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Chapter 2

2.1-1
Ae'" T2 . i A" n=m
c = ' @it g = Apl sing(m- n) =j _
T, W2 70 otherwise
21-2
vit) -
\ -
~ b
& {v(t)) =0
c, :36"/4 Acosmdt + d"/z(- A)cosﬂdt :%sinm
T T, e T opn 2
n 0 1 2 3 4 5 6 7
|Cn| 0| 2A/p |0 2A/3 |O| 2A/5% |0 2A/7p
argc, 0 +180° 0 +180°
2.1-3
A
o t
'E.],; ] Taft
G =(V(t))= A/2
c, :3(‘3)/228 - 28 2c0s 2 Mot = A ginpn- —2_(cospn- 1
e & Thg T pn (Pn)
n 0 1 ]2 3 |4] 5 6
|Cn| 05A | 02A| 0| 0.02A{ 0| 0.00A| O
argc. | 0 | O 0 0
21-4
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¢ =2 37 poos Pl Pt 2AeS|n(p pn)2t/T, _sn(p +pn)2t/T ™"
1,9 T T, T, 8 4p-pn)/T, ap +pn)/T, o
A 1A/2 n=#1
=—|dnc(1l- n)+snc(l1+n)| =
2[ - ( )] : 0 otherwise

21-5

v [t} ‘ ' A
—?;!11—-43# T';."I! z
0

:<V(t)> =
c,=- jgd"/zAsinMdt =- ji(l- cosp n)
T T pn
n 1 2 3 4 5
| | 2Alp |0 2AT® 2AI D
argc, | -90° - 90° - 90°

c, =(v(t)) =
2 Qo2 g Pt 2pnt J2Ae51n(p pn)2t/T, sin(p +pn)2/T,u

To/2

C = - —_—
JTOQ T, T, & 4p-pn)/T, 4p +pn)/T, ¢
TiA/2 n=+1

1
=- —smcl n)- snc(l+n
J [ (1-n)- ( )] % 0 otherwise

21-7
C lé

n T @Q (t)e'j””Otdt+d°/2v(t)e' it

0 H 0/ . .
where 6/2v(t)e"”’”0tdt = QT 2\/(| +T, /z)éjmd @ IweTo/2y|

o Tol2 .
=-e"‘pQ v(t)e ™o dt

since €™ =1 forevenn, c, =0 forevenn
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2.1-8

¥
=l +28 |c.|” = Aft [ +2|Aft sinc fg " +2|Afgt sinc2f |* +2|Aft sinc3fg | +
n=1

where t1:4f0
1 23U 2
| |>— P-—§L+25|nc —+2$|nc2 +2sinc=/.=0.23A
4 2 4§
| |>g P——81+23|nc 1+25|nc 1+2$|nc 3+25|nc 5+2s|nc §+25|nc27u 0.24A?
4 2 4 4 2 44
|f|>— P:—§1+Zsinczl+25inc2—lf':O.21A2
2 16 4 24
2.1-9
i 0 n even
[
G2 8 oy
{8pnia
3 P:i(gilzgﬁ- ﬂg d _3 \TO/zgi- ﬂtjdtzi
To 0/28 To 4] To e Toﬂ 3
2

x4 0, ae4 o ®4d &
+20—=
&p’ 5 Sgp 5 &29°g
_ 8 8 8
b) v&t) = — cosw,t + —Ccos3wt + —— cosHwt
p % 250

=0.332 so P#P =99.6%

_TWZP Ta'lll'!-
=
2.1-10
I 0 n even
C =i-i
" ;—12 n odd

n
1 Jo2 eano ae20 ae20

P=—¢ dt=1 PC=24 =0.933 so P/ P =93.3%

9 Tofo’() §pz §p o gfau i

(cont.)
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4 4 4
b) vét) :acos(wot - 90°) +¥COS(3NO'[ - 90°) +5cos(5wot - 90°)

= pisin(wot) +3%sin(3wot)+%sin (5w,t)

11/2 n=0
P=—Q ¢c=dt=2  |c|=] .
TO eTog 3 A1/2pn nto

P_Zg&Zo ae'Zoael L1.1
noddgpnﬂ gp ﬂ 814 34 54

+.

21-12

p=28" 8 Mzl o]

T, e Tg 3 A(2/pn) n odd

18 1,24, )
: X +2 & —+ = +---;
Sz Aoy 4 787 22 ¥

Thus, l +—
1

22-1
J72 pt
V(f)= ZQ Acos— cosp ftdt

sin(R- 2pf) +sin({3_+2pf)t§, N
- 2Bwr) Apwe) g 2

enid

1

N

>
: ('D>CD>CD> CD
C)C\C c

2-4

[sinc(ft - 1/2) +sinc(ft +1/2)]

(cont.)



22-2
V(f)=- jzé’zAsin?cosm ftat

=-j2Aa 2(2p- - 2(2p L,J—- J—[smc(ft - 1) - sinc( ft +])]

AAGSR

2.2-3

t to 2A é_ . o] u )
V(f)=2¢ %A- A—Zcoswtdt = 22sin? c—=- 1+1,= A sinc® ft
Qg t g (wt ) 82 €2 5 1uu

2.2-4

V(f)=- jZéAtlsinwtdt =-] \itpt)z (sinwt - wt coswt )

=- jif(sin02ft - cosZp ft)
p

2.2-5
v(t) =sinc2M « iPaef 0
82\N26
2
¥ 2 1 _aef ¢ ¥ 1 1
A |SiNC2M dt: P df = & df =——
Q! | gmj Oaw>™ ~2w
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2 2 2
E:(‘S(Ae'bt)zdt:i E&Zé\l%df :ia\rctanM
2b b*+(2p f) pb b
50% W =hb/
E:garctan—ZpW —: ° a)
E p b 184% W=2b/p
2.2-7

O, VOW(D)dt =¢), V(D) gOi W( F)e™df Eﬂt
= &W(f)gi v(t)e ""W)tdtgdf = CiW(f)V(- f)df

V(- f)=V* (f) when v(t) isred, so c‘ivz(t)dt =c‘iV(f W * (f )f :(‘1|V(f)|2df

2.2-8
(\i:W* (t)e J'ZPftdt :géw(t)ejzpﬂdtg - gdt V\/(t)e j@(-f)tdtg :W* (f)

Let Z(t)=w (t) s0 Z(f)=W (- f)and W’ (f) = Z(- f)
Hence ¢y M(t)Z(t)dt =¢) V(F)Z(- f)df

2.2-9
—0« AsincAf so sinc At « _Paefo
8 SAﬂ
2t aft 6 2
v(t) =sinc— « V(f ——P = for A==
= ¢ (f) Ty "

2.2-10

Bcos— gt O« —[smc(ft - 1/2) +sinc( ft +1/2)]
o

S0 7[sinc(tt - 1/2) +sinc(it +1/2)] « Bcosp(; f)P e f
Let B=Aand t =2W b z(t) = AW[sinc(2M - 1/2) +sinc(2Mt +1/2)]

2.2-11

Bsm2pt 8_ O - j%[sinc(ft - D +sing( ft +1)]
1]

i B st - D+ s « -Zp(f) pefo__ a';faeif?
S0 Jz[smc(tt 1)+sinc(tt +1)] « Bsin 8t Z=-Bsn Sz

Let B=-jAandt =2W b z(t)=AW[smc(2\Nt- 1)+smc(2\/\/t+])]
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e'bltl « —2b b e'ZDaltl « 4pa = alp
b*+ (2 f)? (pay +(pf)* & +f*

(gl g =L _\¥ alp | _ aeao \¥ df

O*( ) pa Ofat+ 12 | gpﬂ (a2+f2)2

Thus, 5&_1@0 1 .-p

(a2+x2)2 28ap da 4a

2.3-1
z(t) =v(t- T) +v(t+T) where v(t) = AP (t £ )« A sincft

so Z(f)=V(f)e ™ +V(f)eM =2A sincft cosp fT
W

2.3-2
z(t) =v(t- 2T )+2v(t) +v(t + 2T) where v(t)=aP(t/t) « A sinc ft
Z(f) =V (f)e'™T +V(f)+V(f)e'*™ =24t (sinc ft )(1+cosdp fT)
VLR

2.3-3
z(t) =v(t- 2T)- 2u(t) +(t+2T) where v(t)=aP (t/t )« At sinc ft

Z(f)=V(f)e 2 - 2V(F)+V(f)e®™ =24 (sinc ft )(cosdp T - 1)

IV — QAT
& 12 Yy f
234
Bd-TO a-T/20

v(t) = AP -—— + B- AP :
= 8 (B- AP ¢ :
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2.3-5
ad- 2106 %-2T 6
(t) ST 5 (B- A c o2
V(f)=4ATsinc4 fTe '™ +2(B- ATsinc2fTe '™

2.3-6
Let w(t) =v(at) « W(f):ﬁv(f/a)
Then z(t) =Vv[a(t- t,/a)]=w(t- t,/a) so Z(f)=W(f)e jW“’a:éV(f/a)e‘ w/a

237
F gv(ne™ f= §, vhe™ e Mdt =) v(te 't (- 1)

2.3-8
v(t) = AP (t /t )cosw,t with w, =2pf, =p /t

V(f)=%sin0(f - ot +£2sin0(f + fot :ﬂz[sinc(ft - 1/2)+sinc( ft +1/2)]

2.3-9
v(t) = AP (t /t )cos(w,t- p /2) with w,=2p f, =2p /t
g ipi2 . gl 12 .
V(f)= A sinc(f - ft + 5 A sinc(f+ ft
A r . )
=- j?[SII’lC(ft - 1)- sinc( ft +1)]
2.3-10
. 2A
Z(t) =v(cosw t v(t :Ae|t| _—
O=vcosus  w)=helt« o
1 1 A A
Z(f)==V(f-f)+=V(f+f)= +
(D =V S e ) Tty " Te r(r 1y
2.3-11
A
z(t) =v(dcos(w.t-p /2 v(t) = Ae' fort3 0
(t) =v(dcos(w.t- p /2) (t) « izt
-ip/2 ipl2 s .
2(1) =8 v(f- 1)+ Sv(fa)=— A2, A2
2 2 1+j2p(f- f) 1+j2p(f+f)
Al2 Al2

TJop(f-f) j-2p(ff)
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2.3-12
v(t) =t z(t) z(t):—P8 O« 2Asinc2ft

—Z(f) oA d esm2pft3
df dfe 2 ft (2pft
1

_-ALL )
V(f)_—Zpd_f (f)= p—f(schft cos2p ft )

7 g(2pt )* f cos2p ft - 2pt sin2 ft

2.3-13
2Ab
b’ +(2p )°
1 dé 2Ab  0_  j2AWf
-j2p df §07+( 1)U go? + (2p 1))

z(t) =tv(t) w(t) = Ae M «

Z(f)=

2314

2(t) =tv(1) v(t)=Aet fort? 0 « —

b+ j2p f
Z(f)=

e u_
(-j2p )" df Eb+j2p fH [b+jop ]
2.3-15
v(t) = eP®° « v(f):le-w/b)z
b

(a) %V(t) - 2pb2te-p(bt)2 « JZp f e—p(f/b)2

(b)te'p(bt)2 « i_ V(f)= b (f/b)?
j2p df
Both results are equivalent to bte"( "« - jf el
2.4-1
yt)=0 t<0
_ .\5
=QA d = 0<t<?2
:QZAI dl =2A t>2
y L) A
2
A
A :
a ; 2 = + +
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y(t):O t<0,t>5
2

AN g = AC 0<t<2
Q 2

=QA d =2A 2<t<3
2A| A

=QA dl =58 (-7 3<t<s
é}rttl

g o t 2z °
2.4-3
y(t)=0 t<0,t>3
t At2
= A d =— O<t<1
Q 2
A Aad =21 1<t<?
=QAd =5@-D
Ye)
TAlL
) )
A -"| Aly
-1 o ¢ "y °
2.4-4
y(t) =0 t<4
:(‘32Ad| = 2At- 8A 4£tE£6
:(‘52Adl =4A t>6
LJ{H
pd i 944
L
z {4 h 4

2-10



2.4-5
y(t) =0 t<0

:ézez' dl =1- &2 0EtE?2

62262' dl =e”ge'-1§ t>2
L&)

3
i-2 g A T i— ¢

2.4-6
y(t)=0 t<-1t33

t

/

 2(1+1 )l =t +2t+1 -1£t<0

6’12(1+| dl +Q2(1-1)dl =-t*+2t+1 0£t<1

622(1+I)dl +c‘52(1-|)d| = 2 +20+1 1£t<2

:(‘5_22(1-I)dl =t 6t+9 2Et<3
S[tﬁ
z
1
e R N 4« |+ % o3 ‘
247
yt)=0 t£0

:éAe'a' Be"“')d| JAB/(a-b][e® -e*] t >0
2.4-8
v(t) = Ae ™  w(t) =sinpt= %ejpt - %e_ Ptz Be ™+ Be ™

y(t) = v*w,(t) +v* w, (t) =[AB /(a - b)][e™ - e *] +[AB, /(a- b,)][e ™ - & *]
Let B,=j/2,b=-jp, B,=-j/2,b, = jp and simplify

2.4-9
v* \/\/(t)zdiv(l wit- 1)dl  let m=t- |

=~ v(t- Mw(mdm= ) Wmv(t- mdm=w*v(t)
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2.4-10
Let y(t) = éiv(l Wt- 1)dl where v(-t) =v(t), w(- t) = w(t)
y(-t)=div(l Ww(-t-1)dl =Civ(l Wt +1)dl

=- ), V(- MWt - mdm= 3 v(mw(t- md m= y(t)
2411
Let y(t) = (‘iv(l Ww(t-1)dl  where v(-t) =-v(t), w(- t) = - w(t)
y(-t):c‘ilv(l W(-t-1)dl =-Civ(l w(t +1 ) dl

= (), V(- MW(t - M dm= ), v(mwat - mdm= y(t)

2.4-12
Let w(t)=v*v(t)=tL(t/t)

0 2 3, .,
VWO =Q, @+ Ddl+Q (- 1)dl =21 0£t<t/2

2
=Q, - Ddl = 12? —t_ t/26t1<3 /2

w

N

—t?-t? l|<t/2

N

2
Thus v*v*v(t) ={ aT‘t| —t_ t /2£]f <3 /2
|

i 0 t|2 /2

|

)
L
a— wit-2) ”j"
T2

wi(A)
THe
t-Tp 06 t+h 7 o 'i‘?:. T 37,

2.4-13
F{v(t)* [wt)* 20} =V(HW (F)Z(H)] =[V(FWH] Z(F)
50 v(t) * [w(t)* 291 =F H{[V (F )W HIZ(F)} =[v(t) *w()]* 2(t)
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24-14

V(f):%ng W(f)=4P (2f)

Y(f)=V(FW(F)=P(2f)« y(t) = (1/2)sinc(t/2)

251
z(t) = AP?%ECOSWJ Z(f):%sinc(f - ft +%sinc(f +f X

Ast ® 0 thecosine pulse z(t) gets narrower and narrower while maintaining height A.
Thisis not the same as an impulse since the area under the curve is also getting smaller.
Ast ® 0 the main lobe and side lobes of the spectrum Z(f ) get wider and wider, however
the height gets smaller and smaller. Eventually the spectrum will cover all frequencies with
almost zero energy at each frequency. Again thisis different from what happens in the case
of an impulse.

252
W(f)=v(f)e'®h = gé c,(nf,)d (f - nfo)ge- 20 ftg
e n u
= é éiv(nfo)e- i2onit, Hj (f - nf,) P ¢, (nf,) =c¢ (nf,)e i2pnt,
25-3

W(f)=j2p V(f)=j2p §é’1 6, (nf,)d(f - nfo)ﬁzé [i20nf, c,(nf)d(f - nfy)
b c,(nfy) = j2pnf, ¢ (nfy)
2.5-4
W(f) =%[V(f - mfy)] =%8§1 ¢, (nf)d (f - Kfy - mf)) +§ ¢, (nfo)d (f - kfo+m°o)3
€n n u

=188 o [(k- ML (f - Kio)+ & cl(k+m) fJd (f - k)
26 k G
=& {al- Mgl m f}d(f- oty
® ¢, () = 2{[(- M1 +c[n+m)1y]}
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2.5-5
v(t):Au(t)- Au(t- 2)
11 é 1
V()= A|W Ed(f)-g—j2lof
But d(f)e'*"=¢e1%(f), so
A

V(f)=———(1- e*") =24 sinc2ft 1 »"
j2pf

1.0 e
+=d(f)ge *"y
2}

Agreeswith v(t) =P ?;

2« 2A sinc2fte /@™
%]

256
v(t)= A- Au(t+t)+Au(t-t)
1 1 .1 u é 1 1 g, .U
V(f)=Ajd(f)- +=d(f)e®" - & +=d(f)ge "y
i gipf 274 gizpt 24

But d(f)eiz"“ =d(f)e'®" =e’d(f), so

V(f)= Aéd(f) 2|Df(ejzf’“-elzf’“) = Ad(f)- 2At sinc2ft
U

Agreeswﬂh v(t)=A- AP(t/2t) « Ad(f)-2A sinc2ft

25-7
v(t) = A- Au(t+T)- Au(t-T)
i ¢ 1 1. 0r €1 1 0 U
V(f)= Aid(f)- &——+=d(f)ge'®" - &——+=d(f)ge '*y
i gt 2 g gzt 2 g
But d(f)e’®™ =d(f)e™®T =€&%(f)=d(f),so
v(f)=—2 (€™ +e>)= Afcosaaﬂ'
J ip

If T® 0, (t)=- Asgnt « vm:%, which agrees with Eq. (17)
ip

2.5-8

V(f)=sincfe and V(0) =1, so
sincfe 1

W(f)= —d(f)
j2p f

1
If e® O, 1) = u(t de:
e w(t) =u(t) and W(f) Ty

e

-&r 2 Gz

+%d(f ), which agrees with Eq. (18)

wit!

3
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259

V(f)=1/—_e and V(0)=1, so
lle+j2p f

- 1l/e . +1d(f)
(ipf)Ve+j2pf) 2

If e® 0, wW(t)=u(t) and W(f)=

\wlk)
I J‘ P

T 1

W(f)

1
i2pf

+%d(f ), which agrees with Eq. (18)

2.5-10
2(t) = AP (t/t )*[d(t- T) +d (t +T)]

so Z(f)=(A sinc ft)(e’ wr +ejWT) =2/ sinc ft cosp T

2511

z(t) = AP (t/t )*[d(t- 2T)+2d (t)+d (t +2T)]

so Z(f)=(At sincft)(e ™" +2+e™*")= 24 sinc ft (1+ cosp fT)
2512

z(t) = AP (t/t )*[d(t- 2T)- 2d(t) +d (t +2T)]

s0 Z(f)=(At sincft)(e ™ - 2+e" )= 2A sinc t (cosp fT- 1)

2.5-13
n 0|1]2|3|4]|5|6]|7]|8
sinpfd(t- 05n) [o[1[0[1]0[1]0[1]0O
v(t) ol1l1]2]2][3|3]4]4
2514
n 10| 9| 8] 7| -6 4| 3| 2| -1]o0
Cos(Zpt)d (t- O_]_n) 1 081 (031 -0.31| -0.81 -081]-031| 0310811

v(t) 1 181212 | 181 -0.81| -1.12 | -0.81

of | ~|d&

v() for n=1,10 181|212 | 181 1 0 -0.81 | -1.12 | -0.81 0 1
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Chapter 3

311

y(t) =h)* Ald(t+t,) -d(t -t,)] = A[h(t+t,) - h(t - t,)]
Y(f):H(f)A(eiW‘d - € ind): j2AH (f)sin2 ft,

3.1-2
y(t) =h(t)* Agd (t+t,) +d (t)g= Agh(t+t,) +h(t)g
Y(f)= H(f)A(ejWtd +1) = 2AH( f)cosp ft,e ™

3.1-3
y(©) = h(t)* An(t- t,) = Ah(t)* h(t - t,)

Y(f)= H(f)AH (f)e ™o = AH2(f)e ™'

3.1-4
y(®) = h(t)* Aut- t,) =A¢) “h(l )dI

- ¢ 1 L landeim = A fiye it o A
Y(1)=H(DAg——+2d(f)ge ™ =— - (f)e ™ +ZH(0)d (1)
3.1-5

¢ 1 1. .0 1 1
Flg®)]=H (f +2d(f)g=——H(f)+= H(O) (f
[a(®)] ()8j2pf2()H Y (T)+= H(O)Q (1)

Fldg@t)/dt]=j2p fF[g(t)]=H(f)=F[h(t)] Thus h(t) = dg(®/ dt

3.1-6
i2p fY(f)+4pY(f) = j2p £X(f)+16p X(f)
|_|(f):Y(f) _Jpf+2p8_8+jf

X(f) jpf+2p2 2+jf

64+ f? f f
H(f)|= |——— agH(f )=arctan— - arctan—
H(OI= [ @9H () 5 .
Lf
f
;_s- ;,

3-1



3.1-7
12p Y (1) +1@ Y(F) = 2 £X(f)+4 X(f)

H(f):Y(f) _ipf+2p2_2+jf
X(f) j2pf+2p8 8+jf

2
|H(f)|= ’;:Tffz argH(f):arctan%-arctan%
I V_—
tes | ; S

L]

:H-‘ t/\\
: K

y L]

3

3.1-8
12p fY(1)- 4pY(f)=- j2p £X(f)+4p X(f)

Y(f) _-j2pf+2p2_2- jf
X(f) j2pf-2p2 2+jf

2
|H(f)|= ;:;2:1forallf argH(f):-Zarctan%

02 p
"ﬁ', ‘N
..;-Egi

3.1-9
B
H(f)»j—f for |f|2 WO B

H(f)=

Thus Y(f)» — X (f)=2p B——X(f) for |f|oW
if j2p f

and y(t) » 20 B, x(1 )dl  since X(0) » 0

3.1-10
H(f)»% for |f|EWD B
if 1.
Thus Y(f)» —X(f)=—— fX(f) for |f|EW
()>>B()2pBJZD() |f|

1 dx(p)
0 y(t) » ——
y()»2|O|3 ”
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3.1-11

ef o

2 aefo 1
X(t) =2sincAWM « X (f)=
®= « XM= WP sy aw’ Sws
aw 1 1
—Q|X(f)| df_ozw YV _V_V
Y(f)= T pEl0
1+j(f/B)2w  &aW g
E, = sz L/ 4w Sdf = Bzarctanﬂ
1+(f/B)" 2w B
E, B W
—L = —arctan—
E, 2W B
3.1-12

h(t) =F *[H,(F)H,(f)] = h () * h(t)
where h(t) =u(t) - u(t- T,)
hy(t) =u(t) - u(t- T,)
Tj/_\_
4
a

T, -7, T+T,

3.1-13
h(t) =F *[H,(f)H,(f)] = h(®)* h,(t)
where h,(t) = 20 Be **u(t)

hy(t) =u(t)- ut- T)

k
I |
i LA i
o 'faB T T+Y=B
3.1-14
| 2p f 1. 1
(=2 = %ot

1+jKpf K UK+ f
1d. .1 1

h(t) = —— & " ut)g=—d (t) - —e " u(t

) Kdtg (LY " (t) 2 (t)

g=F {2 _y=2

S e u(t
{UK+j2pth K ©
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3-1-15
(=K 1

+Kjpf 1.
12 E"‘Jpr

s0 h(t) = e u(t)
g(t)=dh(l ) d = K(1- e')u()

3.1-16
Since h(t) isreal, H,(f)=H_(f) and H,(f)=H_(f), so

h(t):fi[He(f)+jHo(f)]eJW‘df :25Hr(f)coswt df +12@¥ iH.(f)sinwt df
_ 6 N : 0
‘ZéQ H, (f)coswt df Q H, (f)sinwt df(j
h(t) =0 for t<0P SHi(f)sinM df :(‘SHr(f)coswtdf
Hence, for t >0, - SHi(f)sinwt df :(SHr(f)coswt df
0 h(t)=(‘5Hi(f)sinwtdf :(‘SH,(f)coswtdf
3.2-1
£ 212 1 2
[H(D)|=g+(f/B)"H :1-E(f/B) +oo»1

f f 1gf & i
agH(f)=-actan—=-—+—c== +--»- —
gH () B B 3%By
for [f|EWL B
3.2-2

|H (nf,) :gL+(n/3)28_1/2 argH (nf,) =- arctan(n/3)
y(t) = (0.95)(4)cos(w,t - 18°) +(0.71)(4/9)cos(3w,t- 45°) +(0.5)(4/25)cos(5w,t - 59°)
=3.79c0s(W,t - 18°) +0.31cos(3w,t- 45°)+0.08cos(5w,t- 59°)

ANV

- - ¢

34



3.2-3

[H (nf, )| = =222

1+(n/3)’
y(t) = (0.32)(4)cos(w,t- 72°) +(0.71)(4/9)cos(3w,t - 45°)+ (0.86)(4/25)cos(5w,t - 31°)
=1.28c0s(W,t - 72°)+0.31cos( 3wt - 45°) +0.14cos(5w,t - 31°)

argH (nf,)=90°- arctan(n/3)

i

3.2-4
2 aofg 1 _afp
X(f)=—P gog—z=— —
(f) 40 &40y 20 &40
20, et 0 jus

Y(f)=— -
(N=% €405

ipaeig-im

H(f):Y(f):Z g40ﬂ _ =10e ™5
X(f)  Lpefo
20 %405
| wiss | i
pobr

Io Jo

E— 1

- ]U
L }-- p - ‘P
- %0 3o Josq

Notethat 300p =2p and the phase actually wrapped around several times. Under
normal plotting conventions we would go from -p to p and repeat this pattern 300
times.

3.2-5
td(f):m B = 2kHz |imtd(f):i
2p f f® 0 2B
f kHz| t,(f), ms
0 -0.08
0.5 -0.078
1 -0.074
2 -0.062
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;'E |f|£15
agH ()=
[P |f|>15
T 2
I laepo_1
t(f)—-idifargH(f)__I_ 2§ 305 60 fl£5
1 0 |f|>15
|pf/30_i |f|£15
t(f):-argH(f)::[ pf 60
d 2pf i p—/zzi |f|>15
Fopf  4f
o t,(f) =t (f) for |f|£15
by(f)
t4(£) V0o
o Ry
-5 = P --f'-a |'5.

3.2-7
@ H.(f)= §l+261 %(ejWT +e J'WT)EE" M =g +e M +ae

Thus, y(t) =a x(t) +x(t- T)+ax(t- 2T)

1 ==
2T
OREES o
o Th T o
LFAN
J-I-
=2 ’J—'F—L
R ; T
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3.2-8

L . < WT SjasinwT _ -ijO’c]‘_ f a‘ ., 0
expg j (WT -asinwT)g=€e"e —e g + jasinwT - 7sm WT +--- =
2
If [a|0 p/2, H(f)»e™ +jasnwTe ™ =M +%(e’””- e J'WT)e' Wt

»i_'_e-ij ) ie-jsz

Thus, y(t) » %x(t) +x(t- T)- %x(t- 27)

5,_1 —
leading echo inverted trailing echo

3.2-9

H () = Ke MlaDgioasnT

el®s™T =1+ j0.4sinwT - 0.8siN*WT +--- »1+O.2(ejVVT - e J'WT)

S0 Hy,(f)» Ke ™7 (1+026" - 0.26 M7)

Teke K =1 and t, =2T, s0 H(f)»(0.2¢"™ +1- 0.2¢ M )e ™7
Hence, D=T, M=1, ¢,=0.02, ¢ =1 ¢, =-0.2

3.2-10
Ho(f)=Ke ™ (1+0.8coswT)
Expanding using the first 3 terms

(1+0.8coswT) " =1- 0.8coswT +0.64cos’WT - 0.51cos’WT

where coswT :i(e'wT +e ™), coswT =1L cosanT :£+1(ejmT +e127)
2 2 2 2 4

1

COS3WT = E(BCOSWT + COSBNT) — § (ejWT re jwT ) +o
4 8

(ejaNT +e j3WT)
8

Take K =1 and t, =4T, so
e 0.13 QT 0.64 i a@8+0380 T 064 8.8 0380e

He(f +1+
wl1)= 2 4 &2 25 &2 p
+ 0648 jawT _ 0.13 e j3wT l;'e' jawT
4 2 H

Hence, D=T, M =3, c,=¢,=-0.065, c,=¢,=0.16, c,=c¢ =-0.59, ¢,=1.32
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3.2-11

3 3
y(t) =2Acosw - 3A°cos’w,t  3A’cos’w,t = A cosw o+ SA cosaw N
4 4

3 A 3
so y(t) :EFZA- gigcoswot - 3i0083/v0t
& 4 g 4

2™ harmonic distortion = 0

3A°
2 | ... 1300% A=1

—4 " 100=
. 9A 1426 A=2

3 harmonic distortion =

3.2-12
y(t) =5 Acosw,t - 2A% cos’w,t +4A° cos’w,t

2A? cos’W,t = A + APcos2w,t  4A° cos’w,t = 3A% cosw,t + A’ cosw t
0 y(t)=- A’ +(5A+ 3A3)cosw0t - A?cos2w,t + A® cosaw,t

d e N i125% A=1
2™ harmonic distortion = |————" 100 =

5A+3A 111.8% A=2

d A, > i125% A=1
3" harmonic distortion = |———— =i

5A+3A 1235% A=2

3.3-1
P =05W=27dBm ¢=50km a =2dB/km

P, =50mW =17dBm 20pW = - 17dBm

27dBm- 2¢, =- 17dBmp ¢, =22kmp ¢, =50- 22=28km
-17dBm+g,- 2° 28=-17dBmP g, =56dB

-17dBm+ g, =17dBmb g, =34dB

3.3-2
R, =100mW =20dBm ¢=50km a =2dB/km

P, =0.IW =20dBm 20pW =- 17dBm

20dBm- 2¢,=- 17dBmp ¢, =185kmPp ¢, =40- 18.5= 21.5km
-17dBm+g,- 2 21.5=-17dBmb g, = 43dB

-17dBm+ g, = 20dBmb g, =37dB
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3.3-3
s an-3
Fé”t = 50" 10 =-16dB, mL =0.4" 400=160dB, g £30dB

m 30dB-1603-16 P m348 so m=5
g =(160- 16)/5=28.8dB

3.3-4
L =05 3000/ m=1500/mdB P, =5mW = 7dBm

% 8 67uW =-11.75dBm

7dBm- 202 . 1175 m? 80

Bu-M9 _qp g =1 =250 157548
in mI—i 80

33-5

L, =25 3000/ m=7500/mdB P, =5mW =7dBm

% 8 67uW =-11.75dBm

7500
m

3 -11.75P m?3 400

7dBm -

h:ﬂ:lp g = |_i :%:18.75(15

mL

in i

3.3-6
ot = 2°10°/5=-64dB, L=92.4-6+26=112.4dB

V)

P,
9° _ Py _ _ _
T_ oL p g=(1124- 64)/2=24.2dB =263

n

2 - 1m0)\2
£ rs»)(locf)zlo ) =263 b r=15510° km=155m

SO
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T
P -2 107 _ 64dB L=924-14+20=98.4
P 5
2 -
9" _ Py b g= 984-64 _ 17.2dB =52.5
L P, 2
r?)(0.2" 10°)°
so 4p(p )( S ) =525b r=1.7"10°km=17m
(3" 10°)
3.3-8
With repeater P,, = 9 %O R, Without repeater P, = Gr e P,
LL, L
ngRgrpt :12 ngR p grpt :12 L1
LL, L L
L, =92.4- 20log fg,, + 20log25km =120+ 20log f
L =L
L =924- 20log f +20l0g50=126+2- log f
Let f =1GHz
L, =L,=120dB b 10% L=126dB b 3.98" 10"
10”10
=12————=0.3" 10” =115dB
o 3.98" 10*
3.3-9

L, =92.4+20logl7 + 20l0g3.6" 10" =208

L, =92.4+20log12+20l0g3.6" 10* = 205

P, =30dBW so P, =30+55- 208+20=- 103dBW

based on parameters from Example 3.3-1 g,,,, =18 +144=162dB

P, =-103+162=50dBW so P, =59+16- 205+51=-79dBW b 1.26" 10°W
3.4-1

- jwt ef o - Wiy .
H(f)=Ke ™ - KP ¢—-=e h(t) =Kd( - t;) - 2Kf, sinc2f,(t- t,)

er(B
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34-2
H(f)=Ke ™ - H,(f) where H,,(f )=Eq. (1)
Thus, from Exercise 3.4-1, h(t) = Kd(t - t,)- 2BKsncB(t- t;)cosw,_(t- t,)

34-3
|H(0.7B)|2 =g+ (0.7)2”5[1 310" =1/1.259
so 1+(0.7)*" £1.259 or (0.7)*" £0.259

n (0.7)*"
1 049 b sdectn=2
2 024

H(3B)| =@ +3"f ~ =@+3'f  =0.11=-19dB

3.4-4
[H(0.9B) = @1+ (0.9 * 10 *° =1/1.259
0 1+(0.9) £1.259 or (0.9)™ £ 0.259

n (0.9

6 E P sdectn=7

7 0229

H(3B)|=g+3"Y  =g+3“§ =46 10*=-66.8dB

3.4-5
€ —f aef(')zd1
H(f)=@l+jv2—- =>4 fromTable34-1
x B ng,
8 a
H(9 =H(f)] TN LN 5
S) = —/iop — + - =
f=s/j2p é J 2pB ga)ng
21?2
=2 p=2pB/2
(s+b)” +b >

0 h(t) = 2be ™ snbtu(t)

3-11



3.4-6

(&) H(f)=—2%  where z,, =—RIWC___ VLC
Zpe + JWL R+1/jwC 1+ jw+/LC
Thus, H(f)= !

1+ jwv/LC - w2LC

H(F)E = € ) 2 ) 20'1_ 2 4. _ 1
0 [H(FF =§1-wiLC) +(W'LC)d =1- (/) +(f /)" with fo= TS

(b) [H(B) =1/2p 1- (B/f,)"+(B/ f,) =2

S0 ;EOEZ :%(1+«/§) B:,/%(lh/g) f, =1.27f,

IHCE))

his §
1.0

s, 707 1

&
34-7
1- e€®® =01b t,=0.11/B{ , 2280-011_ 1
1- e®®: =09b t2=2.30/2bB)p/ o 2pB 2.87B
34-8

g(t) = 9, h(1 )dI =2be™ sinbl di =1- e (sinbt +cosbt) for t2 0

05 052 1
bt,/p » 0.1, bt,/p »0.6 t » b = 2B :2_8B

bt
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3.4-9

X(t) = ASINCZWE bt ==, x(f)_ipaef 6
w &2 5
; iﬁpgeig for B>W
Y(f)= Pge—?xu) : L
T—p —9 for B<W
TZN &2B 3

|Asinc2\Nt ) t, =1/W for B>W
t) =
vy = IEAS nc2Btb t =1/B for B<W

tw
n/,
1 "
0 ; Blw
3.4-10
H(0) = Qi he "di = Ci h(t) dt
In()| = &H(f)ejv“df‘ =, [H (P
HO , H@O _ 1
Thus t =
IO O H(Ddr 2Ba
3411

(@ H(f)= ZKB(:)th Si nCZB(t - td)e' Wit = 2KBe” 1M (‘i sinc2Bl € M dl

where sin2p Bl cos2p f| :%gsian(f +B)l -sin (f-B)I§

MM Qg 208 @ a DB

ThUSH(f)_pethd{SSZp(f-'-B)tH Sgaf)(f' ) H}

(cont.)

3-13
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1 1
b) t,0 = t, =—
(b) t, B 1728
ik}
ti':"lf-ﬂ"ll nid) V\
ﬂvAvAvf;ﬁgﬂ— t ;
& e Tty o ty i
K | ; a migl NEF
1R !
|
|
] B=lhey B i b B IE
351
L1 wd(l 11 1
@ di==-g g === | ==
th' pt-| =0 Pt
FEOR=(-json f)F[d®] =- json f
Thus, F*[- jsgn f] :oT(t):—
) do* Loy aa drB0- 1.1 2o
pt &ty pt pt &tg
Thus, gifz-ol(t)
8ptz
3.52
& =x(t+t/2) where x(t) = A[u(t)- ut-t)]
ﬂ
SOAFA’aiO—Aa%+t—9—AI t+t /2 _é 2t +t
S5 & 25 p t+t /2-t| p |2t-t
Now let v(t) =limAP 2.0 & 9t) = lim2in[2L* t‘_—| n1=0
t® ¥ 8'[ 7] te¥ p 2t - p
353

ef 6
82\Nﬂ
of +W/26 | Paef W/26

8Wg2VV8Wb

F[x®] =(- json f)iP

:JP

Thus, X(t) = schVt( LA eij‘) =sincWt sincpWt =pWtsinc® Wt
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354
1 1
X(t) = cosw,t - Ecosswot + 5 cosHwv t

X(t) =sinw,t - %si n3w,t +%si n5w,t

3.5-5

X(t) = 4cosw,t + g cos3w,t + 2i5 cosSw,t

X(t) = 4sinwot+ﬂsinaN0t +isi nsvt
9 25

3.5-6
f o] aef lo)
X(t) =sinc2M « X (f __Pae X (f __p
t) = (f) CoW X ()] CoW
X(t) = pWtsinc®Wt =sincWtsinpWt « X(f)—iPaef 2 g2y Paef _er’Z
W Ew g Ew
50 +¥o
‘X(f)‘ _Paef er/z+iPa3f Z o2
gw o w Ew g

Note that the cross term is zero since there is no overlap. From the graph we see that the
two rectangle functions form one larger function so

ef o

|X(f)|——P8—_ X (F)

3.5-7
X(t) = Acosw,t X(t) = Asinw,t

O, XKD dt = A2y cosw,t sinw,t it

BN T A T A1 u
_H@@g sm(wo-Wo)tdt+70Tsm(W0+w0)tdtu-u@rgéo+7mcoswtﬂ
0 T
. e A
:IlmeA &——(cos2w,T - cos(- 2\/\/T))LAj 0
T®¥é4vvo {
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3.5-8
F [n®] = &, 2h((t) e "dt = 263 2 h([e) coswt
= Qh@coswt dt =) h(hcoswt dt =H (f)

H(f) = F gL+sgnt) R OB= Ho(f)+ ——* H,(f) = H(F)- ] gH.(F)* ——q= H.(F)- JH.(F)
j2p f & pfy

Thus, H,(f)=-H.(f)
361
R, ) :(w(t)v* (t-t )> :<w* (t)v(t - t )>
=(V[t+(-0)]W (1) =R,,(-t)
362
R (t £mT,) =(v(t+t +mT,)v (1))
but v(t+t +mT,)=v(t+t) so R (t +mT) =(v(t+t )V ())=R )
363
R, = (Mt +))=(vol ) =P
RO =vow O) £RP,=R¥(0) o |R()£R(0)
3.6-4
X(t) = cos2aw,t From Eq. (12) R (t) :%COSZNOt
y(t) =sin2w,t = cos(2w¢ - 90°) P R (t) :%COSZNOt

(Note that the phase delay does not appear in the autocorrel ation)
SinceR, (t) =R, (t ) we conclude that y(t) issimilar to x(t). Thisisthe expected conclusion

since y(t) isjust a phase shifted version of x(1).

3.6-5
V(f)=ADsincfDe "™
G,(f)=(AD)*sinc fDP R,/(t)=A’DL(t/D), E, =R (0)=A’D
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3.6-6
®eA o, eef 0 ¢
V(f =P - iwty
D=y Sawy®

2eA s aefo A?

G,(f)= caw s P S R(t)= —S|nc4\Nt E,=R(0) =
3.6-7

Gv(f)=#2;f)2p RO=2e¥, E=RO=2
3.6-8

v(t) = A, +%ejf et 4 % o i
Gv(f)=%2d(f)+%2gd(f - f,)+d(f +1,)g
R/(t ) :A§+%2COSVVOt, R/ = R](O) :A§+%2

3.6-9

A2
W

v(t) = A (ejflerOt +e g Jth) %(e ip 1212wt gify 4 @iP /2 |20t g jfl)

Gv(f)=72€1(f- ) +d (1 + 1)+ 2 g1 - 26)+d(1+21,)g

Fi,(t)—izcosw't +%2C082\Nt PV:R,(O):%zJ,%Z

3.6-10
R()= I|m N APu(t)u(t- t)dt where u(t)u(t-t)= IO t<t
OT |1 t>t
Take T/2>t >0, s0 & u(tl(t-t)dt= & dt =1-t
= Qp Q0 T
Thus R\/(t)—|lmiéﬂ—-t 9-% for allt
A A’
R=RO==  G(f)=—-d(f)

3-17



3.6-11

xt)=P(10)=P &L 0« x(f)=Lsinc-

&1/10 0 10
fo aef ¢
H(f) = Ke "op = _0=(3e moosp 20
(f) &2B 5 8403
Gy(f):|H(f)| G (f):|H(f)|2|X(f)|2 since x(t) is an energy signal
fdl1 f ’ paef el . o fuo
=|3e Wop & smc : sinc® —;
%40 10 840 F&00" "~ 10f

f j2p ft
o R ()= 020100 10e df
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Chapter 4

41-1
VM) =uO+v,0cosa V(1) =v,@sina

At) = V2(1) +2v(t) () cosa +VE() » y (1) + v, (cosa
v, () sina N v,()sina

f (t) =arctan

W +v,0c0sa v
+! '
-
= ¥l “
¥, Ly
4.1-2

Vi (1) =[wa() +v,y()]coswot v, (1) =[v,(1) - vy ()] sinw,t

A) = V(1) +2v, (1) w() CosW,t +V2(E) » i (1) + v, (B cos2w,t
[V, (t) - w(t)]sinw,t
[V, (t) + v, (t)] coswt

#it)
i
R

f (t) =arctan

» - Wt

4.1-3

@ (i v, (t)cl :@i v () cosw,t dt - (‘ivq (Msinw.t dt

¥ X 1, . 1

Q, Vi (hcoswt dt:QVi(f)Egj(f - f)+d(f +f)g of :E[Vi(fc)+\/i(- f)]=0
since f.>W and V/(f)=0 for |f|>W

*
~

O, v, (Osinw,t ot :(‘ivq(f)%gs' PI2g(f - f)+ePd (f+f,)g df
=28, (F)6 P4V, 16 2}=0

Thus, (), W, (t)dt =0

(cont).
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(b) E, = (‘i(v(t)coswct -V, Si nwct)2 dt

19‘ vzdt+Qv2dt+Qv cosZwtdt+Q Vv S|n2wtdt+0 YAV SIhZNtth

but v? ,vq, and vv, arebandlimitedin 2V <2f. so, fromthe anaysisin part ()

\

~ V2 CcoS2w t dt = v Sin2w t dt = vV, sin2w tdt =0
Q,Vi Q, (L

Hence, Ebp—— Qv dt + O&V dtu (E+E)

41-4
af +100¢
vV (f)=P -
V,, (t) =400sinc400t e /%
= 400sinc400t (cos2p 100t + jsin2p100t)
v, (t) = 800sinc400t cosZp 100t v, (t) =- 800sinc400t sinZp 100t

4.1-5
1_af-756,  af +500

VvV, (f P “+P 2

‘p()zgloog & 150 g

v, (1) = 150 i ncasot %™ +100sinc100t & 12

V. (t) = 2Reg gv/p (t)g=150sinc150t cos2p 75t + 200sinc100t cosZp S0t
v, (t) =2Imegy,, (t)g=150sinc150t sin2p 75t - 200sinc100t sin2p 50t

4.1-6
Vi (1) = 22(t) goos( 2wt +a ) coswy - sin(tw,t +a)sinw,tg
0 V() = 241 cos(xwt+a) v, (t) =2Zt)sin (+wt+a)

j(£wot+a)

v, ()= ;22(t)gcos(+w t+a)+jsin(xwgt+a)g= z(t)e

4.1-7

B=f - f, ——Q(\ll-l-TQ+1)-—(\/1+TQ 1)

4-2



4.1-8

L=1+d, h=(1+d)'1»1-d, )
f, f
- i 1
H(f)»{1+ jQgl+d - (1-d)g = ITiacd
Butd=—-1=1"To &
0 fO
1 f=f,(1+d)>0
H(f f
O 2Qr- )ity |f- t|=[d[f0 f,
4.1-9
H(f)» _— __ stagger-tuned
JLH(F- £ 4D 7L+ ( - 1 - b /1P
» ! - single tuned
JLH(F- 1) 120
4.1-10
1 pB 0Bt
H (f)= . b h,(t)=pBePu(t
ép( ) 1+]2f/B pB+Ja3f p() p € U()

Xep (1) = 2Re§§u(t)ejvvct E P x,(t)= gu(t)

_PBA

— * - -1 _ A _
Yo (0) = * X, (t) QePB(t )dI —E(l-eth)u(t)

Yip (t) = 2Regy,, (e = A(l- e'th)coswct u(t)
Al1- e TEE

{ s




4.1-11
H,(f)=P aefEe s by (1) = Be ™4 sincB(t- t,)
&Bp
%, (1) =2ReS2u®e™ Y b x, ()= 2u(t)
“&2 H 2
BA . & .
ylp(t):h[p*xlp(t):7e : °“’an08(| -ty )dl

_A L Bt )
e ancmdm+Q smcmdm‘gJ
:ée'i““d §1+1S|pB(t t)
2 8 p i

ybp(t):ZRegylp(t)e"WCtH:A§%+;S|p8(t t )Hcoswc(t- ty)

AlLZsa 5iamit-1)]

4.1-12

X, () =2"u)e™ b X, (f)= ejagﬁ+d(f+f)

(et} eny end

H,,(f) =P ZL0 with ED f, so d(fF1,) fallsoutside passhand.

8 B
ja ..
Thus, Y, (f)=—°  p& 9, ¢ pgeie sincef, [ f for |f|<§

p(f¥f,) &Bg *Fipf,
e’ _'Bsinth
Oﬂ

Yip(t) » %] 9

sinc Bt Regt je” e =7 2B

sincBtsin(wt+a)
P

2B
Yip (1) »
P p o,



4.1-13

2 Ty 1 B
H (f)=em& 0 X, (f)==Z(f)=0 |flEWE—
_ 'f2/b 1 1é . le;l . f2
Y, (f)=¢ EZ(f)»EéjjTHZ(f) since FD 1 for [f|EW
d2
»—SZ(f) Jaof) Z(f)H P y{p(t)» eZ(t) zbdtZZ(t)u
éd* _ U
Thus, Y, (t) » z(hcosw,t - 4p 75 dt’-’ z(t)Hscht
4.2-1
g (=4

t?hu

reversels
AM p=1

4.2-2

4.2-3
_ 100 ,

AM: B, =400Hz S = Ab(1+mzsx) (1+06) 68W

DSB: B, =400Hz S, _—As _@_sow



4.2-4

sinc2 40t « 1Laefo
840fa
BT=2W:80HZ
p LR
A‘; [
PP &
Fo

¢

Y Lo © Lo £ cyo

4.2-5
A =(2A)=32kW P AZ=8kW

m=1, @:% b Sr:%Aé(1+nfSX):6kW

4.2-6

,_ 4
@__, 3__pt§+_;_1kw P A= kW
A% =(1+m) A2 = 4( m)sz£4kW

O 1+2m+nt £2+nf P mE£0S5

4.2-7
|le =x(0) :3K(1+2)£1 P KE£1/9

—K + 3K
45
2kp
2P, 9 _ 45K 2 S 45 9904

- - 2

Ac -
] J\j—‘i*‘

‘ e FoL Joov FeOY ibio £




4.2-8
X(t) =2K cos20pt + K cosl2pt + K cos28t
Lipaveo 1ad 6 3 50 3.,
P, == +2" =—KA 1 ==K*A’=—K*P
2
2P, _ 3KF;2 =£3»16%
S P+3KP 19

4 =x(0)=K@+1+)£1P KE1/4

a.
" ll-uL,

] 1"5?5

L Ly
AL 9o v Jpoo fook Imio toiy

i
&

4.2-9
x(t):4sinBt:4sin2p1t B :2W:l kHz
2 4 ! 2

0.01<%<o.1 b 10B, < f, <100B,

C

5kHz< f, <50 kHz

4.2-10

x,(t) = A[1+x(t)| cosws P Att)=A[1+x(t)]* O for no phase reversalsto occur
Since x(t)|min =-4 thereisnovalueof A that cankeep A(t) from going negative.
Therefore phase reversals will occur whenever x(t) goes negative.

4.2-11

7 1 AY
x.(t)=A §0052p 40t +§ cosZp 90t ﬁcos?p ft

| & | : * ¢ &
fto ';:'"":" P, fo et L2



4.3-1

@ v,, = ax(t)+a,x’(t)+a,cos’wt+a §1+ % X(t )écoswct

desired term

Select afilter centered at f,=10 kHz with a bandwidth of 2W =2" 120 =240 Hz.

(b) a gl+ 22, X(t )Ecoswct = A [1+mx(t)] cosw t = 10§1+ 1 X(t )gcoswct
e & a 2

H
2a, _1 5
P =10 —== P =—
% 2 % 2

4.3-2
X,(t) =aK? (x + Acosw,t)’ - b(x- Acoswt)’
= (aK2 - b)(x2 + A coszwct) + ZA(aK2 +b)xcoswct

=4 Abx() cosw,t if K :\/g
e Wt

Xl 4 ab 10a) cos w,t

Aces Lt

4.3-3
X,(t) =aK? (v+ Acosw,t)’ - b(v- Acosw,t)’
= (aK2 - b) (v2 + A coszwct) +2A(aK2 + b)vcoswct

=4Ab[1+mx(t)|coswt  if K= \/g and  v(t) =1+ mx(t)

R




4.3-4

Take v, = Xx+cosw,t so
Ve =& (X+cosw, t)+a3(x3 +3x? cosw,t + 3xcos’ w,t + cos’w t)

_8a1+ a39x+ax3+8a1+ a,+3a,x° coswt+ aSXCOSZ\Nt+ ascosaNt

Vur”fp t XU 2E) e BOF 1

B W IW ftws b fe2w zﬁ-wzf, Thiw 3;;, A

Take f, =2f, where f,+2W <2f,-W so f, >6W

¥iu
il s |'BPF F—

Riw

4.3-5
Take v,, =y +cosw,t, where y=Kx(), so

Vou =8, ((y+cosw,t) +a,(y? +3y2 COSW,t + 3y Cos? Wt +Cos’ wt )

:geaﬁ%as—wagy +8a1+ a +3a,y° coswt+ agyc032wt+ia cos3w ¢

Vo L ¥ g I X{$-28) —l'-\_. _:WBPF T
. ] e

IW fe2W A, feiw 2h w2, Ypw EFA

Take f,=2f, where f,+2W<2f,-W so f,>6N

x.(t) = g%ang(t) + ACECOSWJ =A g+ SSSAK x(t)gcoswct
é 0




4.3-6

3

.. .2 .
Let Vout, :alaeﬁt COSWCt+1 X2+a2 mﬁt COSWCt+£ xg +ag&,0t COSWCt+1 Xg
& 25 °& 2y & 2" 5

.. .2 .3
Vo :blgeA Cosw,t - %x% b, (ZEA COosw.t - % xg + bage,% Cosw,t - % x%

Expanding using cos’w.t = % + % COS2W t, cos’ w t= %cos w,t+ % cos3w,t
Since BPFs reject components outside f, - W <| f|< f, +W,

X: (1) = Vo,

-V
BPF Ot [BpF

& . 3 3,0
= 831 t % b - ZQECOSWJ +2(a, +b,) x(hcoswy +3(a, - b)) x*(hcosw
s0 there's unsuppressed carrier and 2™ harmonic distortion

4.3-7

X(t) = 20sinc 400t « X(f):%fﬁgzz—tfﬁ?
a 2

4 4 4
v, (t) =—x(@®cosw_t- — x( cos3w t +—x()cosHwt - -+
ot (1) 5 (® > ® > M

V. ) e
! oy Ae
| i g . o= .
i . J
i J BTy
¢ Gemotyp F

need f +200<3f -200 b f >100Hz
But f, must meet fractional bandwidth requirements as well
so 400<0.1f, b f,>4000Hz which meets the earlier requirements as well.

4.4-1
x(t) = ZRG‘% :11 A [X(t) = jR(t)] € g
_ % Re{[x() coswg * (- YXVsinw,t]+ j [x®si nw,t £ XY cosw,t]}

= %[x(t) coswtF X()sinw,t]

4-10



4.4-2
X()COSWt < %x(f- fc)+%x(f 1)
sjnwct:_iz(eiWct- e'J'Wct) and X(f)=(- jsgnf)X(f) so
j
X@®sinwt « - %sgn(f - f ) X(f- fC)+%sgn(f +f ) X (f + 1)

Thus, X (f) :%{glisgn(f - £ )X (f- f)+&Fson(f+f)gx(f+ fc)}

4.4-3
Upper signs for USSB, so
i2 f>f, 10 f>-f
1+Sg”(f'f°)'%o f<f’ 1'Sgn(f+f°)'%2 f<-f’
Ax(og) o
X (f)=i 0 <
i
X (F+f) f<-f,
2
4.4-4

Let g =w,t so X(t)=sing +ésin3q

. 1 5 s 1. .6
X2+ %2 =%osq +=cosyy 2 +Timg +=sing 2
& 9 5 & 9 a

1 2 2 . . 82 2
=1+—+—cosq cosy + —singsind] =— +—Cos
81 9 acosy 9 asin3 81 9 4

Al) =%A 2 (1) + %2(1) :%' 81 %«/82+1800521 =%JSZ+1800321

“I\_/, o
ik

ot

% \ /kf_e‘.&
S t
\/

R

4-11



4.4-5

BPF-1 PE-2
input _ﬂ*&_ g impur . . VAN
e 'rl e rr;;s. "II ﬂ;"t‘-
BPF-1 BrF-L
sufpul putput
& 4 - RLE?

For LSSB, upper cutoffs of BPFs should be f, andf,, respectively.

4.4-6

2b =4003 0.01f, b f, £ 40kHz

0.01f, £2f, +400 £80.4kHz
f,£8.04MHz and f_=f, +f, £8.08MHz

BPF-! \ -5 (= 400 Hz
imput s
rt
BrF-2 p—tl‘ 4 4ob —»t
inpat L J’\ £
‘r" L FI 'F;*ft
4.4-7
Yo (6) .
Pre | gl
%1 l‘ | 7 -f
~i60d [ 9me | cuwe
'431"’ 'ﬂ"’“ Geto 9900
2 Lo, 1ovo0_7,, O calculate directly from
Sr__AtSX __ASZ( 1)+ (3) 5(2) H_4AC the line spectrum

B, =W =400 Hz

4-12



4.4-8

BPF
QL -1bi

K¢l

.[:_E ‘QI‘H‘

Check to make sure BPF meets requirements:

001<B <01 b ?:M b 0.01<0.04<0.1v

. . 10*
Also f, <200b =200 100= 20 kHz v’
Note that a LPF at 10 kHz would have vidated the fractional bandwidth
requirements so a BPF must be used.

4.4-9
cos(w,t- 90°+d) =sin(wt+d ) = cosd sinw,t +sind cosw,t » Snwt + dcoswt

Thus, x_(t) » i{[x(t) FdX(t)] cosw,t FX(Bsinwt}
A(t) » —gxz )+ X)) F 2 x(t)x(t)H
4.4-10

(1- e)cos(w,t- 90°+d) = (1- e)[cosd sinw,t +sind cosw,t] » (1- e)sinw t+d cosw,t

A

X, (t) » 7gcoswm cosw,t- (1- e)sinw, tsinw,t- dcosw,tsinw.ty
= %{ 2cos(w, +w,, )t + egcos(w, - w, )t- cos(w, +w, )ty

-d gsin(w, - w, ) t+sin(w, +Wm)t§
But ecosq - dsing =+e’ +d” cos(q +arctan(d/e))

(2- e)cosq - dsing =4(2- €)” +d” cosgq +arctan—e
-Cg
» 24/1- e/ZCos(q +d/2)
Thus %(0) »% V1- e/2cosgw, +w, )t +d QQ*%VQZ +d? COSg(wc- Wm)t+arctan%g

4-13



4.4-11
30004,
%’{& )

£ U-a)a,,4,

Ale
i}

L

The easiest way to find the quadrature component is graphically from the phasor diagram.

1 : 1 : _e 106 .
Xeq (1) —EaAnAt sin2p f t- E(l- a)A,Asin2p f.t —Sa- EEA“A’ sin2p f.t

4.4-12
X,(t) = ig0.5+ a) cos(w, +w,, )t +(0.5- a)cos(w, - w,,)tg

= %i ;gcos(wc +w,, )t +cos(w, - w,, )tg+ Za% gcos(w, +w,,)t- cos(w, - Wm)tgg
|

A

7[ COSW, t CoSW,t - 2asinw,t sinw.t]

a=0 b xc(t):%coswmtcoswct DSB

a=+05 p xc(t):%[coswmtcoswctisinwmtsinwct]:%cos(wciwm)t SSB

4.4-13
X (t) = Agcoswt+ M cos(w, +w )tﬁ
z 2 2[]1/2
m iy _ iy
Alt) = At?a.aH—coswn;g +aé—nsmwmtg 1]
& 2 o &2 24
é l]1/2
= A gl+mcosw,t+—
é 40
Altl_, T
- Ut
h
A

4-14



45-1
| f, 1199.25| =66 MHz b f =26525 or 133.25

|f,£66=67.25MHz b f,=13325 or 1.25
Take f,, =133.25 MHz

184,25 '-—.. L7285 Mz
£ G-

4.5-2
|f,+651.25 =66 MHz b f, =717.25 or 585.25
|f,£66)=51925MHz b f,=58525 or 453.25
Take f,, =585.25 MHz

b3l 2o (O—4BPp |- 4519. 25 MHg
[, & T
4.5-3

BPF i

input 1 /’Lf\_{: gt N 1 {\\ £
o ’i‘ ﬂ - o ﬂt.tflt‘lv .thfit Ziewy
wipnt | o 0 AN e et

a f, -w .} W

Output is unintelligible because spectrum is reversed, so low-frequency components
become high frequencies, and vice versa.

Output signal can be unscrambled by passing it through a second, identical scrambler
which again reverses the spectrum.

45-4
LPFinput = §K, +K,x)coswt- K, X, sinwtHcos(wt +f )
= (Kc + Kmx)cosf +(Kc + Kmx)cos(cht +f )+ K, sinf - K x sin(2wt +f )
Yo (t) = gK, + K X(t)gecosf +K, x ()sinf

Modulation| K_| K, X, () Yo (1)
AM A | mA 0 A [1+mx(t)] cosf
DSB 0| A 0 A X()cosf
SSB 0| A/2| FXO A 12[x(cosf FX@sinf |
VSB O | AT2 | X(t)+x,(t) A/Z{ x() cosf +g§<(t)+xb(t)gsinf}

4-15



4.5-5
From equation for x_(t) we see that

1 . , . .
a= 3 will produce standard AM with no distortion at the output.

a=1 will produce USSB + Cjj

_ 7 maximum distortion from envel ope detector.
a=0 will produce LSSB + Cg

4.5-6
Envelope detector follows the shape of the positive amplitude portions of x_(t) .

S NVAVAYA

1 3
3 )
Envelope detector output is proportional to|x(t)|.

4.5-7

A sgquare wave, like any other periodic signal, can be written as a Fourier seriesof
harmonically spaced sinusoids. If the square wave has even symmetry and a fundamental
of f,, it will havetermslike a cosw_t+ a, cosw.t +a;cosw t+---. Thiswill cause
ggnasat f_3f.,5f,... to beshifted to theorigin. If f_ islarge enough, and our desired

signal can be isolated, our synchronous detector will work fine. Otherwise there may be
noise or intelligible crosstalk. Note that any phase shift will cause amplitude distortion.
For any periodic signal in general, as long as the Fourier serieshasatermat f, and our

signal can be isolated, this can also serve as our local oscillator signal.

4-16



4.5-8
Between peaks V(t) » A [1+cos2oW]e "t <t <t +1/ £,

. : 1
Maximum negative envelope slope occursat t, =—— and we want

vgt 2 10, Ae' <A:el+ cosZpWQt +i_u Abgl- smM
fcﬂ fcﬂu fc ﬂ
S0 1-F<1-@ if t0 fi and f.0 W

Weasowant t [J fi for linear decay between pesks.

C

Thus 20W £RC, 0 f, and f, /W3 2p” 10» 60

2A
" wit/

4-17



Chapter 5

51-1
PM M
4A
ki 3 o i
'r,; r ﬁAfiﬂ' r
‘F&

5.1-2

PM
oA
T T
—7%—-&
[ r&aAsaT
L
i

5.1-3
2
Pl =aa T 1oy,
dt (tz ) 16)
PM

L-- _ &

]
I
1
|

-

3!;1

FM
afaT
~T >
fr. 4 {;‘A
r‘-ﬂ
- - i
= " _,-l\.-

\ 4A
N | dl :_l t2'16 t 4
ox(1) 5 og( ) t>

o1




51-4
f(t)=a+bt for O<t<T

f(O)=a=f, f(T)=a+bT=1, b b:@

N N f,- £, 6 f,- f,..6
)=2p8f()dl = +2- 11 991 =2pFHp 421420
q.() ZPQ () 2pQ81 T 5 pgl T ;
515
Type @ ) F e P
O L KdXE)
Phase-integral dt ° 2p dt? K2pf, f+Kpf?
f o odx(t
PM f  X(t) f +$$ fo f+ff,
FM 2p fo yx(1 )dl £+ fox(t) % f+1,
Phaseaccd. 20K ANEIx()dlWdm £+ KA — f N
' Og0 a =0 pf: ° 2pf,
51-6

X, (t) = A gcos(b sinw,t)cosw,t - sin(bsinw,t)sinw,tg

e o o . . u
=Aal,(b)coswt+ g 2J,(b)cosnw tcoswt- q 2J,(b)sinnw tsinwty
S .

neven n odd u

1, N
where cosrw, tcosw,t = > gcos(w, - nw,, )t +cos(w, +rw, )ty

sinrw, tsinw,t :%@os(wC - nw,, )t - cos(w, +nw,, )ty

0 x,(t) = AJ,(b)coswt+ & J,(b)gcos(w, +nw,, )t +cos(w, - nw, )t§
+ A J.(b) geos(w, +rw,, )t- cos(w, - w,, )ty
n odd

51-7
. . ¥ .
elbsmnt = & ¢ e™  with period T, =2p/w,,
-y

i(\)P ej(bsinl -nl)dl :Jn(b)

1 o« o
0 Cn :_Q ejbsnwmte ]rwmtdt -
T, n P

b 0

Thus, cos(b sinw,t) =Rege ™ §j=Regq J,(b)e™"
En=-¥ u

(cont.)

5-2



¥

= & 3,(b)cosm=3,(0)+ & g3, (0) 2., (0)joosm,

n=-¥

D D
Qox
(&
>S5
—_
O
N
@™
2
EN
-

sin(b sinw,t) =Imge’* ™" g=Im

7
c

= 5 J.(b)snnw t—0+agJ (b)- 3., (b)gsinrw,t

n=-¥ n=1
But J.,(b)=(-1)"3.(b) 0
3,43 12J, neven 3.3 =} 0 neven
%0 n odd " '”_ITZJ n odd

Hence, cos(bsinw,t)=J,(b)+ a_ €23, (b )pcosrw, t

neven

sin(bsinw,t) = 5 €23, (b)gsinrw,t

nodd
5.1-8
b=f,A, forPM, b=A f,/f_  forFM
(8 Line spacing remains fixed, while line amplitudes change in the same way since b is
proportional to A,..

(b) Line spacing changes in the same way but FM line amplitudes also change while PM

line amplitudes remain fixed.
(¢) Line spacing changes in the same way but PM line amplitudes also change while FM

line amplitudes remain fixed.

5.1-9

bf
a f(t)="f, + fx(t)=f,+—"cosw
@ f(t) (t) , ol

Assuming A, =1 f(t) =30+ 20cosw, t kHz
(b) "Folded" component at |f_ - 4f | =10 kHz

Sr:('13)2+%g35- 3)"+(-58)"+ 22%+ 58+ 35+ 13 + 3 Y= 49885<_10202
5%
34 39 11
6 l » | | ' 1° .5
-3} o % 9 s e e Tl
~5¥
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5.1-10

bf
a f(t)="f +fxt)=f +—"cosw, t
@ f(t) ="+ fx(®)= 1, A

Assuming A, =1 f(t)=40+40cosw, t kHz
(b) "Folded" componentsat |f, - 3f,|=20kHz and |f, - 4f |=40kHz
100°

S =35 +lg-58- 13)°+ (22+3)° +58° +35° +13° +3°U=64415>
2 u

ST
3s 3¢ , "SS
Qt- ! | i [ﬂ a3 .‘:
< &y e ®me i 2o ‘KHz
51-11
w,t=0 A=94+2".3=10 f =0
%t = o a ____L* ii
m—
2.4 2y
w, te /g 3

2.4

wmt:'oZ A:\/9.42+(2.4«/§)2 =999 f =wctm2;—4f:0.347 rad

05 rad’ sinpz=0.356 rad

(cont.)
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w, b /L ":2- - 3
A "‘fm
4 12.4
* 8.y
Wmt:% A=(9.4- 6)'+(2 24)" =1002 f :arctan: 2";5:0.499 rad
0.5rad” sin%:O.S rad
5.1-12
W t=0 A=7.7+2°11=99 f =0
ukt = 0 . — 111‘ Li -hl
=4y ___2""'.5 Ly
o i)
e I\
w,t :% A=\/7.72+(4.6x/§)2 =10.08 f = arctan%z 0.702 rad
lrad” sian:0.707 rad
w,t=2 A= \[(77- 22) +(2 44)° =1002 f = arctan =22 21,012 rad
2 7.7- 22

lrad’ sin%:lrad

-5



5.1-13

A, =0.77A,
A =777+ 882 A =117A
174, A '3,
l A, } .17 A
- sov ;L ¥ Gl
)
'_.‘#“ il = J’ifu ——?! +
\= £3 = 8 Yeso
5.1-14
A
ke
T
e L 0. LY A,
A - 0.1%A L\A
- 3R, A :ﬂ ¥ ¢
— ——n N o ""‘ftw
A, =0.18A
A =18 + 667 A = .68A
5.1-15

Want f, plus3 harmonics P selectb =1.0

Generate FM signal with 24,300 < f_ < 243,000 to meet fractional bandwidth
requirementssince B, =6~ 405= 2,430 Hz. Apply BPF to select carrier plus
3 sidebands. Use frequency converter at f, o = f, - f,.

Bytostoss EF"‘"‘ G [epr L—p—are | ¥
&4+
(13
X (6 Fog B ey YA
| Yyqh : Tlh .
- l h | l l,uﬂi,ami_ | L‘iﬂﬂa‘_% ik,
L A, Cadt, Coe3f, T % 28 3f 4t
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5.1-16

L5l

Te

-7 /2 s 7./ T
(@ For 0<t<T/2 f(t)=2p f,t+f (0)=2p f.t

T b
For <5 fO=2f, |t|:2$—o|t|

c -1 e—129(b+n)t/Todt+i(§°’2ej2p(b-n)t/1adt
n TO T
- Snp (b + n)/zejp(b+n)/2 +Snp (b = n)/zejp(b_n)/z
p (b +n) p(b-n)
——e'pb esncam+ b Ogionz +sncw—b O jp”’zg
&€ 2 g 2 u

_ 16 an+bq |, an-bgu
(b) bf,=f, |cn|»2§smcg—2 3+ since— j

b ]
i ) 1
eV ae X ~r | LN, TN T ; o e § e |

i fa t
5.2-1
f,,kHz D  Eg. B, ,kHz
01 001 5 (0.01+1)(30)=2303
05 003 5  (0.03+1)(30)=31
1 007 5  (0.07+1)(30)=32
5 033 4 (1.8)(30) = 54
10 067 4 (2.2)(30) = 66
50 333 6 (3.33+2)(30) ? 160
100 667 6 (6.67+2)(30) ? 260

500 33 5o0r6 (33+1)(30) = 1030

5.2-2

o7



f,,kHz D Eq. B, . kHz
01 002 5 (0.02+1)(10)=102
05 01 5 (0.1+1)(10)= 11
1 02 5  (0.2+1)(10) =12
5 1 4 (2.7)(10) = 27
4
6
0

10 2 (3.8)(10) = 38
50 10 (10+2)(10) = 120
100 20 5o0r6 (20+1)(10) =210
500 100 5  (100+1)(10) = 1010

5.2-3

w D M(D) Br
@ 2kHz 5 6 (lower curve) 2?7 6? 2=24 kHz
(b) 3.2kHz 3.1 3.1+2 (middlecurve) 2?5.1?3.2? 33 kHz
(0 20kHz 05 25 (uppercurve) 2?25?20=100kHz

5.2-4
FM:

_fo _25_ _ _ _
D_W_E_S B, =2(4+2)5=60 MHz f. >10B; =600 MHz
DSB:

B, =2W =10 MHz f. >10B; =100 MHz

525
W=15  f =5 10*
o.o1<%<o.1 b (0.01)(5" 10“) < B, <(0.1)(5" 10%)

5 10% <B, <5  10°
B » 2(D+)W =2(f, +W)»2f, b 25 10”<f, <25 10"

5.2-6

For CD: B, =2(5+2)15=210kHz

For talk show: B, =2(5+2)5=70 kHz

Since station must broadcast at CD bandwidth, the fraction of the available
bandwidth used during the talk show is

P =B 2 70 500- 33306
BTavaiIable BTCD 210
5.2-7

D=f,=30/10=3 b B. =2M(3W »100kHz
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FM PM
fmkHz | b B=2M(b)f, B/B;|B=2M(b)f, B/B;

01 300 600" 0.1 60% 1 1%

1.0 30 62" 1.0 62% 10 10%

5.0 6 14° 5.0 70% 50 50%
5.2-8

Take x(t)= A,cosw,t, b=f ., and B»2(b+1)f
Phase-integral modulation Phase-acceleration modulation

f () -2pKA, f_sinw_t - (KAnIZp fnf)coswmt
b KA., KA,/ 2p f2
B 2(2p KA, f2+1,) 2(KA, /20 f,+ )
5 140KW? 2pKWO 1 1K/pf, —~K/pO f, W
I W pKwWIO1l ;W K/2pO f, W

In both cases, spectral linesare spaced by f, and Bincreases with A, . However, in
phase-integral modulation, tonesat f_ ] W occupy much lessthan B; if Zp KWL 1.

In phase-accel eration modulation, mid-frequency tones may occupy the most bandwidth
and will determine B; whenK /2p » f W.

5.2-9
%) =5 A0 5 AL+ (O], )= ox©
e u
11 . 1 & L pf 1 u
Y (f)=——— f f X(f)l== f f € X(f
(0= g1 2 A X (O] =5 A 8D+ ifo " I ()
g Q i

1 & . pf_. O O e
Vo) =2 A §1+ if o pQ° x(t)§ where X(t) = §&P ' u(O)* X(t)

y, ()= A Rei e + jf prC R(t)[coswt + j si ant]E
|

=A %oswct -fp P, X()si nwctg
€ Q u

0 f ((t) =arctan & , 2o x(0);
e Q u
5.2-10
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K . 2
2—(j2pf) X, (f)
Gy ")

Y, (F)=gK,- Kzfzgxm(f)z Ko X, (f)-

Val0) =Koky (0 + 2 5, 0) |
where X, (t) :EA:eJ’f © and X(t) :%Acg e+ jf (e Oy
with () =2p fox(®. f()=2p fx ()

0= A Ref ke e g 0 fz(t)HeW“”“]g

ig 4*; 4p? 2 xz(t)Hcos[WHf )]- 22pfx(bsm[wt+f (t)]g

0 A(t) = Ac.g<0 K, f2 xz(t)H +8

X(t)H y

5.2-11
ye(t) = Accosgvt +f, () with f(t) =f (t) +argH [f (t)]
f)- f.=1fx(t) P agH[f(t)]=a,fxt)+a, 3
f,(t)=f, +%f'y (t) = f. + fox(¥) +a17j'°>'<(t) +%f”3 X (X()

5.2-12

HIf ()] = §1+ ZfoDX(t) =[1+ jax(]*, a?01

c ]
H[f 0] = g+a 20 »1- %a 2C(t), agH[f (t)]=- arctana x(t) » -ax(t)
Thus, y,(t) » Agt- —a?x (t)Hcos‘?szp fDOX( ) dl ax(t)g

)=t +%f'y(t) = 1o+ fox)- 250

5.2-13
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B »2(D+IW, B, »2(3D+1)W since ¥ (t)=2D (3f,)x(l )dl

Wewant 3f, - %> f, +% P 2f >(D+1)W+(3D +1)W= 4f +2W

hence f, <M
¥ P T, — |5, —

I 5¢,
52-14
of () =2p (nf,)x(1)dl b B, »2(nD+)w

We want 2fc+% <3fc+% and :~’>fc+%<4fc+E

(Bg+B ) =(3D +1+4D +1)W= 7 f,+ 2W

and f, < fo- 2V
7
vmm b By 4 By ==t | B,
- t'_ ; \ . { 3
B % RY s sy 4o
5.2-15

if (t)=2p (nf,)x(1)dl b B, »2(nD+1)W

We want 3fc+% <4f, - % and 4fc+% <5f, - B

o f, >%(B4+BS):(4D+1+5D+1)W=9fD+2\N

and fD<M

B
Vout! i, =B e
!': 1

RS D
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5.3-1
Let a =1/NV, ] 1

C -1/2 C 1 3 o)

o) =c +—2(1+ax) P =g+ F- Zax+1an+...2

M=c \/VB( ) G MS > 3 :
Since |x|£1, wewant §<312£ii P NV,3 300
8 100 2 4

Then c(t) »c, - cx(t) with

6 =+ c,a_ G
= a4
\l;B

Thus, c£ _ %
0

5.3-2
fy=150kHz B »2(f,+2W)

0.01<%<o.1 b 001f, <2f +4W<0.1f,

(0.01" 10 MHz) -( 2" 150 kHz) (0.1 10 MHz) -( 2" 150 kHz)
4 W< 4
Since W cannot be negative, W <175 kHz

If f, =10 MHz

5.3-3
% (1) =- Ad,(9sing(t), (¥lo(t) % (t) dt = A posq, (1)

Thus, - d,(t) ¥l (1) X () dt =-q,(t)A sing, (t) = X (t)
For FM, wewant q,(t)=2p f (t)=2p[f, + fox(t)]

ﬂ;&i = adt _ -4 e
2it) —%7?————»&_{ i‘_‘x‘_‘?_ﬁ-»bq_[ 3

ad, 4,

da,
dt

dt = A sinq, (1)

5.3-4

The frequency modulation index is proportional to the message amplitude and inversely
proportioral to the message frequency, whereas the phase modulation index is
proportional to amplitude only. Therefore the output of an FM detector tends to boost
higher frequencies, resulting in the higher frequencies in the output message signal being
boosted relative to the original message signal.
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5.35

The lower frequencies would have much more phase deviation than a PM modulator
would have given them. Since the output from a PM demodulator is proportional to the
phase deviation, the lower frequencies in the output message signal would be boosted

relative to the original message signal.

5.3-6
D=i p f,=DW=5 15=75kHz
w

fD:nge;pD Q s 75000<n” 20 b n>3750

Ta
Since we are using triplers we need n = 3" > 3750
17 3 =2187
18 3 =6561
If the local oscillator is placed at the end, 6581f - f, =915 10°
Thus, f,, = 6581 (500" 10°)- 915 10°=2.37" 10° Hz

Form= therefore m=8 triplers are needed.

53-7
f,=DW =25kHz, n>22KHZ
Hz

One doubler and 6 triplersyield n=2" ¥ =1458
fo _25kHz _

= =17.1 Hz
20T 1458
200 kHz~ 1458 = 291.6 MHz >100 MHz

Use down-converter before last tripler, where 291.6/3=97.2 MHz
0 f,,=97.2- (4.5/3) =95.7 MHz

=1250

£ /eaT =171 M2 §7.2 Mz £

LY Mz

ﬂH—v-NEFM o 2 x Ix3xd x3 BPF %3
é zo0kdy 857 M

5.3-8

5-13
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fD:nfD P n= f >120
2T fo

2pT
Using doublersonly 2 =128>120 b 7 doublers
nf, =128" 10 kHz =1.28 MHz

Since this doesn't exceed 10 MHz, the down converter can be located at any point.
P Chooseto placeit after the last doubler.

fo=|nf, £ fio| P 1MHz=|128"10kHz* fo| P f,=280kHz

Y {
mm—qmm hPF.J xaxavaxdxara [dGMN8PE Lr ¥ le)
¢

(S 1‘“: A¥0Uu,

e,” 10KKz

539
@ f?D OAn cosw, t dt = b sinw,t

NBFM output = A cosw, t- Absinw, tsinw t=A()cosgw,t+arctan(b sinw,t)j

1d

(0= 1+ @raan(bsin =1, +b 1, COSWy

1+b%sn’w_t
cosw, t

= : 24n? 4ind N
m—coswmtgl-b snwt+b"sin"w, t+---y

» COSW tel bZ?- 1cosZw t% bl 1
2 2

:gt- b7_cosw t+b—(cosw t +Ccosaw,t)
2

5 g
Thus, f,(t) » f +bf Qai —_cosw t+b—COS3N tu
4 g 4 a

é 5 U

» f +bf_ écosw,t +‘*‘12 cos3aw, ty

] 20 s

(cont.)
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(b) 3 harmonic distortion = 8_ " 100 = 25& fo % ':E £1%
Worst case occurs with A, maximum and f_, minimum, sg
5§82pr ZSOlHZ fLP : Lzl' £ OHz
5.3-10

f()=f.+fx®=fo-b+fx(t)

¢ R 20
H[f ®]= éL+892Q° (b- 1)’ =g+ad- X0,
g éfog € by

5.3-11

& eof O
f(t)y="f, +fx(® and H(f)= ?1+Jgf_aﬁu
Let a =f,/f, so [ax0 1

1/2 2 -1/2

Hf (t)]|:gl+(1+ax)zg +ax+a—x29

At) = A|H[f(t)]|>>—§1-— X(t) + 188f—_x(t)

S0 Y (1) » - K, fx(t) + K, f2xC(t) with K

(cont.)
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If x(t) =cosw,t, then x*(t) = % +%COSZNmt

K,f2/2 K
20 = " 100»100—2 f,
K, fp- K,f2/2 2K,

:1OOL <1% P i< 0.08
8f f

C c

So 2" harmonic distortion =

5312
Yo ) = A{|[H[FO]- H. [f O]} f(t) = f, + fox(t)

2
2£f'32 ] 1 sincea’l] 1 and bE f,

2
K, 25b 5 3 &b 5

54-1
v(t) = A [1+ x(t)| cosw,t + A [1+ x(t)]cosgw, +w, )t +f | where AT A
A1) » A[1+x]+A[1+x]cos(wt +f ) = A{L+x(t)+r [1+ % ()] cos(w;t +f,)}
Yo (t) » Ky gx(t) + 1 cos(wit +f,)+r x (hcos(wit+f,)g
x. () will beunintelligibleif w, 1 0

A, A D1 v 2]
./7"’*'” o

AClv+x]
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5.4-2
v(t) = A,cos[w t +f ()] + A cosgw, +w, )t +f, () where f (1) =f x(t)0 1, AD A

A\:S”Tf +Asn(wit+fi) »arctan% +ﬁSin(Wit+fi)H
A cosf + A cos(w;t+f,) & A b

»fox(®)+rsinfwt+f (t)]  f,(t) will beunintelligibleif w; 1 0.

f,(t) =arctan

5.4-3
v(t) = A [1+ mx(t)] coswt +a A, gL+ mx(t- t,)gcos(w,t- wt,)
Envelope detection: y, (t) =K, gA,(t) - (A (1))

2\1/2

where A (t) = A({l+ mx(t) +a g+ mx(t - t, )gjcoswctd}2 +{a gl+mx(t - t,)gsi nwctd} )
Synchronous detection: y,, (t) =K, gv (t) - (v (t))g

where v, (t) = A:{l +m(t) +a g+t - td)gcoswctd}

Thus, A, (t) aways has the same or more digortion than v.(t). If w_ t, »p /2 then
cosw t, =0and v, (t) isdistortionless. If wt, »p thensnw_ t, =0and A (t) » v. (1) .

A, L1ep 28]

R il
wﬁ_ e‘
Ay wd, Civppit-4]]

5.4-4

Motorized electric appliances generate electromagnetic waves that can interfere with the
amplitude of the AM signals. FM signals do not suffer in quality when the amplitude of
the transmitted signal is corrupted. In addition, most FM cordless phones are above the
frequencies of these interfering signals and other household remote-controlled devices
such as garage door openers.
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5.4-5
\Hf"\u 560 £ 535 KHe Vel ya, 500

o v [ ( {
__/ﬂh/-m; e i it

Preemphasis increases the energy above 500 Hz so S, will increase.
S =R+2R, forAM S, =2R, forDSB

(i
¢

5 ;}3 DSB

but ZSb =1 g
A = AM

T16

Assuming the peak envelope power alowed by the system is the same
for both AM and DSB

Sr:PC+2%AﬁaX for AM SF:Z%A;X for DSB
Thus, the transmitted power for DSB isincreased much more than it isfor AM.

5.4-6
Transmitted power is the same in both cases since it depends only on the carrier
amplitude.

Transmitted bandwidth is greater if preemphasisis done prior to transmission since the
frequency deviation isincreased by afactor of W/B,,. However, since speech has very

little energy at high frequencies, the bandwidth is driven by the higher amplitude lower
frequencies that are not affected by the preemphasis.

Preemphasis after transmission will amplify any noise or interference signals along with
the signal of interest. Therefore preemphasis prior to transmission is less susceptible to
interference.

Overall, the greater difference is in susceptibility to interference since B, isnot much

larger with preemphasis before transmission. Therefore preemphasis at the microphone
end is better than at the receiver end.
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5.4-7

| Gx(f) f|<B
G e f)=H e(f)sz(f) :%f O
o (1) = (1)) 'QB =G, (f) |f|>Bg
deﬂ
Thus, for |f|<B,, G, (f)£G(f)| =G
.2
while for |f|>Bde, G, (f)-gef 9(3 [(f)EG,, if Gx(f)£aeB_deg G
” Bdeﬂ fﬂ

Since B, isessentially determined by the combinati on of maximum amplitude
and maximum-frequency sinusoidal componentsin the modulating signal, B; is

not increased if pre(f)EGmax.

5.4-8
yo (t) =a (r wit)w,
where
: r_ wt=0
i 1+
[
a=i—— wt=2
j1+r 2
;
i - wt=p
t1-r
& ol
5.4-9
(1te,p)
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5.4-10

v(t) = A cos[w i +f ()] +r Aw, +q, (t)]
sinf +r snq,

cosf +r cosq,

so f (t) =arctan

5 20" 4 4 N

1. 1 € aesinf +rsing 0Y d ésinf +rsing U

Vo t) =2=f, () =2+ ¢ Lo e Ly
20 2pg gcosf +r cosg; ZH dt gcosf +r cosq;

1 (cosf +r cosqi)(f'cosf +rq, cosqi)- (sinf +r sinqi)(-f.sinf - g sinqi)

2 (cosf +r cosq,)*+(sinf +r sing,)’

{1+ 1 cos[f(t)- q)]} f@®)/2p +{r +cosf (t)-q,¢)]}r T,
1+r2+2r cosff (t)-q;(t)]
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6.1-1
1. n
¢, = 5sinc P ¢ =1/2, 2¢ =2/p, 2¢,=0, 2c,=-2/3p
y(t) =1+ —cos2p20t + cos2p30t + E(:052p70t
p
(R
I
LU R b A . -2
1 | | § ol = . 28 T I
7o 8o {?} IE ] 150 in 178 Tan
! (?%)
6.1-2
1. n
c,=5sinc= b ¢ =1/2, 2g=2/p, 26, =0, 26, =-2/3p
y(t) =1+ cos2p30t + = cos2p40t + —cos2p70t
4
i 3 1 Y
' ' i I 2
. T w®Yoan £
Vi : ' -1 A -2 In
L 5 p ; P . i v ﬁ' Irrl
390 90 Job i Jd46 Jdp 240 275 700
14, =148] C;r} f:g.pj
¥
6.1-3

Takef, = f, +W +e Amplifier then passes x,(t) sincef, > f,- W andf + B>> f_.
Second chopper with synchronization yields Kx, (t)s(t) = Kx(t)s® (t) = Kx(t) since s*(t) =1.

6-1
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6.1-3 continued

IXI{H[ I(- o T R RN IR e e — -.14”"" A-,J:'fr’cr's
[ ] h:.r_nnrc
3 t . £

6 1) ¥ 15 94 » fe+8
6.1-4
1 Zeled
¥ AE) ™
* ' IR
— 1 . = it t
Yolt) - -t '

(1) =% (1)s(t) + % ([ 1- S(1)]

C, :Egncﬂ = isinm P st)= 1+Ecoswst- icos,3wst+...
2772 pn 2 2 p 3p
X, (1) = %, (t) +91+Ecoswst - icosSwst +. 4 xR(t)(?l- Ecoswst +£cos3wst+...l,J
& p 3p H & p 3p H

Since LPF rejects | f|2 99 kHz and 3f - W =3x 38 - 15 = 99 kHz,

K 2K
xb(t):f[xL(t)+xR(t)]+ >

sowewantK, =2 andK, =p/2

21 (1) - Xq()]+ Acos%t

6.1-5

C, :Esincﬂ = isinm P s(t)= 1+gcoswst-£c053wst+...
2 2 pn 2 2 p

X (t) :%[XL(t)+ Xe (8)] +% X %[XL(I)- Xg (t)] + high-frequency terms

1 1 26 .
X, (t) = E[XL(t) + X% (1)] +§ X ga ngL(t) - Xg(t)] + high-frequency terms
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6.1-5 continued

@d 10 d 1w éel 16 aé. 160
a) v (t Tt K= =X () + pom - = =- 1) +..
@ V)= g5+ Ko i D+ 5o~ Kot a0+
éad 10 ael 1o eaé. 10 da 1la
== =5, t) + K t) +..
Vel = g o2 Kook (0 4 go+ oo Ko~ (0 +.
Wewantael-10 &l 19—0 P K= p-2
& 82 Po p+2
S0 Iowpassfiltermg yieldsv, (t) = 0.778x,_(t), V(t) = 0.778x,(t)

=0.222

(b) If K =0, then lowpassfiltering yields
Vv, (t) =0.818x, (t) + 0.182x,(f), V.(t) =0.182x, (1) + 0.818x,(t)

So there's incomplete separation of left and right channels at output.
6.1-6

Letv(t) =s,(t) = é d(t- KT,) with period T, =1/ f, so
k

T, /2 T,/2
fo) =— O SO)dt=1f, dt)dt =f
el == O SOA=1, §dudt =1,

Thus S,(f)=V(f) = f.d(f - nf,) =f. & d(f - nf,)

6.1-7

—h
1

= 60kHz Recover using LPF25£ B £ 35 kHz
< = 45kHz Can't recover by filtering

—  —h
1 1

fre a0 kil 1

r\\ 3:.'/4 B

=i -r sl o Edr
Ledshiz Nt
P~ 1 £
L L i
-2 =ir F L to 45 iz

6-3
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6.1-8

i1
@ == 21, W)

L -A/IAAA
1 - — — — — ——
B
r"'-
o . ; : Tuiw
‘-ﬂ'h,.—.fwl‘-—#"-—'u-—p-j 3 &
n L) / 2 7 ot
(b) m=2, f, :% X2Xx25W=25W and f, =4W
i‘,‘_i 0 ,‘\\' A N~ A
! 1 M| | £/
=~a.r wf & I AE 2 £ w
P A N A
A X ]
4 b S
“LE =Ly o LY LS 4 £% C.r £/
6.1-9

X(KT) = sinc?5(0.1k) =sinc®0.5k
sincesinc?0.5k] 1 for |k| 32

y(t) » 0.405 sinc10(t +0.1) + sinc10t + 0.405sinc10(t -0.1) » sinc?5t
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6.1-9 continued

Y Le)

- 0.

6.1-10

aT. 6 11 [KT|£1

X(KT,))=P =
=P e 1o, KT,| >1

1 B - 1 1
TakeK =T andt, =0soy(t)= g sincf,(t- kTS)whereT—- 1<M £=—
=M

s k=- s s

Tr=0.8
M=zl

— I
g =) [

6.1-11

(@ ht)=u(t)- u(t-T,)
y(t) = h(t) * X, (t) = & X(KT,)[u(t- KT -u(t- kT, - T,)]
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6.1-11 continued

Xl
g

(b)
_ _ JRLE)|= T, | sine £7, |
- --..‘{""/J 5
“
~
-w 5 W t-w £, T:::L' +

|H(f)|=T,|sinc fT|

sinceW 0l f,, [Y(f)|» T,|X(f)|for |f|EW
s0 x() can be recovered using asimple LPF to remove |f|3 f - W

6.1-12
(& Leth,(t) = impulseresponseof aZOH =u(t) - u(t- T,)

Then h(t) = Tihz(t) *h,(t) +h,(t)- h,(t- T.)

S

1 a- T, 0
where —h, () * h (t) =L S
ThOThO=L e

y(t) isalinear piecewise approximation obtained by extrapolating forward from the
two previoius values.
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6.1-12 continued

(b) LetH,(f) =A[h,(t)] =T.sincfTe ™™

H(E) = — HE(F) +H, () - H, (e "

S

= T.sinc® fTe " + T.sincfT, (e"WTS’2 - € J'WTS)e' e

jwT

= 8?}L+ 1 2sin fT smc fTe
T g sincf'l'sJ P B

=T, (L+ j2pfT,)sinc® fT g ™"

|H(f)| =T. ,/1+(12pr)sjnc2fTS

Note that high frequency components of X ( f) are accentuated.

|

o 'H"J :I,*W -|L;

6-7



6.1-13

€o aeko 3 aekolpfejwk/zw

X(f) = Aea 8 sch\th? %S;ﬂu a X
01

2w gaw 2w

er *ﬁm O 1 e+jwm2WL,jdf

E= OX(f)X (f)df = Sv)gak 82\Ng2\N JWZWHgam SRR g
= %é{ ém Xgek o geﬂgsnc(m K)
= %ki Xge%jz since sinc(m- k) = it rr:1 E

6.1-14

v(t) = a ¢, (nf,)e™ b V(f)= a ¢, (nf,)d(f - rf,)

n=- =-

where
To/2 . 1 T ) 1 ¥ _
c,(nf))=— (‘) v(t)e ™e'dt = — (‘)x(t)e' ot = — (‘)x(t)e' moteit = £, X(nf,)
0-Tyg/2 TO -T TO ¥

But x(t)=v({)P(t/2T) b X(f)=V(f)*(2T sinc ZTf) so

> (D

O

X () f, X (nf,)d(f - nf )u*(2T sinc 2Tf)

rﬁll)

D

n

¥
= 2Tf, & X(nf,) sinc 2T(f - nf,)
n=¥

Hence, X (f) iscompletely determined by the sample values of X (nf ).

6.1-15

B=f/2 b f,£2B=12 MHz

f,=1/T, =125 MHz, 1-a=f/f =096 P a= 004
2m+1l <1/a=25 b m, =11

Presampling bandwidth £ 11 x 12.5=137.5MHz
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6.1-16

B=f/2 b f,£2B

1-a=f/f £ 2BT <2/3 b a=13
2m+1 <1/a <3 b m, =0

so only the dc component could be displayed

6.1-17

W =15kHz, f,= 150kHz
with

|HZOH (f)| =|Ts sinc(fTS)| and |HFOH (f )| =Ty1+ (2pfT; )ZSinCZ(fTs)

(& For aZOH, the maximum aperature error in the signal passband occurs at
f =15 kHzand thus:

[Haon ()], o, =0.9836 and |Hq, (f)], .., =1

f=0kHz
P % aperatureerror = ﬂ X 100%=1.640%

(b) For a FOH, the maximum aperature error in the signal passband occurs at
f =15 kHzand thus:

|HFOH (f)|f=15kHZ =1.1427 and |HFOH(f)|f=0kHz =1

P % aperatureerror = % x 100%-= - 14.27%

6.1-18

W =15kHz, f,= 150kHz, Error%:ﬂ X 100% and B =W

JL+ (f, /B)?

p f, = 150-15=135kHz, b Error% = 1/0.707 X 100% = 15.61%

‘/1+ (135/15) 2




6.1-19

If x(t) isasinusoid with period 2T, with its zero crossings occuring at t =T, and
the sampling function has period T, = 2T,. It ispossible for the sampler to sample x(t) att =T,.
Therefore, the output of the sampler isaways=0.

6.1-20

. . ~ 1 f
a) sinc(100t) =sinc(2x 50t) U —P(—) b tosample, f_3 100
@ (100t) ( ) 10 (100) ple, f

) ) ~ 1 f
b) sinc?(100t) =sinc?(2x50t) U —L(—) b tosample, f.3 200
(b) (100t) ( ) 100 (100) p s

(c) 10cos’ 2px10°t = %(30052px105t+ cos2p x3x10°)
Its bandwidth = (3-1) x 10> =2x10° Hz b f_ > 4x 10° Hz.

6.1-21

At f =159 kHz the signal level isdown -3 dB and we want aliased components down -40 dB.
p at f=159 kHz, aliased components should be down -43 dB =5 x 10°.

1 1
H(f)|=—=—— b 5x10°= b f=3172 MHz
R J1+ (f /B) JL+(f/159)°
6.2-1
. T, . f

P(f) =tsincft =—=sinc —

27 2f,
H () K K for [f| EW

TSnc(f/2f,)  snc(f/5MwW)
Hy,(0) =K, H_,W)=107K, soequdizationisnot essential

WYy ()] - T\
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6.2-2

t/2 t
P(f)=2(‘)cosrt)—c052pft dt
0
aef-fst') . oef +f o0
=+ 49nc =y
¢ 2f, 5 & 2f. o

N|""

é. o 16 & _ T
t-—+smcaeft+ =
gineg! 20 ag

2g

6. of - 25W6 . aef +25WHl .
H_(f :Kesw ncA——— - +9nNC———— -~ for |[f|EW
() &% ow g & owv ||

a
He(0) =0.785K, H, (W)=0.816K soequdization isnot essential.

Npl# )]

_W o/ W ;r 2.:& - '-F
6.2-3
(& LetX(t) :t1 tc‘)x(| )dl =x() *h(t) where

h(t) = —Qd(l )dl ——[U(t) u(t - t)] P H(f)=sincft ¢™'?

t t

Averaging filter X(f) X, (f) X, (f)
X(f) ® H(f)=sincft e™'? ® Ided sampler ® P(f) ®
X, (f)=P(f)X,(f)
where X (f)=f. & X(f- nf)=f.& H(f- nf)X(f - nf)

(b) X, (f)=P(F)FH(F)X(f) for |f|EW, whereP(f) = tsincft
Thus, H,(f) =Ke"@ @ /sinc® ft, |f|EW
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6.2-4

(@ Letv(t)= A[1+mt)] « V(f)=A[d(f)+nX(f)]
X, (1) = & V(KT,) p(t- KT,) = p(d) * v (1)

X, ()= P(f)Vy(f) = A)fSP(f)}é[d(f - nfy) +nK(f - nfs)]g
I n

1 f
b) P(f)=tsincft =——sinc —
(b) P(f) 21 9" 51

X (f) :%[d(f - ) +d(F + )]

X)) Wﬁ- sine A1,
? Ja‘au }:'id;,
—1 T T ‘H 1* au.j i T ‘F i
-4 O d, 14 d

6.2-5

(@ P(f)=t sincft(e ™2 &™/2) =t sincft(-2jsinpft)=- Jpf

8f.2
X ()] :
- W f; ifr kP8 « Fp /

j pf
(0) X, (1) =- AL snd” —

Ke 1"
T if snc2(f 14f)

Heg ()=

| E|f|EW

If f, ® O then |Heq(0)|® ¥ and equalization is not possible.
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6.2-6

The spectrum of a PAM signal is like that of the chopper sampled signal of Fig. 6.1-4
and can bewrittenas X, (f) =c,X(f)+c[X(f - f)+X(f +f ]+..

With product detection P X, (t) x cos2pf.t giving afrequency domain expression of
TX(F- 1)+ 2X(f+1,)
ClX(f +f)+C1X(f f - fs)+%X(f + fs+fs)+%X(f +f- )

Combining terms and using a L PF the output spectra from the product detector gives

G G _
ZX(H+2X()=eX(M)

6.3-1

T, 1 1
tn =—(1- 0.8)= P t £

5 25f, 1001,

s B, 31/2 % 50f, =400 kHz

6.3-2

t,. =t,(1-08)%3 andt 31/2B, P 02t,23/2B. b t,315ns%

1
t  =t,1+08)£T/3 b t,£E——— =231ns
18X O( ) s 0 1.8X3f

S

Thus, 15£t, £23.1ns

6.3-3
aZpk ol
(& t, =04T, gl+0.8cos
el &3 i
a2pk ol

(b) t =T. §k+05+ozcos

$3 il
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6.3-3 continued

| I 1

o oz 1 lif 2 z.24 2 Ta

N = R

o &7 6.9 1,9 Li

2.4 1.4 1,7 3.4 iz

6.3-4

(@ t, = 04T, S+08c0sZX &
e

&3

(b) t, =T, &k+05+0.2c0s2K &
e

&3

*‘“”Qi—l _— n__

o2 |  L¥6 2 224 3 Log

1

7 424 GG ERREAT,

t, 2T lkio.rio.: cor (xk/7) ]

N 0.0 . N N i

o 2,7 0.9 Le 4B 2424 @ MILE 44496 A S f‘FTI

Xl

6.3-5

Taket, ] T, sothat |to>'<(t)| <1. Apply -x(t) to PPM generator to get
X, (t) = A(t)i1+ a 2cos[nw,t + nwstox(t)]g
| n

where A(t) = Af, [1+tx(t)] >0
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6.3-5 continued

- X(1) X, () BPF v(t)
® PPM ® f,=nf >Lim ® BPF ® x(t)
f, = mf

S

First BPF yields v(t) = 2A() cos|w,t +f ,x(t)]

with f.=mf,, f,=2pmft,0 p if mO ;-tso

Limiter and second BPF givex, (t) = A cos[w.t +f ,x(t)]

6.3-6

(@ 50 =A*[S,(f)]=f.a '™ ands,(t) =3 dt- KT,)
n k

¥ _ ¥
Thus, § €'/ =L § d(t- kL) whereL =1/ f_=T,

(b) S(f)=A[s,()] =@ € ™" and S,(f)= f.q d(f - nf,)

Ths, § e/ =L d(f - nL) whereL =1/T, = f,

k=-¥ n=-¥

6.3-7

gt)=v b t=g*(v) and | =g*(0)
dv 1 1

3(t) ==Y =~ dv= d

0= o0 GG

v=g£b) d(V)

-2 agg W

If g(1 ) >0, theng(b) >0>g(a) so

9O dv) 1 1

O-/.l \dv:_,_l \:.

980 WY o9& Of 9()

Thus, Bnl[g(t)]dt =

6-15



6.3-7 continued

If (1 ) <0, theng(b) <0< g(a) so
R dw) ) 1
— 7 dv=- — "7 dv=- —
Sogg Vg S0kt 90
° 1 ° 1
H o dt = =A——dt-1)d
ence gﬂ[g(t)] t 90 gg(t)| (t-1)adt

so dg(t)] =d(t- 1)/]g(t)

9“‘.)

0
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Chapter 7

7.1-1

f.=f +2f,_ 3 1600+% kHz b f_ 2 (1605- 540)/2=532.5 kHz

f,=f +f,. =10725t021325kHz, B, =10kHz<B.. < 2f = 1065 kHz

7.1-2

f =f - 2f. £88,100- % kHz b f. 3 (107.9- 87.975)/2=9.9625 MHz

fo,=f - f. =78.1375t097.9375 MHz, B, =250 kHz<B, < 2f. =19.925kHz

7.1-3

C =1/4p®Lf2 = 2.533x 10*/ f2
fo=1f +f. =995- 2055 kHz b C=6.0 - 256 nF
fo=1f - f.=85-1145 kHz b C =193 - 3,506 nF

1.1-4

f_=1/2pJLC P C=1/4p°Lf> = 9.9 - 86.9nF

Q=R E = fc = 1 P R= 1
L B 2pJLCB, 2pBC
1
> b R< = 1.6 kW,
Ber > B 2p x 10 kHz x 9.9 nF
B >2f P R> 1 = 20W
2p x 910 kHz x 86.9 nF
7.1-5

fr »B;/0.02=200 kHz since B, =W
fo="f +f. =377 - 383 MHz, f, =f + f. =3.97 - 403MHz

TakeBy » 0.02x 3.6 MHz =72 kHz centered at 3.6 MHz
IF must passf. - WE f£ f
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7.1-5 continued

]Hre|=l

T2 kHeL
é‘q k”t'?} .F‘: Ma i

A ﬂ MH2
;.5 : 5 531 2,47

[ Hee | ) m ;__“-bw

o f, kM

7.1-6

fe »B; /0.02=300 kHz sinceB; =W

fo="f +f. =734 - 746 MHz, f,=f + f. =754 - 7.66 MHz
TakeB; » 0.02x7.2MHz =144 kHz centered at 7.2 MHz

IF must passf. £ f £ - +W

tHee | 144 kHE
- 2L kH: -p-_i ‘fu-m

7 £ MAz
72 % :.-._a.—.;
hma
|Hyg] ‘ ’ \
a ' £, kAz
JoD Faé
7.1-7
xnti']
L o L ]
P = - gﬁ“\‘\ :
e _}. — ria " g e 'FLHI“
.-ﬂ", 3 S, _'___,.-o-""_. - \\
Tagorrend  ar s IR ) s
i o L, * ] T S L v
—A&‘——f/_‘ﬁ-}\ p—ip A&_ﬁz—m 9.
~2f, - Frpm - f1r 8 fzp et fxpm
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7.1-8

jp = KD tﬁ:ﬁf“r

P =8 —2nf et

A eor Lot g sy 0t B2
AM cor 8 Yo

dr =Wt+f - q where f =2pfox(t), q=2p[f, - f, +kv(t) +e(t)]

vit)

B ecw

K./.
Yo ZZ_S(qIF- prIF):KD[fC+ fDX' fc+ le' Kv- e- le]

= K, [ fox(t) - Kv(t) - e(t)]
0 v(t) = Kp [- Kv(t) - e(t)]
Thus, v(t)=- K ed/(1+K K)
- Ko Ke(t)

é
and t) =K, afx(t) -
yD() DgD() 1+KDK

et)i= Ko Tox(t) - ——
0 CEY 1+K,K

u
e(t)g
u
» Kpfox(@® if KpKIO 1
7.1-9
(@ With f, =50® 54 MHzandf. =455kHz b f ,=50.455® 54.455 MHz.
p f, =f +2f, =50.910® 54.910 MHz.
(b) With f,=50® 54 MHzandf_. =7MHz b f ,=57® 61 MHz
p f . =f +2f.  =64® 68 MHz.
7.1-10

If W =signal bandwidth, then the incomming signal is50+W ® 54 +W MHz.
With f,. =100 MHz, to avoid sideband reversal usef , =150® 154 MHz.
At the product detector stage, use an oscillator frequency of 100 MHz

Theimage frequency is f, = f_+2f . anditsrangeisthus 250 ® 254 MHz.
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7.1-11

Image frequency =f, = f, +2f,. =2+2 x455=2.91 kHz.
1

., F o fie
\/1+Q (f_o- T)

and Q = f,/B. We use the BPF to reject images and thus we have

For a BPF with center frequency of f,=f_ b |H(f)|=

1
IH(O), Lo = =0.3123b 20l0g(0.3123) =-10 dB.

Images are regjected by -10 dB.
7.1-12

(@ Withf,, =2.455 MHz and f =455 KHz, thenf, =2 MHz, and f, = 2.910 MHz (image).
Withf , =2.455x2=4.910 MHz b Input frequencies accepted are:

f. =4.910- 0.455=4.455 MHz, and f, = 4.455+ 2x 0.455=5.365 MHz.

Given the RCL BPFwithB=05MHz b Q=2/0.5=4

IH(E), Lo umis = =0.3123p 20l0g(0.3123) =-10 dB

e 2y
291

We repeat the above calculation for the spurious frequencies of 4.455 and 5.360 MHz.
But because the LO oscillator harmonic is 1/2 that of the fundamental we multiply the result
by 1/2. Hence,

1

IHCE|, scsms, = — =0.139x 1/2=0.070P 20l0g(0.070) = - 23.1 dB
O
and
1
L2IGR] P— = =0.108 x 1/2=0.054 b 20l0g(0.054) =-25.4 dB
\/ " s 365)
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7.1-12 continued

(b) Toreduce spuriousinputs: (1) use amore selective BPF, (2) Usefilter to reject the
LO second harmonic, (3) useahigher f ..

7.1-13

Iff, =50® 51 MHzandf, =7® 8 MHz.

We could choose afixed frequency output LO with f, , = 43 MHz.
(8 With fcl =50 MHz and fIF1 =7 MHz, and f_ ;=43 MHz, theimage frequency is

f, =f, - 2xf, =50- 2x7 =36 MHz

G

But, the original 7 MHz receiver also suffers from images, so if theincomming signal is
supposed to be 7.0 MHz, it could also be 7 + 2 x 0.455 = 7.910 MHz b 1‘,'Fl =7.910 MHz.

b f, =43+7.910=50.910 MHz will also be heard.

(b) Use amore selective BPF at the output of the first mixer and/or at the input of the 7 MHz
receiver.

7.1-14

Withf, =50 ® 54 MHz, let'susef, = f, =52 MHz. Assumef , = f, + f.
(@ Withf . =20MHzpP f ,=72MHzand b f =52+ 2x20=92 MHz.
Q=f,/B=52/4=13

|H(f)|f:92MHz =

=0.064 b 20l0g(0.064) =-23.9 dB

\/1+132 C2. 2y

(b) Withf,_=100MHzP f,=152MHzand b f =52+2x 100 =252 MHz.

1
|H(f)|f=152MHz =

o 2y
52 252

=0.017 b 20l0g(0.017) =-35.6 dB
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7.1-15

Givenf, =850 MHzand f, =1950 MHz, let's pick acommon 500 MHz IF P f
Forf, =850 MHz, select f, = f.+f. P f,=1350MHz

and
for f, =1950 MHz, selectf, =f, - f. P f, =1450 MHz.
b f,=1350® 1450 MHz.

Image frequencies:
f,=850MHz b f =850+ 2x 500 = 1850 MHz
and

f =1950 MHz P f =1950 - 2 x 500 = 950 MHz.
7.1-16

Be, =2W, f »2W/0.02 = 1 MHz
From Exercise 7.1-2, f,. » 9.5f. = 38 MHz so B, » 0.02x 38 =760 kHz
fo =f +fg =42 MHz, f, =f. +£f. =370r39MHz

7.1-17

flo, = f. + fi, =330 MHz b f, =330+30=360 MHz

fo, = fir, +fir, =33 MHz, soimage frequency at input of 2nd mixer is
flo, + fir, =36 MHz produced by

f - fLol|:36 MHz b f =294 and 366 MHz

7.1-18

fo, =f - fig =270 MHz P f. =270- 30 = 240 MHz

fo, = fir, - fiy, =27 MHz, soimage frequency at input of 2nd mixer is
flo, - fir, =24 MHz produced by

f - qu|:24 MHz b f =246 and 294 MHz

= 500 MHz.



7.1-19

1/T, =20 Hz, sotakeB < 20 Hztoresolvelines
f, - f1 200 Hz _
B (20 Hz)?

f,=0, f,=10/T,=200 Hz, T3

7.1-20

TakeB < f = 1kHztoresolvelines, b=5 P 8 pairsof sideband lines.
f,=f -8f,=92kHz, f, = f, +8f =108 kHz

fo- f, 16 KHz _.o

T 3
B2 (1kHz)?

7.1-21
h,,(t) = cosat®coswt - sinat?sinwt so

L. 1 ...
t cosat? + jsinat?) ==&
hy(t) = ( + )=3

X (1) = V() cosat®cosw,t- & v(hsinat*gsinw,t so

Xp (1) =%g/(t)cosat2 - jv(dsinat®y= %V(t)e‘ jat?

¥ ¥
y|p (t) :le* hp :% (\)V(l )e' jal Zeja(t—I)Zdl :%ejat2 (\)V(l )e-jZatI dl

-¥

A0 =]y, )= ‘ OVl e e dl‘ Iv(h)

7.2-1
x,}r-} !
f\“_j\ e o
X () /‘L-\
L /\/\/\ NN,
=15 kW ‘FPLTH*L
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1.2-2

M}J&d\ AR A

FYRE) B =42kHz
) s Qp\ A AR AR
-F k4 pde .Frzllkhlt
7.2-3
DSB

) X L*H 'c_,..-—-:/ other rubcarrier I#;"llflf

V??? If’\\b\\—\ o XN 77)

“ﬂ! 5 ° % . b £ f
bﬁ: F] m -~ X LE+4,)
o5
‘F‘:"{l IK--F‘,:F
SSB
.l',’[ﬁ
V7777 N :‘*:{
/ A \-\ ™ /i . /\ ‘ : X
-‘FI-L ~. “& 'f! o 4 Fu_ '
x‘h{;_;‘:.}"‘n 3 i g’f thﬁf{t,'i
2 i r{//,-/j';'l 1L
) -8y fu-f
7.2-4

Wewant |H(f)|£01for |f- f,|2 VEV+Bg

W/2+B 1

so —— 23— /In(1/0.1) »1.26 b B, 3 0.76W
W 1.2 9

Thus, B, =10W+ 9B, 3 17W
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7.2-4 continued

X, (F)

By By
A e/ AN

Fowy £ At Wiz

1.2-5

Letf =i" subcarrier, take B =3 kHz

AL
L_m.“ i f,¢ 4 kHz

b~ 3.2 ki £ -0.2 ke

fo=f, - 0.2kHz - g= fi - 1.7kHz

Wewant |H (f)] £0.01 for |f- f,|3 B/2+1kHz=25kHz

,.2N
Thus, 1+ X296 3100 p na 11N 45 b p=s
& 3 5 21n(5/3)

7.2-6

(@ B =2M(DW =2aM(D)f. f+B/2+B; =f,-B, /2

1+aM(D)]f +B
Thus fiﬂ:[ aM @), +B,
1-aM(D)
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7.2-6 continued

(b) aM (D) :%Bl/ =02 b f,=(12f +400)/0.8
0 f, =35kHz, f, =5.75 kHz, f, =9.125kHz

1.2-7

X, (t) = x () cosw,t + x, (hcos(w,t +90°) taking A, =1
2x. (hcos(w,t +f) = x (t) cosf +cos(2w,t +f )
+%(t)goos(f +90°) +cos(2wt + f +90°))
2x, (hcos(w,t + f £90°) = x (t)geos(f +90°) +cos(2w,t + f* £180°)H
+ X, (t)geosf +cos(2w,t + f £180°)f
Thus, LPF outputs are
yi() =K g (cosf Fx,(@sinf y
Y, (t) =K gFx,(dsinf +x,(hcosf

7.2-8

X +% =2(Ls +Lg) 0
We want v =L +L;- +

Xo'x1:2(RF+RR)f\; X F R (& R?)

Takex,(t) =L - Ly - R. +R, sothat

X +X +X% =3 +L; +R - R, Xo +X +% +X% =4L;
X0+X1')%:LF+3LR'RF+RR XO+X1_X2_X3:4LR
X - % +% =L~ L +3R +Ry X~ % - % +% =4R,
Xo'x1'X3='LF +LR+RF+3R? XO'X1+X2'X3=4RR

H':F{ Matra 7“'-]_-—
Lp___# b
Le _, & .
RE — > 19 kiz Z
Re = |

7-10
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7.2-8 continued

> x LPE e
J=vr G S P O g
¥ 15-58 ktiz * e ] 2
L F f‘.’ [— S
L ¥ 4 LPF 3 J_____._RE.
TPF jr2 | x}r
16i-91 k. =) PF |—
Filkt £t : Ttavras
2y Fad 2 L e
| % kehiz - imditalur

7.2-9
A[x, (@ sinwt] =-l2[X2(f- fo)- X, (f +1)] so

Xc(f):%[xl(f - B+ X (F +F)F X, (F - f) 2 X, (F+1)]
Yo (f)=Hc (F)X ()
A[yc(t)coswct]:%[Hc(f- E)X(F - £ +He (f+E)X (f+1,)]
:%{Hc(f - ) [Xo(F - 2f)+ X (F) F jX,(f - 2f,) 2 ] X, ()]
FH(F+ E)[X () + X, (F +2F) F jX,(f) % jX,(f +2f)]}
The output of the lower LPF is

Yl(f)=%{[Hc(f- fo)+ He (F + F)IX ()£ jIH(F- £) - He (F +F )X ,(F)}

To remove crosstalk from X, (), wemust have H.(f- ) - He (f +f,)=0 for |f|<W
Then’Yl(f):%[HC(f' f)] X, (f) s0 Y, (f )H, (f) =KX, (f)e ™

AK | A

— "t g™
HC( f- fc)

where the equalizer has H, () =

7.2-10

r=(24+1)x8kHz=200kHz, t =0.5 T =25 s B, 3 i:200 kHz
24+1 2t
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7.2-11

T

r=(24+1)x6kHz=150kHz, t =0.3—— =2
24+1

7.2-12

fo=2W+ B, = 10 kHz

1
) t=0.252—6= 1.25ns b B; 31/t = 800kHz

(b) B, =B = %xZOfS = 100 kHz

7.2-13
f,=2W+B, = 5 kHz

@ t:O.ZI—B: 4ms b B, 2 1/t = 250 kHz

ms, B, 3 %:250 kHz

(b) B, = %xlOfS:ZSKHz, D=1f,/B, =3, B »2(3+2)B =250kHz

7.2-14
Sampling rate (kHz) Minimum Actual
16 2x8
7 8
4 4
3.6 4
3 4
24 4
Marker ——dp
; P =64
TR | g
—=] Fozd ktiz _’—Z M=6
- > M= - B, ~riz
S ————
—>| 5 =1 ki i B = Mk
—li | M ut
T ) Cloele
N 40 ki

FDM - SSB: B, 3 § W =18 kHz
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7.2-15

Sampling rate (kHz) Minimum Actual

24 3x8
8

2

1.8
1.6
1.0
0.6

R NDNDNO

=

FDM - SSB: B. 3 § W =19.5 kHz

7.2-16
Sampling rate (kHz)

Sampling rate (kHz) Minimum Actua
24 3x8
-
4
1
0.8
0.6
0.4
0.2

OCORRELAM~O®

o1 o1
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7.2-16 continued

Markar e Fegx8
ﬁ 'F; ='B H‘t‘l :45 -Hfrl.
H=b

357"?!1
=74 kHT

Cilack
48 kHz
FDM - SSB: B, 3 § W =19 kHz

71.2-17

-545BT, £-40 P T, 30.734/B
T 0.734 0.2

S =T +2t +t3 +3, —t=z=—% -1 ns
M9 0 o b 25 x 8 kHz
@fi-&():zms b B3 367 kHz

B Mf,

7.2-18

-545BT,£-30 b T, 30.55/B
T 0257, (055 3T,

S =T, 42+t =T, + 3x s> 2P 51
M B 4M
Th ,1—S>E P M< ! E:284 P M=28
4 B x 055 T,
7.2-19
£, e HTow| =7
1
| i
T - g —— wdy
fitazl: HNegative tail decays slowdy and Sitz= 1. Little cross falk but
mayproduce cross talk over several pulse slots. pulse shape iz unacceptable.
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7.3-1

(a)

similarly, we get

2 < oy fay b =457 FEE! #, = free Fik} A 2250
] o ¢ ] G t = ¢
rot P =
i--' ] Sk H /) #L.tfgﬂs gy -ﬁr T Tl
J a i} t —r— + T— —— rt
.,.ql‘ ot J
(b)
dy 45° 135° 180° 225° 315°
y/A -6/8 -2/8 0 2/8 6/8
y
£ i - o |
~/g° a0 ',gﬂ,u‘;’iﬁ{'
i A P
7.3-2
similarly, we get
’%c.u fup it Tl ‘l LN . l By AELET
¥ a =t g ——p > L ’ 1 £ T_‘ i ! !
- !u W P 'a U .;! l_ t
1 I
: f&)j | 1 i J:t_.r P ._I.la',p' MY ﬂ =J'J.!"
.&r-‘—‘ : ' " -
¥ = ‘I ¥ o rt P— lHn ] + ¥ '-'.: l_a = o +
(b)
dy 45° 135° 180° 225° 315°
y/A 2/8 0 -4/8 -2/8 2/8
b
~ A P
», -0 T" L
—— Cl s
_”-:. 1 s g '?9 o ™ A 4
'l -A W
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7.3-3

t<0, e,=Af/K
Af + )

t>0, ¢=2nxf and [ 1 soassume [¢[0 1 andsine ~ ¢

Thus, ¢+ 2nKe=2n(Af +f) = trial solution &= A+ Be"
Then Bse® + 2nKA+ 2nKBe® = 2n(Af + f,)

2nKA =27 (Af + f)) A:Af + 1
SO = K

(S"—ZTEK)BeSt =0 s =—27K
and g(t) = af+f, +Be ™ t>0,

Since g(t) can make a step change att = 0,

8(0+):Af|:fl+B:s(O’):% = B:_L
Hence,
£ t<0
s(t):AKf f
—+1@1-e"™ t>0
K K
&(t)
af !
s |
ik, 4 t
o /2w K
7.3-4

xc(t):%A:[x(t)COSmCt—xq ()sint | where x,(t) =+X(t) for SSB

=A(t) cos[ ot + ¢(t)]
with A(t) = % ADER®)+x2 (), o) =arctan );qT(tt))

If loop locks to ¢(t) and e, = 0, then the output is proportional to A(t).
Otherwise, ¢(t), may be too rapid for loop to lock.
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7.3-5

cos0,(t) x cos(m,t+¢,)= %cos[ev (t)— (ot +¢,)]+ high frequency term
Thus, cos[0, (t) - (ot +¢,)] = cos( .t + ¢, +90° — &, )

so cosO,(t) = cos[(mC + o)t + ¢, + ¢, +90° — 855:|

7.3-6

cos[0, (t)/n] = cos(wt +, +90° — ¢

so cos0,(t) = cos(nw,t +nd, +n90° —ne,)
7.3-7

Let subcarrier be cos(wt + ¢,,) so pilot signal is cos|(mgt + ¢y, )/ 2]
and output of PLL doubler will be cosg, (t) = cos| 2(wt +¢,.)/2+2 x 90° |

a #-l'-‘*ﬂ T —tery
?-LFF > Matriy P> ¥,
. ¥, oW 3
L LPF "% al Hye |—» 2e
£, it
i D . . _
y — tos {w, T+ 8, +/80%) = car (n, D4 0y )
B, ¥ Voo /
i Tudicator muct be HAtre Fiftre urt
Fteren
m ikt ca tar Tvag —wum i e ’H']DT is rersivas,
7.3-8
Jot-m, ez Jon=m 0wy ity
(N } ¥+ In = 4
188 kHe ,
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7.3-9

fo =f.+ fir =98.81t0 118.6 MHz in steps of 0.2 MHz = 120.0 MHz + 600
120.0 - 98.8 = 106 x 0.2 MHz, 120.0 - 118.6 = 7 x 0.2 MHz

L'F"F].-—"F {L-G
.2 120 MRL
1.4 4p 2.2 MHZ

8.2 Hite
t”} s R > FP
120,80 Ml ’

"M = 7 ta 06

7.3-10

fo =f.+ f =955t0 2055 kHz in steps of 10 kHz =2 x 2105 kHz + 421
2105 - 955 =115x 10 kHz, 2105 - 2055 =5 x 10 kHz

‘;Q—Q-LPF — £,
70 ki
O = T e s

Fu = 205 kbx
J g LU g RAY »PP 3| ¥co ¥ 50 b w50 kite
2105 ¥t : -
7.3-11
Z(f):_iY(f) and O(f)=¢,X(f) for PM, so
j2nf
Z(f) 1 1 JIKH(f) d, KH(f) ¢,

=~ ¥, - A~ - = HL(f)
X(f) j2nf K, jf + KH(f) 2nK, jf +KH(f) 2nK,
7.4-1

(@) The frame should have an odd number of lines so that each field has a half-line to
fill the small wedge at the top and bottom of the raster.




7.4-1 continued

(b) A linear sweep (sawtooth or triangular) is needed to give the same exposure time
to each horizontal element. A triangular sweep would result in excessive retrace time,

equal to the line time.

7.4-2

(@) No vertical dependence. Video signal is rectangular pulse train with
t=(H/4)/s, =1/4f, and T, = 21.
Thus, f, =21,

c(nf,) = Ksinc %

16, | I
\/T\JT""\J F
o ”:-1 ;;.rh ”'"h

| [+ H/4
o

L1

(b) No horizontal dependence. Video signal is rectangular pulse train with
1=V /4)/s, =1/4f, and T, = 2t.
Thus, f, = 21,
c(nf,) = Ksinc g

Same spectrum as (a) with f, replaced by f, [l f,, so much smaller bandwidth.

k13

i~
* 7
VJ,.'T pae— Y il
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1 ﬂ—ﬂ<h<i oH -V _PV
1 (h,v) = 2 2 2 22
0 otherwise
1 ra)H/2 @pyviz
C, =—— J‘ e—Janh/Hdh J’ eqzﬁmv/vdv
HV (1-a)H /2 (1-p)\V /2

1 e—jnm(x _ ejnmzx ; e—jnt _ ejﬂmB
- prim |15 T8 o
HV | —j2xm/H ~j2mn/v

sin imo||sinmnB|
am || o |

Thus, [c,,|= I

1
(b) |Cmn| = g

fPe.

7.4-4

n,= 0.7x230, n = 1xn;=250921
B =0.35x1 x 230/100 ps = 805 kHz

7.4-5

v, BV

——T—<V<—+

af[sinc ma: sinc nB|

sinc 2 sinc _ |, o =mf +nf, =
2 4

B li?}s

7-20

2 2

m+LJ f,



n,= 0.7 (1125-N,,)~ 787, n, = 5/3x 787 = 1.03 x 10°

_(2/00)sec g6 s B= 035X 2 x — 22 _ 977 MHz
1125 3" (1-02)29.6 us

7.4-6

n, = 0.7 (625—-48) =404, n, = 4/3x404’ = 2.18 x 10°
1 4 625 - 48

Tye =—————=64 us, B= 035X — X ——— = 4,99 MHz
15.625 kHz 3" (64-10) s

7.4-7

(@) Since X(t) is proportional to x(t) averaged over the previous t seconds, the picture
will be smeared int he horizontal direction and five vertical lines will be lost.

(b) R(t) = j x(L)dA — j x(L)dA = j x(L)dA — j x(L —t)d

—00

1 1 l1—e j2nft
50 X(f)=——X(f)————X(f)e i& = X (f
()JZf()Zf() j2nf (f)
Y(f)=H,(f)X(f)=KX(f)e "
i —joty _
Thus, Heq(f): j2nfKe _ K g iolts=t/2)

1-e % rsincfr
which can only hold for | f| <1/t since H(f) > atf =1/1, 2/1,..

7.4-8

(@) If gain of the chrominance amp is too high, then |xc| will be too large and all colors
will be saturated and pastel colors will be too bright. If the gain of the chrominance
amp is too low, then |xc| will be too small and all colors will be unsaturated and
appear as "washed-out" pastels.

(b) 1f +90° error, then red — blue, blue — green, green — red.
If -90° error, then red — green, blue — red, green — blue.

If 180° error, then red — blue-green, blue — yellow (red-green),
green — purple (red-blue).

7.4-9
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Let x, (t) be the BPF output in Fig. 7.4-11 so, from Eq. (15),
Xp () = Xy (£) + X (1) Sin @t + X, (t) cOs @t + Ky, () Sin ot
where x,,, (t) is the high-frequency portion of x, (t).

7.4-9 continued

Thus,
v, () = X, (£) X 2C0S a0t = 2%,y COS @t + X, (1) Sin 20t + X, (t)(L+ COS 200,t) + X, (1) SiN 200, t
=X, (t) + 2Xyy COS @t + X, (t) COS 2wt +[X, (1) + X,y (D)]sin 2w, t

Vo (t) = X%, (1) X 2sin gt = 2%, Sin oyt + X, (£)(1—C0S 20,t) + X, Sin 2wt + X, (1—C0S 200, t)
= Xo () + Xy (1) + 2%y, (1) Sin ot + X, (1) Sin 200t —[X, (1) + X (t)]COS 200, t

7.4-10

To modify Eq. (15) to account for asymmetric sidebands in Q channel, let
Xon (t) be the high-frequency portion of X, (t). Then

X, (t) = X, (t) + [, (t) cOs ot + K,y (1) Sin @, t]+[X, () cos(o,t —90”)
Sin @gct
+Xon (1) sin(e .t —90°)
%ﬁ/—J

—COS ot

Let x, (t) be the BPF output at the receiver, so
X (t) =Xy +[X, (t) COs .t + Xy () SIN 0 ]+ [Xg SiN @yt — Koy COS @ 1]
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Thus
V, (t) = X, X 2€05 0t = X, (t) — Koy (1) + 2X (1) COS Ot + X, (1) — Kgpy (£)]COS 200, t
+[Xq (t) + X, (D]sin 20, t

Vo (t) = X, X 2sin t = X, () + Ky (1) + 2%y, () Sin ot +[X, () — Ky (D)]siN 200t
-[Xo (t) + Xy (t)]cOs 20t
and lowpass filtering with B = 1.5 MHz yields
v, (t) = X, (t) — Ry () + 22X, () cOS O t
Vo (t) = Xo (1) + Xy (1) + 22Xy, (B) SiN 0t

Now we have cross talk between | and Q channels since both X, (t) and X,,, (t)

have components in 0.5 MHz < f < 1.5 MHz. This quadrature color cross talk is
eliminated by reducing the bandwidth of x,, (t) to 0.5 MHz so X, (t) = 0 and the

Q-channel LPF removes X, (t).
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Chapter 8

8.1-1
M = 12 equally likely outcomes

P(A) = 6/12, P(B) = 4/12, P(C) = 3/12 A1 2 3
P(AB) = 2/12, P(AC) =0, P(BC) = 1/12 5 6 7
P(ACB) = 2/12 B 9 10 1.1
8.1-2
M =16 equally likdly outcomes A 11
P(A) = 4/16, P(B) = 6/16, P(C) = 6/16 1,2 2,1
P(AB) = 0, P(AC) = 2/16, P(BC) = 2/16 1,3 2,2
P(ACB) = 6/16 1,4 2,3 32
2,4 33
34 4,3
C 4.4
8.1-3

P(AB)= N, /N=(N - N _) N=P(A)- PAB)

8.1-4
NA = NAB + I\IABC NB = NAB + NACB
Npg + Ny + N, .
p(a+B)=—2" e Bre - Na*No~ N _p( ), p(g)- p(aB)
N N
8.1-5

Na=Ng+N_. Ng = Nyg + N,

+ N

P(C) = NAB° AB — N,+Ng- 2N
N

N

% = p(A)+ P(B)- 2P(AB)

12

4,2

41



8.1-6
P(match) = P(HH +TT) = P(HH) + P(TT) = P(H)P(H) + P(T)P(T)
1+ 2-1 +1

P(T)=P(H®)=1- — = P(match) = g_g +8 . %— >

8.1-7

Lea A="“Afals” B="Bfals” C ="“computer inoperable’

P(A) = 0.01, P(B) = 0.005, P(B|A) =4~ 0.005 = 0.02

P(C) = P(AB) = P(BJA)P(A) = 0.0002, P(A|B) = P(AB)/P(B) = 0.04

8.1-8
Let M =“match,” H; = “heads on first toss,” etc.
@ P(H,) =%, P(MH,) = P(H,H,) = (*22, P(M|H,) = P(MH,)/P(H,) =2
(b) Let A="“H, or H,” P(A) = P(H; T, + TH, + HH,) = %
P(MA) = ¥4, P(MIA) = P(MA)/P(A) = 1/3
(© P(M) = P(H.H, + T;T,) =%, P(A|M) = P(A)P(M|A)/P(M) = Y2

8.1-9
Let M ="“match,” H, = “headson first toss,” etc.
@ P(H,) = ¥4 P(MH,) = P(H,H,) = (42, P(M|H,) = P(MH,)/P(H,) = ¥a
(b) Lee A="“H, or H,” P(A) =PH,T, + T{H, + HH,) =2~ Y4~ ¥+ (Y22 =7/16
P(MA) = P(H,H,) = (%42, P(M|A) = P(MA)/P(A) = 1/7
(©) P(M) = P(H,H,) + P(T,T,) = (%42 + (342 = 10/16, P(AIM) = P(A)P(M]A)/P(M) = 1/10

8.1-10
Since P(AB) = P(AIB)P(B) = P(BIA)P(A), P(XYZ) = P(X)P(YZ|X) where

P(XYZ) _ P(XY) P (XYZ)

P(YZIX) = S = B e = POYXP(ZIXY) 50 P(XY2) = POX)P(YXIP(ZIXY)
8.1-11

Let F ="“fair coin,” L =*“loaded coin,” A =“dl tails” P(F) = /3, P(L) = 2/3, P(AF) = ()2, P(A|L) =
()2 @  P(A) = PAF)P(F) + P(AL)P(L) = 11/24

()  P(LJA) = P(L)PALLYP(A) = 9/11
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8.1-12
Let F =*fair coin,” L =*“loaded coin,” A =“dl tals” P(F) = /3, P(L) = 2/3, P(AF) = (32, P(ALL) =
(%2 @  P(A) = P(AF)P(F) + P(AIL)P(L) = 31/96
()  P(LIA) = P(LPAIL)YP(A) = 27/31
8.1-13
Let R, = “fire marbleisred,” eic, M = “match;” P(R,) = 5/10, P(W,) = 3/10, P(G,) =2/10,
P(MIRy) = P(RJRy) = (5— 1)/(10— 1) = 4/9, P(M]W,) = 2/9, P(MIG,) = 1/9
@  PM)=PMIR)" P(R)+P(MW,) " P(W)+PMIGy) " P(G,)
_4.5.2.3.1.2_14

9 10 9 10 9 10 45
() PWIM) = P(W)P(MIW,)/P(M) = 3/14

8.1-14

Let R, = “first marbleisred,” etc., M = “match;” P(R;) = 5/10, P(W;) = 3/10,

P(Gy) =2/10, P(MIRy) = P(RyRuIR) = P(RyIRR)P(RoIRy) = 22 2L =3- 2 p(mpw,) =

)
10-2 10-1 8 9 9’

|

P(MIG,) =

®|o

1
9

@ P(M)=P(MR) * P(Ry) + P(MWy) © P(W,) + P(MIG,) ~ P(Gy)

12, 5 2. 3 L2 _ 1
= - 4+ _ +0 —=

72 10 72 10 10 120

(b) P(W;M) = P(W,)P(MW,)/P(M) = 1/11
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8.2-1

PIN)=15 N x_ Pyx) Fy(x)
0 0 02 0.2
-11 05 04 0.6
2 2 0.2 0.8
3 45 02 10
‘, 1.0

0.8

0.6

0.2

(cont.)

P(X® 0) =F,(0) =0.2, P2 < X © 3) = Fy(3) —F(2) =0, P(X < 2) = F, (2- T ) = 0.6,
PX*2)=1-06=04

8.2-2

PIN)=15 N x_ Py(x) Fy(x)
3 -4 02 02
2 -2 0.2 0.4
-11 2 04 08
0 4 02 10

Fy 1.0
0.8

0.4

0.2




P(X © 0) = F(0) = 0.4, PR <X © 3) = F(3) —F,(2) =0, P(X < 2) = F,(2- 1) = 0.4,
PX*2)=1-04=06

8.2-3
i0 X£0
_Ix

P9 = OpX(')d' Tigedl =1 (x+De” x>0
o

P(X © 1) = Fy(1) = 0.264, P(X > 2) = 1 — F(2) = 0.406, P(1 < X © 2) = F(2) — F(1) = 0.330

8.2-4
I X
i (‘)%e' dl =%ex X£0
|

F(X)_Opx(l)dl II <4 .

¥ FZ+ope’dl =1-Ze* x>0

12 2

0

P(X © 0) = F,(0) = /2, P(X > 1) = 1 - F, (1) = 0.184, P(0< X © 1) = F (1) — F, (0) = 0.316

8.2-5
Fy(¥)=100K =1 P K =0.01 s0 py(x) = dFy(x)/dx = 0.2x[u(x) — u(x — 10)]
PXO5)=Fy5) =K" 52=0.25,P6<X O 7) =Fy(7) —F«(5) =0.49-0.25=0.24

8.2-6
Fy(¥)=K/J2 =1 P K=42 s0py(X)=dFy(x)/dx = %cos% [u(x) — u(x — 10)]

P(X © 5) = Fx(5) = ksinZ = 0541, P(5< X © 7) = F(7) - FX(5)—Ksm4 —0.541=0.198

8.2-7
P@Z<0)=0,PZ S 0)=P(X S 0) =%, PZO 2 =P(XO 2)forz>0

|O z<0 q 10 z<0
F.(2) = 7)=—F,(2)=i1 1
f2 ' p [ 2 p(+2z7)
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8.2-8
PZ<-1)=0,PZO-1)=PXS0) =% PZ2=PXS2forz>0

N
| N

:::O z<-1 g ;[%d(z+1)
Fz(Z):.ill/Z -1£z£0 pz(z):EFz(z):l 1
| =
I%+£arctanz z3 0 i p(d+2)
' p
8.2-9
1, 2@syz E+F50_
pz(z):ﬂze A 5)/2U87526( u(z+5)
X, Z
8.2-10
1 . gy, a-106_
pz(2)=ﬁze 2z oi 2’u875: e u[- (z- 1]
X, Z

8.2-11

z£Q

z>0

Monotonic transformetion with g-1(2) = 22 — 1, dg-/dz = 2z, py(x) = Yafor—-1 O x © 3, s0

p;(2) :%|22|[U(Z)- u(z- 2)] ZE[U(Z)- u(z- 2)]

8-6



8.2-12

0:(x) = -x[u(x + 1) —u(x)], g*(2) =-4u(?) —u(z-1)], dg, */dz=-1
9,(x) = X[u(x) —u(x —3)], 9,12 = Z{u(2) —u(z—3)], dg, /dz =1, py(X) = ¥afor -1 O x © 3, s0

il 1 1

il el 0£2£1
p=] 4 42

’:EZ]J:Z 1<z£3

8.2-13
0:(x) = - x[u(x + 1) —u(x)], g(2) = -2[u(?) — u(z— 1)], dg,Y/dz = -2z
0,(x) = JIx [u(x) —u(x = 3)], g, 1(2) = 2[u(@ —u(z— 3)], dg, L/dz = 2z, py(X) = Yafor -1 O x O

3,90

|2z| |2z|:z O£ z£1

0, (2) —.l

i1 |22| == 1<z£./3
8.2-14
0,00 = X2U(-x), 942) = -z u(@), dg; Yz = -1/2z, g,(x) = x2u(x),
0,1(2) = +JZ u(2), dg, Ydz = +1/2+Z (cont.)

py(2 =0forz< 0, p,(2) = forz>0, so

—=|+ Px(-

J‘
p.(2) = J-epx(xf )+ p(-V2)lu(2)

8.2-15
¥ ¥
P (¥) = Q, P (X, y) dx = y&u(y) g € " dx=e"u(y),

Pyy (X, Y) = YE U(X)e U (Y) T Py (X Py (Y), Px(XIY) = Pyy (X, ¥) /Py (Y) = YE "U(X)
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8.2-16

py(y)=c‘i va(XaY)dX——Pg— (x2+2xy+y )dx_6_10(1+ 3y%)P aeé/;

_3(x+y) paxdl o, oo p @0,
va(x,y)—2(1+3y2)P32560(1+3y)Pg65 Px (X Py (Y)
3(x+y)zpae(0

Px(XIy) = Pyy (X,¥) /Py (Y) = 21+ 3y%) 855

8.2-17

p e DY)
0, PN X=0,7 ) )

For any given Y =y, X must be somewhereintherange -¥ < x < ¥.

¥
0, Per (X, y)dx=1

8.2-18

Pao0) = PXOIIBAY), P (4 = ), Pror (X, Y)ly = ), Py (XYIPY) dy

Thus, py(yiX) = Pxv(X.Y)/Px(X) = Px(XY)Py)/ Ci Px (X)) dy

8.3-1
2
¥ — ¥ i 2 &o 1
m, =a@f) xe *dx=1/a, X?>=aQ ¥e®dx=2/a?> s0s, =,|—- a—. ==
x Q Q X 2 %ab a
8.3-2
2
¥ i — ¥ . 6 &0 2
za’Q X’e *dx=2/a, X?*=za’ xXe*dx=6/a®>, s0S, =,|—- a—r =——
my Q Q X a2 8&@ a
8.3-3
mx:_z(\)t X 4dx:‘/§§‘¥ | _dl +(\)£ a4OII u_ o
p ¥1+(x- a) p &1+l + i
— 2 ¥ x? 2¢éx |°? ¥ S U
= dx=—a dl + dl + dl nh=1+a°, 0
p CTrx-ay  p & 1rr " T SRR
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8.3-4
P(X=b)=1-p,my=ap+b(L-p), x? =ap+b2(1-p)
5,2 =8P+ b2(1—p) ~[ap + b(1 - PII2 = (@~ b)2p(L ), 5 = la—bl/p@- P)

8.3-5

a(K-DK _K-1
K 2 2

?:éi'l(ai)Zi:a_z(K-1)K[2(K' D+Y _(K-DEK-9
i=0 K K 6 5
— a2 N . -
s 2=xP-m2=(K- DA 22K-D-AK-) _K'-1, . _ |K'-1a
2 ° 12 3 2
8.3-6

= acosx X)dx = a ‘Wpcosxdx—o
rrlY _Q pX( ) _Z_pQ - ]

N 2

‘¥ a ‘q+2
Y?= Q a coszxpx(x)dxzz—

2
pcoszxdx:a? S, =~%4-0=9

8.3-7

= acosx X) dx = a ‘Wcosxdx =- 2asin
rnY _Q pX( ) _EQ - ? q1
I 2 2

¥ a  a+p a
Y2 =@ a®cos’ xp, (X)dx=—¢) cos®xdx =—
0, P« (¥) 5 Q >

8.3-8

m, =am, +b, Y2= EgaX +b)*f=Eg’X*+2abX +b’f= a? X2 +2abm, +b?

s, =Y’-m* :az(Xz- mxz) =a’s,’, s, =|a|s
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8.3-9
Y2 = EGX +b)? = EGX? + DX +b?[j= X7+ 2bm, +b?

d_
—Y?=2m +2=0 P b=-m,
db i

8.3-10
P(X 3 a):c‘s p,(X)dx and p,(x)=0for x<0

\

E[X]=Q Px(0dx® ) xp ()2 ag) py(x)dx=aP(X &), 50 P(X * &) £m, /a

8311
EX +Y) U= EEX*+2XY + Y= XZ£2XY+Y?3 0
u
- - .5 .
soZXY3-(X2+Y2) and 2XY£(X2+Y2), b - X ;’Y £xv X ;Y

8.3-12

Cuy = E[XY- mY-m X +mm]=XY- mm,

@ XY=XY=mm, b C, =0

(b) XY =E[X(aX +b)]=aX?+bm, andm =am, +bs0C,, :a(F- mx):asx2
8.3-13

1?=E&/"- 2(aX +b)Y+(aX +b)"Y =Y?- 2aXY - 2bY+a®X?+2abX +b?

11 2/fla=-2XY +2a X* +2bY =0 and 71 2/Tb=-2Y - 2aX +2b =0s0

:(W- W)/sxzand b=Y-aX

8.3-14

d" d" _ s N
_F n) = jnX - eJnXu: nE neJnX ,S)
el Wb ) e Y= "EEX e Y

n n

——F,(0)=J"EEX"§ P EEX"§=]" dn Pl

dn” =0
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8.3-15

F éae du(t b Fléaeu(f)y=— > 0
g O S pr a+12pf gae"u(h a+j2p(-t)
o1
Fo(2)=—2 _ and F () =— 2 _-3. ;10
- j2pt - Jn 8 ag
=g —_b X=jte2==
ag & ag Sag a
L o2
? ) Xzzjzz%lg :32
88.;3 a
ai xio _ 6
P X®=j%-6)a=i =—
¢ 3 COga; ==

8.3-16

Fy(n)= Ege"nX2 8= 5 e 2axe * dx = éej"' ae®dl b p,(y)=ae?u(y)
8.3-17

p/2

F — AAINSINX Yy — \p/2 jnsn x 1
v(N)=Eg™™Y=qQ e de

Letl =sinx, dl =cosx dxwherecosx =+/1- sin’ x =+/1- | 2

Snp/2 ]nll dl —‘1ej”' 1 1 Paeyo

———d b p(y)=——
o) P y1-12 pV1- 12 > pyf1- y2 &25

Fy(n)=

8.4-1
Binomid digributionwitha = (1-a)=% som=10" ¥%=5,5s2=5" =25 m+2s » 2t08

eaéOo aéOO éOciJaé_o 1+10+45

8.4-2
Binomid digributionwitha =3/5and (1- a)=2/5,som=10" 3/5=6,s2=5" 2/5=24,
m+2s »3t09

6300, aé093121 2800.,,02° _ (I 4+10° 6+45 9)256

P(i<3=F(2)= go_sz

SFPGE = =0.0122
p T2 g 9.87 10°
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8.4-3
Let | = number of forward steps, binomid distribution with m, = 100" % =75,52=75" Y,

12 =75, +75%, X = Il — (100 — I)| = (21 — 100)| s0 my = (2m, - 100)! = 50! and

X2= (21 - 100)32 = (412 - 400m, +10%)I? =257512, s, =.[2575I2- (50l)? =+/75

8.4-4
Binomid digribution with 1- a = 0.99 so
2800 2800
P( >)=1- R(0)- RO =1 ¢ 20.010.99%- ] 20.020.99° = 0.0042
(%] %)

Poisson gpproximationwithm=10" 0.01=0.1

0 1
P(I >1) »1- e'°-1—(061|) - e‘°-1—(oj) =0.0047

8.4-5
m= 0.5 particles/sec, T=2sec, MT = 1, sO

@ F{(l)=e‘11—ll=0.368 (b) P(I >1)=1- P(0)- P()=1- e'llaol- e‘l%:0.264

8.4-6
-2 m _ m°¥-rni - \__mo¥.|'ni
E[l]=a e THE a.:o'i_,’ Eg’g=e aizolzT,whee
0 i d d oy m o.mM?! 1oy .m
e =1+m+—ni+..= N g L= —=qi == — ad
al'Oi! dm dma'=°|' a il mT )
2 dox.mMl o, 2 1gy ., ..om
T T AT}
(cont.)
But 9 d* =" 03" iM™=me and i>-)—=3° 2™ me” = e
dm T dmE a a A, =d i -

Thus, E[I] = eM(me™ = mand E[1?] = eMm2eM+ me™) = n?2 + m
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8.4-7

X=m=100, s>=X’- X b X?=s2+n"=10,004

P(X<m-s o X>m+s)=P(XEm-s)+P(X>m+s)=2Q() »0.32
8.4-8

m=X=2, s=yX2- X =3

P(X >5)=P(X >m+s)=Q() »0.16,
PR2<XEH=P(X>m)- P(X >m+s) :%- Q@ »0.34

8.4-9
m=10, s =4/500-100=20, P(X >20)=P(X >m+s/2)=0Q(0.5) »0.31
P(10< X £20) =P(X >m)- P(X >m+s/2) =1/2- Q(0.5) » 0.19
P(0< X £20)=P(|X - m<s/2)=1- 2Q(0.5) » 0.38
P(X >0)=1- P(X £ m- s/2) =1- Q(0.5) » 0.69
8.4-10
m=100" %=50,s2=50" ¥%=255s =5
(@ P(X>70)=P(X >m+4s)=Q(4) »3.5 10°
(b) P(40< X £60)=P(X - m£2s) =1- 2Q(2) =0.95
8.4-11

Leea=m-k;s andb=m+k,s so

o .
Pa< X £b) =1- Q(k) - Q(k,) =1- ngs ag ngs g

Qlky)

8-13



8.4-12
m=0,5 =3, P(X|£¢) = ng m|£—s_—1 2Q83
a2

(8 1-2Q(c/3)=09 b Q(c/3)=0.05c» 3" 1.65=4.95
(b) 1-2Q(c/3)=0.99 b Q(c/3) =0.005c» 3" 2.57=771

8.4-13
N e 1 ¥&elp 12/2 1 é 1 2%
A dl == ‘_;d - ———— A —e
Q()\/_ V2 ¢ |r'a( ) 2§ | k
_ 1 -K2/2 1 1 2
N LT
0 Q(k)< 1 ek2/2 and
\2pk?
%pc;lize"z’zdl <\/]2-_p%Q &2 dl —ZQ(k)D QK)if kO 1
1 2
Thus Q(K) » ————e "2 for k0 1
N 2pk?
8.4-14
2\n/2
E&X - m)"g= S Q, (x- m)"e (< m*/zs? dx—(i/_) (‘ilne"zdl
V2 P

@ E&X - m)"§=0for odd nsincel "e'" has odd symmetry
H

F 20 3@
- e d Z
Q &

SLZ

(Zsz)nlz 2n/28n

(b) E&X - m)"j= KHZSI "e'"dl for evenn, whereK_ =
Bute' dl =- % d(e"z) S0

£ ny_ ) n- S12) _ én— -2
EGX - m)"f§=-K,Q1""d(e )_-Kng e

. K
(-

n-2

8-14

K 2\¥|n—2—|2d| — _ 2 A _ n-2 3
n-22Q e =(n-DsEgX- m)" Y

NN

2 U ¥ 2
-0 d(I™)g=K. (n- )y "2 dl
o e a1 Q

(cont.)



Thus, E&(X - m)4E|:(4- 1)32Eg(X - m)ZH:BS“, E&(X - m)6E|=(6- Ds
Eg(X - m)“H=1><3>6--- (n-Ds", n=246,...
8.4-15

P, () :%e'p[“'m)’b]z where b=+/2ps?

fm=0, F « (2pt) =€ p(bt)2 — e—sz(zpt)z/ 2’ 0 F, (n)=¢e r2/2
For m? 0, use frequency-trandation theorem with w, = 2pm, so

2 2 205 P
F « (2pt) —e p(bt) e]WCI —es (2pt) /2ejm(2pt) and F . (n) —e s’n /2eJmn

8.4-16
F z(n) =F « (n)FY(n) =) sx2n2/2ejmxne- sanzlzejm(n — e—szzn2/2ejmzn

2

where s,’=s,+s,°, m, =m, +m, . Hence, p,(2) =

J2p(s,” +5,7)
If z=1§,”1xi =Y, +Y, +---+Y, whereY, = =L isgaussan with
n-—'=
— — — — 2
__X| _Z_Xiz 2 _ IZ- i — Xi
RN TS T Ty

o lon
Sxo M =am =—gq My
n

8.4-17
X=InY p Y=¢X

=F (- )= e

E[Y]=Ege"§=Ege™ Y

jn=1

EQry=Ege"y=Ege™ Y _,=F(i=e"en

jn=

8-15
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8.4-18

21 .80 B
(8 F,(n)=9,e™ p(¥dx= 2 ~Qe® "7 dx=(1- j2s’n)
\2ps

dF . . -3/2 1,
b Z=js?(1- j2s°n P E[z]=]"(js? =s?
()dnJ(J) [2]=i"(is?)

dzl:z_ 4 che 2\ 22 L 2N o2 4y _ b

=3 (1- j2s’n) " P EEZPH=i%(-3%)=3s

3 -

dngz =-j1s°(L- j2s’n) P E§Z°H=]°( j15s°) =15s°

n

Thus, EgX*H=E[Z] =s® EgX*§=EgZ°f=3s", EgX°y=EgZ’f=15s"

8.4-19

R =252=32 b s2=16 s0 p4(r) :ée"z’&u(r) and P(RET) =FL(r) :(1- e'rz’gz)u(r)
Thus, P(R>6)=1- P(R£6) = *"* =0.325 and

P(4.5<R<55)=P(RE 55)- P(RE4.5) =e**"® . 5532 =143

8.4-20

X?=25%=18 b s%=9 0 p, (X) :ge'xz’lau(x) and P(X £ x)= (1— e'xz’lg)u(x)

Thus, P(X <3)=P(X£3)=1- €3 =0.393, P(X >4)=1- P(X £4)=e*" =0.411, and
PB<X£4)=P(X >3)- P(X >4)=[1- P(X £3)]- [1- P(X£4)]=eF"- ¥ =0.195
8.4-21

SnceZ * 0 and X * 0, monoatonic transformation with g(x) = x2, g'1(2) =+z, dg*/dz= Y~

Py (X) = lze‘ 1257 (x), m=Z= EgX*g=2s*. Thus
S

P, (Z) = £22 e_(ﬁ)Z/zSZU(+\/E)L :ie‘ Z/mu(z)
S m

2z

ol 10632 k=1
P(Z£km):Q —e“Mdz=1-e =|'0095 k=01
m 1 0. =0.
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8.4-22
(8 A=R?=X?+Y2 whereX and Yaregaussanwith X =Y =0, s,° =s,° =5
, . B 2 . -
Fa(n) =F o (0F . (n) =g1- j25°n) g = (1- j &5%n)!

1 b 1

F .(2pt) = = ,
A(2P1) 1+j2s?(-2pt) b+ j2p(-t) 2s

() PuW) =P (W)* P-(W, P,:= P, =P

10 w<0
_1 2
=l w 2 2 0 2 W
I@zize"“s Zize"w'”’zS di =§e§122e'w/25 ydl w>0
|
W 2s2
0 pW(w):4s4e "25"u(w)
8.4-23
2 = 1 -__4a pa? (- 2y +y?)
) T YT et
- ¥ - a Sa%y? ¥ - a2(x2-21 xy) - e_aZyZ 222 o ¥ )2 _
pv(y) O¥ va(xay)dx \/pre Qe dx —me 2n¢e dl
_ Py (XY) _ 1 C(x-ry)212s (11 )
Px(Xly) = = e
§ () \f2ps(@- )
8.4-24

Since Z isalinear combination of gaussan RV, p,(2) isagaussan PDF with
m, = E[X +3Y]=m, +3m, =0

s,” TEEX*+6XY +’f=(s,* +m) +6E[XY] +9(s,” +m,*) =100
8.4-25
EgX"y= d:x”px(x)dx: 0 fornodd, E[Y]=EgX*y= s’

E[(X- m)(Y- m,)]=EgX(X2-sx2)8=EgX3E|- sy’E[X]=0 P =0

8-17
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Chapter 9
9.1-1

VN 1 — . .3
Egelg==fne'dx=—(e*-1), v(t)=Egee‘g==(e"-1
g =5 Qe dx=o (€7~ ), v =Egoe g=(e" - 3

A H AN 18 s + < 9
R/(tl ’t2) = E 836ex(t1 tz)H: —§2(t1 t) _ lHa Vz(t) = t_(e4t _ 1)

t, +t,
9.1-2
1.2 1 . — 3 .
E[cosXt] == Qeosxtdx=—sin2, W)= E[6 cosXt] = =sin2
2 2t t

R (t,t,) = E[36c0S Xt cos Xt, ] =18E[cos X (t, - t,) +Cos X (t, +t,)]

_ao8sin2(t - t,)  sin2(t +t,)u
=18¢ + a
é 2(t1 - tz) 2(t1 +t2) a

< Sindt ¢
V0 =18l — g

9.1-3
X =0, X?=1/3, v(t)=E[Y+3xt]t=Yt+3Xt* =2t

R/t 1) = E @Y +3VX(t, +1,) +9X i, ftt, = 87 +3XY (¢, +1,)+ 90X, Utt, =6t +3(tt,)”

VA (t) = 67 + 3

9.1-4

EgeXt[:}l:%(‘ieXt dxzz—lt(e‘- e“), v(t) = EgYeX‘EFVEgeX‘E]:i—L(et - e‘t)

Rt )= EQYiet ) j=VPEE (= =g e by ()= 2 (e - o)
1 2

9.1-5
sint
t

E[cosXt] =%(‘icosxtdx = %, v(t) = E[Y cosXt]= VE[cos Xt]=2

(cont.)



R(t, t,) = EGY* cosXt, cos Xt, = %WE [cosX(t, - t,)+cosX(t, +t,)]

ésin(t, - t,) Lsint +t,) u

=34 G
g t-t L+, §
- Sin2 g
v2(t)=38 +2 =0
9.1-6

PR ()= oo (1), O] £2p, R(t,1) = A%, (1P, (1)of where
p

2p

9(f)=--Q cos(2pft, +j )cos(2pft, +j ) d]

1

2p

I P ) S

—4—pQ cos2pf (t, - t,)dj +$Q cog[2pf (t,+t,)+2j 1dj =5cos2pf(t,-t,)

Thus withf =1, R (L, t,) = A?z(i cos2pl (4, - t,)p, (1 )dl

A ¥ A

—_ ¥eéel 2 - _
v(t)—AQ_Q cos(2pft +j ) dj 7@ pe (f)df Y

&2p

u

pr(f)df =0, V() =R(tt)=

9.1-7
v(tw(t,) = XY(cos wyt; COSWqt, —Sn wyt; Sn wit,) — X2 coswyt; Sn wit,

+ Y2 Sn wjt; coswyt,
E[XY]=XY=0 EgX*y=Egr’g=s?,0

Ryt t,) = E[v(t, )W(t,)] = s (sSinwgt, coswgt, - coswyt, Snwit, )=s”sinw,(t, - t,)

9.1-8

(@) v(t) = E[ X coswgt +Y sinw,t] = X coswt +Ysinw,t =0

R (t .t,) = E X coswgt, coswgt, + XY (COSWq, SINW,t, + Sinwgt coswgt, )+ Y*sinwg, sinwi, j
= Fcoswot1 CoSWt, +Y s nw, sinwgt, = s* cosw,(t, - t,)

s0 Ry(t) = s2 cos wot

(o) v’() =R (0) =s* (cont.)



<vj2(t)> = <(Xj coswgt + Y; Snwqt)2> = Xj2<cos? wgt> + 2XjY; <cos wot sin wt>
+Y;2<sin2 wgt>
= lxiz +1Yi2 1 82
2 2

9.1-9

— ¥ 2p d =
(@) v(t) = QapA(a) daQ COS(W,t+] )2—p- A 0=0

N 2 . df —=. 1
R(61) = 0,2 Pa(@)day costoy ] Joos(igt +1) 5= A Zcosm(y- 1)

A2
SOR(t) = ?coswot

(b) VA(t) = A2/ 2, <v2(t) >=< AZcos’ (Wt +F ) >= A2 <cos?(W,t+F ) >= AZ/21 A?/2

9.1-10

m, = Zt) = E[v(t)- v(t +T)]=w(t} v(t+ T)=0

s,% = 22(1) = V() - 2(OV{E+T) +V2 (t+T)=R(0)- 2R(T) +R(0)=2[R,(0)- R,(T)]

9.1-11

m, = z(t) = E[v(t) + v(t - T)] = v(t) +v(t- T) = 2{/R (+¥)

2°(t) =V (1) + 21(tv(t- T)+V* (- T)=R,(0)+ 2R (T) +R,(0),

s;" =2[R(0)+R,(T)- 2R (¥)]

9.2-1

F e =2 e 06y = 2pe @ +9d (1)

<v(t)> = R (¥¥) =3, <V’(t)>=R(0)=25, V,, =/25- 9=4
9.2-2

Gy(f) = %L g%g[d(f - 8)+d(f +8)]

<v(t)>=m, =0, <V3(t)>=R(0)=36, v, =+/36- 0=6
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9.2-3

2

A° ¥
R(t):7Qc052pl tp-(1)dl,
G()=F [R(M)] =2 & F.[coszpl t] po (1)l =2 & L[d(f - 1)+d(f +1 )] p. 0 )dl
v t 5 Q F > Q, > F
:ATZ[IOF(f)Jf pe(- )]

p(f)=d(f- f)p Gv(f):%z[d(f - f)+d(f+1,)] since d(- f- f,)=d(f +f,)

9.2-4
L~ T e ||0 - jwt N jwt
@ EG.(D= 0, Z R O dt:(LLg— OR (t)e ™ dt
e a

= F, SL? OF\’,(t)u (Tsinc? fT)*G,(f)

(b) IimL?%?zl o limTsinc*fT =F [1]=d(f) and
T®¥ 1] T® ¥
lImEEG,(H=d(f)*G,(f) =G, (f)

9.2-5

vr(t) = ACOS(WOt-l-F)P?O Vr(f.9)= —@lnc(f fo)Te" +sinc(f + f,)Te 7§

2
FVAGEE Aj {sincz(f - )T +sinc2(f - f)T +E@'¥ +e 12 gsinc(f - f,)Tsinc(f +fO)T}

4 2F - 2F Ny — — i inC2 fT =
But Ege’™ +e /% j=E[2c0s2F] =0 and limTsinc®fT =d(f) , so
A, . LA
Gv(f):ngTgTﬂnc (f- f,)T +Tsinc®(f + fO)TH:T[d(f - f)+d(f + )]

9.2-6
Ru(t.t,) = E[v(t,)w(t,)]=mm, so R,(t)=R,(t)=mm,

RAL) = Ry(t) + Ra(t) = 2mymyy, GAF) = Gy(f) + Gu(f) = 2mymyd(f)
(cont.)
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RA+¥) = Ry(+¥) + Ry(£¥) £ 2mymyy = my2 + my2 = 2mymyy = (my = my)?

72=R(0)=R,(0) +R,(0) £ 2mm, =v +w? +2mm,
=s,”+m,“+s, +m, £2mm, =s,° +s,” +(m £m,)* >0

9.2-7

Ro(tut) = E[w(tV ¢,)] = E[vt,)Wm(t)] =R, (t,-t) 0 R,(t)=R,(-t)

G, () =F [Ru(-1)] =ﬁGM(- f)=G,(- )

9.2-8

Rt t,) = E[V{t)V(E) +V(t, + TV, +T) - Vit +T)V(E,) - VDV (L, +T))]
=Rt-t) +RE+T-4-T)- Rt +T-t)- R(t,-t,-T) 0

R(t)=2R,(t)- R(t+T)-R(t-T) and

G,(f)=2G,(f)- G,()(e" +& ) =2G,()(1- cos2pfT)

9.2-9

R(t t,) = E[V{t)V(E,) +V(t, - TIV(E, - T) +W(t)Vv(t, - T)+v(t - TV E,)]
=Rt,-t)+RE-T-L+T)+ Rt - L+T)+R(t,-T-t,) 0

R(t)=2R )+ R (t+T)+R(t-T) and

G,(f)=2G,(f)+G,(f)(e" +&"T)=2G,(f)(1+cospfT)

9.2-10
Z(t) = v(t) cos (2pfat + F o) with v(t) = A cos (2pfqt + F 1) so
Gy/(f) = (A22)[d(f — 1) + d(f + f1)]

2
Thus, Gz(f):%[d(f - B- f)+d(f+ - f)+d(f- f+6)+d(f+ i+ f2)]

2
For 1 = fo, G,(f) =%[2d(f)+d(f - 26,)+d(f +21,)]
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9.2-11

Rt L) = E[MH)Y®)]. y(t)=§ h)xt,-1)d so
Rt 1) =, h()E[yt)xt, - 1)]d (cont)

But E[y(t)x(t,- 1)]=R,(tut,- 1) =R, (- t,+ ) =R, (t +I) s0

R(t)= @, (R, (t+1)dl = h(- MR, (t - M dm=h(- t)*R,(t)

9.2-12

R,(t)=F, ' g2pf)°G,(f)fj=-F, " @i2/ )G, (f)f=- d*R(t)/dt?

G, (f)=F [h(t)*R(t)] = H(f)G,(f) where H (f) = j 2pf,

R, (t)=F, "[(j2pf)G,(f)] =dR (t)/dt

9.2-13

If x(t) is deterministic, then Y(f) = X(f)- aX(f)e™ b H(f)=1-ae ™
IH(f)] =1+a%- a(e"” +e ") =1+a?- 2a coswT so

G,(f)=(+a’- 2acoswT)G,(f), R/(t)=(1+a’)R(t)- a[R(t+T)+R(t- T)]

9.2-14

RAO=H O RO =0,

RAO=R,(0= 6o ROA ==, R D=~ ¢, R (t- myam

=- ghy(®)* R (OF=-R,(1)

R (1)dl
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9.2-15

Letx(t) = d(t) 0 y(t) = h(t) = = tT/Zd(I) VT t-T/2<0<t+T/2
g 1O _IO otherwise
_i1 t|<T/2 |
10 t|>T/2

el 2 .1 a0, _E\T% _9 i
R (t)=F, “ginc fTGx(f)H_?Lg?a R<(t)—TOTgl Tg R(t-1)dl

931

Let x=h|f|/KT, ex-1:x+ix2+m» XG?.+EX9 for |x|0 1. Then
2 & 275

16t 1 o lae 1.6
( -) »—ai+—X_ __3i —X+— +-"_>>—%-‘—X;,50
x& 25 x& 27 2 5 x& 25

6(1)» 2RI 2 LN10_ppq & N1
h[f|/kT & 2 KT 4 & 2KkT 4
9.3-2
= *& :&
R, (t) =h(t) > d(t) > h(t)
N N, N,

R (t) =h(-1)* = h(t)_—qh( 1 )h(t - 1 )dI —7Qh(t)h(t+t)dt

9.3-3

N,T? NoT | &t 6 N,T
G,(f)=—0— 5 8 , ¥=R(0)= ;
9.3-4

G,(f)= NoK® ez — NoK? s oraady?
y )
2 2

N,K? [p . 2 — N.K* [p
t) = 0 P (otlslz-a)1 2_R (0) =2 \/:
R ()=~ \Ee V=R ©@=-—["




9.3-5

N,K*é_ af - f, 6 af + f, &
G,(f)= 2 +P
() eng 55%

R,(t) = N,K’Bsinc’Bt cos2pfit, Y= R,(0) = N,K*B

9.3-6
N,K e e f ou 2
G,(f)= 0 R/(t)= y'=R(0)=¥
é
9.3-7
R 1 R 2 N, /2
H(f)= = ,B=——,0G fy=|H(f fozL
(f) R+jwL 1+ j(f/B) 2pL (D =HOFGAN) 1+(f/B)’
N o] _ N R rge 2 _ _ Ny R
t) =—%pBe =, =R (0) =—2—
R(1)==p a Y ERO=T
9.3-8
H(f)= Wk __J2pf b=5,so
R+]WL b+12pf L
N, (2pf)? . 2
G,(f)=|H(f) G, (f)=—2 =- No, .
N. d? - i~ N, d . N
t)=-—o — & Mo=_ Zov — & petty(t) +beu(-t
R®) b d’€ U apart ®) O
o %ébze'“u(t)- o (t) + bPe™u(- t) - (- 1)}
= Now oty - bey, y2=R (0)= ¥
28 U ¥y =R
9.3-9
5 ¥ df N 1. N, _1
i2=0 G(f)df =N =—% Thus =L—2%==kT b N, =4RKT
0,G(Nd =N,g R+(2pflLY 4R 2 4R 2 o



9.3-10

yisgaussanwith y=0, y? =s? =4RKT,B=4" 10"

SN _ox Y Sy /2s2 4, 2 ¥ 2 oy _ |2
Z—ledm(y)dy—ZQWe dy = ~sQe d(l ?) = o~ »16 MV
22 8
2-5\/:51 »12mV
P g

yisgaussanwith y=0, y2 =s2 =4RKT,B=4" 10" andz=y u(y)

9.3-11

(cont.)
N N _y? /252 S ¥ 2 S
z=9 yp, (y)dy= e’ dy=—=qQ €' d(l°)= »8 MV
Q\/2ps2 \/%Q J2p
2
22 _ y2 - Y2 /252 25 x 2 .12 s? s’ &®s 6
2’ = e dy=—=ql%'"d ==—,s, =,|=—- &—F——= »12nV
Q 2ps? Jp Q 277 2 &2p g
9.3-12

y=2=0, Y’ =2°=s2=4RKT,B=4" 10"
E[(Y- m)(Z - m,)] =E[y@®)y(t- T)]=R,(T)=s’sinc2BT =0 since2BT =5
Thus r =0and p,(Y,2) =1 elyrizst
2ps
9.3-13

y=2=0, Y’ =2°=s>=4RKT,B=4" 10"
2
E[(Y- m)Z - m,)] =E[y®)y(t- T)]=R,(T) =s’sinc2BT sor :z'—ssinc 0.5=0.637

1 2, 2 2
ThUS, Z :—e'(y+2-1.274yz)/1.195
Pe(¥.2) 2p0.77s*



9.3-14

=|H(0 2:K2, = ‘¥e'zazf2df :i
J | ()| B Q 2\2a
2 K? In2 1
Atf=B, [H(B| =K =— b B:,/——soB—N: P -6
2 2 a B 2JIn2
9.3-15
Ji2 € g U e 6? - jw, T T
XT(f,s):Qr éa Adt-T)ge "di=aq Ae T where Ty >-—_—andT, <
/Zé(:-Kl G k=K, 2 2

X (9] =8 & AAe "™ ™, EEX.(f,9[U=§ & E[AA,]Ege "™ ™}
k m K m

is? om=k
where E[AkAn]—%o e So E§ X (f,9) H_akszEgeJ M= s7(K, +K,)
withK; + K, = expected number of impulsesin T seconds = nT (cont.)

— i 1 2 — 2
Thus, G, (f) —ll(@ng?s ml =s
94-1

a, o
10l0g,, ¢ W +=10l0g,, (4°10°) »660B, s; =2 105 MW » -47 dBm
e'o @

(S/N)_ »-47+174- 66=61dB

Dys

9.4-2

o, ©
10l0g;, ¢ W +=10l0g;, (5" 2" 10°)=70dB, s; =4 106 mW » -54 dBm
e'o @

(S/N)_ »-54+174- 70 =500B

Das
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9.4-3

SH/LNgW=46dB=4" 104 b LNg=5" 10-10

() W=20kHz, (SN)p =55-65dB, S =(S/N), - 10l0g,, (5" 10" 20" 10°) +30=
35t0 45 dBm, s; = 3.2-32 W

(b) W=32KkHz, (SN)p=25-35dB, S, =(S/N), - 10l0g,, (5" 10" 3.2" 10°) + 30=
-3to+7dBm, s; = 0.5-5mW

9.4-4

(SN)D = SRNoBN = (WBN)(SRINoW)

(@ B, :g B=23.6 kHz=236w b (SN)p = 0.424(S/NgW)

() B, =—P2 =134 kHz=134w b (SN)p = 0.746(SANGW)
4sinp/ 4
9.4-5
S = Q H (f)| |HR(f)| G, (f )df —KZQG (f)df =K?S
N, wé f 57U 3w aeSo 2
N, =—2 & D df =NK?LQ L2 df—NKL =<
D 2@ He( )| é']-"'g u 8Nbe 3
9.4-6
S = Q He (F) [HR( O G (f ) df -KZQG (f)df =K2S,
N, ¥ 22f U 2W _aS6 _5 S
=0 ff df = N,KLQ = 2 adf = N K2LE==
7 O Ha(P] éH% ; P NG 2L LNW
9.4-7

() S, - L+174-10l0g,,(10" 5 10°) =60 dB,
L=3" 40=120dB, St =53 dBm=200 W

(b) L1 =60dB=106,L=120dB = 1012, S, =2TL1’ 200W = 0.4 mW
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9.4-8

L= =10, B0 -_1 >
6 &N g 6 10° NW N

0

aSo _ 1

L, =20dB=100, 220 =~
@ L §Ng 12 100

610" =5"10*=47 dB

(b) L, =60 dB = 108, gﬁo =i 1106 6" 10" =15»12 dB
%

9.4-9

L=0.5" 400=200dB, L, = 200/mdB,

E_ —10Iogmge%g: 80- 10log,, M- %}03 30 dB so0 log,, m+
m__ logm+ 20/m

10 10+2=3

5 07+4=47 b myp=5

4 06+5=56

9.4-10

L, che b opm @0 Skmil where K =
5 m &N & NW
d &So A 2p-mt -1y -mt 21 [

—0c—= =K&-m“L™ +mL™ (InL)(m“)U¥=0 so

dmen s =K &M (InL)(m?)

m=inL =" (1010g, L) =0.23L,,

9-12

=10® b S =6" 10’

§£5
m

(cont.)



9.4-11 A/ o
2RKTN R _L + N = KTN/C (from Example 9.3-1)

A cos 2pfot CT y
. o~ S=(A2/2)[1+ (2pfgRC)4-1
s__ A C o da@So_ A 1+(2pfRO)’- (2pf,RC)*2C" C _
= i d®50_ , e =
N~ 2kT, 1+ (2pf,RC) dCE&Np 2KT, &1+ (2pf,RC)’
and C = !
2pf,R

95-1
as,0 _ NB, kT Bt _ 410" 1 04
EAg R E, 107 |
9.5-2

2 1 NoBy _t.”N,Byt S| _ [NoByt

t A At t, E,
SAZZNOBN p |SA|:\/NO?N = NoByt

Al V A E,
9.5-3
.2 4
Take By » 12t = 100kHz« BT, 05,2 » e g BA 0 g 510 No 5940
2E, &100p P
Then's,/t » \[N,/4BE, =0.01
9.5-4
.2 4
TekeBy » Br= 1MHz, 05,7 » —Not_g &L O s 0N _g j5u
4B,E, &100g 4Bt

Then's ./ A= [N B t/E, =1
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9.5-5

2 A ('jz_Ep/t

2
s2=NB £220 _
a = NoBy €005  10°

b B E—2 =10"E
N T10M Nt P

2
2 Nt et 8 SI°N, 1

S, = - =
* T4B,E, “§10005 \UHME, 47 10°E,

. Thus,

10°E, 3 p E,35 10°

4 10°E,
1 1
and B, =10"E, =5kHzso —<B, <
N Prrin o N

9.5-6
B»1t b y(t) » xR(t), Ep= Apzt, 0 A2 » Ap2 = Ep/t

2 2
A 2E, 2E
BN =pB2 P $2=NoBy =NopB/2, S0 oo = 25 25
&g NpB/2 pNBt N,

9.5-7
Aﬁjm””lg pL“SEﬂTlVSat =0, y(t) :Ap(]__ e'Zth)’O<t <t, g)A:y(t) - A\) (1_ e-Zth)

s2=NgBy = NgpB/2, 0

A A(L-e™) (1-e™) 2g,
&s 5

N,pB/2 pBt N,
958
P =t Src2ft b H (f)=2tsncft e and h,,(t) = 2ot 27140
o N, 8 t g

Want hgpt(t) = 0 for t <O for redizability, sotq = t.

9.5-9

1 2K 1
P(f)=— P H,,(f)="—
b+ j2pf

j 2K _p,-
e jwtg and ty=2""¢ b(ty t)u t -t
N, b- j2pf Mo (1) N (ty - 1)

Want hopt(t) » Ofor t <O for approximate redizability, so taketq * 5/b which yidds
hopt(t) « 2K/Ng for t <O.

9-14



Chapter 10

10.1-1
F:2x59+2b+2—b]:35b,ﬁzzx5 2b+9+2—b]:35b 10
2 2 i 2 2 _/\—
/ 5 \
0b2b 4bf
10.1-2
_2:2><5é+2b+2—b}:35b,ﬁz2><5 2b+9+2—b]:35b 10
2 2 i 2 2
5
0 2b 36 f
10.1-3
N /2
Gn(f)_ 4 Of/ f 2
14| e
-
1. 0 +0.5 +1 +1.5 +2
G,/N, 0 0.1 0.5 0.22 0.1
10.1-4
N, )
(@) G, (f) = HH,(f + Ll + f)] =0 forf<,
No 2
For />0, G, (f) = —HH, (D] =G, (f — 1)
NO 2 NO 2
Forf< 07 Gn(f):Gn(_f):7Hlp(_f_f;) :7Hlp(f+f;) :G]p(f—’_f;)

But G, (f — f) =0 forf<0Oand G (f + f) = 0 forf>0, so

10-1

(cont.)




G((—1f) [>0

G.(f)=G(F-f)+G,(f+])= Glp(f+f) f<0

®) G =G, (f—f) = G+ fuf+[)=GC(f—f+[) =G,
GNL—ulf)]=C,(+1) = GU-H-uf-[]=G,( L+ =G,
Thus, G, (f) = G, (f) + G, (f) = 26, (f)

10.1-5
(a) H (f) = H,(f + f)u(f + f) = 1/(1 + j2f / B,) for f>+f.. Thus,

G,(f) = Nl 1| N, /2

T 2|1+ 2f/B,| 1+Cf/B)

for /> -f., which looks like the output of a

1*-order LPF with B = B,/2.
(b) G, (f) = 26, (f)

e N 0o df _NOBT
n, —foo2G1p(f)dfNNOff;lJr(Qf/BT)Z 2

~ NynB,;/2 since2f,/B,; =20 » 1

2
T + alrctani

2

T

10.1-6
y(t) =2 [ni(t) cosw,t —n,(t)sin wct] cos(w,t + 0)

=n (t)cos® + n,(t)sin 0 + n (t) cos(2w,t + 0) — n, (t)sin(2w,t + 0)

uy, (1) (1)

Since n; and n, are independent and n, =7n, =0

Yy

2 22 2
=0, y2=n2cos"0+n?2sin"0=mn
p Ip i q

Y, =0, [p? =n2cos’(2w,t + 0) + n 2 sin’(2w,t + 0) = F[cos2 (2wt + 0) + sin®* (2w, t + 0)]

=’
10.1-7
y(t)= A, (t)— A, with A? =202 =8 and 4, = \[r0,2 /2 = 2~
p,(y) = P, (y + E) =ty + \/ﬂ)é(“mwsu(y + /27) (cont.)
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§=0 0=y =(4 -4) =47 -A"=8-2r = o, =8 2n=13

ey 4£ —4,2 /20,2 — s [Tz — 4
y =4, j; A Gn?e dA = 4o, j; Ne “d\ = 8o,

Since 4, =2 0 and y > 0, transformation with g-'(4,) = y'? yields

1/2) dy1/2 _ y1/2 efy/ZU,,?u(yl/Z)%yfl/Z _ 1 67?’/2“"'2u(y)

p)=p, ey 207

10.1-9
Fljot)] = j(—jsgn )V(f) = (sgn fV(f) so
V() =3V(f+ f)+3sen(f + LV + £) =3 +sen(f + L)V + £)

0 f<—1
= u(f + LIV(f + [) since 1+sgn(f + f) = |2 f>-f
%\
0 b 3b f
10.1-10
N —
G,(f) =+ _fB E|n fBLf]l

R, (1) = 7°BTsinc BT'r(eijT + ef"‘“”) = N, B, sinc B Tcosw,T

2

f=1
B

T

f+1
B

T

(=7sgn f)G,(f) II —1I

2

R, (T)= ‘72 “ B sinc BT <e“fT — e_MT> = N B,sinc B Tsinw,T

(cont.)
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R, (1) = (NOBTsmc B, T cos UJCT) cosw,T + <N0BTsmc B, Tsin wc’r) sinw, T

. 2 .9 .
= N B sinc B T(COS w,T -+ sin w(;r) = N, B sinc B 1

T
No ol S Mol S f

G, (f)=—=I|=—|+—=2I|—|=N]I|=—|so R, (1)=F |G
()= G g 5 T | = Nl g 0 R, (1) = (G, ()
10.1-11

_ _ qlf =4 f+14
Let fy=f.+ B;/2 50 ®,= ®,+ nB;. Then G, (f)= +1I and

E) B, B,

N , .
R, (1) = #BTSinC BTT(@%T + 67“07) = N, B, sinc B Tcosw,T

2

m|L =
B

T

_q|lth
B

T

N . ,
R (1) = ]2 B sinc B, <6M°T — e_j““T) = N B sinc B tsinw T

R, (1) = [NUBTsinc B, T cos (wp + T(BT)T] cosw,T + [NOBTSinc BT sin(mC + WBT)T] sinw, T

= NUBTsinc BTT cos T(BTT = W—isin T(BTT cos TYBTT = - = NUBTsinc QBTT
N —B. /2 +B. /2 N
G, (p) = el L= B2y g LB P2 Nyl f o g ()= 216, ()
i 2 B, B, 2 . i i
10.1-12

R, (1) = F1[26, (0| =2 G, (fe™ df
R(0)=F G (F=)+GC(F+ 0| = [ G -fedf+ [ G (F+ e df
_ f_o:c Glp(xl)em(Xﬁm dN, + f_oi Glp(xz)em(xffﬂ) X\

2

= 2]:0:0 Glp()\)ejz"xT dk%(e”’“ + e_j””) =R, (T)cosw,T

A

R (T)sinw,t=R, (T)— [Rn (T) cos wc’r]cos w,T=R (T) sin’ W, T SO }Aﬁn(’r) =R (7)sinw,T
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1T By Ty Ty

E = E[n(t)cosw,t x 7t — T)cosw,(t —T)] = 3 R (T)[cosw,T + cosw, (2t — T)]
E, = E[n(t)cosw,t x n(t — T)sinw,(t — )] = 3 R_(7)[—sinw,T +sinw, (2t — 7)]
E, = E[n(t)sinwt x7(t — T)cosw,(t — )] = 3R _(7)[sinw,T + sinw, (2t — 7)]
E, = E[n(t)sinwt xn(t — 7)sinw,(t — 7)] = $ R, (7)[cos w,T — cosw, (2t — T)]

Thus, R

qu

3[R (1) — R (T)]cosw, (2t — T) — %[Rﬁ" (T) + R (7)]sinw, (2t — T)

n

+
But B =R so R +R =2R and R — R =0 and
—R_ =R = R so R —R = ZR,L and R+ R _=0. Hence,

R, (t,t—1)=R, (1) =R, (7)cosw,1 + R (7)sinw, T

E = E[n(t)cosw,t xn(t — T)cosw,(t — )] = 3 R, ,(T)[cosw,T + cosw, (2t — )]
E, = E[n(t)cosw,t x n(t — T)sinw,(t — )] = 3 R, (7)[~sinw,T + sinw, (2t — 7)]
E, = E[a(t)sinwt x n(t — T)cosw,(t — 7)] = 3 B (7)[sinw, T + sinw, (2t — 7)]
E, = E[n(t)sinwtxn(t —T)sinw,(t —7)] =3 R, (7)[cosw,T — cosw, (2t — T)]

Thus’ Rn,n,q (t7t - T) = %[Rnﬁ,(T) + RmL(T)] COs UJCT + %[‘R (T) - Rﬁ (T)]Sin U.)CT

+3[R,, (1) = R_(T)]cosw,(2t —T) — 3[R, (T) + R_(7)]sinw, (2t — )

But B =R so R +R =2R and R, — R =0 and

=—-R = —Rn soR,. —R = —ZRn and R =+ R = 0. Hence,

nn nn nn

R (ttt—T7)=R

n;n, n;n,

(1)= R, (T)sinw,T + Rn(’l') CoSWw,T

10.1-15

(@) R,, (1) =[R, (T)cosw,T]sinw, 1 —[R, (T)sinw,T|cosw,m =0 (cont.)
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®) G,(Nulf) =G, (f-f) = GCU+Lulf+L)=GC(+L-1)=G6,()
GNL-uN=G,(f+f) = GU-Dl-uf-LI=GC(-L+[)=GC,()

Thus, R, (1) = F{JlG, (/) -G, ()]} =0

10.1-16
N f—B, /2 N f+B, /2
G.(f+fuf+f)=—"1——| G(f-L)l—ulf - f)]=—"U—7—
2 l%w 2 l%j
N —B /2 B /2 N . .
ﬁmﬁj:]?lj—ifli——li——flf+ r/ :j—ﬂBﬁmdﬁﬂéwﬁ—éwgw
i 2 13T 13T 2
= —NOBTSiIlCBT’I' sin ’TYBT’I' = —ﬁNOBTQ’r sinC2BT'r
10.1-17
B4 3B/4 f
-JNy/2
N f—B,/2 f+B, /2
G (f+ +f)—G (f — 1-— — = | — -1 —r—
4D+ D)= 6,6 = =y = D) = 2 15 INE
N —B /2 B /2 N B B . .
Rnn (T) _ .Fr71 j_o H f T/ o f + T/ — j—O—TSinC TT (e]ﬁBT‘r _ 677“31‘T>
i 2 121/2 121/2 2 2 2
N B B N B2 B
= — 02 T sinc i sintB,T = — T2 T sinc i sincB, T

10.2-1
N, =kT, =kT(T,/T,)=4x10"x10=4x10""

(S/N),=8,/NW =20x10"/(4x107* x5 x10") = 10° = 50 dB

10.2-2
N, =kT, = kT (T, /T,)=4x10""x10=4x10""

—2.86x10" = 44.6 dB

[S] 0.4 20x107°
D

N)y 1+044x10 2 x5x10°
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10.2-3
y(t) = {[Acx(t) + nl(t)] cosw,t —n,(t)sin wct}Q cos(w,t + ¢")

= Ax(t)cos &'+ n (t) cos o'+ n, (t)sin ¢ '+ high-frequency terms
y,(t) = Az(t)cosd'+n (t)cosd'+ n (t)sind' so S = AC?? cos’ '

N =F [nf cos” &'+ 2n.n, cosd'sin '+ n, 2 sin’ d)']

D

n_l?cos2 o'+ n_q?sin2 o= F(cos2 '+ sin’ ¢') = n? = 2N W
Thus, (S/N), = ACQFCOSQ O'/2NW =S,/ NW xcos® &' = ~cos’ ¢'

10.2-4
=A> = S =A422"=855 50 (S/N), =88, /2NW =15~

max c

DSB: §, = z.2

AM: 8, = AX(1+a") =447 = 5, =A2"=155, so

ma; ¢

(S/N), =458, /2NW =18~,
10.2-5
u(t) = [Acxl(t) + ni(t)]cos w,t £ [Ach(t) F nq(t)}sin w,t soy, (t)=Az,(t)+n(t) and

y, ()= Az,(t)Fn,(t) where 22 =22 =85, S, =+A2x2 +3A2? = A2, and

1 2 z R

5 3 S Az2S S, .

n? = (¥n,)” =n" = 2N W . Thus, both outputs have | —| = ——t = =1~
N)p, 2NW  2NW

10.2-6
For USSB, any noise component in f, — W < | f| <f. will be translated to | f| < W and cannot be
removed by LPF; similarly, for LSSB, noise components in f, < | f < f. T W cannot be removed
by LPF. For DSB, noise components outside f, — W < A< f.+ W are translated to Al > wand
can be removed by LPF.

10.2-7 G, (f)

0 WwWIisw (cont.)
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With ideal LPF at output, N = fj; G, (f)df =3 NW so [%J — (WiRW) =2~
10.2-8
USSB: y,(t) = s Ax(t) + n(t), S, =S,
N :2fW Ny, df =N f[In(W+f)-Inf]=NfIn(1+W/[)
oAt oo f‘
A S, w/f [0y W/ g =1/5
[W]D_Noﬁ,ln(HW/fc)_1n(1+W/fC)W_ 1.01y W/f =1/50
. _ B N 1 ) N
DSB: ,,(t) = Aa(t) + n,(1), 5, =28,. G, (f) == [ f—ﬁ]_ﬁ?—fz
v N 1 fc—l—W]_ [1+W/Jg]
N =2 —2 _df =2N_ f —1In =N fIn
? fo fr=r d Of‘2Ji [Ji—W o 1-W/f,
[S] 25, oW/ f [0.99«{ W/f=1/5
2] = , _ S
Np Nﬁln[1+W/fc] ln[l—f—W/f;] 1.00y W/f =1/50
0 1-wW/f 1-W/f

Note: no significant difference between LSSB and DSB when W/f, « 1.

10.2-9

o(t) = [% Ax(t)+ nz.(t)] cosw,t — [% Az(t)+ nq(t)] sin w,t

y(t) = v(t)2cos[w.t + o(t)] = [+ Aa(t) + n,(t)]cos o(t) + [+ A& (t) + n, (t)]sin o) +
high-frequency terms. Since ¢(¢) has slow variations compared to x(z),

y,(t) ~ [$ Aa(t) + n,(t)|cos o(t) + [+ A2(t) + m,(t)|sin o(t) = + A a(t) when ¢ =n, =n, =0
which implies that K =2/ A . Then

E{[a:(t)—KyD(t)]z}:E|x2 N x*%ni] cos? & +

2
L2 .
:1:+—A an sin® ¢ — 2z

2
T+ —mn. |cos
2 e

_23;[3? +A£nq]sind>+2

x—l—ln
A '

T+ Alnq]cos¢sind>}
(cont.)
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where 22 = 2 = S, zo,i:s”,n_,2
! A2 S '

R

i%>|

:n_qZ:NW,n_i:n_q:Qn.n = 0. Thus,

0 i q

=8, +(S, + SNW /S, )cos” o+ (S, + S,NW /S, )sin’ 6 - 25,c0s] /S,

- 1
=14 cos’ b+ sin® & — 2cos b + ———(cos® & + sin®
o-+sin’ o~ 2086 + oy (cos” & +sin’ o)

But cos’ ¢ + sin” & = cos” d +sin” ¢ =1 so €'= 2<1—Cos¢)+1/’Y

10.2-10

Envelope detection without mutilation requires S, » N = NBy, where B), is the noise equivalent
bandwidth of H(f), so B should be as small as possible, namely B, = B, = 2W for an ideal BPF.
With synchronous detection, there is no mutilation and noise components outside

f.—W< A< f. T W are translated to |#1 > W and can be removed by the LPF.

10.2-11

. _]_ S - % . 4 o 4
With §, =—, | —=| =——~=100 = ~=3x10", whereas ~, ~ 20,
2 \N)J), 1+Y4 th

Thus, g, = ~/~, =~ 1500 = 32 dB

10.2-12
1 ‘ S ‘ g |
[ﬁ] S A 100 = = h 3510 = DBy — 24 x10°
Nlp 1+h% NW N,
S S
’\{th ~20= - = mnax = L_R =1.2 MHz
NOW min 20 NO
10.2-13

y,(1) = y(t) = A,(t) + Aa(t)cos (1) — A4,
= Ax(t)if n(t)=0,s0 K =1/ A,
€= E(

c

2
x—AiCA,L _zcosd, +Aiﬂ l/sa,, S, =1

(cont.)
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_— 2 A2 2 92
e=F x2—|—i—|—$2COSZ —i—i——Aa:—Q:vzcos +— Az
{ A2 d)ﬂ A2 A n d)ﬂ A n

c c 4 c

2 — 2 —
74, —ZAnxcosm}

—A%Wln cos O, Tar

where 27 = L,z=0 A2 = n? = 4N W, A2 = \/T(NOW, A, cosd, =n =0, cosd, =

2 —i " 2 —l 2 — _
cos?6, = o [ cos’ 6,do, = 7. A7 =25, /1 +5,) = 5. Thus,
AN W NW -
empy i L T 2 ey 23 AT i <y, & 20
S 2 S S 0 2 th
R R R Al

10.3-1
N, =kT, =kT(T,/T,)=4x10""x10=4x10""

PM: N, = NW /S, =4x107 x500x10* /10 x10™* =2x10"°
. _ 3 _ —20 3\3 -9 5
FM: N, = N W’ /35, =4x10 (500 x 10%)* /3x10x 10" = 1.67 x 10

Deemphasized FM: N ~ N B, W /S, = 4x107(5x10%)°500 x 10° /10 x 10~ = 50

10.3-2
0 2 0 ]. Nf2 NW3 o >\2
N = H G.(Hdf < O df =L dX\
D ‘f_oc‘ D(f)‘ g(f) f_j:OC1+(f/2W)2” 2SR f SR j; 1+>\2n
N W? NW?
0 ‘ m/2n ~ L ifn»l
S, sin(3w/2n) 35,
10.3-3
N 2 N N 2
Gnq(f):270‘HR(f+f;) :1 9 : B2’ Gﬁ(f)ZQSO 1 2f B )
+(2f/B,) R 1+ @2f/B,)
N 114 2 N B3
N, =2— f ! sdf = ——+ 2W—a,rcta,n[ﬂ]
2SR 0 1—|—(2f/BT) 8SR B, B,
3 3
N B 3 N B3 NW?
SR 2w 2w vaw NS Law NV g s
8SR B, B, 3|B, 8SR 3| B, 3SR

10-10



10.3-4
N, =kT, = kT (T, /T,)=4x107" x10=4x10"", D= f /W =2x10°/500x10° =

1077

— - =240 x10* = 53.8 dB
4 %1077 x 500 x10

S
FM: [i] =3D*S, —L&- =3 x4’ x0.1
N)p "N W

0

Deemphasized FM:

2
[ﬁ] NN
NJp B
10.3-5

de

W N N B

N, :f L - —0 df:MarctaunE
w1+ (f/B,) 28, G B

S

R

"N W

(2x10°)
~5x10°

-9
. 72010 - = 800 x 10° = 89.0 dB
4x107" x 50010

R de

25,8 W /B
[ﬁ] — (|)A T R — / d (I)AQSZq{ ~ EK (I)AZSIA{
N), N,B, arctan(W /B, ) arctan(W/B,) © B

de

10.3-6
— N .
S, =f2a*=f2/2and N, —21100 25 —°><2—;><106s0
R
[ﬁ] —Lpe XY Pn 990~ 946 dB
Ny 2 26 N,
10.3-7
w > IV N B 3 rw/B, N B 3 po 2 N B 3
ND =9 e*(f/Bdg) Uf df— 0" de f e d>\ < 0de f NN g\ = 0 de ﬂ
0 25, S, Jo S, Jo S, 4

w

B

de

N

[5] JA8S, 4
D \/_NUBdEB VT

3 2
A
=18
[W =1 50

Improvement factor > (4 //x)(W /B, )’ ~ 770 when B, =W /7

10.3-8
M: (S/N), =628~ =10"

FM: D = ¢, forsame B, so (S/N), = (W /B, )$,2S,n=10°x10* = 50 dB
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10.3-9
(S/N), =W/B,) DS, ~200W /B, ) D (D+2),, D>2

20x5°D*(D+2)/2=10" = D’+2D*=400 = D =~6.7 (by trial and error)
B, ~ 2(6.7+2)x10 =174 kHz, S, >20(6.7 +2)x10™° x10" =17.4 mW

10.3-10
Y = 20M(0,), (5/N), =025, = 20M(6,)0,%5,

b, < M(m)~2n+2), S, <1 s0(S/N), <d40(x+2)x ~ 2030~ 33 dB
10.3-11
IF input = A, cos|w,t + (t)] x 2 cos[(wc —w, t+ Ko, (t)] SO

v, (t) = A cos|w,t+ b, (t)] where &, (t)=b(t)— Ko, (t)

Thus, yD(t) = %(I‘)]F(t) = fAJC(t) - KyD(t) S0 yp(t) = 1_{_—A[(ac(t) = %d‘)m(t)
and D A = fA D

FTAF KW 1+ K
10.4-1
S,=1/2, (S/N), =10", N=S,/LNW =108,
(@ (S/N), =108, = S, =1kwW

(b) p=1, [ﬁ] :1/—2105T = S5 =3kW
N)y 1+1/2

h=3, [i] __L/¢8 108, = S, =9kW
NJp 1+1/8

(¢) (§/N), =="x4$x10S, = S, ~200W

(d) (S/N), =3D*x$x10S, provided that ~>~, =20M(D) so S, >2M(D)
(cont.)
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D | 10415D2 | 2M(D) Sy

1 667 5 667 W

5 26.7 14 26.7TW

10 6.7 24 24 W Threshold limited

10.4-2
S, =1 (S/N), =10, N=5,/LNW =58,

(@) (S/N), =58, = 8, =2kW

S 1
by p=1 |=| =——55. = S =4kW
) p ’[NJD 100 r

g 1/4
=1 |=| = 55, =
= [N]D 1+1/4°77

= S, ~200 W

S, =10 kW

(¢) (§/N), =n"x1x58S,

(d) (S/N), =3D*>x1x5S, provided that ~>~, =20M(D) so S, >4M(D)

D | 10415D2 | 4M(D) Sy

1 667 10 667 W

5 26.7 28 28 W Threshold limited
10 6.7 48 48 W Threshold limited

10.4-3

L=10""=10"", n=S,/LNW =10 x10"""", S

(@) (S/N), =~=10"x10"""" =10"

1/2

S
b) | =| =
()[N]D 1+1/2
() (S/N), =3x2°xi~y=6x10"x10"""

(S/N), =3x8 xt~y=96x10" x10""/"

3

= 110w 1070

=

x

=1/2

¢ =10(10 — 4) = 60 km

=10" =

10-13

¢ =10(10 — 4 —log,, 3) = 55.2 km

=10" = ¢ =10(10 —4 +log, 6) = 67.8 km

=10" = ¢ =10(10 — 4 + log, 96) = 79.8 km




10.4-4

47t x 3x10°
3x10°

2
z] =1.58x10°¢* and g, xg, =52dB=1.58 x10° so

_ 9,9,5, 107

TTINw TP

(@) (S/N),=~=10"/=10" = (¢=+/1000 = 31.6 km

(b)[%] =%w=107/352=104 = (=/1000/3 =18.3 km
D

(©) (S/N), =3x22x4~y=6x10"/£*=10" = (=+/6000=77.5 km

(S/N), =3x8 x3y=96x10"/¢* =10" = ¢=./96,000 = 310 km

10.4-5

AM:[E] = 1/2 N=20 = ~=60
N), 1+41/2

FM: N >~, =20M(D) = M(D

max

)=60/20 = D, =~1

(S/N), =3D*x4~y=90=19.5 dB

10.4-6
At output of the kth BPF,
kW,
. v N f? N .
2 3 3
Sk: - (fAOLk) T = fA2&k27 Nk, =2 2; af = 380 [k W3 —(k—1) I/VO3]. Thus,
(k=yw, ““r R
i
N ), (3k2—3k+1)(NOI/VO3/3SR)
10.4-7
’ 35,1\ N W3
[ﬁ] =— 2 Wy S = o2 =C@Bk —3k+1) with ¢ =220 el
N)y 3k —=3k+1NW2 N 35,12 N
- K K K K SC_kQZI i—=k
x?2=FK QT T |= Q.. T Where .z = cont.
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K K K
2 = Z%Q =1 whereZoc]f = CZ[%? — 3k + 1]
k=1 =1

k=1

3K<K+1)(2K+1)—3K(K+1)+K]:CK3 1= C:ig
6 2 K
35 f.2 ’
Thus, [ﬁ] S f 13 =3 f—A i where W = KW,
NN Nwp K W) N

10.4-8

. NB3 N
(@) G, (f)= ‘H ‘ G n? = ——1 E—arctanﬂ ~ 5.3x10" =L

SR de de R

G, (N =, (P |G F = 1)+ G (F+ 1)

s NV f
=, OF [ = 17 + 0+ 4] = |, 0 5 RURDRL [ ]
de 2SR 0 0 de 2W
w N, 2 2N W/B, w/B,
e i = e [ i 2
WS 1+(f/B,) S, | “Jo 1+ X\ v Jo 1+>\
2
2N B 3 N S
= _ 0 de K i —larctanﬂ %8.8><1012—°>>n12
SR Bde Bde Bde SR
(b)yl—yQZfA(CCL—i—IR >+n—n ~2fx, —n, since n?2>>n?
y +v, = [ (2, +2, +3, —2,)+n +n, ~2fz, +n,. Thus,

(S/N),, =(S/N), ~@f)z}/ n_; =15x10""£28, /N,
For mono signal with 7 =1, (S/N), = ]"AQF/n_I2 =1.9x107" /25, /N,. Thus,
(S/N),(stereo) /(S /N), (mono) ~ 8 x10™* = —21 dB

10.6-1
N, =kT, =kT (T, /T,)=4x107" x10=4x10"", p, =¢, =0.1/f =1/12x10°

(cont.)
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2
7

1
12x10°

S S
{2] = 2B, [T |2y
Np g fT, | NW

=2.78x10° = 54.4 dB

500 x 10 0.4x10x107"
1.2x10° /12 x10° | 4 x 107 x 500 x 10

10.6-2
N, =kT, =kT(T,/T,)=4x10"x10=4x10"", p, =p1, = 0.2/50x 250 = 16 x10~°

S.8 ‘ 0.18
[ﬁ] =4p,2B, W22 4(16x10°°) 3% 10° 100 -
Ny fr, | NW 250 /50 x 250 ) 4 x 10~ x 100
=384 x10"%5, >10" = S5, >26 pW
10.6-3
[i] < +x20°5,~ =508,~. Butwith p, =¢ = E, T, =T= %, and B, =20W
Ny £ £
2
p,2B,W ’
T/ S LU N [i] — 36 [i] S~ A 5.85.4
A f NJp 2.5) 7 :

10.6-4

S
S, =9fAT+ fA3T = A :ﬁ, h, =t =3.6ps, T, =T=2.5ps,

S.T - ST .
N, 12fr ' NW

4 2B A | M:2BW S
and B, = 400 kHz, so0 [%] S T A —2.49 [1]
D

10.6-5
S, =MfAT>MfA /B, = A*<B.JS, /Mf

B —2M
" :tozl[Ts_T_T]glL_i _ 1 B, —2Mj,
v 2\ M ")=2\Mf B, 20 MfB,
2 2
_ B2 _ 2
[EJSBT 2Mf TSRw:BT—WJZ Wl S, <1[BT]le,ﬁ22W
N, S| MfB, | Mf MEB, |\ £ ) MNw T s\uw ) T M
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Chapter 11

11.1-1

- =T, —> T,

11.1-2
A -V
LI T W 1
— -—T. — =T,
11.1-3
f?‘f‘;‘?{’??x o
/""?*\ — ne \\ ‘*,}:f‘\}(-" /\v t
'ﬂ 1"'_1—&- '_"l P_Tb
11.1-4
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11.1-6

a, Nat. code Gray codes
TA/I2 111 100 010 001
5A/2 110 101 110 011
3A/2 101 111 100 111
Al2 100 110 101 101
-A/2 011 010 111 100
-3A/2 010 011 011 110
-5A/2 001 001 001 010
-7TA/2 000 000 000 000
11.1-7

(& r, = 16 x 20,000 = 320 kpbs, B3 1rb =160 kHz
2

(b) r = 320kpbs/log,M £ 2B =120 kbaud
log, M 2 320/120 = 267 P M 3 2°=8

11.1-8

(@ 128=2" b 7 bits/character

I,=7x 3000 = 21 kbps, B3 %rb: 10.5 kHz
(b) r = 21kbps/log,M £ 2B = 6kHz

log,M 3 21/6 =35 b M3 2°=16
11.1-9

(@ p(t) =g(t+T,)- at)

B(0) =K (1- €2)=1 b K, =1_1_2 ~1.157
H.;Ft't', i -~ i —ltffi
qolt] = &
T far &> 0
[N
_‘fL ] Tl,f; t
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11.9 continued

(b)

H"" 1

L L T T

-1 [3] i ] 3 5

te y(t) 1SI
0 1 0
1 1e? =0.135 0.135
2 1+1e* =1.018 0.018
3 K,1- e*)+16°=1.138  0.138
4 K,(1- €*)e?+%®=0154 0.138

11.1-10

(@ p(t)=g(t+T,)- g(t)

p(0)=K,1-e) =1 b K, = L - =1.582,
1- &
piy=e'"
Koplt fort=>0

tJ' T'I'I
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11.1-10 (b) continued

te o y(t) IS
0 1 0
1 -1+ 1e' = -0.632 +0.368
2 1- 1e* + 1% =0.767 -0.233
3 K, - &) -1e” + 1e° = 1.282 +0.282
4 -1+ K (1-e?)et - 16° + 1le* =-0528 +0.472

11.1-11
p(D) =ePE® £001 b p(D) 3 In100 whereD =1/r

P(B) —ePBb’ £001 b p(B/ b)2 3 In100
P(0)

thusp(b/ )% x p(B/b)23 (In100)> b r £—P_ 0.7B
usp(b/r)° x p( ) (In100) r 7100 »

11.1-12

m, =3, =0, S§=_2=(A/2)2, P(f):isincl

2r, 2r,
2
P G.(f)= A sincZL
16r, 2r,
A-: Gx(f)
16r,
g 2r, 4, f
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11.1-12 continued

¥ 2 ¥ 2
— A f A
= OG, (f)df = nc? =—
_S)Gx( ) cﬁl o fb 3
A waveform with polar RZ format, amplitude = + A/ 2, period = T, and 50% duty cycle
N 2
b = T,/ 26A0 _A
T, €25 8
11.1-13

m = A2, 2 =LA, s2=A2/4, P(f)=(t Snc2ft)/[1- (2ft)?]
a ak 2 a

(@ t=1/2r, P(0)=1/2r, P(xr,) =1/4r, P(ny) =0, |n3 2
GU%~4ﬂWW+:w§12M) s alﬂmwrﬂmﬂwn
b g

x(t)

O Y, 1%, 3, -

t=1/r,, P(O):llr P(nr) =0, n* 0
&l 0

@ur wﬁn+—b¢=mn
eh o

x(t) o o] o 0
_.-"K'\..

Yo 2T=2T,, =w
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11.1-13 continued

Clf) Ania

A
4r,

0 "o 2r, !

Note larger dc component and smoother waveform.

11.1-14

— A U
m =a =a—+ (1- a)(-A/2)=(2a - DA/ 2
2 = & 2 d-axX )= ) {',s;:[l- (2a - 1)°]A*/4=(a- a®)A?

a? =a(Al2)? +(1- a)(- A2 =AY 14 |,

b b

P(f) :riP(f Iy, G.(f) =8 az)P(f/rb)+?a4_ 1% d(f)

(20-1)'A'/4

0 /2
_(a-a?%

_ ¥
X2 = G, (f)df =2— 2L A?x21/2 +(2a- D2 A /4= A2/ 4
-¥ rb

11.1-15

a@+T, /46 _@-T, /46

t)=P - -
AN S VPR PR

1

To /2
-Tp/2
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11.1-15 continued

P(f) =Lsincaeig eiFh/4 g lwh 4y = ijsincLsinﬂ
27 €25 2r, 2,

a, =tA/2b m =0, s’=a’=A?/4
2

G,(f) =2 sinc? 1 sine PL
4r, 2r, 2r,

Gi(f)

= A'I8r,

11.1-16

R.(n) = E[a. .a,]
n=0

3 P@E)

0 1/2
+tA 14

1

) Ra(o):%XO'*ZXZAZ =A2/2
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11.1-16 continued

n=1
&1 P(a.,a)

0 0 1/2 x 1/2
0 A 1/2 x 1/4
0 -A 1/2x 1/4
A 0 1/4 x 1/2

A0 1/4x1/2
A A 12x(U2)% 1

==P(11
A A 12X W2 2 @D
A A 0 0
v hot allowed
A A0 I\;
1 1 1 ,
R(#D)==x0+4x = x0+2x =(A)(- A =- A*/ 4
4 8 8
n3 2

B.n ay P(ak- nak)

0 0 1/2 x 1/2
0 A 1/2 x 1/4
0 -A 1/2x 1/4
A 0 1/4 x 1/2

-A 0 1/4x1/2
A -A (U2

y = PP
A A (1/4)2.|.

- A -A (1/4)2b

1 1 1 1 9
N==X0+4x =x0+2X —(A(-A +2x —(FAY =0 [n[3 2
R(m) =7 - S (ACA +2x (@AY =0 |
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11.1-17

A aogk-i=g [gk- K)+g(k- K-1) +....+g(k +K)
k=- K

k=-Ki=- K =-

[g(-2K)+ g(- 2K+ +...+ g(0)] i
+[g(- 2K +1) +....9(0) + g (1)] y2K +1 sums
+9(0) + g(1) +..9(2K)] b
=g(-2K)+2g(- 2K +1) +.....+ (2K + 1) g(0) + 2Kg(D) +...29(2K - 1) + g(2K)

= é’i (2K +1+ n)g(n)+§{ (2K +1- n)g(n)
n=-2K n=1
%K K g |n| o}

= 2K +1- |n n) = (2K + 1- ——-g(n
ngK( InPa(n) = ( DngKg 2K+1zg( )

Elaal = Haa .yl = R(k- 1)

thus, r ()= é éK_ g(k-i) whereg(k- i) =R (k- i)g "

k=- Ki=-K
=ok+ § & I % (e e
ngK(é‘ 2K+1;
11.1-18
1 1 1 = 1 1 1
a a==-Xx1+=x0==,a’==x1°+ = x0°==
@ 2 2 2 2 %73 2
b=1.2a =1 PP .
b =1-3 =2, b =1-23+3 ==, ah =a -3 =0
—— 1 —— = 1 — —= 1
foritl k, a,a = ==, = =_ = ==
k&aka4thth4@akh4

() x,(t)= & [ar,(t- KT,) +hy ot - KT,)]

K

X:(f) = & [aR(f) +hPy(f)e ™"

k

X, (F)f =

b

[aR +b Rle ™ [aP +hP e

Qo

+j k)T

[aa PR +abPR +ahRR +bbPRRle

1
Qo -

xg.)o ngO ~
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11.1-18 (b) continued

let A=RP +PP, and B= RR +PP +R' R, +PP =|R+R[’, s
E e K110 K Toiu I)Tbu 811, 1p, & Lpgiwiml
g% (1) 0'k§K{2A+i§K4Be alzh gbraghe
S0 b
wherelA-—lEa:%[F;a +RP +P'P, +PP; —i|P- R/

K
Zé ae”“"”b

k=-Ki=-k

2 ¥
Hence, G, (f) =r7;|a(f)- Po(f)|2+% 3 [R(r,) + R () d(F - i)
n=-¥

K& xae | o6
(C) 2 2 e-JWk")TB :(ZK +:D Q 1- _:e—anTb
I9K|=a-K ngKg 2K +1ﬂ
* = nN 6  _U
so0 E[|X; (f)|]_2K 1§P P| +|F>+F>|2 a cl -_|| R L
G.(f) = | X, (f)
IK'Q(zK +D)T, [X: (0
2 1 21.. &% wri 1 g ~juny, WU
IR R+ R +R[ilimsa ¢ "™ - a [nle™™ g
41, | K®¥ Eh=2k 2K +1, Tk
1 2 1 2 & "
R B+ R+ R § et
1 - 138 & no
where — =1, and g g = = § def-—=
b n=- ¥ Tb n=-¥ @ Tbﬂ
2 ¥
Hence, G, (f) :r—Z|Pl(f)- Po(f)|2 +1o 8 |P1(nrb)+PO(nrb)|2 d(f - nr,)
n=-¥
11.2-1

Pe:Qg /—(S/N)R =10° P (S/N)y» 2x3.12=192
@

Polar: P, :Q(,/(S/N)R):Q(4.38) » 6x 10°
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11.2-2

P =Q(A/2s)£10° b A/2s 3 476

Polar: 4.76% £ (A/2s)? £ S /(N /2) b S, 3 4762 x % x 10® =0.113 nW
Unipolar: (A/2s)* £ %SR/(NOrbIZ) P S 3% 0.226 nW

11.2-3

(8 From symmetry

Vo =0 B R=Py=qp,(y+A)dy = Asniiy = 2 g W

J—Oe 2
P.(y P,(yIH,)
-A/l2 0 A/2 y
() PEI0? b A/2s? 3 L b Asosss
2x 10

Gaussiannoise: P =Q(A/2s) £ 10° P A3 6.2s

Note that impul se noise requires more signal power for same P,
11.2-4

(@ Fromsymmetry, P, =P,
=P(y<0Ole=-¥)+P(e=-¥)+P(y<0|le=¥)+Pe=¥)
_1_&A- 2ao 1 aeA+2ao
2% > 52
p(ylH,e=-a) py(yIHl,e—O) r(YIH,e=a)
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11.2-4 continued
B (y[Hi,e=0) B, (y|H,,e=c)

2 R y
0 A-20 A+2a
2 2

(b) (Ax2a)/2s = (1£0.2)4,
_1 1
R=-QB2)+Q48)

= % (74x10*+85x 107) » 3.7 x 10*

Ife=0, thenP, =Q(4.0)=3.4x 10°
11.2-5

(& Fromsymmetry, P, =P,
=P(y<0|e=-¥)P(e=-¥)+P(y<0|e=0P(e=0)+P(y<0|e=a)P(e =a)
1 _&A-2a 0 1 _aA o 1 eeA4-2a 0
1% x5 2 %m s 28 >
py(ylH,e=-a) p(y|lH;,e=0) py(yIHl,e=a)
(b) (A+2a)/25 :(1+0 2)4,

=— Q(3 2+ Q(4) +- Q(4-8)

= Z(?.4x 10* +—;x 3.4x 105+711 Xx85x107)» 2x 10

Ife=0, thenP, =Q(4.0) =3.4x 10°
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11.2-6
1

P, (YIHo) = p,(y+ Al2), p,(y|H,) = p,(y- A/2), pn(n)=\/2p?e

1 V+AI2)?12s% _ P 1 V- AI2)% 25 2
1 2
2ps 2ps

2 2 2 2
F(‘)/Fi — JOVHAI2)- (V- AI2)[P 1257 QVATs

e'(

so P -

2
Hence, VA/s?=In(P,/R) b V, =57|n(e)/a)

opt

-n? 2s 2

11.2-7
dr, =F3,dp"3+ F}dpel =0 whenV =V,
dv dv dv
dR, _ d Y
=— 09(v,y)dy wherea(V)=V, b(V)=%¥, g(V,y)=p,(y|H,)
v o dv

. daVv q
=0- p,(V [ Hy) +0 since SED =0, 1, (yIHy)] =0

smilarly, % =0+p,(V|H)+0

hence, - Rp,(V|H,)+Rp,(VIH,)=0 b Rp,(V[Hy)=Fp,(V|H,)

11.2-8

(S/N), =20 dB=100

Regenerative: P, » 20Q eé/loog » 20# g2 15x10%

J2p100
. éf1 u "
Nonregenerative: P, » Qg [— x 100=0Q(2.24) » 1.2x 10
eV 20 G
11.2-9

Regenerative: P, =50Q eé/(S/N)13=10'4 b (S/N), »4.62
s0 (S/N), =21.3=13.30dB

é , u ,
Nonregenerative: P,=Q g i(S/N)l g=10* b i(S/N)1 »3.73
a¥ 50 0 50

s0 (S/N), =50 x 3.73” =696 = 28.4 dB
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p(t) h(t)
1 1
2 0 : =
-1 1 Tz T
Tb
a
" a2
t* hit) - kb O -
b Tol2 L, = - bt
t
2 - ~_ & 27
I—— t* hit) = ~ 7.
0 - ‘t-lu
' Toi2

P =1 ) Al

' B
-T;
| Ty t+T,
a2 -ay/2
f,=t,+T, 12
11.2-11
t
(8 OEtE£T,/2: Ap(t) *h(t) = AK, ¢g " dI = AbKO (1-e™) :ﬁa- e™)
0
t AK -b(t-Ty/2)
t3T,/2: Ap*h(t) = AK, ) e”dl =—=2[e"“*? - e"]=Ae
t-Ty/2 b
A
— A6 <0.1A = b2 w =2.3r,
b

T/2 3T,/2
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11.2-11 continued

Ny 2 o _ KENg ¥ KZN
b) s? =—2¢ |h(t)|" dt =—2—-2 ¢ e *'dt =22
B s*=-a.n0) 2 @ 4
¥ o, AT A
= Hdt=— 2 =__
E =8&Q, P(t) 2 2 &
eA6 _ 4Er 4o,

4r
thu = = =—b(1-¢"™'%)?2q £0.8129 if b3 2.3
5 &2s g A(KEN,/4b) K2 %= ( )% 20, b
11.2-12

(@ Q(/2g,)=10" b g :% x3.7%, S, 3 Nyr,g, = 34.2 pW

7 . &®[6x3 0
(b) 2—-Q / 6, :=10° b Q(/0.286g,) =1.7x 10*
8x3 §\ 63 * 5

1
. x 36, S, 3 Nyrg, =227 pW
% = 0286 %7 NobG, g
11213
3
 =200X10 £ op _160x10° b log,M 3 XL=31055%0 M =2%=16
log, M 16

15 @®[6x4 0
2 ‘/ 2=10* b Q(,0.0941g, )= 2.13x 10"
16x4Q§ 255 9 z QA 19,)
1

0 g, = x355%, and S, 3 N.r.g =670 pW
O 0.0941 S o S p
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11.2-14

, _ M-1 _&/600log, M O
With matched filtering; R, » 2 Q (2)92 %
Mlog,M “E\ M7-1 3

M -1 600log, M
M- 2—92 Q P
M log, M M*-1
0.75 8.94 <10™ <10™*
8 0.583 5.35 45x 10° 26x10%p takeM =8
16 0.469 3.07 >10° >10*
11.2-15
—zziil;g_ (M -1)A@2+ +ae3Ao L@ Ad a@Ao . +e(M DAUE
M 1 & 2 H T&2p & 25 8_;a 2 Hg
1, aEAo
=2X —@P +F+ ..+ (M - D)PH—
i M-Dbg5 5
A2 M/2 , AZ M°/2 Y .
= 4i° - 4i +1
2M a (2-1 Ty ;’;_11( )
¢, (M/2)(1+M/2)(M +1) (|v| 12)(1+ M /2) (M )A2
2M 8 6 2 H 12
11.2-16

Let m = regenerated m and consider m =00

! !
-3A/2 -A 0 A

P(mMm=01) =Q(A/2s)- Q(3A/2s) 1hiterror
P(m=11) = Q(3A/2s)- Q(BA/2s) 2biterrors
P(m=10) = Q(5A/2s) 1 bit error
Similarly when m = 10.
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11.2-16 continued

Now consider m = 01, and similarly m = 11.

P(m=00) =Q(A/2s) 1 bit error
P(m=11) = Q(A/ 2s) - Q(3A/2s) 1hiterror
P(m=10) = Q(3A/2s) 2 bit errors

Thus, P, = 2Xx %{[Q(k) - Q(3K)] +2[Q(3k) - Q(5K)] +Q(5k)}
+2x %{Q(k) +[Q(K)- QEK)] +2Q(3K)}

= 2QK)+QEK- 2QEK) » SQK)  whenk >1since Q(BK) << Q) << Q(K)

11.2-17

Let m = regenerated m and consider m = 00 (similarly for m = 11)

P(Mm=01) =Q(A/2s)- Q(3A/2s) 1hiterror
P(M=10) = Q(3A/2s)- Q(5A/2s) 1 hbiterror
P(m=11) = Q(5A/2s) 2 bit errors
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11.2-17 continued

Now consider m = 01 (smilarly m = 10)

P(mM=00) =Q(A/2s) 1 bit error
P(M=10) =Q(A/2s) - Q(3A/2s) 2 hbiterrors
P(mMm=11) = Q(3A/2s) 1 bit error

Thus, R, = 2x %{[Q(k) - Q(3K)] +2[Q(3k) - Q(5K)] +2Q(5k)}
+2x %{Q(k) +2[Q(K)- Q)]+ 2Q(3K)}

= 20(K) - %Q(Sk) ¥ %Q(Sk) » 20(k) whenk >1since Q(5k) << Q(3k) << Q(K)

11.3-1

P, (t) = sincrt /2

p(t) = sinc:r—ztsincrt,l =D
r

No additional zero crossings.

pit)

BLE
1r
J

3r/4  -rl4 0 /4 3r/4
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11.3-2

p, (t) = sinc (2rt/3)
1

p(t) = sinc%sincrt,— =D
r

Additional zero crossingsatt =+3D /2, +9D/2, +15D/2,...

pit)

0
2 3D
- P(f)
or 1 1r
f * r = i I ; => : I' , ;

-ri3 0 3 /2 0 2 -5r/6 -ri3 0 3 5rf
11.3-3
Given B =3 kHz

@ :%+b, 100%b b=r/2p B:r5+ 12: b r= 3kbps.

+ rb r =4Kkpbs.

olol MW

P B

Nl = N

(b) 50%b b=

+ rbp r=4.8Kkpbs

P B

(©) 25% b b=
11.3-4

ol = N
ol = NI

Figure P11.3-4 are baseband waveforms for 10110100 using Nyquist pulses with
b=r/2 (dotted plot), b=r/4 (solid plot). Note that the plot with b=r/2 is the same as the plot of

Figure 11.3-2.

In comparing the two waveforms, the signal with b=r/4 exhibits higher intersymbol
interference (1Sl) than the signal with b=r/4.
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11.3-4 continued

1.5
1
0.5
% 0 PN
_0.5_
A1F
_1.5 1 1 1 1
0 2 4 6 8 10
time, D-units
Figure P11.3-5
11.3-5

(@ GivenB =r/2+b whereb represents excess bandwidth.
With adatarate of r =56 kpbs P theoretical bandwidth of B=r/2 = 28 kHz.
But with 100 rolloff P 100% excess bandwidthbP b =r/2 b B =r/2 + r/2 = r = 56 kHz.

(b) 50% excessive bandwidthb b=r/4pb B=r/2+r/4=3/4r b B=42kHz

(c) 25% excessive bandwidthp b=r/8 P B=r/2+r/8=5/8rp B=35kHz

11.3-6

1.
t) = cosprt  sinprt _ Esmaort _ sinc 2rt
1- (2rt)>  prt  [1- (2rt)’]prt  1-(2rt)’
Att=+D/2=%1/2r, sinc2rt =0,and1- (2rt)> =0
sin2ort
2prt[1- (2rt)?]

So use L'Hopital's rule with p(t) =

d . d
—sin2pt =2pr cos2prt, —1 2prt[1- (2rt)?]} = 2pr - 24pr3t?
~Sin2pt =2pr coszprt,  —{2pri[1- (2rt)°]} = 2pr - 24p

thus p&& L 8- 2pcos(zp) _ 1
& 2ry 2pr-6pr 2
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11.3-7

p pf _eef 6 _
R(f)=—cos—P.—=:, P(f)=
() o n" S ()

1/r
E
- f
-, 0 ri2
r ; pl 1 1 P?
|f|<=-b  P(f)=¢ - P cosP 2di == Ocosqdg=1/r
2 _b4b 2br [ pr2
r r ; | 1 1 P2
L ob<f<i+b, P(f)= §cosB2di == § cosqdq
2 2 112 ZJr
—(f-r/2)
- 1% sn (f-r/2) 1 +cos—(f-r/2+b)
or & { el {

Lo P (- ri24b)
r 4b

f>é+b, P(f)=0

Since P( f) has even symmetry,

il/r |f|<r/2+b
P(f)=|11cosz L(f]- rr2+b) r12- b<|f|<r/2+b

|

Io [F[>r/2+b

b b
B, () = A R ()= % Ocos%ejw‘df = Z—F:)@:os%coszpft df

_Pp esm(2prt - p/2b)b sin(2prt + p/Z))bu 1é- cos2Zpbt cosZpbtu
2b 2(2prt - p/2b)b 2(2prt+p/23)b Ze 4dbt - 1 4ot +1 9]
cos2pbt

Thus, p(t) = t)sincrt = ————sincrt
p(t) = py (1) T
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11.3-8

(@ ASP()A d(t- kD)= P(f)* g & J‘prkDH:P(f)*g_lé d(f - n/D);
&  « a &« a &b a
=rd P(f-nr)=1
AE] p(kD)( - kD)= & p(kD) & %"
e k u k
| i1 k=0
Thus, & p(kD) €/2™ =1 forall f sop(kD):io o
k |

() 2=D
r

1ir=D

¥
Clearly, & P(f- nr)=D

n=-¥
11.3-9

(8 Conditions: P(f)=1/r |f|<r-Band P(f)+P(f-r)=1/r
for r- B< |f|<B

lr P(f) P(f-r) P(f-2r)

-

I\Jl-'l -+
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11.3-9 continued
(b) Condition: P(f)=1/r  |f|£B=r/2 so P(f) = P aeTE
7]

P(f-r P(f-2r)

f
0 B=r/2 r 3r/2
(c) Can't satisfy thetheoremwhen B <r /2.
P(f) P(f-r) P(f-2r)
5 1 f
0 B rl2 r-p r r+f 3r/2
11.3-10

We want smallest possible M to minimize S;

"
r=—->=

r
£2B P |0g2M3$=1.5 P takeM = 2°=4

log, M
r =r,/2=300kbaud, b=B-r/2=50 kHz
p=2—3 o®A0% g5 p BAO0p4, 105 p Asum
4x2 “&2s g €2sy 3 2s
A6 _6x2 S, 15

0227 0S, =LS, 3 = 421N, =1.34 W
€25y 15 N, >S5 o
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11.3-11

We want smallest possible M to minimize S

r =

£2B P IogzM3E—25 P takeM = 2°=8

|ng
r:rb/3—200kbaud b=B-r/2=20 kHz
R.=2——Q®20c10% b Qaeioﬁﬁ 10° b 23415
8x3 25 g 8 2s

2A D _6x3 S

Gt " e e PSS 4152LNr—361W
Ob

11.3-12

We want smallest possible M to minimize S

r =

£2B P |0g2M3E—375 P takeM = 2'=16

log, M
r=r,/4=150kbaud, b=B-r/2=5 kHz
=2 12 @A0s5s QGEAOE%XIO'S b 25410
16x4 *&2s 5 &5y 3 2s

2AS _6x4 S 0, =LS, * Z2410°LN,1, =10.7 W
€2sp 255 N, 24

11.3-13

(@ P(f)=21r cos’(pf /2r)P(f/2r), P(f)= ismc(f/2r)

cosz(pf /2r)

H.(f)° =500 P(f/2
| R( )| 0.4|f| ( )
1+ 3x 10* f/2
H (D) —80( * 3x 107} fheos (p r)F>(f/2r)
sinc® f /2r)

11-24
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11.3-13 continued

g
0 s 30 f, kHz
aer 6 A _ aeﬁ(_nz _ 35
(B) R =QE_S=10° P =475 & > = 1)rl
where | —¥| |J—df = coszw 9(1+3x10 | f]) of

OTh 0o or - §ar

3r
210 (1 3x10° f)coszangodf 107 G- 120, 278x10°

r g p’ g

Thus, S, 2 1l 2?%2 = 2x10° x (2.78x 10°%)2 X 4.752 » 3.49 W
(%]

11.3-14
1 1 . &f o
a P(f)==P(f/r), PB(f)=—sinc—=, r =100
()()r( ) ()10 C10r 5
aefo

IHo(F)]* =10°gy/1+32 x 10" f 2P :
ﬂ

1ooJ1+32x10 2 a6
sinc®(f /10r) rg

[H (D) =

» 104 ——|Hg(f)]" sincesinc®(f /10r)»1 for |f|£r/2
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11.3-14 continued

3
IHgl 1.7x10°Vg
o I
10"Vg
I
f
0 50
.. .. 2
b) p=2F.10BA0 196 b A_sg5 BAD 35 -
& 45825 p 2s &2s G (16- Dr
¥ P G r/2 -5
where | = oLd V=g = 010 L [i+32x10°f2df
-¥ |HC| -rl/2 r 10
2 r/2 é OU
-2x10 OVL+32x 10 f2df » 2x 10* &75 + 100 InaeJ3_2+3ia » 1.81x 107
o NE gz @
2
Thus, S, 3 51> B20 —500(1.81 x 10%)2(4.85) = 3.85W
&2s g
11.3-15
@
) - Wy
> K H() P (F)H; (e e |ptt1)e
R.(f) S S, S
G, (f) N, /2

P(f)e ™ =KHPH e ™ P, b P(f)=K|PH|

since P(f) isredl, even, and non-negative, p(t) iseven an maximumatt = 0.
-1

¥\ ¥\ 2 é¥‘ 2 l]
p(0) = HP(F)df =K JRH [ df =1 P K =gQP.H.| df

Y -¥ é¥ 0
G,(f) =sr|PH.[", s2 =(M? - )A2/12
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11.3-15 continued

¥ M2-1 , ¥ )
S =K? G, (f)df =K2TA2r OIR.()]" df
-¥ -¥

125, oK 38,
- 2 IHR
N, (MZ-Dr

(M2- DKZraPX(f)fdf

¥
. N, IR(F)]" of
where |HR=7°K(‘jPX(f)|2df= ¥
-¥

¥

2R (F)H () df

¥ ¥
OG,df AP.|’ df
- -¥ — -¥

¥

¥
GH ()’ G df  ¢JHC[*|R” df
-¥ -¥

() S = JHc (D K°G(f)df P

0

¥ ¥
P.f df 2PH,| df
Thus A @2: 8 g x g X C| = 05,
" 82sg (MZ-Dr Y, L, > Y2 (M2 - )N,
AHc[[R[df N, R[ df i
-¥ -¥
11.3-16
@
X(t) )
> Hr = Ho —»(9» H. [—»H, =UJLH, -y
S S A
N, /2
oo N [P o2 [2L e
of = e M= olA
M1, Y 2 . M?-1., [NL 1% % _
S =0 ArgHTP| df =—— AT\ = 5_9P|df where9|P|df =1
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11.3-16 continued

¥
P
32:& \HRHeqzdf—No 2L g | |2
2 2\No L ¥|Hc|
2 Z -1
0 12 I /N e Pl LU 65, /L
Thes, 220 =1 2205 2 2 [Ny LY | |2de’| =5
&sg 4 (M“-Dr \]NL N, V2L ggv|H[ K(M?- I)N,r
where K =— Omdf
} |Hc(f)|
®) K -icrcosz‘ﬂ’f 9L§L+ae£9 g -—@oszgﬂ?@ﬁ?f O o
g g rog r rog
p/2 6 p/2
= = acos?l dl += I 2cos?| dI
P o 0 p39
6423-99 =152=183dB
11.3-17

6.0 04 000é& 0 €0
e02 1.0 o4“‘?c U glu b c,=-10/21, ¢, =25/21, ¢ =-5/21

0 02 106 § E0f

il1.0 k=0
)
10 25 5 1-0.19 k=-
t)=-—pP,+—P-—pP.,=
P (0) =~ 57 Prea * 57 P 57 P £-015 k=2
{0 otherwise
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é e Ouc, i €U 1e0
é . U_é _ _
gd 1 e@cog—glg LetD =|d 1 ¢=1- 2ed
@ d 1ge f €0y 0 d
1Oe 11 1 1 e O g
c_1:511e=1'626d, “~p 1- 2ed’ Cl:Bd s
od1 ~ ) 0do ~
11.3-19

g 01 00 00 00uéc,i &0y
gLo 0.1 0.0 0.0 ooue “ eou
eoz 1.0 0.1 00 00uec u_e1u

€01 -02 10 01 ooggq“ Sou

€0 0001-02 10f&, § €0
Solving yields ¢, =0.0094, c,=-0.0941, c, =0.9596, c, =0.2068, c, =-0.0549

Peg () =CoPat C Py TGP + QR+ G P,

10 KE-4
: 0.00094 k=-3
70 k=-2-1
i1 k=0
.0 k=12
: 0.0468 k=3
i - 0.0055 k=4
fo k35
t, =k+2D

worst-case ISl now occursat k =3 (t = 5D) but has not been reduced significantly in magnitude.

11-29



11.3-20

(@& h{)=sincrt + 2sncr, (t-T,) + sincrb(t- 2T,)

1 _a&fo 1
H(f)=—P¢— (1+2e bt g ’WZT"): P _(2+cosz )e M

r & rSr

b elhg b €@
1 _&a&fo f O 4 f _aef 0.

=—P g—_291+ cosZp— g Wb =t P p g "h

Iy ely g e M 4] Iy Iy ely 7]

hy 2 ‘ [HEOI 4,

1
t 0 2

(b) a =a +2a, +a,,
16
gw-—+2ml 1+rm2-— A=(m +2m_ +m_,- 2)A

me m, m, alA

0 0 0 -2

0 0 1 -1

0 1 0 0

0 1 1 1

1 0 0 -1

1 0 1 0

1 1 0 1

1 1 1 2

Thus,
‘:ZA m =m., =m., =1
iA m.,=1 m*m.

yt)=10 Moyt M M =m,
:'A m<-1:0' mk m<2
{-2A M =m;=m., =0
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11.3-21

(& ht)=sncrt + 2sincr, (t- T,) + sincr, (t- 2T,)

1 _afo
H(f)——P Q—_(l 2e " 4@ ‘W“T"): Pg— (2c052wT 2)e "7
h eho I ]
1 _afo pf O . o1 .22pf &f 0 .1
=—P ( 2) 1 cosZ— e M =_ _gin V2T
My gaﬂ g h o Ty Ty gr_bﬂ
|H{TH
hit) 1
: % 2T, = =~
-2 0 r:M /2

(b) a =a - 2a,+a.,
o1 : . 16 . : .
:aem( -—-2m _,+1+m_, -—2Az(m< - 2n1K,2+mK_4)A
& 2 24

M. M., &lA

xB'

P P P O O O O

P B O O R P O O

R O Fr O FPr O Fr O
N

Thus,
1 2A m.,=0 m=m._=1
]:A m.,=0 m?*m,
y(t,) =10 mo=m.,=m.,
':"A m<-2:1’ ”1'(1”1;.4
[-2A m.,=1, m=m_=0
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11.3-22

_ pf _ e&f O
H: (f)H () =|H(f) ——cos—P —
VL | | | | My grb@

2
H ZZLH P(f)=1 G, (f)=N,/2
| T| |H |2’ X n 0
R

_ A,

S = gH- R df s2:N7 Hg|* df
-y

«Q_K

-1

.2 é¥ 2 ¥ u
Thus, ®AO _ 25 é‘|H|2df Q[ df

: 40 p
&2s5 Ny L grH 5 H
Where ﬁ: ZSR = go
Nor,L o Ngry

Ll
O dH [ of 3

<JHR

¥0\u|H |df

with equality when H] =g|Hq|
R

[Hel

Sotake [Hq ()| =1|H(f)| and |H, ()" = gL|H(f)|

4-rb/2 f 4
Then, since dH(f)|df =2 §cos p_df =2
b 0 b p

A6 _ 26,
&2 g (41p)?

p,(YIHo, &=-A) p,(yIH) P, (YolHo, 8=A)

>t

-A -A/2 0 Al2
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11.2-22 continued

P, = zqgﬁgand

1 &Aoo, 1 _a&Ad : 1
P,==Q¢=—=+ —Qc—= since P =xA|H,|==
© =595 5" 2925 5 (@ IHo) 2

1 3 xeA06_3 ap o]
Hence, P, =— (P, +P,) ==Q¢c—+=—= —JZ =
e 2( el eO) ZQEZSQ 2Q84 ﬂ
11.3-23
(@ Assumem, =m, =0.

Use y(t,) = (m +m_, - DAtocalculatey(t,) givenm,, and m_,
and to calculate m, giveny(t, )and m,.

k o 1 2 3 4 5 6 7 8
m 1 o 1 o 1 1 1 o0 1
m, 0 1 0 1 0o 1 1 1 0
yt,) 0 0o 0 0O O 2 2 0 0
m, 0 1 o0 1 0o 1 1 1 0
m 1 o 1 o 1 1 1 o 1

(b) dcvalue: y(t )=(2+2)/9=0.44

(c) Asthetable below indicates, if bit m, isreceived in error such that

m, =0b y(t,) =- 2instead of 0.

Becausem, = f(m_,) P errorsinm_; will affect all subsequent values of m, asindicated
in the table below.

k 0o 1 2 3 4 5 6 7 8
y¢,) o 0 -2 0 0 2 2 0 O
m, o0 1 o0 o0 1 0 2 0 1
m 1 O O 1 O0 2 0 1 o0
X X X X X X =€drors
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11.3-24

(@) Usethe precoder of Fig. 11.3-9to convertm ® m_, Eq. (23) for y(t,), Eq. (24)
to determinem,_ from the received value of y(t, ). Note that with precoding m, is
not afunction of M,_,. Also, assumem, = 0.

k 0 1 2 3 4 5 6 7 8
m 1 0 1 0 1 1 1 0 1
m., O 1 1 0 0 1 0 1 1
m 1 1 0 0 1 0 1 1 0
yt,) O 2 0 -2 0 0 0 2 0
m 1 0 1 0 1 1 1 0 1

(b) dcvalue: y(t,) =(2- 2+2)/9=0.22

(c) If bitm, isreceived in error, only that bit is affected since with

precoding 1, isnot afunction of m_,.
11.3-25

(a) Usethe precoder of Fig. 11.3-9 to convert m. ® m, except use two stages of delay
P m =mAm.,.
Then use Eq. (27) to determine y(t, ) fromm, and m_, and i from y(t, ).

Assumem, =m, =0.

k 0 1 2 3 4 5 6 7 8
m 1 0 1 0 1 1 1 0 1
m., O 0 1 0 0 0 1 1 0
m 1 0 0 0 1 1 0 1 1
yit,) 2 0 -2 0 2 2 -2 0 2
mo 1 0 1 0 1 1 1 0 1

(b) dcvaue y(t )=(2- 2+2+2-2+2)/9=0.44

(c) If bit m, isreceived in error, only that bit is affected since
we can obtain m, directly from y(t, ).
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11.4-1

(& Using structure of Fig. 11.4-6a to scramble the input sequence we get:

3

@
O O 0O 0o © o © ©
r O O 0O © o O k
O B OO O Ok Pk
O B OO O Rk O Pk
P O O O O O F
P O O P O O B Pk
P O FPr O O b+ b+ Pk
O O O O +F +r L O
P O O F b b O Bk
P O F P P O R Pk
© P P P O PFr B Pk
P P O Fr prp O O
P O O FP b O R Bk
© P P P O PFr B P
©O B P O PP P+ O R

dc values of unscrambled and scrambled sequences:
m, = (1+1+1+1+1+1+1+1+1+1+1+1)/15=12/15=0.80
M, = (1+1+1+1+1+1+1+1)/15= 8/15=0.53

(b) Using the structure of Fig 11.4-6b to unscramble m_we get:

m O010011101101100
m,0O01001110110110
m, 0O0O0100111011011
m,0O0OO?1100111011001
m,O0O0O0OO0O11001110110
m.,0O0OO0OOU1O00111011
m O0O01100000O011011
m O011111101110111

11.4-2

Using the results from Exercise 11.4-1, we get the output sequence and its shifted versions to
generate the following table used to calculate the autocorrelation function.
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11.4-2 continued

t original/shifted v(t) R(t)=v(t)/N

0 1111100100110000101101010001110 31 1
1111100100110000101101010001110

1 1111100100110000101101010001110
0111110010011000010110101000111

2 1111100100110000101101010001110 -1  -0.032
1011111001001100001011010100011

3 1111100100110000101101010001110 -1  -0.032
1101111100100110000101101010001

4 1111100100110000101101010001110 -1  -0.32
1110111110010011000010110101000

5 1111100100110000101101010001110 -1  -0.032
0111011111001001100001011010100

6 1111100100110000101101010001110 -1  -0.032
0011101111100100110000101101010

7 1111100100110000101101010001110 -1  -0.032
0001110111110010011000010110101

8 1111100100110000101101010001110 -1  -0.032

1000111011111001001100001011010
9 1111100100110000101101010001110 -1  -0.032

0100011101111100100110000101101

10 1111100100110000101101010001110 -1  -0.032
1010001110111110010011000010110

11 1111100100110000101101010001110 -1  -0.032
0101000111011111001001100001011

12 1111100100110000101101010001110 -1  -0.032
1010100011101111100100110000101

13 1111100100110000101101010001110 -1  -0.032
1101010001110111110010011000010

14 1111100100110000101101010001110 -1  -0.032
0110101000111011111001001100001

1
[N

-0.032
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11.4-2 continued

t original/shifted v(t) R(t)=wv(t)/N

15 1111100100110000101101010001110 -1 -0.032
1011010100011101111100100110000

16 1111100100110000101101010001110 -1  -0.032
0101101010001110111110010011000

17 1111100100110000101101010001110 -1  -0.032

0010110101000111011111001001100

28 1111100100110000101101010001110 -1  -0.032
0001011010100011101111100100110

19 1111100100110000101101010001110 -1  -0.032
0000101101010001110111110010011

20 1111100100110000101101010001110 -1  -0.032
1000010110101000111011111001001

21 1111100100110000101101010001110 -1  -0.032
1100001011010100011101111100100

22 1111100100110000101101010001110 -1  -0.032
0110000101101010001110111110010

23 1111100100110000101101010001110 -1  -0.032
0011000010110101000111011111001

24 1111100100110000101101010001110 -1  -0.032
1001100001011010100011101111100

25 1111100100110000101101010001110 -1  -0.032
0100110000101101010001110111110

26 1111100100110000101101010001110 -1  -0.032
0010011000010110101000111011111

27 1111100100110000101101010001110 -1  -0.032
1001001100001011010100011101111

28 1111100100110000101101010001110 -1  -0.032
1100100110000101101010001110111

29 1111100100110000101101010001110 -1  -0.032
1110010011000010110101000111011

30 1111100100110000101101010001110 -1  -0.032
1111001001100001011010100011101

31 1111100100110000101101010001110 31 1
1111100100110000101101010001110
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11.4-2 continued

1.20
1.00 {R(t)
0.80 1
0.60 1
0.40 1
0.20 1
0.00 Tt - ; = .

-0.200:00 10.00 20.00 30.00 40.00

R(t) is periodic with period = 31.

Isthe output a ml sequence? Apply ML rules. (1) #1s=16, #0s= 15p obeys balance
property; (2) obeys the run property; (3) has a single autocorrelation peak; (4) obeys Mod-2
property, and (5) al 32 states exist during sequence generation.

11.4-3

m, =m, +m, and the output sequence = m,

shift mmmm,

111
11
01
00
10
11
11

o g N wWwN PP O
= =)
P OO R R P R
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11.4-3 continued
The autocorrd ation function is calculated as follows;

t origind/shifted  v(t) R()=v(t)/N
0111100 6 6/6=1

111100
1111100 2 0.333
011110
2111100 -2 -0.333
001111
3111100 -2 -0.333
100111
4111100 -2 -0.333
110011
5111100 2 0.333
111001
6 111100 2 1.
111100

R(t) is periodic with period = 6.

150
R(t)
1.00 -

0.50 A1

0.00 T T T

0.p0 6.00 8.0
-0.50

The [4,2] register does not produce a ml sequence since there are only 5/16 possible states
exist in the output sequence and the period is not 2*-1.
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Chapter 12

12.1-1

1 (i

Vi, EB | 2 2

M BB vg%:s.ss b v=3, f,£ 220 =333 kHz
3 W v
q=M3®3200 P M=2"3200"°=585 P n=3
12.1-2

L epl
Vi EBY 2 2
Vs BB v£%=5.33 b v=5, f.£ 20= 3 kHz
2w b v

q=M®>3200 P M =2"3200""=288 P n=2
12.1-3

Transmit one quantized pulse, having q" possible values, for every N successive

quantized samples. The output pulse rateisf, /N so B, 3 %(fS/N)3 W/N,

allowing B, <W.
12.1-4
£1/q
SIEVAH /g, P, 5O
2)x®]=2} 2 100 P

Thus, v 3 log,, (50/ P)
12.1-5

(S/N), =39° x0.25 2 10* b %116, VEB, /W=5.3, q=M"
M v q comment

2 5 32 g too smal, try M >2
3 5 243 ok
3 4 81 ¢toosmal

P TeakeM = 3 v = 5,f £2B;/v=6.4kHz
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12.1-6

(S/N), =39° x0.25 2 4000 b @273, VEB, /W =6.7, q=M"

M v q comment

2 6 64 g too smal, try M >2

3 6 729  qexcessively large

3 5 81 ok

P TakeM = 3, v =5, f £2B; /v=10kHz
12.1-7

W =5kHz, (S/N), =40- 50dB = 10" - 10°
(@ (S/N),=09g°3%10'-10° P g=2"=105-333sov=70r8
B, 3 WV =35- 40 kHz

(b) VE4, q=M*=105-333 b M2 4

12.1-8

W =20kHz, (S/N), =55- 65dB =3.2x 10° - 3.2x 10°

@ (S/N), =0.99° 2 32x10° - 3.2x10° b q=2' =596- 1886 s0v =10b B, 3 W =200 kHz
(b) vE4, q=M*=596-1886 b M35

12.1-9

X, =5x10°Vandx,  =200x10°V b normaizep x, =25x10°Vandx, , =1V
Assume a sinusoidal input, the power of the smallest signal is P S, =(25x 10°)?/2=3.12x 10™
Using Eq. (7) P 40 dB = 4.8+10l0g(2% x 3.12x 10°) b v=217b v=22.

12.1-10

Scale +/- 10V input by afactor of 10 to make input +/- 1V, then becauseitssinusoidal P S, = 0.5
q=2"Pp quantum size=2/q=2/4096=0.488 mV.
(SIN), =30°S, =3(2%)* x 0.5=2.52x 10" b 74 dB.
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12.1-11

Scale +/- 10V input by afactor of 10 to make input +/- 1V, then becauseitssinusoidal P S, = 0.5
q=2" b quantum size=2/q=2/65,536=30.5uV.
(SIN), =30°S, = 3(2"°)* x 0.5=6.44x 10° b 98 dB.

12.1-12

LetV, ..
P Dynamic range = 20109(V 5V i )

Assuming the largest signal = 1 volt b the smallest signal = 1/ g volts
P Dynamic range = 20log(q)=20log(2")

Dynamic range = 20log(2') =120 dB b v = 20 bhits.

V i = Maximum and minimum input voltages

12.1-13

If (S/N), =35dB and assuming S, =1

P 35=48+6vb v=5.03

Memory must hold:

10 min x 60 secs/min x 8000 samples/sec = 4.8 Msamples @ 5 bits/'sample = 24 Mbits

12.1-14

(8) v=12bitsp q=2%=4096. With | =10V P eachstepsize=10x 2/q = 4.88x10°V
Maximum input = X(KT,) .., =(q- 1)/ q=4095/4096 x 10 = 9.9976 V

For positive inputs from O to 10V, x, (KT,) =0.00244, 0.00732, 0.01221, 0.01709, 0.02197......

b x(t)=0.02V b x,(KT,) =0.02197 b |e,| =|0.02- 0.02197] = 0.00197

Quantization error% = 0.00197/0.02 x 100% = 9.85%

(b) Forx(t) =0.2V P x,(KT) =0.19775 b |e|=10.2- 0.19775 = 0.00225
Quantization error% = 0.00225/0.2 x 100% =1.125%

12.1-15

Letv=2+n, n3 1 then h :2/q:§v:%x%£

AR

S0 p, (X) is constant over each band.
a =x-1/9,b =x +1/q
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12.1-15 continued

nEzl P n=q/8
q 4

q/2-n=3q/8

ply) M pands
X T m— 4

prmma—— = -7 band s
| I | f-‘_-—'-A-_-—\
L l-,——(r_l_.’{?
TIPS Tt [, oo, H o e
o = 4 L =t / i ;
¥ E 4
X +1/q
_— ~ — pX(XI)
2= p (%) @ (% - N2dx =22
x-1/q
: 5 10 1
s2=2-% Sx1+ B Oy U 1
T § T g2 " Bl g
[ .
SXZZ%‘ de"'l‘Zdexg:E 0.229
‘39( 9( 3 E 9%
4

Thus, (S/N), =39° x 0.229» 0.7 ¢
12.1-16

h=2/q, a =x-1/q, b =x+1/q, p,(x)» p,(x)forg <x<h

— x+1/ g
Thus, e|2 » px(xi) (‘) (XI _ X)de: pr(s)g)
x -1/ 3
2 ¢
s> a Px)
3 i=ql2

/2

1 1
But 0P, (8= & Z2p,(x)and (P, (b= P <11
Kl 1

i=-ql/2
B q 29g_1
Hence, N »—2 g0 Sy ——d=_"_
i=—aq/2p (%) 2 a \?>q3 2 3q2
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X=0 b s,=,/S u
3 S £ 1
Lso6Y 7260148

b

PEX>1§=2Q(1/s,)£001 b .
Thus, (SIN), £10l0g,,(3x 2% x 0.148) = - 3.5+ 6v dB

12.1-18

¥
Péx|>1g:2c‘)a5e-ade:e-a£0.01 b a3 -In0.0l
1

s0S, = 2/a’ £ 2/(In100)" = 0.0943
and (S/N)_ £10l0g,,(3x 2* x 0.0943) = -55 + 6v dB

12.1-19

b x(2)=(sgnz)Z

B 269=Jx ",

1 é1/4 1 1 l:l
K, = 20¢x° p, (x)dx =8 ()Xdx += ¢)x°dx(; =0.672
0 €o 1/4 a

12.1-20

(@ z>0: Inl+m) =zIn(l+m =In(1+m? b x=[1+m?-1]/m
z<0: In(- nx) =-zIn@+mM =In(1+m> b x=-[A+m*-1]/m

q
Thus, x(2) =(sgn z)(1+m—)|_1
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12.1-20 continued

éin(L+m o >
e

(b) K, =2 d1+m()2px(x)dx

oI ﬁ;m) o (et zn@px(x)dx +nf o<2 px(x)qu

P (Xdx =]

where C)Ox (x)dx=1/2, 2(‘j<px(x)dx: dx
-1

1—- 1
2n(X)dx==x* ==

H‘!/H

OX p, (X)dx =

1
2.
_In (1 (

Thus, K, 1+2nj + 1S,

12.1-21

(8 Withx(t) =0.02V b with companding using Eq. (12) we have
éln(1+ 255 x 0.02/9. 9976) u
In(256)

z(x) isfed to the guantizer giving z(kTs) =0.74463

Using Eq. (13) with x, (KT, ) = z(KT,) gives
. _ 9.9976
X=

255

() =9. 9976 =0.7432

§(1+ 256)° 746599970 . 19 = 0.02005P |g,| =|0.02- 0.02005 » OP 0% quantization error.

(b) Withx(t) = 0.2V b with companding using Eg. (12) we have
éln(1+ 255 x 0.2/9.9976) u
In(256)

z(x) isfed to the quantizer giving z(kTS) =3.25928

Using Eq. (13) with x, = z(KT;) gives
. _ 9.9976
X=

255

2(x) =9. 9976 = 3.26059

§(1+ 256)°292%9%¢ . 19=0.19983P |g |=|0.2- 0.19983 » OP 0% quantization error.

12.1-22

(@ z'(x)—f:’xe'3X x>0
— 1 6xa - ax — a 6- a
K, 2&5 2 dx = 96- a)(e - 1)> 9( 2)

(SIN), »10l0g,,(9x 3x 2*'S,) =143+6.0v+ S, dB

foraD 1
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12.1-22 continued

(b) (SIN), =529+S,- K, dB

a S(B)  K(B)  (SIN),

4 9 15 42.4

8  -15 4.2 42.1

16 21 75 39.4

01 95 62.4+S,
(Sn}p /

4F

/7

m r‘ wiﬂllt)—t—
E-:rnpu,;{i.::rj
0+ i
. . . , I
—f0 -7 -4 —~r A8
12.1-23
' A 0EXELA
€) Z(X)—| A” L
! = 1/ AEXEL
T1+InA X

1/A

K, =(@+InAy 620 - IOX(X)dX+20x px(x)dxu
1/A a
1/A

=(1+In Ay e2@< P00 +2 O+ 2p, (e
o €A a G

1
where 2c‘y<2 P.(Xdx = ¢ p(x =S,
0 -1
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12.1-23 continued

1/A 1A 1A
el

) 29 Ogx X2 px(x)dx:iz Oe “dx- a (yxX’e “dx
A 0 0

al 1 2 _ 2
= —28—+1_e A+E_?’ Sx_a_z
ThUS, Kz :(1+|nA)2e 2 aai+19ea/A 1 3
S poti
2
ad+InAo e]_ Zéa_A.Fl ea/AB aé.+lnA9 a0 A
8 g € aea 2} 8 A g
(© (SIN), =529+5,- K, dB
a  S(dB) K,(dB) (SIN),
4 9 5.9 38
16 -2 -6.1 38
64 -33 -17.9 37.8
] 100 -25 779+ S
ot (o, 48 /
0 T war Hemu k
#* / cnmp;ud{kj
s
S /
1. .
—f0 =40 -7p ~z2 —w 4B
12.2-1

(S/N), =3¢’ x 1/23 4x10° P q>51, VEB, /W=25
so EM?>51 b M >7. Thus takeM =8, v=2, q=64

3 g, =6(B /W)(M?-1)=945 b S, 945NW =56.7 mW
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12.2-2

(S/N), =39° x1/23 4x10° b ¢>51, VEB, /W =3.33

s0 qEM®>51 b M >3.7 Thus takeM =4, v =3, q =64

S;
N,W

9= 3 g, =6(B, /W)(M?-1)=300 b S, 300N,W =18 mW

12.2-3

(S/N), =30’ x1/2® 4x10*° P q>51, VEB, /W =833
s0o qEM?>51 b M >1.2 Thus, takeM =2, v=6, q=64

Sr
N W

g=—R_s g =6(B, /W)(M2-1)=150 b S, 3 150NW =9mwW

12.2-4
PCM: P, =20Qg,,/(S/N)18£10'5 P (S/N),? 4.9
B/W3 v=8, g=(B,/W) (S/N), 3 192» 22.8dB
Anaog: (S/N) =2—10(S/N)1 =37dB » 5000, g=(S/N), =10°> =50 dB
PCM advantage: 50-22.8 =27.2dB
12.2-5
PCM: Pezloeré/(S/N)18£10'5 P (S/N),3 52
B/W3 v=8, g=(B,/W) (S/N), 3 216 =23.4dB

Andog: (S/N). :ﬁ(S/N)l =37dB » 5000, g=(S/N),= 5x 10° = 57 dB
PCM advantage: 57 - 23.4=33.6 dB
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12.2-6

10log, (1+4g°P) = 1dB b 1+4¢?P.=10"'=1.259
0 P, =0.259/4¢? » 1/1507

L . 1

R = QS N)e P> 55

(S/N)R:—\é\r/ gEig b g »V(S/N),
Vv

(S/N), = 4.8+6.0v dB

v P JGIN),  g,@B)  (SIN),,dB
4 26x10* 35 16.9 28.8
8 10x10° 4.8 22.7 52.8
12 4.0x 10° 5.8 26.1 76.8
Cisnig
it o & 4k
.0 8
ED ¥ v=4
4o T
Jo t s
d _
I$ ip 2% o dB
12.2-7

Errors in magnitude bits have same effect as before, and thereare q/2
equiprobable values fori. Thus

_ ev 2 /2 u AV 2 q2
V@n-ogq ﬂ q/2|ogqfa ' Vq én=0 qIO
v-l
:iz:,4 %q/2(q/2+1)(q+1) 49/2(a/2+1)  qu 4 =g
v?i 3 q8 6 2 2%
_ 4 a5q° 20 57 -

—|f 08
VES12 3, 3w »3\/ °
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12.2-8
9% g, »B0(M2-1) b M? £%+1, VED
V2
Thus, G, =Mz = 523 +1°
&b o
12.2-9

MP® =256, g, =6b(M?-1)

M b O dB
2 8 144 21.6
4 4 360 25.6
16 2 3060 34.9
256 1 3.93x 10° 55.9
T,
Eli; £ED +
|
40 +
208 -+
' 4 3 L
¥ —. T ¥
°© 12 4 g
12.3-1

2pf
Using Eq. (5) andasinewave b f.D3 [x(t)|  =2pf A, P D3 p+%

2
If W =3 kHz and normalized input with A, =1p f =3 kHzb D3 3—=0.628
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12.3-2

f.D

Using Eq. (5) and asinewave P f.D3 |x(t)| _ =2pf A, P A £ 20

If W=1kHz and Nyquist sampling b f. = 20kHz

3
b AE 20x 10° x 0.117 0372
2p x 1000

12.3-3

=8

A L L L
1 o L]
-

L 1 !
- Ld b wd

Note slope overload when D=1.

12.3-4

b3
DM: (S/N), =5.8b°/(In2b)* = 7.6 +10log,,——— dB
( )o ( ) Oio (In2b)?

PCM: (S/N), =3x 2 X 3—10:6.Cb- 10 dB

b DM PCM

4 193 14
8 25.8 38
16 329 86
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12.3-4 continued

U,:;D a5 + /u

60 1 YeH 4

7
40 T F/
/
0 1L DM
o 4 3 iz e

12.3-5

f, =20 »8b kHz, s =[S, =1/3

fs Dopt
Spp = —» In2b
2pSW,
13pIn2b
»
12 b
b f, (kH2) Dot
4 32 0.177
8 64 0.118
16 128 0.0737

12.3-6

f.D® 2pf, b D=2 2pf,/ 1, f, =2\

2 3|3 <2
(S/N)_ = 3 s e 3;f52 S = 328\’\2b SX=£2?—VE b°s,
b DW 4p* f2W 4p® f2W p’ &f, o

12-13



12.3-7

¥ w
S, = 06N =2k 3o =W p k= DS
¥ ofg + f f f 2arctan(W / f,)
¥ 2
w2, =1 3§26 (f)df = 22K L
SX-¥ oty +f

2K €U fr+f? Woof2

\

S O O

1-2K
S,

o

3/\/ - f arctan—u
e fou

Thus, W_=f— T Sy. farctanwuu = 1.3KkHz
{arctan(W/ T,) & fo b
whenW = 4 kHz, f, = 0.8 kHz

12.3-8

D=2psW,,s/ f, b="f/2W, s=s,

2
3wvrmsg SX, a:EbS
EW g

N, + N, = K g2 +a(@s+De > whereK = :
(N +N ) Kg28+3ae'35- 3a(33+1)e'3SE|:0 b 2-0a3%=0

d

ds
Thus, s, lIn%—EInSb3 In2b
3 2 3

12.3-9
=R (0)/S, =1
n=1: r,¢q=r, P ¢=r, G =[1-r]*'=277=4.4dB
é 080 é0.80
n=2: & 0O b ¢ =819, ¢, =-1/9
o8 18&l Dl

_¢_ 8 106l =2g81=
Gp—gl =~ x08+ = x06y =281=45dB
9 o" H

12-14



12.3-10

r,=R.(0)/S, =1

n=1:r,c=r, b ¢=r, G =[1-r?]"*=1026=10.1dB

él 0.950€éc, . €0.950

5 e i=6 o4 P =0.9744, ¢, =- 00256
e095 1 U@ZU ¢ 90u

G, =[1- 0.9744 x 0.95 + 0.0256 x 0.9]" =10.27=10.1dB

n=2:

12.3-11

X[(k- DT » %, (k- D
w ax(t)
dt dt

Thus, take %(k) =%, (k- D) +[x,(k-D- x,(k- 2] =2%,(k- 1)- x,(k- 2)
soc=2¢-=-1

»Ti[x(t)- xt-T)] P T » %, (K- 1)- %, (k- 2)

(k-D7g

12.3-12

X, (k) =cx, (k- ) » cx(k- 1) so g, (k) » x(k) - cx(k - 1)

Then € = E[x?(K) - 2cx(K)x(k - 1) + c2x2(k - 1)]

where EgX (KI§=E&X (k- D§=E &Ct) = S
E[x()x(k- D] =E[x(tx(t- T,)] =R.(T,)

s € =S, - 2cR,(T,)+¢?S, =(1+ CZ)SX - 2cR (T.)

%IZCSX -2R(T,)=0 P c=R(T,)/S,=r,

12.3-13
%,(K) = 6%, (k- ) +cx (k- 2)» o x(k- ) +e,x(k - 2)
0 e,(K) »x(K)- ¢, (k- 1)- ¢, (k- 2)
—_ g & +eX (k- D+ X (k- 2)- 26(Kx(k - DU

& 2¢, x(K)x(k - 2) +2¢,c,x(k - Dx(k- 2) a
where EEX (k- n)f= E&C(t)H= S,

E[x(k- mx(k- m)]=E[x(t- nT)x(t- mT,)] =R [(M- N)T,]

Hence, & = (L+¢ +¢})S, +26,(c,- DR.(T.)- 2¢,R (2T,)
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12.3-13 continued

We want
1€ /MG = S, +2(, - YR(T,)=0
1€ /¢ = 2,5, +2¢R (T,)- 2R (2T,) =0

SO

LR R G

G

S S 1, & nu&u_6,u
RM) ., RED{ ~ & 16810 d.0
S, S b

Sameresult as Eq. (16b) withn =2 sincer , =R, (0)/S, =1
12.4-1

Assume just music samples and no parity or control information
70 min/CD x 1.4112 Mbits/sec x 60 sec/min = 5.927 Ghits.

12.4-2

981 pages x 2 columng/page x 57 lines/column x 45 characters/line x 7 bits/character =35 Mbits.
Based on problem 12.4-1, a CD can store 5.9 Gbits=5900 Mbytes b 35/5900 x 100% = 0.59%

12.4-3

Assume with the 2 Gbyte hard drive there is no need to store extra control or parity bits.
Music P 1.4112 Mbits/sec x 1 byte/8hits

1sec

14112 x 10°bit x 8 bits/byte x 1 min/60secs x 2 x 10°bytes/hard drive = 189 minutes
. X its

If we do incorporate the same error control used on the CD, the recording timeis:

1sec

————  x1min/60 secsx 1 frame/561 bits x 8 bits/byte x 2 x 10° bytes/hard drive =65 minutes.
7350 frames
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125-1

r, =V, 3 12 x2x 15 kHz = 360 kbps

NgIDMMBDS_,h b N=4
r.b
. 1 y
3 = =
Digital B; > X 1.544 Mbps = 772 kHz| Eff _ 60 —78%
Analog B; 3 NW =60 kHz b e
12.5-2

r, =vf, 3 12x2x 15 kHz = 360 kbps
2.048 Mbps

NE =56 b N=5
rb
. 1 i
D 3 = x 2.048 Mbps = 1.024 MHz
igital B; > X 2.048 Mbps = 1.0 7 e :1524 —73%
Analog B, 3 NW = 75 kHz b
12.5-3

From Fig. 12.5-8, if we subtract Transport and Path overhead,

a SONET frame has 9 rows x 86 bytes/row =774 bytes of user data.

Thusa STS-1 has a capacity of 774 bytes/frame x 8 bits/byte x 8000 bitsframe = 49.536 Mbps.
A DSOlineis64 kpbs b and STS-1 can handle 49536/64 = 774 DSO lines.

However, in practice, aVT isused to interface DSO and DS1 linesto aSTS-1.
The additional overhead of the VT reduces the number of DSO inputs to 672 and the
number of DS1 inputsto 28. See Bellamy (1991) for more information.

12.5-4

(600 dots/inch)? x (8 inches x 11 inches)/page = 31,680 kbits/page.
2 BRI channel b 128 kpbsb 31,680 kbits/128 kbps = 247 seconds/page.
Obviously, some image compression is needed for thisto be practical!

12.5-5

(600 dots/inch)? x (8 inches x 11 inches)/page = 31,680 kbits/page.
1-56 kbps channel b 31,680 kbits/56 kbps = 566 seconds/page.
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Chapter 13

13.1-1

P(no errors) = P(0,4) = (1- 0.1)" = 0.6561
P(detected errors) = P(L,4) =4” 0.1° 0.9° = 0.2916
P(undetedcted errors) =1- P(0,4) - P(1,4) = 0.0523

13.1-2

P(no errors) = P(0,9) = (1- 0.05)° =0.5971
P(detected errors) = P(1,9) =9” 0.05" 0.95° = 0.2985
P(undetedcted errors) =1- P(0,9)- P(1,9) =0.0712

13.1-3

- | i?

(& Two errors not in the same row or column vyields 4
intersections as possible error locations. Two errorsin = = L jr
the same row (or column) yields two columns (or s
rows) as possible error locations. 1K ER)

(b) L shaped error pattern yields no parity failures and is % e 3

=}
=3

undetectable. Other patterns yield 4 or 6 parity
failures and are detectable.

13.1-4

& 12
(31,26) t=1: Qg |22 b_£891 104 p g, 2+ 3L 592 =70d8
§ g €30 @ 52

31.

.1/3
(31,21) t=2: /42 b “104? p g,® 2= 253 =6.7dB
31 30 29 2 42

32 ae Y 31, ,
(3116) t=3: Q = 1042 p g, 3 ==  2.25* =6.9dB
é Tk p e3o 29" 28 p 32

Uncoded : Ql|/2g, )£107 b g, 2 % 373 =8.4dB
Thus, use (31, 21) code to save 1.7 dB.
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13.1-5

c&l. 8’ 31,
(31,26) t=1: Q gb_ ‘% 106 b g,? = 3.6 =8.9dB

,1/3
(31,21 t=2: 1/42 b "10°2 p g3 + 3L 32 —g2dB
31 30 29 p 42

32 ae g 31,
(3116) t=3: Q TE£EE 2 °  10°2 b g,3 =" 265°=8.3dB
ETh p e30 29 28 32

Uncoded : Q(JZgb )E 10°p g, 3 i 4.76° =10.5dB
Thus, use (31, 21) code to save 2.3 dB.

13.1-6

(31,26) t =1:

/2,)a = Qg/i—igb ; R. =30a° “

dB Pube a Pbe

o8
2 3 2.3 107 | 35 102 | 3.7 107
5 7 85 10% |27 10° |12 10*

10 (10 |4 10% |22°10° |15 108

13.1-7

(31, 21) t=2

/42 307 29
= a=Q 31 b_1 Pee = a’

DB Pube a Pre

3 23 10° |5 10° |54 107

o3
2
5 7 85 10% | 4.7 102 | 45 10°
10 (10 |4 10%° |12°10% |75 10%°
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13.1-8

Coded transmission has r,/r =R' and Q(/2R.'g,) =a

(1211 1=1;
%1 L1/2 11
a :gl—l' 10'59 =95  10*, R':E(l- 12a) =0.906,9, :3.122/2R':7.3dB
e 4]
(1511 |1 =2:
% 2 5" 11
a :gm' 105 =48" 10‘3,RC':E(1- 15a) =0.6819, = 2.62/2Rc': 7.0dB
e 4]
(16,11) |=3:

- /4
a=2 32 1550 12 102,R = 01-16a)=0554,g =225 /2R  =6.60B
€15 1413 g 16

?h -]
Uncoded transmission r, /r =1 ”“ f—J
Q(«/ZQb):1O'5 b g,» % 4.27° =9.6dB

13.1-9

Coded transmissionhas r, /r =R_' and Q(y/2R.'g,) =a

(1211) 1=1:
,1/2

a=810°% =30 10* R'=1(1- 122)=0913,g, =345 /2R '=8.1dB

ell 2 12
(1511) |=2:

,1/3

a=8 2 10°% =2210°R'=21(1- 1%) = 07009, = 2.85/ 2R '=7.6dB

é14°13 T g 15
(1612) 1=3:

, A4
=8 32 10¢% -69 10 R'=21(1- 16a) = 06129, = 245/ 2R '=6.9dB

el5 14" 13 a 16

Uncoded transmission r, /r =1 T,

alyzg.)=10°p g, »%' 4.77% =10.6d8 *

L <Y

e — T
fa b f.8 (]
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13.1-10

a=Q(2 4)=2310°1=2P, 1 Bos 100

T. =n/r =30 s, U

v g Ne 2o
t, 3 45km/3” 10°km/s =150 ns}) )
p=na »0.035R.'= Eﬂ =0.538 b r, = 269kbps

151+9° 0.035

13.1-11
a=Q(2 4)=23"10"°1=3P, :E;#a“ »10°°

T.=n/r =32 s, U

v Up N2 2 —938p N =10
t, 3 45km/3” 10°km/s =150 ns}) T,

_ 11 1- 0.037

p=na »0.037,R.'= =0.497 b r, = 248kbps

161+9° 0.037

13.1-12

P.=ka’£10°pP a<10°® andp=(k+1)a<<l ifk <100

D3 2" 18km/3” 10°km/s = 120 sl 1.2

'p D/T, 3 —=

T, = (k+1)/r=100(k +1)ms  } k+1
ReK 1P K__3 120 s 566p k=6

k+l 1+D/T, k+1+12 10000

Then,

R.'» 0.732,a =Q(+/2R.'g, ) £ (%’ 10°%)"? =4.1" 10"
So, g, 3 3352/2R '=8.80B

13.1-13

P.=ka’£10°pP a<10°® andp=(k+1)a<<l ifk <100
3 ’ s - ..
D3 2" 60km/3" 10°km/s 400 il DIT, 3 4

T, =(k+1/r =100k +1) ns k+1

RE k . 1-p k 7200

3

k+l 1+D/T, k+1+4 10000

Then, R.'» 0.737,a = Q(\/2R.' g,) £ (1—13’ 10°%)2 =2.8" 10"
So, g, 2 345°/2R '=9.1dB

P k3129p k=13
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13.1-14

m=1(1- p)+@+N)p(- p)+@+2N)p*(1- p)+@+3N)p*(L- p)+x00x
= (1= PL+ L+ N)p+ (L+2N) p* + (L+3N) p° + 500000}
= (- P+ p+ p* + p° +x9+ Np(L+2p +3p” +9]

But (1+p+p*+p°+x3=(1- p)7,

and (L+2p+3p*> +x3y =(1- p)2

+ Np u__.  Np

Thus, m=(1- p)%L— T p)zu =1 o

13.1-15

A word has a detected error and must be retransmitted if the number of bit error is
t<i£l, s0

d . am 0 am 0

- P|,n »Pt+ln - ﬁt+1 1_a n-t-1 » .ﬁHl

A A R T67 S S+

With d,, =4) =2 andt=1sop » 0= 52

13.1-16

@ p=Pt+1n)= gt ”1( a)”“»gt

0 +2 ez a8 O
a P(i,n) » P(t+2,n) = A?l-a)" "t » za
i=t+2 gt gt + Zﬂ

t+2

t+2P S i+2 n(n- 1)»x(n-t- 1)at+2 _an- 1('_jat+2

B = -
" h ™ (t+2)! St+1

2 1 .
0 d,,=2t+2=8p t=3 RC'»E:E,e&ummgp«l

p»22 22 2L D055 155p 54 =162 10°
4" 3 2
24 23 22 21 4 =73 10" <<1 asassumed
43 2

a =Q(,/2" %gb) =162 10?p g, =215* =4.62

Uncoded: R, = Q(y/2g,) »1.3" 10°®

13-5



13.2-1

(& Let n, = number of 1sin U, n,= number of 1sinV, and
n, = number of 1spositioninU and V. Then,
WU)+W(V) =n, +n,
dU,vV)=WU +V)=n, +n,- n, EWU) +W(V)

(b) U+V=X+Y+Y+Z
=(x, Ay, Ay Az wheey Ay =0,etc
= (X, A 7,09

=X+Z
Thus,
dU,V) =WU +V)=W(X +Z)=d(X,2)
and  WU)+W(V)=WX +Y) +W(Y + 2) = d(X,Y) + d(Y,2)
O d(X,2) £ W(U)+W(V) = d(X)Y) + d(Y,2)

13.2-2
d(X,Y) =i £1,

d(X,Y) +d(Y,Z)? d(X,Z)3 d__ 3 | +1
S0,

|+1£d . £i+d(Y,Z2)E£E1+d(Y,Z) P d(Y,Z)31
Thus, Y cannot be a vector in the code, and the errors are detectable.

13.2-3

d(X,Y) =i £,

d(X,Y) +d(Y,2)® d(X,Z)3 d__ * 2t +1
0,

2t+1£d_ £i+d(Y,Z)£t+d(Y,Z) ad d(Y,2) 3 t+1>d(X,Y)

min

Thus, Y is closer to X than to any other valid code vector, and the errors can be corrected.

13.2-4
n=3,k=1,9=2
é 1o E S
_A l] _ - -
HT=8 03 S=EH"P , [l
g) ]_é e a8 [|o]
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13.2-4 continued

Y+E

<lu

S

Y

c e

a

o o0

oo

13.2-5

=
11
o
I o
-
g i
(-

|

008 01 0

L]

oo 00
I 0o o
o

g0 a8 a8 0

] 0 080 a0
a

oo

& o0

S=EH" P

O\ \O\OD /.u NI\
O 14 OO

- "9olo-d O

D o SR D

-
I

13.2-6

m .
L]
U 3
2 ~ W.r
s =81
~ LRI
.m - o T
B W 5 .=
p-Y - 5
N 3 =
i b G
¥ & i u
[ F.ﬂ”
% a4 §
i
L e . - R
9 -9 . .5
aoQo0oq —
O 09 g = o
L T R
0O 9 = & a9 &5
O - O 5 O 0
n
[
I
L
1]
n

Mw,nmhmummanWWu,mmu

T R0 Do &b
Il

FiT

T B o B oD T Gro o @ i

N

™
i

el BT R T A o Bl

| Erver it
MNowme

@ ~=g=-=—g <0 —0 ~—~0 ag -
O =0 -6 = =090 . <5 40=0
-..wﬂ_ﬂrlnrﬂﬂﬂ.rf.lur.d_|ﬂ..u
e e e e T~ - S -

e

(.

g & g &

L L L og

SRR

L L T o

P2 g

oL <L <L o

e g

oL oL <L oL

g g g g

oL oL L L

£ gege

oL oL oL L

£ g g £

1 1 1] 1

g S J

/SASN N T L L e o L K L e L L. '
1+1Uw Lul o W - O <

— O 9 9 0o 4 d 0 O 4 d
O <« 4 4 0o 0o O d d «d -

1
o
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13.2-8

z-13nd 2"
@ Y
q_n-kg n+1
Taken=10,soq=4and (q+n)" z" =224 bits

3z=64 P n310 (by trial and error)

(b) Any 6" 4 matrix whose rows are al different and contain at least 2 ones.
Example:

© 0 1 1
u
D10
@ 1 1 0u
P=a a
d 0 0 1
gl 0 1 og
d 1 0 0
13.2-9
z'-13nd 2" . _
(@ Y 872 =256 P n312 (bytria and error)

q=n-kg n+1
Teken=12,sog=4and (g+n)” z% = 256 bits

(b) Any 8" 4 matrix whose rows are al different and contain at least 2 ones.
Example:

€© 0 1 1
u

5 10 i
@ 1 1 0d
u

P:g) 11 1
@& 0 0 1
& 0o 1 of
9 o0 1 1Y
e u
g 1 0 of

13.2-10

n

a, = g,h,' (mod2), where
m=1

g, =m" dement of i" rowof G " =m" dement of " row of H'

i 0 1£mEi-1 i Py 1£mEn-K
R m=i 10 n-k+1EmE j+k-1
L0 i+lEmEk R m=j +k

Py K+LEmEn fo jtk+1£mEn
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13.2-10 continued

Thus, a;, :1xpij A Pi(j+k- k) X = P; A P; =0

13.2-11
(@& The binary number ss,s,equals the error 5 5 5y E
location, 000 | tepoooo
i.e ool e o000
! &t o 0 J oo g on
000 P no error yrJoti|coieoo0ae
of L | o a =B - -
001b 1% hit g | s e
010b 2 " hit o coBpo | O
ate i ro - BT I - O - I
(b)
= X, AxAx,Ax, =0
s = XAx Ax Ax =0

s,=x, Ax, Ax,  Ax, =0

Since x,,X,, and x, appear only once, they must be the check hits.
Thus,
X=@, ¢, m ¢ m m m)
= mAmAm,
ble,=m AmAm,

te=mAm, Am,

13.2-12
@

M & w M [ "
booco oooo o 1 2°9e JoTT
a ool 8 /74 4 P e ol A
A# T e S - - a | I8
g o1} ; B} B 4 I & | 1 6 o & | 4
g i oo /1 4B ¥ I I & 0 [ I B - T 4
e o | A - [ - I | 6 a ) o
81 e oo ¢! 9 e s oo 0o 4
T T T S A 4 Pt boaor 8

(b) Note from check-bit equations in Example 13.2-1 that
c,Ac,Ac,=m,somAm,AmAmAcAc,Ac,=mAmAm,
Thus, ¢, =m Am,Am,

g id=0P noerrorsor even number of errors
c) Form d = - (mod 2) so{
© ,a;l Vi ) % d =1pP odd number of errors
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13.2-12 continued

If S=(000) andd =0, assumeno errorsso X =Y,

U
If ST (000) andd =1, assumesingleerror so X =Y +E,
If St (000) and d =0, assume detectedbut uncor rectable errors.

13.2-13
S 111
11101)1010000

11101
10010
11101
11110
11101
0011
P Qu(p)=p*+p+l C(p)=0+0+p+1 b X =(101:0011)

X'=(0100111) Y(p)=0+p°+0+0+ p*+ p+1

011
11101) 0100111
11101
11101
11101
0000
P S(p)=0
13.2-14
s 1w
10111 )igiﬁoo
1100

P Q,(p)=p°+0+0, C(p)=p*+p>+0+0 b X =(101 :1100)

X'=(0111001) Y(p)=0+p°+ p*+p*+0+0+1
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13.2-14 continued

011
10111) 0111001

10111
10111
10111

0000
P S(p)=0

13.2-15

s 1011
——
1011) 1000000 = p°

1011
1100
1011
1110
_1011
101=R

101
1011) 0100000 = p°
_1011
1100
_1011

111=R
Smilarly, R, =110 andR, =011

éRlu &0 1y

14
OU which is the P matrix in Example 13.2-1.
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13.2-16

. 1110
——
1101) 1000000 = p®

1101
1010
1101
1110
1101
110=R

0111
1101) 0100000 = p®

1101
1010
1101

1110
1101
011=R,

Smilarly, R, =111 and R, =101
Ry €10y
Ry D11 - :
p=€=Uu=¢ U, same rows as P matrix in Example 13.2-1, but different order.
eRu €11
& u u
Ra &0
13.2-17

3 La;=e!
p°M (p) =1100000 -+éﬁ-ﬁlﬂlyqié_4E::p_q[::}l-+

]
' =

Taput Mt Eagir ter pdory it AR . = Pubpeu t
R R o R " r @,
! -] o o ! a a o e
' ;i o @ ' ! & a | o
8 I ! @ ) i ! s | o
o a r ! i i ) j !
& i I ! 1 ] i 1 »
& fl & ] I 2 -] ! b7
z ;I e & o i o a o

C-l.]l.l'lﬂi-?lrﬂ
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13.2-18

Initialize register to (00...... 0), close

feedback, open output switch, and shift y into

register. After 7 shift cycles, open feedback ¥
switch and close output shift, shift out S(p)

from register in 3 shift cycles.

Input bit Register before shift ry= 4
y r.O ri.l. r.2 yA r.2 r.O A r2 r.l

O Fr OO0 O Fr Bk
O Fr OFr L O
©O O R P B O O
O R R - O O O
oOFRr kP P ORFRFRF
O O O pFr - +»Lr O

S(p) =0+0+0
13.2-19

R. =1x10° = Q(,/2g,) and d,,, =3
FromTableT.6 P /29 =43P g =9.2

(& For (74) codeb n=7,k=4,R =4/7,t=1

n j—

— n! n-1 6' —_
(i)_i!(n- i ( )_1!(6- i °
R. =(7)[QW2Rg,)I™ = 6Q(8/7x 9.68)]° = 2.2x 10°
a=Q(/2Rg,) = Q(/87x9.2) =6x 10"

(b) (15,11) codeb d_, =32 2+1b t=1andR =11/15

|
()= ﬁ =14 b P, =14Q(/22/15x 9.2)]* =3.2x 107

a =Q(y/2Rg,) =Q(/22/15x 9.68) = 1.5 x 10*
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13.2-19 continued
(c) (3L,26) codebP R =26/31,t=1

|
(?‘1) =30 0P P, = 30Q(~/52/31x 9.2)]> =6.1 x 10°®

~11(30- 1)!
a=Q(/2Rg,) = Q(52/31x 9.2) = 45x 10°
13.2-20

Withg =R g, a=Q(/2) =Q4/2R g ) P if g fixedb R g, fixed b a fixed
Let'sassume a=1x 107

With a(7,4) codeandt =1b R, =6Q* =6x 10*

The percent reduncancy of the (7,4) codeis 3/7 x 100%=43%

With a(31,26) codeandt =1b P_=30Q° =3x10°
The percent reduncancy of the (31,26) codeis 5/31 x 100%=16%
P R.(7,4)<R,(31,26)

Because the (31,26) code has less redundancy than the (7,4) code, we woul d therefore

expect By, 4 < Beaiog-

13.2-21

Uncoded system: P,, =1x 10° =Q(,/2g,) b g, =9.2
If we transmit at Stimesdataratep R =1/3b P, =Q(/2 x (1/3) x 9.2) =7x 107

3
An error occurs if 2 or 3 transmissionsarereceivedinerror b P, = § ¢p'@a- p)*!
j=2

with p =7x 10°

3!

N TTER T
P P, =3(7x 10°)%(1- 7x 103" + (7 x 10°%)%@1- 7x 10?)°

=1.46 x 10* = P, (triple reduncancy)

versus the case from problem 13.2-19 where P, (7,4) = 2.2 x 10° and P,(15,11) = 3.2 x 10"

(?)j:z =3and (?)j:B’ =1

13-14



13.2-22
€010
g
€1110100y é1104
Y =[0100101] and with a(7,4) code H= 201110103 b S=YHT =[0100101] 20113 =[010]
811010014 21003
10y
o1
Using Table 13.2-2S =[010] P error in 6th bit b X=[0100111]

(b) Y=[0111111] P S=YHT =[0111111] 20113=[101] P X =[1111111]
€100
e u
010y
g001y
6101y
81140
e
&1100
(© Y=[1010111]p S=YHT =[1010111] 30113:[100] b X =[1010011]
c1o0Y!
e u
e010
goo1g

(d) Y=[1101000] P S=YHT =[1101000] 33113:[001] P X =[1101001]
€004
e u
&010g
go1
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13.2-23

G(p) = p?+ pt+pi+pZ+p+l

ASCII character "E"=1000101P M(p)=p°+ p> +1b p“M(p = g+ p*+ p?
ép"M(pu

C(p) =rema 1P
& G(p)

PPHp+p+p+l

p12+p11+ p3+p2+p+1)p18+p14+p12

p18+p17+p9+p8+p7+p6

pl7+pl4+p12+p 9+p8+p7+p6

pl7 + p16 + +p8 + p7 + pG + p5
p16 + p14 + p12+ p9+ p5
p16+p15+ p7+p6+p5+p4

4

p15+pl4+p12+p9+p7+p6+ p
p15+p14+ p6+p5+p4+p3

p12+p9+p7+p5+p3
p12+p]_1+ p3+p2+p+1

pt+p’+p’+p°+p’+p+1=C(p)

X(p) = p*M(p)+C(p)= p*+ p*+ p™ p™tp+p +p°+p’+p+l
X =[1000101101010100111]

13.2-24

X istransmittedb X b Y.

From problem 13.2-23, errorsin received vector P ' Y=1000101101010100100
b Y(p)=p’+ p*+ p™ pp i ptpiep’
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13.2-24 continued

Y(p/&p =

p°+p°+ p'+ p’+l
p12+p]_1+ p3+p2+p+1) p18+p14+p12+p11+p7+p5+p2

p18+p17+p9+p8+p7+p6

p17+p14+p12+p11+p 8+p6+p5+ p2

p17_'_p16 + +p8+ p7+ p6+p5
p16 + p14 + p12 + +p11 + p7 + p2
p16+p15+ p7+p6+p5+p4

p15+p14+p12+p]_’l+p6+p5 +p4 +p2

p15_|_p14+ p6+p5+p4+p3

p12+p]_1+ p3+p2
p12+pil_1+ p3+p2+p+1

p+l1pb

b remainder * 0P an error has occured.
13.2-25

9600 bpsb 1/9600b 0.1 mg/bit b 125 msnoise burst P 125 msx 10 bit/ms=1250 bits in error
for each burst.

A (63,45) code can correct for 3 errors b distribute 1200 errors over 400 blocksb 3 errors/block.
We interleave the bits so we have 63+3=66 bits between errors, b each block=66 bits long

latency delay between interleaving and deinterleaving b
2 X (400 blocks x 66 bits/block x 0.1 ms/bit)=2 x 2.64 seconds = 5.28 seconds
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'J._l.E I Tnuh.*ﬂt i

S |

|'I 3
Epom o

2 ,E"- Cutpnt rate
Awy combinafion of bk x; ey -}r_
il:r1'.re_11'r1'£=|-J Pt et j %——_A#n

imelude ™. andior Wi g

13.3-2

Sdaty Imput

-

T pul rate e

'

T
7] Tiied
:

r
¥y

o = :Il’f'":lll'_,'—.r ‘?II] ﬂu'lp-? rafe
Any compinntion of kil . J] . ‘?’ "o
in register, buf murt im? %-: L

-II:J-‘-T P ”.'-—4.1 “-"'I"- ‘U_I

13.3-3

@

a=4aa

b =gl
poo

&e= fo

[nput 1 0 1 1 0 0 1 1 1 1

100 111 111 100 011 011

Minimum-weight paths: abce = D°l* and abcde = D°I?
Thus, d, =8, M(d,) = 1+2 =3
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F=ief j_..
3 s 1@
h =10
Input 1 1
State a b
Output 00 00
(b)
Minimum-weight paths
abdgei = D°I?
abdce = D82
Thus,
df = 6, M(df) =2
13.3-5

M =110101110111000000b 1+D+D*+D’+ D'+ D + O + O° + D"
G =1+D+D® andG,=D+D? andG, =1

X;=GM=(1+D+D°)1+D+D°+D°+ D + O + O+ I+ D")
=1+D?+D*+D®+D"”+D®¥+D"

X;=GM =(D+D*)(1+D+D*+D°+ O + D + U + I’ + D)
=D+D*+D*+D° +DF +0 +D° +D"

X' =M =(1+D+D°+D°+D°+D’ +D° + D + D")

j=0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
X; = 011101 010 101 100 111 111 001 000 101 111 001 000 110 010 000 000
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13.3-6

Redrawing Figure 13.3-5 to eliminate the input distributor, we have the following
equivalent convolutional encoder:

Inpu

With M =110101110111000000p 1+D+D*+D*+D°+ D + O + DB° + D"

and G =1+D*+D?, G,=1+D+D%and G, =1+D?

X;=GM =(1+D*+D°)1+D+D° +D +0 +D +D +D° +D")
=1+D++D* +D* +D'+ D'+ D+ ¥ + D' +0

Because we eliminated the input distributor b we will partition the output bits in groups of 2
and select the second bit for the ouput P 11 11 10 00 11 0O 10 10
P X = 1 10000O0O0

X;=GM =(1+D+D*)1+D+D*+D+ D+ D+ D+ D+ D")
=1+D°* +D +0° +D* + D" +D"

P 10 00 01 10 00 10 11 10

b X = 0O 01 00 01O
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13.3-6 continued

X' =GM =(1+D*)1+D+D*+D° +D° + D’ +D° + D + D")
=1+D+D?+D°® + D® + D* + D**+ D*®

p 11 10 00 10 10 10 11 00

p XJ= 1 0000010

Interleaving x; , X, and X; we get

Input messageof 11 01 01 11 01 11 00 00
P x = 101 100 010 000 100 000 011 000

13.3-7

Redrawing Figure 13.3-5 to eliminate the input distributor, we have the following
equivalent convolutional encoder:

Input
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13.3-7 continued

With M =110101110111000000P 1+D+D° +D° +D° +D +0 +D0° +D"
ad G =1, G, =1+D*and G, =D’ + D’
X, =GM =()(1+D+D’+D’ +D +D +0 +D +D")

=1+D++D?® +D°* +D° +D +0 +D° +D'+0+0

Because we eliminated the input distributor P we will partition the output bitsin groups of 2
and select the second bit for the ouput
P 11 01 01 11 01 11 0O 00

Dx'j= 11111100

X =GM =(1+D*)1+D+D*+ D+ O+ O + O+ I’ + DY)
=1+D+D?*+D°*+ D%+ D" + D* + D¥

p 11 10 00 10 10 10 10 11

Px= 10000001

X, =GM =(D* +D’)(1+ D+ D’ +D° +D° + D’ + D° + D + D)
=D?*+D*+D°+D°++D'+ D°+ D"+ D*+D“+0

p 00 10 11 11 00 11 10 10

P X 00110100

Interleaving x; , X, and x; we get

Input messageof 11 01 01 11 01 11 00 00
P x = 110 100 101 101 100 101 010 000

13.3-8

() The state transition diagram does not have a transition with a nonzero input that has a
zero output P noncatastrophic.

Alternatively, factoring G,(D)=1+ D? = (1+ D)(1+ D) and dividing

G,(D) = D* + D +1 by (D +1) we get
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13.3-8 continued

D

D+ﬂD2+D+1

D?+D

1
P there are no common factorsto G, (D) and G, (D) P noncatastrophic

(b) The state transition diagram of Fig 13.3-5 does not have a transition with anonzero input that has a ze
output P noncatastrophic.

Alternatively, with G,(D) =D®*+D? +1, G,(D) =D* +D +1,and G,(D) =D?* +1=(D +1)(D +1)
Dividing G,(D) and G,(D) by D +1we get

D2 D2+D
D+1)D3+D2 +1 and D+1)D3+D+1
D3+D2 D3+D2
1 D?+D+1
D?+D
1

P there are no common factorsto G, (D), G, (D) and G,(D) P noncatastrophic

(c) G(D)=D+D? =D(D+1) and G,(D)=D?+1=(D +1)(D +1)
P (D +1) iscommon to both G, (D) and G, (D) b catastrophic
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13.3-9

First, we consider W, ® W, section where
T, =1 ,
1- DI
D?I
1- DI

T,=DI"T,” D=

D
T.=D+T, =———
3 > 1- DI

Then,
T, _ D
1- 1T, 1-2DI"

and T(D,l)=D?" T,” D? =

4

D°l
1- 2Dl

13.3-10

¥ A ¥
o €o
=d, €

¥ ¥
- § & A@.hpsip TTOD

. U g
iIA(d,i) D
Tl it Tl y

=1 d=d; €i=a

Thus,
P, E% AMOkaT ) where M (d) = & iA, i)
d=d, i=

£%£M<df)z“f b a) "+ &M@zl )y

d=d; +1

de 12

<<M(d,)2" [a(l- a)

]d/2

If Va <<1,then 1- a » 1 and M (d)2" [a(l- a)|
ford3d, +1 so

%»%MMJﬁawz

13.3-11
@
pI
4 =0 Ma 8 i1 b D
1
u g S oy
bl -1:-55» b a b e
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13.3-11 continued
Minimum-weight paths: abc = D°l* so,d, = 3, M(d,) =1

(b)
=
—[rT] nu [T T(D.)=D"" — 1DI ' D:1D3[|>|

(©

T(D,1) _ D°?
Ml (1- DI)?
Eq.(9) yields

3/2
R £ 2laq-a)

1 - 2@ a)|

Eq.(10) yields

»8a3/2,a <1

Pbe » 23a 3/2 — 8a 3/2

13.3-12

(@

a= 88
b= &

c = /o

18} oI

Minimum-weight paths: abce = D°I* so,d, = 6, M(d,)=1
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13.3-12 continued

(b)
1
T =
' 1- D2
D3|
T,=D?"T,” D=
2 ! 1- D%
D
T,=D+T, =157
6
T(D,1)=D%" _Ts - D?= D '2
1- DIT, 1- 2D?I
(©
T(D,I) _ D°®
T (1- 2D?1)?
Eq.(9) yields
3~ 3 3
e 1-' 4a’(l-a )2 »6da’a <<1
1 [i-&a(-a)]
Eq.(10) yields
Pbe » 26a6/2 :64a 3
13.3-13
b ail 1] a1 ar I =1 18 [}
s os O 0B ®
- N o
o @, et
i pati
R ®
x/
& @ 0
Y eE a8 n ol i 1]
jry o f ! o
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13.3-14

Yy M i ar &t o al s i

13.3-15

i ) ‘. ’ "I E i "
Ei-8 G- &by €y 8ig By Eiy e &L 8L & e

541 @ (@)

.1-'_,- -3 w ¥ ' L

F Y ¥ v " v

5= @ @ '@ @

5| @ ® 8 @

Fromg,=9,=9, =1and g, =g, =0, We can get:
s;=e, ,Ae Ae A,
Thus, s, ,,s,,ands,; areorthogond one',,

» r H:II
i ] 1 i i -
i—f* E J.'I'_,'-: Jiaa| 3 —'—‘P?——‘r Mig
]
2D &
4 "?’ o PR 2 | 9 ’J"‘I

13.3-16
ey ehg tic 8jes eiq €ia @y €y el eia )y e, &' &
4 | D 8 B D
Si=1 @ @ @ @
=1 W ¥ W »
Ej=p L v L -

5y ] %) 2 ©

Fromg, =9,=9,=1and g, =g, =0, We can get:
s, =€, ,Ae Ae Ae,

Thus, Si.4Sj.3 and S, areorthogona on €,
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13.3-16 continued

oo | 9 | i3

13.3-17

(@ (37,21) b (354, 21,) P (11 101,, 10 001,) where the 1s and Os define the feedback
and output connections respectively.

(b) (34,23) b (34,,23,) P (11100,,10011)

The corresponding RSC block diagrams are shown as follows:

>
X, J
D D D —» D Yk
(35,21) RSC encoder
>

D D D T D Y
f

(34,23) RSC encoder
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13.4-1

(@ p=5,g=11P pg=55andf(nN)=4x10=40=2x2x2x5P picke=7(since7isreatively
prime to 40.

7d = 40Q+1b if Q = 4P 7d =160 +1Pp d = 23

y =x*modn andx = y* modn

x=8P y=8 mod55=2

Tocheck P x= 2 mod55 =8

Xx=27b y=27 mod55=3

To check P x =3*mod55 = 27

Xx=51p y=51"mod55 =6

Tocheck P x=6*mod55 =51

(b) p=11,9g=37 P pg=407andf(N=10x36=360=2x2x2x3Xx3x5P pick e=7
(since 7 isrelatively primeto 360

7d = 360Q+1b if Q =2b 7d =720 +1p d = 103

y =x"modn andx = y° modn

x=8 P y =8 mod407 =288

To check P x = 288" mod407 = 8

X =27b y=27 mod407 = 212

Tocheck P x = 212" mod407 = 27

x=51p y=51"mod407 =171

Tocheck P x=171* mod407 = 51

(©) p=13,q=37b pg=48landf(n)=12x 36 =432=2" x 3* b pick e=5
(since 5isrelatively primeto 432)

5d = 432Q+1p if Q = 2b 5d = 864 +1b d = 173

y =x®modn and x = y* modn

x=8 P y =8 mod481 =60

Tocheck P x=60"°mod481=8

X=27b y=27 mod481=196

Tocheck P x=196"° mod481= 27

Xx=51pP y=51"mod481 =103

Tocheck P x =103"° mod481

={[((103* mod481)® mod481)"* mod481][103°> mod481]mod481} =51
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13.4-2

p=11,g=31b n=341andf(n) =10 x 30 =300 = 2°x3x5
P select d to be any prime number greater than 5
de=Qf(n)+1b ife=7andQ =1b d =43

There are as many values of e as there are prime numbers greater than 5.
ife=7and Q=8b de=0Qf (n)+1b d =343

P pattern is such that for agiven value of e and d,

successive values of d can be found by adding f (n) to previous values of d

It is also observed that the values of p and g must be such that the product of p, g
must be greater than the number you are trying to encrypt.
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Chapter 14

14.1-1

X = Qe(f)df _izaelp(f £) 4G, ( f+ £)]df
iz oelp(l ydf since G, (f - f)and G (f+f)dontoverlapiff, >>r

éM2‘1\¥_ " ( ])2¥
-—a sinc”(f /r)df + fdf
ZWQ ( ) Od() u
Zé 2 2
SAM -1 (MO, A M- nEM- 1
2 § 12 4 g 12
P_2)(,A§(|\/|.1)2 P _3M-3 11/2 M =2
c 4 4 ' ¢ 4M-2 {34 MO1
14.1-2

@ x(@= é a, P(t) where p(t)= u(t)-u(t-T,/2), wherex,(t) =0

a =0,1p ma:1/2, s2=1/4

g, 0 affl,o_ 1 . ,efo
LOE Szb ncz82 L sncte 2
2 g 4 &2l o
1116 n=0
b (mp) PGP =fo  n=12 x4,
%1/(2pn)2 n odd
1 f 1
G, (f)=G(f)=——sinc® — —d( )+ —d(f - nr,)
16r, 2r, £n odd 2pn
- ; ' Vi b Van:  Alpm>
A:l £ 5:£'F_] T ‘th - - hid T
7 e ’ 'H.-L
i=3r, 4-% 4 | 7 f4 3r, +

s |
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14.1-3

m, =1/2, s2=1/4, r=r,

N

it =0
P(fy=it/2 f=+1/2T
i
[0 f=+ m30
| 2t
@ 2t=T,=1r,
Ar. i »

Ty ™

_ 1 snc’(flr) 1 1.
S To 1 () 18 A1)+ ggldd - m)wd(f +r)]

i’}éc(y ,‘2} o Ye4
.

—

(b) 2t =2T, =2/r,
1 sinc®(2f/r) 1
G, (f)=— bl 2
4 |L- 2f i) 4

d(f)

1Y = 27, = ¥,

14-2



14.1-4

(@ ForkD<t<(k+1)D, x(t)=a, andx,(t)=a,,, with a ==+1
Thusx’ () + > (t) =2 fordlt so At)=+2A foral t

whereas f(t) = § arctang H) O (1. kD)
k e b @

(b) For kD <t<(k+1)D, x(t)=a,, p(t-kD)
and X,(t) =a,.,p(t-kD), a =#1

Thus X2(t) + X2 (t) = 2p?(t-kD) so A(t) :ﬁaé |p(t- kD)|

[¢} : t ) [¢}
andf (t) =q arctan SX“—()H po(t- kD) =Q arctangE232k+1 =P, (t- kD)
k ex(t)q k &y g

14.1-5

m, =5k=o s2=a2 = (mP-1)/12 from Eq. (21), Sect 11.2, withA=1
2aepf 0., aef o

P ——c oP Ofor |[fPRT

® 82“21 82r 0= TP
a _MZ- apf 6 sef 0

G (0=6(0 == 482rg &or g

Gc(f)=IHvsa(f)I27éGlp(f- fo) +G, (f +f)H

11 f>f +b,
where |Hy(f)Ef1/2 =1,
1o 0<f<f -b

q, A M -1)/43r

| ATD
s ar
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14.1-6

@

_———-—11 -

(a) N S
Y —— S mm—— S S /A

-’ S ——— ‘ |

Awe L0 v o0r Ll tot :7_; - "
Avg ot L1 P4 I ot = /i

{ { ? ‘ -)
e et T by
R w | J S, b {Coﬁén)

Since x, changes from+1to +1whilex stays constantat +1,

and vice versa, it followsthat Df =xp/2

(b) a, anda,,,,, areindependent sequenceswith m, =0,
s2=1,r=r,/2.

Time delay of x,(t) affects only the phase of P(f), so
G,(f) =G (f) with |P(f)| = P,(f)where D =2T,

Hence, G,p(f):2xr|PD(f)|2:risincz(2f /1), sameas QPSK.
b

14.1-7
A}( Bk Ck l k Qk
0 0 O a b
0 0 1 b a
0o 1 0 b a
0o 1 1 -a b
1 0 0 a b
1 0 1 b -a
1 1 0 b -a
1 1 1 -a -b
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14.1-7 continued

Letl,, =(1- C)a+Gband Q, =Ga +(1- C)b

and construct reduced table
A B It Q

0 0 o Qo
0 1 -l ) Qko

1 0 I ko 'Qko

1 1 -l kO 'Qko

Thus, Ikz(l_ 23k)lko and Qk:(l_ 2A1<)Qko

where (1- 2A)=4a,, (1- 2B))=b, and G =(1- ¢ )/2, so
_p &te . 1-¢ 0 _ibha g=+1

l, = + by =

TREZ AT ey o=t
él_cka+1+ckb8=}akb c =+1

& 2 2 0O taa ¢ =-1

s B C:"

X
Serial . .D i \ A
+o { ;

: . ~N 1 e AL

Q =&

Cd

ralle) x Swih N
4 | ?" alle ee———— d‘:;v‘é‘ _--* - @.——-’.
Converter H 90
|
Oy Qg

B

14.1-8
X (t) = A[x,(t) + X, (t)] where, witha, =0,1

éo ¥
%() = g ap, (- ka)écos(wlt +q),
k

éo ¥
%(0= 68l (L- 3Py (t- ka)ﬁcos(wot +0,)
k
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14.1-8 continued

Then, from Eq. (7) withM =2andr =r,,
1 ,f 1
f)=G,,(f) =—sgnc—+—d(f
Gyp(F) =Gy (1) = 7SN’ =+ 2(F)

and Gc(f):%ngup(f - £)+ G (F - 1)+ G (f+1)+G,,  +T,)H

Sincef, [l r,, for f >0 wehave

G.(f)= Ael 'ncz—f1+lsinc2 -f
16 &,

e b rb r.b r.b

O wd(f- f)+d(f- f,)q
a

6. (#) S

T

14.1-9
f a-T,0
p(t) = cosaPZp—bt _ PO ~ so modulation theorem yields
€2 28T, 5

P(t) = Lgsinc - r_bOTe P12 o P12 4 §ncF + 1o OT g in(t +rh/2)Tbe+Jp/2U

28 8 2 8 2g H

€. - o . o0
=iéSInC§f (1, /2)) ++smcge(f +(fb/2))+ue.,m
e & My [} e A )

Thus, |P(f) = asincgtl — /20, gno X1+ (65 12) O

rb e e r'b 9 e rb m
Butsmcgei+13— ;__sm?;p po_ EM
erb 2@ &f +10 erb Zﬂ p(2f/rb) +1
P 25

1 aézoe (cos(pf/r) (cos(pf/r)u _ 4 é(Cos(pf/rb)L}2

0 |P(f)P=
IP(D] a2 Spy S (2fiy-1  @fin)+18 ~ pr? 2t 1) - 18
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14.1-10

X (t) = A, & [cos(w,at)cos(wt +0) - sin(w,at)sin(w.t+a)l g, (t- KT,)
k

with a, =+1 and w, = pN/T, = pNr,

X (t) = é cos(W, a, t)py, (t - KT,) = é COSW, tpy (t - KT,)

—coswdta Py (t- KT, ) =cosw,t —coszp > t forallt

Thus, G,(f):—[d(f : Nrb/2)+d(f +Nr, /2)]

Xq(t) aﬁn(Wdakt)pr (t' kT) @Sn(wdaktpr (t' kT) a aksmwdt pr (t ka)

where sinw,a,t :sinép—(t- ka)+kau
ety u

- cosphk sinng—N(t- <T)6= (1™ sin[pNr, ¢ - KT,)]
e'v u
0 X, (1) = Q. p(t - KT,) with Q.= (-1)™ and
p(©) = sn2p 2t Ju - u(t- T,)]
&€ 2 3

Q =(-)%a =0 and Q?=a’=1s0 G,(f)=r,|P(f)
_po, - T,/ 248

P(f) = Al p()] = AgosTp N PO,
= = -l
é 8 2 22‘ e Tb Al
_ T_ 6ef Nrb O.I_ IR( NG/, o P12 4 Gine f+—bOT Jp(f+Nrb/2)Tbe+jp/28
2e 8 8 2 g u
But e ip(f F, /2)Tbe+1p/2 - ]prbetJ(N Hp/2 _ (ij)N-le-jprb

2
1 &I NI 20" - %I NI Zj

b & h g e b
14.1-11
1 1é f-r f+r o
N=2 G(f)=[df-r)+d(f+r,)], G (f)=—gainc—=-sinc—2y
4 q 4r. & r, L0
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14.1-11 conti nued

L qr,
'4 ’ } e +£
-rb

4
Z;:-Gc“)

0 f-3n/2 f+3r,/2
N=3 G(f)= gdaef 3 94 daef+3rb99, Gq(f):igg Wl 2, fy E
488 2 %] 8 a b€ b b u

(b) For 2kT, <t <(2k+1)T,, x(t) =a, congTL(t - 2ka)3 and
e<lp a

e u G u
X, (1) = 8y = COSE— (t - 2KT,) - 2= 8y, SiNg—(t - 2KT,)
&2T, 2( &2T, U

S0 X (1) + X2(1) = 2,08 g (t - 2KT, )+ &y SIN® B (t - 2KT,)=1 sincea? =1
&2T, 1] &2l a
Thus, A(t)=A forall t
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14.1-12 continued

(© Letx(®) = Q I,p(t-KT,) andx, ()= § Qp(t- kT,)

k even k odd
where |, = a, fork even and Q, = a, fork odd so
_:Q_i:]_ and|_k:Q_k:O

. s KT, - T,
D (t- KT.) = cosg—(t - 2kT)ﬂP8&—°
&2l e T [}
p (t) = cos(pr,t/2)[ut+T,)- u(t -T)]
These expressions are identical to MSK, so G (f) isasin Eq. (22).

14.1-13

Consider (k -1)T, <t<(k+1T, withk odd, so

X, (1) =sinf, ; +a.,6.,) py,[t- k- DT,] +sin(f, +a.c)py[t- KT,]
since cosf, =0, sin(f, +a.c,) = cos(a.c,)sinf, =cosc, snf,
aso sinf,, =0, f“:f -a.,p/2, and c“:ck+p/2 SO

Sin(f iy +81Gea) = aneaklgck+ ajucosg Zg

:ak.lsmgeck +5§snfksnak.lp/2:(ak.lcosck)(ak.lsmfk)
=cosc, sinf,

Thusx, (t) = cosc, sinf, for (k-1)T, < t<(k+1)T, withk odd,

andx,(t) = § Q,p(t- KT,) where Q =sinf, and

p(t- KT) = cosepzb (t- ka)g{u[t- (k- DT,]- ut- K+DT, ]}
e u
so p(t) = cos (prt/2)[u(t+T,)- u(t- T,)]

14.1-14

Glp(f):?lsincz(f/r)andr:rb b Gy =G, (f =0)

lpmax —
Because we are at baseband P usef =B, /2P f =1500and G, (f =0) =1/,
a5, (f =1500) 0 &G, (f =1500) 0
10log ——£ 30dB P log —'—Iog(smc (1500/1,)) £ - 3
§G,(T=0) 5 € G,(=0 ,

P sinc®(1500/r,) £ 0.001P fromsinctablesb 3.9=1500/r, P 1, <385 bps.
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14.1-15

(8 AssumeSundesFSK b f, =1, /2; and f = B;/2 =1500.
Using Eg. 18 and neglecting impulses we have

4
Glp(f :0) :ﬁ :G|Dmax
b
a6, (f =1500) 6 ® cos(1 8
b 1010g0elf =10, o) g b loge Cos1S00p 1) O _ ¢
G,(f=0) 5 S(2x 1500, )2- 1) 5

Wegetr, £656 b sincef, =r, /12b f, =328 Hz.
(b) Using Egs. (21) and (22) in asimilar way as (a), we get r, =1312 bpsand f, =328 Hz.
14.2-1

Since _SO(t) = %(t)! Vopt =0 and hopt(t) = ZKA: pr (Tb - t) COSWC (Tb - t)
= 2KAcoswt- 20N,)py () = 2KACOSW,Y)  O<t<T,

: e - -
T ) —H hope L) 2 S/H —;—;E__, 2
| bit sywe 4 [ |

14.2-2
@ Ry ) = KASD® &2(T, - )P, T, - Ocosw (T, - 1
elb u

pt

= KA sinzgf) - T_ngb (t)cosw,t - 2o N,)
e b @

: to
= KA S|n2§p—+coswct 0<t<T,

eh g

2 — o —p - 2

ity _ _ 1| Ve = KE, = KA*T, /4
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14.2-2 continued

(b)

Cb} f,hrll'_.l'& 3
Careidp T Lo 5
:E;:c. - - | rest i I V= ra T, /4
BF sywe . _l_ .

14.2-3

E, = (b‘)qf cog 2 (f, + f,)tdt :%E‘jh cosdp (f, + f,)t]dt

_AT, , Asindp(f + )T, _ AT, [L+Sind(N, + £,T.)]
2 2 4p(fc+ fd) 2

b 2
smilarly, E, = QA cos’ 2 (f, - f,)tdt =%[l+ sinc4(N, - f,T,)]
0

2
T _ .
and E, :%(E0 + El):%[2+smc4(Nc + £,T.) +sincA(N, - f,T)]
If N, - f,T. >>1 then N_- f,T, >>1 sosinc4(N, £ f,T,) k<1

2
and E, » ﬂ

2
14.2-4

T -sinc(4f, /)
Eb

-sincl | ».216 al »1.4
so take4f,/r, » 0216 b f; ».35r

Then E, - E,, =1.216E, and P, = Q({1216g, )
14.2-5

Vo =0
Take K = 1A, =0
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14.2-5 continued

7

Kt - ka)zcosgﬁg?\lcili’(t- KT, )g KT, <t <(k +DT,
ély 2g a

=cog2p (N, +1/2)r,t Fpk]
_1€os2p(N,r, xr1,/2)t] k evenii
- cos2p(Nr, £1,/2)t]  kodd

. |
2 LY K5 1+ -uT))

{0 E

L !r::;_t-x'r.,]

T - LE™ I-? b

ki Z;kl{ lwfﬁ:TL"“'L'“T‘|!§::"’*
f_'i': [

f
i ! BEF EN
] e ‘_! X - i cof 2wt

Sipde
o T (] L u

14.2-6

R =Q(J2r,)=10° b 25 =427

Q(4.27cosq,)<10* b (g, <arccos 2;‘; » 29°

14.2-7

+ A, cosw.t + noise T,
—»@—» d M SH —»
0 y(T,) = z(t,) + Ny

?

A, cog(w,t+q,)

w, =2pN, /T,
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14.2-7 continued

Z(t,) = Té@t cos(w,t +0, )(£A.cosw,t)dt

A@ dcos(qe) + cos(2w,t +q, )dt]

i . : u
:iKin i Cogqe + [S|n(4p Nc +qe)_ Slnqe],
2 T ch g
=+KE, cosq,
14.2-8
(I') = A cosw,| o<I <T,
h(t-1)=KAcosw.(t-1 ) t-T, <I| <t
for T,<t<O, Z(t)=0
t
for 0<t<T, Z(t) =KA ¢posw,| cosw,(t- | )dl
0
KA € 2sinw, tu
= a cosw,t + 4
e ¢ U
=KE TL[coswct +sinc2N t/ T,)]
b
t
for T, <t< 2T, Z(t) = KA? ¢ycosw,| cosw,(t- | )dl
T,
_K 2T, - t)- s t-T,)u
At 't)COSWt+ an( b ) Sanc( b)L,J
2ch u
0 2sinw tu
= KE g2- —+COSW.t - 0
e b & ch u
} é Nt o
=KE1|' 2COSW. t - Lécoswt+smc§ LOF

) ¢ -R ) ¢ e TL Eﬁg
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14.2-8 continued

If N, >>1, then |sinc(2N.t/T,) k<1 fort* O, so

i t
: KE —cosw_t 0<t<T,
2> 1
L@ to
t KEg2- —+cosw,t T, <t<2T,
t é Ty
-T. O
» KEL(Eae T -COSW,_ t
el g
14.2-9

To
E, = A’(1+a)® ¢pos’ (W t)dt = (1+a)* AT, /2 since w.T, =2p N,
0

E, = A*(1- a)ZTE‘)cosz(wct)dt =(-a)y AT /2

Ty

Ep =- A’(1- a)(1+a)(pos’ (W t)dt = - (1- a*)A’T, /2

_(1+a)*+(1- a)’ AT,
B = 2 2

E, - E, =f1+a®)+(1-a’)gAT, /2= 2E [1+a?)

PR =04/, /1+a*!

14.2-10

= (L+a?)AT, /2

cosw,t- p/2)=sinw.tand w.T, =20N, so
To

E, = A (ycos®w,t + 2a sinw tcosw, t +a® sin®w,t)dt
0

= (1+a)AT, /2

Similarly, E, =E, and E, :%(EO+ E)=@1+a?)AT, /2

Tp
E, =- A’ ¢fcos’w t- a’sin’wt)dt =- (1- a®)A’T, /2
0

E P N
Thus, Eb-Em:AfTbIZ:ﬁ p I:;=Q24/29b/(1+a2)3
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14.2-11

s, () S (D)
@» H,(f)— h,®) - SH
z,+N,

?

G,(f)

| H,(f) F=Ny/2G,(f)
Sn(f) = AlS, (0] = S, (F)H,, () where S, () = Als, (1), m=0,1
If h,, (t) = K[3(T, - 1)- (T, - )] then

& -26 _ 1 . =~ .-
€ 2s anax—z—No(E1+Eo'2E10)Where
E, = (b\ﬁi(t)dt = OOdt= § S, () df = IS, (F) FIH,(F)F df

B = RSO = 38 O (et
= 0SUH)S(F)df = 3S.(F)S; ()| H( D of

or =S (H)S(f)df = S (F)S(F)|H,(F)f of

Thus, We can write _

2E,, = OS1(F)S, () [ H, (F)F df + 3S,(F)So(f) [H,(f) F df
Y él"'éo' 2E10

= O84S (NI +[S(H)]- S(HS)(F)- S ()S(HUIH,(F)F df

_¥\ 2 NO
= OIS(1)- Si(NF
-0 _\IS(1)- S(D)F

Hence, = =0
25 G v 4G(f)
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14.2-12

é)%(t)so(t)dt =K b@os[zp( - f,)t]cos[2p(f, + f,)t]ct

_AN A 1
{dcos4pf t)dt +dcos4:)f t)dt} = [—fSI ndpf T, + o
4p

c d

sindpf,T,]

smcefCTb IS an integer D sindpf T, =0,andr, =1/T,

2 . 2.
AT ST, AT
2T, 4pfd 2

b E‘ﬁa)so(t)dt g

If E =E, —'% bpr= (bﬁ(t)sb(t)dt:sinc4fd/rb

J_

14.2-13

Eq. (9 P P, =Q&/(E,(L- r)/N,UP tominimizeR, b maximize (1-r)

P maker asnegative aspossible. Withr=sinc(4f,/r,)

From the sinc Table, the maximum negative value of the sinc function =-0.216
P r=sincl =-0.216=r

withl =1.4

14.2-14

J>N

. T,
(@ GivenP,=10° andN, =10 ", E, = _A

2 2I‘ ' Fé:Q(\/ZEb/No)

From Table, P, =10° b 2E, /N, =18.3P E, _&23 x 10" =9.16x 10"

b A2=2r,E, =2x9600x9.16 x 10" =1.76 x 10°
b A =0.00133V.

(b) 1, =28.8kpbsb A =21, E, =2x 28,800 x 9.16 x 10% =5.28 x 10°
P A =00023V
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14.2-15

2 2
(8 GivenP, =10"° and N, =10, E, = % :Zi,
rb

Assuming SundesFSK, b P, =Q (E, /N, |
From Table, P, =10° b E, /N, =18.3b E, =18.3x 1x 10 =1.83x 10

b AZ=2rE, =2x9600x 183x 10 =351 x 10°
b A =0.00187V.

(b) r, =28.8kpbsb A’ =2rE =2x28,800x 1.83x 10*° =1.05x 10°
b A =0.00325V

14.3-1
la iz U -3 @& 1 ©

& +Q(\/g_b)OI <10° p g, >2ln82x10'3 5»12'4»10'9 dB
0 P, » Q(y/g,) < 3x10°

14.3-2

1lg ry /2 U -5 & 1 o

& +Q(Jg_b)0<1o b g, >2ln82x10'56» 21.6»13.4 dB

0 P, » Q(4g,) <2x10°

14.3-3
AT, _ A
(@) GivenP,=10°andN,=10" E =-tb2="%
2 2r,
Noncoherent FSK, P P, =lemen 2loarn 1508

In(2x10%)=- g, /2P g, =21.6=E,/N, P E, =21.6x1x 10" =2.16 x 10"
P A2 =2rE =2x9600x216x 10™ =4.14x 10°
P A, =0.00204V.

(b) r, =28.8kpbsbP A?=2r,E =2x28,800x2.16x 10% =1.24 x 10°
b A =0.00353V
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14.3-4

(8 SundesFSK b f,=r,/2,B. »r,,andE, =0
p f, =14,400/2=7200, S/N=12dB = 15.9

g =E /N, —3859&37-15%1

8 ﬂe h @
Coherent FSK b P, =Q({E, /N, ) =Q(15.9) =3.4x 10°
(b) Noncoherent FSK b P, :%e'gﬂ’z = %e‘”"g’z =176 x 10"

14.3-5

KA = A2/E =2/T,

N, %
2:7"0|H(f)|2 df- dh(t)|2dt ——OZOSZ(Wt)dt
é
:&el =i, _U»N—smcef >> 1,
T, & éh oo T
Thus A? /s 2 = AXT, /N, =4E, IN, whereE, = A’T, /4
14.3-6

¥ ¥ df

2=(N,/2)* 2g)H(f) > df =N, ¢

(N, /2) 9 (D)1 ogj A(f- 126

=z

B" ¢

» (N,B/2)p sgnce f./B>>1p arctan(-2f./B)»-p/2
P »1/2P, =1/2e"</®" where A% /8s > = A% | 40BN, and
A’ =AE,r, so A% /8 *=4E,r,/4pBN,=(2r, /pB)r, /2
P increaser, bypB/2r, 2 p »5dB

14.3-7

Take K = A /E, andthresholdsat A./2 and 3A. /2

1%,(3"“0) ry(yll-l,) Py (3l Hy)
; m 9

o Al AL A /2 2A_
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14.3-7 continued

Then P, =e#'®° p, »20220 p @20
® =y 7%
E, =0, E,» A’D/2, E, » (2A)*D/2 where D =1/r

S0 E:%(EO+E1+E2):5A§D/6 P AD=6E/5

2 2D _ D
and iz - 4AD_G6E from Eq.(9) with E, = A

S N, 4 5N, 4

1 1

Thus, Pe :§(Peo + Pel + E}z) » §e_3E/20N° + Q(_\[3E /1ON0)
14.3-8
S o _ B _ S _2x10°
— =S, =Er, =N g.r, b r= =
L S =K 09bTs b LN,g, o

@ %e-gbfz £10* b g, 2 2n »17 S0 I, £ 2x 10° /17 = 11.8 Kbps

2x 10*

1 1
by —Ze%» £10* b 3 1n
(b) 5 9, > x

»8.5 so r, £ 2x10°/8.5 = 23.5 kbps

0—4

(© Q(v29,)£10* P g,° % x3.7% »7 s0 1, £ 2x 10° /7 = 28.4 kbps

14.3-9

S _ o _ _ S _2x10
— =S, =Er,=Nyg,, P r,= =

L b 09uls b LNg, o

@ %e-gbfz £10° b g,3 2In »21.6 50 I, £ 2% 10°/21.6 = 9.2 kbps

2x10°
1. 5 1

(b) =e®* £10° b g¢,°% 2In
2 2X

»10.8 so r, £ 2x 10°/10.8 = 18.4 kbps

0—5

(© Q(\/3,)£10° P g,° % x4.27%» 91 0 1, £ 2x 10°/9.1 = 21.9 kbps
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14.3-10

1 e 1 o

DPSK:=e® £10* P g,2In =8.52
2

2x10% 5

2
1375 6 7.03
BPSK: (1/2 coS’ e)£10'4 b g3 =
Q Op q Y% chosqe p oS 0

BPSK requiresless energy if |q, [ arccos+/7.03/8.52 » 25°

14.3-11

DPSK : 1e%£10° b g 3 InZE 1 _0=1312
2 &2x 10°

2
124756 _ 11.28
BPSK: (1/2 coS’ e)£10'6 b g3 =
Q Op q Y% chosqe p oS 0

BPSK requiresless energy if |q, K arccos/11.28/13.12 » 22°

14.3-12

e-y2/252’ px(x): pq (X- At): 1 e'(X'A:)Z/ZSZ

2ps ®

_ _ 1
py(y) - pnq(y) _W
1 g [0 A)?+y?l/2s?

Py (% ¥) = (X P, (Y) = N
S

For polar transformation: x= Acosf, y=Asinf, dxdy = AdA df
0 py (Af)dAdf =p (x,y)dxdy = p, (Acosf , Asinf)A dA df

where (x- A)? + y* = A cos’f - 2AA cosf ++A” + A’sin*f = A*- 2AA cosf + A

2

Thus p,, (Af)= Apxy(Acosf , Asinf) :Zpie- (A2-2AA, cosf +A2) /25 2
S

14.4-1

r,/B; 3125 P Modulationtypeswithr, /B, =2
(3 QAM/QPSK: Q(ﬂ/ng)ﬁ 10° b g ®1/2 x 475 =105 dB

(b) DPSK withM =4 s0K = 2: %Q(\/4x29bsin2p/8)£10'6

, 1475 6

—ZE 9 _128 dB
8%0.383 5
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14.4-2

r,/B; 325 P modulationtypeswithr, /B, =3
(@) PSK withM =8s0K =3 %Q(szsgosjnzpls)£1o-6

1ae47 o
68038 35

=14.0dB

2 .
(b) DPSK withM =8s0 K=3:; 3 Q?ée\/J4x 3g, sin? (p/16 2£10°
a

.2
3 iaeLQ -16.8 dB
12%0.195
14.4-3

r,/B; 2 3.2 P modulation typeswith /B, =4

(3 QAM withM =16 0K = 4 = -—_Qg/?’l)(; _£1o6

g3 1—;472 =144 dB

(b) PSK withM =16 S0 K = 4 %Q(\/Zx4gosin2p/16)£10'6

1ae46 o

=184 dB
8&0.195

14.4-4

r,/B; 3 48 P modulationtypeswithr, /B, =5o0r 6

(3 QAM withM =64 0K = 6: f? g_QgF’XG _£1o6

3 §4.652 =18.8 dB
18

(b) PSK withM =32 s0 K =5: é Q(sz Bg, SN’ (p/32) £10°
.2
3 i%ﬂg =233dB
10&0.098 3
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14.4-5

Xc(t) = A:COS(Wct +fk)

Upper delay output = x_(t- D)2cos[w,(t- D) +q.]
= Afcos(q, - f, ) +cos(2wt- 2w.D +q, +f,)]
Lower delay output = X (t- D){ -2sin[w,(t- D) + qe]}
=- A[sin(q, - f,) +sin(2wt- 2w.D +q, +f )]
LPFinput = A, é%infk cos(q, - f,) - (- cosf )sin(q, - f,)+ highfrequency termsH

Thus, v(t)=A, %Sin(fk - e +fy) +%Sin(fAk +0.- f\)
1. ~ o1 NV
+§Sn(qe-fk-fk)+zsn(qe_fk+fk)a
:Atsin(qe+fAk-fk)=ASin(qe) Whem:k:fk

14.4-6

3E U € [4E . , u
QAM: P, »SQe 4 DPSK: P »2Qa|—sin?(p/32)
eV15N, g eV No a

Since magnitude of P, is dominated by argument of Q, we want

4
Ao (0.098)2 » Fou b Evesc 3 - =
N, 15N, Eown 15 4x (0.098)
14.4-7
€ u
PSK: P»2Qe/Exaep°u /SE 4 0
¢ &M 5 g VMN, =5
. : : 1
since sinp/M » p/M since 1- »1, M-1»M
P p N

Magnitude of P, is dominated by argument of Q, so we want

3EQNVI o 2Eqg aep 0 EQAM p°
MN, = N, &M g @ E« 3M
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14.4-8

¥ o At ¥ 2
P (F)= 0Py (AT)dA= o Ag (K- 2Ar cos) /5% gp
0 s’

let] =(A-Acosf)/s andl, = (A cosf)/s
s0A=s (I +1,) and (AZ- 2AA cosf)/2s2 =(12/2)- (I 2/2)

eACIZSZ ¥
Then p () =——€%2 §s(l +l,)e' 'l
2pS _lo
_ 1 - AZ/2s? |/2A\ u
—2—e ole dI+Ioge dlg
p @'o l'o o

¥

where )l e'“/2d| =e o
-l

¥ 2 ¥ 2 '|0 2

Ole'2dl = @' "2l - ge'2dl = V2p[1- Q)]

-lo -¥ -y

and A?/X?-12/2=A(1- cos’f)/2s? = A’dn’f /1 25*?
Thus (f)—2Io e 51 dirzfe i 41 2p[1- QU )]}

:ie-ACz/Zs A cosf @ AZsin?f 1257 é']. 69%(305]: ou

2 st & a

14.4-9

Usethe design of Fig. 14.4-2 and (1) change the 4th law device to a second law device,

(2) changethe 4f, BPFtoa2f, BPF, (3) changethe , 4 blocktoa , 2 block, (4) eiminate

the +90 deg block. P The output of the | 2 block isthe reference signal and is cos(2pf.t + pN).
The pN term is a phase ambiguity that depends on the lock-in transient and have to be accounted
for. This could be done using a known preamble at the beginning of the transmission.

14.4-10

Use the design of Fig. 14.4-2 and (1) change the 4th law device to a Mth-law device,

(2) changethe 4f, BPF to aMf_, BPF. The output of the PLL iscos[2M pt + Mf, +2pN].

The 2pN term is a phase ambiguity that depends on the lock-in transient and will have to be
accounted for. This could be done using a known preamble at the beginning of the transmission
(3) At theoutput of the PLL, changethe , 4 blocktoa , M block, giving an output of
cog[2pt+f, +2pN/ M]. (4) Replace +90 deg block with an M output phase network.
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14.4-11

g, =13dB=20, P, =R_K andK = log, M

Loan_1

(8 FSK b P = 2e'2°’2 =23x10°

(b) BPSK b P, =Q({/2g, ) = Q(v2x 20) =1.8x 10™

(c) 64-PSK P R, ——Qg‘/ZKgbsm _——Qg\/2x7xgo X sin?
=0.0571p P, =0.031x7=0.40

/3Kgao
d 64-QAM P P, =

x (6]
K=7,M =64b Pbe— 1 % /3’(7’(20__24 10°

P P,=R, xK=24x 103 x 7=0.017

145-1

Eq. (6P P,= Nme(denm /2N ) = 1x10°
For uncoded QPSK P N, =2 and (d.;,) uncoded = V2
P 1x10° = (,/2/2N, ) b solving givesN, = 0.052

TCM with 8 states, m=m=2P N, =2andg=3.6 dB=2.3

From Eq (5) 5 g= ( min / coded (dmm)uncoded =23b (dmm)coded =46

2

m| n ) uncoded

b P =208 |- 0= 40x10%
EV2x 00525

14-24

O

ﬂ



14.5-2
From Ungerbroeck (1982), we have

—d, =1
0+« o0 *0°0
00;\0 d1=\/§ 0(;00
0+0 o* 0
0 0 0000 0°o0 00
0000 00 00 00 o
0+ 0 0000 d,=2 0 *0 0o
0000 00 00 00 o
0O0O0- O°* 0O 0000 0000 *« 000 00 * 0 00O0O
0000 0000 00+0 «0 00 0000 00 00 0+ 00
O°* OO0 00 O 0000 0000 00 °* O e 0 00 00O0O
0000 00 00 0 00 00°0 0000 00 00 000
14.5-3
Input: XX 00® 01® 10® 01® 11® 00
Output: y,y,y, 000® 100® 011® 010® 111® 111
State: a b g b h e
14.5-4

What is the distance between paths (0,2,4,2) and (6,1,3,0)?
Using Figs. 14.5-4 and 14.5-7 we have:

V0o s 2 505 + 02 o = fd2 + 7 + & +
= J(2)? + (2sinp/8)’ +(2sinp/8) + (2)? =+5.2=23

14.5-5
See error event Trellis diagram of Fig. P14.5-5
Oin = Gos + Chioy + Gh7 + thp, =0y +dg + 05 +df

=2+4sin’p/8+4sin°p/8+ 2= 5.17

P coding gain= 10Ioga§'£9:4.13 dB
€2 g
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Chapter 15

15.1-1

(8 WithDSS(SIN), =(S/N), :i:ﬂ -5 60dB = 10°
NR NOrb NO
withN, =10* b E, =10"
S, =E,r,=10""3000=3" 10" p J=15x10"
SinceJlJ N, we can neglect noise and use Eq. (13) and J/ S;=5 giving

7 & 2Pg 0 2
P, =10 :Qé —+ b 52°=2P, /5 P P, =676
5 B [¢] [¢]

Eq. (9) with W, =3000 W, = 67.6 x 3000 = 203 kcps

(b) B, = 2x W, = 2x 203 x 10° =0.406 MHz

15.1-2
& o]
P, =30dB = 1000 With Eq. (13) we have P, = Qg | 22X 00 2107
A BRI
» 2000 : . :
p 52 =ﬁ P J/S; =740P jamming margain = 10log(74) =18.7 dB

Jamming margain =10" 1og(J/S )
=10" log(R, ) - 10" log(E,/N, )
=10" log(1000)- 10" log(1352)=1869

15.1-3

(8 (S/N)_ =20dB =100 = E,/N,
W, =10x 10° and r, = 6000 =W, P P, =10" 10°/6000 =1.67 X 10°

& 0]
With Eq. (19) wehaveP, =107 = Q¢ ! +
CM/ (3% 1.67 x 10°) + No/ 2E, §
p 5.2 =ﬁ P M =159 additional usersfor atotal of 160 users.
-
5000 200
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15.1-3 continued

(b) If each user reducestheir powerby 6dB b 6dB=4 b E,/N, =100/4=25
Using the results of part (a) we have

5.2° :Wll P M -1=85 additiona usersfor atotal of 86 users.
5000 50
15.1-4
Let d = distance between the transmitter and authorized receiver then
d,, =d +500 = distance of the multipath, T, multipath travel time and c speed of light.
with d,=c" T, P T,6=d,/c=500/3x10° =167 s
To avoid multipath interference T, <T,, P W, >600 kcps

15.1-5
. . - 88,3P 0
Using Eqg. (2) with M - 1 =9 additional users (10 total users), we have P, = Q(é ?g += 10’
2
9x5.2°/3=P, =811 P W, =P, xr, =81.6 x 6000 = 487 kcps = W,
15.1-6

& o]
WithP, =10° =Q ﬁip 5:62:36
N, '] 0

A A A o

Eq. (19), M - 1=9 additional usersand P,= 107 =

W,
b52=—1 _p P =326=_% p W =196Mcps
9 . 1 6000
3P, 36

15.1-7
r, =9kbps, J/S; =30dB=1000 and P, <10";

x2|2Pp. 06
Eq. (13) 107 =Q S +p 52°=2P /1000 b P =13,520
é 1000;) g g
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15.1-8
P, = 30dB =1000 and assuming negligible noise,

&[3p 0
Using Eq. (20) P, =107 =Q ,/M glib 3x1000/((M -1) =522 b M-1=111
g
b 112 total users
15.1-9

r, = 6kbps, W, =10 McpsP P, =10 x 10°/6000 = 1667
2E,

®[2E 0
For singleuser P =10, then Eq. (6) b 10™ :Qg 25, =P 647 =41=

0

If each user reducestheir power by 3dB=2 b E ® E, /2P ZN—Eb ®41/2 =205

0

88 0
- 1
Eq. (1 have 10° = Q TP 4% = =
g. (19) we have 10 \/ 3 TS
83x1667 205@ 3x 1667 205
M - 1=26 additional users b M =27 total users

15.2-1
(@ E,/N, =60dB = 10° andif N, =10* P FE, =10°/10* =10""
S, =E, r, =10" " 3000=3" 10"

J=5 S =15 10"

- 15
E, 10

o) :%e' 2NNy b 107 :%e 2007415107) N, =3.24x 107

i -12
N=2 b w20 g0
W, 32424 10
W 5
W, _462x10°

Ifk=7 P P:27:128
Ifk=8 b P, = 2° = 256
p ifP,=256 P W, =256" 3103 =768 kHz

(b) B, =W, =768KkHz
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15.2-2
Ousars P M =10

p = WK1 ) ey §g (KD
¥ e R o
With P, =10" for oneuser b first term in above Eq. dominates.

90
2 105:Pi+10 10° gl-—— P B, =4350000

9
But P, =23 450,000 b k=19 b P = 2'°=524,288

W,
) = WC P W, =524,288 x 3000 = 1.57 GHz

X

15.2-3

From problem 15.2.1 S, =3" 10", J=15" 10", W,=3000

2R, 0
Using Sect 15.1, Eq. (13) we have 10 / / / 3000¢

2W, /3000
p CT=5.22 P W =2x10°

P, =W,/W, =2 x 10°/ 3000 = 67

B, =2" W, =400 kHz

15.2-4

with k=10, b P, =2°=1024

and with,=6000 P W, = PW, =1024" 6000 = 6144 kbps
N, =J/W, =6~ 10°/1024 =976" 10™°

-2x10t

From Eq. (4) P, = 1- 0.1e_2X107n,2X10,12 +£e- 2p x 10%2+9.766 x 10%°/0.1)

P, =204 10°+4.99" 10%=0.05
15.2-5

d =5 miles b d =57 1610 = 8050meters
Dd =2" 8050 =16100

Dd=v't b t=Dd/t:16100/(2.99’ 108):5.38' 10°°s
f =1t :1/(5.38' 10'9) =18.6 kHz
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15.3-1

(& A shift register with [4,1] configuration, and initial state of 0100 has the following
contents after each clock pulse:

Clock shift  Register contents Clock shift Register contents
0 0100 8 1011
1 0010 9 0101
2 0001 10 1010
3 1000 11 1101
4 1100 12 0110
5 1110 13 0011
6 1111 14 1001
7 0111 15 0100

Thus, the output sequence= 001000111101011...

(b) PN sequencelength=N =15

() f,=10MHz b T =10"s WithT, =NT, =15x 10°'=1500 ns

N sequence

(d) Autocorrelation function, R, ;. ,; (t) versust

0.2_ ....... ...........

02 i i i
5 10 15 20 25 30
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15.3-2

(& Shift register with [4,2] configuration, and initial state of 0100 has the following
contents after each clock pulse:

Clock shift  Reqgister contents
0100
1010
0101
0010
0001
1000
0100

O wWNEO

The output sequence: 001010...

(b) PN sequencelength=N =6

(© f,=10MHz b T, =10"s WithT,, = NT, =6x 107 =600 ns

sequence

(d) To calculate the autocorrelation function, we use the method of Example 11.4-1 to
get:

t original/shifted V(t)  Ruguz®)=vit)/ N

0 001010 6-0=6 6/6=6
001010

1 001010 2-4=-2 -2/6 =-0.33
000101

2 001010 4-2=2 0.33
100010

3 001010 2-4=-2 -0.33
010001

4 001010 4-2=2 0.33
101000

5 001010 2-4=-2 -0.33
010100

6 001010 6-0=6 1
001010
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15.3-2 continued

Theplot of R, 4.4 (t) versust

15.3-3

Given the results of Problem 15.3-1,

(1) Number of 1s= 8, number of Os; 7Pb satisfies balance property.

(2) Length of singletype of digit: 4/8 of length 1, 2/8 of length 2, 1/8 of length 3, 1/8 of length 4
b satisfies run property.

(3) Single autocorrelation peak b satisfies autocorrelation property.

(4) Mod 2 addition of the output with a shifted version results in another shifted version

(5) All 15 states exist.

P A [4,1] register produces a ml sequence.

15.3-4

A shift register with [5,4] configuration, and initial state of 11111 has the following
contents after each clock pulse:
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15.3-4 continued

Clock pulse  register contents clock pulse  register contents
0 11111 10 11000
1 01111 11 01100
2 00111 12 00110
3 00011 13 10011
4 00001 14 01001
5 10000 15 10100
6 01000 16 01010
7 00100 17 10101
8 00010 18 11010
9 10001 19 11101
10 11000 20 11110
21 11111

The output sequence isthus: 1111100001000110010101P N =21

To beaml sequence, the PN length shouldbeN =2"-1=2°-1=31
21£31 b theshift register does not produce a ml sequence

15.3-5

(8 From Ex. 11.4-1 and Sect. 11.4 we get the output sequences from [5,4,3,2] and [5,2]
configurations to obtain [5,2] A[5,4,3,2]=

1111100110100100001010111011000
A 1111100100110000101101010001110

0000000010010100100111101010110 = output sequence

n+l

b _2? “_ 2% - 1)/31=0.29

<>|@|—§ N oo (2=
4]

15.3-6

0.01 miles x 1610 meters/mile = 16.1 meters
From Eq. (7) wehave T, =Dd/c =16.1/3 x 10° =53.7 ns
b f, =1/T, =1/53.8 x 10° =18.6 MHz
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15.4-1

With 5 Hz/hour drift b chip uncertainty/day = 5 chips/hour x 24 hour/day = 120 chips
15.4-2

f, =900 MHz, f,, =10MHz, andv = 500 Mph, and light speed = ¢ = 3 x 10° M/s

. 6 o1
() Doppler shift = Df, = i£ _ 500 Mph x 1610 M/mile x 18hour/3600 sx900x 10° s
o 3x10° M/s

= 671Hz

i U 500 Mph x 1610 M/mile x 1 hour/3600 s x 10 x 10° s*
(b) DOpp|el‘ shift = Df — 4 dock — p

clock c 3x 10® M/s
= 7.45 chips

15.4-3

(@ Using Eq. (2) with apreamble of | =2047, T_ =1/ f_, =1 x 10”sa=100,
P, =0.9, P, =0.01, and assuming that the average phase error is 2048/2 chips we have

2'059 (1+100 x 0.01) x 1024 x 2047 x 10"

— 2-P
Taq = 5> 1+ aPNIT, =

acq
D

=051
(b) Using Eg. (3) we have
1 1 1
s2., =(2x 1024 x 2047 x 107)? x (1+100 x 0.01)? §E+ o ES: 015
. g
S 1acg = 0.38
15.4-4

(@) 12 stage shift register P | = 4095, then using Eq. (2) with T_ =1/ f,, =2 x 10®sa =10,

R, =0.9, P, =0.001, and assuming that the average phase error is 4096/2 chips we have
2-P -

= © (1+aP,)N.IT, = 20.9

R 0.9

=021

clock

—

(1+10 x 0.001) X 2048 x 4097 x 2 x 10°

acq

(b) Using Eg. (3) we have

el | 1 1840

Sy = (2% 2048 4095 x 2x 10°)° x (1+10X 0001)’ g5 + 5oz - 5o
. g

Tacq

Staeq = 0.15

Tacq
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Chapter 16

16.1-1
P(not F) =4/5 b | =log 5/4 = 0.322 hits, P(specificgrade) =1/5 b | =log5 = 2.322 hits
S0 | peegeq = 2-322 — 0.322 = 2 hits

16.1-2

(@) P(heart) =13/52=1/4 b |=log4=2hits, P(facecard) =12/52=3/13 b

| =log 13/3 = 2.12 bits, |a face carg = 2 + 2.12 = 4.12 bits

(b) P(red face card) = 6/52 P | e, = l0g 52/6 = 3.12 bits, P(specific card) = 1/52 b
| =109 52, |, cegeq = 100 52 — 3.12 = 2.58 bits

16.1-3
Including the direction of the firgt turn, the number of different combinationsis
27 1027 102" 102, assumed to be equaly likely. Thus, | =log (2~ 109) = 20.9 bits

16.1-4
H(X) =4 1+ 2+4 3+5(2 £In20+%1n40) =1.94 bits 6H(X) = 11.64

P(ABABBA) =(1)’" ()’ =25 P I=log2® = 9hbits< 6H(X)

P(FDDFDF) = (%) (4) ===—= P I=log (512" 10°) = 28.93 bits> 6H(X)

16.1-5

1 1 1 1 1 1 6 .
H(X)=—30.4In——+0.2In— +0.12In—— +2" 0.1ln— +0.08In——— 2= 2.32 hits,
In2& 0.4 0.2 0.12 0.1 0.08 5

6H(X) = 13.90 bits
P(ABABBA) = (0.4)3(0.2=5.12" 104 b |=log ;4 = 10.93 hits < 6H(X)
512" 10
1
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16.1-6
Since the first symbol is dways the same, thereareM = 8~ 8 = 64 different blocks, and
H(X) =log 64 = 6 bits/block. Thus, R= 1000 blocks/sec” 6 hits/block = 6000 bits/sec

16.1-7
There are M = 1615 different blocks, and H(X) = log 161> = 60 bits/block at the rate
r =1/(15 + 5)ms = 50 blocks/sec, so R=50 " 60 = 3000 bits/sec

16.1-8
Rt * Rasn =2Ra =1 P R

wl=

o =2, Py =2 50 H(X) =2log2+1l0g3=0.920 bits'symbol
Ty = 2Ty =04, 2=T =2 02+ 0.4=% sec/symbol

Thus, R=(3/0.8) * 0.920 = 3.45 bits/sec

16.1-9

P;=1-(P,+Py)=3-p P H(X)=3log3+ plog%+(%- |o)logL

(3- p)

Whenp =0or 2/3, H(X) =%log3+Zlog+ =0.918 bits

16.1-10

LeP,=asoP,=(1-a)(M-1)fori=2,3, ..., M

H(X):alogl+(|v| -1 1-a IogM - 1:alogi+(1- a)[log(M - 1)- log(1- a)]
a M-1 1- a a

=log(M - 1)+a§log§- log(M - 1)5- (1- a)log(1- a)

1 1
But log(1- a) =——In(1- a)=——(- a- ta*- La®- ---) 0
9(1-a) In2 (1-a) In2( ° )

- a)a L2 _alne

-(1- a)log(1l- a =
( Jog( )» In2 In2 In2

=aloge. Thus,

u

H

H(X)»log(M - 1)+a§|og§- log(M - 1) +loge

»log(M -1)+aloglif 10 M-landil] e
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16.1-11

—logP, O N;<-logP,+1 p 293 2Ni>20ht oo P3N >1p

M M M M M
Thus § P2 g 2" >3 P whee g P=1. Hence, 12 § 2" >1 p 1<KE£1l

i=1

16.1-12

i=1

iy

i=1

i=1

Xi P, 1| 2] 3 4 | 5 | Codewords PN,
A 12 0 0 0.5
B 14 1110 10 0.5
C 1/8 1110 110 0.375
D| V20| 1] 1] 1] 0 1110 0.2
E 1/40 1 1 1 1 0 11110 0.25
F| 240 | 1 | 1] 1 1] 1 11111 0.125

H(X) = 1.940 bits from Prob. 16.1-4, and N =1.950, so H (X)/N =1.940/1.950 = 99.5%

16.1-13

SnceP, = 0.4 and P, + Pz = 0.6, the dividing line at the first coding step can be between A and B

or between Band C.
X; P, Codel | PN, Codell | PN,
A 0.4 0 0 0.4 0 0 00 0.8
B 0.2 1 0 0 100 0.6 0 1 01 0.4
C | 012 1 0 1 101 0.36 1 0 0 100 0.36
D 0.1 1 1 0 110 0.3 1 0 1 101 0.3
E 0.1 1 1 1 1110 0.4 1 1 0 110 0.3
F 0.08 1 1 1 1111 0.32 1 1 1 111 0.24

H(X) = 2.32 bitsfrom Prob. 16.1-5, and N» 24,50 H (X)/'N »2.32/2.4» 97%

16.1-14

1

16

H(X) =05+ ia%.4|n—+ 0.1lIn—Z==1.36 bits
In28

04

0.1g

(@) N=15s0 H(X)/N =1.36/1.5=90.5%

Xi P; Code PN,
A 0.5 0 0 0.5
B 0.4 1] 0 10 0.8
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lcl o1 1] a1] 112 [ o2 |

(b) 2N =2.78 so H(X)/ N =1.36/1.39 » 97.8%

(cont.)

Xii P; Codewords | P;N;
AA 025 | 0| O 00 0.5

AB 0.2 0|1 01 04

BA 0.2 110 10 0.4

BB 0.16 1 1 0 110 0.48
AC 005 |11 1|00 11100 0.25
CA 0.05 1 1 1 0 1 11101 0.25
BC 004 | 12| 1| 1|1]|0 11110 0.20
CB 004 |1 |1 11|10 111110 0.24
CC 0.01 1 1 1 1 1 1 111111 0.06

16.1-15

1 1 16
H(X) = —£0.8In— + 0.2In—=2= 0.7219 bits
In2 0.8 0.28

(d) 2N =156 so H(X)/N = 0.7219/ 0.78 = 92.6%

Xii P; Codeword PiN;

AA 0.64 0 0 0.64

AB 0.16 1 0 10 0.32

BA 0.16 1 1 0 110 0.48

BB 0.04 1 1 1 111 0.12

(b) 3N =2.184 so H(X)/N =0.7219/0.728 = 99.2%

Xijk Pk Codeword | Py Ny
AAA | 0512 | O 0 0.512
AAB | 0128 | 1 0 0 100 0.384
ABA | 0.128 1 0 1 101 0.384
BAA | 0128 | 1 1 0 110 0.384
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ABB | 0032 | 1 1 1 0 0 11100 0.160
BAB | 0032 | 1 1 1 0 1 11101 0.160
BBA | 0032 | 1 1 1 1 0 11110 0.160
BBB | 0.008 | 1 1 1 1 1 11111 0.040

16.1-16

H(X)=RH (X |0)+RH (X [1) =3[H(X |0) + H (X |1)]
P,=P(0|1)=3/4 b P,=1- P(0|)=1/4
P,=P(1|0)=3/4 P P,=1-P(1]0)=1/4

Thus, H(X|0)=H(X |1 =2log4 +ilog4 =0.811 and H(X)=2" $0.811=0.811 hits

16.2-1

POy = POS 1Y P(y) and & POxY,) = Ply) 0 HX.Y) =8 POy, o oo
_ 9o éo U 1 2 1 —

= ay g P(Xiyi)gogP(yj) + % P(xiyj)logp(xi ) =H(Y)+ H(X|Y)

16.2-2
P(xy;)=P(xy;)/P(y;) so

o PXi : o € 1 1
1(X;Y)=a P(xy;)log ) =a P(xiyj)gogp +log
X,y

e - log———
P(XP(Y;) Xy (%) P(y;) PXY;)g

o 1 o €o u 1
where a P(x y)log——=a ea P(xy,)alog——=H(X
AL P(4Y,)100 05 =8 681 POqY,Julog g s =H(X)
| —1

P(x)

o 1
and likewise q P(x y.)log——=H
% xy;) gp(yj) (Y)

Thus, 1(X;Y) =H(X)+H(Y)- & P(xy,)log =H(X)+ H(Y)- H(X,Y)

P(xY;)

1Y
16.2-3

oy o .
Pmm)=wm|mPM)ﬁo“) P PO)=APY) =P,

(cont.)
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Thus H(Y|X)=8 & P(xy,)log =4 P(x)log =a P(x)logl=0
i j i i

1 1
P(y; %) P(Y; %)

[(X;Y)=H(Y)- H{Y | X)=H(X)- 0=H(X)

16.2-4
Ply)=p(l-a)+(1-pb=b+(l-a-b)p,P(y,)=(1-p)(l-b)+pa=1-b-(l-a-
b)p

=1-P(yy) s0 H(Y) = P(y,)log

1
P 2
Pl )09 P( %)

=Wgh+(1- a- b) pg

+a|og—H+(1 p)eblog ia- b)|og—bﬂ
u

HY | X) = pga- a)Iogl_

= pWa)+(1- pWb) so
1(X;Y)=H(Y)- H (Y| X)=Wb +(1- a- b)p]- pMa)- (- pW(b)
16.2-5
If b =1-a,then P(y,[x;) = P(y;[X,) and P(y,[x;) = P(Y,[x,) S0 the occurrence of y, or y, gives
no information about the source. Andyticdly,if b =1- a,thenWb) =W1-a)and WMb + (1-
a-b)pl=W1-a). Thus, I(X;Y)=Wa)- pwa)- (1- p)W a) =0 S0 no information is transferred.

16.2-6

W(a+ bp) = (a+ bp)log——+ (I- a- bp)log
a+bp 1

-a-bp

=- [(a+bp)|og(a+bp)+(1- a- bp)log(1- a- bp)] and i[Iog2 X( p)] :(Iogze)lg
dp x dp

SO iW(a+bp) =-blog(a+bp)- (a+bp)(loge) b (- b)log(1- a- bp)
dp a+bp

- (1- a- bp)(loge)—
( ) )1- a- bp
1- a- bp

= - b[log(a+bp)- log(1- a- bp)] =blog
a+bp

(cont.)
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d d l1-a- (- 2a)p _
—I1(X;Y)=—W]a +(1- 2a)p[+0=(1- 2a)lo =0 s0
OIIO( ) de[ (1- 2a)p| (I- 2a)log a+(-2a)p
a-@-2)P_y b 1 pa=21-2a)p b p=1
a+(l-2a)p

16.2-7
[(X;Y)=Wp/2)- pW(1/2)- (1- p)WMO) =W(p/2)- p sinceW(1/2)=1 and W0)=0

d 1-ip 2-p
and —W(0+< p)=4log—2—=1log——

dp (0+2p)=3 ip 7P
i|(x;y):;2|ogﬂ_1:o p Q:zz P p=2

p

Thus, C, =W(%) - 2 =Llog5+2logs- £ =0.322 bits'symbol
16.2-8
[(X;Y)=W3p/4)- pWM1/4)- (- p)WO) =WM3p/4)- 0.811p since W0)=0

d
and d—pW(O+% p)=2log

4- 3p

diI(X;Y):—ong 3 _0811=0 b X3P _seman 595 p p=0.428
p

3p
Thus, C, =W(0.321) - 0.811" 0.428 =0.557 bits/'symbol

16.2-9
P(O)=P()=i(1-a),P(E)=1a+la=a

2
1-a

1 +a|ogi=1- a+Wa)
a

1-a
H =2——Io
™ 2 J 1- a

+a Iogl =(1- a)log2+(1- a)log
a

- 1 1 10
HY|X)=2" 251- a)log—— +alog— +0log=4= Wa
(VX)=2" zd1- a)logs—+alog_+0log7u=Wa)
Thus, C,=max| (X;Y)=H(Y)- H (Y] X)=1-a

16.2-10
P(‘n- 713 ks) = P(n- n® ks)+ P(n- n£ -ks)£1/k?so

P(n3 n+ks)£L- P(n- nf -ks) £1/k>
k

16-7



Led=n+ks b k=3"" wheed =Nb,n=Na, s?=Na(l- a)
s

Then P(n? d)Eae s_('_j2 _ Na(l- a) _ a(l- a)
§d-ng (Nb- Na)2 N(b-a)’

16.3-1

p(x)=1/2a for |X£a, S:c‘ixzp(x)dx:aZIS

H(X) = (‘iil og2adx = log2a =log~/12S= 110g12S<1log2peS snce2pe=17.08 > 12

16.3-2

p(x):%e'aIXI and Szi For x = 0, Iogi:

>

IogE +axloge, so
a p(x) a

érya _ 2 Fa . u 261 1
H(X)=2%3 S 6 logZdx+ ) —e “axlogedx’ = a Fog= 2= +a?(loge)—
(X)=25Q € "log—di+ g & “axlogedxg=a glog——+a” (loge)

= Iog£+loge: Iog§:Iog\/2eZS: ilog2e’S<1log2peS sncep > e
a a

16.3-3
¥ 2 ax 2 1
S:ane dx=—, log——=axloge- loga forx = 0
a p(x)

H(X)= 5 ae *(axloge) dx - Sae'ax(loga)dx= az(loge)é- Ioga=|og§

=log+/e°S/2 = 1loge’S/ 2<1log2peS since 2p > /2
16.3-4

1  az-Dbd
p,(2) = il Px ETE (cont.)

16-8



u

é
-b 1 U
H(Z) = Q| |px 0elog|a|+log—budz
8 & a
_ oz - bodz \¥ aZ-bo 1 dz
_|Og|a| pxg a ﬂ|a| Xg a —Iogp - b0|a|

a g

= 100fa|Q, ()0l +Q, Py log—~ -l Zloglal+H(X)

16.3-5
ﬂF

(Sp(x)dleb Flzp,cl:lﬂl—landgxp(x)dx mb F,=xp,c,=m—2=Xx
fip

In p+l_|_I 4l x=0 b p:e(|1|n2-1)e(|2|n2)x —Ke® x30

Thus, -
In2

éKe‘ade:K/a:LSxKe'axdx:K/aZ:m P K=a=1/m
_ 1 -x/m — \¥ é X l] — —
Hence, p(x) =—=e *'Mu(x) and H(X) = Q P(x) glogm+—log e;dx =logm+ loge= logem
m 8 m H

16.3-6

5p(x)dx=1 P F= p,cl=lE:1 and szp(x)dx:S P F,=x*p,c,= S,E=x2
fip fip

Ths - In| p2+1+|1+| X2=0 b p=enelndd ke ys
n
5Ke-ax2dX:£ B:]-a(jésze-axde:Lﬂzs p K: 2 ’a:i
2\a afa 4 J2ps’ 2s

Hence, p(x) -2 o 125y (x) and

\/ZpS

H(X)= Qp(x)elog1/—s+—logeudx Iog«/ Ioge %Iogp?s+%loge:%log%

16-9



16.3-7

1(X;Y)=- d‘i pXY(x,y)Iog—pX(Xz P () dxdy and

xv (X,

POOR(Y_ 1, PR . 1 ep(Xp(y) U

log =
Po(Y)  IN2° pu(xy) 28 pe(xy) G
1 \\¥ é pX( )m(y)
Thus, 1(X;Y)3 — Pu (X, Y) &- —— ———gdxdy
In2m‘ ¥ g- XY( ) u
_ 1 g

== €00, P (Y) dxdy - &), P (X)Py (y) dxlyg

where () Py (X, ) dxdy =1, () Px (X py (¥) dxdy= @) Py (X)dx &) B, (y)dy=1
Hence, I(X;Y) = 0

16.3-8

<) 10*
RE C= Bloggl+ +:—| H+22 9
& NBg In2 e B g

3
B=10° p R£|1i|n11 3459 bits/sec
n2

B=10* b R£10%log,2=10,000 bits/sec

5
B=10° b R£|1i|n11 13,750 bits/sec
n2

16.3-9
REC =3000l0g(1+S/N) b S/N=3 2R%®_1
R=2400 b S/N3 2°°-1=0.741»-13 dB
R=4800 P S/N32%-1=203»3.1dB
R=9600 P S/N3 2°-1=8.19»9.1dB

16-10



16.3-10

S 3 E(ZR/B . ]_), NOB:lO'Gr 10°=10"2, S3 10-3(2R/1000 ) 1)
N,R R

R=100 P S31032°'-1)=0.072 mW
R=1000 b S2®10°2-1)=1mwW

R=10,000 b S310%2°-1)=1023 mW

16.3-11

For an ided system with the same parameters,

..Br/W

20 _H, % 0 . 1-0+3°-1=602 dB
ENg & NB g

Since the damed performance gpproaches an ided system, the clam is highly doubtful.

16.3-12
. 4
b=4: B0 _F,00 4 15 b g,36
EN% & 4y
. 12
b=3 4. B30 %, 360 4 w_755 45
ENg & 123
16.3-13
. 4
b=4: 0 _F,00 4 15 b g,36
EN% & 4y
. J1/2
b=4: &6 &, 360 ,_,5_ggqgp
8Ng3 8 1/2¢g
16.3-14

b=4, LN,=10°"100" 10" =10"

.. 4
&S0 _%,90 115 p g=4(1001"-1)=185 P S =gNW=555W
&ENg & 4

16-11



16.3-15
b=2, LN,=10°"100"10*=10"

.. 2
&0 _#,00 1157 p g=2(\A001-1)=613 P § =g NW=368W
&ENg & 2p
16.4-1

M= =4 W =E, =4, |4 =|v+w[ =€, =8

el =l b =0, E =[x =6+ E= 37

|14=2v2 [4 =6
[wl=2 ~—~— :l | 05w =1
M
M =2
16.4-2

M =E =4 | =E,=12 |4 =|v+u] =E, =16
[l =] +w P ww=0. E =[x’ =6"+(+B) =39
l4=4 o] =6

o =243 ﬁ | osu| =3
A

M=2
16.4-3
v+ W =M+ 20v,w) + [w[| and | (v, w] £ [\l s0

2vw)e2lw] P vd” £ + 2w +wf = (-+ ) Ths, fv+w] 2]+

16-12



16.4-4
Withv,, =aw, (v—-v,,w) = (v-aw,w) = (v,w) - a(w,w) o (v —-v,,w) =0

a = (vw)/(w,w) = (v,w)/|Iwl[?

_(vw)
o

But (vw)2 © IVIRIWIR 0 v, | € M7l /[wi[*

Hence, v, =

- ] W

el o
=M

2 112

16.4-5

s =gadt=2 b j,=5/s|=1/+2 [{£1

. _ 2 _ oo —_2 HE— SZ —
(sz,Jl)—QTdt—O b g,=s b |gf =gt°dt=% P j,=—===

\J2/3
. 4 t? J2 . d
(Ss] 1):Qlﬁdt:?, (Sy] 2):01t2@tdt:030
2 :
~5-2) =t pa g =3[0 a=2 b 1L=JE (-
Thus, %zﬁjl’ §=\/%jz’ =\ml st =311+\/_J

16.4-6

sl =gddt=2 b j,=s/s|=1/+2 [{£1

i o pt1. 22 221
——_dt=="2 b = — =
(54 .2) = Qosy =" I
e 2
2R P fop—t igdt=1-£so' (SZF) cost
I Olgcs 2 pCSZ P’ g p’° ”92" \/p 8¢

pt 26
(S04 = qsnptdt—o (S 5) = anth_gcos—-—_dt 0, s0

=s, o[ =gsnptdt=1 b j,=s=sinpt [{£1. Ths

Jp2-8. 2 2«/‘ J .
s=42j,, s= i i . S =i,

16-13
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16.5-1
C, =C, = a2 so take

@ ]2
ars i z=(s) z=(S)
Z

S 1
4>(a)—h|_b_—>ﬂu|—>

Tsl(t) Choose

—9 —>

y(®) larger fh
Z
nEmE
S(t)

(b) I ¢, =c, = a ke

Sye ¢— |, z=(ys) =) =-(s)

-a I 0 a
Sncez :_D’Z]_—_Q_-_iéél)u Pz 50
y(t) T ) SH Choose M
—>
5,(t) 0 rerger

(© I
S I S0 m=(s) -
0 a2 a z=0
—0O- 1 ]} 2 }zpb () > a2
y(t) ? o) SH —» Choose m
Si(t) acf2 larger
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16.5-2

@ j.als Sncedl ¢ = a2/2 teke
2= (Y81, 2 = (v,)
Kl s . 2= (1,59) = -8, 2 = (y8) =-(1:8)
-a s
—>OAh|_e_—> >
f L,
Si(t) =t Choose
y(t) largest _'m
E _’
S,(t) -1
b j,
b .
als S3 c,=c=a%2,c,=a%¢c, =0

z, = (y,s) — a2, 2, = (y,5,) —a?/2
al2 =S ts)-a2=z7+7

- 2,=0

y(t)

$,(0) 0
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16.5-3

S ® a ° 5 Ei:(\/za)zforaﬂiSOE:%'4(J§a)2:2a2
j1
-a a
L [
S a
2
JE/I2

Fordli, P(clm)= pb(bl) dblo p,(b,)db, = Qg\/_—u wherea =

. e  e|E clJ2 ®[E6 _e&fE O
Thus B, =1- 7 461-Qg —iUZZQg — - Qg — 2
8 No & No g No

16.5-4
i, E =(2a)?® i=1,234

J1

Since s; is nearest neighbor to dl other s;, d =2a=+[5E/4 j=1,2,...,5

Thus P £ 2 5Q§4—,2_|\T° 4Q ,/SEO
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16.5-5

] zl E=(a)p2 i=135,7
2a ®s, S ®s, =2(2a)2 i=2,4,6,8
a =0 i=9
S'& 859 CS'I'
-2a -a a 2 j, E=5g4 (2a)° +4° 2(2a)28:%a2
-a
® T ®

22§ s, S Letq=Qg 2 Q:Qae\/fi
gmia g24Noz
P(clm) = ) py(by) dby ) py(b,)db, =(1-20)°
Fori=1,3,57 P(c/lm)= c‘;a p,(b,) cblc‘;a p, (b,)db, =(1- g)(1- 209)

Fori=2,4,6,8 P(cIm)=¢) p,(b)db,¢) p,(b,)db, = (1- ¢’
Thus R, =4 gA(1- q)(1- 2q)+4(L- ) +(1- 2q)*§j=4(9- 24q+16¢°) and

P=1-R=2q- 8P =2Qg o 2 288,/ %k
&\ 24N, &\ 24N, 5
E O

For union bound notethat d. = 2a,j =1, 2 95;0P£§'9Qaeza1 9—8Q8e % 2
T G S e R R Ny s S\ 24N,
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R+R

P Vd(f)

4KT

IfT,=T,=T,then v.>(f) = 4R+ R)KT, i °(f)= AR

A-2

O

P inAf) ﬂ RR/(R +R)
. 0

ﬂ+ 4kTZ

2060 =
i,°(f) R TR

W) =211 =2 RR & SRT, -ART, 8RR,
éR+*Rg  RR (R+R)

(RT,+RT,)
T = 206y - 2RTR 2062 2 RR

fT,=T,=T,then i, (f)—4ﬁkT and v, (f)—4RlTkT

A-3

10+f?2
100+ f 2

i 2
10+ jf 100+ f 2

b v?*(f)=36kT

A-4

- 2 2
M b R(f):R2R2+(]'/WC)2
2R- j/wC 4R" +(1/wC)

1+ 22pRCH)”

s 1+ 4(2pRCf )?

b vA(f)=4RT

A-1



A-5
If QV/KT » 1, then | » I so in2(f) » 2ql andr » kT/ql. Thus, in2(f) » 2rKT = 4(r/2)KT, which looks

like thermd noise from resstance R=r/2.

A-6
With Rs = ri = ro = 50 W, Eq, (8) yields (f)—a¢H(f)|50050 LIH(H)P. Then

=0~ GOYEE & =00 S50 4 !
. 200" ¥ _af - f 6
snceP2() =P (), Eq. (10) becomes gB, = & g. (f)df == & P Odf =10*B =10%.

()=P (). Eq. (10 0B, = § 0,1 == g P e

16
L Sh _$_2 102 . Findly, with T,= T,

Eq. (12) becomes
N, = 9B, (KT, +KT,) »10°(4" 10 +2" 10°°) =2.4" 10 = 240 pW.

A-7

Te=Tg: N, =10°K(T, +T,)" 20" 10° =8 102 1o Te

=80" 10" s0 (T, + T)/T, = 10 and

0
T,=9T, F=1+9 =10

2T, +9T, .

To=2T, N, =10°" 4" 10% 20" 10° =88 pwW

¢}
0

A-8
Ts=To: N, =gk(T,+T,)B,,
Ts=2Ty: N, = 0k(2T, +T,)B, =£0k(T,+T,.)B, s0

2Ty +T, =4(T,+T,). Thus T,=2T, F=1+2 =3,

A-9
Assume matched impedances (R, = r;), SO
= CN, = Cgk(T, + To)By,
N, =N; +CgS=2N; b S=k(T,+ Tg)By

ThUS,Te:%-TO p F=—>




To determine F by this method, we need an absol ute power meter to measure S, and we must o

know By. Both requirements are disadvantages compared to the noise-generator method.

A-10
R, =300 W/\, OBOOW\, . o :
P
v P, 1 b 50W v, PLDEeRL:SOW
O ! O- |
- .2
r=300+20 0 a5y p =& 32, 0,
50+50 " 8300+325 ‘g
50[50 =25 6
= —V,- /R
300+300+50[50 ° ' §625 5
x O
g=R_a%o 1. o0 0 3o5=1 Thus F=L=1g=26.
P €625 5 50 &325v, & 26
A-11

Te=Te1 + Te2/lgwhereF2=13.2dB =21 P Tep =(21-1)Tq, so
Te=3Tp+ 20T/10 = 5T and

PO-__ S -5 15 p §=610%=6pW
&Ng k(T +T)B, 15kT B,

A-12

SinceT, =T, 200 = 18505545850 1, £y
SNQ, 3 8Nﬂs
F,-1

SinceF, =g, =L andF,=7dB » 5,F = F, + =L+L(5-1)=5L

Thus wewant5L © 20 b LO4=6dB b L O 6dB/2dB/km=3km
A-13
Preamp: F =2 and g = 100; Cable: F = 4 and g = 1/4; Receiver: F = 20

(cont.)



4- 1+ 20-1
100 100" 1/4

2-1 20-1
+

v, % 100

() F=2+ =279=45 dB

(o) F=4+ =8.76=9.4 dB

A-14
L, = 10015 =1.413, g, = 100, F5 = 10

1.413
100

0T, O150K P TO 103K

T,=0.4131 +1.413" 50K+ (10 - 1)290K=0.413T +107.5K

A-15
With unit #1 first, cascade has F,, = F; + (F, — 1)/g,. Smilarly, interchange the subscripts for unit #2

. ax F, -16 & F.-106 &8 F,-10 e F,-10
fird. Thus, F12- le :QF1+ 2 - QF2+ 1 =d, - 1 - , - 2 -
e g g e 9 g e 9 g e g g

If unit #1 first yields ., < Fo,, then F;, — F,; <O and

F-1 & 106 F-1 & 10
F-——=(R-gl- —++1<F,- 2—==(F,-)cl- —=+1l 0
> e Qg 9 e Yo

R-1  R-1 M, <M,

1-1/g9, 1-1/g,



