14
Introduction to

Frequency-Selective Circuits

Assessment Problems

AP 14.1
fe=8kHz, w.=2nf.=16mwkrad/s

1
= ——  R=10kQ:
Yo~ RO

1 1
0= — = — 1.99nF
weR (167 x 103)(10%) "

AP 14.2 [a] w, =27 f, = 2m(2000) = 4m krad/s

R 5000
L="—= =0.40H
we 40007 0.40

We 40007
we 4+ jw 40007 + jw

[b] H(jw) =

When w = 27 f = 2m(50,000) = 100,0007 rad /s

40007 1
H(j100,0007) = - — 0.04/87.71°
(7100,000m) = 45007+ 71000007 — 11725 [87.71°

. |H(j100,0007)| = 0.04
[c] . 6(100,0007) = —87.71°

R 5000

= I = W = 143Mrad/s
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14-2 CHAPTER 14. Introduction to Frequency-Selective Circuits

1 106 106
AP 144 e = — = — = — = 10krad
la] we =25 =7 = 100 rad/s
[b] 10 200 vady
e = T = T
e = 5000 ae/s

1 6

[c] we = 0 7 = 33.33rad/s

3x10
AP 14.5 Let Z represent the parallel combination of (1/SC') and Ry. Then

Ry

- "
(RLCS—I— 1)

oz Ry
 R+Z R(R.Cs+1)+ Ry

(1/RC) _ (1/RC)
s+ 50 (fe) s+ % (F0)
Ry
R+ Ry

Thus H(s)

where K =

1 1 1
2
= — L = =
Y=o Y W2C (247 x 109)2(0.1 x 10-9)

= 1.76 mH

L (247 x 10°)(L.76 x 10-3
=S=7r * R:wQ _ (247 x 0)(6 6 x1077) _ 99100

AP 14.7
w, = 2m(2000) = 40007 rad/s;

B = 2m(500) = 10007 rad/s; R =2500

1 1 1

S C=— = —1274F
=% BR ~ (10007)(250) a
1 1 106
Yo = To D2C  (40007)2(1.27) o
AP 14.8 ! ! !
2= — L= = = 5.07mH
Yo = To w2C ~ (1047)2(0.2 x 10-9) o
1 1 1
S R=— = — 3.98kQ
P=F%e 5C ~ 200m(0.2 x 10-6)
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Problems 14-3

AP 149 ) ) )
A p— L= = = 31.66 mH
Y= Tc Y D2C "~ (400m)2(0.2 x 10-9) o
0 f, 5x10? o RO
= — = g = wo
15} 200
Q 25
R = = = 9.95k()
w,C  (4007)(0.2 x 1079)
AP 14.10
w, = 80007 rad/s
C' =500nF
w2 = L so L= = 3.17mH
° LC Cwie T
We  Wol 1
Q = — = pr—
I} R w,CR
1 1
w,CQ  (80007)(500)(5 x 1079)
AP 14.11

w, = 2w f, = 2m(20,000) = 407 krad/s; R =1009; Q=5

Wo o QR 5(100)
C=F=wmn ¥ wo (407 x 10°) o
1 1 1
2
Yo = To D21 (407 x 10°)2(3.98 x 10-2) "
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144 CHAPTER 14. Introduction to Frequency-Selective Circuits

Problems
R 1200
. L S VO
P 141 [a] w T = B0 % 103 rad/s
. 24,000
fo= 2o — 3819.72Hz,
2T 2
e 94,000
bl H(s) = = 20000
24,000
Hiiw) = — =20
Uv) = 37000 + 7w
94,000
H(jw,) = e — 0.7071/ — 45°
(we) = 51500 + j24.000 /
94,000
H(j0.125w,) = S —0.9923/ — T.125°
(70-125we) = o550+ 73000 [=T125°
24
H(j8w,) = ,000 —0.124/ — 82.875°
24,000 + j192,000 B
[c] vo(t)|w. = 14.142 cos(24,000t — 45°) V

Vo(t)|0.1250, = 19.846 cos (3000t — 7.125°) V

Vo(t) s, = 2.48 cos(192,000t — 82.875°) V

1 1
P 14.2 = = — 1250 rad
2] we = 26 = T60)5 < 10-6) rad/s
f.= ¢ — 198.94Hz
2T
we 1250
b H ) pr— pr—
bl H(jw) = = = S5 1250
1250
H(jw) = ——2
A
1250
H(jw) = ——22 07071/ — 45°
Uwe) = 19507 71250 :
12
H(j01w.) = —220  — 0.9950/ — 5.71°
1250 + j125
1250
H(j10w,) = — 0.0995/ — 84.29°

1250 + 512,500
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Problems 14-5

[c] (1)

v = 25(0.7071) cos (1250t — 45°)
= 17.68 cos(1250t — 45°) mV
o) 010, = 25(0.9950) cos (125¢ — 5.71°)
= 24.88 cos(125t — 5.71°) mV
Vo) 10, = 25(0.0995) cos (12,500t — 84.29°)

= 2.49 cos(12,500t — 84.29°) mV

v, R B (&/L)
P 143 [a] H(s) = Vi SL+R+R s+ (R+ Ri)/L
[b] H(jw)= %
H(ju)| = —— LD

()

|H(jw)|max occurs when w =0

R
H(y max —
[c] |H(jw)] T
‘ R R/L
l (R—ER;) + %2
R+ R;\?
wf:( _E l) ; Soowe=(R+R)/L
1200 + 300
[e] w. = ﬁ — 30,000 rad/s
24,000
H(iw) = 227
(%) = 35000 1 7w
H(j0) = 0.8
H(530,000) = %/ 45° = 0.5657/ — 45°
] 9 - \/57_ . [ Y
24,000
H(j6000) = ’ = 0.7845/ — 11.31°
(76000) = 357560 + 76000 [=11.31°
24,000
H(j150,000) = ’ = 0.1569/ — 78.69°

30,000 + 5150,000
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14-6 CHAPTER 14. Introduction to Frequency-Selective Circuits

RL(l/SC) . RL
RL—I-l/SC N R;Cs+1
Z

Then H(S) = m

P 144 [a] Let Z =

" RR.Cs+ R+ Ry
(1/RC)

- N (R—l-RL)
*T\RR.C

(1/RC)
Wz [((R+ Ry)/RR.C)?

[b] |H(jw)| =

|H(jw)| is maximum at w = 0.

[e] [H(jw)lmax = RfLRL
TR (1/RC)
[d] |H(jwe)| = V2(R+ Ry) Vw& +[(R+ Ry)/RR.C]?
R+ Ry 1
ve= HE = 75 (1+(R/Rp))

- 1
e} we = 75005 % 10

1250

1+ (160/320)] = 1250(1 + 0.5) = 1875 rad /s

H(j0) = —=2 = 0.667/0°
(70) = o7& /0°
1250
H(jw) = ———2  — 0.4714/ — 45°
Uwe) = 1575 1+ 71875 [=45°
1250
H(j0.2w,) = ———  —0.6537/ — 11.31°
(70-2we) = 575 =—375 [=11.31°
1250
H(j5w,) = ——22 = 0.1307/ — 78.69°

1875 + j9375
P 145 [a] Z;, = jwL =3j0L =0 so it is a short circuit.
Atw=0, V,=V;
[b] Z, = jwL = jooL =00 so it is an open circuit.
Atw=o00, V,=0

[c] This is a low pass filter, with a gain of 1 at low frequencies and a gain of 0
at high frequencies.
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Problems 14-7

v, R R/L
d| H(s) = — =
[l H(s) =y = sl = 57 R/L
R 330
[e] we = 7= o00l" 33 krad/s
R Ry
V, R||Ry L (R + RL>
P14.6 H(s) = — = =
[a] (5) Vi RHRL + sL st E ( Ry, >
L \R+ R;,
R R R
[b] wewr) = I We(L) = 7 ( 7 +LR ) so the cutoff frequencies are different.
L

H0)wr) =1; H(0)(zy =1 so the passband gains are the same.
[c] wewr) = 33,000 rad/s
Wez) = 33,000 — 0.05(33,000) = 31,350 rad/s

330 Ry ) Ry

31,350 = =
’ 0.01 (330 + R 330 + Ry

0.05R; = 3135 so Ry > 62700

=0.95

R
P 14.7 [a] 7= 10,0007 rad/s

R = (0.001)(10,000)(7) = 31.42€
[b] R.=31.42(|68 = 21.490

R
Wioaded = f = 21,48834 rad/s

[c] The 33 resistor in Appendix H is closest to the desired value of 31.42 .
Therefore,

we = 33krad/s so f.=5252.11Hz

1
P 148 [a] f.= —200 = 254.65 Hz
us

R
[b] 1600 = 0.0L SO R =1600(0.01) =16 Q2
[c] w,=1600— 160 = 1440 rad/s

R = 1440(0.01) = 14.4Q

16|| Ry, = 14.4 SO

Solving, Ry, =144 0Q
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14-8 CHAPTER 14. Introduction to Frequency-Selective Circuits

[d] The magnitude of H(jw) when w = 0 is still 1. The resistive load affects
the cutoff frequency but not the magnitude of this low-pass filter.

P 149 [a] w.=27(100) = 628.32 rad/s

1 1 1
bl we= —— R=— = — 338.630Q
b we =55 %o w.C  (628.32)(4.7 x 10-9)
[c]
338.630
Ay
+
Vi C) 4.?|,LF::VD
v,  1/sC 1/RC 628.32
d] H(s) = -2 = - -
[l H) = = R0 1/56 ~ 53 1/RC ~ s+ 6283
V,  (1/sO)|R. 1/RC 628.32
€l 7(s) = 12 - -

SR+ (/OB (R+RL> Ro ST 2628.32)
L
[f] we=2(628.32) = 1256.64 rad/s

[g] H(0)=1/2

P 14.10 [a] f. = ;"— - 502’000 _ 90108 = 795775 Hy
m m m

1
b] — = 103
[]RC 50 x 10

1
(50 x 103)(0.5 x 10-9)

[c] With a load resistor added in parallel with the capacitor the transfer
function becomes

H(s) = Re||(1/sC)  _ Ry/sC
R+ Rr||(1/sC)  R[Rp+ (1/sC)] + Ry /sC
R: 1/RC

" RRysC+ R+ Ry s+ [(R+ Rp)/RR.C]

This transfer function is in the form of a low-pass filter, with a cutoff
frequency equal to the quantity added to s in the denominator.
Therefore,

_R+Rp 1( R)

c — - 1 S
“Ye="TRR,C RO\ T

Ry

R 005 - R, =20R =800
Ry,
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Problems 14-9

L 800 _ ) 9524

[} H(j0) = R+ R, 840

P 14.11 [a] = 625rad/s

RC ~ (20)(80 x 10-9)

625
fe=—=299.47THz
2T

s 4 Jw
o H(jw) = =Y
S + w, Uv) = 525 7 70

1625
H(jw.) = H(j6250) = m — 0.7071/45°

78.125
H(j0.125w,) = H(j78.125) = m = 0.124/82.87°

5000
H(j8w.) = H(j5000w,) = m = 0.9923/7.125°

w. = (0.7071)(75) cos (625t + 45°)

[b] H(s) =

[c] (1)

= 53.03 cos (625t + 45°) mV

Vo) 01250, = (0.124)(75) cos(78.125¢ + 82.87°)
= 9.3 cos(78.125¢ 4 82.87°) mV

Vo(t)|sw. = (0.9923)(75) cos(5000t + 7.125°)
= 74.42 cos(5000t + 7.125°) mV

Ve R

Vi R+ R.+(1/s0)

B R S

T R+R. [s+ (1/(R+ R.)C)]
R Jw

R+ R, jw+ (1/(R+ R.,)C)

H(jw) = — s

_ . :
R+ Be |+ grpye

P 14.12 [a] H(s)

[b] H(jw) =

The magnitude will be maximum when w = oco.

R
H(y max —
€] 1) = 7

STUDENTS-HUB.com Uploaded By: Jibreel Bornat



14-10 CHAPTER 14. Introduction to Frequency-Selective Circuits

Ruw,
d we)| =
e o+ s mocp
4 R
HOl = Fsprry Ve

2 _ 1

“e T (R + R.)2C?

1
Or We =

(R+ R.)C
[e] we = ! = 500 rad/s
Ye = (25)(80 x 10-9)
R 20
— 208
R+ R, 25
‘ 0.8jw
H(jw) = —%
U%) = 500+ 7w
‘ (0.8)7500
H(jwe) = —227 5657 /45°
() = 5607+ 500 [45°
862,
H(j0.1250,) = 08625 199 59 870
500 + j62.5
‘ (0.8)74000
H(j8w.) = —270 _ (.7938/7.125°
(78we) = 260+ 72000 [7.125°

1
P 14.13 [a] w. = O 27(300) = 6007 rad/s
R = L _ L = 5305.16 2 = 5.305 k(2

~ w.C (6007)(100 x 1079) ' -7

[b] R. = 5305.16||47,000 = 4767.08 2

1 1
= _ — 2097.7 rad
YT R.C ~ (4767.08)(100 x 10-9) rad/s

. 2007.
o= Be J209TT  aag g6,
2T 2T

P 14.14 [a] For w = 0, the inductor behaves as a short circuit, so V, = 0.
For w = oo, the inductor behaves as an open circuit, so V, = V.
Thus, the circuit is a high-pass filter.
sL s s

bH = = =
bl H(s) = 5T = ST R/L ~ 5+ 15.000
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Problems 14-11

[c] we = R 15,000 rad/s

L
‘ JR/L J 1
a) Vi) = | T
S RL
v, Ryi|[sL (R+RL>
P 14.15 [a] H(s) = 2 = _
5 lal Hls) =37 = 5o R kT Rr

1
=S
_ 2

1
s+ 5(15,000)

R RL 1
.= — = —(15, =
[b] w (R RL> 2( 5,000) = 7500 rad/s

1
[c] wer) = 5%(UL)

[d] The gain in the passband is also reduced by a factor of 1/2 for the loaded
filter.

P 14.16 [a] w. = 27(500) = 3141.59 rad/s

1 1 1
[b] we =7 s w.C  (3141.59)(220 x 10-12)
[c]
220pF
+
v O 1.45M0Q £
Vo R 5 s
d] H(s) = -2 = - -
[l H(s) = 3 = 339756 = 53 1/RC ~ 57 314159
v, R||R. s s
H = — = =
le] H(s) = 7 s 1 2(3141.59)

~ R||R, + (1/sC) i (R+RL
L

) 1/RC
[f] we = 2(3141.59) = 6283.19 rad/s
[g] H(occ) =1

P 14.17 [a] R = w.L = (1500 x 10*)(100 x 107%) = 150Q (a value from Appendix H)

[b] With a load resistor in parallel with the inductor, the transfer function
becomes

H(S) _ SLHRL _ sLR, _ S[RL/(R + RL)]
R+ SLHRL R(SL + RL) + sLR;, s+ [RRL/(R + RL)]

STUDENTS-HUB.com Uploaded By: Jibreel Bornat



14-12 CHAPTER 14. Introduction to Frequency-Selective Circuits

This transfer function is in the form of a high-pass filter whose cutoff
frequency is the quantity added to s in the denominator. Thus,

RR;,
L(R + RL)

Substituting in the values of R and L from part (a), we can solve for the
value of load resistance that gives a cutoff frequency of 1200 krad/s:

150R,,
100 x 10-5(150 + Ry)

The smallest resistor from Appendix H that is larger than 6002 is 680 (2.

1 1
LC ~ (10 x 10-3)(10 x 10-9)

We =

= 1200 x 103 SO R, = 6000

= 10"

P 14.18 [a] w? =

w, = 10° rad/s = 100 krad /s

w,  10°
, = — = —=159kH
[b] f. o o 5.9kHz

[c] Q= w,RC = (100 x 10*)(8000)(10 x 107%) =8

Lodie (2 2 =10 i+‘/1+L
20 2Q) | 16 256
Wel
Jo fa === =14.95kH
[e] Ja o z
Lo (2 2 = 10° 1+‘/1+L
20 2Q) | 16 256
g] .. fcgz%:m.gzkaz
s
s 10°
h] g = % =5 = 12.5krad/s or 1.99kHz

P 14.19 w, = \/@wawe = 1/(121)(100) = 110krad/s

[d] wa =w, = 93.95 krad/s

[f] we2 = ws = 106.45krad /s

£, =2 _17.51kHz
2

B =121 —-100 = 21 krad/s or 2.79kHz

w, 110
== =52
@ 3 21

STUDENTS-HUB.com Uploaded By: Jibreel Bornat



Problems 14-13

wo 50,000 12,500

P 14.20 g = 0 1 = 12.5krad/s; o = 1.99kHz
™
1 1\?
wez = 50,000 3 +4/1+ (§> = 56.64 krad /s
56.64 k
fcg = o =9.01kHz

1 1\?2
Wel = 50,000 \:—g + 1 + (g) ] = 44141(1‘&(1/8

44.14k

fcl = = 7.02kHz

1 1
P 14.21 = +/1/LC L=— = — 40mH
la] w /LC o 22C ~ (50,0002(0.01 x 10-6) _ "

W, 50,000
so f=—=
Q

Q= = 6250 rad/s

so R= LB = (40 x 107%)(6250) = 250

Yo

E

R
=1

40mH  0.01pF

p———
+
v{l} 25000 W,

[b] From part (a), § = 6250 rad/s. Then,

|6 6250 6250
Wel,2 = = —I— w2 = \/(T> + 50,0002 = £3125 + 50,097.56

we = 46,972.56 rad/s Wweo = 53,222.56 rad/s

jw(6250)
50,000% — w? + jw(6250)

P 14.22 H(jw) =

750,000(6250)
50,0002 — 50,0002 + j(50,000)(6250)

[a] H(j50,000) =

Vo=(1)V; .. v,(t) = 5cos 50,000t V
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14-14 CHAPTER 14. Introduction to Frequency-Selective Circuits

746,972.56(6250) 1
50,0002 — 46,972.562 + j(46,972.56)(6250) /2

[b] H(j46,972.56) = /45°

1
V, = 75#1_5014 S wo(t) = 3.54c0s(46,972.56t + 45°) V

153,222.56(6250
[c] H(j53,222.56) = 53, (6250)

=/ —45°
50,0002 — 53,222.562 + j(53,222.56)(6250) /2 I

1

V, = 7§/— 45°Vi . wo(t) = 3.54 cos(53,222.56t — 45°) V
15000(6250

[d] H(j5000) = J5000(6250) = 0.0126/89.3°

50,0002 — 50002 + 5(5000)(6250)
V, = 0.0126/89.3°V; .. w,(t) = 63.1cos(5000t + 89.3°) mV

7500,000(6250)
50,0002 — 500,000 + §(500,000)(6250)

[e] H(j500,000) = =0.0126/ — 89.3°

V, = 0.0126/ — 89.3°V; .. w,(t) = 63.1cos(500,000¢ — 89.3°) mV

(R/L)s 24+ (1/LO)

P14.23 H(s) =1- 5= (R/L)s + (1/LC) ~ s2+ (R/L)s + (1/LC)

50,0002 — w?
50,0002 — w? 4 jw(6250)

H(jw) =

50,0002 — 50,0002

H(§50,000) = =
[a] #(550,000) 50,0002 — 50,0002 + ;(50,000)(6250)

Vo=(0)V; .. v,(t)=0mV

50,0002 — 46,972.562
b] H(j46,972.56 ’ ’ = —/—45°
[b] H(j )= 50,0002 — 46,972.562 + j(46,972.56)(6250) /2 5=

1
V,=—=/—45°V; .. we(t) = 3.54c0s(46,972.56t — 45°) V

V2
(€] H(j53.222.56) = 50,0002 — 53,222.562 1 / 450
92, £5500) = 50 0002 — 53,222.562 + §(53,222.56)(6250) /2

1
v, = 75#1_5014 . ve(t) = 3.54.¢0s(53,222.56 + 45°) V

50,0002 — 50002
[d] H(j5000) =

= 0.9999/ — 0.72°
50,0002 — 50002 + 5(5000)(6250) (=072

V, =0.9999/ — 0.72°V; .. w,(t) = 4.9996 cos(5000t — 0.72°) V
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Problems 14-15

50,0002 — 500,0002

= 0.9999/0.72°
50,0002 — 500,0002 + j(500,000)(6250) [0.72°

[e] H(j500,000) =

V, = 0.9999/0.72°V; .. w,(t) = 4.9996 cos(500,000¢ + 0.72°) V

P 14.24 By definition ) = w,/f therefore f = w,/Q. Substituting this expression into
Eqgs. 14.34 and 14.35 yields

oo o (@
420 2Q °

Wo

2
Weo = & + - + (4)2
2Q 2Q ’

Now factor w, out to get

B 1 (LY
Wel = Wo _@‘I’ ‘l‘ (@)

B 1 ARy
We2 = Wo @‘l‘ ‘l‘ @

1
w2C (50 x 1079)(20 x 103)2

P 14.25 [a] L = — 50 mH

Q 5
R= = = 5k
w,C (20 x 103)(50 x 1079)

[b] we2 = w,

1+ 1+ ! 2—20000 1+ 1+1
20 2Q) | 7 10 100

We2

=22.10krad/s .. feo = = 3.52kHz
2w
2
= 1—|— 1+ ! = 20,000 1—|— 1+ 1
Wl =@ 1 To0 20) |~ 10 100
Wel
= 18.10krad/s .. fa = = 2.88kHz
2w
wo 20,000

[c] B = = 4000 rad/s or 636.62Hz

Q
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14-16 CHAPTER 14. Introduction to Frequency-Selective Circuits

P 14.26 [a] We need w. = 20,000 rad/s. There are several possible approaches — this
one starts by choosing L =1 mH. Then,
1
C =
20,0002(0.001)

Use the closest value from Appendix H, which is 2.2 uF to give

1
We = \/(0.001)(2.2 x 10-9)
Q 5

Th . S — 106.69
en, A= 6T @m0@e x 100 1000

= 2.5uF

= 21,320 rad/s

Use the closest value from Appendix H, which is 1002 to give
Q =100(21,320)(2.2 x 107%) = 4.69
21,320 — 20,000

4 16
[d] ﬁ = fc2 - fcl =4kHz

or

[b] % error in w,. = 20,000 (100) = 6.6%
4.69 —5
% error in Q = : (100) = —6.2%
P 14.27 [a] P L= ! = 79.16 mH
‘ ° LC ~[8000(27)]2(5 x 10-9) T
oL 2 16 x 1072
R Wl _ 8000(27)(79.16 x 10~3) 19910
Q 2
[b] f. = 8000 1+ 1+1 = 6.25kH
cl — 4 16 = 0. 7z
1 1
[c] f. = 8000 {— +4/14+ — | =10.25kHz

£, 8000
=20 = 7 4kH
B 0 5 z

P 14.28 [a] We need w. close to 27(8000) = 50,265.48 rad/s. There are several
possible approaches — this one starts by choosing L = 10 mH. Then,

1
— — 30.58nF
= BrEooo)E0n) ~ RN

Use the closest value from Appendix H, which is 0.047 uF to give

1
We = \/(0.01)(47 % 1079)

— 46,126.56 rad/s or f. = T7341.27Hz
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Problems 14-17

oL (46,126.56)(0.01
Then, R:“’Q _ 6 626)(00)=2309

Use the closest value from Appendix H, which is 2202 to give
(46,126.56)(0.01)

= =21
@ 220
7341.27 — 8000
[b] % error in f. = <000 (100) = —8.23%
21-2
% error in Q = 5 (100) = 5%
P 14.29 [a] W= = L = 625 x 10°
‘ °  LC (40 x 1073)(40 x 1079)
wo = 25 x 10° rad/s = 25 krad /s
25,000
fo=— = 3978.87Hz
T
oL 2 10%)(4 1073
[b]Q:w :(5>< 0)(0><0):5
R+ R; 200
2
1 1 1 1
cl = Wo | 75~ 1 -~ = 25,000 - 1 —
[c] wa =w 2Q—|— +<2Q>] 10+ +100

= 22.625krad/s or 3.60kHz

1+ 1+ ! 2—25000 1+ 1+1
20) 2Q) | 77 10 100

= 27.625krad/s or 4.4kHz

[d] we2 =w,

[e] B = we —wa = 27.62 —22.62 = 5krad/s

or

(o} 2 )
B = Yo _ 5,000 =bkrad/s or 795.77Hz
0 5
(R/L)s

P 14.30 [a] H(s) =
(R+R;)
52 + TS + %
For the numerical values in Problem 14.29 we have
4500
H(s) = i

52 4 5000s + 625 x 106

4500w
(625 x 105 — w?) + ;5000w

H(jw) =
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14-18 CHAPTER 14. Introduction to Frequency-Selective Circuits

‘ 74500(25 x 10°) .
H(jw,) =2 ~0.9/0
(o) = Z5000(25 x 109) [

v,(t) = 10(0.9) cos 25,000 = 9 cos 25,000t V

[b] From the solution to Problem 14.29,

we = 22.625krad /s

‘ j4500(22.625 x 10°)
H(j22.625k) = = 0.6364/45°
Y )= A2 1 113.12) x 10° :

V(1) = 10(0.6364) cos (22,625t + 45°) = 6.364 cos(22,625¢ + 45°) V

[c] From the solution to Problem 14.29,

Wep = 27.625 krad/s

‘ 74500(27.625 x 10°)
H(j27.625k) = = 0.6364/ — 45°
Y ) = Ci3s12 1 138.12) x 10° :

0(t) = 10(0.6364) cos(27,625¢ — 45°) = 6.364 cos(27,625¢ — 45°) V

1 1
P 14.31 2= = = 10"
la] @ = 75 = 5 x 10991200 x 1012
w, = 1 Mrad/s

R+R, 1 500 x 10° 1
bl G — . — 62.5krad
bl 6 ==%""%c (400 x 103> ((100 x 10%)(200 x 10—12)> vad/s

W, 106

_We
] @=5 = Ga5x1m 16
A _ 0.8/0°

d] H(jw,) =
[d] H(jwo) = 7= R
v,(t) = 250(0.8) cos(10°t) = 200 cos 10°t mV

[e] B = (1 + R%) " (1 + %) (50 x 10°) rad/s

wo = 10° rad/s

o 20 C
Q= % = m where Ry, is in kilohms
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Problems 14-19

[£]
2040
18 A
16 A
14 4
12 A
10 4
8 4
E 4
‘-1 4
E_ RL {Mohms)
0 04 08 1.2 16 2
P 14.32 [a]
BOC L 20nF
— A —— It -
v O £R 4800
source I% filter %I load
1 1
b] L= = = 20mH
[b] D20 (50 x 108)2(20  10—4) _ ™
wWe L (50 x 103)(20 X 10‘3)
R = = = 1602
Q 6.25
[c] R, = 160|480 = 1202
R, + R; =120 + 80 = 20082
0 B WelL B (50 x 103)(20 X 10‘3) _5
system — Re + RZ — 200 =
Wo 50 x 103
d system — = = 10 krad
[ ] ﬁYt ststom 5 ra /S
10,000
Bsystem(Hz) = ——— = 1591.55 Hz
T
V, A 1
P 14.33 2= =  where Z = —
] Vi Z+R wHere Y
1 1 LCRys? + sL + Ry,
an sC + L + R, RoLs
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14-20 CHAPTER 14. Introduction to Frequency-Selective Circuits

H(S) . RLLS
"~ RLRLOs>+ (R+ Rp)Ls + RRy,
_ (1/RC)s
2+ |(%5) (7e)| s+ 72
(7h) (") (de) o
() ()] 2
_ Kps K- Ry
52 4 Bs 4+ w?’ R+ Ry’
R+ R\ 1
bl 3 = el
[b] & ( Ry, ) RC
1
[c] Bu = RC
_ (R+Rg B R
Pr = ( R )ﬁU_ (HRL)ﬁU
Wo weRC'
4 Q="
s ()
[e] Qu = w,RC
. Ry ) . 1
Qr = (R+ 7)Y = T (RyRLY
, Kjwp
[f] H(jw) PR
H(jw,) = K
Let w. represent a corner frequency. Then
4 K Kw.f3
|H (jwe)| = —7 =
V22 - w2 w2
1 w3

V2w + w2
Squaring both sides leads to
(W2 =2 = B or (w2 —w?) =

witw.B—w=0

or

2
wC::ng— %+w§
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Problems 1421

The two positive roots are

_ B 2 _B B,
Wel = 2‘|’ 4+w0 and wc2—2+ 4+w0
where

RN 1 1

1+ — ) — and w? = —

f= (+RL>RCanw LC

1 1
P 1434 wl=— = = 10'°

LC ~ (2 x 1076)(50 x 10-12)

w, = 100 Mrad/s

Qu = WeRC = (100 x 10°)(2.4 x 10*)(50 x 10~*?) = 12

Ry 75
12=75 . R, =-2R=4KkQ
(R+RL> ’ L= 45

2, 1
s+ &
24 R 1
s+ IS8+ e

1 1
[a] wo = \/ﬁ - \/ (0.15625)(100 x 109) _ o000 rad/s

[b] f, = =2 =1273.24Hy

] Q= / 0.15625 2
R2C (1875)2(100 x 109) 3

1875
d = — =
4] 8 L 0.15625

12, 000

P 14.35 H(s) =

= 12,000 rad/s

G (Hertz) = = 1909.86 Hz

[e] wer = — + 4

—12,000 12,000 2
= 2 + \/( ’2 ) + 80002 = 4000 rad/s

s
(6] fu = @ — 636.62H

[g] We2 = \ ‘l‘ w2

12 000 12 000
n \/ ( | 80002 = 16,000 rad /s
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14-22 CHAPTER 14. Introduction to Frequency-Selective Circuits

16,000
[h] foo = — = 2546.48 Hz
1 2
— —w 2 2
| IC 8000% — w
P 14.36 [a] H(jw) = =
[a] H(jw)=— r g B 80007 =P+ 12,0000
IC T

w, = 8000 rad/s :

H(jw,) = 8000% — 80002 0
%) = 80002 — 80002 + §12,000(8000)

we = 4000 rad/s :

80002 — 40002
H(jwa) = : — 0.7071/ — 45°
(wer) = 55002 — 2000 + 512,000(4000) [=45°

wez = 16,000 rad/s :
8000% — 16,0002

H(jwe) = : — 0.7071/45°
(we) = 36607 16,0007 & ;12,000(16,000) [45°
0.1w, = 800 rad/s :
80002 — 8002
H(j0.1w,) = — 0.9887/ — 8.62°

~ 80002 — 8002 + ;j12,000(300)
10w, = 80,000 rad/s :
8000% — 80,0002

H(j10w,) = : — 0.9887/8.62°
(710w0) = 25507 —80.000% & 512,000(80,000) [8.62°
[b] w=w, =8000 rad/s : V, = H(j8000)V; = 0V;
Vo(t) =0

w = we = 4000 rad/s :
V, = H(j4000)V; = (0.7071/ — 45°)(80) = 56.57/ — 45°
Vo(t) = 56.57 cos(4000t — 45°) V

W = we = 16,000 rad/s :
V, = H(j16,000)V; = (0.7071/45°)(80) = 56.57/45°
Vo(t) = 56.57 cos (16,000t + 45°) V

w = 0.1w, = 800 rad/s :

V, = H(j800)V; = (0.9887/ — 8.62°)(80) = 79.1/ — 8.62°
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Problems 14-23

Vo(t) = 79.1 cos (800t — 8.62°) V

w = 10w, = 80,000 rad/s :
V, = H(j80,000)V; = (0.9887/8.62°)(80) = 79.1/8.62°
Vo(t) = 79.1 cos(80,000t + 8.62°) V

P 14.37 [a] In analyzing the circuit qualitatively we visualize v; as a sinusoidal voltage
and we seek the steady-state nature of the output voltage v,.
At zero frequency the inductor provides a direct connection between the
input and the output, hence v, = v; when w = 0.
At infinite frequency the capacitor provides the direct connection, hence
v, = V; when w = o0.
At the resonant frequency of the parallel combination of L and C' the
impedance of the combination is infinite and hence the output voltage
will be zero when w = w,.
At frequencies on either side of w, the amplitude of the output voltage
will be nonzero but less than the amplitude of the input voltage.
Thus the circuit behaves like a band-reject filter.

[b] Let Z represent the impedance of the parallel branches L and C, thus
_ sL(1/sC)  sL
~ sL+1/sC s2LC +1
Then

R R($’LC+1)
. Z+ R sL+ R(s2LC + 1)

[s* + (1/LC)]
s+ (R_lc) s+ (Ll—c)
s? + w?

H(s) =

[c] From part (b) we have
w? — w?
w2 —w? + jwp

It follows that H(jw) = 0 when w = w,.

H(jw) =
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14-24 CHAPTER 14. Introduction to Frequency-Selective Circuits

or +wf=w?—w? thus
Wt pw—wr=0

The two positive roots of this quadratic are

2
Wey :—_ﬁ+ <é> + w?

2 2
2

Also note that since 5 = w,/Q

Lo (2 2
g = Wo | T < =
B P2 2Q
! +a 1+ Ly’
s = Wo | T= =
R P2 2Q
[e] It follows from the equations derived in part (d) that
8 =we —we =1/RC

[f] By definition @ = w,/5 = w,RC.

1 1
P 14.38 2= — = =64 x 10°
] w0 = 76 = @rx 109625 x 109 ~ 0

w, = 80 krad/s

Wo
b| f, = — =12.73kH
[b] f. o 73kHz

[c] Q = w,RC = (80,000)(3000)(62.5 x 1079) = 15

= + 414+ LY = 80,000 1+,/1+ =
20 2Q) | 30 900

= 77,377.77 rad/s

[d] wa =w,

le] fa = ;ﬂ — 12,315.05 Hz
m
2
1 1 1 1
f] we = wo | == + 4|1+ (== | | =80,000 | = + /1 +—
[f] w2 =w 2Q+ —|—<2Q>] 30—|- +900

= 82,711.1 rad/s
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Problems 14-25

] fo2= (;Tl — 13,163.88 Hz

[h] ﬁ = fc2 - fcl = 8488HZ

1 1
P 14.39 .= /1/LC L=— = — 8mH
[a] & /LC so 22C ~ (25,000)2(200 x 10-9) O™

Wo w, 25,000
= — =——=—=1
Q 3 so f3 0 5F 0,000 rad/s
R -3
B=7 so R=LB=(8x107)(10,000) = 800
800
+
gmH
v, O v,
200nF=

[b] From part (a), § = 10,000 rad/s.

/ 10,000 10,000\ 2
Wel,2 = j:g + g + wg =+ ’2 + \/( ’2 ) + 25,0002

— 45000 + 25,495.1

we = 20,495.1 rad/s weo = 30,495.1 rad/s

w? — w? 25,000% — w?

P 14.40 H(jw) — _
() W2 — 2t jwB 25,0002 — w? + jw(10,000)

25,0002 — 25,0007
H(j25,000) = : : =0
la] H(525.000) = 57 560 — 25,0007 + ; (25,000)(10,000)

Vo=(0)V; .. v,(t)=0mV
25,0002 — 20,495.12 1
[b] H(j20,495.1) = ! - — /45
25,0002 — 20,495.1% + j(20,495.1)(10,000) /2
1
V,=—/=45°V;, .. wv,(t) =7.071cos(20,495.1t — 45°)V
(=45 0 ( )
25,0002 — 30,495.12 1
H(j30,495.1) = ’ ) — —_/45°
L] H(j30:495.1) = 525607 — 30,4512 + j (30.495.1)(10,000) 5!
1
V, = —=/45°V; .. w,(t) = 7.071cos(30,495.1¢ + 45°) V

2
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14-26 CHAPTER 14. Introduction to Frequency-Selective Circuits

25,0002 — 31252
25,0002 — 31252 4 j(3125)(10,000)

[d] H(j3125) = — 0.9987/ — 2.91°

V, =0.9987/ —2.91°V; .. w,(t) = 9.987 cos(3125¢ — 2.91°) mV

25,0002 — 200,0002
H (§200,000) = ’ ’ = 0.9987/2.91°
le] #(5200,000) 25,0002 — 200,0002 + §(200,000)(10,000) L

V, =0.9987/2.91°V; .. w,(t) = 9.987 cos(200,000¢ + 2.91°) mV

jwp jw(10,000)

P 14.41 H(jw) = _
() D2 — 2t jwB 25,0002 — w? 1 jw(10,000)

‘ 5(25,000)(10,000)
H(j25,000) = =1
la] H(525.000) = 57 5502 = 25,0002 + ; (25,000)(10,000)

V,=(1)V, . w(t) = 10cos 25,000t V
‘ (20,495.1)(10,000) 1
b| H(j20.495.1) = = —/45°
[b] H(520,495-1) = 560520 405.12 1 (20.495.1)(10.000) — V3"
1
V, = 75/4501/; S U(t) = 7.071 cos(20,495.1¢ + 45°) V

‘ 4(30,495.1)(10,000) 1 .
H(530,495.1) = /45
le] H(530,495-1) = 555007 — 30,405.1% + 4(30,495.1)(10,000) 5!

1
V, = 75/— 45°V; o we(t) = 7.071 cos(30,495.1t — 45°) V

‘ 4(3125)(10,000)
d] H(j3125) = = 0.051/87.09°
] H(;3125) 25,0002 — 31252 + j(3125)(10,000) :

V, = 0.051/87.09°V; .. w,(t) = 0.51cos(3125t + 87.09°) V

4(200,000)(10,000)
25,0002 — 200,000 + §(200,000)(10,000)

[e] H(5200,000) = = 0.051/ — 87.09°
V, =0.051/—87.00°V; .. w,(t) = 0.51cos(200,000¢ — 87.09°) V

P 14.42 [a] w, = 27 f, = 8r krad/s

1 1
w2C ~ (80007)2(0.5 x 10-9) o
R Y _ > — 397.890)

~ w,C' (8000m)(0.5 x 10-6)

STUDENTS-HUB.com Uploaded By: Jibreel Bornat



Problems 14-27

1 1\° 1 1
bl foo="f |— +,14+(—] | =4 — 14—
[b] fo=fol55+ +<2Q> 000[10+ + 700
— 4.42kHz
1 1\? 1 1
=f et 1+ (=] | =4 1+ —
fu =T 2Q+ +<2Q> 000[ TR T
= 3.62kHz

[C] ﬁ = fc2 - fcl = 800 Hz
or

» 4000

Q
P 14.43 [a] R. = 397.89|/1000 = 284.632

Q = w,R.C = (80007)(284.63)(0.5 x 1075) = 3.58

[b] 3= % — % — 1.12kHz
1
1 1
[d] fa = 4000 [_ﬁ 1+ 5 162] = 3.48kHz

P 14.44 [a] We need w, = 2m(4000) = 25,132.74 rad/s. There are several possible

approaches — this one starts by choosing L = 100 uH. Then,
1

C= — 15.83 uF
[277(4000)]2(100 x 10-5) "

Use the closest value from Appendix H, which is 22 uF, to give

1
we = \/100 x 10-6)(22 x 10-5)
Q 5

Then, R= —° = ~ 10.669
. w,C  (21320.07)(22 x 10-9)

= 21,320.07 rad/s so f.=3393.19Hz

Use the closest value from Appendix H, which is 10€2, to give

Q = 10(21,320.07)(22 x 107%) = 4.69
3393.19 — 4000
4000

4.69 — 5
)

[b] % error in f, = (100) = —15.2%

% error in Q) = (100) = —6.2%
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14-28 CHAPTER 14. Introduction to Frequency-Selective Circuits

Ri(sL+ (1/sC))

P 14.45 Let Z7 =
[a] Le R+ sL + (1/5C)

B Rp(s*LC + 1)
- S2LC 4+ RiCs+1

Then H(s) = Yo _

SzRLCL + Ry,

Vi (R—I-RL)LCSz—I-RRLCS—I-R—I-RL

Therefore

R+ Ry
 K(s*4w?)
524 G5+ w2

Ry
R+ Ry’

() = (5 ){ [s* + (1/LO)

+

where K =

[b] w, = %
el = (RﬁR;Z)%

] Q=2 o

K(w; —w?)
(w3 —w?) + jBw
H(jw«)) =0

le] H(jw) =

2
Kw?

2
Wo

[f] H(j0) = —2 = K

K [(wo/w)’ — 1]

B [RRL/(R+ Ryp)]

[g] H(jw) = {[

K(wp — w?)
(Wi —w?) +jPw

H(j0) = H(joo) = K

[h] H(jw) =

Let w. represent a corner frequency. Then

K

| H (jwe)| = NG
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P 14.46 [a] w?

Problems 14-29

K Kw—wi)

Ve w2 + w2

Squaring both sides leads to
(4 — 27 = 20 o (of = of) =
witw.B—w=0

or

B 2
c = — 2
w F 5 1 + w;
The two positive roots are
2 2
w61:—§+ Z+w§ and wcgzg—l— Z—I—wg
where
RRy, 1 4w 1
= -—and wl = —
R+ R, L °  LC
1 1
— = 0.25 x 10" = 25 x 10

° T ILC ~ (109)(4 x 10-12)

we =5 x 10° = 500 Mrad /s

B = RR+R]L%L : % = (3%1050) 5 01_6 — 25 Mrad /s = 3.98 MHz
Q= % = Z%Ll\l\f = 20
[b] H(j0) RfLRL = % = 0.8333
H(joo) = RfLRL —0.8333
[c] fe= 250 % +4/1+ ﬁ] = 81.59 MHz
Ja = ? —% +4/1+ ﬁ] = 77.61 MHz

Check: ﬁ = fcg — fcl = 3.98 MHz.
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14-30 CHAPTER 14. Introduction to Frequency-Selective Circuits

wy 500 x 106
d] QZﬁZW_;

R+R;, L
_ 500(R + Rp) 50 ( 30)

RR;, 3
where R; is in ohms.

14+ ==
—I-RL

[e]

70
G0
a0
40
30
20

1] 100 200 300
RL (ohms)

1
P 14.4 2= =625 x 10°
7 [a] w? IC 625 x 10

1
(625 x 105)(25 x 109) "

Ry
R+ Ry

=09, .. 0.1k, =009R

500

Ry 1
b] G = S =781.2
[b] B ( n L) R 7 781.25 rad/s

Cw, 25,000

Q__

= = 32
3 78125

4 25 x 10°
P14.48 [a] |H(jw)| = V(25 X 105 —w2)2 + (10000)2 1

0 =625 x 10" = (25 x 10° — w?)? 4 (1000w)?
= —50 x 10°%% 4+ w* 4 10%w°

From the above equation it is obvious that w = 0 is one solution. The
other is as follows:

w? =49 x10° so w =7000rad/s

STUDENTS-HUB.com Uploaded By: Jibreel Bornat



Problems 14-31

[b] From the equation for |H(jw)| in part (a), the frequency for which the
magnitude is maximum is the frequency for which the denominator is
minimum. This is the frequency for which the first derivative of the
denominator with respect to w is zero:

%[(25 x 10° — w?)? + 1000%w?] = 4w? + 98 x 10° = 0
W
Therefore, w=1/98 x 106/4 = 4949.75rad /s
25 x 106
[c] |H(j4949.75)] = i — 5.025

V(25 x 10° — 4949.752)2 + [1000(4949.75)]2

B sL B s2LC B 52
_R+5L—|—$ RsC + s2LC + 1 sz—l—%s—l-%

P 14.49 [a] H(s)

[b] When s = jw is very small (think of w approaching 0),

2
H(s)~ 2 =0

LC
[c] When s = jw is very large (think of w approaching o),

[d] The magnitude of H(s) approaches 0 as the frequency approaches 0, and
approaches 1 as the frequency approaches co. Therefore, this circuit is
behaving like a high pass filter when the output is the voltage across the
inductor.

w? 1
le] [H(jwe)| = - =7
V(108 —w2)2 + (1500w,)2 V2

2wt = (10° — w?)? + (1500w, )? = 10" — 2 x 10%w? + w? 4 225 x 10*w?
Simplifying, w? —25 x 10*%w? — 10 =0

Solve for w? and then w,:

w?=1,132,782.22  so  w. = 1064.322 rad/s

f=169.4Hz

A 1 .
P 14.50 [a] H(s) = sC = = "
la) H(s) R+sL+L  RsC+s2LC+1 2+ 854 L

[b] When s = jw is very small (think of w approaching 0),
1

H(s)~ L2 =1

LC
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14-32 CHAPTER 14. Introduction to Frequency-Selective Circuits

[c] When s = jw is very large (think of w approaching o),

1
H(s) ~ Z—g =0
[d] The magnitude of H(s) approaches 1 as the frequency approaches 0, and
approaches 0 as the frequency approaches co. Therefore, this circuit is
behaving like a low pass filter when the output is the voltage across the
capacitor.
4 106 1
le] [H(jwe)| = =7
V(108 —w2)2 + (1500w,)2 V2

2 x 1012 = (10° — w?)? + (1500w, )? = 10" — 2 x 10°w? + w? + 225 x 10%w?
Simplifying, w? + (1500* — 2 x 10°)w? — 10" =0

Solve for w? and then w,:

w? = 882,782.22 SO we = 939.565 rad/s

f=149.54Hz

P 14.51 [a] Use the cutoff frequencies to calculate the bandwidth:
we = 2m(697) = 4379.38 rad/s Weo = 2m(941) = 5912.48 rad/s

Thus 8 = we — we = 1533.10 rad/s

Calculate inductance using Eq. (14.32) and capacitance using Eq.

(14.31):
R 600
== = = 0.39H
3~ 1533.10
1 1
C = = 0.10 uF

" Lwawe  (0.39)(4379.38)(5912.48)

[b] At the outermost two frequencies in the low-frequency group (687 Hz and
941 Hz) the amplitudes are

VOa
|Veortz| = |Voarm.| = | ;ik| = 0.707|Vpeax|

because these are cutoff frequencies. We calculate the amplitudes at the
other two low frequencies using Eq. (14.32):

W
V(W2 —w2)? + (wB)?

VI = (Voear ) (1 H (w)]) = [Vieax]

Therefore
(4838.05)(1533.10)

(5088.522 — 4838.052)2 + [(4838.05)(1533.10)]2

|‘/770HZ| - |V£)oak| == \/
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Problems 14-33

= 0.948|V,cax

and
(5353.27)(1533.10)
(5088.522 — 5353.272)% 4 [(5353.27)(1533.10)]2

|Vé52Hz| - |V£)oak| == \/

= 0.948|V,cak|

It is not a coincidence that these two magnitudes are the same. The
frequencies in both bands of the DTMF system were carefully chosen to
produce this type of predictable behavior with linear filters. In other
words, the frequencies were chosen to be equally far apart with respect to
the response produced by a linear filter. Most musical scales consist of
tones designed with this dame property — note intervals are selected to
place the notes equally far apart. That is why the DTMF tones remind
us of musical notes! Unlike musical scales, DTMF frequencies were
selected to be harmonically unrelated, to lower the risk of misidentifying
a tone’s frequency if the circuit elements are not perfectly linear.

[c] The high-band frequency closest to the low-frequency band is 1209 Hz.
The amplitude of a tone with this frequency is

(7596.37)(1533.10)
(5088.522 — 7596.372)2 + [(7596.37)(1533.10)]2

|‘/i209Hz| = |V£)oak| - \/

= 0.344|V,cak|

This is less than one half the amplitude of the signals with the low-band
cutoff frequencies, ensuring adequate separation of the bands.

P 14.52 The cutoff frequencies and bandwidth are

we, = 2m(1209) = 7596 rad /s
We, = 2m(1633) = 10.26 krad /s
B = we, — we, = 2664rad/s

Telephone circuits always have R = 600 (2. Therefore, the filters inductance
and capacitance values are

R 600
L==—=——=022H
3 2664

1
Wey Wey L

C = = 0.057 uF
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At the highest of the low-band frequencies, 941 Hz, the amplitude is

wp
\/(wg —w?)? 4 w232

Vol = [Voeax|

where Wo = 1/We, We, - Thus,

|Vieak| (5912)(2664)

Vol =
V/[(8828)2 — (5912)2]2 + [(5912) (2664) 2

= 0.344 |Vpeax|
Again it is not coincidental that this result is the same as the response of the
low-band filter to the lowest of the high-band frequencies.

P 14.53 From Problem 14.51 the response to the largest of the DTMF low-band tones
is 0.948|Vpeak|. The response to the 20 Hz tone is

[Voear| (125.6)(1533)
(50892 — 125.62)2 + [(125.6)(1533)]2]1/2

|‘/20HZ| -
— 0.00744| Vo

|Vaor| _ |Vaor| _ 0.00744| Vpeax| 05
| VTY’?OHZ | | %52Hz | 0.948 | V;:)oak |

|Vaorz| = 63.7|Vazons|

Thus, the 20Hz signal can be 63.7 times as large as the DTMF tones.

STUDENTS-HUB.com Uploaded By: Jibreel Bornat



