(s +]
[+ o]

oC

by J>

b(t) = 3 cos (20 + 180°) + 4 cos (215¢ — 90° + 180°)

. Y-1-)
3 ¢ 3
& | 2
< |
0 15 f -15 0 15 f
180° 90° 180° 90°
: I I
0 f 0 f
-90°
J-)-Y
A5 A2
7= Tp/5 . 7= Ty2
AN
e \\\
.I ] r“T"-—-—‘rHT_ﬂlh‘r"‘-"/ f \_1’1“="I“‘="f
0 Sfo 10fy 0 2fo 4fo
A
\
)
\
!1 =T,
1
1
\
\
V=~ —— f
0 %
J-)-Y
P=T7"+2X%X5+2x%x22=107
Y-T-)
V(f)—ZJ Ae ¥ cos wr dt = — /o 5= 73 o 7
; ® 1+ (b/w) b* + (2af)
1 /24 b
Vi =—|—|=|fl=—
vnl=3 ()= 151 =2
Y=Y
o0 ZAZ o0 d 2 2 2
[Twmope-2 L2 A
b* ), 1+ (2uf/b)* wbsinm/2 2b
1 2d — AIJ' =2t N
J' |v(r) | dt e dt %
J-T-Y
zZ(t) = V(t) withb = 1and 24 = B
Z(f) = Ae_bl_ﬂ = Ee_vl

U



Flo(—1)] = ﬁ[vf(—f) + V=F)] = VL) = IVAS)
ZUF) = ai[VAF) + Vol F)] + aalVAF) = JVF)]

= (a, + @)V (f) + jlay — ax)V,(f)

% [ J._m u(t)e 2 dr} = ro v(t)(—j2mt)e ™ dt = —j2rF[rw(t)]

-0

1 d
wt) o= V)
A? f
vy ()
(A sinc 2Wr)2<—>—1'1(—) *—H(—) =<2W \2W
2W 2w 2w 2w 0 lfl > ow

Jwv(t)ﬁ(r +4)dt =v(—4) =49

oo

v(t)*8(t+4)=v(t+4) =0+ 1)
v(2)8(r + 4) = v(—4)8(t + 4) = 498(t + 4)

v(t) * 8(—1/4) = | —4[v(r) * &(r) = 4(t - 3)*

F[Au(t) cos w.t] = % [ﬂi‘r(f]—f) +38(f- 1)

1 1
e L%

do(t) 24 [t - .
7 . TH(;) - Aa(t + ‘5) — Aa(r - 5)
2mfV(f) = 24 sinc fr — Ae™ — Ae I

f) = J%c(co's afr — sinc fr)

JT-Y

T-Y-)

Y

T-0-Y

T-0-Y

0



g(t) = e”"u(t)
du  d

— ,—I/RC
hie) = dt dt

_ pRmfL
HU)_R+j2qrfL_ﬁ+_zf

H(f) = Tsinc fT e ™7, X(f) = A sinc fr
T << T, Y(f) = ATH(f), y(t) = A7h(t)

=T, Y(f) = AT? sinc’ fT e "7, y(t) = ATA(

T3> T, Y(f) = TX(f), (1) = Tx(t)

+ 2 (e7ROYy(s) = 8(t) — é e RSy (z)

t—T)
T

1 = £ |
tAf) = Z"f( 2 'ad) 0K - 10™s [fI <30kHz
1 - )
_Ef?f(‘?’a“)‘af I£] > 30 kHz
I
i N
|
0 30 kHz f
[H ()| = 1/4|H(f)| n
L2 | < oo, \
Bt |f] > 20kHz 14 | I |
03 20 50 kHz
1073 . s . -
arg Heq(f) = "'21Tf 120 = arg H(f) l i
{0 | f] < 30kHz
= 107 =« e
~2mf oo+ o |f] > 30kHe

P 10° mW)

P
=10 logmm + 10 logm 10‘;l = PdBW + 30dB

H(f)|> = 102 %¥/19 = 107 = 0.501 = |H(f)| =~ —=
|H(f)] = [H(f)| V2

1

JY-1-1

J-1-Y

J-1-Y

J-T-)

J-Y-Y

J-7-)

waJl



33dBm — 24 X 2.5dB = —27dBm = 10 2’ mW =~ 2 uW

—27dBm + 64 dB — (40 — 24) X 2.5dB
— —3dBm = 107" mW ~ 0.5 mW

Let f. = f; + B/2 = (f; + f,)/2 and let V(f) = 2KII(f/B), so

H(f) =5 [V(f = £) + V(f + £,))e 7/
h(t) = v(t — 1,) cos w(t — t;) wherev(t) = 2BK sinc Bt

1 2n
|H(f)|ae = 10 long ~ 1010gm(£)

= —=20n ]ogm(g) forf > B

20
H(2B) |y = —20nlog,p2 = —6.0n < —20dB=>n=— n, =4
6

Tmin = 10 us, but the minimum pulse spacing is 30 us — 7, = 5 us

1
>———— = 100kHz, f,~—— =5 p
2 X 5ps z 2 Hs

F[x(t)] =£—jsen f)X(f)

[x(s) ( : )] (sen fVX(f)
—xp= 0+ (- L) =0

Tt

Let z(t) = v(t) + w(t) where v(t) = 5 e®e/
w(t) = 4 e 9o

then R,,(7) = 0 since w,, # w,, $0

R(7) = R,(7) + R,(7) = |4 |2/

A i s A?
+ |5 e %e i = 5 cos w,T

Z(t) = w* (=t) = w(~1),
R, (7) = J v(A)z(r — A) dA

E, = E, = AD
|R,(T)|2ax = (A’D)? = E,E,, at
T = _Id

Ry, (1)

J-Y

Ay

—-A A
A At —-A) & v(A)
=
A 1

T4ty TH+i;+D 0 D -t;-D -1 -4;4D

J-Y-Y

wJl

\

J-Y-Y

Y

Y

J-0-)

J-8A)

J-F-Y



Flo* (-1 = | ve(-nemar

g

It

J v * (A)e 7 d)

—00

- Umv()«)e‘f‘”*dﬁ]* =V*(f)so

Gy(f) = F[Ry(7)] = F,[v(r) * v * (=7)]
=VIAV*() = IV(N)?

vy (t) = t) + 2 * (1), 2(t) = v(t)e™
Vi(f) = Flz(t)] + Flz* (1)]

Fzn)] = Vi(f = f)

and F[z* (1)] = Z* (=f) = Vi(~f ~ £)
s0 Vi(f) = Vip(f = £) + Vii(—f = £)

Hy(f) = K+ Kflfo i—fe<f<fi— 1
K
er(f) KDXfp(f) + - 2 f }2ﬁfX!p(f)]

xp(t) = A(t) cos wt = xp(t) =3 AX{I)

DSB

‘ A?)
50 (1) = 1 KoA(1) + j} [m =
_Kl dAx(r)
t) = KpA [t =
y!{ ) 0 X( )’ yq(r) 271'_):. df
AM, =05 AM, p=1
34,2 24,
| fc@-qu mm
Az = =200W
DSB: Sy = 2P, = 20 W, A, S ,/ 4
P
AM:PF=1— 100W=-S;=P, + 2P, = 120W
3 L5,
Psb
Al = 800 W

SRS

A

Y=Y

\

J-T-)

J-T

Y

J-Y-Y



A, A,
x(t) = — cos (w, — w, )t + - ©os (o, + o)t A2

t @n?
w,t
A2
v; = ‘icmw t+ ﬁr.:(:n;w t = —cos w,t
1 2 . m 4 - mn 4 m
A(.‘ . C - Af_‘ .
Vg = " Sil @yt — = sin Wt = - sin w,t
3 25 (La o 3 _ A 2 2
A@) = VG A, cos w,t)? + (LA, sin w,)? = 2 V9 cos® w,t + sin® w,t
Ac U Ac
=—V8cos"w,t +1=—V5+ 4cos2w,t
4 4
0 A/4 sin w,t . (lan wmr)
t) = arctan —————— = arctan
¢ 3A./4 cos w,t 3

Y-Y-)
Expanding cos6 = $cos + }cos 30
Vous = @1(A, cos ot £ 1 x) + ay(A2 cos’ wt + 2% A, cos wt + %)

e S

+ ay(A23 cos wt + AL cos 3w + 35A2cos’ wt + 35 A, cos wt + 5)

t ol el 03 0aasinS bz Uliisp (MiiS (5w s94& PDF jI aS suMoo lpis
X(t) = Vg = Ugu— = 2a,x(t)A, cos @t = (2a,A.)x(t) cos w .t

J-Y-
x(t) = 3 A.A,(cos w,t cos wt F sin w,t sin w.1)
= 1A.A,[cos (0, — w,)t + cos (0, + w,)t
F cos (w. — w,)t £ cos (0, + w,)1]
=1A.A, cos (0, £ w,)t
A(f) = LA VAL cos? w,t + AL sin? w,t = LAA,
J-Y-Y
x(1) = cos w,t A2 x(1) = cos wyt = A f4 [cos(w, — w,,)t + cos(w, + w,, )]
“ Sum
{ AJd A4 A2
L, L1, ,
0 f"' ft _fm fc +fm fc_fm fr +er1
[ Difference
AJd —AJ4
_j J d AJ2
0 fm fr _fm fc +ﬁn = .):‘_fm -ﬁ: +fm

x(1) = cos (@1 — 90°) Q(r)cos (Wt —90°) =

Bl o>

{cos (w,— w,,)t + cos [(w, + w,,)t — 180°T}



Y-0-1

Vax[f-(fi + )]

aen —B A AN S —
-f-h =-h -h+h fi-£f h fi+h

fosfy 2o\ AN M AN AN ;
-fi-h -h h fz -fith h A +f2.
¥-0-Y
Leta = A,A,,/2
A%(t) = (Agpcos @' + acos w,t)” + (Ao sind' £ asin w,t)?
= Afop + @® + 2A,pa(cos w,t cos ¢’ + sin w,tsin@’') and
cos(c;mﬂz¢’)
2a
Alt) = Am\/ (—) + —cos (w,t F ¢')
Ao
~ A+ 3A A, cos (wt F ¢')
0-1-)
x(t) = Accos [0t + wpux(t)t] = 0(t) = 2m[fit + foux(t)t]
f(0) = 2 0(t) = f. + fpx(t) + fmi(e)t
=f[1l + pcos w,t — pw,t sin w,t]
s0 f(t) = —fuw,t sin w,t for pw,t => 1 and |ft)| = co as t — oo
0-1-Y
ba ( f ) ( f )
F =-—
6] = 2211 50 ). #6101 = 22 A5
J¢A f‘*fc) da (f_.fr)} ,
X = 8 H -—A =0
) =3adou-1+ (zw S (LI
0-1-Y
B = 8kHz/4 kHz = 2 58
f. = 30kHz 35 22 = i
% | 26 I | | ? f kHz
14| 30 34 46
-13
f.= 11kHz -8
Note “folded” terms at >
35 35
|11 — 12| = 1 kHz 2
|, 11 [ %
|11 — 16| = 5kHz L] ¥ 7 L1 fkH
-13I35| 115 27
-58
.0-Y-)
D 2M(D) A
03 3.0 2AD+1) = 2.6
3.0 10 2AD +2) =10
30 2AD +1) =62



Since H(f + f.) = e ™/, wehave K, = 1, K, = 0,
and t, = 0in Eq. (12),s0 A(t) = A_,
1 = 1) = Bsinw,(t = 1,)

= B(cos w,1; Sin @,t — sin W,,t, COS w,t)

= B(sin @, — w1, COS W) w1, <K 7

and y(f) = A cos (ot + B sin o, — Bw,t, COS ®,t)

For Eq. (14), |[H(f.)| =1 and f(t) =f. + Bf, cos w,t, so
arg H[ f(¢)] = —2mt,[f(t) — f.] = —Bw,t, cos ,t and
yt) = A, cos (w2 + Bsin w,t — Bw,t, cos w,t)

x(t) = A, cos ot — Appxsin ot = A V1 + (¢ 4x)? cos [wt + arctan (¢ 5x) ]
(1) = arctan (¢ 4x) = $ax(r) = 5Rx(r) +§P°(1) + -

x(t) = x(t — ty) = tyx(t) = t2wA [ f. + fax(t)]sin [0(t) £ 180°]

i .
E-IUI‘.(f)
Env DC
{f) ———o in 2mA t
x0 _{%)—r det [ block [ fo4™ cSax(t)

g =6

0;
1+ cosf; = 200525 S0

, 0 w;t
A(t) =ANV2 + 2cos8;, = A+ |4 cos 5=2Accos?
2 sin % cos &
sing, s;mzcr:)sz_t 0,
I+cnsa9,-_ 8, —an230
2cos —
2
0, w;t
t) = arctan{ tan— | = —
¢I’)() arc ( 2) 2

" 1W
Jiz jLa)lSirl t

12f;

mf;

fir

oo 1T '

0-Y

Y

0-Y-)

0-Y-Y

0-Y-1



0-Y-Y

1 kH
Ame = AV + (fBi) = ——- N1+ 75~ 05

15 kHz
B = 0.5 X 75kHz/15 kHz = 2.5, M(B) ~ 4.5
B=~2x45X 15kHz = 135kHz < B,
£-1-)
1
)=>c,, =?P(nfs)

) = 3, e pl) = s (&

n=—og

S0 = 5| S EPpye | =1, S, Par)a(sr - )

n 5 n=—00

| Sy JUSw 95 3D Sl 0 S;3Lwjb 2leol yan cdidlusy D aigei pudlio £=1-Y

£-Y-)
LA = 10f, = 80 kHz, B —I~—40kHz
r-oar, % ™
=T
; L 5
¢, = fir sinc nfyr = s nfyT
) )
x(8) =A|fir + z-ﬂ_—nsm wnfr cosnwd | T = T[1 + ux(t)]
n=1
oo 2A )
= Af;mo[1 + px()] + D, o, Sin {nmfro[1 + ux(1)]} cos nwyt
n=1
V-1-)

fr=70and 10 < f,p < 10.5 with £/ — 10.5 = 7=>17 < f/ < 17.5
fr=70and 30 < f,p < 31.5with31.5 — "= 7=523 < £/ < 245

fir = 7.0and 30 < fi, < 3L.5 with £/ — 31.5 = 7=37 < f/" < 38.5
! Gawl Gaixr Wi> Uliuo Jgl awie ©y9,5UL0 LPF ,idad U

1
20 log —-—7} = —12.8dB, —15.3 dB, and
[ V1 + (f/4)* 1r=17,23.37 Mz
—19.4 dB
V-1-Y
: . Iy I
HRF(f:‘) = l, HRF(J’;:‘) = |1 +}Q X — ; where x = 7
5 1\? e 1
RR=1+4+50lx——] =10°=x=200r—
X 20
Ie 2fir L'
But==1+—"2>1 sotake — = 20and f; = 9.5f.
£ fe f. o
V-Y-)

(v; cos wyt)?v, cos @t = 3 v3(1 + cos 2w,t)v; cos w;t
= Jv,v3 cos wt + components at |2f, £ f; |
AM:vpf =1+ x,(1) + 20(1) + 2x()x,(t) + xlr(r)xi(t) + x3(1)

intelligible unintelligible

DSB: vw3 = x,(¢)x3(¢) unintelligible



1/750

T, = (—60)/(—54.5 X 4 X 10°) =~ 2.8 ps,
T,/M = 1/(10 X 8 X 10°) = 12.5 us,

T=125/5=25us, 1y =3 (125 — 2.5 — 2.8) = 3.6 us

& 6mAf
\go ~360° 2"”3f 9 }:/\30 +360° /

_90 —Zmi\f

=& (0) o= Egy

2m(Af~K)

%
—90° \ 90°

= ap K= afl =

_ "
m

= (37 ém X 40 lines/cm)(59 cm X 40 lines/cm)

~ 3.5 X 10°

1 0.714n, o
Thame = 32 X 10° X TS 781 sec = 13 min

—sin w,t = cos (w,t + 90°)
A, K A, lux] < 1,and |ux,| <1
Thus, A, =~ A,(1 + ux) + A, cos (o + ¢)

V-Y-Y

V-T-Y

V-Y-)

B Ead sy € > 0,0 sl

5l 58>9 € 9 MU sw L3Sl Gwsy ssb @ € (1) il

®JE

M = 9 equally likely outcomes
P(A) = 4/9

P(B) =3/9=1/3

P(AB) = P(GG + RR) = 2/9
P(A+ B) =5/9

V-Y-Y
fo/m n f/m
m PD vCo j
V-¥-)
V-¥-Y
Ai.'ﬂ
Ay w.f+ 4)
Aphixy
o
A(1 + px)
A=)



P(D) = 4/8, P(BD) = 1/8,
P(B|D) = (1/8)/(4/8) = 2/8 = P(B)
P(D|B) = (1/8)/(2/8) = 4/8 = P(D),
P(B)P(D) = (2/8)(4/8) = 1/8 = P(BD)

Outcome GG GR GY RG RR RY YG YR Yy

Weights 22 2-1 20 -12 -1-1 -10 02 0-1 00

X 20 0.5 1.0 0.5 -1.0 -05 1.0 -05 00

x -10 -05 00 05 10 20
Pix) 1/9 2/9 1/9 2/9 2/9 1/9
Fex) 1/9  3/9 4/9 6/9 8/9 9/9

P(~1.0 < X = 1.0) = Fy(1.0) — Fy(—1.0) = 7/9

Im/2 1
Plr < X <3w/2) = Ea‘_x=z,

2w 1

P(X > 3w/2) = 2—<ir = Z

3m/2

I /2 1
P(’IT(ZS31’T/2)=J Z_dZ.—_Z’

Fr/2 3
P(r < Z <3n)2) = {—8(z+7r)+—|dz=z

px(x) = 1/4for0 < x < 4,g7(2) = 22=dg '(z)/dz = 2z
pAz) =2/2 0<z=2
=0 otherwise

oy = V@r3) - 7 = 7/\V3,
P(|X = my| < 20y)
=P(7r—21r/\/3_)<X<1r+21r/\/§)=1

A-Y-Y

A-Y-)

A-Y-Y

A-Y-Y

A-Y-)



oo

EX+7Y]=

.'L_-_‘

r( + y)Pxx, y) dx dy

o0 00
oo

j {[ px,«(x,ywy}
# ] Hmpm, ) d|

= J xpx(x) dx + J wry)dy =X +Y
®,(2mt) = F '[a 'TI(f/a)] = sinc at, so
Dy(v) = sinc at|,-,p, = sinc(av/27)

m=10* X 5 X 107> = 0.5, P,(i) = ¢ *%0.5/i!)

0 1 2
F(2) = 6_05(05 o e Q) = 0.986

o T T

oc=8s509=m+ 050,25 =m + 250

P9 < X =25) = P(X > 9) — P(X = 25)
=PX—m>050) - PX —m=250)
= Q(0.5) — Q(2.5) = 0.31 — 0.06 = 0.30

Fy(r) = J pr(A) dA = Jr(ﬁ—})e-*w dA r=0

—o0 0

Let a = A?/20% so

1;,'20_?
Fi(r) = J e Cda=1-e"" r=0
0

v(t) = E[X+3t]=X+3t=3t

R,(t1, ;) = E[ X2+ 3(t; + )X + 9,15)
=X2+3(t, + L)X + 98, = 5 + 9yt

R,(t, 1) =5+ 9¢?

E[Z’(1), )] = E[V’(1)) + V(1) £ 20(t))v(r2)]
=v’(t;) + V(1) £ 2R, (1), 1) = O
Since v(t) = R,(0) for all 7,
|RU(T)| = ]Rv(r! r— T)|
=3 [0%)) + vt = 7)] = R,(0)

A-Y

A-Y

A

0
1
—
1

Y

A-Y-Y

\

A-Y-Y

Y

Y

)



R.(t, 1) = E[4v(t))v(r,) — 160(1,) — 160(r,) + 64]
= 4R(t,, 1) — 16[v(t;) + v(t,)] + 64
= 36e°In4l + 64

Thus, R,(7) = 36" + 64 and

w2 = R,(0) = 100, m, = VR,(+0) = 8,

o,= V100D -8=6

Hence, w(¢) is stationary and ergodic.

R(7) = E[v(t)v(t — 7) — myv(t — 7) — myo(t) + m3)
= Ryfr) — m} = m} + m}

Thus, Ry(7) = R(r) + m}=G,(f) = G{f) + m3&(f)

A-1-Y

 Gowl SU5eS51 9 Lol wW(t) gaw

.A-T-)

t ol AU A =10 w95Lai jBB U sawginaw W(t) 1,148 .Q-T-Y

Let w(t) be a randomly phased sinusoid with A = 1, so
Gu(f) = 1[8(f ~ £) + 8(f + £.)] and
Gf) = Gf) * Gulf) =4 [Gf — f) + Gf + £)]

G{f) = o’Dsinc’ fD = oD for |f| << 1/D. Thus, if B << 1/D,

G,(f) = ;0°D and R(7) = o’DmBe "M

1
1+ (f/B)

= o ZEARIEY = 1.6 X 1076 V2
VT 3662 x 10 - :
oy=126mV  h/2kT =8 X 107" s0

h| f|/2kT < 1for |f] = 10°

10°
[ G,(f) df = 2 X 10°G,(0) = 1.6 X 107 V%, and
—10°

1.6 X 107°

—— =01%
1.6 X 107° 0

IH(f)|> =1/[1 + (f/B)*] and g = |H(0)|> = 1 so

(" df N 7
= L 1+ (f/B)” _BL 1+ A
m/2n 7B
sin (m/2n)  2nsin (7/2n)
and [sin (7/2n}]/(m/2n) = sinc (1/2n) > 1 as n— oo

Sk, + 174 — 10 log,, (5 X 4.2 X 10°) = 50 dB
=Sz = —51dBm = 8.4 X 10 *mW

Sy = 105, = 840 kW without repeater

Sy = 840 kW/(5 X 10°) = 168 mW with repeater

.A-Y

Y

.Q-Y-)

.Q-T-Y

.Q-¥-)



waJl
o4/A = VNoJ2E, = 0.1,
o/t = V/Ny/4BE,r = \/Ny/2E, = 0.1
e
04/A = VNB,/A? = V/N,B;7/E, = 0.4,
a,/7 = V/No/4B; E,r = 0.025
.Q-0-Y

hop(r) = (2K/No)[ulty — 1) — u(ty — t = 7)]

0  otherwise

so, with 2K/Ny = 1, hop(t) = u(t — t; + 7) — u(t — 1)

ty 27 as oS swow awb t<0 sl N (1) =0 ass)ls sw e use wstw LB

opt

r—t
hop(t) * xp(t) = AA(—:J—_—g) where, at t = t,,

1z
A= J A,d\ = A,

de=1-)
G(f) for f> 0
Gni(f)
— No2 Ny/2
N(}fs \\ /)‘
101 4 f= fo MHz -4 0 s T
G,(0) = 2 X No/8 = No/4
de-)-Y

_— 10°¢
A =7 X
n m 5

500, =+/2 - 323 X 107 = 0.655 mV

~13mVand A2=2 X 107

Leta® = (24,)* = 27Ny s0 P(A, > a) = ¢™™ = 0.043



Gi(f)

Ny2

Gl f)

Ny

N2

0 NL—WM

fe

f f
-W -wi4 0 w4 W

w

Ny Ny
Np =27 X 2W + 2 X 2 = L2SNoW,

2

N

S =1=42=§,,

2

§
(*) =08y, 101log0.8 = —1dB
D

P(A, = A,) = 0.99= P4, > A.) = 0.01

) s 1
Thus, e 42k = ¢ ~5/2V = (.01 and (—) =2ln——=41n10 = 9.2
R,

|Hae( £)1*Gf) =

for By, < |f] < By/2

ND = _Bdcz X 2

(£ Vs 500

No

= ¢3S,

Br _ NoByBr _ ( Br) NoBiZW
= =(2r

N 0.01

N F (L)Z&Bz
2S¢ 1 + (f/Bse)* \Br/ 25

25 2W/) S

Sx(PM)

where ¢, < 7 and S;(FM) = 1W

By ) “* NW NoW
00 _ (s
Sr(FM) bsBge 7 X 2.1

2 2
) a( 73 ) = S;(PM) = 130 W

Br=5W=1vy, =10X5 =50

(%), (5
S0 — =
N D

Bde

1
XEX50=2500==34dB

Tmax = To(1 + @) = Tyand 7 = 79(1 — p) = 050

T

max — Tmin = 2”‘70 = Ts#ﬂfn = T‘/Z = 1/4W

$) - suryn(
(N)D 4(# ﬂ)BT £

)Sﬂf = 4#«27031F Sy = > WY

since u =< 1,7 = T,/2 = 1/2f,, and f, = 2W

sinc? at = .
0

1
F[sinc® at] = -

de-Y-)

N e-Y-T

NV

N e-Y-Y

N e-Y-Y

Ne-£-)

O1-1-)



1
P(f) = r—bsinc(rib) = Qfor f = +r,, £2r,,...

B AZ ] 2f A2
Thus, G(f) —4—%smc r—b+TS(f)

2 =A%2

P(f) =in(i) = 0 for |f| > 2
1y ry, 2

. A Laf [ f = A r, A’
Thu&,Cr,(f)—-rb:;m rbl—I ) xz—grbXZZ— 5

Alo=2\1x50=10

P, = Q04 X 10) =34 x 107%, P, = Q(0.6 X 10) ~ 1.2 X 107°

P

[

=3(P,+P,)=17x107°
whereas P, _ = Q(0.5 X 10) ~3 X 1077

N,
S, =1A2,r=1T=—-——,a'2=—0
S S 2r, 2T

(A/Zo')l = Alz/“ﬂ"2 = 4Sg/4Ngry, = Sg/Nors, = Vs

= Nt

P, =3 X 20(A/20) + 2 X ; Q(A/20) = 3 Q(A/20)

A2 AN\ 25 S
S21A2+.1__A2+10=_.’(_) =_R.=_;b__.R_=
R =g 1(7A) +3 2\ 20 4Ny ~ 2Nyry/2
s0 P, =30(V,)

p_v(ylak=0)

py (ylﬁ* ="‘A}

Py (vla, = A)

y

Y

O)1-1-Y

caawl G (F) 51 oIS U x(t) swwspm b as

A1-1-Y

A1-T-)

A)-Y-Y

O1-Y-Y

.-\J)ASJ)hJJ) |)f> 0 ks U ‘leb co) U)LN P(f) as .\MS@SJ O1-Y-)



-r 0o f 2
0 f 272
-2 {[ 302 [10-2)al- 1)
r r r r r r
= 0
r!2sf%"r i
r
A
0 f-rr2 f

- f
pin
pp(t) = sinc? %f ,p(t) = sinczgsinc rt
0 T e
O)Y-Y-Y
Letlye = | (VPP ar| W) df witn
|P(f)]
= R Gn s T Torresllor rotl
V1) = (| VG W) = st
f otlarls il V(F) = g W(F) aS ssuivise JOla> sids |1 ol
VG = 1P o dlrn)l
2 |P(f)|? |P(f)| VG.(f)
d |Hy = s = 5
D = o RGTE ™ 2P TIR]
O)Y-Y-Y
(]l k-2 k ke 5 k-2
0 0

0 m,=0,m_, =20
0 m=0,m_, =1
A m=1,m_,=0
A mp=1,m_,=1



m; = my, + my + my + ms and output = my

shift

E
3
3
3
&
g
=
E
3

=2 = L " I S I

o= 5

p—
L¥
— O D 9O 0O = = QO D = D O = -

—
£
]
(&%
_— e b e R D e e e O D D e O = O
e e e O s e e OO D e D e O

—_——- 0 = 0 0 0 0 = =00 -0 O -

-0 = 0 0 0 0 = -, 0O =T O = -

-0 0 0 0 = = 00 =0 O = e

[ T T R — T = T T — T — S S S S
3

—
Lh
-
=

T === =

P — S T = N - T = -

—_ e e o D O D e D e D e e O

36,000
= 36,000 and f, = 2W = 6400 =——=35, -
vf; and f; v 6400 56=v

s0g=2°=32,f =rfv="72kHz

48 + 6v=50dB=>v = 8, r = uf, = 80 Mbps

(S/N)p =48+ 6v—10=50dB=>v = 11, r = 110 Mbps

3 — bit quantizer = 8 levels, with x,,, = 8.75 V =>step size = 2.5 V.
For an input of 0.6 V=1x, = 1.25 V=g, = 1.25 — 0.60 = 0.65 V.
In (1 + 255 X 0.6/8.75))
= 4.60
In (1 + 255)
4.601 feeds to a quantizer => x, = 3.75 V.
X, is then expanded using Eq. (13):
8.75
555 [(1 125577 — 1] = 034
g, = 0.60 — 0.34 = 0.26 (with companding) versus
g4 = 0.65 (without companding)

With companding: z(x) = 8.75(

X

1 + 4¢°P, = 10" = 1.259 = P, = 0.065/¢* ~ 10°°
M=2P,=Q[V(S/N)g] = 10°°=(§/N); = 4.76* = 13.6 dB
Eq. (5) gives (S/N)g, = 6(2* — 1) = 12.6 dB

Q1=

AY-1-)

AY-T-)



AY-Y-Y
B, w Y
=6—M'—1)=>Mi=14+—7vy,=1+22
Yin W( ) th 63;4" Yin 1 6b
6b

For WBFM’ (S/N) Dy, = 3(b/2)2‘5‘x7!h = % bz?rhs.\'

b
Thus, (S/N),, = 3M2S, = 3(1 + Z‘ﬁ) s,

AY-Y-)
1 (V.S w2 W
WZ = — 2 X = — = —
=g J_wf =5 7 W= 2
£AV3  AV3D
5= —
2moW /5,
VS,
S =~ In2b=> A, = ——=1n2b = 0.393 \/S,
g VY
AY-Y-Y
PCM: (S/N), = 4.8 + 6.0v + 10log,, S, dB
DPCM: (S/N)p = G, + 48 + 6.0¢" + 10log,, S, dB
If G, = 6 dB, then 6 + 6.00' = 60y =>»’ = » — 1
AY-¥-)

8 bit g « wwl wleMbl 8 bit b 17 bits ;I Ll .5,1> 17 bit/symbol g slos 33 ;I JSuisio i 588 sJS j9b @ pu)d S
. wlelbl ;I 264 bit/frame L wawl Julu dloi 33 00 UleMbl
. 7350 frames/bits L wwl ul v frame/588 bits < ,0 .0 4.3218 Mbits/sec =>9,>

AY-0-)
wso PCM bits/frame = 30 channel * 8 bits/channel = 240 bits
Trame = 1/(8 kHz) = 125 us

240 +
= % — 2,048 Mbps = n = 256 — 240 = 16 bits/frame
125 ps
AY-1-)
a=103n=15
P(0,n) = (1 — &)! = 0,985, P(1, n) = 15a(1 — ) = 0.0148
15 X 14
P(2,n) = 5 (1 — a)® =104 x 107*
PBny = D XX oy oy = 450 x 1077
’ 3x2 « « ’
AY-1-Y
Pp~10a =0.0115 2ty1r, [k =22 oyt R =1, /T 2 0.5 as pudlgz 0
N— 5,5 wéic
9 0.989
R = = 0.879

“~ 10 0.989 + 2.2 X 0.011
il — 9 — adgi

9 0.989
R = — =02
101+ 22 B
AY-Y-)
110
(e ¢ c3)=(m m m) 011
101

o] :ml@(]@my(:z: ml®m2®0,f3=0®%®m3



myimyin; €1€2€3 W
000 000 0
001 101 3
010 011 3
011 110 4
100 110 3
101 011 4
110 101 4
111 000 3

Pu Px pu | 10 0]
S=Y[PTII}] =01 32 ... w) PR PR T PR : 01 0
P1g P2 Pig | 00 1
5=y ®ypy® B ypy®0D 0D By, 090D B0
T Terms — T

1110
ForPP=|0111

1101
$5=y8y,By; 0By, 5, =0Dy, Dy, Dy, Dy,
$3=9,Dy, 800y, Dy,

Yl Y7 | Y6 | ¥s | Ya | Y3 | 22 )‘1]

Y1 Y& Y2 N Yo Ya Y3 Y2 ¥s Y3 Y2 0N

v LM LY

53 87 5]

""=1001010=Q,(p)=p°+p +p
CRC8: G(p) =p'+p* +p + 1
X(p) = Qu(p)G(p) =p* +p"' + P+ PP+ P+ S+ P + PP+ PP+ p

AY-Y-Y

AY-Y-Y

U ¢ Gl dglp&;sa)alla?bo.\.& wb;)&yY

Y(p)=pP +p" +p° +p*+p" +p°+p° + p* + p +p
p5+p3+p+1

%=Ps+p2+p+l)p'3+0+p"+0+p9+p3+p’+p6+p5+p*+0 TP +p
p'|3 +p7+pﬁ+p5
pt o +p+ )P +pt  +P+p
p" +p°+pt +p
pP+p +p° 4P+ p+p
»’ +p’+p*+p
ps +p5
Pt +p*+p+1
P +pl+p+1
S[p}=rcm[%] =p+pt+p+1#0=

el 03l B, sl



AY-Y-Y

63 — 15
n=063k= 15=:-r=—2—:24
aawl 2ol BB Uas
OY7-Y-)
xj'=mj
X" =m;_ @"’J
o= J—3®mj—1
111
1
H \ll]l 100
000 : N ,h_.\
? &)
!
1
e 011 g
AY-Y-Y
a ! A D
b ,/d
D.f/ I
. DYy ’I/ D D
d a b e~ € e
DI
abce = D*I
d=4, Md)=1+2=3
abdce = D1 2} ! ()
a= . e€’=85X10"*=P,=3X2*Xa?=35x10"°
V20
1
Pubf e—ll] . 4.' X 10_6 < P
V 407 e

Adsw piwlsl b R.d; /2 =1 (uds 1, Uas Jlouis! Saivas

B; = 0.1f. = 100 kHz, r, = (r,/B;) X 100 kHz
(a) rb/BT = | sor, = 100 kbps (&) rb/BT = 2 g0 ry < 200 kbps
(¢) ry/Br = 2log, 8 = 6 s0 r, = 600 kbps

A¥-)-Y



T 1 1
¢k=i1=>1k COS¢&=—_\/_'E,Q,* sin ¢, i%
1 1
x(t) = ——=pr(t — kT,) = —==G(f) = = 8(f)
=2 2p-r,( ») v (f) (
0 =0 _2=l=>G(f) l1»-|P (f)|* = =—sinc? =
k » Xk 2 q 2 bt T, 2".5 Ty
1
Thus, G,(f) ES(f) - —];—smuz:z—!J
G f) AL8
AZ8r,
f

fe=r fo fotm

x(t) = A, ; [cos (wgayt) cos (wt + 0) — sin (wyayt) sin (s + 0)]pr(t — kT},)

T

where a, = ==1, pf&(r) = u(t) - H(f - Tb)' Wy = F = Thy,
b

50 c0s (wya) = cos wgt, sin (wza) = a; sin w,t. Thus,

x(t) = E cos (wqapt)pr(t — kT,) = 2 cos wyt pr,(t — kT},) = cos w,t, and
k k

x,(1) = Esin (wgait)pr(t — kT},) = > a; sin gt pr,(t — kT,). But
P x

it
sin w,t = sin T = sin [, (t — kT,) + k]
b

= cos kr sin [ (t — kT,)] = (—1)*sin [7r,(t — kT,)]

$0 x,(t) = ; (—=1)*aysin [7r,(t — kT,) pr,(t — kTp)

[ -

O p(T ~ KT,)

Let V() = 5,(A) — so(A) and W * (A) = h(T,, — A), so

2

FV(A)W* (1) dA

|21 — 2o/ . 1 r
- == | [V ar
402 Ny [* 2N,
= 4?"J |W(A) |2 dA 0 Jeco
= o= | I - sl
TN, ) i

A¥-1-Y

A¥-Y-)

ow « W(A) =KV (1) as cawl 18,0 wolSid Soluws

AT, — A) = K[5(A) — so(A)] = hop(t) = K[s\(T}, — ) — so(T}, — 1)]

A¥-Y-Y



h(t) = A py(T, — t) cos [27(f. £ fu)(T, — t)] with T, = N,,.f,T, = 3
= A Ju(T, — 1) — u(—t)] cos [2m(N, + 3) — 2m(f, £ f)t]

= —A.cos [2m(f, £ £)A)[u(r) - u(t = T)), fi= 7

since [u(T, — 1) — u(—1)] = [u(t) —w(t — T,)] =11 T
b
anl [F- (ﬂi%) f+(fci%)
Thus, |H(f)| = —<2]sinc| ———— | + sinc| ———%
ry Iy
IHo( ) H ()
A ~z2770s s et f
fe=nf2 g fotml2
AY-7-1
t
2
z(t) = JAC cos (wA + 6) KA, cos (ot — wA)dA KA, = T
] b
ZAC l T I
= —[J'cos(mcx+9)d:’t+ Jcos(chA"-wct-!-B)d;\:!
T, 2 0 0
A, sin (wt + @) + sin (w st — 6
=—[rcos(wct+6)+ {wi-t8) (e )] 0<t<T,
Tb 20)‘.
where cos (w.f + 8) = cos w.t cos @ — sin w.t sin 6 and
sin (ws + 0) + sin (ot — ) = 2 sin w.tcos 6
At . g\ .
Thus, z(t) = — [(:058 COS @ f — (sm §— = ) sin w‘,_t] and
T, .t
At " . cos 8\
- — . + —
A1) T, \f cos“ 6 (smﬂ oy )
A si s s z
_ Ct\/l _ 2sinfcos 6 4 (cmﬂ)
T, Wt .t
- > 1
7,
A¥-Y-Y
AZE E
2< 9 x 1078 :_3_£Ex—6_b
ASIXNCW Y=g @ SIXWTS
E,
ook: 2= L _ 25X 10850y, <5,P, =[5 + Q(V5)]~ 5 X 1072

AE B 4?‘5

E, 1
FSK: 2 =-—=5x10"%s07y,=<10,P,=1¢5~3x 107}
2 Zrb

E, 1
DPSK: A—‘; =5 =5X 10°s0y,<10,P,=1e 0 =~2 % 107°
C ry



AY-Y-)
Lety = ot + ¢ s0

Al
Xt = Alcos’ Ycos = f (3 &os i + cos 3¢) cos ¢
4

A
= ?(3 + 4. cos 24 + cos 4)
where cos 4y = cos (4w t + 4¢ ) = —cos 4w since 4¢, = 7, 37, T7

O¥F-¥-Y
For correlation detection
(k+1)D
¥6) = x(A) KA. coswAdA, 1= (k+ 1)D
kD

For filtef detection y(t,) = | x.(A) Aty — A) dA

KA .coswA kD<A = (k+ 1)D
Thus, A[(k + 1)D — A] = ¢ ‘
B Bl ) ] {0 otherwise
Soh(t) = KA cos [(k + 1)oD —wt] 0=<t=D
= KA, cos wtpp(t) since oD = 2mN,
Al 2r
=1l42n_"¢ = -
E=}AD ==K 2

C

N2 >

No [* o [°
ol = Y J [h(t) | dt = J (KA,)? cos® wt dt
-0 5 0

A
(kA D =220 <

N0-1-)
10 log (J/Sg) = 10 log (Pg) — 10 log (E,/N,)

10 log (10,000) — 10 log (1.80 X 107"'/1.48 X 107")
19.2 dB

N0-)-Y
P, = Q(\V2E,/N,) = 1 X 1077 = 2E,/N, = 27.04

Multiple users:

— 1 — -5
Fe= Q(\/(M —1)/3Pg + NO/ZE) 10
1
Q( V(M - 1)/3000 + 1/27.04

= 54 total users

)=:-(M—l)=54

N0-Y-)
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loisw b Hlopus b (09,5 Ao st adgl uslio Acgoxo 2D . MDD &) sl Hlaio )5 1 ploi o U (999 (s>9,>
S bad ml @iy Sy Adei Sy i N Ol il 58 . uled o Adei | 59 @ oo i)y S bad Ol il gl gl

P2+P3=1—P1502P2=2P3=l—pand

l—pl 2
7 ¢

1
H(X) =plog;+ 2

1
— _ + ]
plogp (1-p) log 7

H(X) | pax = logM =log3 =158atp = 1/M = 1/3
X; P; 1 2 3 Codeword N, I,
A 1/2 0 0 1 i
B 1/4 i 0 10 2 2
c 1/8 1 1 0 110 3 3
D 1/8 | 1 1 111 3 3
No=3X1+ix1+ix1=}=N)2
N=iX1+iXx2+3X3=]=N/2

1
= plog— + (1 — p)|1
1—p Pls; (1 - p)|log7

(=) =) +1-p

Syld adgl pudlao jl Sla> juaxio o9 A,

A8-1-)

1
+ log 2
-p

A8-1-Y

A 8-)-Y

.1, /1=050 ass,sb a puiwd N/E =0.50 osls aswlin Shisp = 0.9 L1 5-1-0 Joa>
. H(X)<r, /r=0.50bits/sample wisw. R=rH(X)<r, wl

N E-Y-)
H(Y | X) = P(xl)[P(yl | xx)logm*'%’? | %1)log WII?JJ
+ P(xz)[P(vl | ) log P(y,1| %) +P(y; | x;) log - P(y, lx }
=p[(1 ~ a)log 10 N “l"gﬂ
+ (1 —p){alogé +(1 — a)log 1 1 a]
- alogéﬂ- (1 - a)log- _la = Ya)
N E-Y-Y

P(xy;) = P(x)P(y;)  P(xi|y;) = P(xx)’;)/P()’j) = P(x;)

Thus, H(X | ) ZP(x )P(y;) log ——

P( i)
= [ 2 P(y) M g: P(x;) log

soI(X; ¥) = HX) — HX|Y) =0

1
) =1 H(X)

B ¥ o)



(@) p(x) = 0for |x| > M so

M 1 M
IZJ p(x) log——dx and J' px)dx=1=F =p,c, =1
-M

» p(x)
B (lnﬁ.z D h =0 tp =0 In2 — 15p = ) — consant
1 g
Thus, p(x) = ﬁfor -M < x < M, and H(X) = J_Mﬁlog 2M dx
= log 2M

(b) p(z) = 1/2KM for —KM < z < KM so H(Z) = log 2KM
But dz/dx = K so Hy(Z) — Hy(X) = —log K and
Ho(Z) — Hyy(X) = log 2KM — log 2M — log K

= log [2KM/(2M X K)] =0

A E-Y-Y
(@) R = rlog64 = Blog (1 + S/N)=>r = (3 X 10?log 1001)/6
= 5000 symbols/sec
(b) §/N,B = 10°=S/N, = 3 X 10* X 10° = 3 X 10°
B = 1kHz:
C=10log (1 +3 X 105/10°) = 1.2 X 10* = r = 1.2 X 10*/6 = 2000
B — oo:
Co = 144 X 3 X 10° = 432 X 10°= r = 4.32 X 10°/6 = 720,000
ATE &
@ [si? = (3 V2’ x2=36 ¢ =s//6 i
2 61 53
) = J.s‘z'gb] dt = BJ dt=6 g =35 —6¢
0 si
lgal? = 36 ¢, = 2/6 s
, s 4 I
®) sy =62+62=72 |s =J(3\/i)2dx=18><4=72 6T
0
) £-0-)
E=a i=1,2

=a*+ (2a) i=3,4,5,6
E=[2Xa*+ 4 X 54%)/6 = 114%/3

]
a__ | 6E o lleh e Q( 6E )
Vgz Vi o V 11N,

Fori=1,2

oo

Pe | m) = | poB) dB, | polB2) 4B = (1 = 20)(1 = )

—da

Fori = 3,4,5,6 Pe | m) = | p8,)d8:[ pol62) dB: = (1 - )

P.=5[2(1 —2g9)(1 —q) +4(1 — ¢)*) =3(3 — 7q + 44%)
Thus, P, = 1 — P, =} (7q — 4¢°)



R

Al o e
wi |, afiRI2m) (éﬁ
%; +
/ 4RKT,
i 4RKT ARKT 4k T
. RR+jR) R+ jf) NS I
ZU)_R+R+J]°R_ 2+ jf }ZU)|_R24+f2’
2+ f2?
R[Z(f)] = Ry

T+ (1+f29,

vif) = 12(f) |%ix(f) = 4kR

4+f2
_ulf) T AT,
n(f)_f-lRe[Z(f)] = 2417 T, = 9, =, then
2(f) = k9.

N, = 10%(T, + T,) X 2 X 10°

0

=2 X102 x4 x 1072 =40 x 107°

(To+T,))To=5=T,=4T, F =1+ 4F/T, = 5

F=9/F,=59,=3,+9,=67,=1740K

14.5

=9+ ——+1.8+20=12 = 42.
J.=9 100 1.8 +20=129, Jy=429K

14.5
+
100

1.05 X 1860
100

J.=9 =287, Jy=587K

A s uinlyel 58.7/42.9=1.37 ~

Y\ —all

Y-l
waJl

t ol

Y -l
: FETUL

P Uy

1.4dB ojlat a1, (S/N) FET as aus a>gs



odiv Ulsail Jiluwo @ Fuwl

. Gl 020l (Ail03,95 wole (¥) U as (sliluwo Shy el 5> oduis Wil SWBEwl

J-1-A
0.23A2%, 0.24A% 0.21A°
T-YT-¥
—j(A/7f )[sinc 2fr — cos 2mfT]
Y-Y-§
50%, 84%
AR AR
AW[sinc (2Wt — %) — sinc (2Wr + 3)]
JT-Y-)
2AT sinc fr cos 2mfT
Y-Y-§
(1/]a|)V(f/a)e
J-T Y
(j4Abf)/[6* + (2mf )*]?
J-¥-Y
¥t) =0 t<0,t>5
= AP/2 0<t<2
=24 2<t<3
=(A/2)[4 - (1—3)’] 3<r<5
JT-¥-V
¥(t) =0 <0
= [ab/(a — b))[e” —e™™] +t>0
J-¥ Y

() = hsine( £)

J(AaS odliwl $SilSes i 1 suleadl))

Y-0-0
2A7 sinc 2fr e 277
JT-0-1
2AT sinc fr(1 + cos 47fT)
J-0-1Y
4
J-1-Y
AHz(f]e J2afy
Y-1-9
W(t) = ZHBJ x(A) dA
J-1-1F
he) = - 8(e) — 5 € Rult). 6) = ~ e )
K K ' K
J-Y-Y
y(t) = 1.28 cos (wyt + 72°) + 0.31 cos (3wyt + 45°)
+ 0.14 cos (5wt + 31°)
JY-Y-A

(1) ~ 2 5{t) + x{t = T) = 2 x(t = 27)



Y-Y-)
¢, = 22km, g, = 56 dB, g, = 34 dB

J-Y-£
r=09m
J-¥-Y
h(tr) = Ké(t — 1;) — 2BK sinc B(t — t;) cos wt — t;)
JY-Y-A
g(r) = 1 — e "(sin bt + cos br) fort = 0,1, = 1/2.8B
Y-0-Y
0(t) = r]_i—IE)(A/’TT)In |2t +71)/2t—=T1)| =0
.Y-0-0
(1) = 4sinwyt + § sin 3wyt + 5= sin 5w
Y-£-0
2 2 2
G,(f) = (2/;1/) H(ZJ:V)' R(7) = (;V)sinc 2Wr, E, = :7W
AT R
R(7) = AY/2, P, = A%/2, G,(f) = (A%/2)8(f)
J-1-Y
(1) = 400 sinc 400z e 7% v (r) = 800 sinc 400z cos 27100,
v,(1) = —800 sinc 400¢ sin 277100t
J-1-1e
Vip(t) = a(l — e™™") cos w1 u(r)
J-Y-Y
AM: B, = 400, S, = 68; DSB: B, = 400, S; = 50
Y-Y-q
5 < f <50
J-Y-Y
K = \/b/a
J-Y-V
£.> 200
J-Y-V
S; = 7A%/4, B, = 400
J-¥-1Y
x(t) = (A/2)[cos w,t cos w .t — 2a sin w,;! sin w,t]
.¥-0-0
a = %o distortion; a = 1ora = 0
0-1-Y
6.0) = 2lfit + (fy = A)YT]
O-1-1
f(t) = 40 + 40 cos 2720t Sy = 6441.5
0-Y-0
Br= 10", f, = 5 X 102
.0-Y-9
y{t) = Afcos ot = by(mf./Q)X(1) sin w.t];
@(1) = arctan [ s(mf/ Q)%(r)]
0-Y-10

fo <(f—2W)/9
A1 Gl o Ll SWYWlS,d JLSuw 0-Y-0

.0-Y-1)

K, = A2 V2f, K, = AJ8 V2 1% fi/f. < 0.08



. 3,13 DSB S, S3U; »il 9 Mbsw pinlidl waw a0 S, .0-Y-0

P, /AL, = S./4 for DSB however P,,/A%.. = S,/16 for AM.

0-Y-)e
yolt) = {(1 + pcos[d(r) — 6(1)])(t)/2m
+ (p + cos [¢(r) — 0r)])pf}/{1 + p* + 2p cos [$(t) — 01)]}
£-1-¥
K,=2and K, = m/2
£-1-10
fy = 12 MHz, W,esampiing = 137.5 MHz
S-1-1Y
- 14.3% .o 1.64% .Jl
F=1-Ye
400 kHz .o 200 Hz .© 100 Hz .wJl
Y=Y
~Jl
H(f) = sinc fr e ™72, X,(f) = P(f)X5(f) where X5(f) = f, >, H(f — nf,)X(f — nf,)
<
H,(f) = Ke 7t 2/sinc® fr, | f|<W
£-Y-)
B, = 400 kHz
V-1-)
fir = 532.5kHz, f;o = 1072.5 10 2132.5 kHz, 10 kHz < Bgr < 1065 kHz
V-1-Y
C = 610 25.6 nF, 19.3 to 3,506 nF
V-1-q
~aJl
50-54 MHz, 50.910 to 54.910 MHz
<
50-54 MHz, 64 to 68 MHz
«2Jl V-1 Y
2 MHz at 0 dB, 2.9 MHz at —10 dB, 4.550 at —23.1 dB, 5.365 MHz at —25.4 dB
V-1-1 ¥
-35.6dB .v -24 dB .Jl
V-Y-¥
B, = 0.76W, By = 17W
V-T-11
r = 150kHz, 7 = 2 us, By = 250 kHz
V-1 Y
Br~250kHz Br=250kHz 4|
V-Y-1A
M =28
V-Y-0
cos 0,(t) = cos [(w, + @)t + P + ¢, + 90° — &,,]
V-Y-A

f, = 5kHz, 50 kHz



K= 2fs

n, = 25921, B = 805 kHz
?Ip =218 X ]05\ T!:‘ne = 64 S, B = 4.99 MHz
P(AB) = 2/12

P(C) = P(A) + P(B) — 2P(AB)

P(X=2)=04
K =001
p2(z) = ¢ u(z + 5)

pr(y) = e u(y)

my = 1/a
my =%51a
B = —my

-l
o = (1-5%)

P(i < 3) = 56/1024

P(I > 1) = 0.264

P(X > 20) = Q(0.5) = 0.31
E[Y] = 2™

my = 0, 0% = 100
CORFHERNY

R, (t;, 1) = o sinwy(t, — 1)

(v(r)) = +3

R.(1) = F'[(j2mf)G(f)]

V-Y-1Y

V-¥-¥

V-Y-¢

A-)-)

A -0

P(Le>awa) =11/24 .A-)-1)
A-Y-)
A-Y-0
A-Y-
A-Y-10
A-Y-)
A-Y-0
A-Y-

A-Y-10

A-Y-)
A-Y-0
JA-Y-9
A-Y-1V

A-Y-YY

A-1-).

.A-Y

)

A-T-1Y



¥* = NoT/2

Y2 = NoR/4AL

:=\VZo~16uv
By=Vm/2\V2a
(S/N)p,, = 61 dB
(S/N)p = 28;/3LN,W
=5

m,

min

(O'A/A)Z = ngBNT/E, = 0.4

E,=5X 1078

2KT r—1,
hup!(t) = T[] ( T I)

G,(f) +Ny=01 at fff. =405

oy=V8—2m =13

R,(7) = NyBysinc B;7 cos o, T
R,, () = —mNyB7T sinc® Byt
(S§/N)p = 50dB

(S/N)p = v/2

gr = v/v, = 1500 = 32dB
FM:N, = NoW3/3S, = 1.67 X 10°
(§/N)p = 290 = 24.6 dB
(S/N)p, = 2030 = 33 dB
Sr=200W

(S/N)p = 90 = 19.5 dB

(§/N)p =278 X 10° = 54.4 dB

B = 160 kHz

r=0.78

.Q-T-Y

.Q-Y-V

Q-Y-1e

.Q-Y-1¥

.Q-¥-)

.4-¥-0

Q-¥-q

.Q-0-1

.Q

0

0

.Q-0-A

Ne-)-Y

Ne-)-V

He=1-1e

Ne-)-1F

Ne-T-)

N e-Y-0

de-T-1)

Ne-Y-)

Ne-Y-5

de-Y-)e

Q=¥

N e=¥-0

N8

A1-)-V

O2Y-1-0)



A)-T-)
(S/N)g = 19.2.P, = 6 X 107

O1-Y-¥

| A—2a 1 A+ 2«
P == 4+ = =13 -4 ’ S —
e= 7 O( oy ) 7 Q( % ) P,=37X10 %and 34 X 1073 (if e = 0)

P,=12X 1072 (O-\J )LHJ)LJ) P, = 1.5 % 1072 (°""9“” )LHJ)LJ) A)-T-A
1= Y

M, = 16, S = 670 pW
A1-Y-Y
4.8 kbps .v 4 kbps .v 3 kbps .wJl

(02sins £D,5) 0.80 . (0duiv pd,5) 0.47 : dc ,laio « 010010111001100 : pd,5 (>9,5 -1 )-¥-)

AY-1-)
v=3,f,=333kHz,n=23
AV-1-0
M=3,v=5f=64kHz
AY=1-1
g = 4096, A = 0.488 mV, (S/N), = 74 dB
24 Mbits A1 Y
AY-T-)
M=8,v=24q= 64 S = 56.7mW
AY-Y-Y
v =~ 22.8 dB (PCM), v = 50 dB (analog). advantage: 27.2 dB
0.372 AY-Y-Y
AY-Y-V
_ _ JoSx
W, = 1.3kHz, K = 2 arctan (W/J.)
AY-Y-1e
n=1lc¢ =p,G,=101dB,n = 2: ¢, = 09744, ¢, = —0.0256, G, = 10.1 dB
5.9 Gbits AY-¥-)
AY-0-)

N = 4, efficiency = 7.8%
Gl @9, ,1S @ B JULS 9> D) 247 secs/page .\ Y-0-Y

Slas) = 0.0523 (. P (odw Sl Slas) = 0.2916 (¢ P (s> wv)= 0.6561 AY-1-1
« P(oawiw ) swl
AY-1-0
(31,26): v, = 7.0dB, (31, 21): y, = 8.2dB, (31, 16): y, = 8.3 dB, uncoded: y, = 10.5 dB
_ AY-1-1e
P, ~ 10°° N = 10, r, < 269 kbps
AY-Y-1Y
Oulp)=p"+p+1,Cp)=0+0+p+1,X=(1010011)
AY-Y-14

a=5%X10*%P,=15%x10"°



X

(1000101101010100111)

X = (101 100 010 000 100 000 O11

abe = D', dy=3,M(dy) =1

AY-Y-TY

AY-Y-5

000)

AY-Y-11

U9 JBla> suaso I

i
3
(D, 1) = P (c) Eq. (9): P,, = 8a*” Eq. (10): P,, = 8a*?
AY-Y-1Y
Y+E=00 11 01 01 11 11 10 11
M=0 1100100
AY-¥-)
x={8,27,51} >y ={2,3,6} with pg = 55,¢ = 7,d = 23
AY-1-)
— Al P, P,
X=—=M-1)2M - 1),==12M=2),= =3/4(M > 1)
12 % &
J¥F-1- ¥
r, = 385 bps
AY¥-Y-¥
P, = O(V'1.216y,)
AY-Y-F
0, < arccos (3.74/4.27) = 29°
J¥F-T-1 ¥
A, =00023 Ac= 000133 oy
A¥-7-)
Y, > 109dB, P, <3 X 10°*
J¥-Y-¥
— = — 3
P, =176 x 107" o P.=34X107° 4
A¥-Y-A
28.4 kbps .v 23.5 kbps .v 11.8 kbps .waJi
O¥-¥-)
v, = 128dB ¥, = 105dB 4|
O ¥F-¥-Y

16-PSK with y, = 18.4 dB

16-QAM with y, = 144dB ),

5.2 A¥-Y-7



P, = 04,(d) P, = 0017

AY-Y-1)

P,=18x 107" P,=232X107°

waJl

WS (WU i 295 dlod Laeuw L1 Y-0-)

P,=16x10"
A¥-0-Y
xx; = {00, 01, 10, 01, 11, 00}—
yaay; = {000, 100, 011, 010, 111, 111}
A0-1-)
By = 0.41 MHz o W, = 203 keps &l
A0-1-0
W. > 487 kcps
A0-Y-)
Pg =27 = 256, B; = 768 kHz
A0-Y-¥
P,=495Xx107?
N0-Y-0
{0000 0000 1001 0100 1001 1110 1010 110}, |Ry(7)]max = 0.29
A0-Y-Y
T,y = 0.51 secs, 0, = 0.38 secs
A8-1-)
I(not F) = log 5/4 = 0.322 bits
A81-Y
H(X) = 1.94 bits
AfP-1-9
HX) = 1log3 + plogi + (z - p)log
3 p \3 2
3 -pP
AFP-1-1F
H(X) = 0.811 bits
AE-Y-A
C, = 0.577 bits/symbol
A8-Y-)
= log V12s
AP-Y-0
p(x) = %e”’-"”’u(x) H(X) = log em
AP-Y-1e
S = 1073281000 _ 1)
AP-Y-1Y
Sy = yLN,W
A 8-Y-0
51 = \/_‘abl 52 = \[fi’* 53 = \/7%
A 8-0-)
a=ms) 2=0s5)
A 8-0-0

-Falam) - Se(Vam)



vi(f) = 4R kT, + 4R kT,
2(f) = 4(r/2)kT, r=kT/ql
F=26

J=103K



