The Fourier Transform

17

Assessment Problems

0 ) /2 )
AP 17.1 [a] F(w) =/ ) (—Ae‘””t)dtJr/ Ae~it i
—7/2 0

— £[2 _ 6jw7-/2 _ 6—jw7/2]

Jjw

B 24 . 6jw7-/2 _I_e—ij/Z

Cjw 2

—j2A
= ‘7—[1 — cos(wt/2)]
1
[b] F(w / te~ote It dt = / te~ (@ g —
(@t jw)?

AP 17.2 R 2 ;
flt) = — {/ 47t dw +/ el dw +/ 4t dw}
2w -3 -2 2

- {46 72t __ 46—j3t + 6j2t _ 6—j2t + 46j3t _ 46j2t}

]27Tt
1 [3e792t — 3e92t 43t — 473
ot l 52 - 52 ]

1
= —(4sin 3t — 3sin 2t)
mt

AP 17.3 [a] F(w) = F(s) |,_;,= L{e " sinwot }s=jo,

s=jw
Wo
(s +a)* +wj

s=jw (a + jUJ)z + U)g

0] F(w) = £{7 (1)} uryo = [(;] - !

s+a)? a— jw)?

17-1

mBnc ] er Saddle River, NJ. All rights reserved. This publication is protected by Copy f‘vavntten
STU ubli ri reproductlon storage in a retrieval system, or transmission in any form or

recording, or likewise. For mformahon regarding permission(s), write to: Rights and Permissions Department, Pearson

ducation, Inc., Upper i‘addle River, NJ 07458.

éjpyBJO rnat



172 CHAPTER 17. The Fourier Transform

fe] FH(0) = e, (1) =t
L0 = e LU0} = o
Therlore. F) = (s = o= s = Gt 7
AP 174 [a] f/(t) = %, _77 <t<0. f =22 o0<i< g
£1(8) = 22 ute + 7/2) — u(e)] - 22 ult) - (e — /2

—u(t+71/2) — %u(t) + %u(t —7/2)

- Sesg) 2
b FL(0) = ﬁ“ﬂ 22 B
N EEE
e] F{0) = (w)?F() = ~*F(); therefore Fw) =~ F{f'(1)
Thus we have F(w) = —% {% cos (%) - 1]}
AP 17.5
v(t) =V, [u(t—l—%) —u(t—%)
f{u (t—l— g)} = |7m0(w) + jiw eseT/?
f{u (t — g)} = |1d(w) + ]iw e~IwT/2

1 . .
Therefore V(w) =V, lwé(w) + _] [6Jw7/2 _ e—ym/z]

Jw
. . [(wT 2V . (wT
= j2V,,mé(w) sin (7> + Tsm( 5 >
(Viu7) sin(wt/2)
B wt /2
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Problems 17-3

AP 17.6 [a] I (w) = F{l0sgnt} = &
Jw

o) H(s) = 72

Using current division and Ohm’s law,

4 4
Vo = —Izs = — [7] (—Ig)s - I,

44+1+s 5+ s
4s 4 74w
Hs) = H(jw) =
(5) s+5 (jeo) 5+ jw
‘ 74w 20 80
Vi(w) = H T(w) = ) =
] Vi) = () ) = (5 ) (32) = 5355

[d] vo(t) = 80e " u(t) V
[e] Using current division,

: 1. 1
21(0_) = g'lg = g(-lO) =—-2A

[£] 1(07) =4y +i2(0%) =104+ 42(07) =10+ 8 = 18A

[g] Using current division,
i2(07) = =(10) = 8A

[h] Since the current in an inductor must be continuous,
i2(07) =4y(07) =8A

[i] Since the inductor behaves as a short circuit for ¢ < 0,
,(07) =0V

[i] vo(07) = 1i5(07) + 41 (07) = 80V

AP 177 [a] Vy(w) = ——— + mo(w) + —

05(1/s) 1 1
Tr05[(/s) s+3 U =5

H(s) = %

Va(w) = H(jw)V,(jw)
1 1 T (w)
= - — + - — + -
(1—-jw)(B+jw) jw(3+ jw 3+ jw
1/4 1/4 1/3 1/3 mo(w)
— + — + —— — — + -
l—jw 3+jw Jw 3+ jw 3+ jw
1/4 /3 1/12 T (w)
1—jw  Jw 34+ jw 3+ jw
1, 1 1

Therefore v,(t) = 1€ u(—t) + gsgnt ~ 13¢
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17-4 CHAPTER 17. The Fourier Transform

1 1 1
bl v.(07)=>—>404+-=-V
b va(07) =3 =510 5=7
1 1 1
+y — S 42z
0,(07) =0+ G + 5 \Y%
1 1 1
W(00) =0+ -+0+-=2V
Va(00) + 5 +0+ 53
AP 17.8 4
e 4 —t N e
v(t) = dte " u(t); V(w) )
4
Therefore |V (w)| =
14 w?

1 V3 4 2
Wio = — | [m] duw

Wm(total) 8 [ w + tan_l g] — § [0 + E] =4]

w2 + 1 1 0 T 2
3.769
Therefore % = 1 ——(100) = 94.23%
AP 17.9 ;
14 =6 — 0 <w <2000
V(W) Qmw>% =W = ST
72 36
o () ()
V(w)l 20007/ “ T \ a2 x 106 ) ¢
2000 2w 36x 1076
e = _ﬂ/) l 20007r+ iz ‘”] o
1 7202 36 x 10~6,31%0"
= — 36w — +
T | 40007 1272 0
1] 36 x 1076(20007)3
— = [36(2000 2000
7 | 36(20007) = 5507 ™) 1272
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Problems 17-5

72(2000)2 36 x 106(2000)3

— 36(2 _
36( 000) 4000 + D
=24kJ
24 x 103
sko = 5% 103 =47
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17-6 CHAPTER 17. The Fourier Transform

Problems
/2 2A
P17.1 [a] F(w)= / et gt
—-r/2 T
2A [edwt T/
= [—wz (—jwt — 1)]
—7/2
2A , JwT —JwT
_ —jwT/2 1) jw7/2 (_ 1)]
ot € ( 2 * 2 *
F(w) = % p—IwT/2 _ pjwr/2 —I—j% (6—jw7/2 i 6jw7/2)]
w2t
2A |wT cos(wT/2) — 2sin(wT/2)
Pl =2 | .

[b] Using L'Hopital’s rule,

F(0) = Tim 24 [w7(7/2)[— sin(wt/2)] + 7 cos(wt/2) — 2(7/2) cos(w7/2)]
w—0 2wt

w—0

i 94 [ 7‘/2 sin w7/2)]

= lim 24
w—0

=0

[ 7sin w7/2 ]

=0
[c] When A =10 and 7 = 0.1

Flw) = j200 [0.1(4) cos(w/20)2— 2 sin(w/20)]
w
20w cos(w/20) — 400 sin(w/20)
FOI-| :
w
[F(o)
®

-200 -150 -100 -50 0 50 100 150 200

mgnc U] er Saddle River, NJ. All rights reserved. This publication is protected by Copy f‘vavntten irén]
STU ubli ri reproductlon storage in a retrieval system, or transmission in any form or sgy pyBJO rl’]a'[

recording, or likewise. For mformatlon regarding permission(s), write to: Rights and Permissions Department, Pearson ducation, Inc., Upper Saddle R|ver NJ 07458.



Problems 17-7

2A
P 172 [a] F(w):A—l—w—w, —w,/2 <w<0
2A
F() A—w—w 0§w§w0/2
Fw)=0 elsewhere
1 /0 24 ,
_ A = Jtw
f(t) 2m ~/—wo/2 ( + Wo w) e dw
1 [wo/2 2A )
—|——/ (A — —w) el dw
2m Jo Wo

1 0
— [/ Aejtwdw—l—/ 6th dw
2w —wo /2 Wo /2 wo

wo /2
—I—/ Al dw —/ 2A weltv dw]
0

Wo

ft) =

[Intl + Int2 + Int3 — Int4 ]
T o

0 ; A .
Intl = / A dw = _t(l _ e—ytwo/2)
J

—wo /2

2A Wo _ipw itw
wo/2 W wt2(1_‘7 26jt e 0/2)

wo /2 ) A )
Int3 = / Ae?™ dw = ‘_(ejtwo/z —-1)
0 ]t

wo/2 2A 24 tw, | ,
Int4 :/ el duy = (_jieytwoﬂ _I_ejtwo/2 . 1)
0 Wo w0t2 2

2A
Intl + Int3 = Tsin(wot/Q)

Int2 — Int4d =

4/;2 [1— cos(wot/2)] — % sin(w,t/2)

[

ft) =

1 [4/1

— |50 —-cos(a@t/Q))]

wWyl?

= 24 5 [2 sinz(wot/él)}

TWot

dweA . 5
— TE sin®(w,t/4)
 woA [sin(wet/4)]”
CAm | (wet/4)
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17-8 CHAPTER 17. The Fourier Transform

b] f(0) =42

[c] A=b5m; wo = 100 rad/s

(1) = 79.58 x 10w, A

B sin(t/25) ?
1o =15 |G
f(t) 140
t(s)

2 : —jaTA
P 173 [a] F(w) = /_2 [A sin (g) t] e dt = 2‘771‘)2 sin 2w

[b] F(w) :/(;/2 (%HA)e Jwtdt+/ (—At+A) eIt

4A 1 (uﬁ)
cos 5

T wrr
) 6jw0t 6—jw0t
P 174 f{smwot}:]:{ 5 }—.7:{ 5 }

21] 270 (w — wp) — 270 (w + wo)]

= jr[d(w+wo) — I (w — wo)]

P 175 [a] F(s) = L{te ™} = (Hla)z
Fl)=F(s)|_ +Fs)|
1 1
o =[] * [
2(a* — w?) ~2(a® —w?)

(a2 — w?)? + 4a2w? (a2 + w?)?
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Problems 17-9

3 _—at 6
[b] F(s) = L{t’e™"} = G
F(w) = F(s) . —F(s) .
6 6 ‘ a? — w2
F(w) = RS IR m i Ay ey
[c] F(s) = L{e " coswyt} = sta _ 0.5 N 0.5

(s+a)P+wi (s+a)—jwo (s+a)+jwo

Flw)=F(s)| +F(s) ’
s=jw sS=—jw
0.5 0.5
Fw)= ‘ — + ‘ ‘
(a+jw) —jwo  (a+ jw) + jwo
0.5 0.5

+ , — + ‘ ‘
(a—jw) —jwo  (a—jw)+ jwo
a N a
a’?+ (w—wp)?  a®>+ (w+wp)?
Wo —j0.5 0.5

[d] F(s) = L{e™" sinwot} = (s+a)?+wg (s+a)—jwo  (s+a)+ jwo

F =
() a? + (w— wp)? + a? + (w4 wp)?
[e] F(w) = / S(t —to)e ¥ dt = e It
(Use the sifting property of the Dirac delta function.)

P76 f(t) = %/_Z[A(w) 4 jB(w)][costw + j sin te] du
= % /_Z [A(w) costw — B(w) sin tw] dw

/ )sintw + B(w) costw] dw
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) = ! /Z[A(w) costw + B(w) sin tw] dw

o J-
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17-10 CHAPTER 17. The Fourier Transform

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

—1 )
f(t) = %/_OOB(W) sin tw dw
) 9
P178 F(w)=——; therefore B(w) = —; thus we have
w w
1 foo /=2 1 o sint
f(t):——/ (—) sintwdw:—/ TR dw
21 J—oo \ w /oo W
int 2 [osint
But 0 g even; therefore f(t) = — / il
w ml @ w
Therefore,
2
f(t):—-gzl t>0
72T . from a table of definite integrals
T

Therefore f(t) =sgnt

P 179 From Problem 17.5[c| we have

€ €

Fw) =
(w) €2+ (w —wp)? * €2+ (w~+ wp)?

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

/00 edw B /00 edw .
0 €+ (w—wp)? S €+ (wFwy)?
Therefore as € — 0, F(w) — md(w — wp) + m6(w + wp)

0 00
P 17.10 A(w):/ f(t)coswtdt—l—/o f(t)coswtdt =0

—0o0

since f(t) coswt is an odd function.

w) = —2/ f(t)sinwtdt, since f(t)sinwt is an even function.
0
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Problems 17-11

P 1711 A(w) = /io f(t) coswt dt
0 00
:/_ f(t)coswtdt—l—/o f(t) coswt dt

= 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 00
/ f(t)sinwt dt = —/ f(t)sinwt dt
0

—0o0

df (t) o df (1) —jwt
P 17.12 []}“{ > }_/MT‘Q dt
Let u = e ™! then du = —jwe™*tdt; let dv = [df (t)/dt] dt, then
v=f(t).

Therefore f{dj;(t )} = f(t)e !

[ slgwean

—0o0

=0+ jwF(w)

[b] Fourier transform of f(t) exists, i.e., f(c0) = f(—o00) =0.

d*f(t) df (t)
di2 }, let g(t) = 7

Then }“{m} - f{dg—(t)} = jwG(w)

[c] To find }“{

dt? dt

But G(w) = .7:{dfd—(tt)} = jwF(w)

f(t)
dt?

Therefore we have f{ } = (jw)*F(w)

Repeated application of this thought process gives

PIOY
A~ Gorrie)

P17.13 [a] f{/_; (@) d:v} - [" [/_; f(2) da;] ¢ g

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

6—jwt

Let dv =e 7 dt, then v=—
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17-12 CHAPTER 17. The Fourier Transform

Therefore,

[b] We require /_oo f(x)dz =0

0 1
[c] No, because / e “u(x)de = . #0

P 1714 [a] F{f(at)} = [ Z Flat)e ™t dt

Let w=at, du=adt, uw=24oco when =400

Therefore,
Fifan} = [ e du) _1p (5> a0
—o0 a a \a/’
1 1 2
b =t — —
bl Fe = T T T T T
1/a)2
Theref —alty — (7
erefore  F{e "} G/l 11
Therefore F{e 0l = 1 Fle M}y = -
4w? + 17 w?+1

F{e 2} = 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.
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Problems 17-13

P 17.15 [a] F{f(t —a)} = / F(t — a)e 9t gt

Let w =1t —a, then du = dt, t = u+ a, and u = 00 when ¢t = £o0.
Therefore,

Fift—a)} = [ fe o

= e_j“’“/oo fu)e % dy = e F(w)

—0o0

(B F{ef(0)} = [ ft)e " dt = F(w - )

[C] f{f(t) COSu}Ot} = f’{f(t) [M]}

1 1
:§F(w—wO)+§F(W+WO)

P 17.16 Y (w) :/:, [/m 2Vh(t — ) d/\] eIt dt

—0o0

= [ a0 |7t = N at) ax

Let u =t — X\, du = dt, and u = +00, when t = +o0.

Therefore Y (w) = /iozv()\) [/oo h(u)e 7wt du] d\

= [7 e[ [ e ] ax
[T e ) ) = H@)X

1

P 1717 F{A(Df ()}_/ [%/ Fi(u )eﬁ"du] Fo(t)e—7# di

_ L / > [ / * R fg(t)e‘j“’tejt“du] dt

—0o0 —0o0

1 / = [Fl(u) / ‘io fot)e—ie0t dt] du

—0o0

P78 [a] Fl)= [ T Fhe e dt

L [ pwestar] = 5 [ 1swe an = —iFies))
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17-14 CHAPTER 17. The Fourier Transform

Therefore dedf:u) = F{tf(t)}

dzdi(f - | i me i de = (=) F e f(0)}

Note that (—j)" = ]in
s we e 7| 71|~ o)
b (i) Fleu(t)} = - +1 o F(w); dzb(:u) ~ ;jw)z
Therefore  F{te “u(t)} = m

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

__ 1 41

-~ (a+ jw)? I dw a— jw
1 L 1

(a+jw)?  (a—jw)?

(iii) F{te !} = F{te u(t)} + F{te®u(—t)}

_#_I_Ai 1
~ (a+jw)? i a— jw
1 _ 1

(a+jw)*  (a—jw)
P 17.19 [a] fi(t) = coswyt, Fi(u) = 7[6(u + wo) + 0(u — wy)]

fo(t) =1, —7/2<t<T1/2, and fa(t) = 0 elsewhere

Tsin(ut/2)

Thus Fy(u) = w2
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Problems 17-15

Using convolution,

1

Flo) = %/ Fu(u) Fo(w — u) du

1

- %/(iow[é(u + wo) + 0(u — wo)|T

sin[(w — u)71/2]

w2 ™

B sm[(w —u)7/2] "
2/ (w—u)(1/2) d

T[> _ sin[(w — u)71/2] "
+2/ Ut e youy

7 osinf(wHwo)7/2] T sinf(w—wo)T/2]

2 (wHw)(r/2) 2 (W—wo)T/2

[b] As 7 increases, the amplitude of F'(w) increases at w = +wy and at the
same time the width of the frequency band of F'(w) approaches zero as w
deviates from Fwy.

The area under the [sinz|/x function is independent of 7, that is

o sin[(w —wo)(7/2)] , o sin[(w — wp)(7/2)] B
2L o Y L Ty (/=

Therefore as t — oo,

f1(t) fa(t) — coswot  and  F(w) — [0 (w — wo) + d(w + wy)]

P 17.20 [a] Find the Thévenin equivalent with respect to the terminals of the
capacitor:

v, o) T A25nF
#
)

VUTh = E'UQ; RTh = 480”2400 = 400k2
I — VTh _ 625SVTh
° 400 + 109/625s  250,000s + 10°

I,  25x107%s ‘ 25 x 1074 jw
H(s) = H(jw) = ———~—

Vin s +4000 jw -+ 4000

b}
UTh = E’UQ = 5OSgn(t); Vi = ]—w
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17-16 CHAPTER 17. The Fourier Transform

100 (25 x 107*jw 0.25

I, = HGjw)Vm(jw) = [ — | | = = -

() Vin () (]uj) ( jw + 4000 ) jw + 4000
io(t) = 250e” %%y (t) mA

[b] At ¢ = 0" the circuit is

iU(D_}l=D

iy
4808 —

60V 5OV £2.4kQ T 625nF

+

At t = 07 the circuit is
229.167mA 110" = 250mn

480Q —
60V() 50V £2,4kQ T 625nF

+

20.83mA

60 + 50
480
50

i2.4x(07) = 2100 = 20.83mA

i,(07) = 229.167 + 20.83 = 250 mA

ig(0%) = = 229.167mA

which agrees with our solution.

We also know i,(c0) = 0, which agrees with our solution.

The time constant with respect to the terminals of the capacitor is R, C
Thus,

L _ 4000,

T

= (400)(625 x 107%) = 0.25ms;

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

P 17.21 [a] From the solution of Problem 17.20 we have

4000
Ay :
+
! + 10°
V& Yoo T625s
L 2
Vi 10°

v, = :
400 + (10°/625s) 6255
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Problems 17-17

v, 4000
H pr— pr—
() = ¥~ = 53 4000
4000
H(jw) = ——
() = <2000
100
Vip(w) = —
](U
100\ 4000
Vo = H(jw)V- =|— ]| —
(w) (]w) Th(w) (]uj) Jw 4+ 4000
400,000 100 100

~ (@)(jw +4000)  jw  jw+ 4000
v,(t) = 50sgn(t) — 100e % (t) V
[b] v,(07) = =50V
o(0F) =50 — 100 = —50V

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

Vo(00) =50V

This agrees with vy, (00) = 50 V.
As in Problem 17.21 we know the time constant is 0.25 ms.

P 17.22 [a] v, = 50u(t)

V,(w) =50 [7‘(‘5((4)) + L]

jw
400 200
H pr— pr—
(5) = 555200 ~ 51200
200
H(w) = — 2
(@) = 200
10,0007 (w) 10,000

jw+200 | jw(jw -+ 200)
= Vi(w) + Va(w)

1 o 10,000mel 1 /10,0007
_ 1= 0000me o d:—( ’ ):25 ift ¢
ult) =55 /_oo o200 YW =555 (sifting property)
K K. 50 50

j—w+jw+200 T jw jw+ 200
va(t) = 25sgn(t) — 50e~ 2% (t)
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17-18 CHAPTER 17. The Fourier Transform

V,(t) = v1(t) + vo(t) = 25 + 25sgn (t) — 50e~ 2%y (¢)
= 50u(t) — 50e~ 2% (t)
v,(t) = 50(1 — e 2% () V

[b]

60 1v,(t)

(V)
50 -

30 4
20 4

10 +

t (ms)

P 17.23 [a] From the solution to Problem 17.22

200

H(w) = —
(w) o + 200

10,000 K Ko 50

v,(t) = 25sgn(t) — 50e 2 (t) V
[b]

30 - v, (t)

(V)

20

10 1

t (ms)

_10 .|

-20

-30 -
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Problems 17-19

I,R RC'sI 1 s
P17.24 [a] I, = — ¢ — 9. (g =2 __ 5
&l L= 39756 T Rs+ 1 )=, = 551/RrC
1 ‘ Jw
— =1000; H(jw)= —2
RC ’ U) = 55000
2 80 x 1073
ig = 40sgn(t)mA; I, = (40 x 107?) ( ) X
Jw Jw
‘ 80 x 1073 jw 80 x 1073
I, =I,[H(jw)] = : . = -
Jw Jjw+ 1000  jw + 1000

io(t) = 80e 19%%(¢) mA
[b] Yes, at the time the source current jumps from —40mA to +40mA the
capacitor is charged to (1250)(0.04) = 50 V, positive at the lower

terminal. The circuit at t = 0~ is
0a),

4DmA£ 1250002 cgqy —==0.8uF
‘ 4|:|mA/r +

At t = 07 the circuit is
EEEImA_)

4Dmh? 125DQ§ 5oy —— 0. 8uF

4 UmA/]\ +

The time constant is (1250)(0.8 x 10

1
— = 1000 for ¢ > 07 'éo - 806_1000t mA

=
LR(1/sC) IR
P 17.2 L= =9
w25 ] Vo= A 0] T Res+ 1

3) =1 ms.

g 1 125 x 104
H(s) = Vo _ /C _ 125 %10
I, s+ (1/RC) s+ 1000
125 x 10* 80 x 1073
H(jw) = —— 2~~~ . I -7
Uw) = To00 & ' o(«) o
‘ 80 x 1073 [ 125 x 10*
VO(W) = H(]w)lg(w) = - -
Jw 1000 + jw
10° 100 100

jw(1000 + jw)  jw 1000 + jw
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17-20

CHAPTER 17. The Fourier Transform

v,(t) = 50sgn () — 100e~ 0% (¢) V

[b] Yes, at the time the current source jumps from —40 to +40mA the

P 17.26 [a]

STUBENTS-HUIE, cdit

recording, or likewise. For inf

capacitor is charged to —50 V. That is, at t =07,

v,(07) = (1250)(—40 x 1073) = =50 V.

At t = oo the capacitor will be charged to +50 V. That is,
vo(00) = (1250)(40 x 1073) =50 V

The time constant of the circuit is (1250)(0.8 x 10~
1/7 =1000. The function v,(t) is plotted below:

VD(t) 60 -
(V)
20
20
r T T G T t (msl}
5 3 -1 1 3 5
_20 .
_40 -
_ED o
Vo 16,
Yo _ prg) — 6,000/
v, 100 + 0.1s + 16,000/s
(5) 160,000 160,000
S) = et
s2 4+ 1000s + 160,000 (s + 200)(s + 800)
‘ 160,000
H(jw) = :
(jw + 200)(jw + 800)
16
V,(w) = —
(W) jw
256 x 104
Volw) = Vy(w)H (jw) = —— ‘
(@) = Vo) H (jw) = o = 500) (e + 800)
K, K> K
Vo - - ;
@) =+ 07200 T 7o+ 800
256 x 104 256 x 104
Ki=""2"" =16, Ky=— "~ = _2133
"T16 % 10 ’ 27 (=200)(600)
256 x 104
= =5.33
> (=800)(—600)
16 21.33 5.33
Vo(w) =T — - ;
Jw  Jw 4200 jw 4+ 800
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Problems 1721

v,(t) = 8sgn(t) — 21.33e 2% (t) + 5.33¢ 5%y () V

[b] 'Uo(o_) = -8V
[c] v, (0) =8 —21.33 + 5.33 = —8V
[d] For ¢t > 0F:

1008 0. 1s 16, 000/s
Al L i}
+

W

a

w oo

oo
o
ey

F N ‘
w

Vo —8/s n (V,+8/s)s
100 4+ 0.1s 16,000

=0

10 P 80 8
s+1000 ~ 16,000|  s(s+1000) 16,000
Vo —8s> — 8000s + 80(16,000) K K, N K
7 s(s+200)(s+800) s  s+200 s+800
80(16,000) 80(16,000) — 320,000 + 16 x 10°
= _ 8 , = = —21.33
(200)(800) (—200)(600)
~80(16,000) — 512 x 10* 4 64 x 10° £33
° (—800)(—600) e

vo(t) = (8 — 21.33¢7 2% + 5.33e 5 u(t) V

[e] Yes.
P 17.27 [a] I, = Yo
100 4 0.1s + 16,000/ s
1, 10s 10s
V, s+ 1000s + 160,000 (s + 200)(s + 800)
‘ 10(jw
H(jw) = )
(jw + 200)(jw + 800)
16
V,(w) = —
A1) Jw
160
1, = H(jw)V, = — :
(@) = HU)Vo(w) = 50500y (o + 800)

0.267  0.267
jw—+200  jw -+ 800

io(t) = (0.267e720% — 0.267e %) u(t) A
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17-22 CHAPTER 17. The Fourier Transform

[b] i,(07) =0
[c] i,(0%) =0
d]
10053 0.1l= 16, 000/ =
Ay {}
E ID
B o~ g
s @ s
j 16/s B 160
°~ 100 1 0.1s + 16,000/s _ 2 + 1000s + 160,000
160 0.267  0.267

(s+200)(s +800) s+200 s+ 800
io(t) = (0.267e72%% — 0.267¢ %) u(t) A
[e] Yes.

P 17.28 [a] i, = 2¢ 001
1) 2 2 400
w) = =
g jw+ 100 —jw+100  (jw + 100)(—jw + 100)

o — I
s00 T 10TV =1

V, 104 104

1, () = s750° @) =-T7

4 x 108
Vo(w) = Iy(w)H(w) = : 4
(jw + 20)(jw + 100)(—jw + 100)
K Ky K3

“jw+20 Tjot100 T o+ 100
4 % 106

K = ———— = 416.67
"7 (120)(80)
4 x 108
Ky=——— = _950
27 (=80)(200)
4 x 108
Ky=——— _ =166.67
> (120)(200)
416.67 250 166.67

Volw) = = — - :
(@)= 0590 " o100 T Zjw+ 100

v,(t) = [416.6Te~2" — 250e 1% u(t) + 166.67¢ " u(—t) V
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Problems

[b] v,(07) = 166.67V
[c] vo(07) = 416.67 — 250 = 166.67 V
[d] i, =2 "%%u(t), t>0"

2 10

I,=—=—  H(s)=
97 S+ 100’ ()= S5

0,(07) = 166.67V;  ~C = 0.0167

+
I (P 5000 E =y 16. 67mA
=) =1 [u}

Vo o Vos
=1, +0.0167
500 * 104 gt
V(s +20) 2
= 0.0167
104 s + 100 *

36,666.67 + 166.67s _ 416.687 250
(s +20)(s+100)  s+20 s+100

o0 =

V(1) = (416.67e~2% — 250e 1%y (t) V
[e] Yes, for ¢ > 0T the solution in part (a) is also
v,(t) = (416.67e 72" — 250e 1) u(t) V

500 5005 s
P 17.29 [a] I, = - - I
[2] 500 + 104/s ¢ 5005 + 104 ¢ s +20°°
1, s
H = — =
)=, = 572
. Jw
H —
T
400 2 2
Iy(w) = - < - + -
(jw + 100)(—jw + 100)  —jw + 100 ' jw + 100
4 4 Jw 2 2
Io =H 1 - - ; ;
(W) = Hj)s(jw) = =220 | =5 5700 + o 100
2jw 2jw
— : +— :
(jw 4+ 20)(—jw + 100)  (jw + 20)(jw + 100)
K1 K2 K3 K4

T 0120 —jwt100 jwt20 " jot 100
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17-24 CHAPTER 17. The Fourier Transform

2(—20) 2(100)
K, = — —0.33: Ky = —1.
! 120 0.33; 2 120 67
2(—20) 2(—100)
Ky = — 0.5 K,=2""")_9
s 80 05 * —80 g
~0.833 1.67 2.5
I(w) =

jw + 20 * —jw + 100 +jw+100
io(t) = 1.67e' % u(—t) + [—0.833e 2% + 2.5 1% u(t) A

[b] is(07) = 1.67V
[c] i,(0%) =1.67V

[d] Note — since i,(0%) = 1.67 A, v,(0%) = 1000 — 833.33 = 166.67 V.

5000

=
W,
gC_} élﬁﬁ. a7
5]

_ V,—(166.67/s) sV, —166.67 1000
° 500+ (104/s)  500s + 104’ 7 s+ 100
1.67s — 33.33 —0.833 2.5

o =

(5+20)(s +100)  s+20 " s+100
io(t) = (—0.833¢ 2% 4 2.5 1)y (t) A

[e] Yes, for t > 0T the solution in part (a) is also
io(t) = (—0.833¢72% + 2.5¢ 70y (t) A

P 17.30
2502 125}(10}35
A i
%ID
v, (O v_{0.01s 1000
Vo =V, 100V, Vos

2s * s +100$+125><104_

s(100s + 125 x 10*)V,
125(s? + 12,000s + 25 x 109)

o0 =

sVo
100s + 125 x 104

o =
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P 17.31

STUBENTS-HUIE, cdit

recording, or likewise. For inf

Problems

H(s) = L2 - .
* TV, T 125(s2 + 12,0005 + 25 x 106)
‘ —8 x 1073w?

H(jw) =

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

—2.47w[0(w 4 5000) + §(w — 5000)]
(25 x 106 — w?) + 512,000w

Io(w) = H(jw)Vy(w) =

Jtw

io(t) =

9 4n /oo w?[6(w + 5000) + d(w — 5000)] "
—o

2 25 x 106 — w?) + j12,000w
25 x 10695000t 05 165000t
=1
{—j(lQ,OOO)(E)OOO) * j(l2,000)(5000)}

6 { —J5000¢ 6j5000t}
= — — + -
12 —7 7

— 05[6_.7(5000t+90°) —I— 6J(5000t+900)]
io(t) = 1cos(5000t + 90°) A

[a]

1 1
L
! [S_I—R(Ll * L2>]

R/L,L,
s(s+ R[(1/L1) + (1/L2)])

=12 x 10°

Ly Ly

reproductlon storage in a retrieval system, or transmission in any form or
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CHAPTER 17. The Fourier Transform

11
R(—+—>:3><104

Ly Ly
12 x 10°
H(s)= —— "
(s) s(s+ 3 x 10%)
4 12 x 10°
H(jw) =

Jjw(jw + 3 x 10%)
Vy(w) = 1257[6(w + 4 x 10*) 4+ §(w — 4 x 10%)]

L(w) = H(jw)V,(w) = 22007 X 1096 (w + 4 x 10%) + 5(w — 4 x 10%)]

Jjw(jw + 3 x 10%)

15007 x 107 /oo [0(w—+4 % 10%) + 6(w — 4 x 10%)]ed™

o(t) = - -
io(?) 27 Jw(jw + 3 x 10%) “
40,0001
o(t) = 750 x 10°
fot) % {—j40,000(30,000 —j40,000)
£740,000¢
*540,000(30,000 + j40,000) }

75 % 106 [ e—i40,000t . £740,000t
4x10% | —j(3+74)  j(3+j4)

75 —740,000¢ 340,000t
400 {5/— 14313 5/143.130}

= 0.075 cos (40,000t — 143.13°) A
io(t) = 75cos(40,000t — 143.13°) mA

[b] In the phasor domain:
12000

p—y

125/0°v(:

18000 v 1200

V,—125 n V, N V,

7200 7800 120

12V, — 1500 + 3V, + 520V, =0
1500

Vy=—— =60/—53.13°V
15 + 520 [=53.18°

=0

I, = =75 x 1073/ —143.13° A

800

mBnc U] er Saddle River, NJ. All rights reserved. This publication is protected by Copy f‘vavntten
STU ubli ri reproductlon storage in a retrieval system, or transmission in any form or sg?é

recording, or likewise. For mformatlon regarding permission(s), write to: Rights and Permissions Department, Pearson

"éjpyﬁornat

ducation, Inc., Upper Saddle R|ver NJ 07458.



Problems 17-27

io(t) = 75cos(40,000t — 143.13°) mA

P 17.32 [a]

g
10/s

v, 43 v 8000

Vo—=Vy)s V, 'V,

—0
106 4s 800
v, = Vs
? 52412505 + 25 x 10*
V, s
R lip— H pu—
v, ~ 1) = G300 1 1000)
(jw)?

H(jw) = 50 5250) oo + 1000)
45,000
(jw + 500)(—jw + 500)
‘ - 45,000(jw)?
Vo(w) = H(]W)V;I(W) - (]w + 250)(jw + 500)(](4} + 1000)(—jw + 500)

o Kl + K2 + K3 i K4
T G0+ 250 jw 4500 " jw+ 1000 | —jw + 500

Vg = 455001 Vy(w) =

45,000(—250)>
(250)(750)(750)

45,000(—500)>

K = =20

. = —90
27 (=250)(500)(1000)
__45.000(-1000°
> (=750)(—500)(1500)
4 2
K, = 4500005002 o

(750)(1000)(1500)
v,(t) = [20e72°% — 90e 0%  80e 10w (t) + 10e°™u(—t) V
b] v,(07) =10V;  V,(0%)=20—90+80 =10V

Vo(00) =0V
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17-28 CHAPTER 17. The Fourier Transform

o] I, = Vo 0.255V,
BT 4s T (s +250)(s + 1000)
I 0.25s
H = — =
() = ¥, = G55 250)(s + 1000)
‘ 0.25(jw)
H pu—
V) = G55 250) (jow + 1000)
0.25(jw)(45,000)
I (w) = — ‘ ‘ ‘
(jw + 250) (jw + 500) (jw + 1000)(—jw + 500)
K K. K. K.
-t —
jw+250 ' jw+500 ' jw-+ 1000  —jw + 500
_ (025)(500)(45,000) _
(750)(1000)(1500)
ir(t) = 5e”%u(—t); ir(07) = 5mA
K, = (025)(=250)(45,000) 0
(250)(750)(750)
_ (025)(=500)(45,000)
(—250)(500)(1000)
Ky (0.25)(~1000)(45.000) _

(—750)(—500)(1500)
’iL(0+) == K1 ‘l‘Kg ‘l‘Kg = —20—|—45 —20= 5H1A
Checks, i.e., i,(07) =i,(07) =5mA

Att=0":
ve(07) = 45— 10 =35V
At t=0":

ve(0Y) =45 -10 =35V

[d] We can check the correctness of out solution for ¢ > 0% by using the
Laplace transform. Our circuit becomes

35%10 "

oY

R

”6

10/s +

-3
v, O B00QE 4s £ 5:10
V, Vo (V,— V) 5x 1073
— 35 x 1076 =0

S T/ O —
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Problems 17-29

(s* 4+ 12505 + 24 x 104V, = s*V, — (355 + 5000)

_ 45
vy(t) = 45" u(t) V; Vy, = ST 500
4552 — (35 + 5000) (s + 500)
250 1000)V, =
(s +250)(s + 1000) (s + 500)

10s% — 22,5005 — 250 x 10
(s + 250) (s 4 500)(s + 1000)

20 90 L 80
s+250 s+500 s+ 1000

v,(t) = [20e72°% — 9020  80e 10y (t) V

o =

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

P 17.33 [a]

200 1 Vg (V)
150 -
100 1

50

t (ms)

=]

-100 -

From the plot of v, note that v, is —50 V for an infinitely long time
before t = 0. Therefore

1,(07) = =50V
There cannot be an instantaneous change in the voltage across a
capacitor, so
0,(0%) = =50V
[b] i0(07) =0A
At t = 0" the circuit is

2502
Ay ‘

1a(0%)

150\((:) 0. EmF\‘ 50V

. 150 — (—=50) 200
1o(07) = T =55 =84
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17-30 CHAPTER 17. The Fourier Transform

[c] The s-domain circuit is

2502
il +
VgC:) SDSDDT Wy
v, (5000) 200V,
‘/0 pr— pr—
25 + (5000/s) | \ s s + 200
v, 200
— = H et
v~ A =
200
H(jw) = ——
() o + 200
2 150 50 150
Vilw) =25 =) — 25/216 e ) o
o) (jw) 2moW)l + 27300 = o 20w+ 00
200 [50 150
V(w) = Hw)V, 12 50m6 o
(W) = H(w)Vy(w) = o + 200 l mo(w) + o + 100
10,000 10,00076(w) | 30,000
= jw(jw £200)  jw+200 | (jw + 200)(jw + 100)
K, K KK 10,00076 (w)
" o jw4200 " jo+200 " jo+100  jw+ 200
10,000 10,000
Ky= 2 500 K, =-—"— — _50
07 7900 T 00 ’
30.000 30,000
Ky = 2000 = 300: Ky = — 300
27 7100 T T 100
50 350 300 10,00076

jw  jw+ 200 +jw+100 jw + 200
v,(t) = 25sgn(t) + [300e 1% — 3502 u(t) — 25V

P 17.34 [a]
1o s
Ay ‘ +
1a
VESS () = I Vis
36 36 72jw

T d—jw A+ jw (d—ju)d+ jw)
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Problems 17-31

(16/s)

Yols) = 07 s+ (1675) )
H(s) = 28 = 32+110i+16 - (s+2;?3+8)
HUw) = Gay 2§?jw +38)
Vi) = H(ji) Vi) = oo
= 4f(ljw +4f§‘w - Qf?}w i 8fl7‘w
= e
K, — % 72
Ky = % — 3
= s
Vi) = ot D e i

4—jw+4+jw_2+jw_8+jw
V() = 8etu(—t) + [72e™* — 3272 — 32 ¥ u(t)V

[b] v,(07) =8V

[c] v,(07)=72-32—-32=8V

The voltages at 0~ and 07 must be the same since the voltage cannot
change instantaneously across a capacitor.

P 17.35 [a]

2502 100/s

&+
1)

v,

Vys _ Vys?
25+ (100/s) +s 82+ 255 + 100

o0 =
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17-32 CHAPTER 17. The Fourier Transform

s> (jw)?

‘/'0 .
His) = V,  (s+5)(s+20) Hijw) = (Jw +5)(jw + 20)

vy = 25i, = 450e'%u(—t) — 450e " u(t) V

450 450
V, = — —~ -
—Jjw—+10 jw—+10

450(jw)?
(—jw + 10)(jw + 5) (jw + 20)

Vo(w) = H(jw)V, =

—450(jw)?
(jw + 10)(jw + 5) (jw + 20)
K K. K. K K. K,
= 42 478y My 78 0
—Jw+10  jw+5 Jw+20 Jw+5 Jw+10  Jw+20
450(100) —450(25)
K = "7 _ 100 K, = — 2/ _ 150
(15)(30) (5)(15)
450(25) —450(100)
(15)(15) (—5)(10)
450(400) —450(400)
Ks = — 400 Keg= — "7 1900
> 7 (30)(—15) 07 (=15)(—10)
100 ~100  —1600 900
Vo(w) =

—jw + 10 +jw+5 +jw+20 +jw+10
v, = 100e™u(—t) 4 [900e % — 100> — 1600e™**"u(t) V

[b] v,(07) = 100V
[c] v,(07) =900 — 100 — 1600 = —800V
[d] At ¢ = 0" the circuit is
250 100/
Ay I
+ vy -y | n

v b 5 100V

450V (1)

Therefore, the solution predicts v1(07) will be 350 V.

Now v1(07) = v1(07) because the inductor will not let the current in the
25 Q2 resistor change instantaneously, and the capacitor will not let the
voltage across the 0.01 F capacitor change instantaneously.
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Problems 17-33

At t = 0T the circuit is

2502 0.01F

Ay I |
+ 350v T4

450v ) vt ognov

o

- +

From the circuit at ¢ = 0% we see that v, must be —800 V, which is
consistent with the solution for v, obtained in part (a).

It is informative to solve for either the current in the circuit or the
voltage across the capacitor and note the solutions for 7, and v are
consistent with the solution for v,

25Q 0.01F
A It
A _
%l + Vi |
vgﬁa Ve 1H

The solutions are
io = 10e™u(—t) + [20e°" + 802" — 90e~'"|u(t) A
ve = 100e'u(—t) + [900e 1% — 400e " — 400e 2" |u(t) V

0 60 100 24,000(s + 50)
P 17.36 V,(s) = — - —
()= 5+ 55100 ~ 53300 ~ (s + 100)(s + 300)

20
V,(s) = H(s) -
12
H(s) — 120005 +50)
(5 + 100)(s + 300)
1200(y 50
H(w) = — (]w:+ )
(jw + 100)(jw + 300)
V(w) = 4_0 . 1200(jw + 50) B 48,000(jw + 50)
ST Gw (jw + 100)(jw + 300)  jw(jw + 100)(jw + 300)
80 120 200
Vo(w) =

j_w+jw+100_jw+300

v,(t) = 160sgn (t) + [120e 1% — 200e 3" (t) V
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17-34 CHAPTER 17. The Fourier Transform
P 1737 [a] f(t):i{/o el o+ [T ererdo} - L/m
' or /- 0 14+1¢2
1/7T 2 oo dt 1
b W_2/ S S
[b] (1+ ¢2)2 o (1+2)2 2r
o0 le=2 o 1
W: —/ —2(4}d = — = —
[c] mJo € w T —2 o 2
1 09
[d] —/ e~ du L l-e =09, =10
mJo 27r
w1 = (1/2)In10 = 1.15rad/s
0.5s1 sI
P 1738 I, = I — J
0.55+25 s+ 50
I, s
H(s)==2=
()=, = 5550
‘ Jw
H —
() jw + 50
12
I(w) = -
Jw—+10
. 12(jw)
I, (w) = H(jw)l(w) = — -
(W) = H{jw)(w) (jw + 10)(jw + 50)
12w
[1o(w)] =
/(@2 + 100) (w? + 2500)
1442
IL(w)? =
oWl = e 100y w2 7 2500)
_ 6 150
W2+ 100 ' w? + 2500
1 r© 150dw 1 />  6dw
Watotal) = L [ 10016l
(total) = — | 52500 ~ 7/ o 524 100
w |*® 0.6 w |*®
Lo () o )
- an . - an 10 1o

STUBENTS-HUIE, cdit

1.5-03=12J
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P 17.39

STUBENTS-HUIE, cdit

recording, or likewise. For inf

Problems

W,(0 — 100 rad/s) = §taun_l(Q) _ 00 tan~"(10)
7 7

=1.06 —0.28 =0.78J

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

0.78
5 (100) = 64.69%

L@ R% IT&:

I,R RCslI,

I, = =
R+ (1/sC)  RCOs+1

I, S
H = —= —
() I, s+ (1/RC)
RC = (2000)(2.5 x 107%) = 0.005; B
B ‘ S RC ~ 0.005
S ‘ Jw
- o
()= s 200° () = <5500
0.01
Iy(w)
Jw + 50
0.01jw

~ (jw + 50)(jw + 200)

L(w)| = w(0.01)
’ (Vw? 4 502)(vw? + 2002)
|I (w)|2 o 10~ 4w? o Ky n Ky
¢ C(w? 4 50%)(w? 4+ 2002) w2 42500 w2+ 4 x 10

(104)(—2500)

K, = = —6.67 x 107°
(37,500)
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17-36 CHAPTER 17. The Fourier Transform

(1074)(—4 x 10%)

Ky = = 106.67 x 10~°
2 (—37,500) %
L) = 106.67 x 107 6.67 x 10°°
© w244 x 104 w? + 2500
1 foo 106.67 x 1076 o dw 6.67 x 1076 oo dw
o= ¢ o = BT S
0= ) o) do p 0 w2 +4x 10t - 0 w2+ 2500
0.533 x 10—6t L ow [ 0133 x 10—6t Lw |®
= ————tan ~ —— ———tan ~ —
T 200 0 T 50 0

, 1
_ (0533 T 018 'E> x 1076 = 0.2 x 107° = 200nJ
™ 2 T 2

Between 0 and 100 rad/s

0.533 1 0.133
Wig = [ tan~! = — tan"'2| x 107% = 31.79nJ
T 2 T
31.79
— 100) = 1
% 200 Z2(100) = 15.9%
60
P 17.40 [a] V,(w) =
[a] Vy(w) G+ 1)(—jw + 1)
v, 0.4 0.4
) =¥ =505 @) =G+ 0s)
24
Vo(w) = — : ‘
() (Jw+ 1) (jw + 0.5)(—jw + 1)
—24 32 8
Vo(w) =

Jorl ot I Sjetl
Uo(t) = [—24e7" + 327 /?|u(t) + 8elu(—t) V
60
(w? +1)
il

[b] [Vy(w) =
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Problems 17-37

24
(W? + 1)vw? +0.25

[c] [Vo(w)] =

—2¢ |

[ W, =2 / 900¢ 2 dt = 1800 “—
; -

=900J
0

0 [e.e]
o] Wo= [ 6aedrt [ (~24" + 3222
. .

= 32+ [5°[576e72t — 1536e~3/2 4+ 1024e 7] dt

=32+ 288 — 1024 + 1024 = 320J

60 3600
f = — > = T gy
[ ] |V;I(w)| wg_l_ 1’ |V;I (w)| ((4)2 + 1)2
3600 (2 dw
W = T /0(w2—|—1)2

_ 3600 1( d —l—tan_1w>
oo 2 \w?+1

)

1
1800 ( n-! 2) = 863.53J

63.5
% ( 900 ) x 100 = 95.95%
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17-38 CHAPTER 17. The Fourier Transform

576
(W2 +1)%(w? 4 0.25)
1024 768 1024
w24+0.25  (Ww2+1)2 (w?+1)

2 1 w 2
—768 (=) (—— + tan~! )
L (5) (g ),

(8] [Vo(w)* =

1
W, = — {1024 -2 - tan~! 2w

s
2
0

—1024tan—' w

204 472 1024
= 08 14—§<——|—tan‘12>— 0 tan~! 2
T T T
= 319.2]
319.2
% = o 100 = 99.75%
P1741 [a] Vi) = 21 oo = 20y o = X100y
. W = ) = 4; [ —
w? 71002 2002
45 7 v @
4 |
3.5 -
3 -
2.5
2 i
1.5
1 |
0.5 1 w rad/s
300  -200  -100 0 100 200 300
ViR sRCYV;
b ‘/; = e
[b] R+ (1/sC)  RCs+1
v, s 1 101073 1000
)=y =sTa/Re)  BC - (05)@0) 10
‘ Jw
H(jw) = ———
) = 55" 00
200 w] 200
Vo)l =171 7= 1 2 1
W Ve2+100 Vw10
V) = 219 00 < <200 rad/s: [Vy()P =0, elsewhere
o - w2 ‘l‘ 1047 — — ) o - Y
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Problems 17-39

4 x 10* 4 x 10*
V,(100 —_—2 V,(200)* = =0.8
[Vo(100)[* = 104+ 104 7 [Vo(200) 5 x 10*
2.5 71V (e}
2_
1.5 A
1 .
0.5+
@ rad/s
=300 =200 =100 0 100 200 300
1 /200 4 x 104 4x 104 17200
[c] Wig=— 5 dw = [——]
7T J100 w s w1100
4x 1047 1 1 2
_ 4x 10 [———]:ﬂ%@‘sﬁm
T 1100 200 T
1 [200 4 x 10* 4 x 104 w [200
d w :—/ dw = Ctan”!
4] We oo w? + 100 100 oo
400
= —[tan'2 —tan"' 1] = 40.97J]
s
A A
P 17.42 |a| Vi(w) = —; Viw)| = ——
[a] Vi(w) ot o Vi(w)| N
S 4 Jw w
H(s) = : H(jw) = — Hw)| = ——
(s) s+ () a+ jw [H(w)] VaZ+w?
A
Therefore |V, (w)| = ~
V(@ +w?)(a? + w?)
w2 A?

Therefore |V, (w)|* =

(a? 4+ w?)(a? + w?)

o0 A
Win = / A2e 2t gt = when o« = a we have
0 2a
W — A_zfa wWdo A% /a dw /a a® dw
OUT = 70 (w2422 7 |Joa?+u? 0 (a? 4+ w?)?

-G
~ dar \ 2
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17-40 CHAPTER 17. The Fourier Transform

Wour (total) = —/ [ R ]
Theref — - =0.5— — =0.1817 18.17
erefore Wous (total) - or %

[b] When a # a we have

1 fo w? A?dw
varto =1
our (@) wJ o (a? 4+ w?)(a? + w?)
A? @ K Ky
T {/o [a2+w2 + a2+w2] “
a? a?
where K, = R and Ky = P R—
Therefore
A? e am
Wour(a) = m(a? — a?) [atan <E> a I]
A? ™ s A?
Wour (total :7[_— _]:
our total) m(a? — a?) 97 2(a + )
Therefore Wour(e) = . [a tan! (g> — %]
Wour(total)  m(a — «) a 4

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

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