14

Introduction to Frequency-Selective
Circuits

Assessment Problems

AP 14.1 f.=8kHz, w,=2rf. = 167krad/s

1
— —  R—=10k:
Yo~ RO

C ! ! 1.99nF
weR (167 x 10%)(10%)

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

R 5000
L=—= =0.40H
w. 40007
. We 40007
[b] H(jw)=

we + Jjw ~ 40007 + Jw
When w = 27 f = 27(50,000) = 100,0007 rad/s

40007 1

H(j100,0007) = - — 0.04/— 87.71°
(7100,0007) = 15607 + 71000007 — 11725 [—87.71°

|H(j100,0007)| = 0.04

[e] .. 6(100,000r) = —87.71°

AP 143 w. = " = & = 1.43 Mrad/s
L 35x1073
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14-2 CHAPTER 14. Introduction to Frequency-Selective Circuits

1 108 10°

AP 14.4 = — — — 10krad/
[l we= %25 =7 = 10 acss
[b] 10° 200 rad/
— — I‘
“e = 5000 adss
106
[e] w. = 5 101 = 33.33rad/s

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

Ry
7 -
(RLCS + 1)
Z Ry
U H) = 7 T RECs+ DT R,
B (1/RC) _ (1/RC)
s+ (7e) s+ % (A0)
where K = R]—:LLRL

1 1
AP 146 w? = — L= =
Yo =T D2C (247 x 10°)2(0.1 x 10-9)

WL (2471 x 10%)(1.76 x 1079)

R /AR 6

AP 14.7 w, = 27(2000) = 40007 rad/s;

3 = 2x(500) = 10007 rad/s; R = 2509

6 L C L1 1.27 uF
RC SR~ (10007)(250) a
1 1 10°
i p— L= = =4.97mH
Yo T To ° W2C (40007 )2(1.27) m
AP148w2—i so L= = L = 5.07mH
T Lo S w2C (10471)2(0.2 x 10-6)
1 1 1

RC BC ~ 4007(0.2 x 10-9)

= 1.76 mH

=22.109



Problems

1

1
AP 149 w? = — L= = = 31.66 mH
o= To %° w2C ~ (4000m)2(0.2 x 10-6) "
f,  5x103
=22 = =25 = w,RC
@="5= 50 “
Q 25
wo,C' (40007)(0.2 x 10-6)
AP 14.10
w, = 80007 rad/s
C = 500 nF
w2 = L so L= = 3.17mH
> LC W T
o wol 1
@= 3 R  wCR
R 1 1 =15.920

~ w,CQ  (80007)(500 x 10-9)(5)

AP 14.11
w, = 21 f, = 27(20,000) = 407 krad/s; R =100, Q=5

W,  wWel RQ 100
=2 = L = = = 3.98 mH
@ 6  RC %0 Wo 407 x 103 o
1 1 1
w=— so C= = = 15.92nF

°T LC w2L (407 x 10%)2(3.98 x 10-3)
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144 CHAPTER 14. Introduction to Frequency-Selective Circuits

Problems

Pl141 [a] w.= i 127

197k
L 10 x10-3 Tkrad/s
e 12
Je= we 12700 2021.27Hz
2T 2
We 12,700
b] H(s) = -
bl H(s) = S = 5 12700
12,700
Hiiw) = — =Y
Uw) = 5700+ jw
12,700
H(jw,) = i — 0.7071/— 45°
(jeve) 12,700 + j12,700 [—45°
12,700
H(j0.2w,) = ! —0.981/— 11.31°
(70-2we) = 352001 72540 [=11.31°
12,700
H(jbw,) = o — 0.196/ — 78.69°
(75we) = 15700 + j63.500 [—18.69"
[e] vo(t)]o, = 7.07 cos(12,700t — 45°) V

Uo(t)|0.2w. = 9.81 cos(2540t — 11.31°) V

Vo(t) |5, = 1.96 cos(63,500t — 78.69°) V

P142 [a] w, = f = 20007 rad/s

R = Lw, = (0.005)(20007) = 31.422
[b] R. = 31.42]|270 = 28.14(

R,
Wioaded = T = 5628 rad/s

Wloaded  _ 095 77

f loaded —

P 14.3 Note: add the resistor to the cirucit in Fig. 14.4(a).

Vo _ R _ (R/L)
Vi sL+R+R s+ (R+R)/L

[a] H(s) =



Problems

o mL)
R IRy
H(ju)] = —— D
() o

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

R
H(j max — 1 . 15
[e] |H(jw)] Rt R
. R R/L
t (LJER’) + w?
R+ R)\?
d=(FF) s emReRYL
[e] Note —add 75 2 resistor in series with the 10 mH inductor.
12
We = 53_175 = 20,200 rad/s
12,700
H(iw) = 27
U9) = 30500 + 7w

H(j0) = 0.6287

0.6287
H(j20,200) = ==/ = 45 = 04446/ — 45°
12,700
H(j6060) = ! — 0.6022/ — 16.70°
(76060) = 55500 + 76060 [=16.70°
12,700
H(j60,600) = ! — 0.1988/ — 71.57°
(760,600) = 25550 + 760,600 [=TL5T
[a] L L 10 krad/s
wc — = —
RC ~ (10%)(100 x 10-9)
f.= ¢ —1591.55Hz
21
W, 10,000
bl H(jw) = -
bl H(jw) = == s 10,000
10,000
Hiw) = — 220
U9) = 10000 + 7w
10,000
H(jw.) ’ — 0.7071/— 45°

~ 10,000 + §10,000
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14-6 CHAPTER 14. Introduction to Frequency-Selective Circuits

10,000
H(j0.1w, — 0.9950/— 5.71°
(70-1we) = 75500 + 71000

10,000
H(j10w,) = it — 0.0995/ — 84.29°
(710we) = 75500 + 7100,000

[c] vo(t)]s, = 200(0.7071) cos(10,000t — 45°)
— 141.42 cos(10,000¢ — 45°) mV
Vo) 0,10, = 200(0.9950) cos(1000¢ — 5.71°)
= 199.01 cos(1000¢ — 5.71°) mV
V()] 10w, = 200(0.0995) cos(100,000¢ — 84.29°)
— 19.90 cos(100,000¢ — 84.29°) mV

RL(l/SC) . RL
Ry +1/sC Ry COs+1

Z
Z+R

P145 |[a] Let Z =

Then H(s) =

" RR;Cs+ R+ R,

(1/RC)

- ot (R+RL>
RR;C

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

[b] |H(jw)| =

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

Ry
R+ Ry,

Ry (1/RC)
V2(R+ Ry)  \Ju2+ (R + Ry)/RE,CP?

[e] | H (jw)|max =

[d] |H (jwe)| =

" _R+R, 1
" RR;C RC

(1+ (R/RL))

1
= — (14 (103/10Y] = 1 1+0.1)=11 d/
[e] w (103)(10_7)[ + (10°/10%)] = 10,000(1 + 0.1) ,000 rad/s
10,000
H(j0) = ——— =0.9091/0°

11,000



Problems

10,000
H(jw,) = i — 0.6428/ — 45°
() = 17500 1 711,000
10,000
H(j0.1w,) = A 0.9046/— 5.71°
(70-1we) 11,000 + ;1100
10,000
H(j10w,) = i

= = 0.0905/— 84.29°
11,000 + y110,000 [=84.20°

. 50,000 50
P14.6 [a] f, = ;‘i = S = o X 10° = T957.75 Hz

1
— = 10°
[b] 70 50 x 10

1
=401
(50 x 10%)(0.5 x 1079)

[c] wC:R10<1+;;>

. ", R, =20R =800Q
R, L

. Ry, 800
d] H(j0) = = — =10.9524

1 1
P 147 - — 4000 rad/
[a] 26 = Gox 1095 x 109 rads
4000
f.= =" — $36.62Hz
2
S , jw
H(s) = c H(jw) = —2Y
[bT H(s) = = (%) = 1000 1 7w
, , 4000 .
H(jw,) = H(jA000) = —2 " — 0.7071/45
(jewe) = H(74000) = 7550 74000
H(j0.20,) = H(j800) = —2°0 1961 /78.69°
JUe) = HUST = 4000 + 800~ :
2
H(j5w.) = H(j20,000) /20,000

= = 0.9806/11.31°
4000 + 720,000 AL31°

w. = (0.7071)(500) cos(4000¢ + 45°)

— 353.55 cos(4000t + 45°) mV

[c] v,(t)

Vo()020, = (0.1961)(500) cos(800¢ + 78.69°)
= 98.06 cos (800t + 78.69°) mV

Vo ()]s, = (0.9806)(500) cos(20,000¢ + 11.31°)
= 490.29 cos(20,000¢ 4+ 11.31°) mV
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14-8 CHAPTER 14. Introduction to Frequency-Selective Circuits

P148 [a] H(s) = “; = R+Rcf (1/sC)
_ °
R+ R, [s+ (1/(R+ R)C)]
bl H(jw) = i jw+(1/g;+Rc)C)
H(o)| = -

— . -
R+Rc \/w2+m

The magnitude will be maximum when w = oo.

R
H(j L
[e] [H(jw)|max RIE
. Rw,
[d] |H(jwe)| =
(R+ Re)\Jw? + [1/(R + R.)CP?
R
H(jw)| = ——m—— when
HG) = o
(.UZ = —1
© = (R+ R.)C?
or 1
We = 75—+
(R+ R.)C
[e] w. = ! = 3200 rad/s
© T (62.5 x 103)(5 x 1079)
R 50
R+R, 625 08
) 0.85w
H -
U9) = 3200 1 7w
. (0.8)53200
H(jw,) = —— 228 5657 45°
() = 3200 1 73200 A5
. (0.8)7640
H(j0.2w,) = ——HP%0 1569 /78.69°
(70.2we) = 5300 + joan — -1969/18:69
0.8)716,000
H(jbuw,) = —OSIL000 o g 310

3200 + 416,000

1
P149 [a] w.= "o = 27(300) = 6007 rad/s

1 1
R = = = 5305.16 2

~ w.C  (6007)(100 x 1079)




P 14.10

P 14.11

P 14.12

Problems

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

1 1
=t — 2097.7 rad/
YT R,C T (4767.08)(100 x 10-9) rads

. 2007,
fo= e Z209TT aos sog
2w 2w

[a] w,. = ? so R=w.L=(25x10%)(5x107%) = 1250
R Ry
b] w.(loaded) = — -
[b] weloaded) = 7= =0
Ry, wc(loaded) 24,000
R+ R;,  w.(unloaded) 25,000

R, =096(R+Ry) .. 0.04R, =0.96R = (0.96)(125)

(0.96)(125)
0.04

= 24,000 rad/s

= 0.96

Ry, = = 3k}

14-9

By definition Q) = w, /3 therefore 5 = w,/(). Substituting this expression into Egs.

14.34 and 14.35 yields

2
Wel = _& + o -+ w2
2Q) 2Q) ?

Wy = =2 | [ 22 2 + w?
“2Q 2Q ’
Now factor w, out to get

= Lo (LY
Wel = Wo 2@ 2@

— |1 [ 2
We2 = Wo QQ 2@
Wo = /Weawez = 1/(121)(100) = 110 krad/s

f, =2 1751 kHz
2

8 =121 — 100 = 21 krad/s or 3.34kHz

w, 110
== =52
@ 3 21
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P14.13 =2 — 20,000 _ 12.5krad/s; 12,500 _ 1.99kHz
Q 4 2m
1 1\2
wea = 50,000 st 1+ (8) = 56.64 krad/s
56.64 k
foo = =9.01kHz
1 1\?
we = 50,000 -3 1+ (8) = 44.14 krad/s
44.14k
fcl = = 7.02kHz
27
P 14.14 [a]wQ—i so L= ! =79.16 mH
' ° LC ~[8000(2m)]2(5 x 10-9) 7"
oL 2 16 x 1073
R Wl _ 8000(27)(79.16 x 10~%) _ | 990
Q 2
[b] f.. = 8000 1+ 1+ ! 6.25kH
= —— — | = 0. 4
ot 4 16
[c] f.o = 8000 ! +4/1+ ! 10.25kH
c = — —_— = . Z
2 4 16
[d] 8= feo— fa =4kHz
or
L 8000
B = Jo _ 8000 _ 4kHz
Q 2
2 1 10
P 14.15 [a] w? = — 10

LC ~ (10 x 10-%)(10 x 10-9)
w, = 10° rad/s = 100 krad/s

108
b] f, = =2 — = — 15.92kHz
2T 2T

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

L 1 LY’ =10°
N +<2@> -

le]l . fu = - — 14.96kHz
2w

[d] wer = w,

1 1
16 +4/1+ 25] = 93.95 krad/s

(@)




P 14.16

P 14.17

Problems 14-11

[f] wea = wo = 106.45 krad/s

SAN
16 256

1 1)?
We2

[g] ... fo=—-—=16.94kHz
21
10°

[h] 3 =22 = = — 12.5krad/s or 1.99kHz
Q 8
[a] L = = L = 50mH
CWw2C (50 x 1079)(20 x 103)2
Re Y _ > = 5k

w,C (20 x 10%)(50 x 10-9)

1 1)?

— 1 — = 20,000
G\ (QQ) |
We2
2

Ly
0

b c2 — Wo
[b] wer = 1 100

= 3.52kHz

= 22.10krad/s .. feo =

1 1)\?
Wel = W 20 + + <2Q> 0,000

cl

Y
10 100

= 2.88kHz

—18.10krad/s . fy ==
2T

. 20,000
[c] 6= “g? = T = 4000rads or  636.62Hz

1

— = = 625 x 10°
LC ~ (40 x 10-3)(40 x 10-9) 8

[a] w2 =

W = 25 x 10° rad/s = 25 krad/s

25,000
N ™

 woL (25 x 10%)(40 x 1073)
[b]Q_RJer 200 =9

Sl (Y
2Q) 2Q)
= 22.62krad/s or 3.60kHz
2
1 1
— 1 — =2
2Q+ +<2Q> ] 5,000

= 27.62krad/s or 4.40kHz

£, = 3978.87 Hz

1 1
—— 1+ —

=2
5,000 10 100

[C] Wel = Wo

1
1+ ——

d c2 — Wo T
d] we; = 0" 100
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[e] B =weo —wa =27.62 —22.62 = 5Skrad/s
or

2
g= - 200 il or 795.77Hz
Q 5
R/L)s
P14.18 [a] H(s) = ((Réi))

s+ s 4 =
For the numerical values in Problem 14.17 we have
4500s
s2 4+ 5000s + 625 x 106
4500jw
(625 x 106 — w?) + 5000w

§4500(25 x 10%) .
= =0.9/0
75000(25 x 10%) o

0,(t) = 500(0.9) cos 25,000t = 450 cos 25,0006 mV

H(s) =

H(jw) =

H (jw,)

[b] From the solution to Problem 14.17,
We1 = 22.62 krad/s

74500(22.62 x 10°)
(113.12 + j113.12) x 106

H(j22.62k) = = 0.6364/45°

Uo(t) = 500(0.6364) cos(22,620t + 45°) = 318.2 cos(22,620t + 45°) mV
[c] From the solution to Problem 14.17,
Weg = 27.62 krad/s

j4500(27.62 x 10%) .
—0.6364/— 4
(C138.12 4+ j138.12) x 106 0090 0

vo(t) = 500(0.6364) cos(27,620t — 45°) = 318.2 cos(27,620t — 45°) mV

H(j27.62k) =

P 14.19 [a]
BOe L 20nF
W — I .
v, O R 48002

L L

source I% filter %I load

1 1
[b] L = = = 20mH

w2C (50 x 10%)2(20 x 10-9)

o

3 -3
:woL:(50><10)(20><10 ):1609
0 6.25

R



Problems

[e] R. = 160][480 = 1200
R+ R; =120 + 80 = 200
woL (50 x 10%)(20 x 1073)

system — = =5
Qusem = 3R, 200
Wo 50 x 103
[d] system — = = 10 krad/S
ﬁ e ststem 5
10,000
6System(HZ) == : = 1591.55Hz
m
Vo 1
P 14.20 -2 = here 7 — —
[a] V. " 71 R where %

1 1 L 2 I
andY =sC + — + — = CRps*+sL+ Rp

sL Ry R;Ls
R;Ls
") = o+ (RL+ Ri)Ls + RRy,
_ (1/RC)s
() G+
(&%) (5) (e) s
) )+
_ Kps K — Ry
T P+ Bt w2’ " R+R;
1= ("5 ) me
(el for = e
o (B (15 )
o ORC
[dl Qr = C; = (a;;fL>
[e] Qv = w,RC
R 1
Qo= (R +LRL> Qv = 1+ (R/RL)]QU
0 G = 5

14-13



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

Let w,. represent a cutoff frequency. Then
K Kw.p

()] = D =
TR ey

R we
V2ol - a2

Squaring both sides leads to
(w2 — w?)? = wp? or (W2 — W?) = +w.fB

o Cc

witwpf—wi=0

or
g P

We = *Il: - w2
i g T

The two positive roots are

2 3 2
wd:—§+ Z—i—wg and w02:§+ Z—I—w%
where
b= (1 >1andw = —
R/ RC °  LC
P 1421 [a] w’ = ! = 10"

LC ~ (5 x 107%)(200 x 10-12)

w, = 1 Mrad/s
[b] 5= R;LRL ' Rlo B C)ng i 182) <(1oo X 103)(1200 X 1012)> = 025 krad/s
MQ:?:M;ZWZM
[d] H(jw,) = RfLRL = 0.8/0°

v,(t) = 250(0.8) cos(10°) = 200 cos 10°% mV
R\ 1 100
=1+ =) === (1+ =) (50 x 10%) rad/
[e] 5 < +RL>RO ( +RL>( X 10°) rad’s
w, = 10° rad/s

Y 20 C e
Q= C; = m where R, is in kilohms
L



Problems 14-15

[f]

2040
18 A
16
14
12 A
10 A

[ -1
TR T

RL (Mohms)

o 0.4 0.g 1.2 1.6 2

1 1
P1422 w?=— = =10%
o T L0 T (2% 1079)(50 x 10-12)

w, = 100 Mrad/s

Qu = woRC = (100 x 10%)(2.4 x 10%)(50 x 107"*) = 12

Ry, 7.5
12 = 7.5: . Ry = —ZR=14kQ
<R+RL) ’ L= 45

P 14.23 [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 = oo.
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(s$’LCH+1)
 Z+ R sL+R(s2LC +1)

_ [s? + (1/LC)]
s2 + (R—IC) s+ (%)

V,




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

52 + w?
H(s) = —— —>—
(s) s2 + s + w?
[c] From part (b) we have
w? — W?
H(jw) = °
(jeo) w2 —w? + jwf

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

S
Q

Wy =
2 2
[d] |H (juw)] = ——2—*
\/(wg — w?)? + w232
|H(jw)| = S when w?3? = (wg — w?)?

V2
_ 2 2
or £wf =w, —w", thus
Wt Bw—wr=0
The two positive roots of this quadratic are

2
We, :—25+ (g) + w?

2
(o

Also note that since § = w,/Q

S A 2
Rl 79 2Q

L 4414+ LY
Wey = Wy | == —
2Q) 2Q)
[e] It follows from the equations derived in part (b) that

3=1/RC
[f] By definition Q = w,/ = w,RC




P 14.24

P 14.25

Problems

1

1
2 _ - — 1012
Al wo = 76 = 50 x 10-9)(20 x 10°9)
w, = 1 Mrad/s
Wo

[b] fo =5~ = 159.15kHz
[c] Q = w,RC = (10%)(750)(20 x 107%) = 15

1 1\? 1
d] wg =w, |—— 1 — =10% |—— 14—
(] o = 2QJr +<2Q> 30+ +900
= 967.22 krad/s
le] fo = 2 — 153.94kHz
2
1 12 1 1
2 =Wo |57 1 — —10% | — 14—
] e = 0 2Q+ +<2Q> 50 7\ T 900
= 1.03 Mrad/s
lg] fuo = 22 = 164.55kHz
2T
[h] 6= fo — fo = 10.61kHz
[a] w, = 27 f, = 8m krad/s
! ! 3.17mH
= = =3.17m
w2C'  (80007)2(0.5 x 10-6)
Q 5
R= = = 397.89 Q)
w,C' (80007)(0.5 x 10-6)
1 1\? 1 1
bl fo=1/fo|z= 1 — = 4000 | — 14—
] £ = fo | 55+ +(2Q> Lyiel
— 4.42kHz
fe =1, 1+ 1+12—4000 1+ 1+1
A DTS 20) | 10 100
— 3.62kHz

[C] 6 - fc2 - fcl = 800 Hz
or

14-17



14-18 CHAPTER 14. Introduction to Frequency-Selective Circuits

P 1426 [a] R. = 397.89]|1000 = 284.63 ()
Q = w,R.C = (80007)(284.63)(0.5 x 1076) = 3.58

£, 4000
bl =20 = 20 1 19kH
bl =0~ 358 ?

— +4/1 = 4.60kH
7 B + ] 60kHz
[d] f.. = 4000 [ 15 +4/1+ ] = 3.48kHz

Rr(sL+ (1/sC))
Ry +sL+ (1/sC)

[e] fe2 = 4000

P 14.27 [a] Let Z =

RL(SQLC + 1)
SQLC + RLOS +1

‘/0 SQRLCL + RL

Then H = — =
e s) = = Ry Ry)LCs? + RRiCs + R+ By
Therefore
R 2+ (1/LC
H(S>:(R+LR> 2[ RR(L/S)] 1
L [S +<R+RL)Z+m:|
B K(s*+w?)
824 s+ w2
R; 9 1 < RR;, >1
where R+, Y100 "T\&iR)I
[b] !
Wo = —F—
vV LC
RR;, 1
Le] 5= <R+RL>L
w wol
d —_ —
@ =5 = [RE, /(R + Ry))
: K(w? —w?)
H — o
S R R E T
H(jw,) =0

2

K
0] H(j0) = =3¢ = K

o




Problems

K |(wo/w)” — 1]
(wo/w)® = 1] + jB/w}

[g] H(jw) = {[

K(w? — w?)
(wg — w?) +Jjbw

H(j0) = H(joo) = K

[h] H(jw) =

Let w,. represent a corner frequency. Then
K

V2

K Kw —w)

VE e w2+

[ H (jwe)| =

Squaring both sides leads to
(W? —w?)? = w2 or (W2 — w?) = +w.f

] C

witwpf—wi=0

or

ﬁ 2
c = — /= 2
w, $2 \/4—1—%

The two positive roots are

2 3 2
W = =5 + Z%—wg and wer =5 + Z%—wg
where
RR; 1 ) 1
— candw? = —
b= rvw, 7™ I¢
1

=0.25 x 10'® = 25 x 10'¢

2 _ _—
P18 lal v =76 = G x 0

w, = 5 x 10% = 500 Mrad/s

RR, 1 (30)(150) 1
_ L . _ 95 Mrad/s — 3.98 MH
P=%TR I 180 10-6 radss ‘

w, HS00M
@ I} 25M

14-19
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i Ry 150
b] H(i0) = — = .8333
(bl H(70) = 2777 = 130

. Ry

i _ — 0.8333
e
250 [ 1 1

P 14— | =81.59MH

[e] fe = 40+ +1600] 81.59 MHz

250 1 / 1
= — |—— 1+ — | =77.61MH
fe . [ 10 + + 1600] 77.6 z

Check: 0= feoo— fa =398 MHz.

6
[d Q= °§ = T
R+R;, L
_ 500(R + Ry) _ 50 (1+30>
RR; 3 R,
where R is in ohms.
[e]
70
g0
a0
o 40
30
20
10
DD 1a0 200
RL (ohms)
P 14.29 [a] W’ = 1 102
° T LC
L= L = 2.5mH
(1012)(400 x 10-12)
5 _]ELRL =0.96; .. 0.04R; = 0.96R
R, =24R .. R= 36,000 _ 1.5kQ

24

R. 1 ,
[b] G (R—l—RL)R i 576 x 10
W 106
Q=

= ——>=17
6] 576 x 103

300



Problems 1421

P 14.30 Refer to Sections E.5 and E.7.
[a] w, = 10°
2Cw, = 50,000, (¢ =0.25

Wo = V2w, = V2w,/1 — 2¢2 = 132,287.57 rad/s
w=0

w = 132,287.57 rad/s

[b] w, = wny/1 — 2¢2 = 93,541.43 rad/s

P 14.31 [a] Use the cutoff frequencies to calculate the bandwidth:
we = 2m(697) = 4379.38 rad/s Wea = 2m(941) = 5912.48 rad/s

Thus 0 = we — we = 1533.10 rad/s

Calculate inductance using Eq. (14.32) and capacitance using Eq. (14.31):
R 600

3 1533.10

| 1
Lwawe  (0.39)(4379.38)(5912.48) a

=0.39H

C

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

Vea
|Veorz| = [Voaruz| = | :yék| = 0.707|Vpeax|

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

wpi

V1= oea IHGD = Moot =355

Therefore
(4838.05)(1533.10)

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

‘V770Hz‘ = ’Vpeak’ \/

= 0.948| Veak|

and
(5353.27)(1533.10)
(5088.522 — 5353.27%)% + [(5353.27)(1533.10)]?

“/SSQHZ‘ = ’Vpeak’\/

= 0.948|Vpear|
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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 same property —
note intervals are selected to place the notes equally far apart. That is why the
DTMEF 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

|‘/1209Hz| = H/peak‘ = \/

= 0.344| Vyea|

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

P 14.32 The cutoff frequencies and bandwidth are

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

Telephone circuits always have R = 600 2. Therefore, the filter’s inductance and
capacitance values are

R 600
L=—=——=0.225H
15} 2664
1
C = = 0.057 uF
Wey Wey L

At the highest of the low-band frequencies, 941 Hz, the amplitude is
wp

\/(wg — w2)2 4 w232

where Wy = 1/We, Wey- Thus,

|Voeaic| (5912) (2664)
V1(8828)2 — (5912)2]2 + [(5912) (2664) 2

|Vw| = |Vpeak|

‘Vw| =

= 0.344 |Vyeur|



Problems 14-23

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 14.33 From Problem 14.31 the response to the largest of the DTMF low-band tones is
0.948|V,cax|. The response to the 20 Hz tone is

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

|‘/20Hz| =
— 0.00744[V oo |

0.00744|Viing-peak|

=0.5
0.948 ‘ VDTMF—peak ’

‘ V;ing—peak | = 63.7 | VDTMF—peak ‘

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



