0 ..7 T := 0.0025 t i= 0,0.00008 ..B T
5-57 | :-
k w = 1000 w
5y '
1 rect{t) i= [z; - ,‘ € ~,1 0]
1
-3
1
'}1 mib} tw E { rectit - k "I'?}
Py
SET INDBX N := 64 no= 1 N -1
{8}y H r= 0.2 hn 4 := 0 ..~
L Lar e— .02 -
) 2 TE 1w s tl = nTs

sit] := 10 cns{’w

10
g{v)
10 '
0 t 0.02 Sec
M= & ™M
N o= 2 N = 64 Kitsa 0 .. N-1 T0O :t=8T
™
e ;e ~— gt = O £t = k 4t
b k
88  :» s{k-4t) n =90 ,.N -1 M-1
k NN e 2

Asgume that the signal is purmdm with period TU~8%. The
spectrum can be obtained from the complex Fourier geries
coefficients. Purthermore, the carpimx Fourier deries
coefficienty may be calculated using the PFI by substituting
{2-178} into {2-186). Thus,

iceft (as) £5 1= — £s = 3200 Hg
de
g}. - 50 £NN := NN £ £RN « 1800
b 1
s
¢ 1.0
F+ 1 I N S S S
0 ¥ oy l l f } x I I " I W 3 e .
Po) k4 E£NN
o

fiv = 1600 He

87


www.elsolucionario.org

STUDENT SOLUTIONS MANUAL
(United States Edition)

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

557 Contl

10

s{t)

_10 ,
0
5

!cn},o
° Frxlilys :1 Pis RS ERAE TR
[+ tﬂ NN

(¢) h=to

£HR = 1600 'H‘l

5
fentﬁo
o LLaxliylily Vel o s r e Loy
0 £ £N
" £NN = 1600 Hz
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5-62 &*‘wﬂ - %;BF"
@) OOoK
(52) B, 28 = (1R ()%
= 96 khz
(k) FSK

(-7) Bp= 2&F +23B
= SkHe 4+ PG ke = [0! kHz

567 | U (5-106) Byx (1B~ where f22 £, qpsk
(a) 3 g4= () 3 (1r)= 288 < |,

br P= 0*(;

(k) Moy R allowed fr when F=0
P R = 280 22004) = 48 Mbfre,

3 M. A wm fuctor, F, could 1t be Found support Soufy
T QPsk laling
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5-68
@) W;ﬂ% Hhe same procedure that leads Yo (5~101) whoe
the FT of Hhe, squarecrodt reised- comme wib$s  pulre

I Oktaiied from (3-69)

Fle)< [He )
Then, using (6-704) with Me=0 and T.hr C, the
PSh o5 Yhe owplex envelope. I
P, () = KIFgI= ke )

\ I, Hl<, -,
3 @@I: K {1+ oa[X tgwfl] , § < 1f1<B
0 4l >B
h -1 . or
wemﬁwﬁ?‘: %_&_Mﬁ 2 for QPSK
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5-88- Gabhaued

266 f-vs, = f,0-1) = *‘(*'*"13“)

fars, =trld)

R=fo 4+ =4 U+r) = 4 U*‘**?(%'}
SO <L 0G0+ @&s-¢)]

&Yy G ) A @57 N B (v44,)

The abgoluke, bandpass bandwidth 13
By = 23 = (11+) (§) where £=2 fo- QPSK

ond

ri=0.35 e Enter value of the rolloff factor, r

Ri=1 o ;w0.5~(%) N =100

E

n:=0,1 . N~ 1

e, TO
T (N-1) i; =ndf

fdel =rdo 11 i=fo- fdel B =fo 4 fdel
Construct the Ralsed Cosine frequency response using the Mathcad “if” function.

cosl() =05 [l + cm{o 5.1 (fgéj )]]

Pgl(f) :=if{f>fl,cos1(f),1)  Pg(f) :=i{{>B,0,Pgl())
Pg, :=Pg(n-df)
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5-82
i :n“{} esld n =0 ,.14 T i= «5,«4,99 ,,5 7 =1 a = =1
al R az H I | 33 $w= a =3 a m 3 a0 = wl
» 4 5
67 e a = ] & w 1 a H ) a = o~} a6 = ]
. - 8 o 9 10 11 12
. a HE IR ] tt = 0;9»2 15

13 ‘ 14
hit) :=¥(t) - $(t ~ 1)
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hx(t) :=$(t) - F(t - 2)

x{tt) = E a -~hx{tt - n1 T
. nl
nl

yy{tt) := Z a hx{tt - n2-7) sin{s
1 ni

nl

Pata stream waveform:
al = (~1 -1 ~1 1 1

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

ni{tt) = E a -hi{tt ~n T
- n
¢

y{tt} z= E a  hx{tt - n2-7)
na

ne
tt - n2-7
2

. ottt -~ nl P -1
xx{tt) = E a hxr{tt -~ nl T} -cos|¥

2

=1 -1 =1 1 -1 =1 3 =1 ~1)

2

m{tt)

~2

[y

Data waveform in I-channel:

tt 15

2

-2

x(tt) = } \M

Data waveform in O-channel:

tt o 15

y{tt) . }]

-2

0

HSK Type LIz I-channel wavef H
3 [T Ty

NERR = RS

w J
0 tt 15
MSK Type Il: Q-channel waveform: :
2
yy(ee) \ﬂ § \
-2
o tt 15
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5-82 Cont’4.

tt = 0,0.01 ..15
%itt} P xxitt} noaf% ¥ 2 tt} - yy(tt)-sin(2 72 tt)

.. bl dadabadahd

i v1\;!J’i11’£V  qu

p—

V‘{UW
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]%(fh y %_“ . tBF;)

5-84 @3 i) :e (ﬁ“&}% [ G@

3 kW : ( )(‘8’[‘) £ i, n,a__(,B'P)x&{x - ply)
Ln{‘ 3\“‘ L
4527 e
Pty

%) BTb:=03 Tbi=1 N:=20 dt: ﬁ«-}«g—a n:=0,1.2:N t =(n-N)dt

p(t) =] [2-

'pa =P {ta)
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5-90

(@) Refernng o Fiﬁ §-42a,the 75K sipual is
v4)= it 66]] where B D, [y
The ouhput of he FH gpreader s
Vi) = A, ot 1oc] wstort)
< %’" s [ Wowilt “f@&ﬂ 4 %—* tos flor ;) ¢ “fﬁ(tﬂ
 The oudput »f The BPF 15 the sum Trepuency port vf Il
> st = Ao sl piton]]
8) Refornny o Ty 542k He oprad 31 of Fhe 7 sprece
lr Uz sl 20qwit) = A @‘B«U%’}i tot){ tasllort)
- 4 oslint oGl e sl 104 ]

T -
3 The whidof He BoF is ()= Ae cosliatsott]] Whdh s FK.
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Chapter 6

[z ] /2

X () = < ’-;%A cos (wob+0) d6
— RZ
= -g*i 4 (Ma"t'f'@)/ :

=t
%ﬁ [s;w(%fi * 7173) - M “}f’%]

%ﬁ [{'a‘, w&% - &N Wa%]

ZEA (‘as(qp) oo s t - ﬁf‘""(“e‘i“) 3’*”*“5*]

STt DA

2R A R
— cs(w'é+ )

it

{1

;"
W

-~
n—

[\Q ;m o adunchoan of dmne
ooty s fff ';%n#mwa,
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6-5 Dl ?»&»
X . R )

Let o be Hhe Current Fhru e wmefer
Pméu»caci ‘bta e x?aHn?z X .

et A be a zero wean e vaqodic

Gawge iz  novse \{Qi'&"q“hﬁx

e = 42 2
{av = w-é..i ® plx) dx x%gxe /?gx

RJem & 7,
where £ = g vxlue of %
2
X X
S ez 5 4Tt gw dx

b “"‘/Z&"
Az)«‘

i’ -2
< -L e /:"
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‘6-9 7 Erelaé t:r‘—sa =% <{ Y> {Z
@) {>~ ﬁa&s {Mﬁwg&\]

WD+ w2
= & + (0 = |5 watre

P= 5+ 2¢GD0) + o = /| &hals

@) P wdy < Fon &) n ()]
SR E I PR PR R
2 Ryn (0
= L+ 22Vt = 19w s
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6-11

@) smuw, T ReY 4 LL-1) x
No

(b)) in 01) D RS = L(-4
“r ® Ry = [ 1y

j‘““;i . ‘ffsmiﬁ‘f]; Nam”bﬁﬂch'f‘W"E

, NC'\‘&ASM

(€ cosw ™ £ (1) O Rt = 8-+
N3 ® Rloy=[fry

3 f Ca‘:w;f‘% Q(‘?\)z S({ *@ +3 S(@#Q-P

@ o
d) e whert azo SOEVIE)
No @ REY # [P x
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6-13 Rulz)z 4 €743

® 651 Rl = M ] 93] =30 €7 ] +30]
Y64 sz*‘“i*’wﬁsm- 405 & 0T p

$ (0) cannot be plotted since it is infinity. Consequently, following
the usual convention in EE, plot the WEIGHT of § (f) instead at fw=0.

£ im ~1,~0.99 . $(f) = if(f % 0,1,0)
PX{f) = 4 J;-e + 3-8{8) Px(0) = 10.09
11
Px(L) |
4]
-1 1

12 [y
Brms 1w |- |~ Brms = 0,17
7 i
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6-18

(QB ng = ;m

iy = Pule) = § Rt
8

( Lty 6+ § F&AH
. »-[(éh_f.} 4(@{*_4_”)/[
= % [“(’"32‘*“‘”) + {82"‘ "“; 2 = 'jg {2@»{8?

- R = )R

BY Qe = yL*rr(-g) ¥ v (&)
Rty = F° mm g g 3 ]Z
‘T&‘aiﬁ 2...’;‘” Mu%*}u? [‘eahon gﬂ*ﬁ%ﬂ"’rxé of w

o - & §3 )

5#\(?’5\@"%\3
€36 “as

< (TRTY7 %

gvv\.-- {%{ W&T_,
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:5.22 —%[:{@‘ —> cg(ﬂ = gquld)

| ${t) () = $LEY ——> % (4) = 4t
Bnys B o= Prey < 22 g
@3 Frow Ggm (6"@6 (°>

E"&'ﬁzzf\ = \A‘("f\ * {’\z(ﬁ* Ex,ﬁ,ﬂ(‘ﬂ
bt {y\z(*”ﬂ = S(“‘“ﬂ = gU\)

= E,ﬁ (%) = $LT) % L‘z(‘?} * fx(vg

) ﬂ | N ,

L) #[&%éﬂ x 2 S(ﬂ]

GLtYE I3 w1y < Ko (o)

A
L

=) = R%M[ﬁw?

b)) From @) : f w1 = B, o)

B (6 = 3 [Aett] = 35 000] = B h0)
= b6 <[ 2] By (8
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625 | (g) é:fa(ﬂ (1‘)/ ,ﬂ(ﬂ /z'n‘{ /
Gy =

ﬁ’“ {33

(b "&ms = E (0\ = < %({) €

ggﬁtﬁ : z([ ]{l
SBERT S ) -

A yuchica) integrator will have o laree (.2 finie ) ‘M%@wﬁ‘

629 |~  (,ac) () = 3WRC
From (05 (3, ML14 andy RO~ ]
Ltt‘kca“"z“ u{m W@

Léw L
2 (S) No[ 14 (w;a}"] |

For ““’KNM 3ol

?dﬁ%}w{} . £i+(m}"324u - 24s* T (2] (m2)
Vo LI+ (wh)* "
Set mumerator =0 = 24>[ 11 > -2z *&] v

> [i- W] =8 % wy g | 3 zr= ‘%2’ 3 7o
_ﬂtuf RQ""’QK:& for ey (%)M

oy
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6-34

where 1 = zr;“”ﬁ , ond G=10
(Y = B fo] Bule) = =2
““ D"')‘C/@z

VO VO
WO TS e -0 | 0007 %)
(_ng%a gam«xmmmx%%é @lcu*&a{@r) £ d e
| Jalue of €= Q guets Hrat

BN = 55 = f- o0 f s Goap

6-37 (c{h 3(* q}-c%z umc,atréin%-aci = :I;«&eghmdew’{’

wher R, ()« Ly lde tosintst)=0

= Z‘zw =% m- > JThese rwvd are independ
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G-37 Contd (b)) | |
1o ¢m (2T1) = 10&m [er({yt“q s ;z({i\&g (£,

Twis ﬁwﬁd Le e*?&‘ﬂﬁsﬁa@f a4 X({:g\ ‘a(fa\
R ard (8 are ot dep

6-39 Evalnate Y{Z{\“ = f (‘55
'té.t\ A 1:,0‘;2(0) “{:4'93 = M;Z j CcSKZ@Qt %5;3]

z — 4 A o t d
== (cs(zug +Ee} e

Aa A 4 (‘2%754’29 / 2) / i
i ra 2 o
w Aa A

{‘SM (Zw.t +Tf> - o (2w, %)]

Tois s @ \Q«» fom
-2 M ( 2wa{3z ‘; .y a:\) sk

UJSS

106



STUDENT SOLUTIONS MANUAL Digital & Analog Comm. Systems
(United States Edition) 8th Edition, L. W. Couch, Il

6-40 l — gz:
G (642 P4 = Qﬁ[w e J

w‘« K b
N2 QP s L

=72

wt
< A coc(wt+e) e 3yt

it ue) RS

"

Ty _ Z
- w%g , i}g T2 (ch“’jf A j ' (u.)'f"a.}i’
T ¢ )y e dt +5 o e
A, 3® Lﬂ%‘wﬁ }Tf% Ao =P ewjﬁ%w\f / e
[ 0 ){w w}“f/z -y (s e)T/2
= hkie
) (w ?:2%«:&7/3 = (wnteNT/2
| .3@ o) e d
+e T (ot
8 o {w,- -w) T/ z ”;‘3 s {w, ) T/2
= A e}l (o W} + A e Tor e

Let ¥, /w~w3T/z ard X, = )Tz )

l AT [63 5;1&?1‘ 4 &'59 Sin )(z,]
, kN X2

1 ¢
W x@ e |
T T

2 .
"z [ L ms’:;x" e ‘%Z' e S
T x‘ 2 » i XZ. j
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640 Cout'd

\Xr“\f A, T‘(( m?‘f + &AZQ’( ‘»My%izj
T ' X2 )
+ e 26 ( sMg *’Ma SMX, *

Acide: * . Xz )

g &3 --—Ae = 5/?3‘

Lyd
26 < t rééwi%

— - 5 _E 2 7]
Uwﬂml . ﬁg [( 6*‘“”@-@)1 TW/QWWT(Q—& |

T | rTELY) T T

Erow Sec. A8 - w;—;.... ~
(= i {3 "”W'Z?x”

= B = [0 st

6-41 |xlt) = A, ﬁos(u}at*‘*@) =A -0

RUY = A {4) 2 (£47)

-
—

rem———"

#

"

AL cos (w0 cos (wit +uy T +6)

A‘g ot + 2o A" M%NZ@}

. °

co$ e, T : Aot a -C;..Ac.{n”?m ot €
“ ’%Z{\ .,Nw_ W.m g Q s
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6-43

Low pass £ Hes

i £ | xE)
As Cﬂ{w&'i + Qﬁ)
Pormulas used in the solution for this problem are derivecd
{essentially) in the textbook. See (6-141) and
formulas that foll for Pwi(f) and Px(f) where the 2 in (6-141)
is replaced by (Acy72.
£ 2= =-3,~-2.98 ..3 A = 5 fo s 1
f 5 L3 371 s : 3 s11
Pv(e) == {f... .»]x& Hf . ._.] “f[f . ] . [ - ..}»& H - } u[e - H
%4 ¥ 3 4]} 4 4 431
¥
po /
(£} ; i /! X
0 AN
-3 4 3

2
Ao

PW1(f) t= — (PV(f =~ fC) + PV(f + f&))
4

20 !‘ l&
Puwi(f) .
/ ; \
L/ | \

Px(f} = if(|f] < fo,Pwl{f}),0)
20

Px(f)
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645 (@) g = Iofawy 4520

g 10X F),$70
Y Gl)zlo i ® w[ j%g):g:]} { o );J;Q,}

oz G R CHIRIBEOR A
‘ ) {e!m*sem
Tl‘“’/ Orle) = (V% {[G’ ({-»&H@ (£4§ Dj I£1 >'r

0(;‘} 3T ©fsewheve
|t K5£H£'>l
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658 |\a) 4wz [“Ixe)- - TIM,
For +he Wmplse response let Xl =8H,
S pW=h=_[Tew)-¢ (4T Ia,

420 4y
L= % ’; p<t<T | |
{ ) ‘E‘“T o
o, elewhere ° Tt
\bJ S e Alet) where +=T 3 Ct)= 48 abow,

6-59
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wrtts [Ty > ;{ﬂoﬁt + Cos (23] S :gﬂjﬁx&%j:
> witys L4 [+ L1 (2e9 ]

210,
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e ————————— N
e ——————————

rbf*}? My -V i)
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G~59 (b,) Gout'd.
Folty= AT f Cor(wA) Cos [, (17-(£-17)] ofA
~f4‘*‘-/*[m (P =wt) + cos(zus A 41T wﬁﬂaﬁ

S {Z.MJ\ HoP-gt )
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} b ~ 3 [ - ; :
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< 1 « e
A = 1 T 488 e T $w :w 2-w8f
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©.0009
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~-0.001 — -
o ca t T
£o(0.5 T) = 4.123-10 ro(T) = 0.003

115


www.elsolucionario.org

STUDENT SOLUTIONS MANUAL Digital & Analog Comm. Systems
(United States Edition) 8th Edition, L. W. Couch, II

-89 Cﬁk‘f .

(b.)
2

A
ro(t) = == {t cos{wl (T -~ t)) +
2

sin(wl (T + t)) - sin{wl- (T - t})}
2 w1 |

0.003

ro(t)

-0.003 , — '
0 t T

o The. results for f’"’k’ (a} and (ia ) are differest
for 0<EL'T. Rowerer, al the supliq fie,£7L

h (’f’) + be ‘ébozﬂfwﬁibm% ca«e&

116



STUDENT SOLUTIONS MANUAL Digital & Analog Comm. Systems
(United States Edition) 8th Edition, L. W. Couch, II

Chapter 7
71 (Q\ r = 5 A+ﬁ“ ) $‘$&0\"} ;

"Atv, | ¢, sed )

-3z | oAl
=> -(:(F s\ )""A e ya
L 2l A
£le ls‘a\ T3k & 8o
(/1‘5;'&\ (7"'9 oD .
3 1 S \ - z,f"ﬁj ‘ \ ~ﬁ/‘;&:'fﬂ’
P giEae “rg(Rge T
M = A , Mg, S -A e gouwrce memk ifres ave

eqmlly likely | and Jhe condiFaral probab:(ifies
haue ssawme}(ﬁ‘t‘al shapes about * A

TMas | V=0 |,
\ o _Jzlr,-Al
. ] éo
. Pe. * 34 {g&, e dr,
‘ o Ji(r,-A) * B (r+h)
= ZS"AQ Le &, cif‘é -l»i e
let ¥ = z(;;A\ awd X, “TZ(‘::*A}
s«,:%aﬁ dy, = ﬁar
| Y
Ly
'_257&@[{@ JYB SJ‘A/A
-2 Ak, -JeA/L
. ’
ey [g_& eXdy, + g& e’(%[xh]

117


www.elsolucionario.org

STUDENT SOLUTIONS MANUAL Digital & Analog Comm. Systems

(United States Edition) 8th Edition, L. W. Couch, Il
q-1. (a) CW-’:}E%A o AL
P&“%[g dxd:&]‘"z.’ N /...,,,
“er
..Elq - ”j‘élééa
:“}‘{ﬁ Ag"wé‘w]r— «f%e_ / -Pe,

cownon

6 & 1 1§ 20 26 20 35

<z:

=, ) A \* R
) e (5] )
F’Q maeth \N‘zﬁ(‘ {m:‘ (.apfc‘e;&m Noise.

118



STUDENT SOLUTIONS MANUAL Digital & Analog Comm. Systems
(United States Edition) 8th Edition, L. W. Couch, Il
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Chapter 8

8-1

Amg—tat;n that the [50 &.Lte subscrbers have VE
sernce over the ISL lnes, as well as VF seruce, 1 fe,
300 VP subseriber ImRs , we g2t |

30o% GHBls + 15o% CHbbfe + 150x |, 500 L4/s
= 253, go0 bl = 253,8 Mi/s

7787-5 | R-232, Cable
v i S N A A

AT P

Suppose the serial data port on a PC is interfaced to the
VF telephone line without a modem. The transmit (Tx) and
raceive (Rx) serial data frowm the PC ave cach represented
by a Polar NRZ line code as described by the RS-232 serial
port standard in Appendix C. A hybrid (4 wire to 2 wire}
circuit could be used to touple the Tx and Rx line-code
gignals to a single twisted-pair VF telephone line.
However, the spectrum of the polar line-code is not
compatible with the frequency response of the VF telephone
line. That is, as shown in Fig. 3-16b, the dominant
frequencies in the Polar NRZ line code are near zero (i.e.
baseband] but the telephone line is a bandpass channel with
a frequency response from 300 to 2700 Hz. Thus, the Polar
NRZ waveform would be distorted by the telephone line so
that the data could not be detected at the receiving end.
Thus, a modem is needed 1o provide s bandpass signal that
is generated by some sort of wmodulation technigue, such as
QAM. That is, the baseband line-code waveform is modulated
onto a carrier. This produces a bandpass signal with a
gpectrum that falls within the bandpass of the VF telephone
line.
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F, = 37‘363.‘—{ Fa, 2dR “"{ Fl” { -

Fn?%&—.% }”.._..i
G, G G

2371 + (o=1) 4 ("=t

289 o/am
- 237 4236 0L = 5,65 => 7.52d8

{1

-

[6,=2048 (,;l%.%: Smar 1 T
m-;-e F*,: 3B el ;;;; 373-4,3 > 3‘ JbdB
2.3~ NS

100

v RO
Tays = Ty+Te = Tat (?‘ + 7&‘;,} To ( 7o 4 7‘“—‘3_1"!)
$Tos= Ty [ Bl 4 az.] Ay TesT(F-D F= 241

Wﬁi
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8-30 cont'd:

{a) Compute the systen noise temperature Ts evaluated at the
antenna input of the waveguide:

Ta = 160 K To = 290 K Te2 := 800 K
0.2 12 6
Ll := 10 G = 10 B 1= 10 Hz
Te = To (L1 - 1) + Te2 1a T8 = Ta + Te Ts = 1597.534 , X
(b) Noise figure F :
F 1= :wz + 1 F= 50987  FdB t= 10  log(F) FAB = 7.75

{(c) The available output noise power Pno:
-23

Pno := 1.3810 -Ts-BG Pno = 0.022 Watt
8-32 Aosuwme 4 GHy downm Imk

| 2
e o ] g
T LY \0 2

i) 35'(7)!\ 4%\@)

= n= ST {or R0m anlenra

{

2 = /‘Z?)({G‘Lyl

=> N =04l Lr 25m onleana
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8-36 _ _
| | Wt‘wc?md& { I'Jja Dovm tpavert€r-
;/" }""""“3" 1.2k 3_&,{3 ?@f‘%g ca I o
, , } - Te,= 11, 000K
Taas GOIK, Tﬂ‘m(vr*)* < To(Cy-1)
5% o) (¥ ) 4ty

@) = Tatt,) 6 (TQL'{- ) m + 19
Gs™ Gan G = San
® T e Tact (T + B + T )
F Ts= TA&“*‘QE*#TQL |~§'7e.3%.t) 16
Gs= Gar,
(©) T~ GaetTeJi6t Te, 63 Tey = Qi) o 476, 76,

Ly
6553 128 8
Gari=10 © Li:=101° G2 =100 Te3 1=11000
Tar ;=60 Tel 1=290-(L1- 1) Te2 1=50
() e,
Tem I8+ Tol g Te3
| G2 Ts = 168.723
Gs :a'.g?; P G
Li Gs = 2.661010 GTsdB :=10- *)
8 GTsdB = 41.978
()
. LI
Ts :=Tar4+ Tel +Te2 LY 4+ T3
G2 Ts = 226.555
Gs:=Gar  Gs=3.573910° GTsdB :=1070g! %)
\Ts/ GTsdB = 41.978
S ——
)
Ts 1= (Tar+ Te1)-O2 4 Te2-G2 + Te3
L1 Ts = 1.687:168
Gy = Gir*—?% Gs
Lt Gs = 2.66110'GTsdB = 10/ )
- \Ts GTsdB =41.978
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8-38 , - 27ty . 0N 3% 0 ;
-F T 310

éé»- = ,,,PT* G‘fi?‘ GP'S. G‘mt ,,
NG K Tsns ﬁ

~Q k Tsy R
Gat &&i’f(,_f(m&

o ’ . .
br{of7) “Liniaata) #?I(%Sa’*j) V] = Lvn

é '7;;‘(__? -7 -..2.1“ } g J‘vﬂibf
Y Jsm"‘] (&/{fab
b= o Ubxis® ) (F)

SC o :D-*Z;f-wfl g‘,L,h ﬂmlvﬁ.«,mf
(M‘(““‘__’]‘J

g - .74
& 42—& {afﬁj;ﬁ

%
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"Pm@ ? @m} {)“ og (fg'}

whore % W)= e m ¥z 20k

.}?& o}z =3 (Hon, )
‘ Powe- ?«ﬁtﬁwﬁéx {(dRw)

k=l (Free S‘Q@@}

- 5*5%@«4& L
:“3ké

T}

K

5

|-

3

| ""'3i ;G

~49.7

Y

(70,6 |

e

~55 ,'?

-G-8

831

8-46

Frot dedewme Hee value of K

by A8 Mg Pne averaee power pead Mg

s (t)

S B0

= gi;goma(mt

= () ¢os We.t
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T = 63.5mstc

ONs T =
= AL 070k) (21657 0.0T5 )+ K’p.076™) +0.66Y (0.8367) ]

0.838 T = S3psec
| O (65 T = (0.5mste

76 prsec
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8- 4’5 Cotd‘J
[(7"53 (.09) + 1 (015) + (.5) (935‘)]
{oe‘mc, +,015 + zag“;] (3345}
=> S = PR T
L2 2
Pﬁm 6.9 X i‘) = fé72k = Soms
=Gl so

= K mSS‘ﬂ(é-‘?ﬂt@ = 1436.6

N 1A v
2 2 2
.\ 3 (36 ,
; = —hay o LT -~ SR, 2O, g
PPEP 2 (59) (oo [0 20 C’L‘Lﬂm

8-49

Rﬁé’h&dnﬁ (Rwsgw&‘w ) (-R J( ) 19.39 (g.) (l&‘?

? Kﬁﬂk&c{x}z: 32,2 Mb/s
Ruithoodng = 2D - 15,73 Y1t

7 Dt~ 2 £ 3
K =3 for 8 leve

The segnerl sync replaces the payhad sync af the
ét.}mm of each se «m‘( One J'eg“twf oF ‘)‘miamg Aate
ir qd Jg after 3(1 segme s,

Thus,
Egyafd{ ( Mﬂ,&{%

(*’___2:9 10,735 3!24) 10. 76 Mbayd
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Appendix B

g PO = oo ME o 3uge
P AN 1428 +2663 ~

B2 | Tot| # of oufcounes = 6(6) =36
@y € = ¢ (240 (345) (Ut (543),(6+2)
= P8 = 5/
(b) & =: (fw')’(zm})(ya),(dﬂ) N Ng}=§%
7= (16) (245),(3+4), (4H3) (S#2) (6+1)
S?PO): “g‘%'

P(s++9) = PLS) + () +PLs)
toad] ‘' \ . Y
(ahelels) = 2g (4 H6+S] = 70

eselusiv

5] plases) - PO D 4P =33

W——————
e i,

B-5 >/ -\ = P(U*E\ - P(‘A - I,/.Q’ - ..L
P TE) COMEY ey e B

144



STUDENT SOLUTIONS MANUAL Digital & Analog Comm. Systems
(United States Edition) 8th Edition, L. W. Couch, II

Aly Aly

P(Geqed)= € a4y -2 C €t dq
- ax . (4)de =

=,
L gf“——%fidﬂ“ JEN

Im = b[E ()] = = . B
(e ) = Y- - (i']‘i- where. ¥iz ‘/":%‘bée
o ek L 1)

o)~ fene?
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B-17 n = 160 p := 0.1 gqi:i=1=-p X:i=np
m=n \
P c:awlnpq k =0 ..2X m= 16
n! k nk
PB(k) = P 4« Binomial
ki (n -~ Xk)! . 2
= (X=m)
3 2
-\ X 1 20
PP(k) =@ -— Poisson PG(k) = e

k! - m

{a.) Binomial

8.15
4 &
z ¥ T
PB(K) ‘ * .
‘ .
] *
, R ’
’ 3
0 .__g* ” . N * $ % F 1
5 k 30
(b.) Gaussian Approximation
0.15
LAY
¢ ¢
PG(Kk) ) ¢
4
] [
1 L]
* 4
s ! v
5 k 30
{c.) Polisson Approximation
Il
PP (k) ¢ v
& 4
v +
L ¢ ¥
+ *
0 W 3 . # £ BmiBied
5 | 4 30
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823 Ze% £(y) = = pd f of fuslwes o bhaye
| e X = £ uelue

_(Deod)
e -

Ll .0 ohmg=0~

B30 |(a) P(x¢i) = F(1) .,«Q(g ) G(Géé)

| ~(6.66): o
< e e 3 He

(b P(Mé) sFleY = (52 s o(- 3
- (. m) % l-.040¢9 = %gyavcz ,, P(x’%)
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fla) = -ﬂﬂp = £_(j_,_}/ ¥ {ﬁ’l/ ) 420

Bl gy § 1A %l
\ 35 by | e 2

G = by 28
~ (- | - *f«m}z 2
BRGSO
R B Lt )

ye

B-38 | The mpat Is 2k)=Asimw,t wheee A8
The vt sl of o quadhized siwsid Sintlar Fo Fhat
- Shown 1a Fig. 3-8b. The POF of the vubput, 4.B),
will omigh” of § fundes o} the quaktized Valuss,

P, . w
" ) Flap) ?“ﬂ‘&*‘&a)
Mhore ”‘Wﬁ%a iy 22z lgh:l , and $ie
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B-38 Cmtﬁ'J }}
ﬁ&xﬂf’l'ﬁd values are’

A =38 Mi=28 A
4 $ =2 ;1 B = 2 «<--Step size
= em ) fz‘ K =M 0.5 Xy
y{k) = (2 k = M = 1) 0.5:8 X yik
{Z =% ]
1 2-k - M 2k=-N-2]] 3] [=3
P(k) = - lasin ~ asin|- , 4] -1
T M M ' 5] |1
' 6 3
7] 5
8] 7
0.3
P(k),0
] ; l l ] I , ;
«10 y(k) 10
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: -S/ok%*
40 - § cg%z(m}éta g}"“zrﬁ& cfz;
+A~§ %g( e
=) d
el

“F P

§ ( k(x F ) i d oy = ( [{m (Wz)c{,(zcuz

B-42 (a) ?(}(x K2 )y, 'ch

Xz*‘@;{; , 2"{3 Xe

- g [k(iw) "‘/ Z qk(in‘)fz) di;
Y=o

- ?CYX .;){z Z{L{:—%[‘{%gz GK ={

>,Z“/e
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:B—‘-l-l th'\"dz qi L{
(b) gm .,;g ﬂp{gugg éiz = «(i- g X, (/{’J!’z)c“:;

= “”i’ X, {%24’)(?7?/2?/% i = -é')(' {41‘”8? = 2)(;
£l = %Q;(sz) X dy, = (L%B _3{)3/ f

e fo
= { ,’}“Xa}

\ 1%/

LONFLY = 24 ((;m) = T (ltdoh)
= *p(’(:})(zﬁ
e )(;é%z ﬁh&lﬂl

Frx, (05,2) =-§;< § (wgou dr,

= "[ g ‘3{, (%, # 2%,”?[ o,
o5 i} *2 X2 L
= 'a g 3( (4) - 2 /c's - 52'

g

FY TR
I ;g m(1#%) ;oL Xiel 0Ly

(8 £y, (R11) = mz;%w)g £, )«f(xe

O X, + A, elsealere
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B-45
& pe= 3 P 3= 0.5 K1 3w =5, «4.95 ..8
2 2
N ®1 ~2-p N1 X242
2 2]
1 20 - [r—a }
E{x1, X2} = -
2 2

2% C 1 ~p

£{x1,0) /\

£{%1,0.4) ‘ v}f/fwm\\xi

- 1 -3
o%z
£(x1,0.8) ‘ ///*\\
o ! ) \_
-5 ®3 5
0.2
£(x1,1.2)
o e "
-5 x1 5
0.2
£(X1,1.6)
o ,

-5 x1 5
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B-52 _
-2
5 !
mx 3= {*i] Cx 3= ‘? o T = i”
4
Ws

{a.} Compute the mean vector for y:

my = T mx [1.5]
myaa

(b.) Compute the covariance matrix, Cy:
Cy = T-CxTT 5,106 3.382]
cy = |3.382 4.356]

(¢.) Compute the correlation coefficient for yl and y2:

Cy
0,1

§=

(e [

|B-54 let «, = AX K ; e = Xa

Fla,ae) = FULRS (I )
‘3(‘3/%)2 T | fAC;y,i

S YR = det [ ke /‘Hm
=> £ly) § F(Vhay 500 o 4

p = 0.717

\ i’ﬂr‘&?f}
@ gty - 57 ECTS an
0 e g7 BOIOE 4,
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