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A :=1 £f1 := 2500 f2 := 4000
f := 0,200 ..5000
Wi(x) := if(|x| < £1,A,0)
~A
W2(x) = (x| - £2)- (2(Ix] - £f1) - 2(Ix| - £2))
f2 - f1
W(x) = W1(x) + W2(%) 2
W(f
(£) ~
0
0 £ 5000
fs := 10000 -6 1 T
T := 50 10 TS 1= — d 1= —
fs Ts
Naturally-sampled PAM
sin(x)
n = -5,-4 ..,5 Sa(x) := if|x # O, .1
X

f := -50000,-48000 ..50000

Ws(f) := d~:§:: (sa(m n d)) -W(f - n-£fs)

n
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Flat-topped PAM

H(f) =7 Sa(m 1 f)

1
Ws(f) := [——]-H(f)' E W(f - n £s)
Ts

n
See next screen for plot

MAGNITUDE SPECTRUM (Flat-topped Case)
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3~7 Cont’d.

A =1 f1 := 2500 f2 := 4000
f := 0,200 ..5000
Wl(x) := if(|x| < f1,A,0)
-A
W2(x) = (Ix] = £2) (¢(|x| - £f1) - 2(]x| - £2))
f2 - f21
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n := -5,-4 ..5 Sa(x) := if[x # 0,
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3-18. Continued
(¢ 16-level nou-uyniforu Qqanﬁéqf,w

Note equel step Ft- o—
heigldks, 16 Steps »
+0Ta%|"? 4 ‘
31 !
Bt 423 45 |
|
|
!.414
i
= §
3-19
ds := -20,-19 ..-5 n := 4
(a) Using (3-25) and (3-26b), p o= 10

SNRa := 6.02'n + 4.77 - 20-log(ln(1 + u))
(b) Using (3-25) and (3-26a),

SNRb(dB) := 6.02-n + 4.77 + @B

30
._.—'-"""'—#
..-l-"‘—'_'r‘_
SNRa, SNRb (dB) //
. |
=20 dB -5
xxms/V at input in dB units --->
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dB := -30,-29 ..-5 M := 256 log (M)
L i= 255 n=28 " log(2)

SNRa := 6.02 n + 4.77 = 20 log(ln{(l + u))

50

SNRa

=30 dB -5
xxrms/V at input in dB units --->

3-21

(@) L,_f)j? =6 Q=464 ¢/ feve]

0.8 XIpdsec

(b) :D:-'A/- - [ syabol < [, 286 baud
vT

(C) R=AD = 4 (| 256) = 5 kbike/Sec

3-22 R= 4D & ig &113@,&0]) (10.76‘%_“5"?: ;32.29 /%#%60
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3- 2. Contld
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B = 5 () [g;,ggz)] [H éﬁf [HR{{ 9
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._/? Ny’ (fffT ) Uisigslas
%’uwwffzw . /(;F e)) Ty 48t e
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0= 2 | ) [#RZf(fn)]

unifla,-R2

IA/}’R’)”& R:,/TL’
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326, Cout'd.

hand, the randvu data case gives a Continyms
J*,vedmf Componeit 1 the P30 as well as some, Asote
Iines.  The null bantwidth 15 The Soume. For bdth
cases. That | s, for ﬂhl/ﬁ/aul» MRZ  the hy [/
Aﬂhozwld‘Hy s 73&;{// - ":R and The S/Uﬁd”‘t/ C‘ffc/e/fcy
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3-27

The, wolutin is wdentica] # Pt sf Reb3224
where the IC level js sef o gerv and the pesk-
fo -~ }oeék fevel (s mw 2A intead oF A, L{J/k/?

the solufion to Aob =%, e gt

=2 4 )] si-43)

For the cage of « J'Cyl/ellfe- cousistg  pF
oy~ V'l folbwed b\/ o // , the Caq leulatri
Is Ju?nylfﬂed it the 7‘604'714% J‘éww m Fhe

soluton 7o prab. 3-25 h&)/\%{__ 47, N %
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Co 5 715D
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91



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

3-27 Gortly
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4Ty
~ = -
-2

6
>4
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3 4rF;
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3 7
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shape that is Shwn on Fhe ﬁ//oum‘; pase

. L
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o e w
Jig-atul- sl 4 _ g R gt
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-28 Cod/d
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n ‘
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b
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761?44.}‘&‘ TI’“('S/
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a\\}
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3-29 (k) Cont’d
> Flg= g0 v () on(ez)
MJ‘M? (3-40) and (3*36) thePfY  for /VnmJenleF J‘/'fna—/l‘f‘é{ Iy

4 A Z“" iz X 17
W{‘S‘/~ T [T7:F_/~ [5/}1(”{22]

IF 7= %L‘ i 5 His  becomes

Pl5) = L A7 [&gjdj [ea@rp]
<t ooup

The 7[‘1%‘* ~null  bandwidty s “{ %
and #he spectral efficieny i 4=h lihires)/He

3-30

From (3-+4 for Bipolar o'/ﬁ.;;m/mz/

272 h=o
R('@L):.j:’q)/ )4‘

O ) .Z. Uﬂemm

Substitibn 1his nte @-36) Hhe P50 for Bunbos s/i,..‘,{( i

E IR L A R
> Cp(f/--i-—/!-'(ﬂ] sin {/7{7;)

For Ruplar WRE (e pulpe wilth 55 ) F/f/:;i;%?al

5o that Fhe PSY) becomer
Pl)= A7, m——’;fd—] “sitrs 1) BowurWRZ
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3-30. Contld. |
For Ripolar RZ u@ fu/fo width iJTb/L), F[{y:% Jm(’rfﬂy

TFT, /2
5o Hhat the P8I becoues

I T,/1
6)(7() [_%}%&/LZ] ”7[7;) /?lyo/ar ’-QZ

The PS05 are }o/oH&( Uing MathCh,

6
A =3 R := 1.544 10 1

sin(x) ] "R
1

X

Sa(x) := if{x # 0,
6 6
f :=0,0.05 10 ..5°10
Following the discussion leading up to (3-45),
the PSD for Bipolar NRZ is:

2 2 2
PBNRZ(f) := A Tb- (Sa(m £ Tb)) - (sin(n- £ Tb))

PBNRZ (£) / \
o \\\L I ot N

0 b 5000000

4e-006

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

2

2 |Tb Tb 2

PBRZ(f) := A -[——] [Sa[n b -—]] {(sin(m £ Tb))
4 2

2e-006

PBRZ () \
/N
VAN -

0 f 5000000

7
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A::=1 R :=1 f = 0,0.05 ..5 1
Tbh := -
sin(x) R
Sa(x) := if(x # 0,—,1
X

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
2 Tb 2 A
PUNRZc(f) := |A -—|- (Sa(n £ Tb)) PUNRZA(f) := if|f # 0,0, —
4 4
PUNRZ(f) := PUNRZc(f) + PUNRZA(f)
0.5

UWpﬂayNﬁi

PUNRZ (£)

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

2
PPNRZ(f) := |A Tb] (Sa(m £-Th))
1
Polar- ARZ
PPNRZ (f)
0 /_\h
0 £ 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
discrete spectral plot.

2
2 Tb Tb
PURZC(f) :=-|A - Salw £ —
16 2

2 2

A To
PURZA (f) := if|mod(f,R) # 0,0,— |Sa|w £ —
16 2
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3-3| purz(f) := PURze(f) + PURZA(E)

COV‘T’J 0.2

u"ipdmr p\2

PURZ (£)

0
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.

0

f

5'R
Using (3-45) the PSD for Bipolar RZ is:
2 [T Tb 2
PBRZ(f) := A —- [Sa|7® £-— (sin(nw £ Tb))
4 2
0.3
Biplar K2 .
PBRZ(£) / \
0 /_\ e |
0 f 5-R
A =1 R :=1 f := 0,0.05 .. 1
Tb := —
sin(x) R
Sa(x) := if|x # O, ,1
X
Use (3-46c) for the Manchester NRZ spectrum:
2 2
2 Tb Tb
PMNRZ(f) := A ‘Tb |Sa|nm f-— - |sin|m £ —
2 2
0.6
M“'d\afldrnei
PMNRZ (£) N
0 4—/”’ﬂﬂ_-—\““\-_
0 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 dc 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
o
@) wl)=A 7 aflt-nT;)

h=~R
where a,,:’*! random Aqto.

3 wrly) f wsF(ent) 5 i<
w —

5t e/.rew/;mc

71415 ’J' P/D‘H"Bd lh 7’12€ ?dh( ée/w 7(8}"& Fahdom dafq
{mﬁern.

|
w(t) l

$_
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3-33 Contd

) Using (3-40)in 336 e NI is givey by
Pl5) = %\g: | F(9)|> where F/T/:VZI{(U].®
A

Mow, evaluate, fgﬂi
Figs [ ® oo T o P ;
S
I o~
- / féo (55 cos(anre)t Y / (“/”h/?ffﬂ/ofé
B> 1
£
= [ ot +/ st - f/ﬂ s
&
x B
_ [ <7n [0 (2 1—-+f)‘€”’ J [ 14 E”’(TITZ *f/éj

2nltyf) 21 ~f)

L i
(b e . a3

670 o)
W )& }

7 Fe [ (i 1) e

(2 agaslifr) + (- 0f) osfreT)
(20)* (57 +7) (3 ~1)

- An. cxs(1f%)
SR Al = (2%4)*

\r‘téﬂlnlu‘/mﬂ s b @ 5 the PSP s

P - B (et
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3“33-“0'} CM"})J. This resuld 13 p/D‘H‘Qa' hebowy.

I

_L ~L S 4 f—
T 2%, % T

4.

=t

(C_.) The {‘rS{’ "h{// /Oandw;dﬂ‘ 13 B‘lul 77 l.ﬁ an/
Hhe spectral effiiency is f=2 6r6/m]/uz

3.34 Refevente digit

o Ao Tnpuat Sequence) | O | | 010001 O
Ercsfed SeqrenceD || { 101100001 |0

Fnooded Sequene@ 010 1 00 [ | 1 100 |

3-35

vl §
Inpl Yutee X " 0 encoded
E J blf J‘}Y{;;m

lay Ty

>) Decoded Dutard
;} X Pl
-Deldy Tb 1 @

Referopce digit
Inpat Sequence 60111101000

Encoded eqyemee 1 1 10101 10000 |

b{’,wol&d.fquoqu. OO[I{]O[OOO[
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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 permitted binary levels of +V, and -V, instead of +V,
and 0. A bit synchronizer similar to the square-law synchronizer
shown in Fig. 3-20 could be used. 1In 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 a, can take on only one value, call it +A, with the

probaﬁility of 1. Thus,

kol tr
A’L]Fmt :+zzc( ALY, 71__’4L1F(’()J1 2 T
e J-=5—Fe

C@} Za.,a Q?ﬁ

bwr uﬂ»‘% '38)
Pl AR¥IFG( Z §HF-nR)

where R = 1/T,. The weight of the delta function at f=R is
A’R}|F(R) |*. Therefore we have a periodic component in the waveform
at the frequency f=R. Consequently, a low-pass filter (or PLL)
centered on f,=R can be used to extract the bit sync signal as shown

in Fig. 3-20.
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3-37

Manchestor u@lfﬁ/«xrnz Chef 017(:2@;

VR
— - S Je ha;-g/au/ Marvowband N Flip 'f/o/o Clock ctf<p N
\/ 1 e enie gﬁﬂaK (+ 7_/

T

- l/wmn

Lnlj | T}“ l*“* 7

(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/T, 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 £=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 1s or all 0s 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
0s type of data.

3-38

=
D
s

(ay T /

<
-l
|

(g') 'Ble"(fl;:- uidhht,
) Sampler e oot £ level
Anplifred |~
5 mpiitle B . -
; k4 My
Filter T Chat T fhrbrator
37‘
Snchronize,

Use o bt Synchonige, simifor fo That shown 5 Fig- 3= 20.
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3-38  Guild.

(C}Tl'lt receiver fundow s Jeo’uh[&q' 1 7‘.4c text ‘_UJDC‘MJ’&/ wr/4
F”V 1-19 anel Fig 3-20 exae,,df 714;:/ muldy leve/ T/i‘u//n& N presepd
7] 'Md' Gh K/ey&/ deuﬂéy) clr'(_ul?‘ Qna[ K/crd Mm#/‘y}lm‘/t)#\ are

Fequired,

3-39 | (pe fhe result fum Fol 3-8

@) 12 330 oy, (3)= 3T2hg (50) =S4 3 Ure b b func
{,123:54/&#} X R s nk LSy ki) = 72,4 kbity Srec

z :21- =3b R DY kbiteee
(b) L8=2"D0=3bdPly O L “?Z%W = /D8 kym e,

(C'/j);% where p2b £ v B/ 2 3:1‘2 > 5:‘“6/}_

3-40 L: 8:2£ :) 1:3

@ p-R . Fhdvblfee  _ 7 2 fsyubol
:;&‘ 3 bids faymbsl il e

& 5.2 ._l(jtk) S R S

1+
3-41

A

This js smila 4 He problem [ lugfrated by
FI? 3-22. €><(,e7w[ L= 64 and the peck it fevels
are j:/D:

et
> Rlb) = Z (a); F;
A=
- & [ 2L0of +(9.08) (39 HOI/GJLJ}

2 Rb) = 34.39155 :
Hm, ra. e e
A R
Alo  RA)=0 for A#0
[05
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34 GudA.
Uring (3 36&), the P5D Tor wd) %
pls) = JﬁLE%w@: L5 0
J

L

Usirig Tc6T, sme L= 2% =64, the PSY becomes
s fn 1)
)= 17 (57 )

(b} The Fikgt-null bangwidtl, Iy Z)’,,,'/ —-L-R Hs

©.) The specival e;ffacnc I

f= }R_ 3 ( brb/reo)/ Hz

3-42
@) Bz 4Dz £R= Aoy =M
fs = 300 1
(b‘) } T = — T = 0.003
fs
t := -2-7,-1,9T ..9 T k := 0,1 ..7
1
u (t) :=m - (t -k T sin[u (t)]
k T Xk
g (t) :=
k u (t)
k
a = -1 a =1 a =1 a = =1 a = -1 a =1
0 1 2 3 4 5
a = -1 a =1
6 7 w(t) := Z a ¥ (t)
k
2
wit) e N // \/
-2
-2 T t 9T
0 T 2T 37 4T 5T 6T 77T
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3'43 (a')
f := 0,10 ..1000 fs := 1000
0.008
sin(w-fs- (t - 0.004)) -2j-w £ t
H(f) := e dat
¥ fs (t - 0.004)
0

\

[H(£) ] X
\/

(b, Fron ‘HlL 4}«:@ aboe, #c bendwidtt, # The

cawsa| approxinchion v Bz S4oHz

The kandwidth - %(%, nomeauss| Filler Is f@l P 5_ b H2
3-44 f-/\-————"»-"
T
he ()2 f PRYe g / {14 oslgg F v‘ii}

4 fi{wcw[;'}(? f)]}‘@“m(

(D~ et ﬁdlﬁt _ oy (i)
ELE - mt
rf'f
@+ /Hl»uw[z%(~¥f/13J

+
[ e oo sl € o2 B

@b

fel): O HD  and Winy ctcrz2Re e}

i (A § i)
P hely= =07

+ Re {/(% L (540 <! g
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244, Cot'd o 1) = cos ["Z‘\@ﬂ]
A

e (1) = S'\‘Aéiw‘a {\Cc_os[aﬁ\w%] A
+< H ) o [ ft] df
= D +@ +R)
D+ = sinlamét) | sin(rht) —gin(amf, D
™t 2t

_ sinandlt) +g,v\<2ﬂ\o§£> _(‘ - _po_\ca
Zﬂ\t ﬁ% = -Co+-€l.\.

s (2Rt cos mfut)

™ (A-13)
Sin (Xw@ + sm(xﬂ(\ﬁ = 24nX co@

2
(3) = gﬁ( COS[Z—%G'@]C%XZHH]J\C
g
= E‘gf“ T le-) zu\Ct] AFs

s _g COS[{(H canft]ag

US{V\%

@,_@( — 263 ) éméﬁ—ﬂ :5:\/\@) = —éfﬂ(ﬂo,‘
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3-44 Contld R

- L sin(mBt) + gin (20 &
)= —
W=7 T/, -ard

4 _lf_ <~sfn G 3e) = g (G 4 )

T/2f, + vt
Using Sec. AV with X=f,  and y*‘ﬁ

@ = [sin (m.ﬁf)ﬁo&‘(lﬂ’&‘é/]
0 )] -
):”;2‘5. ~Zrk Tagt 214 ]

164
= [ o (arfd) o (m{d_ﬂ[ 2
Lo (ar £ (1~ (4l )~ )

" hel) = 24 m(lrrfU[ c,hglrr&{)

Wrf, b
7.1{'{‘{
T Ty L H)]

3 hott) = 2, (mht) | _cs[aid]

2
24 [ =(42)
3-45
Select r
(a.) r := 0.75 fo := 1 f1 := (1 - r) fo fa := r fo
£f :=0,0.2 ..2 fo B := (1 + r) fo
£ - £f1
He(f) := (1 -~ ®(f - £1)) + 0.5 |1 + cos|m (®(f - f1) - &(f - B))
2 fd
1
r=0.75 _“\T
f1 = 0.25
|He (£) |
fo =1
B =1.75
0 r\-b,_
0 £ 2-fo
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3-45 CGont'd.
(b.) 1 t := 0+ 0.001,0.05 ..4-T
T :=
2 fo
[sin(z T fo t)] [cos(z T £fd- t)
he(t) := 2 fo-
2:m fo t 2
1 - (4 fd-t) }
2 fo
r = 0.75
T = 0.5
|he(t) |
fo =1
fd = 0.75
0 Pl J
0 t 4 T

3-46 The pule shaye (/}u//u/m reJ,an&/ +or Hhe raned

eos e ~rollyff  channe] 15 5/;/'&, by (3-73) awd the AVD
for +he, Output polar sigaal is g1 en by [3-40) in (3-364).

s, Tor A=
£, )= - e

W/Iert’./ Uiing [3-49) / > H1<h
He §) =14 f1+ cw[l’-gigi)]} , <IfKB
) Rl

ﬁ)r a VWLXIMQV.\ )6171 V‘(]LQ Lw’/ébt# Iffj 7(#0»1 [3'"74'))
2F 2K
S e 528 > BER

nfB _--’.B ‘LB L
% 7[‘!- ] =% ; ~).3 _53
7 z /
- L ’Q/“%k % :,_K
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3-46, Coutd
FP’DM FJH. 3‘"15

fi= 8-l = FR-24R) <ig

-8
Ths ) Hi<hR
He (F) - 1{14 @slggéﬁii};¢g<ﬁkée
b , F>ER
°r ; y f1<dh
Helf) = {{l + 0s 177(/-5/#)]} ,{</f/<$,q
D > 1 22%

%eh} ‘}lzg p\Yﬂ at 714% 9%7(/0u7( /;S

S Fl<ER

f} = f/+ (As[lzr ,+)Jf LRJFI<ER
) /[/?,;—?)Q

A cketeh oF 4G result 1r o shon af He
710)0 U‘F 7%& ”8%7( /OQ%E
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3-53

pevm with M <25¢ Cbmpath'é,
F lse (325 ) wih (3260)

()= loornt @ = G.ony +4.77-20bglb(m] = .02/,

3 ne ol SO < ppa iy,

hz 8.37—%1\5 = Use bt Fo 74‘/ HOA4 {5'//1/]
R Lo = 2By = L(34o0)ff) = QLLAIH/re.

3-54

prem e (380.) where, cAependig on Yhe
propectios of 4he anelvs. /n',mf J/?//;m/) 3L e <)f,
VEEREE- X the worst case result and oC:/\f?/[/cj
J—AQ bgﬁ FQJV(H"
7.{/mk,rf CaJi} _ W, NWJTL Coj&}

:> ;T: ﬁéo/) éc‘y% WQ%
Hre hert e el ralqe
Thus P
R=2Bn = L34poly = o : e y wonit cage
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T 3= 0.05 t := 0,0.05 ..3
wl(t) := 3-sin(2-m t) w2(t) := 1f((|t| - 1) = 1,1,0)
wi(t) := if(|t - 1} < 1,|t - 1] - 1,0)
3 / 3 3
wil(t) /\J \/% w2 (t) wI(t) |
-3 -3 -3
0 t 3 0 t 3 0 t 3
n := 0 ..62 t :=nT k =0 ..20
n
kl(k) := 3-k k2(k) := 3k + 1 K3(k) =3k + 2
s == wl[t ] s 1= w2[t ] s 1= w3[t :t
k1 (k) k1(x) k2 (k) k2 (k) k3 (k) k3 (k)

3

'LlLJllﬂlllHn || )L

To Chawnel

(b)
3P N R e e ), g,

Ot spacty 2 3‘_?‘ 2 i}wm

3-63 (4)EFq ol “”“/03' Sigha] has a /n;gl‘eﬂt
frequency bf 3=34#d

9’771& m}anh S‘amﬂ/[ma ‘Frequevlcy ‘Qw cach ﬂhalo?
Sigual 5 £z 2B =64
121




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

3-63,(0) Cont'd

¢

W, (t) | W ()
S ] oy AT kil p—
LA s pin ] Ton / o—>{ LPF | e
Jlaha
Tom 7 oM
Commptector Jecommuytator

(b Qe‘f-ekr:'h? f (3-8), +the J‘amp/ea/ TON ¢rsnal /s
W = qur)z (t-47) +Zw (45 )4, (t-47;)

A=
W"Iﬁ}’e ﬂ) (‘U a‘hd —a;&/ | 10 ‘p‘IQU |
are Shwwny 1h the ||« I'
. ] 2 s
figure and % Iil.— | T r ! -};ﬁ—-y
folbwiig the vame | *j—*‘ B
procedure ay described ! _]7{_ i 7:;1‘~>

11 (3-8) thru (3-13) , +he
;,yedr% »f 7“/!9_ TB/V/ /ru/am‘aheows/y J"”‘}’/&J (7(/47[ 7L"P/D'e‘y

PAM mamw] !f
Wele) = = b (,r)zw 45) + A 4/2;4/ f-44)

where yg)= (J‘M (1fz) } and M LF/' (\r/h”{;éz/ C’Wﬁ%

nfe

S W)= 4 = AL S TIEAE) 4 ame (U1

o) *ﬂ f~4%
+ZBZ((WZ) g.c/\{ 3
122




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

2-63 . (b) Cont!d

Thus Jin (Uﬁ

(7f2)

lW@)

For the, JL@U let +he parq,me*em be the same
a5 Fhose 5 hown 11 Fia- 36, let T/T=183; f5= 4B,
Mnn}ﬂ [~ Pr\)?ramb/{, cﬂ?ldaf%, 7%6, ‘f;//owm? J‘fd&lf, 1§

2 F ’f/)’)('ﬁf (J

364 |[a) THwW - PCWM
G w8k = (12 k P,

3 .
X \ ___}_‘
[ .
ﬁk e \1
%
}

_ = ekd,
e b= 2ulgk) 4
RN
( \ s = 1.53C M pukes
b. = O e
MHrB 53601°)(1.75)
R = R G G N MHE

<
123




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

3-65

300" |200 bits/con
BOOHS 74/ i i g
goo\ofs /f/ ‘C{ = 300 (2

Qoo PG N

Soo 2 7/ BT
W&OGQ L“'\oﬂ_ | _(;. : ‘(.;_ = lZOOH%
Ry

L\_ _QS: 12edt & L\ G o0 h/S

b
Hgoo ¥/, OUT
3-66
iy e oater | ot Urr)= 2k i
FXvo ks -
f-um(ﬂi') k00D [ 2 Coacks
h =4-bifc/sample 10 onmecfed
éyf}ﬂa\ 2~ 2.4 k‘:ffs/ftc. ;’
THM Out
MJ R A 4kbdsfree R=[2 X244
>R=<28.8k by

124



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

367 [ pvalddle, capacidy & AC= (1544 hbiseq (0.99)= .53 Mbs/sec
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Number of ferminals,

3-68
A
@ N \ﬁ\qlog l;jnptd

\

L | |
gy Rk -
o\ LD Waﬂif%



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

3-69

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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