17

The Fourier Transform

Assessment Problems

0 . T/2 ]
AP17.1 [a] F(w) = / (—Ae—7t) dt + / Ae—iet gt
0

—7/2

_ A[Q _ ejw’r/? - e—ij/Q]

B 24 ) 6jw7’/2 + e—jwr/Q
T jw 2
—j2A wT
= 1 — cos —
- [1 — cos 5 ]
b] F(w) = / te~ e It dt = / IO ALY, ——
bl £(w) o © 0 ° o ° (a+ jw)?

AP 172 f(t) = S {/24ejtw dw + /2 eIt du + /34€jtw dw}
2m U =3 ) 9
1
~ jent
1 3€—j2t _ 36j2t 4ej3t _ 4e—j3t
K [ 22 ]

{4e—j2t _ feI3t 4 d2 _ o2t | feidt _ 4ej2t}

7t

1
= 7(4 sin 3t — 3 sin 2t)
T

AP 17.3 [a] F(w) = F(s) |,_.,= L{e" ™ sinwot }s—ju

s=jw
Wo
o+

o (a+jw)? +wR

B ) = L0 = [ e =

17-1



172 CHAPTER 17. The Fourier Transtform

[c] fT(t) =te ™, () = te™

L{fH ()} =

1
(s +a)?
1 1 = Jdaw

Therefore F(w) = (a1 jw)? - (a—jw)? (@ +w?)?

AP 174 [a] f'(t) = 2;4, _77 <t<0;  f(t)= _3’4, 0<t< g
A A
£6) = 2t +7/2) — ult)] ~ 22 [ut) — u(t — 7/2)]
2A 4A 2A

= —_ult +7/2) — —ut) + —ult —7/2)
o= i(es5) S 250
IMHMmzﬁvw_“+MNwﬂ

4A [ewT/2 4 o—iwt/2 4A wT
= — —1 :{COS(2>—1]

T 2 T

T T

[c] FLf'(t)} = (jw)*F(w) = —w?F(w);  therefore F(w) = —le}"{ ()}

1 . )
Therefore V(w) =1V, [W{S(w) + ] [ejw7/2 _ e—yw/ﬂ

Jw
. . (wT 2V, . /wT
= j2V,,md(w) sin <2> + -, sin (2)
(Viu7) sin(wt/2)

wT /2



Problems

AP 17.6 [a] I,(w) = F{10sgnt} = =
Jw

Vo
[b] H(s) = i
g
Using current division and Ohm’s law,
4 4s
0 = [ = — — =
2 [4+1+s}( 0)s = 5ol
4s 74w
H(s) = : (W) = ==
s+5 5+ Jw
Jjdw 20 80
vV, =H -1 = : — | = -
fe] Vo(w) (@) - fy(w) (5 —I—jw) (]u}) 5+ jw

[d] v,(t) = 80e *tu(t) V
[e] Using current division,

11
£ig = £(-10) = —2A

i1(07) = 5
[f] i1(0%) =i, +i2(0") = 10 +49(07) = 10+ 8 = I8 A
[g] Using current division,
i2(07) = ;l(lO) =8A
[h] Since the current in an inductor must be continuous,
i2(07) =iy(07) = 8A
[i] Since the inductor behaves as a short circuit for ¢ < 0,
1,(07) =0V
] v,(07) = 145(0") + 44, (01) =80V

1
AP 17.7 [a] V (w) = - + mo(w) + T
V., 05|(1/s) 1 1
H _ — = = H —
) = = T 0s(1/s)  s+3 W =370

1 1 o (w)

; — 1 - ; :
(1—jw)B+jw) Jjw@B+jw) 3+ juw
1/4 1/4 1/3 1/3 o (w)
— + — 4+ — - — + :
l—jw 3+jw  Jw 34+jw 3+ jw
1/4 +ﬁ_ 1/12 N o (w)
l-jw  Jjw 3+jw 3+ jw
14 i3 102
l—jw  Jjw 34+jw

17-3



174 CHAPTER 17. The Fourier Transtform

1 1 1 1
Therefore v,(t) = |~e'u(—t) + —sgnt — —e u(t) + =| V

A 6 12 6
1 1 1
Bl v (07) = — = +0+4 =V
[b] v,(07) 1 6+0+6 1
1 1 1 1
(0N =04 - —4-=-V
va(07) =045 -5 +5 =1
()—0+1+0+1—1V
YalO0) =1 5 6 3
AP 17.8 v(t) = 4te u(t); V(w) = L
(1+ jw)?
Theref |V (w)| 4
Tre1or =
cre c w 1+w2

8
L e ]

3.769
Therefore % = T(lOO) = 94.23%

6
AP 17. =6— <w<2
9 |[V(w)| =6 (20007r> w, 0 < w < 20007

72 36
Viw) 20007 ) a7z 108 )¢

1 (20007 72 36 x 1076
Wiq = —/ [36 — w + X w21 dw
mJo

20007 472

[ 7202 36 x 10631207
= — 36w — +

™| 40007 1272 .

1 , 36 x 1075(20007)3
== 36(2000%)——4000W(2000W) + 2



36 x 10~6(2000)3

_ 36(2000) 72(2000)?
= 36( 4000
= 24KJ
24 x 103
= =47
Woke = 5= s

12

Problems

17-5



17-6 CHAPTER 17. The Fourier Transtform

Problems

2 4 i
P17.1 [a] F(w)= / [A sin (g) t} e It dt = —JdrA sin 2w
—2

w2 — 4uw?
0 2A ‘ /2 1 —2A ,
bl F(o) = | <t+A> erdr+ [ ( t+A) eIt gt
—7/2 T 0 T
4A wT
()
w=T 2
T/2 2A .
P172 [a] F(w)= / 2ot gy
—7/2 T
92A [eiwt %
T | —w?
—7/2
24 [ _. JwT . —JjwT
_ jwt/2 [ JF _ jwT/2
w%{e (2 H) ‘ < 2 Hﬂ
Fw) = % |:€—jw7—/2 _ piwr/2 —i—j% (e—jw7/2 1 ejw7/2)i|
w2
2A |wT cos(wT/2) — 2sin(wT/2)
P =2 | -

[b] Using L’Hopital’s rule,
wr(7/2)(—sinwr/2) + 7 cosw(1/2) — 2(7/2) cos(wT/2)

F(0) = lim j2A

— Jim j2A [—MT(T/Z)SiD(wT/Q)]
w—0 2wt
. —7sin(wT/2)
= lim j24 [ 4 ] =0
F(0)=0

[c] WhenA=1landT=1
Flw) = 2 [w cos(w/2) — 28111(&)/2)]

w2

F(w)] = -

2w cos(w/2) — 4sin(w/2) ‘

F(0)=0



Problems 17-7
\F(Q)]: 4cos1—4sm1’:().30
4
2 —4sin?2
|F(4)]: 8 cos sin ’20.44
16
12cos3 —4sin3
F(6)| = =0.35
7 (6)] .
16 cos4 — 4sin4
7 (s) =0
18 cos4.5 — 4sin4.5
7(9)| = =0
20cosb —4sinb
F(10)| = =0.1
[F(10)| o 0.10
24 cos6 — 4sin6
F(12)| = =0.1
F(12) — 0.17
28cos7 —4sin7
F(14)| = =0.09
7 (14) —
31cos7.75 —4sin7.75
F(15.5) =
|#(15.5)] 240.25
05 qiF(a |
0.45
04 -
0.35
0.3 -
0.25 -
0.2 -
0.15 -
01 -
0.05
0 o]
-20 -15 -10 -5 0 5 10 15 20
2A

P173 [a] Flw)=A+ —w, —w,/2<w<0
w

o

F(w):A—%w, 0<w<w,/2
w

o

F(w)=0 elsewhere



[b] f(0)

CHAPTER 17. The Fourier Transtform

f() ! /0 (A + 2Aw) e/ dw

21 J—w, /2 Wo

]_ W0/2 2A .
—i—f/ (A - w) el dw
2w Jo W

1 1 o | 0 24
f(t) { / ) Ae’™ dw + / ——wel™ dw
—Wwo /2

B % —wo/2 Wy
Wo/2 . Wo /2 2A .

+/ A’ dw — / = wel dw }
0 0 W,
1

= —[Intl + Int2 + Int3 — Int4 |
7r

0 ; A .
Intl = / A dw = —(1- e*th0/2)
—wo /2 jt

o 24 24 tw, ‘
Int2 = / el dw = (1 -7 w e—]two/Q _ e—jtwo/Q)
7&10/2 Wo wotQ 2

wo/2 ) A )
Int3 — / A dy = 2 (itnl2 _ 1)
0 jt

wl29A 24 tw, . .
Int4 = / ——we™ dw = (—jieﬂw"/2 +eftel2 1)
0 Wo W, t2 2

2A
Intl + Int3 = TSin(wot/2)

4A
Int2 — Int4 =
ot?

1 [4A

[1 — cos(w,t/2)] — 2;4 sin(w,t/2)

F(8) = 5 | S5 (1= costent/2)]

Wol?

2A

— v [2 sinz(wot/él)]

el el

A
(1)* = 79.58 x 10w, A




[e] A=20m; w, = 2 rad/s

sin(t/2) ] ?

f(t) =10 l

(t/2)

———

10 8 6 4 2 0 2 4 6 & 10

Problems 17-9

—at\ __ 1
P74 lal F(s) = L{te™} =
F(w) = F(s) T F(s) i
1 1
Flw) = [(a+jw)2] " l(a—jw)?]
_ 2(a? — w?) _ 2(a” — w?)
<a2 _ w2)2 + 422 (a2 + w2)2
3 —at\ __ 6
[b] F(s) = L{t°e™"} = (s +a)t
F(w) = F(s) i + F(s) —
6 6 » A — w2
F(w) = (@t o) (a=jw) = —]48awm
= L{e " coswpt} = Sl = i 0
[c] F(s) = L{ ot} (s+a)?+wd (s+a)—jwo  (s+a)+ jwo

F(w) = F(s) . + F(s) o
0.5 0.5
Flw) = (a+ jw) — jwo + (a+ jw) + jwo

0.5 0.5
+ : — + : :
(a —jw) —jwo  (a— jw) + jwo

a a
a? 4+ (w —wp)? * a? 4+ (w + wp)?




17-10 CHAPTER 17. The Fourier Transform

wo —50.5 0.5

_ —at L3 — =
L] F(s) = Lie sinwnt} = o 2 = 5t a)—jwo | (5 % a) + juo

—Jja ja
F(w) =
(w) a? + (w — wp)? + a2 + (w4 wp)?

[e] F(w) — /OO (S(t B to)e_jwt dt — e_jwto

(Use the sifting property of the Dirac delta function.)
ejw()t e—jwot
P17.5 F{sinwot}:f{ 5 }—}"{ 2 }

= 21j[27r6(w —wp) — 275 (w + wo)]

= jm[d(w + wp) — d(w — wp)]

P176  f(t) = ;ﬂ [ 1A@) + B feos tw +  sintu] de

_ ! /OO [A(w) costw — B(w) sin tw] dw

27 J oo

+ QL / [A(w) sintw + B(w) cos tw] dw
™ J—0
But f(t) is real, therefore the second integral in the sum is zero.

P 17.7 By hypothesis, f(t) = — f(—t). From Problem 17.6, we have

f(=t) ! /OO [A(w) costw + B(w) sin tw| dw

")

For f(t) = —f(—t), the integral [0 A(w) cos tw dw must be zero. Therefore, if
f(t) is real and odd, we have

f(t) 1 /oo B(w) sin tw dw

T 21 )
—j2 9
P17.8 F(w)=——; therefore B(w) = —; thus we have
w w
1 oo /=2 1 o sint
f(t):——/ () sintwdw:—/ S dw
21 J—oo \ W T/ W

But

sin tw 2 [ sintw
/ dw
0

is even; therefore f(t) = —

w ™ w



Problems 17-11

Therefore,

2
f(t):—-gzl t>0

72T . from a table of definite integrals
f(t):-<>:—1t<0

us 2

Therefore f(¢) = sgnt

P17.9 From Problem 17.4|c] we have
€ n €
4+ (w—wp)? €+ (w+w)?

F(w) =

Note that as ¢ — 0, F'(w) — 0 everywhere except at w = +wy. Atw = Fwy,
F(w) = 1/¢, therefore F'(w) — oo at w = twy as € — 0. The area under each
bell-shaped curve is independent of €, that is

/00 edw /00 edw
= =TT
—o0 62 —+ (w — WO)Q —o0 62 —+ (w + w0)2
Therefore as e — 0, F(w) — md(w — wp) + 7 (w + wp)

P17.10 A(w) :/io f(t) coswt dt

0 00
= / f(t) coswt dt +/ f(t) coswt dt
—00 0

= 2/ f(t)coswtdt, since f(t)coswt is also even.
0

B(w) = 0, since f(t)sinwt is an odd function and

0 oo
/ f(t)sinwtdt:—/ f(t)sinwt dt

—00 0

P17.11 A(w):/_o f(t)coswtdt—i—/ooof(t)coswtdt:O

since f(t) coswt is an odd function.

B(w) = —2/0 f(t)sinwtdt, since f(t)sinwt is an even function.

dft)| = dft) o
P17.12 [a] f{dt} _/_Oo et

Letu = e/ then du = —jwe 7" letdv = [df (t)/dt] dt, then v = f(t).

Therefore ]—"{df(t)} = f(t)e—jwt > _/io f(t)[_jwe—jwt di]

dt

=0+ jwF(w)



17-12 CHAPTER 17. The Fourier Transform

[b] Fourier transform of f(¢) exists, i.e., f(00) = f(—o0) = 0.

[c] To find f{de(t) }, let ¢g(t) = i)

dt? dt
Then F{d;;gt)} = ]—“{dgg)} = jwG(w)

But G(w) = .7{(1];(;)} = jwF(w)

2
Therefore we have }"{dj;gt)} = (jw)*F(w)

Repeated application of this thought process gives

O = Gorre),

dtm

P17.13 [a] f{/_;f(x)dx} :/_O:O [/_;f(x)dx

t
Now let u:/ f(z)dz, then du = f(t)dt

) 6—jwt
Let dv=e7“"dt, then v = —
Therefore,
efjwt t [e'e) 00 efjwt
]—'{/ f(x)dx}: [ twas| —f [ | ]f(t)dt
—00 —JWJ —oco —c0 —oco | —JW
F
o+ )
Jw
[b] We require /oo f(z)dz =0
oo 1
[c] No, because / e “u(r)der=—-#0
—00 a

P17.14 [a] F{f(at)} = / © flat)e et dt
Let wu=at, du=adt, uw=+oo when =+

Therefore,

FUa) = [ e (B 1P (2). aso

a a a



Problems 17-13

1 1 2
b] F{e ) = =
bl He = T T o0 " T2
oty (1/a)2
Therefore JT{Q | l} = W
Therefore F{e 05} = L Fle lh = 2
4w? +1’ w?+1

F{e 21} = 1/]0.25w? + 1], yes as “a” increases, the sketches show that f(t)
approaches zero faster and F'(w) flattens out over the frequency spectrum.
F (o)

P17.15 [a] f{f(t—a)}:/fo £t — a)e—7" dt

Letu=1t—a,thendu =dt,t = u+ a, and u = 00 when ¢t = +o0.
Therefore,

o0

Fift—a} = [ flwerro du

—00

= e‘jw“/oo flu)e™ ¥ du = e 7% F(w)

—00

0] Fler'f(1)} = [ fltye e dt = Fw - wo)

[e] F{f(t)coswot} = F {f Q lWH

1 1
= 5F(w —wp) + 5F(w + wo)

P17.16 Y (w)

o0

- UOO c(N)h(t — N) dﬂ it g
“h

AN
/

+()) { [ nte= e dt} d

—00
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Letu =t — A, du = dt, and u = 00, when t = +o0.

o0

Therefore Y (w) = /iox(/\) U_oo

-/ io #(\) {ej“”\ / io h(w)e—en du} dA

- / eI (W) dX = H(w)X (w)

() e du] d\

PI17.17 F{fi(t) fa(t)} = / [ / Fl()ﬁ“du]ﬁ(t)e_j‘”tdt
=5/ P j“teﬁ“d“]dt

/ [ / folt)e—ieut dt] du

1

%/ Fi(u)Fa(w —u)du

P17.18 [a] F(w) :/OO F(t)e =t dt

T /" e a=— [ et = —jF {0}

AF(w)

Therefore j————= T

= F{tf ()}

d335)21[101ﬁX—ﬂ1ﬂﬂej“dt:(—jff{ff@ﬂ

1
jn

Note that (—j)" =

Thus we have ;" [d"i’d(nw)] =F{t"f(t)}
‘ . o ' dF(w)  —j
b1 (&) Fle"u(t)} = = = Flw); dw  (a+jw)?
Therefore 7 [d];fu )] = (@ +1jw)

Therefore F{te “u(t)} =



Problems 17-15

(i) F{|tle~} = Fl{te=*u(t)} — F{te®u(—t)}

_ A
(a4 jw)? I dw a— jw

Lo
(a+jw)?  (a—jw)?

(i)  F{te W} = F{te u(t)} + F{teu(—t)}

1
-~ (a+ jw)? I dw a— jw
1 1

(@a+jw)*  (a—jw)
P 17.19 [a] fi(t) = coswyt, Fi(u) =m[o(u+ w) + 0(u — wp)]
fo(t)=1, —1/2<t<T1/2, and f5(t) = 0 elsewhere

7 sin(urt/2)

Thus Fy(u) = ur /2

Using convolution,

Flw) = ;ﬁ/ Fu(w) Fy(w — ) du
_i - e u w u— w TSin[(w_U)T/Q] u
—%/_ Pt wo) + 00w = w0l =y
sm [(w—u)T/2]
2/ w2
B sm [(w—u)T/2] "
2/ (w=wo) = =7 ¢

T sin[(w +wo)7/2] | 7 sin[(w — wp)T/2]
2 (w+wo)(r/2) 2 (w—wo)T/2

[b] As 7 increases, the amplitude of F'(w) increases at w = fwy and at the same
time the duration of F'(w) approaches zero as w deviates from +wy.
The area under the [sin z|/x function is independent of 7, that is

% sin[(w —wg )(7/2)] % sinf(w — wp)(7/2)]
n W)/ W= /. w—w)(rjz) /D del=m

Therefore as t — oo,

fi(t) fo(t) — coswot and  F(w) — 7[d(w — wp) + d(w + wp)]




17-16 CHAPTER 17. The Fourier Transform

P 17.20 [a] v, = 100u(t)

Vy(w) = 100 [mS(w) + 1]

]Ld
10 9
H pr— pr—
(5) = 55510~ 542
2
H(w) =
() o+ 2
~200md(w) 200

Volw) = Hw)Vylw) = =207+ 5oy

= Vi(w) + Va(w)

1 [ 2007/t 1 7200
:—/ ,m5(w)dw:<7r
o e w2 or \ 2

K Ky 100 100
= —+- = =
Jw  Jw+2  jw  Jjw+2

v1(t) ) = 50 (sifting property)

Va(w)

vy(t) = 50sgn(t) — 100e > u(t)

Vo(t) = v1(t) + va(t) = 50 + 50sgn(t) — 100e > u(t)
= 100u(t) — 100~ *u(t)

v,(t) = 100(1 — e *u(t) V

[b]

100

volt)
(¥)
80

60 -

40 -

20

t (s}



Problems 17-17

P 17.21 [a] From the solution to Problem 17.20

2
H =
(w) 12
Now,
200
Vo(w) = —
Jw
Then,

400 K K 200 200
Vo) = Hw)Vp(w) = — o= o=
jwjw+2) Jw Jw+2  Jw  jw+2
v,(t) = 100sgn(t) — 200e > u(t) V
[b]

150 1wty
(V)

100 -
50 -

0 T T T
2 -1.2 -08 -04

-50 -

-100 -

-150 -

P 17.22 [a] Find the Thévenin equivalent with respect to the terminals of the capacitor:

Ro, — ift)
iy &
Vo y T ZUF
L

5
UTh = —Ug; Ry, = 60]]12 = 10k

6
I Vrn B 2sVmy,
?° 10,000 + 105/2s  20,000s 4 106
I, 10" w x 107
H(s)= o= ——  Hw) =222
Vi s+50 jw + 50
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5) 60
UTh = évg =30 sgn(t); VTh = ﬁ

jw X 104> _6x107°

I, = H(w)Vm(w) = () ( jw+50 ) jw+50

[b] Att = 0~ the circuit is

" if07)=0
12kQ —
36V ) 30V E 60k T2uF
+
Att = 07 the circuit is
5ﬁmg 10" =6mn
12kQ —
36wy 30V E60kQ  T2uF
+
0.5mA
. 30 + 36
iy(0%) = TR mA
30

iﬁok(0+) = @ = 0.5mA

io(07) = 5.5+ 0.5 = 6mA

which agrees with our solution.
We also know i,(00) = 0, which agrees with our solution.
The time constant with respect to the terminals of the capacitor is Rt,C Thus,

1
7= (10,000)(2 x 107°) =20ms; .. = =50,
-

which also agrees with our solution.
Thus our solution makes sense in terms of known circuit behavior.



Problems 17-19

P 17.23 [a] From the solution of Problem 17.22 we have

10k
Ay :
+
¥ = 10
VThC'D‘ Vs T
*
V. — Vrn &6
? 104 4 (106/2s)  2s
1% 50
H = 9 =
e T
50
H(jw) =
(jw) jw + 50
60
VTh(W) = jiw
60\ 50
V; — H ] V - - -
@) = G n) = (50) 20
3000 60 60

(jw)(jw +50)  jw  jw+50
v,(t) = 30sgn(t) — 60e " u(t) V

[b] v,(07) = =30V
0o(07) =30 — 60 = =30V

This makes sense because there cannot be an instantaneous change in the
voltage across a capacitor.

Vo(00) =30V

This agrees with v (00) = 30 V.
As in Problem 17.22 we know the time constant is 20 ms.

B 4/s
~ 0.5+0.01s +4/s
400 B 400

s2 4+ 505 +400 (s 4 10)(s + 40)
B 400
"~ (jw 4 10)(jw + 40)
6
jw

P17.24 [a] “f’: H(s)

g

H(s) =

H(jw)

Vo(w) =
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| 2400
Vo(w) = Vy(w)H (jw) = jw(jw + 10)(jw + 40)

K K K
Vow)="—4 —2— 4 2
Jjw  Jw+10  jw+40
2400 2400
=2 =6 Ky=—"" =8
YTog00 27 (=10)(30)
ho_ 2400
57 (—40)(=30)
6 8 2
Vo(w) =

_E_jw+1o+jw+4o
vo(t) = 3sgn(t) — 8e u(t) + 2 u(t) V
[b] v,(07) = -3V

[c] v,(0") =3 —8+2=-3V
[d] Fort > 0t:

0.5 0.01s 4/ 5
I\’l\’l\' .. 11
+
3 3
s © Vo ‘ s
»
V,—3/s N (V,+3/s)s _ 0
0.5+ 0.01s 4 n
100 s 300
A RS
s+50+4 s(s + 50)
. 1200 — 382 — 150s . K1 K2 K3

° T S H10)(5140) s s+10  s+40

1200 1200 — 300 4 1500
K = — = 3' K = — _8
YT og00 7 ? (—10)(30)
1200 — 4800 4 6000
K3 — —
(—40)(—30)

Vo(t) = (3 — 8e 1 + 274y (t) V

[e] Yes.



Problems 1721

Ve
0.5+ 0.01s +4/s

P17.25 [a] I, =

H(s) = xI/g, T2y ;(())Si 200 (s+ 113())?; 40)
Hw) == +1fg)<é?+ 40)

Vi) =

L) = H@V) = o

20 20
C jw+10  jw +40

io(t) = (201 — 20 ")u(t) A
[b] i,(07) =0
0

[C] 7;0(0+) =
[d]
0.5¢2 0.01s 4/
Ay - i}
N é
3 3
s © ‘ s
-
;o 6/s B 600
" 054+0.01ls+4/s 524 505+ 400
600 20 20

(s+10)(s+40) s+10 s-+40

io(t) = (201 — 20~ u(t) A

[e] Yes.
I,R RCsI, I s
P17.26 [a] [, = — 94"  — Rt VA L
lal L= 156 = ROs+ 1 ()=, = s¥i/me
1 106 jw
= p— 4 : H =
RC - i U @ =Tm

2 400 x 107°
i, = 200sgn(t) pA; I, = (200 x 1079) < ) ==

¥I%
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400 x 107° jw 400 x107°
B Jw Jjw+40  jw+40
io(t) = 400e™*u(t) A
[b] Yes, at the time the source current jumps from —200 pA to +200 pA the

capacitor is charged to (200)(50) x 1073 = 10V, positive at the lower
terminal. The circuitatt = 0~ is

0 (A,

200@4@ S0KQE 15y —==0.5uF

‘ 2DD|J.}:]\ +

Att = 0T the circuit is

400 (wB

zuupa? S0KQE 15y —==0.5uF

2DD|J.}:]\ +

The time constant is (50 x 10%)(0.5 x 107%) = 25 ms.

1 . . —40t
— =40 .. fort >0, 1,=400e HA
-

I,R(1/sC) IR

P17.27 = _
Bl Vo= R (/s0) = ROs+1

H( ) V, 1/C 2 x 108
S) = — = =

I, s+ (1/RC) s+40

2 x 106 400 x 1076
400 x 1076\ /2 x 106
V, - H I =
(w) (w) g("") ( jw ) (40 —i—jw)
800 20 20

T w40+ jw)  jw 40+ jw
v,(t) = 10sgn(t) — 20e**u(t) V

[b] Yes, at the time the current source jumps from —200 to +200 pA the capacitor
is charged to —10 V. That is, att = 0,
v,(07) = (50 x 10%)(—200 x 1075) = =10 V.



Problems 1723

At t = oo the capacitor will be charged to +10 V. That is,

vo(00) = (50 x 10%)(200 x 10-%) = 10 V

The time constant of the circuit is (50 x 10%)(0.5 x 107%) = 25 ms, so
1/7 = 40. The function v,(t) is plotted below:

15 vt
W

10

-10

-15 -

P17.28 [a] i, = 3¢ °!

L= -3 43 30
I jw+5 —jw+b (jw+5)(—jw + 5)
Vo Ve,
10~ 10
1 1
% H(s) = — Hw) = —
I, s+1 Jw+1
300
V, =17 H = — . .
(W) = Ly(w)H{w) (jw+ 1) (jw + 5)(—jw + 5)
K K K
=t ——
Jjw+1 Jjw+d —jw+5H
300
Ki=—— =125
L ()6
300
Ky=——_=-75
S (=4)(10)
300
K; = =5
T (6)(10)
12.5 7.5 5
Vo(w)

T+l jwts  —jwts
v,(t) = [12.5e7" — 7.5¢ " u(t) + 5e”u(—t) V
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[b] v,(07) =5V
[e] v,(07) =125-75=5V
[d] i, = 3e*u(t), t>0"

1, 1002 =7 Vv, (DO0.5R

Vo Vs
Yo Y% 1405
00 "t
30
Vi(s+1) = 5
(s+1) s+5+
30 5

0o —

+
(s+5)(s+1) s+1
=15 7.5 5 12.5 7.5

s+5+s—|—1+3+1 _s+1_s—|—5
v,(t) = (12.5e7" — 7.5 "Hu(t) V

[e] Yes, for¢ > 0% the solution in part (a) is also
v,(t) = (12.5e7" — 7.5e *u(t) V

P 17.29 [a] .
3




Problems

R/L,L,
 s(s+ R[(1/Ly) + (1/L)))

=12 x 10°

1 1
) = 104
R<L1+L2> 3 x 10

12 x 10°

H(s) = s(s+ 3 x 10%)

B 12 x 10°
T jw(jw + 3 x 10%)

H(w)

Vy(w) = 1257 [0(w + 4 x 10*) + §(w — 4 x 10%)]
15007 x 10°[6(w + 4 x 10%) + §(w — 4 x 10%)]

L(w) = H(w)Vy(w) jw(jw + 3 x 10%)

15007 x 10° /oo 0w +4x10%) + §(w — 4 x 10Y]e*

(1 —
io(?) 27 —o0 Jw(jw + 3 x 10%)

—740,000¢

—440,000(30,000 — 540,000)

io(t) = 750 x 10° {

740,000t
*40,000(30,000 + j40,000) }
75 % 106 ( e—i40.000t (740,000t
= + o
Ix 108 {—j(S—j4) g(3+g4)}
75 740,000t £740,000¢
= 400 {5/— 143.13° © 5/143.130}

= 0.075 cos(40,000t — 143.13°) A

io(t) = 75 cos(40,000¢ — 143.13°) mA

17-25
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[b] In the phasor domain:

12000

125@0\1@ 8000 , 21200

V0—125+ v, N vV,

4200 4800 120

12V, — 1500 + 3V, + j20V, = 0
1500

0

o= -——=060/—53.13°V
151 joo ~ 00[=53.1%
Vo -3 o
10:%:75X10 {—14313A
J

io(t) = 75 cos(40,000t — 143.13°) mA

P 17.30 [a]
2303 100/s
AW ! |
+
v is
v & )
Vs V,s?
‘/O pu— pu—
25+ (100/s) +s s>+ 25s + 100
V'o 2 )2
H(s)= 2= ° H(w) = )

TV, (s+5)(s+20)
v, = 25i, = —450e'%u(—t) — 450 'u(t) V
450 450

(jw +5)(Jw + 20)

V= — _
97 jw+10  jw+10
—450(jw)?
Vo(w) = H(w)V, = — . :
(W) = H(w)V (—jw + 10)(jw + 5)(jw + 20)
N —450(jw)?
(jw + 10)(jw + 5)(jw + 20)
Kl K2 Kg K4 K5 KG

. + - + - + - + - + -
—Jw+10  Jjw+5 Jw+20 Jw+5H Jw+10  jJw+20



Problems 1727

Klzm:—loo K4:_(§(()1(§>5):—150
m:%:—m K5:_(4_550)((1100())):900

Ky = é%?giofg) = 400 K¢ = m = —1200
V() = —100 —200 —800 900

—jw + 10 +jw+5 +jw+20 +jw+10
v, = —100eu(—t) + [900e % — 200e " — 800e™**|u(t) V
[b] v,(07) = —100V
[e] v,(0T) =900 — 200 — 800 = —100V
[d] Att¢ = 0~ the circuit is

2502 100/s
A {}
+ Ul - |

450V (3 Yor 5 100V

Therefore, the solution predicts v, (0~) will be —350 V.

Now v;(0") = v1(07) because the inductor will not let the current in the 25 2
resistor change instantaneously, and the capacitor will not let the voltage
across the 0.01 F capacitor change instantaneously.

Att = 07 the circuit is

2582 0.01F
Ay | |
+ -350V -

450v 6 v.5 100v

o

From the circuit at ¢t = 0™ we see that v, must be —100 V, which is consistent
with the solution for v, obtained in part (c).
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P 17.31 4
250 125x10/s
A, 7 i

EID

v, (O v_i0.01s 21000
V, -V, 100V, V,s
+ + =
25 S 100s + 125 x 104

~ s(100s + 125 x 101)V,,
7 125(s2 + 12,0005 + 25 x 106)

sV,
I, =
100s + 125 x 104

H(s) I, 52
S) = — =
V,  125(s® + 12,000s 4 25 x 106)
_ 1 -3,,2
H(w) = 8 x 10~ °w

(25 x 106 — w?) + 512,000w
V,(w) = 3007 [8(w 4 5000) 4 6(w — 5000)]

 —2.47%[5(w + 5000) + §(w — 5000)]

I(w)=H =
o(w) (W) Vy(w) (25 x 106 — w?) + 712,000w

eI dw

) 2 /oo W2[6(w + 5000) + 5(w — 5000)]
io(t) = .
21 J —oo (25 x 106 — w?) + 712,000w
25 x 10875000t 95 5 16000t
- {—j(lQ,OOO)(E)OOO) * j(12,000)(5000)}

6 { 75000t ,j5000t }
= — — + -
12 —J J

= 0.5[67j(5000t+90°) + ej(5000t+900)]

io(t) = 1cos(5000¢ + 90°) A



P 17.32 [a]

gt

Problems

17-29

_-10 B

-15 -

1.5

From the plot of v, note that v, is —10 V for an infinitely long time before

t = 0. Therefore

0,(07) = =10V

There cannot be an instantaneous change in the voltage across a capacitor, so

0,(07) = =10V
[b] i,(07) =0A

Att = 0T the circuit is

50
Ay
ig00%) h
20v () U.1FF10v
.
i(0+>_w_4£_8A
o 5 5
[c] The s-domain circuit is
502
A ‘ +
V(D) %T Vo
= [t (9 2
? 5+ (10/s)| \' s s+2
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2
H =
() Jw + 2
2 30 10 30
V, =5|— | —52m = — —10mo
) =5 (2 ) = slamse) + -4 = 10— 10w +
2 10 30
o(w)=H = — — 107 4
Vi) = BV o) = 125 |10 = 10m000) + 20
B 20 _207r5(w)+ 60
Cjw(w+2)  jw+2  (jw+2)(jw+5)
K K K. K. 20md
o, B K K 20m)
Jw o Jw+2  Jw4+2  Jjw+d Jw+ 2
20 20 60 60
Ko=—=10; Ki=—=-10; Ky=—=20; K3y=-—=
0 9 y 1 ) 3 2 3 ) 3 —3
10 10 20 2076 10 10 20
Vw) =2 10 20 20mw) 10, 10
jw  Jjw4+2  Jw+d jw+ 2 Jw  jw+2  jw+5

v,(t) = Bsgn(t) + [10e™2" — 20 u(t) — 5V

P 17.33 [a] .
10/=

VgC} 4=

0

(Vo —V,)s N Vo, Vo
106 4s 800

v, = Vo
° §24+ 12508 + 25 x 104

82

v

v, ~ 1) = 5335000 7 1000)
(jw)?

(jw + 250) (jw + 1000)

H(w) =

gooc

45,000

Vg = 455001, Vy(w) =

(jw + 500)(—jw -+ 500)

45,000(jw)?

—20

— 1076 (w)

Volw) = H(W)Valw) = 5507w & 500) (w + 1000)(—jw + 500)

K K

K3

Ky

T w4250 T w500 T jw 1000 T —jw + 500



Problems

~45,000(—250)2
Ky = (250)(750)(750) 20

45,000(—500)>
KQ _ ) ( ) — _90
(—250)(500)(1000)

45,000(—1000)?
Ky = = 80
> (=750)(—500)(1500)

45,000(500)?

(750)(1000)(1500) _

Ky =

Vo(t) = [20e72% — 90e 70" 4 80e 10 u(t) + 10e° ™ u(—t) V

[b] v,(07) =10V, V,(07)=20—-90+80 =10V

Up(00) =0V
[e] I, = Z: T (s+ 2202)5()2? 1000)
H(s) = ‘]/Lg T 258)2<is+ 1000)
H(w) = (o + 205?))5 8@0 )+ 1000)
) 0.25(jw)(45,000)

(jw + 250) (jw + 500)(jw + 1000)(—jw + 500)

o Kl + K2 + K3 4 K4
T w4250 " jwL500 | jw+1000 " —jw + 500

(0.25)(500)(45,000)

Ka="750) 000y (1500) — ™A

ir(t) = 5e™%u(—t); oo i (07) = 5mA
~(0.25)(—250)(45,000)

e DI DICED

K, = 02)(500)(45.000) _

(—250)(500)(1000)

i, _ (025)(=1000)(45.000) _

> (=750)(—500)(1500)
?:L(O+) = Kl —|—K2+K3 = —20—|—45—20 = 5mA

Checks, i.e., i(0%) =1i,(07) =5mA

17-31
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Att=0":
ve(07)=45-10=35V
Att =07

ve(0T) =45 —10 =35V

[d] We can check the correctness of our solution for ¢ > 07 by using the Laplace
transform. Our circuit becomes

35%10
©
”6
10/s +
-3
1 5%10
v, (O BODQE v, s L=

8‘300 +Z;+(%1_O;/")S 435 x 1070 4 2207 ><810 t_
(s* 4+ 1250s + 25 x 10"V, = s*V,, — (35s + 5000)
45
5+ 500

4552 — (355 + 5000)(s + 500)
250) (s + 1000)V, =
(5 +250)(s + 1000) (s + 500)

0

vy(t) = 45e "% (t) V; V, =

[ _ 10s? 22,5005 — 250 x 10"
° ™ (s +250)(s + 500)(s + 1000)

20 9% 80
s+250  s+500 s+ 1000

vo(t) = [20e%% — 906~ + 80e™ " u(t) V

This agrees with our solution for v,(¢) for ¢ > 0%.

P 17.34 [a]
102 =
v s) () %? T V()
36 36 72w

Vo(w) =

4—jw 4d+jw  (4—jw)d+ jw)
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(16/5)
Vols) = 10+ s + (16/s) Va(s)
CV(s) 16 _ 16
B = = 7105716~ 1218
16
HW) = G0 0e+9)
B - 1152jw
Volw) = H) - Volo) = T30 @ T jo) 2 + jo) B + jw)
. Kl K2 K3 K4
4—jw+4+jw +2+jw +8+Jw
_ e _
B=®eay =°
R
R =gy ="
_1152(=2)
5= o - ¥
sy
R=mrnre ~ ¥
Vi) = —— 42 2

4—jw+4+jw_2+jw_8+jw
v,(t) = 8eMu(—t) + [T2e™* — 327" — 32 % u(t)V

[b] v,(07) =8V
[e] v,(0")=72-32-32=8V

The voltages at 0~ and 0" must be the same since the voltage cannot change
instantaneously across a capacitor.

10 30 40 600(s + 10)
P17.35 V,(s) = — _ _
) = T 5520 5580 (s £ 20)(s + 30)

~ 40(s+10)
(s +20)(s +30)

40(jw + 10)
(jw + 20)(jw + 30)

Hw) =
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P 17.36

P 17.37

V() 30 40(jw + 10) 1200(jw + 10)
o\W) = — . = . -
Jjw (Jw+20)(jw+30) jw(jw+ 20)(jw + 30)
20 60 80
Uo(w) =

jTu+jw+20_jw+30

v,(t) = 10sgn(t) + [60e 2" — 80e " u(t) V

1 1
[a] f(t) = 2{/ eelt dw+/ e el dw} 1_{_;
1/7r 2 oo dt 1
b] W = / _ 2 a1y
[b] w2 Jo (1+t2)2 2w
le 2o ]
—— e dwy == =
el W 7T/0 v T —2 o 27

0.9

or’
= (1/2)In10 = 1.15rad/s

1 w
[d] —/ Lo gy — l—e 21209 =10
mJo

IR RCsl,
IO pu— p—
R+ (1/sC) ~ RCs+1
1, s
H = =
)=, = 5T /R0
RC = (100 x 10%)(1.25 x 107%) = 125 x 107%; LI
’ RC — 0.125
S Jw
() s+8’ () Jjw+8
30 x 1076
I
W) ==
30 x 1070w

" (w + 2)(jw + 8)



Problems 17-35
L(w)] = w(30 x 1079)
¢ (Vw? +4)(vVw? + 64)
|I ( )‘2 900 x 10712(,«)2 Kl I KQ
o w pr— p—
(W4 4)(w?+64) w244 wW?2+064
900 x 10~12)(—4
Ky = (500 x (60) A T
900 x 10~2)(—64
K, = | X(_GO))< ) — 960 x 102
I (w)\z ~ 960 x 1012 B 60 x 10712
° w2464 w?+4
960 x 10712 oo dw 60 x 10712 dw
Wig = - / )| dw = / =
12 = w)[" dw = T 0 w?+64 T w?+4
120x 1072w ® 30x10722  w|®
= —tan  — —— tan”  —
s 8 lo T 2

120 30
< R ”) x 10712 = (60 — 15) x 10712 = 45pJ
T 2 T 2

Between 0 and 4 rad/s

120 1 30
Wiq = [ tan ' = — —tan"'2
T 2

x 10712 = 7.14pJ
m

14
% = 745 (100) = 15.86%

60
(jw+ 1) (—jw+1)

v, 04 04
H(s)= = = H(W)—m

P17.38 [a] V,(w) =

B 24
(w4 1D (jw +0.5)(—jw + 1)

B —24+ 32 N 8
Cjw+1l o jw+05 —jw+1

Vo(t) = [—24e™t 4 327 u(t) + Selu(—t) V
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] V) = s
g\/gthl
Z
40
30
20
10
a 4 2 a 2 4 E{.CJ

-6

[d] W, =2 / 900¢~ di = 1800
5 -

=900J

0

0 o0
[e] W, = / 64e?t dt —I—/ (—24e~t + 32e74/2)% dt
. .
= 32+ [§°[576e " — 1536e /2 4 1024e~"] dt

= 32+ 288 — 1024 + 1024 = 3207



Problems

60 3600
Vo)l = ——= V()= 753
W Velwll = i Vo) (w2 +1)?
3600 2 dw
W, — /
g m Jo(w?+1)2
3600 (1 ( w + tan-! ) 2
— - an~!w
T 2 \w?24+1 0
1800 /2
_ 1800 < + tan—! 2) _ 863.53]
T 5
863.53
= 100 = 95.95
% ( 900 ) % %
576
Vo(w)|? =
[g] | (w)| (w2+1)2(w2+0.25)
1024 768 1024

Ww24025 (w412 (WP+1)

2 1 w 2
_ z tan—! )
oo () (g o).

1
W, = — {1024 -2 - tan~! 2w

™

2
—1024 tan" ' w }
0
204 4 /2 1024
= E tan~14 — ﬁ ( + tan~! 2) — 0 tan~! 2
T T \b ™
= 319.2J
319.2
= — x 100 = 99.75
%= 350 % %
0.5s1 sl
P17.39 I, = g =9
0.5s+25 s+50
I s
H = — =
() =1 = 5550
Hw) = 2%
Jw + 50
12
I -
@) =710
12(jw)

1,(w) = H@)I(w) =

(jw + 10)(jw + 50)

17-37
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12
[L(w)| = =
V(@2 + 100)(w? + 2500)
144w?
L(w)|? =
o)™ = (07 100) (w2 5 2500)
—6 150

w? 4+ 100 + w? + 2500

> 150dw 1 > 6dw
W, (total) — / /7
(total) 0 2 +2500 7)o w?+ 100

3. _1<w>°<> 06, _1<w>
s 50/ lo s 10

=15-03=1.2]J]
3 .. 06
W,(0-100 rad/s) = —tan™'(2) — — tan™"(10)
s s

=1.06 —0.28 =0.78]J

Therefore, the percent between 0 and 100 rad/s is

0.78
5 (100) = 64.69%

4% 10* 4% 10%

2 Y

P17.40 [a] |Vi(w)]* =

w 1002

vyt

IV;(100)]? = — 4

|Vi(200)[* =

4 x 10% B
2002

o rad/s

0 ' . '

-300 -200 -100 0 100

200

300




Problems 17-39

ViR RCYV;
b ‘/O = =
[b] R+ (1/sC) RCs+1
V, S 1 106103 1000
)=V =STaRe)  RC T (05)@0) 10
Hw) =%
Jw + 100
200 |w| 200
Vo)l =17 1 /2 1
lw| Vw2410 Vw? 410
[V (w)]? 10 100 < w < 200 rad/s; |V, (w)|*> =0, elsewhere
w)f = —— W : W)l =
o (,(_)2 + 1047 — — I o 9
4 x 104 4 x 10*
V,(100)]? = ———— = 2; V,(200)]? = —— = 0.8
| ( >| 104 4 104 ’ | ( )| 5 x 104
2.5 7 v, (a)?
2 .
15 4
‘] -
05 1
@ rad/s
O I 1 T
=300 -200 -100 0 100 200 300
1 (200 4 x 10* 4 x 10* 17200
[c] Wi = */ . 5 dw = X {—}
mJioo @ w s w1100
4x10%1 1 1 200
— o | | =2 ~63.66]
T [100 200} T 63.66
1 200 4 x 10% 4 % 10* w |200
d] Wig = f/ - ctan~t -
df Wae="71 0 s2r100 ™ 100 oo
400

— —[tan_l 2 —tan~! 1] =~ 40.97J)
T
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A A
P 17.41 (w) = — (W) =
TR = M= e
_ 5. _ v __ v
H(S)_S+Oz7 H(w)_&+jw, |H(w)|_\/m
Therefore |V, (w)| = wA
V(@2 +w?) (02 + w?)

w2 A?

Therefore |V, (w)[* = (a® + w?)(a? + w?)

00 A2
Win = / A2e~2at gp — o when o = a we have
0 a

W (a)_Az/“ w? dw _Ai2 /‘l dw _/a a? dw
O T ot a2 w 0a? + w? 0(a? +w?)?
A? /1
£
dam \ 2

A2 oo W2 A2
Wour(total) = 7/0 [W] dw = o

1
Therefore Wour(a) _ 05— - =0.1817 or 18.17%
WOUT(total) (e

[b] When a # a we have

1 fa w?A%dw
% . /
our() wJ o (a? 4+ w?)(a? + w?)
A2 a K K5
_ A4 d }
T {/o Lﬂ—l—uﬂ * a2+w2} “
2 o2
Where Kl = a2 — a2 and KQ = m
Therefore
A? « T
il (2) -]
Wour(a) m(a? — a?) [a Mo\ 4
A? T T A2
Wour(total) = ————— |a= —a=| = ———
our(total) m(a? — a?) {GZ 062] 2(a+ )
Therefore Wour(a) = . [a tan™! <&> — om}
Wour(total)  m(a — «) a 4

For v = a+/3, this ratio is 0.2723, or 27.23% of the output energy lies in the
frequency band between 0 and av/3.

[c] For o = a/+/3, the ratio is 0.1057, or 10.57% of the output energy lies in the
frequency band between 0 and a/+/3.



