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Chapter 3

3-3,

e

A =1 £1 := 2500 £f2 := 4000
:= 0,200 ..5000

Wl(x) := if(|x| < £1,A,0)

W2(x) := [—] (Ix] - £2)- (#(|x] - £1) - #(|x| - £2))
f2 - f1
W(x) := Wl(x) + W2(x) 2
W(f) ~
0
0 f 5000
fs := 10000 -6 1 T
T == 50 10 Ts 1= — d 1= —
fs Ts
(a) Naturally-sampled PAM
sin(x)
n := -5,-4 ..5 sa(x) := if|x ¢ O, .1
®

£ := =50000,-48000 ..50000

Ws(f) == d~Z (Sa(mw n d))-W(f - n-fs)

n
MAGNITUDE SPECTRUM (Naturally Sampled Case)
0.6
,‘ ]
|Ws(£) ] =< = s
A | N 7
=50000 f 50000
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3-3 Contd.

(b) Flat-topped PAM
H{(f) := 17 Sa(m 1 £f)

1
Ws(f) := I:;—]-H(f)» E W(f - n fs)
S

n
See next screen for plot

MAGNITUDE SPECTRUM (Flat-topped Case

M
[Ws(f) | 4 N

-50000 £ 50000

0

-6 ey (313)
w, ) = .HETF_‘ S W)

s ko

where HEY ¢ e g{:sec'{ruw\ of the
Mane kester encoded po e M{l i

Thus , | B .
Li, ¢t

=] _"wt
M) = () e 3t ke
;db ot Ts/, .'wf >
:([-f\c’ d +§({)e5 d
T/, o
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3-6 Cont .

‘ _jcuf)/ c> _Sfuf)// s/
- ) | =€ e
o 2’ T/, - S ]
j. T,

wTs
og W15
¢ pa

-"w

.f*”;iaf o
Hi€) = \ T (I*COS (‘JT‘Vz)
w"'l'e_.,/&
A =1 f1 := 2500 £f2 := 4000

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

-A
W2(x) := [ ] (x| - £2) (8(|x| - £1) - #(]x| - £2))
f2 - f1
W(x) = Wi(x) + W2(x) 2
W(E
() U
1]
0 f 5000
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3-6 Cont d
onl O
fs := 10000 1
Ts 1= —
fs
j o= JTI
sin(x)
n := -5,-4 ,.5 Sa(x) = if|x # 0, 1
X

f := ~50000,-48000 ..50000
Manchester-pulse Spectrum

Ts Ts 8e-005
H(f) := - Ts-Sa|nm —]‘sin[z o f-—
2 4
' IH(e) |
Ws(f) := |—|-H(f)- W(f - n fs)
Ts 0 -
n 0 f 50000

MAGNITUDE SPECTRUM (Flat-topped PAM)
(.

|Ws(£) | \

M MILLAL S

-50000 f 50000

3-8.] (@) £, =28 = 2(109) = 260 samp\s feae

Lb-) (_,k‘-;!\f\ah e recultg cy‘m N P.mh 3=7.

w332 ééi\.o( 5’:) = 332 ﬁﬁ.o (0‘5_?)
= 26
n= 4 bl'h/u.:arcl

(e \E:(ﬂ—\ﬁs)(\c}_ﬁ"ﬁ") - 200(q) = [4EbT

word e e e
() Fer LMa%&PCM D= &
R - 2 -
E‘i. ('S 7+> D = TSR ‘G’r gw\-\.\ , =0

=> g: -—DZ-—- = Qo0 H2
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311
(a) -F; Z2 R“hb; 7-(234}[6} = #DL:abql[t
hbr BX Weq-mphﬂ;, of the pecvwered PCH Sighg )
(heed Ho mcveart, K BX and Tiwplify LIF requmemente )
> f, = 84 = 320 hsanple/rec.

By = R< 1y = (BUL ) (Podemsi) = Skl

() Ugny 6-18)
(3) . = Gornt78: Loz 5 )= T4 774R
N/ ped_ =

3"14-: (N F= lczf4 % > 30dR

O 1) g [
(N)cl&_ e I+4(m*-f)é]

M= 2" Leuvels

oo nsth o (F),ur = 28448
for n=s5 1 (2) = 334dR
5> m =272 32 feul
(b) 4,2 2(e7kH) < sy kb wpls

<€

The Gesd Ec—m—Cmesinca of Yre <4im X
tqpe speetrum g x

B-= % = af, = Slsyk) = 27 kHe =R

S
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3-18,
dB := -30,-29 ..-5 M := 256 log (M)
n =
B o= 255 ns==a log(2)

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

50
SNRa
0
-30 dB -5
xrms/V at input in dB units --->
J-21. For a lternatin, EE_T,TB"’
— ' A
At +he waveform s [
rerivdic where To=2Tp. : 4 —>

From (2—(¥) the spectrum I
W{F)f—g& §F-nh)

> cue M f;_f%:?%); ;7{_(%/;_;@
. z %/
> W)= gj(%("’ 28] f7-4r) (A)
aAﬁcre.Rurjk’i‘é;ffdkl
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Cont /o]
@} //{ﬂﬂg @ for VRZ J:gnafm? with =7,
Jin -%;I) .
wipl = =23 >4 Zin SEF-LR)  ligaler
s

3 Hhe dato are 4 seqyence sF fhur ' 1§ Hlbwe
éy -fs;,.y '0 J 'ch, Wwvdovm M.)ufa, have 'MQ Samé
d'ﬁue.. E’,X(,ey'f To .wbu/a’ be ‘l‘:'f;m{f aJ /q,l?c

Aeo. To=87,. O, p
oa _h *ej
S [wh)|= é ;ﬁ- () f1F-3%) 4/&,4@?

('6/ me'ﬂ @ for 2‘2 ﬂ"‘nﬂ/m’é M‘/A ZJ:;;TG}

vl S p|E ey fapl

h'ﬂ'} "‘d?{mjg ;Jda}

for RZ  ith oo 1'% fillwwec] b ﬁu{ fj&' +he.
erivdic. Wayetorm  woulel E:T >
! pear as chown where M“L e

agp
5=€T,. ’-”m_ ma'll’/remd:ufj 5 3 738 TG P
?q(cufa."‘lw are Jfksfli‘{i'&f It 4;“;{,:5_\"—')
2-112) Is used

NNy
wheve, h#) v the Aar;a, waveform That )5 )'cpeu(f/
to create, the perndii, wavchym (as shwn 1 Fhe figire),
ht) owrists S the Superpositon o four redeapdar
pulses, Using The Frme delsy thesrem of Tlble2|
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3-21 ). (ortd.
and The fec'l‘angu]al— pule spectiun, of Tuble 2-2.

= A T [} 4y 9% 40

Az m(%%i) VE i E ¢ T
Cn-~ |4+ evVT fe t€
t 5% (%5 =L

[ ‘1{; —’*-g—f-

For R2 willh T=%T, #4is becomes

i (& m - Tt
Cy= 3?. (rfl) ﬂ)/[H ﬂ} e-d :{

ﬂll-ts ﬂrx‘- Sp ed}‘ﬂ‘ﬂ gr me/a} /?2 Wf‘/é 7(114#
a/;‘emaie. / art 0’ Up

W)= Z Al 2
&L | @my

3
| 1460% 9%, |5

3-24. (a) Substi ’m‘hn% (3-49) into(3- -36a) f‘u,_jjf‘g' (% >: v
%tPS.D for Polar RZ signading | : : : .
| | >

_ |
(p(ﬂ = ':r; J Fa&)|™
wheve. the pulre shape  flt), 5 shwn 15 the
)CJ?M:I"&: Thl(S}
- = smnfz)
Fle)=3[fe){= ¢ Do

AR [ sl |
wnd o)< AE [T
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for the case D‘F Z‘_D,L-EJ ’ 'H;;J fyewmes

P = AT, m@:ﬂzjj’*
_F Es1)

The first-nu!l  bardwidth s anﬂ:%" = 2R

and the bardwidth efficieny is y=1 lbthed .

(b) Fquatin (3‘35] Car ald

e 1
be used > evehiate #he PSP f&j,_\% e
fom R2 Manchester szg'ml'n’g
where the }auf.w_ S;]APL Is 0 + >

shown 1 the ﬁg:‘t"ﬁf =
WY
- o fomfe)) [ WE VT
Ftf) (-(——-——-Wz) ) [ € e ]

> Fl)=y2 2 (“r”’“m) Tin (4Z)

(#{L}

[4:»,? (3-40) and (3-30), the PSP for Menclerter J?'?naﬁn'g{ Iy
.44 2 [emim z X o
P T [ ae) | Cle)

I T Ty, Hhis éec.ome,r{
els)=%ag | E}g )‘)J [ougep)]”

The. fws* ~vull  bandwidth i«

h f{ '75 =H#R
and +he spectral efficiescy s 4= =g lhhheed)/He |
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3-25,] .

=1 R :=1 f := 0,0.05 ..5
sin(x) ]

X

&

Sa(x) := 1f[x # 0,

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, cone for the continuous spectral plot and one for the
discrete spectral plot.

2

2 T 2 A
PUNRZc(f) := [A -——]-(Sa(n £ Tb)) PUNRZA(f) := if|f # 0,0, —
4

PUNRZ(f) := PUNRZc(f) + PUNRZA(f)

0.5

Use (3-41) for Polar NRZ spectrum:

2 2
PPNRZ(f) := |A Tb] (Sa(m £-Tb))
1
Blay- MRZ
PPNRZ ()
0 /"'—'ﬁ-._‘_
0 i 4 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 functicns, 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

w3 [ T

— [w. 0 woe oo e ]]
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328 rpurz(f) := PURZc(f) + PURZA(f)

Contd o.2

UnHH“r Rz

PURZ(f)
O \
0 b4 5R
Using (3-45) the PSD for Bipolar RZ is:
2
2 [Tb Th 2
PBRZ(f) := A [—]Is:;[w t-—] (sin(r £ Tb))
4 2
0.3
Flbkr‘H 25
PBRZ (£)
o /_\ — e ————
0 f 5 R
A 1= ] R =1 f := 0,0.05 ..5 1
Tb := =
sin(x) ] R
Sa(x) := iflx # 0, 1
X
Use (3-46c) for the Manchester NRZ spectrum:
2
2 Th
PMNRZ(f) := A ‘Tb Sa[w-t'—] . sin[l I o
2
0.6
PMNRZ (£) \
0 _‘/’—_\‘-\.____ J—
0 f 5 R
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3- 3‘}:' Use fhe result frwy Hob 3- 7
%) 12 331 by, (7)< 31-hy(60) 254 Lo bl bt femt
{;:I-B*"S:‘f-ﬁf‘b, = ﬂwfm[;:a’gqm?} = _.?_Zuﬁlfﬁr’a‘;/kf:

.p- 14 . - tfrec
) £:8=22> £=36d Dy 9-}:?&%{3 = /D.Bkiymffe,

(‘f;/:p;% where b f, wun R 2 B2 = S44ky

3- 3'5.| L= 82 > 43

@ p-R _ Jhodobljer  _ 7 2isyubsl
%' 3 Gids Joymtal yabsl fec

(iv}}:;lg ,_1£i.f_k) 232k P k= O.C
- -

3-38.} @)

f := 0,10 ..1000 f=s := 1000

e dt

0.008
sin(v fs' (t - 0.004)) -2j- 7w £t
H(f) := -
0

T fs (t - 0.004)

0.001

|\
[H(E) | \‘
\

0 f 1000
(b,) From $he -}}}'m{, atg.ye., Fhe Jm,.,lm,;ﬁl, 4, The
cawa| approxinctin it p- Sup s

The. bondwidth G- the, nwcausel FlHer is Bff= S00H2

0
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=2 | helt) = m (f) g™
For tenle & J (nT)= [He(-F) 3T g
R\-Cak ints u|'|1|o|( M‘}} \s each with a -.E wide M*’.W&\

3> L)z = - SHolf)ed T ET s
£3=D 1%-}

U/ HT;' -F

Let f = f 14.5 )
Thex ﬂe (nTr) f He ({‘*-,3) " E(Hﬁ)"{ﬂ

rL_(»r(,) S /’EZ e (£4& )™ gy

Am(me _gﬂe[ﬁ4%} 7.',} 'ﬂ ‘4;

L
Then A, 2%
g, anbf K el
ﬂlbﬂ}) / Ti ¥ d‘f A ‘il-
Jankd _5 }’M?x ‘.TJ'
ﬂ(aﬂ}) >~ € % -¢€ 57"'6"} ;[’3 ”"D§
JL 7y HT 0, n#D
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345 mele=2t P h=4
@) Biwary PCm P L=, Ranf=44=D
D= 2.R L (4-kHg)

= = = 5.33 kbks/ffec
I+r I+ 0.8
() From @) f= g = 28BL = L33k
- s - [a33k _
B‘,‘,‘,‘i‘:‘:f 2 C g G617 He

3-47,
————lh, P.

U;;)_’B {(I-[-r-)j where P"‘ﬁ-b ‘#B—f B;;dg

> R‘M*_ L (H0)D = i(!nn) =620 A,
©)
B £ (72 £ (1#05)(r2o0)=3 (1200
m g 3 ‘?00 #3,
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313, |
@) From (3-84)
R

We. need +o determme the s whih the

Chawndl Can Support. Asswning That a
r=0 voll-off factor 15 used | thea

f.=1=23 :1(111#1) = 2x/p" Semply

Je¢

3 ¢o M R.4k) (1)

kNo-Lo_'» The. d«_amel has R be Cqqu'?.éO\
with & NHWG"’ ‘m"'ﬂ"“')

b.)

S el (&*UG-)
25 XV

O 4271

(Nde,‘. No Choel equalization requied. )
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3-55,
T = 0.05 t := 0,0.05 ..3
wl(t) := 3-gin(2-w t) w2(t) := 1f{{|t| =-1) £1,1,0)

wi(t) = if(|t - 1} £ 1,|t = 1] = 1,0)

3 |, 3 3
wlit) w2(t) w3 (t) \"“x,...--’"
- _ =3 -3
0 t 3 0 t 3 4] t k]
n :i=0 ..62 t (=nT k=0 ..20
kl(k) := 3-k " k2(k) = 3-k + 1 ki(k) = 3-k + 2
s i=m wlit 5 = w2t 8 1= Wit
k1 (k) [kl[k}] k2 (k) [kz[kj] k3 (k) k3 (k)
3
i l_‘li L L] H‘I_ILI_I- R
: *111[|1111“| JH
- 0 l+0 t 2,0 3

3-57.@-)£q¢[1 cmr:fb} -ﬂf:ﬁmf has a M?Lﬂs'}
frequency of B= 4N

9’771& M}H]mu.c,.‘ ﬁ‘amfffma ‘Pruiuemy 'R‘r" cach nnalo?
Signal is £z 2B = Ghd
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R-57,(8) Cont'd

W 1 )
0§ o W) £ o [PF |——
. sty [ Tom A Ba
» o a1 { o (PF 2L
Tom T rom
Commytetor JecommyTator

(b ﬁe{am}u‘; o (3-6), the m/,/.-.a/ TOM signal is
Wy = Z wl4%)4 (-4T) +Zw (4% )4, (-47;)

B i
Where ji (&) and -ﬁi&/ 1.0 'p‘lEU I
T ;

l
are Showny 10 +he I
; < Iy ! E
figure, and 7= 3 I T E I T

E&U‘Dmﬁ? the, vame , *‘ZI'—’{‘ .
procedure ay descrbed ! _'E. ! 'i“ t—>

1h(3-8) thru (3-13) , +he
spectrup of the TOM sarttanenusly svmpled ({lt - fapM
PAM .nalmu] s

W) = 4= H,.Gf)ZW (F-4) + 4 éc/zug(f -4f)

where )= ?:(‘”';r ﬁlg ) nd U )= f{ﬂh(ﬂf&) ‘“ﬁﬂ:—

S £ LS TS e )

, NG f 4%
anfa) 2N
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3-57, (b) Cont!d
Th

wgte)=F

Tl | T+

C\!
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T

for 1“1{, Jﬁef’dq, let the parqmeﬁw be the Same,

as those s hown 11
Using programable,
obtained.

)

Fin. 3=, Lot ¥/T= 143, £5=4B.

oo

culator, Fhe. ﬁffow}n;, sketeh s

1hlf
- o iﬁ i (g ;i
= — R
t M T (;\ 5'; ‘M‘
R S A N
3-69,
4 <hfks = 24 k bit
:::n ! PCM encoder Reb> (hnin)” Eikolele
r 0
‘}gzj.uu(?.n):‘bnb T 12 Condacks
h =4 bifc /sample m‘-‘;ﬂtdd
GAI'}H&\ R= lo‘f'kglb‘/l'tc. £ h Py
™ T4 it
Digdal R 24kbidsfec f2kejm,  R[2 X294
* > R<28.8k bl
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3-b4. |
@ For FOM o N=8 diversional System iv used
SR any OF Fhe A5G messages can be represenley

Y s >
A 3_(]=Z| 515(94-('*-)

wherve glJ = 3| Fw l)l'ldai‘“j PCM,

To= o wes/se. 0.1 ec/mestage,
LN\ (B8 -
B= 1(7; )“ 2 (o.!) 10 he

B . )
O PPN 4 N=256 dimensiom syon
IS Used:

156
Silt) = Z S b where Sg=5;
J=

(._r%/.) h -'i (i—gfg = [, 28y 4£.

!
B=7
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