Chapter 18, Solution 1.

£1(t) = 8(t +2) — 8(t + 1) = 8(t — 1) + 5(t — 2)

2o jo —jo2
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Chapter 18, Solution 2.
t, O<t<l
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Taking the Fourier transform gives
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-0’F(@)=1-¢%-joe

1+ jo)e!® —1
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Chapter 18, Solution 3.

f(t)=%t,—2<t<2, f'(t):%,—2<t<2

—jot

2(-jw)

1 .
F(o) = fitelwtdt - -(—jot=1)|%,

1T .
= — [ (mjo2 - 1) - e (jo2 - 1)]
20

= 2;2 [— j(o2(ej“’2 + ej‘”z)+ e - e’j‘”z]

=— 12 (~ jo4cos2m + j2sin 2m)
®

Flw) = iz (sin 20— 2mcos 2m)
®
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g a
2
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g"=-20(t+1)+23'(t+1)+45(t) —28(t —1) —28'(t - 1)

(i0)>G(0) = —2e3° + 2jwel® + 4 - 2e 7 —2jpe I

=-4cos®w—4msinw+4

G(w) = iz(cosoo+ osinm—1)
®
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h’(t)
1
| 0 t "
1 1
25(1) |
h”(t)A
A
5(t+1) 1T
1 >
t
1 0
, S(t
251 | (1)

h"(t) = 8(t +1) = 8(t — 1) — 28'(t)
(jo)> H(o) = eI® —e7I® _2jn = 2jsino - 2jo

H(ow) = ﬂ—2—;sinw
O o



Chapter 18, Solution 6.

0 1
F(w) = j (e It + j te Ity

-1 0
0 1
Re F(w) = - jcos otdt + Itcos otdt
-1 0

1 . 1 t . 1
=——sinot |01 +| —-cos ot + —sin ot |}) =——(cosm—1)
o T w? o i~

Chapter 18, Solution 7.

(a) fi is similar to the function f(t) in Fig. 17.6.
f,(t)=1f(t-1)

2(cosm—1)
jo

Since F(w) =

2¢e " (cosw—1)

F,(0) = ¢ F(0) = :
JoO

Alternatively,
£, (t) = 8(t) —28(t—1) +8(t - 2)
joF (0)=1-2e7 +e* =e (e -2 +¢')

=e¢°(2cosm—2)

2e " (cosm—1)

Fi(w) = :
jo

(b) f,is similar to f(t) in Fig. 17.14.
(1) = 2(0)

4(1 —cos )

2
o

Fz((x)) =



Chapter 18, Solution 8.

1 2
F(w) = j 2¢ 1t + j (4—2t)e 1 dt

(a) 0 1
2 et (1 4 ot 12 2 . 2
=—=e€ Jot |0+—'C jot 1 ——26 Jwt(_.]mt_l) |1
-jo i [ -
F(0) = %+.ie_jm +'i_ie—j2w —%(l + j2w)e ¢
o Jo Jo  Jo ™

(b)  g®=2[u(t*+2)-u(t-2) ] - [u(t+l)—u(t-1)]

4sin20 2si
G(o) = s121J O s;r)lco

Chapter 18, Solution 9.

(a) y(t) =u(t+2) —u(t-2) +2[ u(t+1) —u(t-1) ]

Y(w) = zsin 20+ isin Q)
® ®

|
(b) Z(w)= I(—Zt)e_jmtdt _"2%
0 ®

Chapter 18, Solution 10.

(a) x(t) = e*'u(t)
X(w) = 1/2 + jo)

B e, t>0
(b) =
t

e, t<O0

~ 0 A _
Y(o)= J._ll y(t)e' dt = J._l e' e’ dt + J:)l e e dt

2

eI
2

1+ jo)




(1-jo)t
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+
- —(1+ jo) 0

oot

- I-jo

2 o cosw+jsin0)+cosw—jsin(o
1+ l1-jo 1+ jo

2
Y(@) = 1+ ®*

[1 —e ' (cos— msin co)]

Chapter 18, Solution 11.

f(t) =sin 7 t [u(t) - u(t - 2)]

F(w) = Jj sinte 7 dt= Zij-[oz (ejm _eim )e_jwt dt

_ 2L _Ioz(eﬂ(—mn)t n e—j(m+n)t)dt:|
JL
_ i | 1 it 2 e.—j(w+n)t 3
2j| —i(o-m) - J(o+m)

1(1-e® 1-e
=— +
2\ - T+ ®

1 e
=—2(n2 _wz)(2n+2ne 12 )

Fo) = (™ -1)

Chapter 18, Solution 12.
I R T I VR R
(a) F(o;)_j0 ele dt_joe dt
2-je2 _q

2 €

- 1-jo

= o
l-jo

0



(b) H(w)=[ e dt+[ (-De ™ dt

:_jlm(l_eiw)+jiw(eim —1):jiw(—2+2cosw)

—4sin*®/2 . (sinw/2)
jo ®/2

Chapter 18, Solution 13.

(a) We know that F[cosat]=n[6(m—a)+d(w+a)].

Using the time shifting property,
Flcosa(t — 1/3a)] = te ™ 32 [§(w—a) + 8(o +a)] = te ™ 35(w —a) + me™ 35(w + a)

(b) sinm(t+1)=sin7tcos T+ cosmtsin T = —sin 7wt
g(t) = -u(t+1) sin (t+1)

(I
(j©)? +1 1-w?

Let x(t) =u(t)sint, then X(w)=

Using the time shifting property,

. J
G(o) =- L gjo__©

(c) Let y(t)=1+ Asin at, then Y(®)=2nd(®)+ jrA[é(w+a)—d(®w—a)]
h(t) = y(t) cos bt

Using the modulation property,
H(w) = %[Y((o +b)+Y(o—b)]

H(m):n[s(mb)+5(co—b)]+j“TA[6(m+a+b)—5(m—a+b)+5(m+a—b)—S(m—a—b)]




4 . —joot —jot —j4o -j4o
(d) I(@) = [(1- et ==——- —(—jot-1) s = iz— © —(j4o+1)
0 —JOo - ® JO )
Chapter 18, Solution 14.
(a) cos(3t + 1) = cos3tcos w —sin 3tsin ©t = cos 3t(—1) —sin 3t(0) = —cos(3t)

f(t) = —e "' cos3tu(t)

_ —(1+je)
F@) (1+jo) +9

(b)

A g0

g'(t)=mcos nt[u(t -1)—u(t- 1)]
g"(t) = —mg(t) — nd(t +1) + nd(t —1)

- 0’G(0) = -1°G(®) — e’ + e

(n2 -’ )G(m) = —n(e!” —e )= 2jnsinw

2jmsin®
o’ —n’

G(o) =

Alternatively, we compare this with Prob. 17.7

fly=gt-1)
F(®) = G(w)e”



G(ow)=F@)e"” =—— (e —e*)
()]

_ —J2nsinw
o -

2jmsin ®

nl -’

G(w) =

@) cosm(t—1) = cosmtcosw+ sin wtsin m = cos t(—1) + sin wt(0) = —cos mt
Let x(t) =" cosm(t —u(t —1) = —eh(t)
and  y(t)=e ' cos(mt)u(t)

V()= =IO
2+jo) +m
y(t) =x(t—1)

Y(0) = X(0)e ™

2+ jo)e'
X(w) = = JO”
(@) (2 + jm)2 +1°
X(0) = —e*H(w)
H(ow) = —eX(®)

_ —(2+jm)k™
2+jo) +n

(d) Let x(t)=e ' sin(—4t)u(-t) = y(-t)
p(t) = —x(t)
where y(t) = e’ sin4tu(t)

2+ jo
Y(®) = — - "9%
(@) 2+ jo) +47
X(0) = Y(—w) = — 21

(2-jo) +16



jo-2

p((l)) = _X((X)) = m

© Q)= e® 3o 2(716(0)) R ;)e—jwz
JoO j[Q)

Qlw) = e""2 +3 - 27nd(w)e
jo

Chapter 18, Solution 15.

(@) Flo)=e" —e™ = 2jsin3m

(b) Let g(t) =20(t—1), G(w) = e i®

F@)= F([ eat)

G(“’) + F(0)8(w)

—jw
_ 2 ns(-1)3(w)
(O]

2e7l®

jo

© F[500) _%




Chapter 18, Solution 16.

(a) Using duality properly

N
0

= o> 2l

or tiz - —4n|03|

Flo) = F sz = —4njo|

(b) e —

Chapter 18, Solution 17.

(a) Since H(w) = F (cos o,t f (t)) = %[F((o + o, ) + F(o;) -, )]

where F(w) = F [u(t)]= n8(w) + ,L, 0, =2
jo

1
H(w)=5[ﬂ5(°°+2)+ i(@+2) i(©-2)



- g[s(oa-k 2)+ 8(@-2)]_%{%}

jo
o’ —4

Ho) = 7 [5(0+2)+8(0-2)]-

(b) G(w) =F [sin o,t f (t)] = %[F(w + coo) — F((o -, )]

where F(w) = F [u(t)] = n8(gg)+'i

jo
G((D):%{ns(@+10)+m—n8(m—10)_ j(miIO)}
:J%E[S((o-ir10)—5(@_10)]—"%[(0310_o)JEIO}
- %‘[6(0)+10)—5(‘D_10) o 1_0100

Chapter 18, Solution 18.

1

Let f(t)=e'u(t) —» Flo)= it o

f(t)cost —» %[F(O) —1)+F(o+ 1)]

i1 !
Hence Y(®)25{1+J~(®_1)+ 1+j(60+1)}

_ I+jo+j+l+jo—]
_2{[1+j(m—1)][1+j(w+1)]}

I+jo

Cltjo+itjo-j-o +1

_ _I+jo
2jo—o® +2



Chapter 18, Solution 19.
Flo)= Jm f(t)e’ dt = lr (ejz’“ +e i )e‘j"’t dt
o)=| =),

Flo)= %J.Ol [e*j(‘”z")t 4 g ilo2m) ]dt

1

:l ; —j(o+2m)t 1 —j(o—2m)t
{—j(m+2n)e " iw-20)¢

0

1 e—j(m+2n) 1 e—j(m—Zn)_l
__5{ j((o+21c) i j(O)—ZTE)}

But e =cos2m+ jsin2n=1=¢ "

—j(n_
F(@):_l e 1( o J
2 ] O+2n o-27n

- o’ j_olnz (e_jm _1)

Chapter 18, Solution 20.

(@)  F(cn) = cad(®)

F (cnej““"’t ) =c,8(0—now, )

F ( i cnej““"’tJ = i c,8(0-na, )

n=-—oo

(b) T=2n — > o =——=1

I I B
C“:¥Io f(t)e™ tdt_%Uo l-e™ dt+0]



_L _Lejnt
2n( jn

But e =cosnn + jsinnn = cosnm = (—1)"

3} (e )

 2mn

e, = [y 1= {oj nmeven

, n=odd,n=0

forn=0
c, —L " ldt :l
27 90 2
Hence
fo=2- Y Lem
2 = nm

= Loo- 3 J§m-
F(w) 280) n; nnS(w n)

n=0
n=odd

Chapter 18, Solution 21.

Using Parseval’s theorem,
[ f%t)dt:ij” | F(o) ? do
—00 2mY—o

If f(t) =u(t+a) —u(t+a), then

. 2
J-OO f2(t)dt — ja (1)2dt — 7, :L.[oo 4a2 sin am i
- -8 2o

am
or

. 2
© (sinam 4na m .
j do =——=— as required.
-\ am 422 a



Chapter 18, Solution 22.

F [f(t)sino,t]= jww f(t)we‘j“" dt

2]

_ 1 (oo, ) ® ioro,)t
= 2_1[ [ fve di-[" e dt

- %[F((O—O)O)_F((D_i_wo)]

Chapter 18, Solution 23.

f(3t) leadsto —- =
() f30) leads to 2+jo/3)5+j0/3)  (6+jo)I5+jo)

30
(6-jo)15- jo)

F[f(-3t)]=

1 10 20
b) f(2t) — —- =
(b) %20 2 2+jo/2)15+jw/2) (4+jo)10+ jo)

20e 7"

f(2t-1) = f [2(t-1/2)] —» (4 n joa)(l() n joa)

(c) f(t) cos 2t —» %F(m+ 2)+ %F(w +2)

_ 5 5
" Rrile+ )5+ jo+2)] 2+ fo-205+i(0-2)]

jol0
2+ jo)5+ jo)

d) F [f'(t)] = joF(o)= (

@ [ s —> %w(o)s(m)



x10
6 I
& (O))2X5

10
jm(2+jco)(5+jco)+

10

jo2+ jo)5+ joa)+ md(w)

Chapter 18, Solution 24.
(a) X(0)=F(o)+ F[3]

= 6n8(0)+ %(e'j"’ —~ 1)

(b) y(t)=1(t-2)

Y(0)=e¢’F(o) = Je (e'j“’ —~ 1)

(c) If h(t) = £'(t)
(o) = joF(o) = jo (7" ~1)= 1=
()

(d) g(t)= 4f(§tj + 10f(§tj, G(o) = 4%1@6 co) + 10%15@ @]

%(e-jsm/z _1)+%(e—j3m/5 _1)




Chapter 18, Solution 25.

5 5
Flo)=—-
((D) jo  jo+2

f(t) = %sgn(t)—Se'“u(t)

jo—4 A B
. . = . + .
](0+1)(_](0+2) Jjo+1 jo+2

(b) Flo)= (

s—4 A B

s+1)(s+2)=s+1+s+2’ TTIe

F(s)=(

A=5, B=6

-5 6
= . + .
I+jo 2+ jo

F (c))

f(t) = (~5e™ +6e™ ult)

Chapter 18, Solution 26.

(a) f(t)=e 2y

(b) h(t)=te *u(t)

sin ®

@) If x(t)=u(t+)-ut-1) ——> X)=2

By using duality property,



G(w)=2u(w+1)-2u(w-1) s g(t) = 2sint

it
Chapter 18, Solution 27.
100 A B :
Let F(s)= =— =
(@) Le (S) s(s+10) s s+10° ST
Azmzlo, B:E:—IO
10 -10
F(m =1,—0—. 10
jo jo+10
f(t) = 5sgn(t)-10e™""u(t)
10s A B
b) G(s)= = , S=]
®) GG) (2-s)3+s) 2—s+s+3 I
A=E:4, B:_—30:—6
5 5
G(m)z 4 6

——jo+2 jo+3

g(t) = 4de’u(-t)—6eu(t)

60 60

H(o)= _
©) Hlo) (jo)* +j400+1300  (jo+20)* +900

h(t) = 2e™ sin(30t)u(t)

L= 3ok do
y)=o-1, 2+ jo)jo+1)

1 1
T—=—T
2 4




Chapter 18, Solution 28.

_ Ly ot gy = L7 __m(@)e™
(a) f(t) = I I_w F(w)e™ do = .[_m G+ jo)2+ jo)

27

1 1 1

= =— = 0.5
252 20

® : —j2t
0 =[O g, 10 €T
21 jo(jo+1) 21 (=j2)(=j2 +1)

_j_S e—j2t B (_2+j)e—]2t
21— 2 2

- _ jot jt
©) £(t) = ij 208(w —1)e doo = 20 e
27

©(2+j0)3+50)  2n(2+)3+])
208" (d-je
S 2n(5+5)) T

_ Snd(w) 5 B
(d) Let F(w) = 5+ jo) + 0G5+ jo) =F (o) +F, (o)

L[ 55O g5

- —-—=05
2n 9= 5+ jo 2n 5
E(s)= > :é+i,A:1,B:—l

s(5+s) s s+5

1 1
F(0)=—--

jJo  Jo+5

f,(t)= %sgn(t) T —% +u(t)—e

f(t)=1£,(t) +1£,(t) = u(t)— et



Chapter 18, Solution 29.

@)  f(t)=F'[8(w)]+ F [45(w +3) + 48(w - 3)]

= L+ deos3t _ L(I + 8c0s3t)
2n T 21

(b)  If h(t) = u(t+2)—u(t—2)

H(o) = 2sin 2
1 &sin2t
G(w)=4H@)*> g(t) =—-
27 t
4sin 2t
gt) =
Tt

(©) Since
cos(at) omd(w+a)+ mo(w—a)
Using the reversal property,
21mcos2m <> mo(t+2) + mo(t —2)

or F1[6€0820]= 35 L 2y L 35t 2)

Chapter 18, Solution 30.

1

@ y=sgn(t) — Y<w>=j%, X(0) =

a+jo

H(o)= L@ _2@+j0) 5 28 )2 28(t) + afu(t) — u(—t)]

X(w) jo jo

1 |

(b) X(w) T’ Y(0) =——
+jo 2+jo

H(o) =110 -1 s h(t) = 8(t) —e 2tu(t)

2+jo 2+ jo

(c) In this case, by definition, h(t)=  y(t)= e sinbt u(t)




Chapter 18, Solution 31.

@  Y@)=——. He=—-
(a+jo) a+jo
_ Y(w) . 1 . _ —at
X(w) = H(o) = T > x(t)=e “u(t)

(b) By definition, x(t) =y(t)=u(t+1)—u(t—1)

©) Y(@=—1—! He==
(a+jm) Jo
Y@ _ jo 1 a o a
X =g " 2asi0) 2 2@+i0) > x(O=g0m-e Tu®

Chapter 18, Solution 32.

_ju)

(a) Since e u(t—1)

jo+1
and F(-0) —> f(-t)

jo
Fl(m): e — 1 (t):e_(_t_l)u(_t_l)
—Jjo+l1

fit) = e*Du(-t—1)

(b) From Section 17.3,

2

L 2me
t+

If F(w)=2e", then

2

() =
20 it +1



(b) By partial fractions
1 1

F,(0) = : -4, 4

Hence f,(t)= %(tet +e ' +te' —e )u(t)

- e etu(+ 5 (- 1eu(e)

1 (= 4 1 = 3(w)e™ 1
d £,(t)=—[" F(ok™ do=— =1
@ (=5, Bk do= 22 120 2%

Chapter 18, Solution 33.

(a) Let x(t)=2sin nt[u(t +1)—u(t- 1)]

From Problem 17.9(b),

X(o;)) _ 4j2nsin§)
O

Applying duality property,

£() = L x( )= 2snC Y

27 n—t?

2jsint
f(t) = R

b))  Flo)=

(cos2m— jsin 2m)— i.(cos ®— jsino)
O

: —jo 2o
. w e e
.] (eJZm —e ]m): ' -

f(t)= %sgn(t ~1)- %sgn(t -2)

But sgn(t) = 2u(t) -1

Go+PGo-1 Go+1P  Go+1) (jo-1)



flt)=u(e=1)-2 —u(e-2)+3

= u(t - 1)—u(t - 2)

Chapter 18, Solution 34.

First, we find G(w) for g(t) shown below.

g(t)=10[u(t+2)—u(t - 2)]+ 10[u(t +1)—u(t —1)]
g'(t)=10[3(t +2) - 8(t — 2)]+ 10[8(t + 1) - 8(t —1)]

The Fourier transform of each term gives

g®
A

A
gt
108(t+2)  108(t+1)

L]

| [ [ I I [
-2 -1 0 1

o

I
2
~108(t-1) ~108(t-2)

joG(w)= IO(ej‘"2 —e 2 )+ IO(ej‘” — e’j“’)
=20jsin 2w+ 20jsin ®

G((o)= 20sin2m N 20sin

=40 sinc(2w) + 20 sinc(w)
®

Note that G(®) = G(-m).



F(o) = 21G(- )

£(t)= iG(t)

= (20/m)sin¢(2t) + (10/m)sinc(t)

Chapter 18, Solution 35.

(a) x(t) = f[3(t-1/3)]. Using the scaling and time shifting properties,’’

. —-jo/3
X(0) = b d0/3 _ T
32+j0/3 (6+ jm)
(b) Using the modulation property,
Y((o):l[F(co+5)+F(03—5)]:l ,1 + _1 _1L - ! + - !
2 212+ j(@0+5) 2+j)(0-5| 2|jo+7 jo-3
. ®
(©)  Zo)=joF(e)==2
2+]jo
1
(d)  H(o)=Fo)Fo)=———7
2+ jw)
©O-p _ 1

d .
I(®) = i— F(®) = =
© Mg He) Tario?  +jo)?

Chapter 18, Solution 36.




(a)

(b)

(©)

V=43 —> Vi(w)=4

40
2+ jo

v, (@)

v, (t) = 40e'u(t)
Vo(2) = 40e* = 0.7326 V

v, =6e ult) — V(0)=—2
I+ jo

60

Volo)= 2+ jo)l+jo)

60 A B )
V = = =
°(s) (s+2)(s+1) s+1+s+2’ 5O

A:$:60, B=6—(i:—60

60 60

V,o)= — = -
I+jo 2+ jo

(o]

v, (1) = 60[@‘t —e™ ]u(t)
v,(2)=60[c —e™*]|=60(0.13533-0.01831)
= 7.021V

vi(t) =3 cos 2t
Vi(w) = 7[d(® + 2) + d(w- 2)]

v - 1078(w +2) + 8(w - 2)]
° 2+ jo

1 (o .
v, (t) = %J.—w V, (0)e™ do

_ SJ-OO S(sz)ejmtdm—FSr S(Q_%)ejmt o
= 2+ jo = 24]jo



“jat Lt . . ' .
_ ;e_ - n §e+ - _ 2\5/5 ori2t-a5) | (24 )]

2t —45°)

= icos(
V2

v,(2)= icos(4 —45°)= icos(229.18° —45°)
o \/5

V2

Vo(2) = =3.526 V

Chapter 18, Solution 37.

20
H(o) = Io(co): 2+.jc0 __ 20 '
I, (o) 44 20 20+8+ jbo
2+jo
jo
H =
(@) 4+ j3w

o) = 5718((1)) N 5




— A=1,B=-1, s=jo

Vi(0)= o —> ()= gsen ¢

518(w) ., v (1) 1 ¢~ 518 (o)

. = — : eJmtd(,l)
S+Hjw 2= 5+ jo

St 1
wo =22 105
0="5

vo(t)=v,(t)+v,(t)=0.5+0.5sgn(t)— e
But  sgn(t)=-1+2u(t)

v, (t)=+0.5-0.5+u(t)—eu(t) = u(t)— e u(t)
Chapter 18, Solution 39.

o0 ) | { . .
V(o) = I(l—t)e_J(”tdt :.__,__2__26—]0)
—00 JO [0

Vs (@) 10 (1 1 1 _;
(@)= 3 S 36 ('_Jr___e Jm]
10 + jox10 10° + jo

Chapter 18, Solution 40.

V(t) =8(t) —25(t — 1) +3(t - 2)
— 0’ V() =1-2e7° + 2

— -jo —-jo2
V(O)) 1-2e +e

- 2
-

Now Z(w)=2 +‘i _ 1+‘j203
o jo




1= = .
Z() o’ 1+ j2m
1 . .
=——(0.5+0.5¢7 -7
jo(0.5 +jco)( e © )
But L A B, A-2B=2

s(s+0.5) - s s+0.5

2 i i 2
I(@)=-—(0.5+0.5¢"* —¢™)-
(03) jm( Tooe © ) 0.5+ jo

0.5+0.5¢7 1% —¢71®
( )

i(t) = %sgn(t) + %sgn(t —2)—sgn(t—1)—e " u(t) —e " “Pu(t—2) -2 Pu(t-1)

Chapter 18, Solution 41.

! vV s

0.5s 2

[\
+
=
|
/0000"

. a2
(0202 + 4}y = jao+ IO - 40" P
2+ jo 2+ jo

2jo(4.5+ j20)
2+ jo)4-20° + jo)

V(o) =




Chapter 18, Solution 42.

2

By current division, I, = - 'I(O))
2+jo
(a) For i(t) =5 sgn (t),
I(c)) = ﬂ
jo
[ = 2 10 _ 20

° T 2+4j0 jo  jo+jo)

L1 - 20 _A B

s+2

10 10
1) =12 10
jo 2+ ]jo

io(t) = Ssgn(t)—10e > u(t)A

(b) RO,

v

i'(t) = 48(t) — 43(t - 1)
jol(o)=4—4e"

()= A-cr)

=—+——, A=10, B=-10
s(s+2) s

R
45(t) 4

[y

v

—43(t-1)

jo
10:.8(1——6?%4(#- L ](l—e‘j“’)
Jjo(2 + jo) jo 24+ jo

4 4 471

4e70

=—- — -+t
jJo 24+jo  jo

2+ jo



io(t) = 2sgn(t)—2sgn(t —1)—4e *u(t) + 4e > u(t —1)A

Chapter 18, Solution 43.

20 mF > - 1 = 1 3 :?—0, iS :Se_t e IS = 1
joC  20x10 @ JO S+jo
VO :—40 Is.é—O: 50 , S:JO)
40+2 jo  (s+1.25)(s+5)
Jjo
v, = A N B :ﬂ . 1 - 1
s+1.25 s+5 3| jo+l125 jo+5

vy (0) :?(6—1.25‘[ _e ()

Chapter 18, Solution 44.

IH— jo

We transform the voltage source to a current source as shown in Fig. (a) and then
combine the two parallel 2Q resistors, as shown in Fig. (b).

I, I,
V/2 *

=2 2:vB. (D =B

V/2

)

(2) (b)
1
=10, I, =—— =
1+ jo
joV,
V=1 12 %



V(1) =108(t)—108(t - 2)
joV, (0)=10-10e™2

-j20
V(o) U]

S(I—e.’jz‘”): 55 g
I+ jo I+jo 1+jo

Hence V, =

v, (t) =5e"u(t) -5 Pu(t-2)
v.()=5"-1-0= 1839 V

Chapter 18, Solution 45.

1
jo 2 —t
Vo=—""@)=— 5 > v (t) =2teu(t)
2+jo+-—— (Jo+1)
jo
Chapter 18, Solution 46.
e 1 _-#
4 1w
Jo—
4

2H — jo2
38(t) —» 3

1
I+ jo

e 'u(t) —»

The circuit in the frequency domain is shown below:
2Q Vo

AMA—>
i Lo(®)
—j4/o®

n
1/(1+jw) <_> 2o
+




At node V,, KCL gives

L v
1+ jo 3-V, V|
+—2 ==
2 -1 20
- —2V0+j033—j03V0=—J2V°
I+ jo
™ + jo3
v, = —
2+jco—J—
®
2+jo3-30"
v ,
Io(m)z '20 _ 1+ jo -
Jeo j2w[2+j(o—Jj
®
s 2 2
I(®) = 2+ jo" —3m

4-60" + jBw—2m")

Chapter 18, Solution 47.

Transferring the current source to a voltage source gives the circuit below:

20 1/(jo)
W——
Vo

8V Cf) § 10 gjm/z




o
B jo 2 4+j3o
LetZin—2+1||7—2+ o= 2470
I+

By voltage division,

1
jo 8 8
V, ()= 8= — =— .
1 A 1+j0Z, 1+J0)(4+:]30))
Jjo 2+jo
_ 8(2+ jo)
2+ jo+ jod -3’
_ 8(2+jn)
2+ jos-30’
Chapter 18, Solution 48.
02F —» =P

joC )
As an integrator,
RC=20x10’x20x10" =0.4

1 et
v, =———| v,dt
RC

1 [V,
V, = —R—CL—(D +7V, (0)6(03)}

IO:V" mA =-0.125 ,
20 jo2+ jo

)+7t8((0)}

_0.125  0.125
jo 2+ jo

~0.12573 ()



0.125

i (t) =—0.125sgn(t) +0.125¢ *'u(t) >
T

jTES (o)e™dt

= 0.125+0.25u(t) + 0.125¢ >"u(t) - 1225

i) = 0.625—0.25u(t) + 0.125¢ >'u(t)mA

Chapter 18, Solution 49.

Consider the circuit shown below:

j2m jo

0 -
VSCfD @%Q iy §1Q+vo

V, =16(w+1)+8(0—2)]

S

Formesh 1, =V, + (2 + j20)I, - 2I, — joI, =0
V, =2(1+ jo)I, -2+ jo)I,

Formesh2, 0=(3+jo)l, -2, —jol,

Substituting (2) into (1) gives

2(1+ jo)(3+ jo)I,
2+ jo

V, =2 ~(2+jo)I,

V,(2+0)=2B+ oo’ )-(4+ 40— |1,
=1,2+ jAo-o?)



(s+2)v :
=— s o=
2T a2 ”

(jo+2)n[d(w+1)+8(w—1)]

V =1, =
? (jo) + jod+2

(4]

1 “ jot
Vo(t):z—j v, (o)™ do

TE—OO

B ;(joanL 2)ej““8(0)+ l)dm ;(joo+ 2)ej‘°t6(0)— l)d(;)

+
- (j(;))2 + jo4+2 (j(;))2 + jod +2

;(_ j+2)et ;(j+2)ejt

+
—-1-j4+2 —1+j4+2

@=i)+i) S -i)- e
vo(D)= 17 et 17

L e et + L(6— i)t
—34(6+J7)€ +34(6 i7)e

= 02717 31364) 4 ) 97 i(t-13.64)

Vo(t) = 0.542cos(t —13.64°)V

Chapter 18, Solution 50.

Consider the circuit shown below:

j0.50
1Q

MA
WO ) WE gl ez




For loop 1,
For loop 2,

From (2),

—2+(1+ jo)I, +j0.50I, =0
(1+ jo), +j0.50l, =0

(l + jCO)Iz ) (1 + jm)Iz

1

-30.50 - jo

Substituting this into (1),

] 2

2jo = —(4+j403—%0)2J12

B 2jo
4+ j4o—1.50

15

-2jo
vV, =1, =
7 4+ o+1.5(o)

—4[4 + jmj
3

o ()

)

(1
)

V. (t) = —de™*"’ cos{g t] u(t)+5.657¢*"? sin(@ t]u(t) \Y




Chapter 18, Solution 51.

1
z=1yt-do _ 1
jo 1,1 1+je
jo
1
_Z _ l+je 21 2
© z+2 ° he L THjo 34201+ jo
1+ jo
1 .
=, S:J(D
(s+D(s+1.5)
A B 2 2 > v () =2t —e T Yu(t)

V, = + = -
s+1 s+15 s+1 s+1.5

o0 o0
W= [ f20dt=4[(" -7 dt

—00 0

© )5 5 2 25t Bt *
=4f (e =27 4o dt =4 +2 =
. ) 253 )

w=at -2 o033
2 25 3

Chapter 18, Solution 52.

© 1 ¢
J = 2]0 fz(t)dt:;jo F(0)| do

1r_ e
2

1 1 1
= | — do=—rtan"(®/3
TEJ.O 9% + ®’ 3n (@/3)

0



Chapter 18, Solution 53.

J = j:|F(co)|2dm =2n[ £ (t)dt

2t

e, t<0

e, t>0

f(t) =

0

0

4t

J = ZnUOe‘“dt + J‘:e_‘"dt} = 27{%

o4

_l_

—0

0

] — 2n[(1/4) + (1/4)] = =

Chapter 18, Solution 54.

Wio = .[:fz(t)dt:mfe’ztdt=—Se’2t “ =87

o 24
Chapter 18, Solution 55.

f(t) = 5e’eu(t)

F(o) = 5¢/(1 +jw), [F(o)* = 25¢*/(1 + o)

25¢* ro 1 25¢*

Wig = l.|’C)O|F((;o)|2d03= do = tan~' (o)
0 T

T N1+’

= 12.5¢* = 682.5J

or  Wig= [ f()di=25"["e7dt= 12.5¢" = 682.5J
Chapter 18, Solution 56.

Wia = fwfz(t)dtzj e sin?(2t)dt

00
0

But, sin’(A) = 0.5(1 — cos(2A))



o0 o0

[-2cos(4t) + 4sin(4t)]

0

- 1 e72t -2t
Wi = jo e 2'0.5[1 - cos(4t)]dt = —

22|, 4+16

= (1/4) + (1/20)(-2) = 0.15J
Chapter 18, Solution 57.

0

=2

Wia = [ i*(dt= _°w4e2‘dt=2e2‘

or  I(w) = 2/(1-jo), (o) = 4/(1+aed)

Wiq = LJ@ |I(03)|2doo:i ’ ! > dm:itan_l(m) =iE
2 2n(1+ o) T o T2

|
N
e~

In the frequency range, -5 < <35,

5

4
W= —tan' @
T

zitan’l(S)zi(l.373) = 1.7487
T T

0

W/ Wiq = 1.7487/2 = 0.8743 or 87.43%
Chapter 18, Solution 58.

®n = 200t = 2xnf,, whichleadsto f, = 100 Hz
(@) o, = nx10* = 2nf, whichleadsto f, = 10*2 = 5kHz
(b) Isb = f.—f, = 5,000-100 = 4,900 Hz

(c) usb = .+ f, = 5,000+ 100 = 5,100 Hz
Chapter 18, Solution 59.

10 6
Vo) 2+jo 4+jo 5 3
V; (o) 2 2+jo 4+ jo

H(w)



Vo<w)=H<co)vi<<o)={ 2 ] A

2+j(o_4+j0) I+ jo
20 12

= — , S=]o
(s+D(s+2) (s+1)(s+4)
Using partial fraction,
A B C D 16 20 4
Vo (0) = +

+ + = . - . + .
s+1 s+2 s+1 s+4 l1+jo 2+jo 4+jo
Thus,

Vo(t) = (166_t —20e 2t + 4™ )u(t)V

Chapter 18, Solution 60.

2
M
+
I 1jo—~ jo \Y
b
. jo jolg
VZJO)ISI = 7
— 2+jo 1T0"+]20
Jjo

Since the voltage appears across the inductor, thereis no DC component.

v 2mA90°8  5027290° Lo Lo
D Can?ijam 3848+ 12566 '

Vo o AmZO0°S  6283290° oo a0
2 llenltjsm 15691+ 2513 '

v(t) =1.2418cos(2nt —41.92°) + 0.3954 cos(4nt +129.1°) mV




Chapter 18, Solution 61.

Isb = 8,000,000 — 5,000 = 7,995,000 Hz

usb = 8,000,000 + 5,000 = 8,005,000 Hz

Chapter 18, Solution 62.

For the lower sideband, the frequencies range from

10,000 — 3,500 Hz = 6,500 Hz to 10,000 — 400 Hz = 9,600 Hz

For the upper sideband, the frequencies range from

10,000 + 400 Hz = 10,400 Hz to 10,000 + 3,500 Hz = 13,500 Hz

Chapter 18, Solution 63.

Since f, =5 kHz, 2f, =10 kHz
i.e. the stations must be spaced 10 kHz apart to avoid interference.

Af = 1600 — 540 = 1060 kHz

The number of stations = Af/10 kHz 106 stations
Chapter 18, Solution 64.

Af = 108 —88 MHz = 20 MHz

The number of stations = 20 MHz/0.2 MHz 100 stations
Chapter 18, Solution 65.

o = 3.4kHz




Chapter 18, Solution 66.

o = 4.5 MHz
ft = 20 = 9MHz

T, = 1/f, = 1/(9x10°) = 1.11x10" = 111 ns
Chapter 18, Solution 67.

We first find the Fourier transform of g(t). We use the results of Example 17.2 in
conjunction with the duality property. Let Arect(t) be a rectangular pulse of height A and

width T as shown below.
Arect(t) transforms to Atsinc(®?/2)

10 NE)

v

y -
e

TR T2
G(o)

ve

—®m/2 Om/2

According to the duality property,
Artsinc(tt/2) becomes 2mArect(t)
g(t) = sinc(200mt) becomes 2mArect(t)
where At = 1 and 1/2 = 200m or T = 400~n
1.e. the upper frequency ®, = 400n = 2nf, or f, = 200 Hz
The Nyquist rate = f; = 200 Hz

The Nyquist interval = 1/f; = 1/200 = 5 ms



Chapter 18, Solution 68.

The total energy is

Wr = f; v2(t)dt

Since v(t) is an even function,

But

Wr = j: 2500 *dt = 5000

V(o) = 50x4/(4 + ©°)

=L v P (200)°
W = 2ch1|\/(oa)| do = 11(4+m)

| L x=! { — 2+ltan‘l(x/a)}+c

(@a*+x7) 22’ x*+a’ a
4 5
W = 2x10 l[ ® - +ltan‘1((o/2)}
T 8l4+o° 2 X

= (2500/1)[(5/29) + 0.5tan'(5/2) — (1/5) — 0.5tan '(1/2) = 267.19

W/Wr = 267.19/1250 = 0.2137 or 21.37%

Chapter 18, Solution 69.

The total energy is

400
Wy = —j F(0)’ do e ode
- @[(1/4)tan’l((o/4)]w _10z _ 5
T 0 2

400 [

1 2 2 2
W= o [[[F(@)"do===[1/4)tan (03/4)]

= [100/2m)]tan'(2) = (50/m)(1.107) = 17.6187

W/Wr = 17.6187/50 = 0.3524 or 35.24%
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