CHAPTER 2

P.P21

17 17 4 11
P=lim— j y?(t)dt =lim— [ 4cos? ztdt = lim — j = (1+cos 2t)dt
Towo 2T < Towo 2T s Tox 2T % 2
4 2T
T 2T 2
Since 0<P<o, i.e. the signal has finite power, it is a power signal.

2

P.P.2.2

@ t2—t)= 22-t),  0<2-t<l [4-2t, 1<t<2 [1+t, -l<t<l
T 13-(2-1), 1<2-t<3 |1+t, -1<t<l |4-2t, 1<t<?2
2(1+t/3), 0<1+t/3<1 ([2+2t/3, -3<t<0
() ye+t/3)= ( ) <t
3—(1+t/3), 1<1+t/3<3 2-1/3, 0<t<6

These are sketched below.
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P.P.2.3

Comparing the given signal with the square wave in Table 2.2, we notice that

A=1T =20

0

=2z /T =z Hence,
1
n

0

f(t):%z2 1 1sin(2n—1)7rt_ i

n=1 - T k=1

sinznt, n=2k-1

P.P.24
We comparing the given signal with the triangular wave in Table 2.2, we notice that

A=4T=2,0,=271T =x. Hence,

4 16 & cos(2n-1)xt 16 & cosnrt
h®) =7 Zgzz—?z
k=1

, nh=2k-1
& (2n-1) n’

The phase spectrum is zero, while the amplitude spectrum is shown below.
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T=10,0,=27I1T =715
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_ _ 11 _ _
c, _1 j f (t)e "™ dt =i_|'109*’"‘”°tdt S ) R (e —e)
T+, 107, - Jnw, -1 —jno,
2 (el e ,SiNNe, _,sinnz/5
Nao, 2] N, nz/5

=2y —es'zﬂ i, ﬂ:“?”




P.P.2.6

— 1T — jaypnt
Cy = ?jo f(t)e ' "dt,

C, == te "t
29J-1

Using integration by parts,
u=tand du = dt
dv = ¢7"dt which leadsto v = —[1/(2jnm)]e ™

1

Ch = ——t i ! Il e "t
2jnz L, 2jnmet
. 1
— J —jnz jnzt 1 — jnxt
= —|emyemly — - e
2n7r[ ] 2n°z?(—j)° o

[i/(nm)]cos(n) - [1/(2n*a?)] (e — &™)

C, = J(_l) _ 221 - Sin(nﬂ')= J(_l)
nt  2n°z nz

Thus
f(t) — chejnwot — Z(_l)n niejnnt
n=—w T

N=—o0

The amplitude and phase spectra are shown next.
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P.P.2.7

P—ljfz(t)dt—ifa)?dt _ " _05
27

:-jf(t)dt—l"” 0.5
a)0—27z/T—1
17 : 17 . 1
C,==| f(e ™dt=——| e ™dt = e " -1
=711 2] © e © D
- —J
. —, n=135,7,..
:%(cosmr—Jsmnzz—l): Nz
i 0, n=2,46,..
1
— =1,35,7,...
[N
0, n=2/46,..
The power spectrum is shown below.
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P.P.2.38

(@) X(0) = | We " =——

(b) #1
Let t,

X(

St—t)=e "
=-3.
X(w) = gl

joot — jot
w):Zy{%}

=27[6(0+w,)+5(0—-a,]

2sinwt 2

= —— (cos w7 + wrsinwr 1)

0 T

2
=3 (1-coswr)

cos2u =1-2sin%u

But

1-coswr =2sin*wr /2

sinwr/2

4
X(w)=—sin*or/2=
(@) 0’ “r ’ (w7 12)?

. L, 0T
=7sinc’—
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P.P.2.10
e*, t<0
f)=<""
© {0, t>0

) 0 0
F(C{)) = J. f (t)e_]ﬁ)tdt :J- eate—jwtdt =J. e(a—jw)tdt

—00

— 1 gla-jo)t

a-jo

0 1

-0 a-jo

The energy spectral density is

1

G(w) = F(o) |’ = gy o = 2f (2.10.2)

Thus, the energy contained in the frequency range of —f, < f < f; is

fo

df

E = _-[Om (2103)

The integrand is even so that we can integrate from 0 to f, and multiply by 2.

If we let u = 2x=f/a so that df = adu/2m, eq. (2.10.3) becomes

24, /a
¥ 278
E_ 2a2 J- du2 :itan’l o
2ma® ¢ 1+u® ma a

P.P.2.11

@ X(o)=1(e'?*+e 1 +e" +e)?)=2(cosw+cos2m)
(b) y(t)=2te'u(t)

Let g(t)=2e'u(t) —— G(o)= 2_
1+ jo
yO=tgt) — | d‘j‘“’) ~ 2D+ jw)?
[0}
2
V@) =y

(c) z(t) and its derivatives are shown below.
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z{t)
9
0 1 t
2’(t)
\ =X
A
5
55(ty
0 1 t 0 1 t
v ~93(t-1) -56°(t-1)

-55(t-1)

2"(t) =50(t) 55 (t—1) —55'(t 1)
(jo)’Z(w)=5-5e -5 jowe

Z(0)= 2 1-e — jor )
w

P.P.2.12
Taking the first derivative gives y’(t) in Fig. A. Taking the second derivative gives y’’(t)

as in Fig. B.
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y’'(t)
A
5
21 -1 o 1 2 t
-5
Fig. A
108(t1) ¥ (t)
55(t-Q)
1 1 0 2 >t
-58(t+2)
-105(t-1)
Fig. B

From Fig. B,

y"(t) =-56(t+2)+105(t+1)—-105(t-1) +55(t — 2)
Taking the Fourier transform of each term,
(jo)?Y (w) = -5’2 +10e'” —10e ' + 5e 12*
=-5(el?” —e12?) +10(e’” —e 1)
~0°Y (w) =20jsinw—10jsin 2w
or

Y(w)= L9(sin 20 —Sin )
a

P.P.2.13
(@) ft)=ePu(t-2)
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_ Ll ot gy L[ mO(w)e
(b) g(t)= Py j_wG(“’)e dw= o0 I—w G+ jo)(2+ jo)
e
2 (5)(2) 20
P.P.2.14

—20=20log|H| —— H=10%%*=0.1

2
1+ 2| = 12=1oo
, 0.1
Lot xo@_27f T
o, 2rf f

X"=99 — > X =99""=099"%=-46261
f 50

L =—=—"=10.81 MHz
X 46261

3
a,

H(s) = :
$°+2m0,8° +20°s + ]

where @, =27 f, =27x10.81x10° rad/s=6.791x10" rad/s

P.P.2.15
_R_
jaC
V RD'lc R+'1C 1 'RRC
H () = e = jo = jo = + jo
i joL+RI0— joL+RI— joL+—F—
joC JaC 1+ joRC
3 R
R(1-®°LC)+ joL
Since R=1,
HS)=——— S=j
) S’LC+sL+1 (5= Je)
1/LC
H(s)=—
s°+s/C+1/LC
We compare this with
H(s) = .

$°+1.41420.5 + ]
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=1.4142 —— C=0.7071=707.1mF
o,=1, L=1/C=14142H

C

Prob.2.1

(@ An analog signal is a continuous-time signal in which the variation with time is
analogous to some physical phenomenon.

(b) A digital signal is a discrete-time signal that can have a finite number of values
(usually binary).

(c) A continuous-time signal takes a value at every instant of time.

(d) A discrete-time signal is defined only at particular instants of time.

Prob. 2.2

(a) A periodic signal is one that repeats itself every T seconds.
(b) An aperiodic signal is a nonperiodic signal, i.e. it does not repeat itself.
(c) Asignal is said to be an energy signal when the total energy E of the signal

satisfies the condition0 < E <

(d)A signal is called a power signal when its average power P satisfies the condition

0< P <
Prob. 2.3
(@) xu(t) is sketched below.
Xa(t)
3
2

v
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(b) x,(t)=2I1(10t) = 2I1(t/0.1). Itis sketched below.

Xa(t)

v

-0.05 ' 0.05 t

(c) xs(t) is shown below.
X3(t)

5

v

Prob. 2.4

(@) Since sinc (x)=sin(x)/x,
sin(zt,/3)=sin(nr) —— t,=3n
y, (t) is sketched below.
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ya(t)
2
9 -e\j 0 3\/6 9
(b) y(t) is sketched below.
ya(t)
1
15 25 R
-1 T 2 T
(c)  ys(t) isshown below.
y3(t)
4

4
-

v
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Prob. 2.5
(@) x1(t) =x(-t) is sketched below.
Xl(t)u
1

2 -1 0 t
(b) xo(t) = x(t+2) is sketched below.

Xz(t)“

v

2 -1 0 t
(c) xs(t) =1+ 2x(t) is shown below.

X3(t)

(d) x4(t) = x(2t) is shown below.

X4(t)

A

—
v

0 12 1 t

v
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(e) xs(t) = x(t/4) is sketched below.

Xs(t)

A

Prob. 2.6
a) E=|(x@)dt=|[e?d=2|e?dt=—e?| =1<
() j (x(t)) j j 5o, =l

i.e. x(t) is an energy signal.
T T -I-3
L 2 L 2 L 2
(b) E_m!(y(t)) dt—TlliilO!t dt = fim -~ =oc
1 1 _1Te
P=lim=|(y(t))%dt=lim=|t’dt=lim=—=
TaooT-(!'(y( )) T%ooT»([ . T 3 ®©

i.e. y(t) is neither energy nor power signal.

Faonvdt=2f(1-t) atoaft st
(©) E:[(z(t)) dt—2.([(1 J dt—Z(t T+32J

T

T 1 2
=2|t-t+-7|==7

0 3 3

Hence, z(t) is an energy signal.

Prob. 2.7

It is not possible to generate power signal in a lab because such a signal would have

infinite duration and infinite energy. Signals generated in the lab have finite energy and
are energy signals.
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Prob. 2.8
1 T

P==| f?(t)dt
o

1 t 2 1 t 2¢2
P ==]g (t)dt:?J'a f2(bt +c)dt
0 0

-
Let bt+c=A4, dt=dA/b

2 bT +c 2
P21t aai=2Lp
 bT . b
Prob. 2.9

(@) A system is linear when its output is linearly related to its input.

(b) A nonlinear system is one in which the output is not linearly related to its input.
(c) A continuous-time system has input and output signals that are continuous-time.
(d) A discrete-time system has input and output signals that are discrete-time.

Prob. 2.10

(@) A time-varying system is one in which the input-output relationship varies with
time.

(b) A time-invariant system is one in which the input-output relationship does not
vary with time.

(c) A casual system is one whose output signal (response) does not start before the
input signal (excitation) is applied.

(d) A noncausal system is one in which the response depends on the future values of
the input.

(e) An analog system is one whose input signal is analog.
(F) A digital system is one whose input is in the form of a sequence of digits.

Prob. 2.11

(@) Linear
(b) Nonlinear
(c) Linear

Prob. 2.12
(@) Linear

(b) Nonlinear
(c) Nonlinear
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Prob. 2.13

T=40,=271T=xrl2

5 0O<t<1
f(t)=410, 1<t<2
0, 2<t<4

17 U . ¢
a, =?.[f(t)dtzz{ISdHJ.lOdt}:B.?S

:—If(t)cosnwtdt— |:'[5COS 5 dt+Jlocosn—ﬂtdt} L

nzt

b, =£.[f(t)sin ncootdt=g .|.53| nzt dt+.|.103|n—dt (1—2005n7z+cosn—”j
T) 409 2 2 2

Nz

Prob. 2.14

T=4w,=271T=n12, b,=0 sincef(t) is an even function.
0, —-2<t<-1

f(t)= cos%t, -1<t<1

0, 1<t<?2

1

T/2

1

=—I f(t)dt——jcosztdt—lgsm—t =
2 2z 2 0 ~«

1
a, :—j f (t) cos na,tdt :Icoszt cosn—ﬂtdt
T y 2 2

We apply the trig identity: cosAcosB = %2[ cos(A+B) + cos(A-B)]
1
a, = lI[cosf(n +Dt+ cos (n —1)t}dt
29 2 2

Forn=1.
17 1[ sin 7t
=—||cosxt+1|dt== +t

0 T
For n>1,

1
0

1
2

. T . T
a, = 2D smE(n +1)+ 20D smE(n—l)

When n = odd, (n+1) and (n-1) are even sothat a, =0 .
When n =even, (n+1) and (n-1) are odd so that
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. T . T T n/2
sin—(n+1)=-sin—(n-1)=cos—n=(-1
2( ) 2( ) 5 -1

_ (_1)n/2 . _(_1)n/2 _ _2(_1)n/2
" z(n+l) z(n-1) x(n®-1)
Thus,

e _1\n/2
f(t):£+£cos£t—3 > ( 21) cos ¢
T 2 2 7T n=even (n _1) 2

Prob. 2.15

T=4w,=27IT=r/2, a,=0, f{t)=2(t-1)

T 2
2
a, :EJ.f(t)cosna)otdt:EJ.Z(t—l)cosn—”tdt=izcosat+£tsin at—lsin at| , a:E-
Ty 4+ 2 a a a 0 2

a, :iz(cos n;r—1)+gsin n;r—O—isin nﬂ—0=%(cosnﬂ—l)
a a a n“z

2
, : 2
b, '[(t —1)sin atdt :izsm at —ltcos at +£cos at
5 a a a 0

= O—E(Zcos nzz—l)+1(cos nz —1) :_—2(2+cos nr)
a a nz

= 4 Nz 2 . nr
f(t) = ———(cosnz —1)cos—t ———(2+cosnz)sin—t
® Z|:n2ﬂ'2( 71 2 n;z( 7) 2 }

n=1

Prob. 2.16
b, = 0 since this is an even function

T=6, o = 2n/6 = n/3

8 = %jomf(t)dt:%[jlz(4t—4)dt+j;4 dt]
- %[(m2 —an)] +4(3- 2)} =2

= 2" /3)d
an = ?J'O (t) cos(n=t / 3)dt

(4/6)[ j:(4t—4) cos(nnt / 3)dt + j234cos(nnt/3)dt]




22

18] 9 (nntj 3t .(nntj 3 .(nm}2 16[ 3 .(nntjs
= —|——cos| — |+ —sin|— | — —sin| — || + —|—sin| —
6 | n’r? 3 nw 3 nmw 3/ 6 | nw 3 /1,
= [24/(n*r®)][cos(2nn/3) — cos(nm/3)]

Thus f(t) = 2+ %iiz[cos (zﬁt—j - CoS (—H cos (—j

Att = 2,
f(2) = 2+ (24/m))[(cos(2n/3) — cos(n/3))cos(2n/3)
+ (1/4)(cos(4n/3) — cos(2n/3))cos(4n/3)
+ (1/9)(cos(2m) — cos(n))cos(2m) + -----]
= 2 +2.432(0.5 + 0 + 0.2222 + -----)
f(2) = 3.756
Prob. 2.17

Express each term in the standard form as a, cos(e,t +6,).
%sin(St +25°) = %cos(St +25°-90°) = %cos(St —65°%)

—%cos(ﬁ%t +20°) = %cos(3t —-160°)

Thus, the magnitude and phase spectra are shown below.

A

A

S

0.25
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fn

15°

-65°

-160°

Prob. 2.18
an = 20/(n*n%), b, = =3/(nx), o, = 2n

400 9
Ao =0 =T

_ 3 44.44
= — Mt
nm n-m

n=1 35 7,9, etc.

2.24
0.39
0.208
0.143
0.109

OIN[(OM|W|—|S
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on = tan(bo/ay) = tan{[-3/(nn)][n°7%/20]} = tan(-nx0.4712)

n
—25.23°

—54.73°
—67°
—73.14°
—76.74°
—90°

S lolN|lO|W|r|>D

2.24
A 0 2 6 10 14 18

| |-

l "
An —-30°_| -25.23°
0.39

o«

\
0.208 —60° —54.73
0.0.143 4 109 —

— Y
T 4 ] 73140 ¥
I I [ I @ On

0 2 6 10 14 18 -0

Prob. 2.19
f (t) = 40cos5zt — 20sin(2zt + 7/ 6) cos 5t

But 2sin AcosB =sin(A+ B)+sin(A-B)

f (t) =40cos5xt —10sin(7xt + 7 /6) —10sin(-3xzt + 7 / 6)

Also, sina =cos(a—90°)

f (t) = 40cos5xt —10cos(7xt —60°) +10cos(3~t —120°)

Thus,

a, =40,a, =-10,a, =10,®, =57, 0, = T7,w, = 37,0, = 0,6, =—60°,0, = -120°

Prob. 2.20

This is an even function.
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b,=0T=40,=27/T=x/2

;(2+4)4
:—:3
% 4
4, 0O<t<1

ft)=9 4, 1<t<3
8—-4t, 3<t<4

4T/2
a, =7 J' f(t)cosnotdt, a=nw,=nz/2

1 4
——cosat
a

1 2
= %Uﬁ cos atdt +I4cos atdt} = 4{%005 at+Lsin at}
1

0 o (04

:4{%(c05a—1)+£sin a—O}—i(COSZa—COSa)
(04 o o

16 Nz Nz Nz
=——(cos— —1)+—(sin—+cos——cosnrx
2 2( ) n7z( 2 2 )

ft)=3+>a, cos%[t
n=1

Prob. 2.21

(@) Since f(t) is an odd function, a,=0=a,. T=7,0,=27/T=2

zl2

4T/2 47r/2 4 1 t
b, == J. f (t)sin na)otdt:—.[ tsin 2ntdt :—{—zsin 2nt——cosZnt}
T3 Ty 7| 4n nz

:i{—icos nz} = i(—1)n+l
nz

7| 2nrw

n+1

ft)=— z( ) sin 2nt

(b) The total average power is

1% 2 5 at? 8 t¥|r/2 1
P==|fit)dt=—|—=dt=—— ==
T Tj ®) 7['[7[2 23| 0 3
1 4 4 4 4 2 1 1 1
P =al+= == = +—+=—+—
Z'Ah Z 2\ P 4712 9’ 257r2j 772( 4 9 25)

= 0.2026(1.4011) = 0.2839
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Prob. 2.22
T=2n0,=271T =1
C, = = [ et
2r =,
We integrate by parts twice and obtain

C = 2 cosnnzn—zz(—l)“, n=0

e
For n=0,

1% r°
C,=— | tPdt="—
° 2r I 3
Hence,

2 0 _1\n
=S+ 3 ke

n=—o0,n=0 n

Prob. 2.23

C = 1] f(t)e "t = = T (Ve ™" dt +1j (~De " gt
" T 0 T -7 T 0

“japnt | —japnt .
=£e_ _le. r_ .1 (1_e71ruonr)+;
T —jopn|-r T —jo,n|0 —ja,nT JanT
But w, =2—7[,
T
1 —j2nzclT
C,=—(e"’ -1),n=0
jinz
For n=0,
0 . , . ~Jmot | 0 —Jjopt
Cy == [t = [ (-De == —| " 2E )
T/ Ts T—joy|-t T -], |0
But w, :2_|__7r B— a)oT =27
Co = (1-e") + o (e ~1) = 2 (cOs 7 -1)
27 2 T

f(t)= l(cos 27T =1)+ ) _L(e—ian/T )it
a nz

n=—o0
n=0

(7 -1)=

2
jo,nT

(efj%nf

_1)
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Prob. 2.24

TZZ,CUO:ZH'/T =T

efjmrt e —jnat

0
G =EI4(1+t)e“'“”tdt = 2{ :
271 — Nz —n7r

+——— (= jnzt - l)} 0

(cos nz +9innx) (jn

1-e™)y 1 e . (l-cosnz— jsinnz) 1
:2{ -— 2+n27r2(1n”_1) =2 -

—jnz n’r

=2[i(1—cosn;z)— 21 —+ (jn Zf—z )cosnn}

nz n°r n“r

Prob. 2.25

@ gt)=f-2)=CetD =3 e e
C,=C,e 2"

(b) h(t) 2— ZZC (Jna)o)e‘“‘“

C. =2jno,C,

© yM®= df —Zc (j?n2af - jna,)e™

C,=-C,(nw +Jna)0)

Prob. 2.26

L
L+ jo)? +7°
(b) Y(w)== [e Ja)/3+ejw/3:|

© snt) o =
jo

@ X(o)=

2

2@ =500

—jnz N’z

2

n;r
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Prob. 2.27
1 .
@ X(w)= j geiigt = i) A g
—jo -1 -jo
jo _a-jo
:E(e_—e):—sinw:&incw
@ ]2 10}

Or  X(w)=F[4I1(t/7)]=4zsinc(wr/2) =8sincaw,

1
(b) Y(w)= j 2e 1 dt + j De ' dt =——=—g I*
—jo

- La-er e
jo
Or y'(t)=25(t)-5(t-1)-5(t-2)

joY () =(2—e 1 —e7129)
Y(a)):_i(Z—e”'”—e"'Z”)
jo
() z'(t)=5(t+1)-25(t)+5(t-1)
~0’Z(w)=e""-2+e 1 =2cosw -2
Z(w)z;—z(cosw—l)
But cos2A=1-2sin’A
a2
Z(0) =222 _ G 2 (w12)
w

or z(t)=A(t) —— Z(w)=sinc*(w/2)

Prob. 2.28
(@) Taking the first and second derivatives gives

f't)=0(t+2)-46(t-1)+35(t-2)
Taking the Fourier transform of each term:
-0°F (w) =% —4e7 1 4 3712

1 —jo _ -j20 _ 4j20
F(w)—?(4e 3e el?)
() g(t)=2A(t—1)—2M[(t-3)/2]
G(w)=2e"sinc*(w/2)-2e *2sincw

G(w) =2e sin cz(%) —4e Bsincw

_ej”’)

(z=2)
+——e I 2
-jo 1




29

Prob. 2.29
Taking second derivative of the signal gives
h'(t) = AS'(t) =25 (t) + Dot —7)

T T

oM () = Ajo-2 1)+ Beior
T T

H(w)= a)—ér[l— jwr—e‘j”’]

Prob. 2.30

(@ Let h(t)=1+mcosat
H (@) = 275 (0) + Mz [5(w+ ) + S(w—a)]

F (@) = [H(o+ p)+H(-p)]
=7r[5(a)+,3)+5(a)—,8)]+%[5(a)+a+ﬂ)+5(w+a—ﬂ)
+o(w—a+ p)+0(w—a-p)]

jt —jt

(b) g(t):sin(t):ezje . O<t<2r

2 Njt -t ) 2z ]
Glo) = [ oS et == [ (") —e o)t
2] 2] 4

0

itd-o) —jt(+e)

1| e e

_—{. + - }
2j jQ-o) jl+o)

But e!?” =cos(27)+ jsin2z =1

0o 2

2r -1 eJZIr(l—w) -1 e—j27r(l+w) 1
= +
(1-w) 1+ w)

_ —j2m0 —j2mm _ —j2n0 _a 270
G(a)):—l e 1+e 1 :_1(e 21)(2):1 e :

2| (1l-w) 1+ w) 2 (-0 l1-w
Prob. 2.31

/2
P(w) = I cosﬂe’j”‘dtzﬁ—cos(mm)

2 2
-7/2 7 1_((01)
T

Prob. 2.32

(@) r(t) is sketched below.
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r(t) a

20

_J N

-1 0 1

o 1

(b) R(@)= [ r(t)e dt=[10(1+cos zt)e **dt
], 2

e—jwt

=10

1 t , .
_ +5I (e +e™)e dt
-jo|-1

10 ) ) 5ej(7r—a})t 56—j(7r+a))t 1
:—_(e””—e’“’)+ - +—

—jo j(r—w) -j(r+w)|-1

j(r-0) _ q-i(r-0) —j(rte) _ qi(r+e)

=§sina)+5(e - ¢ ) 5L - ¢ )

0] (7 — o) J(7 + ®)
=20sincw+10sin¢c(zr — ) +10sinc(z + w)

Prob. 2.33
1 joa - jwa
@ Fl(a))=§(e' +e 1), a=rxl4

_ 1 T jot _ 1 T 1 jo(t+a) jo(t-a)
fl(t)—EJ;Fl(a))e da)—g.[j[e +e1¢ ldw

0

But j eltdoq = 275(t + a)

—0

fl(t):i 27[[5(t+a)—§(t—a)]=%[5(t+7r/4)—5(t—7r/4)]

v
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b) f,)=e“2u(t-2)
() Let o’ =x
X+2 X+2 1 1
TR 342 (x+2)(x+D) x+1 @+l

1
f.t)==¢e™
5(1) 5
Prob. 2.34
H 2 jrw —jrw
2sin rw = —[e'™ —e ™
2]
1 ¢ 1 7
f t) = ej/m)_e—jfra) eja)tda):_ eja}(/t+t) _e—jw(fr—t) da)
(®) _27zj;[[ ] zzj_{[ ]
1 ejw(/r+t) e—ja)(ﬂ'—t)
= ol s +-
2| j(m+t)  j(r—1)

Prob. 2.35

1 2jsint
0 t*-7°

(1) =%_J;F(a))ej”‘da)

Wy +T

1 —wy+T A

= —e"”’tda)+ij.Ae""’tda)+i I Zeldw
2r 7 2 27 * 2 72
Ael-o,+7 Ae”|r Aeo +7

= — _— +—
Ar jt |~o,—t 27 jt |-t 4z jt \o,—7

—jot jat

. Ar . e .
=A sin rt+—Tsmc(rt)+A sin zt
Vs 2t

2t

f(t)= &sin(rt) [1+cos(w,t)]
T
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Prob. 2.36

_ 1 T jot _ 1 ‘ jot h joot
f(t)_E_LF(w)eJ dw—g[i(—Zw)eJ dw+£(2w)el da]

A 2eM(jet-1]0 2™ (jot-Dt
27 * -1 * 0

_1 - [1— jtet —e 1 4 jte —ej‘*1]
Tw
1 ]
= [2—2tsint—2cost]
Prob. 2.37

(@ Let h(t)=g(-2t)

S

2

(b) Let f(t)=tg(t)
L dG(@) . ., 20
F(w)—J—dw =20j(-)A+ jo) "t jo)

Let h(t)=(t+D)gt+Du(t+1)=f(t+Du(t+1)

| 20e’”
H(w)=e"F(0)=—
() () it jo)’
© 9 o B
dt 1+ jo
(g _d (20jo)_ o [A+je)i-je())] 20
dt do\1+ jo 1+ jo)* 1+ jo)*

(d) Let y(t)=g(t)cosxrt

Y(a))=%[G(a)+;z)+G(a;_”)]{ 10 10 }

+
1+ j(o+7) 1+ j(0—7)

Prob. 3.38
(@) Let f(t)=x(t)e*

4+ j(w+2)
—(0+2)°*+ j2(0+2)+2

F(w)=X(0w+2)=
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(b) Let g(t)=x(t)sinz(t—1) = x(t)[sin zt cos & —cos ztsin r]
Since cosz=-1 and sinz=0,
g(t) = —x(t)sin zt

G(w) :—%[X(a)+ﬂ)— X (@-1)]

;[4+ j(o-7)] ;[4+ J(@+7)]

T (w-7)+ j2A0-7)+3 —(@+7)+ j2@+7)+3
(©) Let h(t)=x(t)*5(t—2)=x(t—2)
(4+ jw)e 12
—0* + j20+3

H(w)=e X (w) =

t

(d) Let y(t)= j x(r)dz

—00

X (o) 4+ jw 4
Y (w) = + 72X (0)5(@) = + 2 s
(@) == X Oo(e) = et T3
Prob. 2.39
2sinwrt
@ u(t+zr)-ult—r)
(4]
sinwr 1
—Tut —u(t—
— 2T[u(+r) ut—1)]
Let =1
sinw

22 %[u(tJrl)—u(t—l)]

f{%ﬂt} Z%ZH[U(—G)+1)—U(—Q)—1)]

T sin’t 1 % 2
J;t—zdtzzJ;;rz[u(—a)+1)—u(—a)—l)] de

-w+1 T
= — 2 =T
-w-1 2()

T

2
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4
+4

(0) Let f()=o

2a
t* +a?

16
()—( Ty

J.fz(t)dt:gﬂF(a))lzda)

& 2zedd g=2

[ J‘47r2e*"“'da) 2 Je*do
J(t +4)? 1627r 49
ﬂe 1
T4 -4 16
Prob. 2.40
1
@ X(w)= —, a=3
a+ jo
1

X (o) P=
| X(w)] e

E:i do :iltan’lwoo

27 2 a*+w® 273 3

:ilﬁ;l:o,me? \YY;
0 2732 6

(b)  Y(w)=4sin c(%‘lj =4sinc(2w)
E =2i T 165in ¢? (20)d @

But

Ism X

dx = Ismcxdx—
NG
Let 20=x —— do=

E:—jsmc2 ox _87_,
2 2
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Prob. 2.41

F(w)=5(2)sin c(%zj =10sincw

Applying the time shifting property,

G(w) = F(@)e” + F (w)e ** =10sinca (e +e )
G(w) =20co0s(2w)sincw

Prob. 2.42

V(o) joRC

V() 1+ joRC-a’LC

H@0)=0, H(x)=0 —— abandpass filter

Prob. 2.43
1
E = [ x*(t)dt = [e?™®"dt = ——
_[O ‘o J 2007
x(t)=e?"  — X(co)=—l :
1007 + jo
1
Y(w)=H(@)X(@w)=———, -B<w<B
() (@)X () 1007 + jo
1 1 B B
E,=—E, =——=—1|Y(0)f do==
w3 6007 27 IB (@)] ! 2104+a)
! :1( ! tan~" B j > B —tanZ
6007 7 \1007 1007 1007 6

B =100 tan % —5,441.4 rad/s
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Prob. 5.44
N 1 1
H(S): 3 2 3 o8 2 - 2
S°+2m,5+20 +@, S +25°+2s+1 (S+1(s"+s+1)
H(s) = A N Bs+C

s+1 s’+s+1
1=A(s*+s+1)+B(s* +5)+C(s+1)
Equating coefficients,
s°: 0=A+B —— B=-A
S: 0=A+B+C=0+C —— C=0
constant: 1=A+C —> A=1,B=-1

1 S 1 S
H(s)= - = -

(s) s+1 s’+s+1 s+1 J3 2

(s+1/2)° +| —

2

1 (s+1/2) 1/2

T+l N 7T BY
(s+1/2) +(J (s+1/2)? +(J

2 2

V3

1 (s+1/2)  1/2 o

- 1_ 2 2
ot (s+1/2)2+(\/2§J \/2§(s+1/2)2+(\/2§j

h(t)=e™" —e"* cos[gtj +%e“2 sin [gtJ

Prob. 2.45
This is H(s) for third-order Butterworth filter. Hence,

1
H(s)=
(s) 3 +2s%+2s+1
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Prob. 2.46

Z,=1+sL,2, =—1=—SC___1
sC 1+ L 1+sC

HoeYo_ % __ 1+sC 1
vV, Z,+Z, S’LC+s(L+C)+2

1+ sL+i
1+sC

3 1/LC
s +s(/C+1/L)+2/LC
Comparing this with

k
H(s)=
®) s’ +1.4140,5 + o}

we get

k=1/LC, wj:i, 1.414w0=l+l,
LC C L

2
Lol g0

O|r

1

1 .14:50L+E — 5017 -14.14L+1=0

SN

1414 J14.14% — 4(50)(1)
- 100
1

L=1414mH, C=——=0.1414=141.4 mF
S0L

110.1414

Prob. 2.47

(a) The MATLAB code with the plot is presented below.

t=-2:0.1:2;
X = t.*t -2*t +3;
plot(t,x)
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11

10 1

(b) The MATLAB codes with the plot is shown below.

t=-pi:pi/40:pi;
y = 4*cos(2*pi*t - 12*pi/180) + 3*sin(2*pi*t);
plot(t,y)

(c) The MATLAB code with the plot is shown below.

t= 0:0.05:5;
z = 10*( 1 - exp(-2*t));
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plot(t,z)

Prob. 2.48
(@ The MATLAB with the plot is shown below.

w= -5:0.1:5;
F =1./sgrt( 4 + w.*w);
plot(w,F)

0.5

0.45

0.4

0.351

0.3f

0.25F

0.2

(b) The MATLAB with the plot is shown below.

w= -4:0.1:4;
G = 10*( sin(6*w).*sin(5*w) )./(25*w.*w);
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plot(w,G)
10
g - -
8 - -
7 - -
6 - -
5 - -
41 4
3 - -
2F ]
l - -
O . 1 1 1 iy E—

4 3 -2 1 0 1 2 3 4

Prob. 4.49

The MATLAB code with the plots is presented below.

w= -5:0.1:5;

a=pi*w

F = 10*j.*exp(-j*a).*sin(ad) .-/7(1-w.*w);

FM = abs(F);

FP = angle(F)*180/pi;

subplot(2,1,1); plot(w,FM);

xlabel ("\omega®); ylabel("magnitude”);
subplot(2,1,2); plot(w,FP);

xlabel ("\omega"); ylabel("phase”);
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20

15 ]

10 1

magnitude

phase

Prob. 2.50

From Prob. 2.13,

a, =3.75,a, ——53|nn—ﬂ b, = > (1—2cosn7z+cosn—”j
nz 2 nz 2

fN :3.75+Zan cos(na,t) +b, sin(net), o :%

0o
n=1

The MATLAB code with the plot of partial sum is shown below.

'_\

5;
-2:0.01:2;
i

0.
p /2

3.7
= f0*ones(snze(t))
r n=1:N

fac=5/(pi*n);

an= -fac*sin(w*n);

bn=Fac*(1 - 2*cos(n*pi) + cos(w*n));

N = fN +an*cos(n*w*t) + bn*sin(n*w*t);
end
plot(t,fN)

N=
T
w
f0
N
fo
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12 T T T T T T T

Prob. 2.51

From Problem 2.14,
© _ n/2
f(t):£+£cos£t—g > ( 21) cos ¢
T 2 2 70 n=even (n _1) 2

The MATLAB code with the plot is shown below.

N
t
w

25;
-2:0.01:2;
pi/2;
0 1/pi;
N fO*ones(size(t));
N = fN + 0.5*cos(w*t)
fac=-2/pi;
for k=1:N
n=2*k;
facl= (-1)~(n/2);
fac2 = n™2 -1;
N = fN +Fac*facl*cos(n*w*t)/fac2;
end
plot(t,fN)
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1.2

0.2 1 1 1 1 1 1 1
-2 -1. - -0. .

Prob. 2.52

From Problem 2.20,

16 nz 16 . nx
y = (C0s——1)+—sin—
n°z 2 nz 2

ft)=3+>a, cos%[t

n=1
The MATLAB code with the plot of partial sum is shown below.

31;

0:0.01:2;

pi/2;

0 3;

N fO*ones(size(t));

for n=1:N
facl= 16*( cos(w*n) -1)/(n*n*pi*pi);
fac2 = 16*sin(w*n)/(n*pi);
an=facl + fac2;
N = fN + an*cos(n*w*t);

end

plot(t,fN)

N
t
w
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Prob. 2.53

The MATLAB code is shown below.

den = [ 1 3.236 5.236 5.236 3.236 1];

roots(den)

ans =
-0.3090 + 0.9510i
-0.3090 - 0.9510i
-1.0000 + 0.0000i
-0.8090 + 0.5879i
-0.8090 - 0.5879i

Prob. 2.54

The MATLAB code with the plot is shown below.

[z,p,K]=buttap(6); % returns the zeros, poles, and constant k of the
% 6th-order Butterworth filter
num=k*poly(z); % forms the numerator
den=poly(p); % forms the denominator
[mag,phase,w]=bode(num,den); % returns magnitude, phase (in
%degrees), and frequency vector w (automatically)
semilogx(w,20*1og10(abs(mag)))
% plot(w,mag) % plots the magnitude verse w
title("Magnitude of the frequency response®)




xlabel ("Omega*®)

ylabel ("Magnitude™)

Magnitude

45

Magnitude of the frequency response

-100

-120

-140

10
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Chapter 3
8
3.1(a) Ly, =012 -01-5 =1 3X10 M
f 30x10° Hz

m

L., =10° mor 1 km

(b) f,=100f, =100x30x10° Hz =3x10° Hz

8
L, =011=01 01310 MS 5,
. 3x10° Hz
3.2(a) For f, =550 kHz,
8
Hy, 20122018 201210 ™S _gp5pm
f 7550x10° Hz
(b) For f, =1600 kHz,
8
H,, =011=01% =01 10 MS g0
f1600x10° Hz
M
3.3 A, =10; Modulation index = = —P = i
A A

For waveform sketches, A .. = A +A,; A,,=A —A,
For From Figure 3.35(a), A, =A.+A, =8, A,,=A-A =2

ACZ%(AMX+A“,“)=%(8+2)=5, 'A\n:%(Anax_Anin):%(s_z)::3
_izéz %
U= A 5 0.6 or 60%
(a) y:%:OA

Sketch is similar to Fig. 3.2 (a) but A, =10+4=14and A, =10-4=6.

(b) For A, =10, u= % =1.0 (100% modulation, not recommended!)

Sketch is similar to Fig. 3.2 (b) but A, =10+10=20and A, =10-10=0



